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EXECUTIVE  SUMMARY 

The  San  Juan  River  Seven  Year  Research  Plan  included among  its  goals  a  long-term  water-quality 
program, the first stcp of which  was  a  water  quality  and  contaminants  review.  The  review  was  intended 
to synthesize existing  water quality and  contaminants  information  on  the San Juan  River  and its tributaries 
in order to identify  €uture  research  nccds. This report  constitutes the first portion of the  review,  the 
compilation of existing information for thc Ncw  Mexico,  Colorado:  and  Utah  portions  of  the Sar~ Juan 
River  basin.  All  studies,  reviews,  unpublished  data  sets,  and  communications that were  available b~7 1 July 
1993 were  included.  Over 85 individuals  from  more  than 25 agencies  and  organizations  were  consulted 
in the research  process. 

The  San  Juan  River  from  Navajo Reservoir to the  confluence o€ the  Mancos  River,  and the Animas 
and La Plata  Rivers,  have  been  investigated  fairly  extcnsivcly for the  presence o€ contaminants.  Reaches 
or  lakcs  where  little  contaminanls  research  has  been  conducted  included  the San Juan River  above  Navajo 
Rcscrvoir; the Navajo River; the Piedra  River; Navajo Reservoir;  Los  Pinos  River;  the  Florida  River; 
Chinde  Wash; the San  Juan  River fiom Cottonwood  Wash to Mexican  Hat;  Cottonwood  Wash;  Chinle 
Creek;  and  the San Juan Rivcr  from  Mexican Hat to the  San Juan arm of Lake Powell. 

Major sourccs  of  contaminants  identified in thc  basin  were  irrigation  and  rnincral  extraction, 
processing,  and  use.  Irrigation  projects  sponsored  by  thc  Department  of  the  Intcrior  have  been  thoroughly 
studied  through  reconnaissance  investigations  aimed  at  determining  the  extent of toxic irrigation  return 
flows; unfortunately, only  one  of  thrcc  rcconnaissance  invcstigations  was  available for inclusion  in  the 
rcview.  Irrigation  return flows that would  be  gcncrated  by the  proposed  Animas-La Plata Project  have  also 
been  cxamined.  Sclcnium is the  major  contaninant  associated  with  irrigation  rclurn  flows,  and it has been 
suggested that flows may also serve to transport  other  contaminants  such  as  pesticides  and  polycyclic 
aromatic  hydrocarbons  (PAHs). 

Mineral  cxtraction,  proccssing,  and  use  were  abundant  and  widespread  activities in the  basin.  Oil, 
natural  gas,  and  coal  operations  dominated,  while  the  mining  and  milling of uranium  and  other  metals  have 
been historically important.  None  of  thc  activitles  has  been  invcstlgated to the extent necessary to 
determine their  effects  on  basin  watcr  quality  or fish health.  Contaminants  of the grcatest  concern 
associatcd  with these activities  are  PAHs,  selenium,  and  certain  metals. 

Sourccs of  selenium  havc  been  widely  invcstigated, but effects or sclenium  on  rare  basin fish are 
unknown. There was  minimal  information  on  cither  the  sources  or  cffccts  of  PAHs.  The  presence  of 
diseasc  in fish was  highly  correlatcd  with  contamination, but a  small  amount of disease data has  been 
collected from only the San Juan and  Animas  rivers.  In  general,  thcrc exists a  surplus o€ abiotic  data 
identifying  potcntial  contaminants  and a dearth of biotic  data  linking those contaminants to fish  health. 

Future  research cfforts by  €edcral  and state governmcnt  agencies  should bc coordinated so that 
information  generated on contaminants,  sources,  and  effects  can  bc  connected to makc  management 
recommcndations.  Thc  dctermination of toxicities  of  various  contaminants to fish spccies is crucial, but 
management  recommendations  cannot  be  made  without first identifiing contaminants  sourccs.  Because 
resources arc limited,  priorities for research  should  be  establishcd  before  €urther  invcstigations  are  begun. 
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1. Introduction 

1. INTRODUCTION 
Thc San Juan River  Seven  Year  Fisheries  Rcsearch Plan was  initiated  in 1990 to guide the 

collection of data belicved  necessary for the  conservation or the San Juan River's  native fish fauna. 
Includcd  among thc  Plan's  goals  was  a  long-term  wakr-quality  program, the first step of which  was  a  water 
quality  and  contaminants  review.  The  rcview  was to synthesize existing water  quality  and  contaminants 
idormation for  thc  San  Juan  River  and its tributaries  in  order to identify  research  needs.  Specifically,  the 
review  was  designcd to meet the following  objectives: 

1) To compile  and  interpret existing water  quality  and  contaminants  information into a  single 
document to guide  investigations  of  chemical  hazards to San Juan River  endemic  fishes. 

2) To determine  any  geographic  variation  in  water  quality  parameters  and  contaminants in the San 
Juan River  basin. 

3) To identi€y important  water  quality  and  contaminant data gaps as  a €ocus for determining 
nceded  water  quality  and  contaminant  assessments in the  San  Juan  River  basin. 

The  review  was  undertaken  as  a joint cffort between the University  of  New  Mexico  and 
the  New  Mexico  Ecological  Services  Office  of the U.S. Fish  and  Wildlife  Service (FWS). UNM  assumed 
responsibility for the compilation of data  related to contaminants  and  water  quality,  while the FWS  was 
responsible  for  interpreting  the  data,  identifying  any  important  water  quality  and  contaminants  needs,  and 
providing  advice whch may  direct future research  in this area.  This  rcport  constitutes the first portion of 
the  review,  the  compilation  of  existing  in€ormation. 

2. STUDY AREA 
Data included  in this review  were  collected in the  San  Juan  River  basin,  which is located  within 

the  Upper  Colorado  River  basin  and  comprises  a  drainage  area  of 24,900 mi2  (Figure 1) (Iorns et al. 1965, 
Melancon  et  al. 1979). For  this  report,  thc  basin  included the area  drained  by the San Juan River  from its 
headwaters to Lake  Powell,  as  wcll  as  all of the  rivcr's tributaly streams.  Major tributaries are  Navajo, 
Piedra, Los Pinos, Animas, La  Plata,  Cham,  and  Mancos  rivers;  McElmo,  Montezuma,  and  Chinle  creeks; 
and  Cottonwood  Wash (Figure 2) (Burcau of Reclamation et al. 1992). The states fiom which data were 
included are  New  Mexico,  Colorado,  and Utah; Arizona  contains  only thc headwaters  of  Chinle  Creek, 
whose  effect  on  the  basin's  water  quality  was  decmed  negligible. 

It is  important to notc  that  the  watershed  tcrmed the San  Juan  River  basin is not equivalent to the 
geologic San Juan  basin,  which  is  a  larger  structural  depression  covering  approximately 30,000 mi* o€ 
northwestNew  Mcxico  and  southwcst  Colorado  (Figure 3) (Melancon et al. 1979, Stone  ct  al. 1983). In 
this report all  referenccs to the basin  will  refer to the San Juan River basin unless  otherwise  noted. 

2.1 SOILS AND GEOLOGY 
The soils or thc San Juan  River  basin  have  been  principally  developed  by  weathering of the 

underlying rocks. As  a  result  of the arid  climatc, thc soils  are  poorly  developcd,  retaining  many of the 
geochemical  characteristics of the parent  rocks.  The  San  Juan  Mountains,  where the San Juan,  Animas, 
Los Pinos,  Picdra,  and Navajo rivcrs  head,  are  composed  chicfly  of Tertialy age  volcanic  rocks.  The rest 
of the basin is principally  underlain by latc  PaleoLoic to Recent  scdinlcntary  rocks (Iorns et al. 1965). 
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Figure 2. The  San Juan River and major tributaries. (Taken from U.S. Bureau  of  Reclamatlon et al. 19921 
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2.2 Mineral Resources 

2.2 MINERAL  RESOURCES 
The  basin's  geologic  history  has  resulted  in  rich  deposits  of extractable petroleum,  coal,  and  non- 

fucl minerals (Figures  4  and 5 )  (Melancon et al. 1979, Roybal et al.  1983).  The  basin's  coal  fields  are 
primarily €ound  in New  Mexico  and  Colorado  and its oil  and  gas fields are  concentrated in New  Mexico 
and Utah. In the past,  uranium  was  also  heavily  mined in Utah and in the southemmost  portion  of  the 
basin in New  Mexico. 

2.3  LAND OWNERSHIF' 
The most  recent  compilation o€ land  ownership statistics for the basin is from 1974 (Melancon 

et  al.  1979,  Roybal  et  al.  1983). Inthat~7ear~ 25%  of  the  basin  land  was  federally  owned  and  administered 
by the U.S. Bureau  oTLand  Management  (BLM), the National  Park  Service (NPS), or the Forest  Service. 
Non-Indian private property  accountcd for 13% of the land,  and state and  local  govemments  owned  and 
managed 3%  of  the  basin's ana. The  remaining  portion,  nearly 60% of the  land,  was  owned by lour Indian 
reservations. The Navajo Reservation  held  30,000 km2 in  New  Mexico,  Arizona,  and  Utah;  the Ute 
Mountain Ute Indian  Reservation  owned 2300 km' in  Colorado,  New  Mexico,  and  Utah;  the  Jicarilla 
Apachc  Reservation  had  2485 km'- in  Ncw  Mexico,  and  the  Southcm  Ute Indian  Reservation  had 12 14 lud 
in Colorado  (Figure 1) (Melancon et al.  1979). 

2.4 POPULATION 
Within the basin,  small  population  centcrs  are  scattered  along  pcrennial  river  valleys  and 

ephemeral streams  and  arroyos,  as  well as at widely  dispersed  locations  within the Indian  reservations 
(Tables 1 and 2) (New  Mexico  Water  Quality  Control  Commission  1976).  The  principal  municipalities 
in  the  basin  are  Durango  and  Cortcz in Colorado;  Aztec,  Bloomfield,  Farmington,  and  Shiprock  in  New 
Mexico;  and  Blandmg,  in  Utah. 

It is difficult to arrive at population  estimates Tor the study  area  because  basin  and  county 
boundarics  do not coincide. In an analysis of a  portion  of  the  basin,  Goetz  and  Abeyta (1987) compiled 
census  statistics  for that part of the  watershed  upstream Trom Shiprock  and  reporled  the 1950 population 
as 46,000.  A  population  boom  occurred,  largely  in  the  subsequent  decade,  and  by 1980 the population  had 
nearly  tripled to reach  120,000  (Figurc 6) (Goetz  1981). 

San  Juan  County,  Ncw  Mexico,  is  the  most  densely  populated  area  within the basin. By 1990, the 
county's population  was  91,605,  and  Ncw  Mexico's total population within the basin was  107,38  1 (U.S. 
Departmcnt  of Conmcrcc, 1992; Wilson 1992). At that time,  approximately 62% of  all  New  Mexicans 
in the basin were  living in urban cenkrs (Wilson  1992). 

2.5 IRRTGATION 
Irrigated  agriculturc is present on the San Juan  River  plateau  as part of the  Navajo  Indian  Irrigation 

Projcct as well as  in  perennial  stream  vallcys of the  basin, ~ h i l c  dry farming is nearly  nonexistent  (Stone 
et  al.  1983,  Goetz  and  Abeyta  1987).  Along  thc San Juan  River  there arc currently five Department  of  thc 
Interior (DOI) sponsored  irrigation  projects:  the  Hammond  Irrigation  Projcct,  Fruitland  Irrigation  Project, 
Hogback  Irrigation  Projcct,  Cudei  Irrigation  Projcct,  and Navajo Indian Irngation Project (NIIP) (Figure 
7) (Blanchard et al. 1993). Other  irrigation  projects  within  the  basin  include the Dolores  Project,  which 
transports water li-om the Dolores  River to the  San Juan basin to irrigate  Colorado  lands; the Pine  River 
Projcct,  which  distributes Los Pinos  Rivcr  water,  stored  in  Vallecito  Rcscrvoir, to lands  located  primarily 
on the  Southern  Ute  Reservahoq  Colorado;  the  Florida  Project,  located on the  Florida  River  in  Colorado; 
and  the  proposcd  Animas-La Plata Projcct,  which  if  developed  would irrigate Colorado  lands  using  water 
from the Animas and La Plata  rivcrs (U.S. Water  and  Power  Resources  Service 1981). No statistics are 
available for the  total  area of irrigated  land  in  the  basin. 
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Figure 4. San Juan basin petroleum  fields. (Modlfied from Melancon et 81. 1979) 
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Figure 5. San Juan basin  coal deposits. (Modifled from Melancon et al. 1979) 
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Figure 6. Population in the  San  Juan  basin  above  Shiprock, 1860-1970. (Taken from Goetz 1!381) 
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Table  1 : Population  of  selected towns, San Juan River  basin, 1990  
New Mexico 

- 
Colorado Utah - 

Aztec 5,479 Bayfield 1,090 Blanding 3,162 
Bloomfield 5,214 Cortez 7,284 Monticello 1,806 
Crownpoint* 2,108 Dolores 866 
Duke* 2,438 Durango 12,430 
Farmington 33,997 Pagosa  Springs 1,207 
Shiprock* 7,687 Telluride 1,309 

~~~~~~ 

* Census-Designated Place: population  not  within  incorporated area 

Taken  from U.S. Department of Commerce 1990 
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Table 2: Population of Indian  reservations,  San  Juan River basin, 1990  
New Mexico Colorado Utah - 

Jicarilla Apache 2 ,617 S .  Ute Reservation 7,804 Navajo  Reservation 5.500 
Navajo Reservation 51 ,987 Ute  Mountam  Ute 1,069  Ute  Mountain  Ute  251 

Ute  Mountain  Ute 0 Trust Lands Trust Lands 
& Trust Lands Reservation & Reservation & 

Taken  from U.S. Department of Commerce 1990 
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2.6 Water Use 

2.6 WATERUSE 
Watcr use statistics for the basin  as  a  single  unit  were  unavailablc.  The best data,  approximated 

here,  exist forNew Mexico.  In 1992,497,414 acre-€eet  (about  6  13  million  m3)  of  water  were  withdrawn 
for use in the basin  within  New  Mexico;  99% of these  deplctions  wcre  surface  water.  Water  depletions 
totaled 337,760 acre-€eet  (about  417  million m'). Irrigation  consumed the most  water,  with 78% of 
withdrawals  and 74% of  depletions.  Mining  and  powcr  generation  constituted  the  next  largest  users  of 
water,  together  accounting  for 10% of basin  withdrawals  in  New  Mexico  and 12% of  depletions. 01 these 
depletions,  nearly  100%  were  o€surface  water.  Livestock,  commercial,  and  industrial  uses of water  totaled 
less than 1% or basin withdrawals,  with 73% of  withdrawals  from  surface  water  sources;  these  uses 
resulted  in 1% of basin depletions in New  Mexico  (Wilson  1992). 

Goetz et al. (1987) determined  water  use  statistics for the  New  Mexico  and  Colorado  portion of 
the  basin  upstream  from  Shiprock,  NM. Tn 1965  agriculture  accounted for almost 93% of  water  depletions 
in the area and  was projected to equal  77%  by  1980.  Power  generation  alone  totaled 4% of  depletions  in 
1965  and  was  projected  to  reach 16% by  1980.  Thcse  projcctions  closely  match the 1992  New  Mexico 
statistics, suggesting that water  use is iairly uniform  in the basin,  at  least  throughout  New  Mexico  and 
Colorado. 

2.7 BIOTA 
Within  the  New  Mexico  portion  of  the  basin,  Meneely  and  Duzan (1979) documented 99 species 

of  mammals, 3 11 spccies of birds,  14  specics  of  amphibians,  34  spccies  of  reptiles,  and 50 species of fish. 
This review  focuses  on  those  species  of  fish that are  native  and  especially  those that are  considered  rare. 
Colorado  squawfish (Rychocheilus Zucius) and  razorback  sucker (Xyrauchen texnnus) are  both  listed as 
federally endangered  spccies.  Roundtail  chub (Gzla robusta) and  flannelmouth  sucker (Catostomus 
Zatzpinnls) are kderal candidate  spccies, and the  roundtail  chub is on the New  Mcxico state list of 
endangcred  spccies. Other native  fish  in  the  basin  include  speckled  dace (Rhimchthys oscztlus), bluehead 
sucker (Catostomus discobolus), and  mottlcd  sculpin (Cottus bairdr). 

Factors identified in the decline  of  San  Juan  basin  native fish include  habitat  alteration, 
fragmentation,  and  degradation  from  dam  construction  as  wcll  as  competition  and  predation  from  exotics 
(U.S. Bureau ofIndian Affairs  1991).  Navajo  Reservoir,  which  was  built  in 1962 as part of the Colorado 
River  Storage  Project  (CRSP),  eliminated 35 miles  o1cndangered fish habitat in the San Juan River by 
inundation  and  an  additional  40 ndes by  changing  the  water  quality (U.S. Bureau of Reclamation  1992a). 
In recent  years the Colorado  squawfish  has only  been  vcrified  in  the  San  Juan  River  main  channel  below 
Shiprock,  and  the razorback  sucker  has  becn  verificd  in  thc  San  Juan  arm of Lake  Powell  and  near  Bluff, 
Utah. Roundtail  chub  have  not  been  idcntiiied  in  thc Animas Rivcr  since  the 1970s but have  been  taken 
in the  Florida  River  and  the San Juan  River  at its confluence  with  the  Animas  (Figures  8a-c)  (Platania 
1990, U.S. Fish  and Wildile Service 1993). 

3. METHODS 
Three  questions  guidcd  the  collection  of  information  for this review: 1) What  are the contaminants 

and  water  quality  problems  in  the  San  Juan  River basin? 2) What  are  the  sources  of the contaminants  and 
problems?  3)  What  are the effects of these  contaminants  and  problems  on the basin's  native  fish  fauna? 
Documents that  attcmpted to answer  thesc  questions  were  considered  for  inclusion  in  this  review.  For the 
purposes  of this rcporl,  a  contaminant is considcred  any  material  with  thc  potential,  directly  or  indirectly, 
to impair fish health  or  reproduction.  Watcr  quality  paramcters  idcnti  lied  as potential  threats to fish health 
include  temperature,  pH,  dissolvcd  oxygcn,  salinity,  and  sediment. No distinction  has  been  made  between 
anthropogenic  and  natural  contamination,  as  the  mandate of the  San  Juan  River  Fisheries  Seven  Year 
Rescarch  Plan  was to idcntie any  and  all  thrcats to the  native  fish  fauna. 
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Figure  8a.  Collection  records of roundtail  chub  in  the  San Juan River,  New  Mexico  and  Utah, 
1987-1 989. (Taken  from  Platania 1990) 
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Figure 8b. Collection  records of razorback  sucker  in  the  San  Juan  River,  New  Mexico  and  Utah, 
1987-1 989. (Taken  from  Platanla  1990) 
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Figure 8c. Collection  records of Colorado  squawfish  in  the  San  Juan  River,  New  Mexico  and 
Utah,  1987-1989. (Taken  from  Platanla  1990) 
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3. Methods 

This rcview was organized  mainly  by  contaminant  source,  as  sources  primarily  define the more 
substantial studies discussed  herein.  The  RESULTS  section  begins  with  background  information 
concerning  San Juan River  fish,  disease,  and  standards, that is important to understanding the discussions 
that  follow.  Background  information  is  included  elsewhere  in  the  RESULTS  section  where  pertinent.  Raw 
data fiom studies  arc  generally  located  in a separately  bound  volume  of  appendices  (Volume 11, Appendices 
4- 16), while  discussion of thc data is  found in the  body or this review  under  RESULTS.  The  review 
attempts to give  a  readcr  who  has little or  no  prior  knowledge of contaminants  the tools necessary [or a 
basic evaluation  of the data that have  been  included. 

Few studies have  collected data from  the  entire  San Juan basin,  with  the vast majority  of 
research  stopping at statc  boundaries.  An  attempt  was  made to obtain parallel  information for each  of  the 
thrce states,  but  in  many  cases this was  not  possible;  therefore,  the  quality  of  information  varics for a  given 
category  and in some  instances  was  not  availablc for one  or  more states. Additionally,  little  information 
was  available  for  the  Indian  rescrvations. As the  purpose  of the report was to identify  gaps in information, 
these  discontinuities  are  only  a  problem  insomuch  as it makes an ovcrall  evaluation of thc basin dilIficult 
for a  given  contaminant  or  contaminant  source. Maps were  included  liberally  in this review to facilitate 
evaluation dwhcre geographic gaps in data exist. 

An attempt was  made to convert  units of measurement to standard  forms to simplify  the 
comparison of data, but  in many cases  such  conversions  werc  not  possible. For example, tissue sample 
analyses  mcasure  thc  concentrations  of  contaminants in either wet or dry weight,  but  to  convert  one to the 
other  involves the use ora mathematical  formula  which  rcquires  the  percent  moisture  of  the  samples.  The 
perccnt moisture 01 samples is often not collectcd at the  analytical  laboratory,  and  when  collected it is 
usually not included  in the data set.  Additionally,  some  oldcr reports do not spec@  the type of 
mcasurement;  in these cases, the data were  selcctively  included. To facilitate  other data comparisons,  a 
conversion  table  listing  the  concentrations or various  unit  mcasurements has been  provided  (Appendix 3). 

Within  thc  text,  conversions  have  been  supplied  betwcen  English  and  metric  unils.  The  number 
given first is that which  appeared in the  reference  cited;  the  number  in  parentheses is the  conversion. 
Similarly,  bvhen  available,  both  common  and  scientific  names  arc  given  Tor species.  The first time  a  species 
is mcntioned its scientific  name is given  in  parcnthesis,  and  thereafter only the  common  name is used. 

Bccausc  surfacc  water  quality is a  function  not  only of direct inputs but also  of  groundwater, 
sods,  and  evcn  air  quality,  the  volume of infomation regarding  thc  basin  is  quite  large.  Therefore, for this 
revicw it was  necessary to prioritize  information  according to  its potential  importance to San Juan basin 
native fishes. The highest  priority  was  given to water  quality,  sediment,  and biota studies  from the San 
Juan River and its tributaries. Seconday priority  was  assigned to groundwater  and soils if  there  was 
evidcnce that  they  affected s d a c e  water  quality  in  the  rivcr  or  its  tributaries.  Studies  on  reservoirs  were 
considered  according to their  applicability to San  Juan  basin  water  quality.  Proposed  projects  such  as the 
Animas-La Plata Project,  although as yet  undeveloped,  reccived  fairly  high  priority  because of the 
magnitude of their  poteniial  effccts  on  the  basin's  water  quality. 

More  reccnt  information  was  given  priority  over  older  documents, but in  many  cases  the  only 
available information ~7as a decade or more  old. If the  information  was  not  obviously  outdated, it was 
incorporatcd  into  the  revicw.  Conversely,  only  thc  most  recent  watcr  quality  data  were  included  based on 
the  assumption that older  information  would not normally  bc  pertinent to the health of prcsent-day fish 
populations. 

Research  for  this  revicw  has  made  usc  of  as  many types or documents as  possible.  Using CD- 
ROMs, the  fedcral  govcrmnent  documents  depository at UNM was  searched for pertinent  items,  while  the 
gencral  library  holdings  were  used to provide  background  inrormation on various  topics.  The  dcpository 
containcd only  published  documents, but therc  was  also  a  wealth or unpublished  information  on 
contaminants and  watcr  quality.  For this information,  government  agencies  were  visitcd  and,  where 
possible, unpublished data and  communications  were  obtained for use  in this review.  These  agencies 
included the  Bureau of Indian  Affairs, Farmmngton; Bureau of Reclamation,  Durango;  and Fish and 
Wildlife  Service  Ecological  Services III Albuqucrque,  Grand  Junction,  and Salt Lake  City.  Other of'fices, 
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4.1 Native Fish Fauna Characteristics 

particularly those of state  agencies  and  consulting firms, were  contacted  by  telephone for information. In 
several cases  the  authors o i  unpublished  material  have  asked that it not  be  included  until it has  been 
approved  and  published. 

This review  was  compiled  beginning in February 1993 and  includes  studies,  reviews, data sets, 
and  communications  available  by  July  1,  1993.  All  information  gathered for the review is archived  at  the 
New  Mexico  Ecological  Services  Office o l  the U.S. Fish and  Wildlife  Service.  All future inquiries 
regarding  the  revicw  should be directcd to the  contaminants  specialist at that office. 

4. RESULTS 

4.1  NATIVE  FISH  FAUNA  CHARACTERISTICS 

The  San  Juan  basin  native  fish  fauna,  as  a  result  of  their  life  histories,  physiologies,  and habitat 
prefercnces, are in certain  ways  particularly  vulncrable to contaminants  and  the suite of water  quality 
changes that have  occurred  in  the  basin. 

The  native  fishes  rely  heavily  on bach~atcr areas  and  low-flow  channels  as habitat for larvae, 
young-of-thc-year (YOY), and  juveniles,  and it is in  thesc  areas that contaminants  tend to concentrate, 
especially if a  contaminant  enters  the  system as a  surface  watcr  input  (Petty et al. 1992). In the Upper 
Colorado River  basin,  Colorado  squawfish  occur  in  a  variety  of habitats, but YOY,  juveniles,  and 
subadults  prefer  quict  backwaters  with little or no currcnt  (Seethaler 1978, Tyus ct al. 1982, Tyus 1987). 
Tyus (1991) found that young  squawfish  moved in and  out of bachwaters  as  temperatures  fluctuated, 
locating thc warmest  water.  Subadult  and  adult  Colorado squawfkh were also found in backwaters, 
although thcy did  not  rely on thcm  exclusivcly  (Seethalcr  1978,  Mencely et al. 1 979).  During  peak  runoff, 
adults  have  been obsen7cd to mo17e to  bachwatcrs  where  thcre  were  warmer  temperatures  (Colorado  Fishes 
Rmvery Team 1991). Likewise,  adult  roundtail  chub  have  been  found  in  a  variety of habitats and  have 
seemed to prefer  deeper pools ol  large  strcams,  but  larvae  of  the  spccies  have  prcfcrred  bachmaters for their 
habitat  (Mcneel~7 et al. 1979, Pctty et al.  1992).  Razorback  sucker  have  been  round to preler backwaters 
of  rivers  or  impounded  waters  (Holden  and  Stalnaker 1975). Like the Colorado  squawfish  and  roundtail 
chub,  razorback  sucker  larvae  depend on backwaters,  with  oldcr fish showing a prelerence for backwaters 
of rivers or impounded  waters.  Young  bluehead  and  flannelmouth  suckers  have  also  been  found  in 
backwaters  associated with nrain  channels  (Meneely et al.  1979). 

When  contaminants  conccntrate  in  backwater habitats, fish inhabiting  them  are  exposed to the 
contaminants  through  several  pathways. If adult fish move  into  the  nursery  areas  prior to reproduction, 
they  may ingest food  items in which  contaminants  have  already  accumulated to greater than background 
conccntrations  (National  Fisheries  Contaminant  Research  Ccnter  et  al. 1991). Adult fish may  then transfer 
accumulated  levels  of  contaminants to thcir offspring. Larval, YOY, and  juvenile  fish  may  also  accumulate 
contaminants by direct uptake from  the  watcr  or  through  fceding.  In  Colorado  squawfish  and  razorback 
sucker, for whom critical  life  stages  are  from  fertilized  cggs  through the first year  (Miller et al. 1982), 
increased cxposure to contaminants  in  backwaters  has  the  potential to reduce  reproductive  success 
(National  Fisheries  Contaminant  Research  Ccnter et al. 1991). Evidcnce fiom reccnt  larval fish studies 
has shown that, at least for thc  Colorado  squawfish,  rccruitment oiyoung is exccptionally low (Platania 
1991). 

The  endangered  fishes  of  thc  basin  are  also at high risk of  contamination  as  a  result oitheir lii'e 
history  strategies.  Colorado  squaw4sh  and  razorback  sucker  are  long-lived,  rcquire  several  years to reach 
scxual maturity,  and  may  reproduce  infrequcntly  afier  reaching  maturity  (Seethaler et al. 1979, Roy and 
Hamilton 1992). The  lcmales o l  thcse  species  carry  their  cggs  and  prccursor  materials for years  before 
shedding  them  during s p a m g ,  allowing an estcnded period oi' Lime for contaminant  accumulation  in  the 
ovaries and  eggs  (Roy  and  Hamilton  1992).  As  predaceous  piscivores,  Colorado  squawfish  face  the 
additional  risk  oEbiomagnification of contaminants  (Seethalcr et al.  1979). 
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4.2 Fish Disease Data 

4.2  SAN  JUAN  RIVER BASTN FISH  DISEASE  DATA 
San Juan Rivcr  researchers  havc,  in  the  course of their  work,  noted  what  seems to be an 

unusually  high  occurrence of abnormal  growths  on fishes (Shanks 1993a). The  New  Mexico  Water 
Quality  Control  Commission (1992) has  stated  that "to date, no fish abnormalities  have  been  identified 
which  arc attributable to man-induced  pollutants."  This is true to the extent that abnormalities  have not 
been positively  traced to specific  pollutant  sourccs.  There  is,  however,  limited but strong  evidence 
suggesting  a  corrclation  between  contaminants  and  abnormalitics. 

In 1992,  in  rcsponse to rcpeated  obscrvations  of  abnormalities, Carol Shanks of the Pinetop  Fish 
Health  Center,  FWS,  undertook  a prcliminq histopathological  survey of San Juan  River fish. Samples 
fiom diseased  and  healthy  fish  werc  collected  from  the  San  Juan  River  between  the  Hogback  diversion  and 
Mexican  Hat  (October  1992),  and  fiom secondary channels  of the rivcr  between  Shiprock  and  Bluff  (May 
1993).  A  total of3 1 apparcntly  diseascd  and 11 healthy fish was  sampled  in  October  and  15  diseased  and 
3 healthy  fish  were  collected  in  May  (Appendix 5) (Shanks  1993b).  Fish  were  examined  in the field and 
tissue samples  were  transferred to the Pinetop Fish Health  Ccnter for pathogcn  identification  (Shanks 
1993a). 

Olthe discased fish taken in October  1992;  77%)  (N=24)  were  flannclmouth  sucker,  common 
carp (C'prinus cnrpro) was 10% (N=3),  channel  catfish (Ictnluruspunctahts) was 6% (N=2), and  both 
roundtail  chub  and  bluchead  sucker  were  3% (N=l). Of  diseascd fish collected  in  May 1993, flannelmouth 
sucker  constituted 47% (N=7),  channel  catfish  were  27%  (N=4),  and  both  common  carp  and  bluehead 
sucker  were 13% (N=2)  (Shanks  1993). 

Skin lcsions,  which  occurred  primarily  near  thc  dorsal  fin,  identificd the presence o€ disease. 
Thrce  species  of  bacteria  were  isolated  from  thc  lesions  of fish collected in May 1993: Aeromonas 
hydrophila (also  isolated  in  October 1992), Citrobacter freundiz, and Acmetobacter sp. According to 
Shanks (1993a),  "these  bactcrial  species  have  been  dcsignated  as fish pathogens but usually  require 
stressors such as high  contaminant  levcls  or  malnutrition to invadc the host." 

A  Colorado  squawfish  taken  in  May  1993  appearcd  healthy, but Acrnetobacter sp. was  isolated 
fiom its skin. Shanks  hypothcsized  that  either  Colorado  squawfish  are lcss susceptible  than  flannelmouth 
sucker to contaminants stress and  subsequent  bacterial  invasion, or the fish was  in  an  carly stage of 
infection  and tissue abnormalities  had not yet  occurred  (Shanks  1993a). 

The rcsults of the fish survcys  indicatc  that  disease is a  problem  in  San Juan River fish, 
particularly in flannclmouth  suckcr.  Histological  examinations of the fish samplcd  are  currently being 
performcd  by a rescarcher at Bozeman  Tcchnical  Center to determine  what  contaminants, if any,  caused 
the  abnormalities  (Shanks 1993). 

In thc San Juan DO1 Irrigation  Drainagc  Study,  discussed in greater  detail  under  the 
IRRIGATION  section  (4. lo), high  percentagcs of abnormalitics  were  found  in  flannelmouth  suckcr  and 
channel  catfish. A total of 49 fish  from  7  species  was  sampled  from the San  Juan  River in the spring and 
€all of 1990 (Blanchard et al. 1993). Of  thcsc, 28% of  flannclmouth  sucker  and  35%  of  channel catfish 
had  esternal  lesions. In the  Shiprock to Cudci  reach o€ the  rivcr, 50% of  flannelmouth  sucker  and 37% o€ 
channel catfish sampled  had  lesions. It was  suggested that thc  lcsions  were the result of exposure to 
polycyclic  aromatic  hydrocarbons  (PAHs)  and that the  physiological stress caused by the lesions  could 
exacerbate or  syncrgistically  work  with  othcr  contaminants,  further  weakening thc fish (U.S. Fish and 
Wildlife  Servicc 1991b). 

Hepato-histological  examinations  have  also  becn  performed on San  Juan  River fish. In  one 
sampling, the livers €rom 36 flannelmouth  sucker Irom the San Juan  River  wcre  examined,  and  77% of 
them  exhibited  large  numbers of eosinophillic grtanulocytes (U.S. Fish  and  Wildlife  Service 1991b, Hcrman 
1991a). At the time  of  the  analysis,  thc  condition,  as  manilested in inflammatory  tissues  around  the  bile 
ducts, was  interpreted as either  bcing  normal and  age-related  or  an  abnormality  due to accumulation of 
toxic  substances  (Herman  1991a). A sample oisix livers  from  flannelmouth  sucker  collected  from  Alkali 
Creek  in  Colorado  suggesled that the San  Juan  Rivcr  flannelmouth  suckcr  livers  had  experienccd  unusual 
tissuc breakdown  and that t l~c  large  numbcr or granulocytes  in  the fish was  abnormal  (Herman  1991b). 
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The  San  Juan  Rivcr  sample  also  included  a  black  bullhead (Ameiurus melas) with  a  papilloma,  a  type  of 
skin lesion, that showed  an  unusual  number  of  mucous  cells.  Papillomas  are rare in this species,  and  the 
condition has  been  reportcd to be  related to water  quality.  Conversely,  papillomas  have  bccn  found  on 
brown  bullheads (Amezurus natcrlis) fiom apparently  clean  watcr  (Herman 1991a). 

The  remaining fish disease data from  the  San Juan River basin comes from the lower  Animas 
River. In July 1992  the  Colorado  Department  of  Wildlife  (CDOW),  the  U.S.  Bureau of Reclamation (BR), 
the  FWS,  and the Southern Ute Tribe  conducted an electrofishing  survey of the Animas from the Purple 
Cliffs ana, four miles  south  of  Durango, to thc  New  Mexico state line (Japhct  1993).  Diseased  bluehead, 
flannelmouth,  and  bluehcad x white  hybrid  suckers  were first sighted  approrrimatcly 0.3 miles  upstream 
of a largc  natural  gas  well  located  within  300 l i t  of the river  high  water  line at T33N,  RlOW, S36 (Figure 
9)  (Walker 1992, Japhet  1993).  Two of thc fish had  large  tumors  protruding  from  their  bodies,  and  an 
estimated 5% of  the  suckers  had large  lesions,  ulcers,  and  open  sores (Japhet 1993). That percentage  can 
be considered to represcnt  a  major €era1 fish disease  outbreak  (Walker 1992, Japhet 1993). 

Petc  Walker, a CDOW  fish  pathologist,  examined  the  aforementioned fish and  reported that he 
suspected Aeromoncrs salmonmda nova, a bactcria,  of  causing  furunculosis  (Walker 1992). Furunculosis 
is a  stress-mediated  disease arising in poor  water  quality.  Because  the  affcctcd fish were  found  only  in  the 
immediate  vicinity  of the gas well,  there is strong evidencc to support that water  quality  indirectly  caused 
the outbreak  of  furunculosis  (Walker 1992). 

Following the diagnosis  of  furunculosis,  an  additional  nine  suckers  werc  collected fiom the 
Animas  River  near  Bondad,  Colorado.  Five of the fish had  open  sores  or  lesions,  while thc remaining four 
had  no  external  signs  o€discase.  When  tested,  the five fish  with  lesions  and two without  showed  evidence 
of exposure to PAHs  (Japhet  1993). 

The  above-mcntioned  studies  reprcsent  all  disease  rescarch  that has  been  performed  on San Juan 
River  basin  fish.  With thc csception of the hcpato-histological  investigations  and  the  PAH  analyscs,  the 
studies  have  relicd  on  external  esprcssions  of  disease, which  were  the most  obvious  clues of contamination. 
When such clues  have  not  been  available,  researchers  havc  oftcn  compared  tissue, food itcm,  water,  or 
sediment  concentrations of a  given  contaminant  with  critcria  derived fiom tosiclty studies. 

4.3.  WATER  QUALITY  STANDARDS 

4.3.1 EPA  WATERQUALTTY  STANDARDS 
Once sampling data have  bccn  generated,  researchers  must  decide to which standards the 

numbcrs  should be compared.  Whcn  evaluating  water  quality  data,  many  researchers  look to the  criteria 
set  by  the  Environmental  Protcction  Agency  (EPA);  thesc  standards  are  officially  published in the Federal 
Register.  Thcse standards arc often  considered  high,  especially for sensitive  species, but in the absence 
or better standards for ccrtaln  contaminants  thcy  are  generally  used.  Below  are  the  EPA  criteria for a 
number of common  parameters,  trace  elements,  and  organics.  All  EPA  critcria,  except  where  otherwise 
stated, arc horn the 1 July 1993 edition olthc Federal  Register  (Table 3) (Olfice of  the  Federal  Register 
1993). 

Alkalinity - The  EPA  critcrion €or freshwater  aquatic  life is a  minimum 01 20 mg/l as CaCo, 
except  wherc  natural  concentrations  are  less. 

Ammonia - The  EPA  found that acute  toxicity of  ammonia for 29  species or freshwater fish 
fkom 9  families  and  18  gcnera  was 0.083-1.09 mg/l NH,. The  96-hour LC,, (concentration that resulted 
in  death  of  half the test  population  over  the  course of 96 hours)  was 0.083-1.09 mg/l for salmonids  and 
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Figure 9. Location of diseased  fish  collected from the  Animas  River, 1992. 
(Source Japhet,  personal communlcatlon) 
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Table 3: EPA water quality criteria for selected trace elements, freshwater 
Acute Chronic 

Element (CMC)" (CCC) * 

Arsenic 
Cadmium 
Chromium (Ill) 
Chromium (IV) 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Zinc 

360 a 
3.9 a,b 

1700 a,b 
16 a 
18 a,b 
82 a,b 

2.4 a 
1400 a,b 

20 
4.1 a,b 
120 a,b 

190 a 
1.1 a,b 

210 a,b 
11 a 
12 a,b 

3.2 a,b 

160 a,b 
0.012 c 

5 

110 a,b 

CMC - criteria  maxlmum  concentration - the  water  quallty  crlterla  to  protect  agalnst  acute 

effects In aquatlc  life  and IS the  highest  Instream  concentratlon  of  a  prlorlty  toxlc 

pollutant  consisting  of  a  one-hour  average  not to  be  exceeded  more  than  once  every 

three  years  on  the  average 

CCC - criterla  continuous  concentratlon - the  water  quallty  crlterla  to  protect  agalnst  chronlc 

effects In aquatic  hfe  and is the  hlghest  Instream  concentratlon  of  a  prlorlty  toxic 

pollutant  consisting  of  a  4-day  average  not  to  be  exceeded  more  than  once  every 

three  years  on  the  average 

a  Criterla  for  these  metals  are  expressed  as  a  function  of  the  water  effect  ratlo, WER, as 

defined In 40 CFR 131 .36k )  

b Freshwater  aquatlc  llfe  crlterla  for  these  metals  are  expressed as a  functlon  of  total 

hardness  (mglL),  and as a  functlon  of  the  pollutant's WER Values  displayed In the 

above  table  correspond  to  a  total  hardness  of  100  mg/L  and  a WER of  1 0. 

c If the  CCC  for  total  mercury  exceeds  0.01 2 pg/L  more  than  once In a  3-year  period 

in the  amblent  water,  the  edible  pportlon  of  the  aquatlc  specles  of  concern  must  be 

analyzed to  determine  whether  the  concentratlon  of  methyl  mercury  exceeds  the 

FDA actlon  level (1 .O mglkg). 

Modlfied  from  Offlce  of  the  Federal  Reglster  1993 
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0.14-4.60 mg/l for non-salmonids.  Toxicity  of  ammonia  varies  with  temperature  and pH (Valdez et al. 
1993). 

Dissolved Oxygen (DO) - The  EPA  criteria for non-salmonid  fisheries for dissolved  oxygen 
is  6.5 mg/l for  early  life stages and 6.0 mg/l for all  other  li€e stages. The  criteria for salmonid  fisheries is 
11 mg/l for early lire stages and  8  mg/l for other  li€e stages. 

Nitrate -No EPA  criteria exist for  nitrate.  Westin (1974) found the 7-day LC,, for fingerling 
rainbow  trout (Oncorhynchus mykiss) to be 1060 mgA. Nitrate  nitrogen  levels at or  below 90 mg/l  have 
been  found not to adversely  af€cct  warmwatcr fish (Valdez et al. 1992). 

pH - The  European  Inland  Fisheries  Advisory  Commission (1969) determined that a pH of 5-9 
was not  directly  lethal to fieshwakr fish.  However, the toxicity of several  common  pollutants is markedly 
affected  by pH changes  within this range  (Valdez et al.  1992).  The  EPA  criterion for fieshwater aquatic 
life is 6.5-9.0. 

Phosphate - No EPA  criteria cxist €or phosphatc.  In  general,  phosphate is an  indicator  of 
pollution but is not considered  a  pollutant  itself esccpt for its effect  on plant growth  (Toole 1992). 

Sulfates - No EPA  criteria cxist for sulfates. 

Total suspended solids  (TSS) and settleable  solids - The  EPA states that settleable  and 
suspended  solids  should  not  reduce  thc  depth  of  the  compensation  point for photosynthetic  activity  by  more 
than 10% €rom the  scasonally  established  norm for aquatic  life. 

Total dissolved  solids (TDS) - The  EPA  reports  that,  in  general,  water systems with TDS levels 
in excess  of  15,000  mg/l are unsuitable €or most  freshwater  fish;  however, the EPA  has set no  criteria for 
TDS. In experimcnts  several  common  frcshwater  spccles  have  survived  exposure to 10,000 mg/l  TDS 
(Valdez et al. 1992). Pimentel  and  Bulkley  (1983)  round that Colorado  squawfish  avoided  TDS 
concentrations  greater  than 4,000 mg/l. 

Aluminum - No EPA  criteria cxist for aluminum. 

Arsenic - The  EPA  states  that  freshwater  organisms  should  not be affectcd  unacceptably  if  the 
4-day  average  concentration 01 arsenic (111) does  not  exceed 190 pgll more  than  once  every  three  years on 
average  and  if  the  1-hour  average  concentration  does  not  excccd 360 pg/l more  than  once  evcry  three  years 
on  average.  Inorganic arscnic (IV) is acutely  toxic to freshwater  animals at conccntrations  as  low as 850 
pg/l. For inorganic  arsenic, an acute:chronic ratio of 28  has  been  obtained for fathead minnow 
(Prmephales promelas). 

Cadmium - Cadmium  toxicity  is  aEected  by wakr hardness.  Thc  EPA states that, except whcrc 
a locally important spccies is very  sensitive,  freshwater  aquatic  organisms  should not be afl-ected 
unacceptably  if  the  4-day  average  concentration or cadmium  (in pg/l) does not exceed the numerical  value 
given by e(O 7852[~i1a1dnessl-3 more  than  once  every  three  years  on the average  and  if the 1-hour  average 
concentration  (in pgll) does  not  exceed  the  numerical  value  given  by  e(' 28['n(hardness)-3 more  than  once 
every  thrce  years  on  the  average. 

Copper - Copper  toxicity is affccted by water  hardness.  The  EPA states that,  except  where  a 
locally important spcc~cs is very  sensitivc,  frcshwater  aquatic  organisms  should  not  be  affected 
unacceptably  if  thc  4-day  avcrage  conccntration o€ copper  (in pg/l) does  not  excced  the  numerical  value 

20 



4.3.1 EPA Water Quality Standards 

given  by e(O 8545[1n(h=dless)I-1 465) more  than  once  every  three  years  on  the  average  and  if  the l-hour average 
concentration  (in pg/l) does  not  escced  the  numerical  value  given  by  eto 9422[1n@ardness)l-1 464) more  than  once 
every thrce years  on  the  average.  At  a  hardness  of 50 mg/l  the  acute  toxicity for Pfychocheilus was  found 
to be 16.74 pgA (EPA  1986). 

Iron - Thc  EPA  critcrion  for  iron  is  1.0  mg/l. 

Lead - The  acute  toxicity  of  lead in several  species  has  bcen  shown to decrease  as  water 
hardness  increases.  The  EPA  states  that,  except  where  a  locally  important  species is very  sensitive, 
freshwater  aquatic  organisms  should  not be affected  unacceptably  if the 4-day  average  concentration  of 
lead (in pgA) does  not  exceed the  numerical  value  given  by  e(' 273[1n(hardness)1-4 705) more than once  every  three 
years  on  the  average  and if the  l-hour  average  concentration  (in pgA) does  not  exceed the numerical  value 
given by e(' 2731h(hardness1>' 460) more  than  once  evcry  three  years on the  average. 

Mercury - The  EPA  states  that  the  acute  toxicity or mcrcury (II) for  fishes  ranges fiom 30 pgA 
for guppies to 1,000 pg/l lor Tilupzu spp. The  chronic  toxicity  level of mercury @I) in fathead  minnow 
has  been  shown to bc 0.26  pg/l.  According to the  EPA,  freshwater  organisms  should  not be aSrected 
unacccptably  iTthe  4-day  avcrage  concentration  of  mercury (11) does  not  exceed  0.012 pgA more  than  once 
every  three  years  and if the I -hour  averagc  concentration  does  not  exceed 2.4 pg/l more  than  once  every 
three  years on avcrage.  Methylmercuty  is  the  most  chronically  toxic,  with \/slues of  less  than 0.07 @i1. 

Radionuclides - No EPA criteria exist for radionuclides  (uranium,  thorium,  radium-226). 

Selenium - Jn 1987  the EPA  lowered  the  pcrmissible  level  of  waterborne  selenium from 35 pg/l 
to 5 p g  as a 24-hour  avcrage.  Lemly  (in press)  recomrncnds that watcrborne  selenium  concentrations o€ 
2 pgA or  greater  be  considcred  highly  hazardous to the hcalth  and  long-term  survival  of fish and  wildlife. 
The  EPA's  acute  criterion  €or  selenium  is  20 pgA ( U S .  Environmental  Protection  Agency  1993).  The  EPA 
acute  criterion for selcnite is 260 pgll. Acute  toxicity or inorganic  sclenate  can  occur  as  low  as 760 pg/l 
and  may  be  lower for more  sensitivc fish (U S .  Environmental  Protcction  Agency 1986). 

Silver - The EPA criterion for total  silver is bascd on water  hardness.  The  EPA states that the 
concentration  of total rccoverable  silver  (in 9 g I l )  should  not  excecd the numerical  value  given  by 
e(' 72[h@dnesr)l-6 at any  time.  Chronic  toxicity to €reshwater  aquatic  lifc  may  occur  at  concentrations  as 
low  as 0.12 gg/l. 

Hydrocarbons - The  EPA  has  not set any  acutc  or  chronic  criteria for PAHs  as  a  group.  It 
states  that  acute  and  chronic  toxicity  of  naphthalene  occurs at concentrations  as  low  as  2,300  pg/l  and  620 
&I, respectivcly,  and  could  occur at  lower  conccntrations  among  sensitive  species.  The  EPA  also states 
that  acute  toxicity  of  benzenc  and  toluene  to  freshwater  life  occurs  at  concentrations as low as 5,300 pg/l 
and  17,500  &l,  rcspectively;  thcrc  are no chronic  toxicity  standards for either  compound. 

Thc  above  standards  are  only for surface  water  quality.  The  EPA  has  not  issued  standards €or 
trace elements  or  organics in soils,  sedimcnt,  food  items,  or  fish  tissue.  (The  Food  and  Drug 
Administration  rcgulates  trace  elements  and  organics  in fish, but these  standards  are  based on concerns for 
human  rathcr than fish  hcalth.)  Data  collected  for  these  components  are  normally  compared  with data or 
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4.3.2 State Surface Water  Quality  Standards 

baseline data or  criteria  accepted w i t h  the  research  community.  Such  criteria  will bc discussed in further 
detail under  sections  dealing  with  specific  contaminants. 

4.3.2  STATE  SURFACE  WATER  QUALITY  STANDARDS 
Thc federal  Clcan  Water  Act,  as  amended (33 U.S.C. 466~et seq.),  declares that "it is the 

national  goal that whercver  attainable, an interim  goal of  water  quality  which  provides for the protection 
and  propagation  of  fish,  shellfish,  and  wildlife  and  provides for recreation  in  and  on the water be achieved 
by  July 1,1983 ..." (Senate  Committee  on  Environmcnt  and  Public  Works  1982). In accordance with this 
Act,  each  stalc  must  designate the uses for which its surface  watcrs  shall be protected  and  must  prescribe 
the  water  quality  standards  neccssary to sustain thc  dcsignated  uses  (New  Mexico  Water  Quality  Control 
Commission  1991).  Each of the three states of the San Juan  River basin has  therefore  assigned  designated 
uses and standards to the San Juan River  and its tributaries  (New  Mcxico  Water  Quality  Control 
Commission 1991, New  Mexico  Water  Quality  Control  Commission 1992, Utah Department  of 
Environmcntal  Quality  1992,  Toole  1992,  Colorado Water Quality  Control  Commission 1993% Colorado 
Water Quality  Control  Commission 1993b). 

Each stab has  approachcd  the task of  assigning  use  designations  and  standards in a  somewhat 
different  manner?  making  a  comparison of all  standards for the basin cumbersome. In general,  each state 
has three sets of  information that nccd to be  referenced  in  order to determine the standards for a  given 
section  of  river  or  strcam.  The h t  set  lists  the  water  usc  classifications  that  a state has chosen,  the  sccond 
lists  the  water  quality standards that apply to cach  classification,  and  thc  third  assigns  a  classification to 
each  section  of  water.  Depending  on  the  state,  these  three sets or m€ormation  may be combined  or  given 
in  separate tables. A particular  stretch of water  may  havc  multiple  use  classifications,  with the most 
stringent standards taking precedence;  fisheries  standards  are  normally,  though  not  always, the most 
restrictive.  The  following  sections list the  classificatlons  and  standards for each state. 

New  Mexico - Ncw Mexico has chosen 11 use  classifications for its waters  (Table  4).  In 
assigning  classifications  to its surface  waters,  the state has divided  the  San Juan basin into seven  broad 
sections  (Table 5), each  with  its own standards for pH: dissolved  oxygen,  ternperaturc,  and €ecal coliform. 
All  Ncw  Mexico  watcrs  within  the  San  Juan  basin  havc been designated  as  fisheries  and  as  such  must  meet 
the standards for trace  elcments,  chlordane,  and  cyanide  that  have  been  prescribed for the  protection  of 
aquatic  life  (section  3-101-5. of Table 6).  All  watcrs  within  the  basin  are also classified for livcstock  and 
wildlife  watering  and  therefore  must  meet  the  radium-226 + radium-228  limit of 30.0  picocuries  pcr  liter 
(PCiA) in  addilion to tracc  clement  requiremcnts  (New  Mexico  Watcr  Quality  Control  Commission  1991). 

In accordance with section 3050) of the  Clcan  Water  Act  (Appendix 6 )  (Senate  Committee  on 
Environmcnt  and  Public  Works 1982), Ncw  Mexico  has  cvaluated its surface  waters to determine  which 
sections  do  not  support  their  use  classifications.  Thc state's assessment of its  water  depends  primarily on 
ambient  physical  and  chemical  data.  The state also  uscs fish tissue  data  from a study  begun in 1991, but 
data horn biological  surveys  and  biomonitoring tests have not yet  been  formally  incorporated into New 
Mexico's  assessrncnt  protocol  (Ncw  Mexico  Watcr  Quality  Control  Commission 1992). 

The  EPA  recommends  that  even a  single  exceedancc  of a chronic  criterion  in a three-year  period 
indicates that aquatic  uses  are lhot supported." New Mcsico, though, has choscn to designate  uses  as 
"partially  supported"  whcn waters  show  esceedances of chronic  criteria for toxicants,  unless  exceedances 
of  other criteria  indicate that impairment is serious  cnough to warrant  the  dcsignation  of 'hot supported" 
(New Mexico  Water  Quality  Control  Commission 1992). 

New Mexico has compiled a list. oE those  sections of rivers  and  strcams  within the San Juan 
basin  whose  uscs  are not Idly supported  (Tablc 7). The table also  includes  the toxicants that have  been 
€ound at acute  or  chronic  levels  within  these  watcrs,  as  well as the  probablc  sources  of  these  toxicants. 
According to thc  New  Mexico  Watcr  Quality  Control  Commission's  cvaluation,  none of the  surface 
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Table 4a:  New  Mexlco surface water use classlcatlons 

HQCWF = high quallty  coldwater  flshery DWS = domestlc water supply 
CWF = coldwater  fishery IRR = lrrlgatlon 
MCWF = marginal  coldwater fishery L&WW = llvestock and wlldllfe  watermg 
WWF = warmwater flshery PC R = prlmary contact recreatron 
LWWF = limited  warmwater flshery SCR = secondary contact  recreatlon 

IS = lrrlgatlon storage 

Table 4b:  New  Mexico codes for sources of nonsupport 

01 00 

0200 
0201 

0400 

1000 
1100 
1200 

1300 
1201 

1400 
1500 
1600 
1700 
1800 
1900 

2000 
21 00 
2200 
2300 

3000 
31 00 
3200 

3201 
3300 

4000 

5000 
5100 
5200 
5300 
5400 
5500 

5501 
5600 
5700 
5800 
5900 

Industrial  point sources 

Municipal point sources 
Domestlc pomt sources 

Combined sewer overflows 

Agriculture 
Nonlrrlgated crop productlon 
lrrlgated  crop  productlon 
lrrlgatlon  return flows 
Specialty crop  productlon (e.g truck 
farming and  orchards) 
Pastureland 
Rangeland 
Feedlots - all types 
Aquaculture 
Animal holdlnglmanagement areas 
Manure lagoons 

Silviculture 
Harvesting, restoration, resldue mgrnt 
Forest management 
Road constructlon maintenance 

Construction 
Hlghwaylroad brldge 
Land development 
Resort development 
Hydroelectrlc 

Urban  runofflstorm sewers 

Resource extraction 
Surface mmng 
Subsurface mlnlng 
Placer mlnlng 
Dredge mlnlng 
Petroleum actlvltles 
Plpellnes 
M~ll tahngs 
Mme tahngs 
Road  construct1onlmamtenance 
SPlllS 

6000 
61 00 
6200 
6300 
6400 
6500 

6600 
6700 
6800 

7000 
71 00 
7200 
7300 
7400 
7500 
7600 
7700 
7800 

8000 
801 0 
81 00 
8200 
8300 
8400 
8500 
8600 
8700 

8800 
8900 

9000 

Land Disposal 
Sludge 
Wastewater 
Landfllls 
Industrlal land treatment 
Onslte wastewater systems 
(septlc tanks, etc I 
Hazardous waste 
Septage  dlsposcll 
UST Leaks 

Hydromodification 
Channellzatlon 
Dredgmg 
Dam constructlonlrepalr 
Flow regulatlonlmodlflcatlon 
Brldge constructlon 
Removal of  rlparlan vegetatlon 
Streambank modlflcatlon/destablllzatlon 
Dralnlnglfllllng of wetlands 

Other 
Vector  control  actlvltles 
Atmospherlc deposltlon 
Waste storage/storage tank leaks 
Hlghway mamtenance and runoff 

In-place contammants 
Natural 
Recreatlonal actlvltles 

SPlllS 

8701 Road/parkmg lot  runoff 
8702 Off-road vehlcles 
8703 Refuse dlsposal/lltterlng 
8704 Sp~lls 
8705 Ski slope runoff 

Upstream Impoundment 
Salt storage sltes 

Source unknown 

Taken from  New  Mexlco Water Quality Control Commlssion 1992 
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Table 5: Designated  uses  and  standards  for  the  San  Juan basin, New  Mexico - 

2-400. SAN  JUAN RIVER BASIN 

2-401. The  main  stem  of  the San Juan River from  the  point  where  the San  Juan 
leaves  New  Mexico  and  enters Colorado  upstream t o  U.S. Highway 64 at Blanco, 
and  any flow which  enters  the San Juan River from  the  Mancos and  Chaco River. 

A. Designated Uses: municipal  and  industrial  water  supply,  irrigation,  livestock 
and  wildlife  watering,  secondary  contact  recreation,  marginal  coldwater 
fishery,  and  warmwater  fishery. 

B. Standards: 

1. In any  single  sample:  dissolved  oxygen  shall be greater  than 5.0 mg/ll, 
pH  shall be within the range  of 6.6 t o  8.8, and  temperature  shall be  less 
than 32.2 C (90 F). 

2. The  monthly  logarithmic  mean  of  fecal  coliform  bacteria  shall  not 
exceed  200/100 ml; no single  sample  shall  exceed 400/100 ml (see  1 - 
103.B). 

2-402. La Plata  River from  its  confluence  with  the San  Juan River upstream  to  the 
New  Mexico-Colorado  line. 

A.  Designated Uses:  irrigation,  limited  warmwater  fishery,  marginal  coldwater 
fishery,  livestock  and  wildlife  watering,  and  secondary  contact  recreation. 

6. Standards: 

1 .  In any  single  sample:  dissolved  oxygen  shall be greater  than 5.0 mg/l, 
pH shall  be within the range  of 6.6 t o  8.8, and  temperature  shall  be  less 
than  32.2 C (90 F). 

2.  The  monthly  logarithmic  mean  of  fecal  coliform  bacteria  shall  not 
exceed  200/100 ml; no  single  sample  shall  exceed 400/100 ml (see 'I - 
103.B). 

2-403. The  Animas River from  Its  confluence  with  the San  Juan  upstream t o  U.S. 
Highway 550 at  Aztec. 

A.  Designated Uses: municipal  and  industrial  water  supply,  irrigation,  livestock 
and  wildlife  watering,  marginal  coldwater  fishery,  secondary  contact 
recreation,  and  warmwater  fishery. 
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Table 5 (cont):  Designated  uses  and  standards  for  the  San Juan basin, New  Mexico- 

B. Standards: 

1. In any single  sample:  dissolved  oxygen  shall be greater than 5.0 mg/l,  pH 
shall  be within the  range  of  6.6 t o  8.8, and  temperature  shall be  less than 
27 C (80.6 F). 

2. The monthly  logarithmic  mean  of  fecal  coliform  bacteria  shall  not  exceed 
200/100 mg; no single  sample  shall  exceed 400/100 ml (see  1  -103.B). 

2-404. The  Animas River from U.S. Highway 550 upstream  to  the  New Mexicct- 
Colorado  line. 

A.  Designated Uses: coldwater fishery,  irrigation,  livestock  and  wildlife 
watering,  municipal  and  industrial  water  supply,  and  secondary  contact 
recreation. 

B. Standards: 

1. In any  single  sample:  un-ionized  ammonia  (as  N)  shall  not  exceed 0.03 
mg/l,  dissolved  oxygen  shall be  greater than  6.0  mg/l,  pH shall be within 
the  range  of  6.6  to 8.8,  temperature  shall be less than 20 C (68 F), total 
phosphorus  (as P) shall  be  less than  0.1 mg/l,  and  total  chlorine  residual 
shall  be less than 0.002 mg/l. 

2. The monthly  logarithmic  mean of fecal  coliform  bacteria  shall  not  exceed 
200/100 ml; no single  sample  shall  exceed 400/100 ml (see 1-1  03.B). 

2-405. The  main  stem of the  San  Juan River from U.S. Highway  64  at  Blanco 
upstream to  the  Navajo  Dam. 

A.  Designated Uses: high  quality  coldwater  fishery,  irrigation,  livestock  and 
wildlife  watering,  municipal  and  industrial  water  supply,  and  secondary 
contact  recreation. 

B. Standards: 

1. In any  single  sample:  un-ionized  ammonia  (as  N)  shall  not  exceed 0.02 
mg/l;  conductivity  shall be  less than 400 pmhos/cm  (at 25 C); dissolved 
oxygen  shall  be  greater  than  6.0  mg/l or 85% of  saturation,  whichever  is 
greater; total  inorganic  nitrogen  shall  be  less  than 1 .O mg/l (as N); pH  shall 
be within the  range of 6.6  to 8.8; temperature  shall be  less than 20 C (68 
F); total  chlorine  residual  shall be less then 0.002 mg/l;  total organic 
carbon  shall  be  less  than 7 mg/l; total  phosphorus  (as P) shall  be  less than 
0.1  mg/l;  and  turbidity shall  be  less than 1 0  NTU. 
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Table 5 (cont):  Designated  uses  and  standards  for  the  San Juan basin, New Mexicc, 

2. The  monthly  logarithmic  mean of  fecal  coliform  bacteria  shall  not  exceed 
100/100 ml; no single  sample  shall  exceed 200/100 ml (see 1-103.B). 

2-406. Navajo  Reservoir in New  Mexico 

A.  Designated Uses: coldwater  fishery,  warmwater  fishery,  irrigation  storage, 
livestock  and  wildlife  watering,  municipal  and  industrial  water  storage,  and 
primary  contact  recreation. 

B. Standards: 

1. A t  any  sampling  site:  un-ionized  ammonia  (as N) shall not  exceed 0.03 
mg/l,  dissolved  oxygen  shall be  greater than  6.0  mg/l,  pH  shall be within 
the  range  of  6.6  to 8.8,  temperature  shall be  less than 20 C (68 F), total 
phosphorus  (as P) shall  be  less than 0.1 mg/l,  total  chlorine  residual  shall 
be  less  than 0.002 mg/l,  and  turbidity  shall be  less than 25 NTU. 

2. The  monthly  logarithmic  mean  of  fecal  coliform  bacteria shall not  exceed 
100/100 ml; no single  sample  shall  exceed 200/100 ml (see 1-103.B). 

3. The  open  water  shall be free  of algae in concentrations  which cause 
nuisance  conditions or gastrointestinal or skin  disorders. 

2-407. The  Navajo  and Los Pinos  Rivers in New  Mexico 

A. Designated Uses: coldwater fishery,  irrlgation,  livestock  and  wildlife 
watering,  and  secondary  contact  recreation. 

B. Standards: 

1. In any  single  sample:  un-ionized  ammonia  (as N) shall not  exceed 0.03 
mg/l,  dissolved  oxygen  shall be  greater than 6.0 mg/l,  pH  shall be within 
the  range of 6.6  to 8.8,  temperature  shall be  less than 20 C (68 F), total 
phosphorus  (as P) shall  be  less than 0.1 mg/l;  and  total  chlorine  residual 
shall  be  less  than 0.002 mg/l. 

2. The  monthly  logarithmic  mean  of  fecal  coliform  bacteria  shall  not  exceed 
100/100 ml; no single  sample  shall  exceed 200/100 ml (see 1-1 03.B). 

Taken  from  the  New Mexico Water  Quality  Control  Commission 1991 
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Table 6: Standards  applicable to  designated  uses,  New  Mexico - 

3-101. STANDARDS’ APPLICABLE TO ATTAINABLE OR DESIGNATED USES 
UNLESS  OTHERWISE SPECIFIED IN  TABLE 5. 

A.  Coldwater  Fisherv:  Un-ionized  ammonia  (as  N) shall not  exceed 0.03 mg/l, 
dissolved  oxygen  shall be greater  than  6.0  mg/l,  temperature shall  be less than 
20 C  (68 F), total  chlorine  residual shall not  exceed 0.004 mg/l,  and  pH shall 
be within the range  of  6.6 to  8.8. The  acute  and  chronic  standards  set  out in 
Section 3-101 .J are  applicable to  this use. 

B. Domestic  Water Sua~lv:  Waters designated  for  use as domestic  water 
supplies shall not  contain  substances in concentrations  that  create  a  lifetime 
cancer  risk  of  more  than  one  cancer per 100,000 exposed  persons.  The 
following  numeric  standards shall not be  exceeded: 

Dissolved  arsenic 
Dissolved  barium 
Dissolved  cadmium 
Dissolved  chromium 
Dissolved  lead 
Total  mercury 
Dissolved  nitrate  (as  N) 
Dissolved  selenium 
Dissolved  silver 
Dissolved  cyanide 
Dissolved  uranium 
Radium-226 + radium-228 

0.05 mg/l 
1 .  mg/l 
0.0 10 mg/l 
0.05 mg/l 
0.05 mg/l 
0.002mg/l 
IO. mg/l 
0.05 mg/l 
0.05 mg/l 
0.2 mg/l 
5.0 mg/l 

30.0 pCi/l 

C. Hiqh  Qualitv  Coldwater  Fisherv:  Dissolved  oxygen shall be greater than 6.0 
mg/l or 85% of  saturation,  whichever  is  greater;  temperature shall  be less  than 
20 C (68 F); pH shall  be within  the range  of  6.6 to  8.8; un-ionized  ammonia 
(as  N) shall not  exceed  0.02  mg/l;  total  chlorine  residual  shall  not  exceed 
0.004 mg/l;  total  phosphorus  (as P) shall be less  than 0.1 mg/1;2 total 
inorganic  nitrogen  (as  N) shall  be less  than 1 .O mg/1;2 total organic  carbon 
shall be less  than 7 mg/l;  turbidity shall  be less  than 10 NTU (25 NTU In 
certain  reaches  where  natural  background  prevents  attainment  of  lower 
turbidity);  and  conductivity  (at  25 C) shall be less than  a  limit  varying  between 
300 pmhos/cm and 1,500 pmhos/cm depending  on  the  natural  background  in 
particular  stream  reaches (the intent  of  this  standard  is  to  prevent  excesswe 
increases in dissolved  solids  which  would  result in changes  in  stream 
community  structure).  The  acute and  chronic  standards  set  out in Section 3- 
101 .J are  applicable to  this use. 
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Table 6 (cont.):  Standards  applicable t o  designated uses, New  Mexico - 

D. lrriaation  (or  lrriaation Storaae): The  monthly  logarithmic  mean  of  fecal 
coliform  bacteria  shall  not  exceed  1,000/100 ml; no single  sample  shall 
exceed  2,000/100 ml. The  following  numeric  standards  shall  not  be 
exceeded: 

Dissolved  aluminum 
Dissolved  arsenic 
Dissolved  boron 
Dissolved  cadmium 
Dissolved  chromium 
Dissolved  cobalt 
Dissolved  copper 
Dissolved  lead 
Dissolved  selenium 
Dissolved  selenium 

Dissolved  vanadium 
Dissolved  zinc 

in presence of > 500  mg/l SO4 

5.0 mg/l 
0.10 mg/l 
0.75  mg/l 
0.01  mg/l 
0.10  mg/l 
0.05 mg/l 
0.20 mg/l 
5.0 mg/l 
0.1 3 mg/l 

0.25  mg/l 
0.1  mg/l 
2.0 mg/l 

E. Limited  Warmwater Fisherv:  Standards are the same  as  for  "Warmwater 
Fishery"  except  on a  case by case basis, the  dissolved  oxygen  may  reach a 
minimum of 4.0 mg/l or maximum  temperatures  may  exceed 32.2 C. The 
acute  and  chronic  standards  set  out  in  Section 3-1 01  .J are applicable to  this 
use. 

F. Marainal  Coldwater Fisherv:  Standards are the same  as  for  "Coldwater 
Fishery"  except  on a  case by case basis, the dissolved  oxygen  may  reach a 
minimum of  5.0  mg/l or maxlmum  temperatures  may  exceed  25 C and  the  pH 
may  range  from 6.6 t o  9.0. The  acute  and  chronic  standards  set  out in 
Section  3-1 01 .J are applicable to  this use. 

G. Primarv  Contact  Recreation:  The  monthly  logarithmic  mean  of  fecal  collform 
bacteria  shall  not  exceed  200/100 MI, no  single  sample  shall  exceed 400/100 
ml; the  open  water  shall be free of algae in concentratlons  which cause 
nuisance  conditions or gastrointestinal or skin  disorders;  pH  shall  be  within  the 
range  of 6.6 t o  8.8; and turbidity shall  be  less than  25  NTU. 

H. Warmwater Fisherv:  Un-ionized  ammonia  (as  N)  shall  not  exceed 0.06 mg/l, 
dissolved  oxygen  shall be  greater than 5 mg/l,  temperature  shall be less  than 
32.2 C (90 F), and  pH  shall be within the  range  of 6.0 to  9.0 and  total 
chlorine  residual  shall  not  exceed 0.008 mg/l.  The  acute  and  chronic 
standards  set  out in Section  3-101 .J are  applicable to  this use. 
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Table 6 (cont.):  Standards  applicable to  designated uses, New  Mexico - 

I. Fish culture  and  municipal  and  industrial  water  supply  and  storage are  also 
designated in particular  stream  reaches  where  these  uses are actually  being 
realized. However,  no  numeric  standards  apply  uniquely  to  these  uses.  Water 
quality  adequate  for  these  uses  is  ensured  by  the  general  standards  and 
numeric  standards  for  bacterial  quality, pH, and  temperature  which are 
established  for  all  stream  reaches  listed in Part  2 of  the  standards. 

J. The  following  schedule of numeric  standards  and  equations  for  the 
substances  listed  shall  apply to  the  subcategories  of  fisheries  identified in 
Section 3-1 01 : 

Chronic  Criteria3 

Dissolved  aluminum 
Dissolved  beryllium 
Total  mercury 
Dissolved  selenium 
Dissolved  silver 
Total  cyanide 
Total  chlordane 
Dissolved  cadmium5 
Dissolved  chromium6 
Dissolved  copper 
Dissolved  lead 
Dissolved  nickel 
Dissolved  zinc 

Dissolved  aluminum 
Dissolved  beryllium 
Total  mercury 
Dissolved  selenium 
Dissolved  silver 
Total  cyanide 
Total  chlordane 
Dissolved  cadmium 
Dissolved  chromium6 
Dissolved  copper 
Dissolved  lead 
Dissolved  nickel 
Dissolved  zinc 

87.0 
5.3 

0.01 2 
5 .O 

0.1 2 
5.2 

0.0043 
e(0.7852[ln(hardness11-3.49) 

e(0.81 9tln(hardness)l+ 1.561 1 
e(0.8545[ln(hardness11-l .4651 

e(l.273[ln(hardness11-4.7051 
e(0.846[ln(hardness11 + 1.16451 
e(0.8473[ln(hardness)1 +0.7611 

Acute Criteria4 
750 
1 3 0  
2.4 

20.0 
e(1.72[ln(hardness11-6.521 

22.0 
2.4 

e(l . I  28[ln(hardness)l-3.8281 
e(0 81 9[ln(hardness)l+ 3.6881 
e(0.9422[ln(hardness)l-1 .4641 

e(l.273[ln(hardness)l-l.461 
e(0.76[ln(hardness11 + 4.021 

e(0.847311n/hardness)l + 86041 
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Table 6 (cont.):  Standards  applicable t o  designated  uses,  New  Mexico - 

K. Livestock  and  Wildlife  Waterinq:  The  following  numeric  standards shall 
not be  exceeded: 

Dissolved  aluminum 
Dissolved  arsenic 
Dissolved  boron 
Dissolved  cadmium 
Dissolved  chromium6 
Dissolved  cobalt 
Dissolved  copper 
Dissolved  lead 
Total  mercury 
Dissolved  selenium 
Dissolved  vanadium 
Dissolved  zinc 
Radium-226 + radium-228 

5.0 mg/l 
0.02 mg/l 
5.0 mg/l 
0.05 mg/l 
1 .O mg/l 
1.0 mg/l 
0.5 mg/l 
0.1 mg/l 
0.01 mg/l 
0.05 mg/l 
0.1 mg/l 
25.0 mg/l 
30.0 pCi/l 

For waters with more than a single  attainable  or  designated  use the applicable  criteria 
are  those which will protect and  sustain  the most sensitive  use. 

2As the need  arises, the State  shall  determine for specified  stream  segments  or 
relevant portions thereof  whether  the limiting nutrient for the growth of aquatic plant:; 
is nitrogen or  phosphorus.  Upon  such a determination the waters in question  shall be 
exempt from the standard for the nutrient found to be not limiting. Until such a 
determination is made, standards for  both nutrients shall  apply. If co-limitation is 
found, the waters in question  shall be exempt from the total inorganic nitrogen 
standard.  The  State  shall  make  available a list of  those  waters for  which  the  limiting 
nutrient has  been  determined. 

3The  chronic  criteria  shall be applied to the arithmetic mean of four samples  collected 
on each of  four consecutive  days.  Chronic  criteria  shall not be exceeded  more than 
once  every  three  years. 

4The  acute  criteria  shall  be  applied to any  single  grab  sample. Acute criteria  shall nor: 
be  exceeded. 

5For  numeric  standards  dependent on hardness,  hardness  (as mg CaC03/1)  shall  be 
determined as needed from available  verifiable  data  sources  tncludmg, but  not limited 
to, the U.S. Environmental  Protection Agency's STORET water quality  database. 

6The criteria for chromium shall  be  applied to an analysis which measures both the 
trivalent and  hexavalent  ions. 

Modified from  New Mexico Water  Quality  Control  Commission 1991 



Table 7: Assessed  river  reaches not  fully supportmg designated  uses,  San Juan basin, New Mexico 
Uses Not Fully  Probable  Sources of  Total Slze 

Water  Body Supported Toxics  at Toxics at Nonsupport Affected 
(Basln,  segment)  (see  Table 4a) Probable  Cause  of Nonsupport Acute Levels* Chronic Levels" (see  Table 4b) (Miles) 

San  Juan  Rlver from Canon 
Largo to Navajo Dam 
(San Juan Rwer, 2-405) 

San Juan Rtver from Chaco 
Rlver to  Anrmas Rlver 
(San  Juan h e r ,  2-401) 

Sat1 Juan  Rlver from Anlmas 
Rlver to Canon Largo 
(San  Juan  River, 2-401) 

San  Juan  Rlver from  New 
Mextco-Colorado  border to 
Chaco  Rwer 
(San  Juan  River, 2-401) 

Chaco  Rtver from  mouth on the 
San  Juan  Rlver to  Chrnle  Wash 
(San  Juan  Rlver, 2-401 ) 

Anlrnas  Rwer from  mouth on 
San  Juan  Rlver to  Estes 
Arroyo 
(San  Juan  Rlver, 2-403) 

Anlmas  Rlver from Estes 
Arroyo to  New Mexlco- 
Colorado  border 
(San  Juan  Rlver, 2-404) 

La Plata  River from  mouth on 
the San Juan Rtver to  New 
Mexlco-Colorado  border 
(San  Juan  River. 2-402) 

HQCWF 

MCWF, 
WWF 

MCWF, 
WWF, 
IRR 

MCWF, 
W F .  
IRR 

MCWFXX, 
WWF* *, 
L&WW 

MCWF, 
WWRF 

CWF 

LWWF 

Metals, turbidity, siltation, 
reduction of riparlan  vegetation, 
streambank destablllzatlon 

Metals,  pesticides,  siltation, 
salinity, reduction of  rlparian 
vegetation,  streambank 
destablllzatlon 

Stltatlon,  saltnlty,  pathogens, 
reductlon of  riparlan  vegetation, 
streambank destablllzatlon 

Metals, pestmdes, pathogens, 
salintty,  slltatton, un-~on~zed 
ammonia, reductlon of  rlparlan 
vegetatton,  streambank 
destablllzatlon 

Metals,  pH,  slltatlon,  dlssolved 
oxygen 

Metals, total phosphorus, 
slltatlon 

Temperature,  slltatlon,  reductton 
of rlparlan  vegetation, 
streambank destabillzatton 

Metals, nutrtents,  slltatlon, 
pathogens 

Hg Agriculture (1  500)  11 1 
Resource extraction 

(5500) 

AI Agriculture (1 200, 1500) 31 2 
Resource extractlon 

(5500,  5900) 

Agnculture (1 200, 1500)  26 0 
Resource extractlon 

(5500) 

Ag,  Hg,  Cd, AI Agrlculture (1 200, 1500) 33 4 
Resource extraction 

15500) 

Pb,  Se. Hg Agnculture (1  500) 
Resource extractton 

(5100.  5500,  5800) 

Ag,  HQ,  AI  Resource extractlon 
(5500,  5800) 

18 9 

16 5 

Agrlculture (1 200, 1500)  19 9 
Resource extractton 

(5500) 

Hg Agnculture (1 500) 
Resource extractlon 

(5100,  5500,  5800) 

24 7 

* Concluslons  concernlng attalnment of  ftshery  uses  are  largely  based on water quality analysls, where avadable,  blologlcal data are  used to  verlfy these results 
* * All t o x m  for whrch the EPA has prepared a 304 id  guldance document were revlewed as requlred by  the EPA 

Taken from  New  Msx~co Water Quallty Control Commtsslon 1992 



4.3.2 State Surface Water Quality Standards 

watcrs  of  thc  San  Juan  basin  in  Ncw  Mexico has l l l y  supported uses. Agriculture  and  resource  extraction 
activities  are the most common  sources  of  nonsupport,  with  metals  and  siltation  as the most common 
causes  of  nonsupport  (Ncw  Mexico  Water  Quality  Control  Commission  1992).  The  only San Juan basin 
lake  whose USCS are not fully  supported is Navajo  Reservoir  (Table 8). 

Colorado - Colorado  has  cight  surface  watcr  use  classifications,  one of which is Ibr wetlands 
(Table 9) (Colorado  Water  Quality  Control  Commission  1993a). All river  and  strcam  segments  within 
the  San  Juan  basin  arc  designated  fisheries  with  the  exception or single  segments  along  the  Animas  River, 
Cement  Creek,  and  Mineral  Creek. 

Individual river  basins in Colorado  have  their  own  surface  water  quality  standards. The 
standards for the  San Juan basin and the Dolores  River  basin  arc  grouped  together  (Table  10)  (Colorado 
Water  Quality  Control  Commission 1993b). The  significance  of the Dolores  River to the San Juan basin 
is discusscd in Section  4.10.3.  Standards  pertaining to the  entire state for organics  (Table  1 l), physical 
and biological  paramcters  (Table 12), inorganics  (Table  13),  and  metals  (Table 14) have also been 
promulgated  (Colorado  Water  Quality  Control  Commission 1993a). All  waters  in the San Juan basin are 
subject to the  following  tcrnperature  standard:  tcrnperature shall maintain  a  normal pattern of diurnal  and 
seasonal  fluctuations  with  no  abrupt  changes  and shall have  no  increase in temperature of magnitude,  rate, 
and duration deemed  dclcterious to resident  aquatic  life  (Colorado  Water  Quality  Control  Commission 
(1993b).  In addition to the general  standards set for thc state and the San Juan basin,  most  segments 
within  the  basin  have also becn  assigned  standards spccirk  to their  designated  uses.  The  segments,  their 
classifications,  and  corresponding  standards  are  listed  by  subbasin  (Table 15) (Colorado  Watcr  Quality 
Control  Commission 1993b). 

The Colorado Water  Quality  Control  Commission (1993b) warns that although  none of the 
water  quality  standards  are  sct  below  detectable  limits,  routine  methodology  may  not  achieve  a  low  enough 
detection limit for certain  parameters.  This  warning  applies to several of thc  New  Mexico  and Utah 
standards as wcll,  particularly for the  more  toxic  paramctcrs  such  as  mercury  and  many  of the organics. 

Thc classifications for upstream  segments of strcams  generally  are the same  or  higher than 
downstream  segments. In a few7 cascs,  tributaries  havc  bcen  assigned  lower  classifications than mainstems 
where  flow  from  the tributaries does  not  threaten  the  mainstem  water  and  the  lower  classification is 
appropriate (Colorado  Water  Quality  Control  Commission 1993b). 

The threc scgments that havc  not  been  designated  as  fisheries  are  Segments 2,6, and 7 of the 
Animas  Rivcr basin (Table 15). The  justification for the  Segment  2  classification is that: 

Although  there is somc  evidcnce  of  insect  life  at  points  in the segment, the evidence  regarding 
the  presencc of aquatic  life is contradictory,  and  there is no cvidcncc of fish life being present. 
In the  absencc of sufficient data to support  the  classification of any portion of this segment for 
aquatic life, the current status is being retained  and  no  aquatic  life use is assigned. 

The justification Tor the Segment 6 classification is that: 

Since Cement Crcck  and its tributaries  are  degradcd by  abandoned  mine  drainage  and past 
discharges,  thc  Commission  did not assign  aquatic  and  agricultural  classifications to the 
segments as  had  bccn  proposed.  The  segment  does  not  currently  have  an  aquatic  life 
classification,  and thus the status quo is maintained. 
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Table 8:  Assessed lakes not fully supporting  designated uses,  San Juan basin, New  Mexico 
Uses Not Fully 

Water Body Supported 
(Basln, segment) or Uses Tox~cs  at  Tox~cs at Probable Sources of  Total Slze 

Evaluated or Monitored  Trophlc  Threatened * * Acute Chronlc Nonsupport  Affected  Status  of 
(E/M) StatusX (see Table 4a) Probable Cause of  Nonsupport  Levels* * * Levels* * (see Table 4b)  (Acres)  Support* * * 

Navajo Reservolr OM CWF, WWF  Metals, flsh tlssue  mercury 
(San Juan Rlver, 2-406) 
M 

Hg (fish)  Unknown (9000) 15,000 PS 

* Trophlc status based on Carlson trophic  state  Index 
w 
W * * Conclusions concernlng  attalnment  of  fishery uses are largely based on  water quahty analysts; where available, blologlcal data are used t o  verlfy  these  results. 

All  toxlns  for  which  the EPA has prepared a  304(a) guldance document  were  revlewed as requlred by  the EPA 
x x x x Use support summary for assessed New  Mexlco lakes 

FST = Fully supportlng but threatened 
PS = Partlally supportlng 
NS = Not supportlng 
U = Unknownllake  of  current  data precludes adequate evaluatlon 

Taken from New Mexico  Water  Quality  Control  Commlsslon 1992 



Table 9: Colorado  surface  water  state  use  classifications 

3.1.13 STATE USE CLASSIFICATIONS 

Waters are classified  according to  the uses  for  which  they are presently  suitable or 
intended t o  become  suitable. In addition  to  the  classifications, one or more  of  the 
qualifying  designations  described in paragraph 3.1 .I 3(2), may be appended. 
Classifications  may be established  for  any  state  surface  waters,  except  that  water in 
ditches  and  other  manmade  conveyance  structures  shall  not be  classified. 

(1 Classifications 

(a)  Recreation 

(i) Class 1 - Primarv  Contact 

These  surface  waters are  suitable or intended to  become  suitable  for 
recreational  activities in or on  the  water  when  the  lngestlon  of  small  quantities 
of  water  is  likely  to  occur.  Such  waters  include  but are not  limited  to  those 
used  for  swimming,  rafting,  kayaking  and  water-skiing. 

(ii) Class 2 - Secondarv  Contact 

These  surface  waters are suitable or intended to  become  suitable  for 
recreational  uses  on or about  the  water  which are not  included In the  primary 
contact  subcategory,  including  but  not  limited  to  fishing  and  other  streamside 
or lakeside  recreation. 

(b) Aqriculture 

These  surface  waters are suitable or intended t o  become  suitable  for  Irrigation 
of  crops  usually  grown in Colorado  and which are not hazardous  as  drinking 
water  for  livestock. 

(c)  Aauatic  life 

These  surface  waters  presently  support  aquatic  life  uses as described  below, 
or such uses may reasonably  be  expected in the  future due to  the  suitability of 
present  conditions, or the  waters are intended to  become  suitable  for  such 
uses as  a  goal: 

(i) Class 1 - Cold  Water  Aauatic  Life 

These are waters  that (1) currently are capable  of  sustaining  a  wide varie'cy of 
cold  water  biota, includrng  sensitive  species, or (2) could  sustain  such  biota 
but for  correctable  water  quality  conditions.  Waters  shall be considered 
capable of sustaining  such  biota  where  physical  habitat,  water  flows or levels, 
and  water  quality  conditions  result  in  no  substantial  Impairment of the 
abundance  and  diversity of species. 
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Table 9 (cont.):  Colorado  surface  water  state use classifications 

(i) Class 1 - Cold  Water  Aauatic  Life 

These  are waters  that ( 1  1 currently are capable  of  sustarning  a  wide  variety  of 
cold  water biota,  including  sensitive species, or (2) could  sustain  such  biota 
but  for  correctable  water  quality  conditions.  Waters  shall be considered 
capable  of  sustaining  such  biota  where  physical  habitat,  water  flows or levels, 
and  water  quality  conditions  result in no  substantial  impairment  of  the 
abundance  and  diversity of species. 

(ii) Class 1 - Warm  Water  Aauatic  Life 

These are waters that (1  1 currently are  capable  of  sustaining  a  wide  variety  of 
warm  water biota,  including  sensitive species, or (2) could  sustain  such  biota 
but for  correctable  water  quality  conditions.  Waters  shall be considered 
capable  of  sustaining  such  biota  where  physical  habitat,  water  flows or levels, 
and  water  quality  conditions  result in no  substantial  impairment  of  the 
abundance  and  diversity  of  species. 

(iii) Class 2 - Cold  and Warm  Water  Aauatic  Life 

These are waters that are not capable  of  sustaintng a wide  variety  of  cold or 
warm  water biota,  including  sensitive  species, due to  physical  habitat,  water 
f lows or levels, or uncorrectable  water  quality  Conditions that result in 
substantial  impairment  of  the  abundance  and  diversity  of  species. 

(dl  Domestic  Water SUDDIV 

These  surface  waters are suitable or intended t o  become  suitable  for  potable 
water supplies. After  receiving  standard  treatment  (defined as coagulation, 
flocculation,  sedimentation,  filtration,  and  disinfection with chlorine or its 
equivalent)  these  waters  will  meet  Colorado  drinking  water  regulations  and 
any  revisions,  amendments, or supplements  thereto. 

(e)  Wetlands 

(i) The  provisions  of  this  section  do  not  apply to  constructed  wetlands. 

(ii) Compensatory  wetlands  shall have, as  a  minlmum,  the  classifications  of 
the  segment in which  they are located. 

~~~~ ~ ~~ 

Taken from Colorado Water Quality Control Commission 1993a 
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Table IO: Table  value  standards for the  San Juan  and  Dolores  River  basins,  Colorado 

TABLE  VALUE STANDARDS(2)(3) 
PARAMETER (in pg/l unless  otherwise noted) 

Ammonia Cold  Water Acute = O.43/FT/FPH/2l4) in mg/l 
Warm  Water  Acute = 0.62/FT/FPH/2(4) in mg/l 

Cadmium 

Chromium I l l  

Chromium VI Acute = 16 
Chronic = 1 1  

Copper Acute = e(0.9422[ln(hardness)]-l .4634) 
Chronic = e(0.8545[ln(hardness)]-l .465) 

Lead 

Nickel 

Selenium Acute = 135 
Chronic = 17 

Silver 

Uranium 

Zinc Acute = e(0.847311n(hardness)1 +0.8604) 
Chronic = e(0.847311n(hardness)1 +0.7614) 

Taken from Colorado Water Quallty Control Commlsslon 199313 
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Table 10 (cont.):  Table  value  standards  for  the  San  Juan  and  Dolores  River  basins,  Colorado 

FOOTNOTES 

(1 ) Metals  are  stated  as  dissolved  unless  otherwise  specified. 

(2) Hardness  values t o  be  used in equations  are in mg/l as calcium  carbonate.  The  hardness  values 
used in calculating  the  appropriate  metal  standard  should  be  based  on  the  lower 95 per  cent 
confidence limit of  the  mean  hardness  value  at  the  periodic  low  flow  criteria as determined from1 a 
regression  analysis  of  site-specific  data.  Where  insufficient  site-specific  data  exists  to  define  the 
mean  hardness  value  at  the  periodic low flow criteria,  representative  regional  data  shall  be  used t o  
perform  the  regression  analysis.  Where  a  regression  analysis  is  not  appropriate,  a  site-specific 
method  should  be  used. In calculating  a  hardness value,  regression  analyses  should  not  be 
extrapolated  past  the  point  that  data  exist. 

(3) Both  acute  and  chronic  numbers  adopted  as  stream  standards  are  levels  not  to  be  exceeded 
more  than  once  every  three  years  on  the  average. 

(4) FT = 10.03 (20-TCAP); 

TCAP  less  than  or  equal  to I less  than  or  equal  to 3 
fl = 10.03 (20-1);  

- 0 less or equal  to 1 less  than  or  equal  to  TCAP 

TCAP = 20' C  cold  water  aquatic  life  species  present 

TCAP = 2 5 O  C  cold  water  aquatic  life  species  absent 

FPH = 1; 8 less  than DH less than or  equal  to 9 

FPH = 1 + 1 O(7.4-pH); 6.5 less than or  equal  to fl less  than  or  equal  to 8 
1.25 

FPH means  the  acute  pH  adjustment  factor;  defined  by  the  above  formulas. 

FT  means  the  acute  temperature  adjustment  factor,  defined  by  the  above  formulas. 

T  means  the  temperature  measured in degrees  Celsius 

TCAP  means  temperature CAP; the  maximum  temperature  which  affects  the  toxicity  of 
ammonia  to  salmonid  and  non-salmonid  fish  groups. 

NOTE: If the  calculated  acute  value  is  less than the  calculated  chronic value, then  the  calculated 
chronic  value  shall  be  used as the  acute  standard. 

Taken  from  Colorado  Water  Quallty  Control  Commisslon 1993b 
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Table 11 : Basic standards for organic chemicals, Colorado - 

Parameter Human  Health Based' 
CAS No. Water S U D D ~ V ~  Water + Fish3 

Acenapthene 
83-32-9 

Acenapthylene (PAH) 
208-96-8 

Acrolein 
107-02-8 

Acrylonitrile' 
107-1 3-1 

Aldicarb 
1 16-06-3 

Aldrin' 
309-00-2 

Anthracene (PAH) 
120-1  2-7 

Benzene' 
7  1-43-2 

Benzldlne' 
92-87-5 

Benzo(a1anthracene  (PAHI' 
56-55-3 

Benzo(a1pyrene  (PAHI' 
50-32-8 

Benzo(b)fluoranthene (PAHI' 
205-99-2 

Benzo(kIf1uoranthene (PAHIc 
207-08-9 

Benzo(g,h,i)perylene (PAHI 
1 9  1-24-2 

BHC Hexachlorocyclohexane 
608-73-1 

Bromodchloromethane (HM) 
75-27-4 

_ _ _  

0.0028 

320 

0.058 

--- 

0.0001 3 

0.0028 

1 .o 

0.0001 2 

0.0028 

0.0028 

0.0028 

0.0028 

0.0028 

_ _ _  

0.3 

Aauatlc Life Based4 
Acute : Chronlc - POL5 

10 

10 

10 

5 

IO** 

0.1 * 

1 .o* 

1 .o* 

10 

10 

10 

10 

10 

10 

0.05 * 

1 .o 



Table 11 (cont.1:  Basic  standards for organic  chemicals,  Colorado - 

Parameter Human Health Based’ Aquatic  Life Based4 
CAS No. Water S u ~ ~ l v ~  Water + Fish3 Acute : Chronic - PQL5 

Bromoform  (HMIc 
75-25-2 

Butyl benzyl  phthalate 
85-68-7 

Carbofuran 
1563-66-2 

Carbon tetrachlorideC 
56-23-5 

ChlordaneC 
57-74-9 

Chlorethyl ether (BIS-2) 
1  1  1-44-4 

Chlorobenzene 
108-90-7 

Chloroform (HMIc 
67-66-3 

Chloroisopropyl  ether (BIS-2) 
39638-32-9 

4-Chloro-3-methylphenol 
59-50-7 

Chlorophenol 2 
95-57-2 

Chloropyrifos 
2921  -88-2 

Chrysene (PAHI 
21  8-01  -9 

DDDC 

D D E ~  

DDTC 

72-54-8 

72-55-9 

50-29-3 

4 --_ --- I .o 

3000 10 

--- 

0.25 

0.00058 

0.03 

I00 

6 

1,400 

_ _ _  

_ _ _  

--- 

0.0028 

0.00083 

0.00059 

0.00059 

-__ _ _ _  

35,200 --- 

I .2 0.0043 

1 .o* 

1 .o 

--_ _ _ _  

28,900  1,240 

30 _ _ _  

4,380 2,000 

0.083  0.041 

-__ _ _ _  

0.6 _.- 

1,050 _ _ _  

0.55 0.001 

10 

1 .o 

1 .o 

10 

50 

50 

0.1 * 

10 

0.1 * 

0.1 * 

0.1 * 



Table 11 (cont.): Basic  standards for organic  chemicals,  Colorado - 

Parameter Human  Health Based' Aquatlc  Life Based4 
CAS No. Water S u ~ p I y ~  Water + Fsh3 Acute : Chronlc 

Demeton _ _ _  
8065-48-3 

Dibenzo(a,h)anthracene (PAHI --- 
50-70-3 

Dibromochloromethane (HM) 
124-48-1 

Dichlorobenzene 1,2 
95-50-1 

Dlchlorobenzene 1,3 
541 -73-1 

Dichlorobenzene 1,4 
106-37-6 

Dlchlorobenzidine' 
9 1 -94-1 

Dichloroethane 1,2' 
107-06-2 

Dichloroethylene 1 ,I 
75-35-4 

Dlchloroethylene 1,2-cis 
156-59-2 

Dichloroethylene 1,2-trans 
156-60-5 

Dchlorophenol 2,4 
120-83-2 

Dichlorophenoxyacetic acid 
(2,4-D) 
94-75-7 

Dichloropropane 1,2' 
78-87-5 

Dlchloropropylene 1,3 
542-75-6 

Dieldrin' 
60-57-1 

14 

620 

620 

75M 

_ _ _  

0.4 

7 

70 

100 

21 

70 

0.56 

_ _ _  

0.002 

_ _ _  

0.0028 

6 

620 

400 

75 

0.039 

0.4 

0.057 

_ _ _  

21 

_ _ _  

2,020 

0.56 

10 

0.0001 4 

poL5 

1 .o* 

10 

1 .o 

1 .o 

1 .o 

1 .o 

10 

1 .o 

1 .o* 

1 .o 

1 .o 

50 

1 .o 

23,000 57,000 1 .o 

6,060 244 1 .o* 

1.3 0.001 9 0.1 * 
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Table 1 1  (cont.1:  Basic  standards for oraanic  chemicals, Colorado 

Parameter Human  Health Based' Aauatlc Llfe Based4 
CAS No. Water SUDDIV~ Water + Flsh3 Acute : Chronic - POL5 

Diethyl phthalate ___ 23,000 _ _ _   _ _ _  10 
84-66-2 

Dimethylphenol 2,4 
105-67-9 

_-_ ___ 2,120 __. 50 

Demethyl phthalate _ _ _  31 3,000 _ _ _  -_- l o  
131-1 1-3 

Di-n-butyl phthalate _ _ _  2,700 _ _ _  --_ 10 
84-74-2 

Dinitrophenol 2,4  14  14 _ _ _  --- 50 
5 1-28-5 

Dinitro-o-cresole 4,6 _ _ _  13 --- _ _ _  50 
534-52-1 

Dinitrotoluene 2,4 _ _ _  0.1 1 _ _ _   _ _ _  10 
121-14-2 

Dinitrotoluene 2,6 --- _ _ _  330  230  10 
606-20-2 

Dioxin (2,3,7,8 TCDD)c 2.2~10-7  1.3~10-8 0.01 0.00001 
1746-01 -6 

Diphenylhydrazine 1 ,2c 0.05 0.04 270 
122-66-7 

--_ 

Endosulfan _ _ _  0.93 0.1 1 0.056 0.1 * 
11 5-29-7 

Endosulfan sulfate --- 0.93 _ _ _  _ _ _  0.1 * 
103 1 -07-8 

Endrin 
7 2-20-8 

0.2 -. 0.09 0 0023 0.1 * 

Endrin aldehyde 0.2M 0.2 --- _ _ _  0.1 
742 1-93-4 

Ethylbenzene 
1 00-4 1 -4 

680  3,100 32,000 --- I .o 

Ethylhexyl pthalate (BE-2)' --- 1.8 _-. ._. 10 
117-81-7 
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Table 1 1  (cont.): Basic standards for organic  chemicals, Colorado 

Parameter Human Health Based' 
CAS No. Water S U D P ~ V ~  Water + Flsh3 

Fluoranthene (PAHI --- 
206-44-0 

Fluorene (PAH) 
86-73-7 

_ _ _  

Guthion --- 
86-50-0 

HeptachlorC 0.008 
76-44-8 

Heptachlor epoxideC 0.09 
1024-57-3 

HexachlorobenzeneC 6 
1 1  8-74-1 

Hexachlorobutadiene 1 .o 
87-68-3 

Hexachlorocyclohexane, AlphaC 0.006 
3 I 9-84-6 

Hexachlorocyclohexane, Beta --- 
31 9-85-7 

Hexachlorocyclohexane, 0.2 
Gamma  (Lindane) 
58-89-9 

Hexachlorocyclohexane, 
TechnicalC 

_ _ _  

608-73-1 

Hexachlorocyclopentadlene --- 
77-47-4 

Hexachloroethane 
67-72-1 

_ _ _  

Ideno(1 ,2,3-cdIpyrene(PAHIC --- 
193-39-5 

lsophorone 1,050 
78-59-1 

Malathion 
121-75-4 

_ _ _  

42 

0.0028 

_ _ _  

0.00021 

0.0001 

0.00072 

0.45 

-_- 

0.01 4 

0.01 9 

0.01  2 

240 

1.9 

0.0028 

8.4 

_ _ _  

Aauatlc Llfe Based4 
Acute : Chronlc 

3,980 

--- 

_ _ _  

0.26 

0.26 

_ _ _  

90 

0.0039 

-_- 

I .o 

_ _ _  

_ _ _  

0.01 

0.0038 

0.0038 

_ _ _  

9.3 

_ _ _  

_ _ _  

0.08 

- 

PQL5 

10 

10 

1.5 

0.05" 

0.05" 

10 

10 

0.05" 

0.05 * 

0.05" 

7 5 10 

980 540 10 

_ _ _  _ _ _  10 

1 17,000 --- lo 

_ _ _  0.1 0.2" 
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Table 11 (cont.): Basic  standards for organic  chemicals,  Colorado - 

Parameter Human Health Based' Aauatlc Llfe Based4 
CAS No. Water SUDDIV~ Water + Fsh3 Acute . Chronlc pq15 

Methoxychlor 
72-43-5 

40 --- 0.03  0.5" 

Methyl bromide (HM) --- 48 --- _ _ _  1 .o 
74-83-9 

Methyl chloride (HMlc _ _ _  5.7 _ _ _  --- I .o 
74-87-3 

Methylene chloride (HMI' --- 4.7 __- _ _ _  1 .o 
75-09-2 

Mirex _ _ _  _ _ _  _-. 0.001 0 1 *  
2385-85-5 

Naphthalene (PAHI --- 0.0028  2,300 620 10 
9 1-20-3 

Nitrobenzene 
98-95-3 

3.5  3.5  27,000 --- IO 

Nitrosodibutylamine N _ _ _  0.0064 --- _ _ _  10 

Nitrosodlethylamine N ___ 0.0008 _ _ _   _ _ _  10 

Nitrosodimethylamme Nc _-- 0.00069 _ _ _  _-- lo 
62-75-9 

Nitrosodiphenylamine Nc --- 4.9 _ _ _  __- IO 
86-30-6 

Nitrosopyrrolidlne N _-- 0.01 6 --- --- IO 

N-Nitrosodl-n-propylamineC --- 0.005 _ _ _  --- IO 
621-64-7 

PCBsC 
1336-36-3 

0.005 0.000044 2.0 0.01 4 1 .o 

Pentachlorobenzene 6 _ _ _   _ _ _  --- IO 
608-93-5 

PentachlorophenolC 200 _ _ _  96  5.76 50 
87-86-5 

Phenanthrene (PAHI _ _ _  0.0028 _ _ _  --- lo 
85-01-8 
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Table 1 1  (cont.): Basic  standards for organic  chemicals,  Colorado - 

Parameter Human  Health Based' 
CAS No. Water S U ~ D I V ~  Water + Fsh3 

Phenol 
108-95-2 

F'yrene (PAH) 
129-00-0 

Tetrachlorobenzene 1,2,4-5 
95-94-3 

Tetrachloroethane 1 ,I ,2,2c 
79-34-5 

Tetrachloroethylene 
127-1 8-4 

Toluene 
108-88-3 

ToxapheneC 
8001 -35-2 

Trichloroethane 1,1,1 
7 1-55-6 

Trlchloroethane 1,1,2 
79-00-5 

TrlchloroethyleneC 
79-01 -6 

Trichlorophenol 2,4,6c 
88-06-2 

Trichlorophenoxyproprlonic 
acid (2,4,5-tp) 
93-72-1 

Vinyl ChlorideC 
75-01  -4 

--_ 

--- 

2 

--_ 

5 

1,000 

0.03 

200 

3 

5 

2 

50 

2M 

2 1,000 

0.0028 

_ _ _  

0.1 7 

0 8  

1,000 

0.00073 

200 

0.6 

2.7 

2 

--- 

2 

Aauatlc  Life Based4 
Acute : Chronlc 

10,200 

--- 

--_ 

--_ 

5,280 

17,500 

0.73 

.__ 

9,400 

45,000 

-__ 

-__ 

_._ 

2,560 

_ _ _  

_-- 

2,400 

840 

_ _ _  

0.0002 

_ _ _  

_ _ _  

2 1,900 

970 

__- 

_-- 

Taken  from Colorado Water  Quallty Control Comrnlsslon 1993a 

poL5 

50 

10 

10 

1 .o* 

1 .o* 

1 .o 

5.0 

1 0  

1 .o 

1 .o 

50 

0.5 

2 
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Table 1 1  (cont.):  Basic  standards for organic chemicals, Colorado 

All standards are chronlc or 30-day standards. They are  based on  mformatlon contained In EPA's 
Integrated Risk Information System (IRIS) and/or EPA lifetime health advlsorles for drinking water using 
a incremental risk  factor unless otherwise noted. 

* Only applicable to  segments classlfied for  water supply. 

Applicable to  all Class 1 aquatlc llfe segments or  Class 2 aquatic hfe segments designated by the 
Commisslon  after rulemaking hearmg. 

Carcinogens classified  by  the EPA as A, B1, or 62. 

Total trihalomethanes are  considered the sum of the concentratlons of bromodlchloromethane, 
dibromochloromethane, trlbromomethane  (bromoform) and trlchloromethane (chloroform). 

Drinking water  MCL 

Gas Chromotrography (GC) PQL 

* * High Pressure Llquid Chromotography (HPLC)  POL 

CAS No. - Chemlcal Abstracts Servlce Registry Number 

(HM) - Halomethanes 

(PAH) - Polymer Aromatic Hydrocarbons 

Taken from Colorado Water  Quality Control Commlsslon 1993a 
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Table 12: Physic 

Parameter 

pH (Std. Unitsf3) 

Suspended  Solids (4) 

Temperature (C) 

Fecal  Coliforms  per 
100 mi 
(Geometnc  Mean) 

and biological paramr 
iecreatlonal 
:lass 1 
+%nary 
:ontact 

30 

6.5-9.0 

zoo@) 

l a s s  2 
Secondary 
:ontact 

30 

2000@) 

et 
T 

ers, Colorado 
4quatc  Life 

:lass 1 
Sold Water 
3iota 

6 0") 
7 0 (spawnlng) 

6 5-9.0 

Wax 20 C, wlth 
3 C Increase (5) 

l a s s  1 
Warm Water 
hota 

50 

6.5-9 0 

Aax 30 C, wlth 
1 C Increase (5) 

:lass 2 4gnculture 

30 

lomestlc  Water Supply 

3.0 

5 0-9.0 

2000 

* To  be  established  on a case-by-case  baas 

(1) Standards  for  dlssolved  oxygen are I-day mlnlma,  unless  speclfled otherwise For  the purposes of permlttlng,  dissolved oxygen 
may be modeled  for  average  condltions of temperature  and  flow  for  the  worst  case  tlme  perlod  Where  drssolved  oxygen  levels  less  than 
these levels occur naturally,  a dlscharge  shall not cause  a  further  reduction In dlssolved  oxygen  In  recewlng  water 

(2) A 7.0 mg/liter  standard  (minimum),  during  periods  of  spawnrng  of  cold water fish,  shall be set  on  a case-by-case basrs as defrned in 
the  NPDES  permit  for  those  dischargers  whose  effluent  would  affect  flsh  spawnlng 

(3) The pH standards of 6.5 (or 5 0) and 9 0 are an Instantaneous minlmum  and  max~mum, respecbvely to  be applied as  effluent  llmlts 

(4) Suspended  solid levels w~ l l  be  controlled  by  Effluent  Llmltatlon Regulatlons,  Baslc  Standards,  and  Best  Management Practices 
(BMPs) 

(5) Temperature  shall  maintaln  a  normal  pattern of dlurnal  and  seasonal  fluctuations  wlth no abrupt changes  and  shall have no  Increase 
in  temperature of  a  magnitude, rate, and  duration  deemed deleterious to  the resldent  aquatlc  life  Generally,  a maxlmum 3 degrees 
Celsius  Increase over  a minlmum  of  a  four-hour period, lastlng  for 12 hours  maxlmum, is deemed  acceptable for dischargers  fluctuatlng 
in volume  or  temperature. Where  temperature  increases  cannot  be  maintamed within thls  range  using  BMP,  BATEA  and  BPWTT  control 
measures,  the  Division w~ll determine  whether  the  resulting  temperature  Increases  preclude  an  aquatlc hfe classlficatlon 

(6) Fecal  coliform IS an  indicator only. It  may  indlcate  the  presence  of  pathogenic  organlsms,  however,  fecal  coliform  counts  from 
agriculture  or  urban  runoff may  not Indicate  organisms detrlmental to human  health. The bacterla standard IS based  on  the  geometric 
mean of representatrve stream  samples 

(7) For  drinking  water  with or  without dlsinfectlon 

(8) The  dlssolved  oxygen  crlterla  is Intended  to  apply to  the eplllmnlon and metallmnlon strata of lakes and reservoirs Dlssolved oxygen 
in  the  hypollmnion may, due to the  natural  condltlons,  be  less  than  the table  crlterla  No  reductlons  In  dlssolved oxygen levels due to 
controllable  sources IS allowed 

Taken from Colorado  Water  Quallty  Control  Cornmlssion  1993a 



Table 13: Inorganic  parameters for designated uses,  Colorado 
AQUATIC LIFE 

CLASS 1 CLASS 1 DOMESTIC 

PARAMETER  Cold  Water  Biota  Warm  Water  Biota  CLASS  2  AGRICULTURE  WATER SUPPLY 

Ammonia  (mgll as N) 
(Un-ionized  unless 
otherwise  noted) 

Total  resldual  chlorine 
(mgll) 

Cyanide - Free (mgll) 

Fluoride  (mgll) 

Nltrate  (mgll as N) 

Nltrite  (mg/l as N) 

Sulfide as H2S  (mgll) 

P 
4 

Boron  (mgll) 

Chloride  (mg/l) 

Sulfate  (mall) 

Asbestos 

chronic = 0.2 
acute = 0.43/FT/FPH/2(4) 

0.019  (1-day) 
0.01 1  (30-day) 

0.005  (1-day) 

0.002 undlsassoclated 
(30-day) 

chronic = 0.06 acute: see (1) 
acute = 0.62/FT/FPH/2(4) chronic: 

Cold = 0.02 
Warm = 0.06-0.10(1) 

0.01  1 

0.005 

0.019  ( I -day) 
(30-day) 

(1 -day1 

0.002  undlsassoclated 
(30-day) 

0.5  total(2) 
(30-day) 

0.2  (1-day)  0.2  (1-day) 

(I-day) 

1  OO@)  1 0(6) (1  -day) 

1 0(3) ( 1  -day)  1  ,0(2)(6)  (1  -day) 

0.5  (30-day) 

0 .75   (30 -da~ l  

250  (30-day) 

250  (30-day) 

30,000  flbersll 

To  be  established  on  a  case-by  case  basls 

Taken  from  Colorado  Water  Quallty  Control  Commlsslon  1993a 



Table 13 (cont.): Inorganic  parameters for designated uses, Colorado 

(1) For  class 2 warm  water  aquatic  life  segments,  where  table  value  standards are to  be  apphed,  a  speclflc  chronic  standard 
in the 0.06 to  0.10 mgl l  range for  un-ionized  ammonia  shall  be  selected  based  upon  the  aquatlc  hfe  present  or to be 
protected  and  whether  the  waters  have  been  adversely  impacted  by  factors  other  than  arnmonla.  The  Commlsslon  may 
consider  a  standard  higher  than 0.08 mgl l  un-ionized  ammonia  where  a  higher  risk  of  sublethal  effects IS justifled  by  habltat 
limitations  or  other  water  quality  factors.  Where  a  site-speclfic  study  has  been  conducted,  the  Commlsslon  may  apply 
appropriate  alternative  chronic  standards in  accordance  wlth  sectlon  3.1.7(1)(b)(iil).  Acute  standards  for  cold  and  warm 
water  class  2  segments  generally  shall  be  established  at  the  respectwe  levels  llsted  in  table  13  for  class  1  segments,  except 
where  site-specific  information submitted justifies  an  alternative  acute  standard. 

(2) To be  applied  at  the  point  of  water  supply  Intake. 

(3)  In  order  to  provide  a  reasonable  margin  of  safety  to  allow  for  unusual  sltuatlons  such as extremely  hlgh  water  ingestlon 
or  nitrite  formation in slurries,  the  NO3-N  plus N02:N content  in  drlnklng  waters  for  llvestock  and  poultry  should  be  llmlted  to 
100 ppm  or less,  and  the  N02-N  content  alone  be  llmlted  to  10  pprn  or  less. 

(4) FT = 100.03 (20-TCAP); 
TCAP less  than or equal to  I less than  or  equal  to 30 
FT = 100.03  (20-TI; 

- 0 less  or  equal to  I less  than  or  equal to  TCAP 
TCAP = 20°  C  cold  water  aquatic  life  specles  present 

TCAP = 25O C  cold  water  aquatic  life  specles  absent 

FPH = 1; 8 less  than @ less  than  or  equal to  9 

FpH = 1 + ~ o ( ~ . ~ - P ~ ) :  6.5 less  than or equal to  @ less  than or equal to 8 
1.25 

- 

FPH means  the  acute  pH  adjustment  factor;  deflned  by  the  above  formulas. 

FT  means  the  acute  temperature  adjustment  factor,  defined  by  the  above  formulas. 

T  means  the  temperature  measured  in  degrees  Celslus 

TCAP  means  temperature  CAP;  the  rnaxlmum  temperature  which  affects  the  toxlclty  of  ammonia  to  salmonid  and  non- 
salmonid  fish  groups. 

NOTE: If the  calculated  acute  value IS less  than  the  calculated  chronic  value,  then  the  calculated  chronlc  value  shall  be 
used  as  the  acute  standard. 

(5)  Salmonids  and  other  sensttive  fish  species  present: 

Acute = 0.10 (0.59 * [CI-] +3.90) mgll  NO2-N 
Chronic = 0.10 (0.29 * [CI-I  +0.53)  mgll  NO2-N 
(upper h i t  for CI- = 40 mgl l l  

Salmonids  and  other  sensltive  flsh  species  absent: 

Acute = 0.20 (2.00 [CI-] +0.73)  mgll   N02-N 
Chronic = 0.10 (2.00 * [CI l   +0.73)  mgl l   NO2-N 
(upper  limit  for CI- = 22 mgll) 

[ C f ]  = Chlorlde  Ion  concentration 

(6) A  combined  total  of  nitrite  and  nitrate  at  the  polnt  of  Intake  to  the  domestic  water  supply  shall  not  exceed  10  mgll. 

Taken  from  Colorado  Water  Quallty  Control  Cornmlsslon  1993a 
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Table 14: Metal parameters for designated uses, Colorado (in ,ug/l) 
DRINKING 

 METAL(^) AQUATIC  LIFE(^)(^)(^) 
WATER 

AGRICULTURE(*)  SUPPLY(^) 

Alummum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmlum 

Chrornrum 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Silver 

Thalllum 

Uranium 

Zinc 

Acute = 7 5 0  
Chronlc = 8 7  

Acute = 3 6 0  
Chronic = 150  

A~~~~ = e[1.28[ln(hardness)J-2.905) 
( T ~ ~ ~ ~ )  = ,(1.28[ln(hardness)I-3.828) 

Chronic = e(0.785211n(hardness)1-3.490) 

A~~~~ = e(0.819~ln(hardness)l + 3.688) 
Chronic = ,(0.819[ln(hardness)J+l  561) 

Acute = 16  
Chronlc = 11 

Acute = ~e(0.9422tln(hardness)l-0.7703) 
Chronic = e(0.8545[ln(hardness)l-l .465) 

Chronic = 1,000  (tot  rec.) 

Acute = x e ( l  .6148lln(hardness)l-2.1805) 
Chronic = ,(1.417tln(hardness)l-5.167) 

Chronic = 1,000 

Acute = 2.4 
Chronic = 0.1 
FRV (flsh)16) = 0.01  (Total) 

Acute = ~e(0.76tln(hardness)l+4.02) 
Chronic = e(0.7611n(hardness)l + 1.06) 

Acute = 135  
Chronlc = 17  

Acute = x e ( l  .72tln(hardness)l-6.52) 
Chronic = ,(1.72tln(hardnessll-9.06) 

(Trout) = .72lln(hardness)l-l0.51) 

Chronw = 1 5  

A~~~~ = ,(1.1021  Iln(hardness)l+  2.7088) 
Chronic = e(1.102111n(hardness)l+2.2382) 

A~~~~ = e(0.8473[ln(hardness)1+0.8604) 
Chronic = e(0.8473tln(hardness)I  +0.7614) 

100 (30-day) 

100  (30-day) 

10  (30-day) 

100 (30-day) 

100  (30-day) 

200  

100  (30-day) 

200  (30-day) 

200 (30-day) 

20  (30-day) 

2000  (30-day) 

1 4  (30-day) 

5 0 ( 1  -day) 

1,000  (1  -day) 

0.0076 (3O-day) 

1 0  (1-day) 

50 (1-day) 

5 0 ( 1  -day) 

1,000  (30-day) 

300  (dls)  (30-day) 

50 ( I -day)  

50  (dls)  (30-day) 

2.0 (1 -day) 

10  (30-day1 

50  (1  -dav) 

0.01 2  (30-day) 

5000 (30-day) 

Taken  from  Colorado  Water  Quallty  Control  Commisslon  1993a 
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Table 14 (cont.):  Metal parameters for designated  uses,  Colorado (in  pg/l) 

(1) Metals  for  aquatic  hfe  use  are  stated as  dlssolved  unless  otherwlse  speclfied. 

(2) Metals  for  agricultural  and  domestlc  uses  are  stated  as  total  recoverable  unless  otherwlse  speclfled. 

(3) Hardness  values to  be  used in equations are in   mgl l  as calclum  carbonate.  The  hardness  values  used  In 
calculating  the  appropriate  metal  standard  should  be  based  on  the  lower  95  percent  confldence  llmlt  of  the  mean 
hardness  value at  the  periodic  low  flow  crlterla as determined from  a  regresslon  analysls  of  slte-specific  data. 
Where  Insufficient  site-speclfic  data  exists  to  deflne the mean  hardness  value  at  the  perlodlc  low  flow  crlterla, 
representative  regional  data  shall  be  used  to  perform  the  regresslon  analysis.  Where  a  regresslon  analysis  is  not 
appropriate,  a  site-specific  method  should  be  used. In calculatlng  a  hardness  value,  regresslon  analyses  should  not 
be  extrapolated  past  the  pomt  that  data exist. 

(4) Both  acute  and  chronlc  numbers  adopted as  stream  standards  are  levels  not  to  be  exceeded  more  than  once 
every three  years  on  the  average. 

( 5 )  Unless  the  stability of the  chromium  valence  state In recewng  waters  can  be  clearly  demonstrated,  the 
standard  for  chromium  should  be in terms  of  chromium VI. In  no  case  can  the  sum  of  the  Instream  levels  of 
Hexavalent  and  Trivalent  Chromlum  exceed  the  water  supply  standard  of 50 pg/l  total  chromlum in those  waters 
classifled  for  domestlc  water  use. 

(6) FRV  means  Final  Residue  Value  and  should  be  expressed as "Total"  because  many  forms  of  mercury  are  readily 
converted  to  toxlc  forms  under  natural  conditlons.  The FRV value  of  0.01  pg/l IS the  maxlmum  allowed 
concentration  of  total  mercury In the  water  that  will  present  bloconcentratlon or bloaccumulatlon  of  methylmercury 
in edible  flsh  tissue  at  the  U.S.  Food  and  Drug  Admlnistratlon's  (FDA)  actlon  level  of  1  ppm.  The  FDA  action  level 
is  intended  to  protect  the  average  consumer  of  commerclal  flsh; r t  IS not  stratifled  for  sensltlve  populatlons  who 
may  regularly  eat  flsh. 

A  1990  health  risk  assessment  conducted  by  the  Colorado  Department  of  Health  indlcates  that  when  sensitive 
subpopulations  are  consldered,  methylmercury  levels,  In  sport-caught  fish  as  much  as  one-fifth  lower (0.2 ppm) 
than  the  FDA level may  pose  a  health  rlsk. 

In  waters  supportlng  populatlons  of  flsh  or shellfish wlth  a  potential  for  human  consumptlon,  the  Commlsslon  can 
adopt  the  FRV  as  the  stream  standard  to  be  applled as a  30-day  average.  Alternatwely,  the  Commlssion  can  adopt 
site-speclflc  ambient  based  standards  for  mercury  In  accordance  wlth  Sectlon  3.1.7(l)(b)(~)  and (HI). When  thls 
option IS selected  by  a  proponent  for  a  partlcular  segment,  lnformatlon  must  be  presented  that  (1)  amblent  water 
concentrations  of  total  mercury  are  detectable  and  exceed  the FRV, (2) that  there  are  detectable  levels  of  mercury 
in the  proponent's  dlscharge  and  that  are  contrlbutlng  to  the  ambient  levels  and  (3)  that  concentratlons  of 
methylmercury In the  flsh  exposed  to  these  ambient  levels  do  not  exceed  the  maximum  levels  suggested  In  the 
CDH  Health  Advlsory  for  sensltlve  populatlons  of  humans.  Alternatwely or In  addltlon  the  proponent  may  submlt 
Information  showlng  that  human  consumptlon  of  flsh  from  the  partlcular  segment IS not  occurrlng  at  a  level  whlch 
poses  a  risk  to  the  general  population  and/or  sensltlve  populatlons. 

Taken  from  Colorado  Water  Quallty  Control  Commlsslon  1993a 



Table 15. Stream classiflcations and wa 

Basin:  San  Juan  River 
Stream  Segment  Description 

1.  Mainstem of the Navajo  River  and 
the  Little Navajo  Rlver, lncludlng all 
tributaries,  lakes,  and  reservoirs, from 
the boundary of the South San Juan 
Wtlderness  Area to the San  Juan- 
Chama  dwersion. 

2 Malnstem of the Navajo  Rlver from 
the San  Juan-Chama diverslon to  the 
ColoradolNew  Mexico  border  near 
Edith,  Colorado  and from the 
ColoradolNew  Mexico  border to  the 
confluence with the San Juan Rlver 

3 Malnstem of the Llttle Navajo  Rwer 
from the San  Juan-Chama diverslon to 
the confluence with  the Navajo  River, 
all  trlbutarles to the Navajo  Rlver  and 
the  Llttle Navajo  River,  includmg all 
lakes  and  reservolrs, from  the San 
Juan-Chama  dlverslons to the 
confluence wlth the San  Juan  Rwer 

VI 
e 

4 All  trlbutarles to the San  Juan  River, 
RIO Blanco,  and  Naval0  Rwer 
rncluding all lakes  and  reservolrs, 
whlch are wlthln the Wemlnuche 
Wllderness  area  and South San  Juan 
Wllderness  Area 

5  Malnstem of the San  Juan River 
and the East  Fork  and West Fork of 
the San  Juan  Rlver, from the boundary 
of  the Weminuche  Wliderness  Area 
(West Fork) and the  source  (East  Fork) 
to the confluence wlth Fourmlle  Creek, 
lncludlng  all  trlbutarles,  lakes  and 
reservolrs  except for tnbutarles,  lakes 
and  reservolrs  Included 111 Segment 4 

r quali - 

Desig 

- 

UP 

standards, Call 

Classlficatlons 

iq  Life  Cold 1 
lecreation 1 
Yater Supply 
igriculture 

l q  Llfe Cold 1 
lecreatlon 1 
Yater  Supply 
igriculture 

i q  Llfe  Warm  2 
tecreation  2 
igriculture 

i q  Llfe  Cold 1 
iecreatlon 1 
Water Supply 
igriculture 

l q  Llfe  Cold 1 
iecreatlon 1 
Yater  Supply 
ignculture 

ado 
Numeric  Standards 

Physical and Blological 

D.O. = 6.0 mg/l 
D.O. (sp) = 7 0 mgll 

F Coh = 2OOl100 ml 
pH = 6.5-9.0 

D 0 = 6.0 mgll 
D 0 (sp) = 7.0 mgll 

F  Coli = 200/100 ml 
pH = 6 5-9.0 

D 0 = 5 0 mgll 

F. Call = 2000l100 ml 
pH = 6.5-9.0 

D 0 = 6 0  mgll 
D 0 (sp) = 7 0 mgll 

F Coh = 200l100  ml 
pH = 6 5-9 0 

D 0 = 6 0  rng/l 
D 0 (spt = 7 0 mgll 

F Co11 = 200/100 ml 
pH = 6 5-9 0 

T 
lnorganlc 

mgll 

NH3 (acl = TVS S = 0.002 
NH3 (ch) = 0.02 B = 0.75 
CI? lac) = 0.019 NO? = 0 05 
CIZ  (ch) = 0.011 NO3 = 10 
CN = 0.005 CI = 250 

SO4 = 250 
~ 

NH3 (ac) = TVS S = 0 002 
NH3 (ch) = 0 02 B = 0.75 
CIz (ac) = 0 01 9 NOz = 0 05 

CN = 0 005 CI = 250 
CI? (ch) = 0.01 1 Nos = 10 

SO4 = 250 

NHj (acl = TVS S = 0 002 
NH3 (ch) = 0 02 B = 0 75 
Clz (ac) = 0 019 NO? = 0 05 
Clz (ch) = 0 011 NO3 = 10 
CN = 0 005 CI = 250 

SO4 = 250 

NH3 lac) = TVS S = 0 002 
NH:, (ch) = 0 02 B = 0 75 
Clz (ac) = 0.01 1 NO? = 0 05 
CI? (ch) = 0 01 1 NO3 = 10 
CN = 0 005 CI = 250 

SO4 = 250 

Metals 
pgll 

As (ac) = 50 (Trecl Fe (chl = 300 (dis) Ni (aclch) = TVS 
Cd (ac) = TVS (tr) Fe (ch) = 1000 (Trec) Sa lac) = 10 (Tract 
Cd (ch) = TVS Pb (aclchl = TVS Ag (ac) = TVS 
Crill  (act = 5 0  (Trec) Mn (ch) = 50 (dls) Ag (ch) = TVS Itr) 
CrVI (aclch) = TVS Mn (ch) = 1000 (Trecl  Zn  (aclchl = TVS 
Cu (aclch) = TVS Hg (ch) = 0.01 (Trec) 

As (ch) = 5 0  Fe (ch) = 300 (dis) Hg (ch) = 0 05 
Cd Ich) = 0.4 Fe (ch) = 1200 (Trec) NI (chl = 50 
Crlll (ch) = 50 Pb (chl = 5 Se (ch) = 10 
CrVl (ch) = 25 Mn (cht = 50 (dis) Ag (chl = 0.1 
Cu (ch) = 14 Mn (ch) = 1000 Zn  (ch) = 50 

As lac) = 50 (Trecl Fe (ch) = 300 (drs) NI (ac/ch) = TVS 
Cd (ac) = TVS (tr) Fe (ch) = 1000 (Trec)  Se lac) = 10 (Trecl 
Cd (ch) = TVS Pb (aclch) = TVS Ag (acl = TVS 
Crlll (ac) = 50 (Trec) Mn (ch) = 50 (dm1 Ag (chl = TVS (tr) 
CrVl (aclch) = TVS Mn (ch) = 1000 (Trecl  Zn  (aclchl = TVS 
Cu (aclch) = TVS Hg (ch) = 0 01 (Trecl 

As (ac) = 50 (Trec) Fe (ch) = 300 (dls) NI (aclch) = TVS 
Cd lac) = TVS (tr) Fe (cht = 1000 (Trec)  Se (ac) = 10 (Trect 
Cd Ichl = TVS Pb (aclch) = TVS Ag (acl = TVS 
Crlll lac) = 50 (Trec) Mn (chl = 50  (did Ag (cht = TVS (trl 
CrVI (aclch) = TVS Mn (cht = 1000 (Trecl Zn (ac/chl = TVS 
Cu (aclch) = TVS Hg (chl = 0 01 (Trecl 

rernporary 
Modificatlons 
lualifiers 

All metals are 
Trec unless 
otherwise 
noted. 



Table 15 (CONT):  Stream classificationl 

Basin:  San  Juan  River 
Stream  Segment  Description 

6. Mainstem of the San Juan River 
from the confluence with Fourmlle 
Creek to  Navajo  Reservoir 

7  Navajo  ReSeNOlr (portlon In 
Colorado) 

9  Mamstem of the RIO Blanco, 
lncludlng all tnbutaries,  lakes,  and 
reservoirs, from the boundary of South 
San  Juan  Wllderness  Area to the 
confluence wlth the San Juan Rwer, 
except for the specific llstlng In 
Segment 10 

10 Mamstem  of the Rlto  Blanco h e r  
from Echo Dltch to the confluence 
wlth  the RIO Blanco  Rlver. 

11 All tnbutaries to the San  Juan 
Rlver 111 Archuleta  County,  lncludlng 
all  lakes  and reservoirs. except for 
spectflc  llstlngs  In  Segments 1, 4, 
5,  and 9 

:er  quality  standz 

Classiflcations 

Aq Life  Cold 1 
Recreation 1 
Agriculture 

Aq Life  Warm 1 
Recreatlon 1 
Water Supply 
Agriculture 

Aq Llfe  Cold 1 

Water Supply 
Recreation 1 

Agrlculture 

Aq Llfe  Cold  2 
Recreation  2 
Agriculture 

Aq Llfe  Warm 2 
Recreatlon  2 
Agrlculture 

k, Colorado 
Uumeric  Standards 

Physical and Biological 

1.0. = 6.0 mgll 
1.0. (spl = 7 0 mg/l 

1 Coh = 200l100 ml 
JH = 6 5-9.0 

3 0. = 5 0 mgll 

F Coh = 200/100 ml 
pH = 6.5-9 0 

D 0 = 6.0 mg/l 
D 0 (sp) = 7 0 mgll 

F Col~ = 200/100 ml 
pH = 6 5-9 0 

D 0 = 6 0 mg/l 
D 0 (sp) = 7 0 mgll 

F Col~ = 200l100 ml 
pH = 6 5-9 0 

D 0 = 5 0 m g l l  

F Coh = 2000/1OOml 
pH = 6 5-9.0 

Inorganic 
mgll 

NH3 (ac) = TVS S = 0.002 
NH3 (ch) = 0.02 B = 0.75 
Clz (ac) = 0.019 NOz = 0.05 
Clz (ch) = 0.011 NO3 = 100 
CN = 0.005 

NH3 (ac) = TVS S = 0 002 
NH3 (ch) = 0.02 B = 0 75 
C12 (ac) = 0 019 NO2 = 0 5 
Cla (ch) = 0 01 1 NO3 = 10 
CN = 0 005 CI = 250 

SO4 = 250 

NH3 (ac) = TVS S = 0 002 
NH3 (ch) = 0 02 B = 0 75 
CIz (ac) = 0 019 NOz = 0 05 
CIz (ch) = 0 01 1 NO3 = 10 
CN = 0 005 CI = 250 

SO4 = 250 

Metals 
pg/I 

4s (ch) = 50 Fe (ch) = 2400 Se (ch) = 20 
Cd (ch) = 0.4 Pb (ch) = 10 Ag (ch) = 0 1 
Crlll  (ch) = 100  Mn (ch) = 1000  Zn (ch) = 50 
CrVl  (ch) = 25 Hg (ch) = 50 
Cu (ch) = 20  Ni (ch) = 50 

As (chl = 50 Fe (chl = 300 (d~s) Hg (ch) = 0.05 
Cd (ch) = 0.4 Fe Ich) = 1000 NI (ch) = 50 
Crlll (chl = 50 Pb (ch) = 4 Se (ch) = 10 
CrVl (ch) = 25 Mn (ch) = 50 (dis) Ag (ch) = 0 1 
Cu (ch) = 5 Mn (ch) = 1000 Zn (ch) = 50 

emporary 
tlodifications 
Iualifiers 

ill metals  are 

stherwlse 
'rec unless 

loted 

\II metals  are 
'rec unless 
ltherwlse 
loted 



Table 15 (CONTI.  Stream  classlflcations 

Basin.  Piedra  River 
Stream  Segment  Description 

1. All tributaries to  the Pledra  Rlver, 
includlng all lakes  and reservoirs, 
which are within  the Weminuche 
Wllderness  Area 

r quality  standa s, Colorado 
Numerlc  Standards T emporary 

Aodifications 
lualifiers 

Metals Inorganic 
mgll 

NH3  (ac) = TVS S = 0.002 
NH3 (ch) = 0 02 B = 0 75 
Cla  (ac) = 0 019 NOz = 0.05 
Clz (ch) = 0 01 1 NO3 = 10 
CN = 0.005 CI = 250 

SO4 = 250 

Physical  and  Biological 

D.O. = 6.0 mgll 
D 0. (sp) = 7.0 mg/l 

F Coli = 200l100 ml 
pH = 6.5-9.0 

Classiflcations 

Aq Life  Cold 1 
Recreation 1 
Water  Supply 
Agriculture 

As (ac) = 50 (Trec) Fe (ch) = 300 (dls) Ni (aclch) = TVS 
Cd  (ac) = TVS (tr) Fe (ch) = 1000 (Trec) Se (ad = 10 (Tree) 
Cd (ch) = TVS Pb (aclch) = TVS Ag (ac) = TVS 
Crlll  (ac) = 50 (Trec) Mn Ich) = 50  (did  Ag (chi = TVS (tr) 
CrVl (aclch) = T V S  Mn  (chl = 1000 ITrec) Zn  (aclch) = TVS 
Cu (aclch) = TVS Hg (ch) = 0.01 (Trec) 

2 Mainstem of the Piedra  River, 
includlng the East  and  Mlddle  Forks, 
from the boundary of  the Weminuche 
Wllderness  Area to  the confluence 
with lndlan Creek, except for the 
speclflc  Itsting In Segment 3 

Aq  Life  Cold 1 
Recreatlon 1 
Water  Supply 
Agriculture 

D 0. = 6.0 mgll 
D.O. (sp) = 7.0 mg/l 

F Coh = 200/100 ml 
pH = 6 5-9 0 

NH3 lac) = TVS 
NHI (ch) = 0 02 
Cla lac) = 0 01 9 
Cla (ch) = 0 01 1 
CN = 0.005 

As (ac) = 50 (Trec) Fe (ch) = 300 (dis) Ni (aclch) = TVS 
Cd  (ac) = TVS (tr) Fe (ch) = 1000 (Trec) Se (ac) = 10 (Trec) 
Cd (ch) = TVS Pb (aclch) = TVS Ag (ac) = TVS 
Crlll  (ac) = 50 (Trec) Mn (ch) = 50 (dis) Ag (ch) = TVS (tr) 
CrVl (aclch) = T V S  Mn  (ch) = 1000 (Trec) Zn  (aclch) = TVS 
Cu (aclch) = TVS Hg (ch) = 0 01 (Trec) 

s = 0 0 0 2  
B = 0.75 
NOz = 0 05 
NO3 = 10 
CI = 250 
SO4 = 250 

s = 0.002 
B = 0.75 
NO? = 0 05 
NO3 = 10 
CI = 250 
SO4 = 250 

~~ ~ 

As lac) = 50 (Trec) Fe (ch) = 300 (d~s) NI (aclchl = TVS 
Cd lac) = TVS (tr) Fe (ch) = 1000 (Trec) Se  (ac) = 10 (Trec) 
Cd (ch) = TVS Pb (aclch) = TVS Ag (ac) = TVS 
Crlll  (ac) = 50 (Trec) Mn (ch) = 50 (dis) Ag (ch) = TVS (tr) 
CrVl (aclch) = TVS Mn  (ch) = 1000 (Trec) Zn  (aclch) = TVS 
Cu (aclchl = TVS Hg (ch) = 0.01  (Trec) 

3 Malnstem of the  East  Fork of  the 
Pledra  Rwer from the Pledra  Falls 
Dltch to the confluence wlth Pagosa 
Creek, 

Aq  Life  Cold 1 
Recreation 1 
Water  Supply 
Agriculture 

D O   = 6 0 m g l l  
D 0 (sp) = 7.0 mg/l 

F  Coll = 200/100 ml 
pH = 6 5-9.0 

NH3 (ac) = TVS 
NH3 (ch) = 0 02 
Clz (ac) = 0 019 
cI7 (ch) = 0 01 1 
CN = 0.005 

4 Malnstem of the Pledra  Rlver from 

Navajo  Reservolr 
u the confluence wlth lndlan  Creek to 

Aq Llfe  Cold 1 
Recreation 1 
Agrlculture 

D.O. = 6 0 mg/l 
D 0 (sp) = 7 0 mg/l 

F Co11 = 200/100 ml 
pH = 6 5-9 0 

NH3 (ac) = TVS S = 0 002 
NH3 (ch) = 0.02 B = 0 75 
Clz lac) = 0 019 NO,! = 0 05 
CIz (ch) = 0 01 1 NO? = 100 
CN = 0 005 

Se (ch) = 20 

Zn  (ch) = 50 
Ag (ch) = 0 1 

411 metals are 
rrec  unless 
)therwlse 
ioted 

As (ch) = 50 
Cd (chl = 0.4 
Crlll (chl = 100 
CrVl (chl = 25 
Cu (ch) = I 6  

As lac) = 50 (Trec) 
Cd (ac) = TVS Itr) 
Cd (ch) = TVS 
Crlll  (ac) = 50 ITrec) 
CrVl (aclchl = TVS 
Cu (aclch) = TVS 

Fe (ch) = 1500 
Pb (ch) = 4 
Mn (ch) = 1000 
Hg (chl = 0 05 
NI (ch) = 50 

Fe (ch) = 300 (d~s) 
Fe (ch) = 1000 (Trec) 
Pb (ac/ch) = TVS 
Mn  (ch) = 50  (d~s) 
Mn (ch) = 1000 (Trec) 
Hg (ch) = 0 01 (Trec) 

Aq Llfe  Cold 1 
Recreation 1 
Water  Supply 
Agrlculture 

D 0 = 6 0  mg/l 
D 0 (sp) = 7.0 mall 

F  Coll = 2001100 ml 
pH = 6 5-9 0 

NH3 (ac) = TVS S = 0 002 
NH3 (ch) = 0 02 B = 0 75 
Cla (ac) = 0 01 9 NO? = 0 05 
CI? (ch) = 0 01 1 NO3 = 10 
CN = 0 005 CI = 250 

SO4 = 250 

NI (aclch) = TVS 
Se  (ac) = 10 (Trec) 
Ag (ac) = TVS 
Ag (ch) = TVS (tr) 
Zn (aclch) = TVS 

5  All  trlbutarles to  the Pledra  Rlver, 

the boundary of the  Wemlnuche 
Includlng  all  lakes  and  reservolrs, from 

Wilderness  Area to a polnt 
lmmedlately  below the confluence 
wlth Dew1  Creek 

6 All trlbutaries to  the Pledra  Rlver, 
Includlng all lakes  and  reservolrs. from 
a  pomt  lmmedlately below the 
confluence wlth Devll  Creek to Navajo 
Reservolr,  except for the speclflc 
Ilstlngs  In Segment 7 

Aq Llfe  Warm 2 
Recreatlon 2 
Agriculture 

D 0 = 5 0 mg/l 

F.  Coh = 2000/100ml 
pH = 6 5-9 0 



Table 15 (CONT): Stream classlflcatlons and water quality standards.  Colorado 
I I t Basin:  Pledra  Rwer 

Stream  Segment Description Classifications Desig 
I I 

7  "Hatcher Lake,  Stevens  Lake, 

Forest  Lake '' 
Pagosa  Lake,  Village  Lake  and 

Aq Llfe Warm  1 UP 
Recreation 2 
Water  Supply 
Agrlculture 

L 

T 
lnorganlc 

mgll 

NH3 (ac) = TVS S = 0,002 
NH3 (ch) = 0.02 B = 0 75 
C12 lac) = 0.019 NOz = 0.05 
C17 (ch) = 0.01 1 NO3 = 10 
CN = 0 005 CI = 250 

SO4 = 250 

NH3 (ac) = TVS S = 0 002 
NH3 (ch) = 0 02 B = 0 75 
Clr  (ac) = 0.019 NO2 = 0 05 
Clz (ch) = 0.01 1 NO:, = 10 
CN = 0 005 CI = 250 

so4 = 250 

NH3 lac) = TVS S = 0 002 
NHB (ch) = 0 02 B = 0.75 
Cl2 (ac) = 0 019 NO? = 0 05 
CIr (ch) = 0 01 1 NO3 = 10 
CN = 0 005 CI = 250 

SO4 = 250 

NH3 lac) = TVS S = 0 002 
NH3 (ch) = 0 02 B = 0 75 
Clz lac) = 0,019 NOz = 0 05 
Clr (ch) = 0 01 1 NO3 = 10 
CN = 0.005 CI = 250 

SO4 = 250 

Numeric  Standards 

Physical  and  Biological 

D.O. = 5 0 mgll 

F Coli = 2000/100ml 
pH = 6.5-9.0 

Basm  Los  Pinos  Rlver 
Stream  Segment  Descnptlon 

1 All trlbutarles to  the Los Pmos 
Rwer,  Including  all  lakes  and 
reservoirs, which are wlthln  the 
Wemlnuche  Wilderness  Area 

VI c. 2a Malnstem of  the Los Pmos Rlver 
from the boundary of  the Wemmuche 
Wllderness  Area to  the U.S Hwy  160 
except for  the speclfic listing In 
Segment 3 

2b  Mainstern of the Los Pmos Rlver 
from U S Hwy  160 to the Colorado/ 
New Mexlco border. 

3 Valleclto  Reservoir 

Desig Classifications 

Aq Llfe Cold 1 
Recreatlon 1 
Water  Supply 
Agrlculture 

Aq Llfe Cold 1 

Water  Supply 
Recreatlon 1 

Agrlculture 

Aq Llfe Cold 1 
Recreatlon  1 
Water  Supply 
Agrlculture 

Aq Llfe Cold 1 

Water  Supply 
Recreatlon 1 

Agriculture 

Numerlc  Standards 

Physical  and  Btologlcal 

D 0 = 6.0 mgll 
D.0 Isp) = 7.0 mg/l 

F Col~ = 200/100 ml 
pH = 6 5-9.0 

D 0 = 6 0  mgll 
D 0 Isp) = 7 0 mg/l 

F Col~ = 200/100 ml 
pH = 6 5-9 0 

D 0 = 6 0  mg/l 
D 0 (sp) = 7 0 mg/l 

F Col~ = 200/100 ml 
pH = 6 5-9 0 

D 0 = 6 0  mgll 
D 0 (sp) = 7 0 mg/l 

F Coli = 200/100 ml 
pH = 6 5-9.0 

Temporary 
Modifications 
Qualifiers 

Metals 
pgll 

As (ac) = 50 (Trec) Fe (ch) = 300 (dis) NI (aclch) = TVS 
Cd  (ac) = TVS (tr) Fe (chl = 1000 (Trec)  Se (ac) = 10 (Trec) 
Cd (ch) = TVS Pb (aclch) = TVS Ag (ac) = TVS 
Crlll (ac) = 50 (Trec) Mn (ch) = 50 (dis) Ag (ch) = TVS (tr) 
CrVl (aclch) = TVS Mn Ich) = 1000 (Trec) Zn (aclch) = TVS 
Cu (aclch) = TVS Hg (ch) = 0 01 (Trec) 

As  (ac) = 50 (Trec) Fe (ch) = 300 (dm) NI (aclch) = TVS 
Cd (ac) = TVS (tr) Fe (chl = 1000 (Trec) Se (ac) = 10 (Trecl 
Cd (ch) = TVS Pb (aclchl = TVS Ag (ac) = TVS 
Crlll (ac) = 50 (Trec) Mn Ich) = 50 ( d d  Ag (ch) = TVS (tr) 
CrVl (aclch) = T V S  Mn (ch) = 1000 (Trec) Zn  (aclch) = TVS 
Cu (aclch) = TVS Hg (chl = 0 01 (Trec) 

As (ac) = 50 (Trec) Fe (chl = 300 (dls) Ni  laclch) = TVS 
Cd (ac) = TVS (tr) Fe Ich) = 1000 (Trec) Se (ac) = 10 (Trec) 
Cd (ch) = TVS Pb (aclch) = TVS Ag (ac) = TVS 
Crlll (ac) = 50 (Trecl Mn (ch) = 50 (dls) Ag (ch) = TVS (tr) 
CrVl (ac/ch) = TVS Mn (ch) = 1000 (Trec) Zn  (aclch) = TVS 
Cu (aclch) = TVS Hg (chl = 0 01 (Trecl 

As (ac) = 50 (Trec) Fe Ich) = 300 (dl4 NI (ac/ch) = TVS 
Cd (ac) = TVS (tr) Fe Ich) = 1000 (Trec)  Se  (ac) = 10 (Trec) 
Cd (ch) = TVS Pb (aclchl = TVS Ag (ac) = TVS 
Crlll lac) = 50 (Trec) Mn (ch) = 50 (dis) Ag (ch) = TVS Itr) 
CrVl (aclch) = TVS Mn  (chl = 1000 (Trec) Zn  laclch) = TVS 
CLI (aclch) = TVS Hg (chl = 0 01 (Trec) 

Temporary 
Modlfications 
Quahflers 



Table 15 (CONT):  Stream  classiflcation! 

Basin:  Los  Pinos  River 
Stream  Segment  Descriptlon 

4. All tributaries to  the Los  Pinos  River 
and Valleclto  Reservoir,  including all 

boundary of the Weminuche 
lakes  and  reservoirs, from  the 

Wilderness  Area to  the confluence 
with Bear  Creek  (T35N,  R7W). except 
for  the speclflc  listing in Segment 5, 
mainstems of Beaver  Creek, Ute 
Creek, Ute Creek,  and  Sprmg  Creek 
from their  sources to their confluences 
with  the Los  Pmos  River. 

5.  Mainstem of Vallecito  Creek from 
the boundary of the Weminuche 
Wllderness  Area to Valleclto 
Reservoir 

6 All tributaries to the Los  Pinos 
River, including all  lakes  and 
reservolrs, from a  pornt  immedlately 
below the confluence wlth Bear 
Creek  IT35N.  R7W) to  the Colorado/ 
New Mexlco  border, except for  the 
the speciftc  llsting In Segment 4, 
all  trlbutaries to the San  Juan  Rlver 
Rlver In La  Plata  County 

VI 
V> 

lr quallty standa 

Classifications 

A q  Life  Cold 1 
Recreatlon 1 
Water  Supply 
Agriculture 

Aq Llfe  Cold 1 
Recreation 1 
Water  Supply 
Agriculture 

Aq Life  Cold  2 
Recreation  2 
Agndture 

8, Colorado 
Numerlc  Standards I 

Physical and Biological 

D 0. = 6.0 mgll 
D.O. (sp) = 7.0 mgll 

F. C o l i  = 200/100 ml 
pH = 6.5-9.0 

D.0 = 6 0 mgll 
D.0 (sp) = 7.0 me/\ 
pH = 6 5-9.0 
F  Coli = 200/100 ml 

D 0 = 6 Omgll 
D 0 (sp) = 7 0 mgll 

F Coh = 2000/100 ml 
pH = 6 5-9 0 

Inorganic 
mgll 

NH3  (ac) = TVS S = 0.002 
NH3 (ch) = 0 02 B = 0.75 
Clz  (ac) = 0.019 NO;? = 0 05 
C12 (ch) = 0 01 1 NO3 = 10 
CN = 0.005 CI = 250 

SO4 = 250 

NHs (ac) = TVS S = 0 002 
NH? (ch) = 0 02 B = 0 75 
Cl2 (ac) = 0.019 NO2 = 0.05 
C12 (ch) = 0 01 1 NO3 = 10 
CN = 0 005 CI = 250 

SO4 = 250 

Metals 

As (ac) = 50 (Trec) Fe (ch) = 300 (did NI (aclch) = TVS 
Cd (ac) = TVS (tr) Fe (ch) = 1000 (Trec) Se (ac) = 10 (Trec) 
Cd (ch) = TVS Pb (aclch) = T V S  Ag lac) = TVS 
Crlll lac) = 50 (Trec) Mn (ch) = 50 (dis) Ag (ch) = TVS (tr) 
CrVl (aclch) = TVS Mn (ch) = 1000 (Trec) Zn  (aclch) = TVS 
Cu (aclch) = TVS Hg (ch) = 0.01 (Trec) 

As (ac) = 50 (Trec) Fe (ch) = 300 (dis) Ni (aclch) = TVS 
Cd (ac) = TVS (tr) Fa (ch) = 1000 (Trec) Se lac) = 10 (Trecl 
Cd (ch) = 1 Pb (aclch) = TVS 
Crlll (ac) = 50 (Trec) Mn  (chl = 50 (dls) Ag (ch) = TVS (trl 
CrVl (aclch) = TVS Mn  (chl = 1000 (Trec) Zn  (aclch) = TVS 
Cu (aclch) = TVS Hg (ch) = 0.01  (Trec) 

Ag lac) = TVS 

T Temporary 
Modifications 
Qualifiers 



Table 15 (CONTI.  Stream  classifications  and water auahtv  standards.  Colorado 

1. All tributaries to  the Animas  River 
and  Florida  River, lncludtng all lakes 
and reservoirs, which are withln  the 
Weminuche  Wilderness  Area. 

2  Mainstem of the Anlmas  River, 
Including  all  tnbutanes, from the source 
to a point Immediately  above the 
confluence with Elk  Creek,  except for 
speclfic  listmgs in Segments 1 and  5 
through 8a  and  8b. 

3  Mainstem of the Animas  Rlver from 

confluence with Elk  Creek to the 
a polnt lmmedlately  above the 

confluence wlth Junctron Creek. 

UP 

4  Mainstern of the Anlmas  Rlver from 
the confluence  wrth Junction Creek to 
the ColoradolNew  Mexico  border. 

UP 

. .  
Numerlc  Standards 

Classifications  Physlcal  and  Biological 

Aq Life Cold 1 D.0 = 6.0 mgll 
Recreation 1 D 0. (sp) = 7.0 mgll 
Water Supply pH = 6.5-9 0 
Agriculture F. Coli = 200/100 ml 

Recreatlon  2 pH = 6.5-9.0 
F Coh = 2000/100 ml 

Aq Life  Cold 1 D 0 = 6 0 mg/l 

Water Supply pH = 6.5-9.0 
Recreatlon  2 D.O. fspl = 7 0 mg/l 

Agrlculture F. Coh = 2000/100 mi 

Aq Life  Cold 1 D 0 = 6.0 mgll 
Recreatlon 2 D 0. (sp )  = 7 0 mgll 
Water Supply pH = 6.5-9 0 
Agriculture F. Call = 20001100 ml 

Inorganic 
mall 

NH3  (ac) = TVS S = 0.002 
NH3 (ch) = 0.02 B = 0.75 
Clz  (ac) = 0.019 Nos = 0.5 
Clz (ch) = 0.011 NO3 = IO 
CN = 0 005 CI = 250 

SO4 = 250 

NH3 (ac) = TVS S = 0 002 
NH3 (ch) = 0 02 B = 0.75 
Clz (ac) = 0 019 NO1 = 0 05 
CIL (ch) = 0 01 1 NO? = 10 
CN = 0 005 CI = 250 

SO4 = 250 

NH3 (ac) = TVS S = 0 002 
NHd [ch) = 0 02 B = 0.75 
Clz (ac) = 0 01 9 NO2 = 0.05 
Clz (ch) = 0 011 NO3 = 10 
CN = 0 005 CI = 250 

SO4 = 250 

pg/l 
I 

As (ac) = 50 (Trec) Fe (ch) = 300 (dis) Ni (aclchl = TVS 
Cd (ac) = TVS (trl Fe (ch) = 1000 (Trec) Se (ac) = 10 (Trect 
Cd (chl = W S  Pb (aclch) = TVS Ag (ac) = TVS 
Crlll  (ac) = 5 0  (Trec) Mn (ch) = 50 /did Ag Ich) = TVS Itr) 
CrVl (eclch) = TVS Mn (ch) = 1000 (Trec) Zn  (aclchl = TVS 
Cu (aclch) = TVS Hg (chl = 0 01 (Trecl 

As (ch) = 50 Fe  (ch) = 300 (dis) Hg (ch) = 0.05 All metals are 
Cd Ich) = 0.5 Fe (ch) = 11  50 NI (ch) = 50 Trec unless 
Crlll  (ch) = 50 Pb (ch) = 43 Se (ch) = 10 otherwise 
CrVl (ch) = 25 Mn (ch) = 50 (dls) Ag (chj = 0 1 noted. 
Cu (ch) = 35 Mn (chl = 1000 Zn  (cht = 470 

As (ch) = 50 Fe (ch) = 300 (dls) Hg (ch) = 0 05  All metals are 
Cd (ch) = 1 Fe (ch) = 1500 NI (chl = 100 Tree  unless 
Crlll (chl = 50 Pb (ch) = 55 
CrVl (ch) = 25 

Se (ch) = 10 
Mn (ch) = 50 (dls) Ag (chl = 0 1 

otherwise 
noted. 

Cu (ch) = 20 Mn (ch) = 1000  Zn  fch) = 150 



Table 15 (CONT):  Stream classifications 

Basin:  Antmas  and  Florida  River 
Stream  Segment  Descriptlon 

5.  Mainstem,  including  all  tributaries, 
lakes  and  reservoirs, of Cinnamon 
Creek,  Grouse  Creek,  Plcayne  Gulch, 
Minnie  Gulch,  Maggle  Gulch, 
Cunningham Creek,  Boulder  Creek, 
Whitehead  Gulch,  and  Molas  Creek 
from  their sources to thew  confluences 
wlth  the Anirnas  River. 

6. Mainstem  of  Cement  Creek, 
Including all  tnbutanes,  lakes  and 
reservoirs, from the  source to  the 
confluence wlth the Anlmas  River. 

7  Malnstem of Mineral Creek, 
Including all  trlbutarles, from the source 
to a polnt mnedlately above the 
confluence wlth South Mlneral  Creek 
except for the speclflc  llstlng in 
Segment  8a 

f3a Matnstem of South Mmeral  Creek, 

reservolrs from the source to  a polnt 
lmmedlately  above the confluence 
wlth Clear  Creek;  malnstems, Including 
all  tnbutanes,  lakes  and  reservolrs of 
M~l l  Creek,  and  Bear  Creek from 
sources to confluence wlth Mmeral 
Creek, all lakes  and  reservoirs cn the 
dralnage  areas  descrlbed 111 Segments 
7 through 9 

VI 
4 lncludlng all tributaries,  lakes  and 

Bb  Marnstem of South Mineral Creek, 
lncludlng all trlbutarles, from a polnt 
Immediately  above the confluence 
wlth Clear  Creek to the confluence wlth 
Mlneral  Creek and the malnstern of 
Mtneral  Creek  from  imrnedlately 
above the confluence wlth  the South 
Fork to the confluence wlth  the Anlmas 
Rwer 

?r  quality standards,  Colorado 
Numerlc  Standards 

Classiflcations I Physical  and  Biological 
I 

Aq Life  Cold 1 

Water Supply 
D.O. (spl = 7 0 mgll Recreation 2 
D.O. = 6.0 mgll 

F  Coli = 20001100 ml Agriculture 
pH = 6.5-9.0 

Recreation  2 pH = 6 5-9.0 
F Coh = 20001100 ml 

Recreation  2 
F  Coli = 2000l100 ml Agnculture 
pH = 3 5-9.0 

Aq Life  Cold 1 

Water Supply 
D 0 (sp) = 7 0 mgll Recreatlon  2 
D 0 = 6 0 mgll 

F  Coli = 200/?00 ml Agriculture 
pH = 6 5-9 0 

I 

Aq Ltfe  Cold 1 

pH = 6 5-9 0 Water Supply 
D 0 (spl = 7 0 mgll Recreation  2 
D.0 = 6 0 mg/l 

F  Coil = 2000/100 ml 

I 

T 

Inorganic 
moll 

NH3  (ac) = TVS S = 0 002 
NH3 (ch) = 0.02 B = 0.75 
CIS  (ac) = 0.019 NOn = 0.05 
Clz  (ch) = 0.01 1 NO3 = 10 
CN = 0.005 CI = 250 

SO4 = 250 

CN = 0.2 B = 0 7 5  

NHo (ac) = TVS S = 0 002 
NH3 (ch) = 0.02 B = 0 75 
Clr  (ac) = 0 019 NO2 = 0 05 
C17 (ch) = 0 01 1 NO3 = 10 
CN = 0 005 CI = 250 

SO4 = 250 

~~~ 

NH3 (ch) = 0 02 B = 0 75 
NH? lac) = TVS S = 0 002 

CI,! (chl = 0 0 1 1  
CIz (ac) = 0 019 NO2 = 0.05 

CN = 0 005 

Metals 
/lull 

As  (ac) = 50 (Trec) Fe (ch) = 300 (dis) Ni  (aclchl = TVS 
Cd  (ac) = TVS (tr) Fe  (ch) = 1000 (Trec)  Se (acl = 10 (Trecl 
Cd (ch) = TVS Pb (aclchl = TVS Ag (acj = TVS 
Crlll  (ac) = 50 (Trecl Mn (ch) = 50 (disl Ag (chl = TVS (trl 
CrVI  (ac/ch) = TVS Mn (ch) = 1000 (Trecl  Zn  (aclchl = TVS 
Cu (aclch) = TVS Hg  (chl = 0.01 (Trecl 

As (ch) = 0.1  Cu (ch) = 0.2  Se (ch) = 0.02 
Cd (ch) = 0.005 Pb (ch) = 0 035 Ag (chl = 0.1 
Crlll (chl = 0.1 Hg Ich) = 0.05 Zn Ichl = 2 0 
CrVI (ch) = 0.1 NI (ch) = 0 05 

As (ad  = 50 (Trec) Fe (ch) = 300 (d~s) NI (aclchl = TVS 
Cd (ac) = TVS (trl Fe (chl = 1000 (Trecl Se (acl = 10 (Trec) 
Cd (ch) = TVS Pb (aclch) = TVS  Ag (ac) = TVS 
Crlll  lac) = 50 (Trec) Mn  (chl = 50 (d~s) Ag (ch) = TVS (tr) 
CrVl (aclch) = TVS Mn  (chl = 1000 (Trec)  Zn (aclch) = TVS 
Cu (aclch) = TVS Hg (ch) = 0 01 (Trecl 

As (chl = 50 Fe (ch) = 1000 Se (ch) = 20 
Cd (ch) = 2 Pb (ch) = 14 Ag (chl = 0.1 
Crlll  (ch) = 100 Mn (ch) = 1000 
CrVl (ch) = 25 

Zn  (ch) = 5 0  
Hg  (chl = 0 05 

Cu (chl = 5 NI (ch) = 50 

remporary 
Vlodifications 
lualifiers 

All metals are 
Trec unless 
Jtherwlse 
noted 

All metals are 
Trec unless 
otherwlse 
noted 



Table 15 (CONTI.  Stream  classifications  and water  quallty standards.  Colorado 
I I I 

Basin:  Animas  and  Florida  River 
Stream  Segment  Description  Deslg  Classifications 

9  Malnstem of Clear  Creek from  the 
source to the confluence wrth South 

UP Aq Life  Cold 1 

Mlneral  Creek 
Recreation  2 
Agriculture 

10.  Mainstem of  the Florida  River from 
the boundary of  the Weminuche 
Wllderness  Area to  the Florlda 
Farmers  Canal  Headgate. except for 
the speciflc  llstlngs In Segment 12b 

11 Malnstem of the Florida  Rlver from 
the Flonda  Farmers  Canal  Headgate 
to the confluence with the  Anmas 
h e r  

Aq Llfe  Cold 1 
Recreation 1 
Water Supply 
Agriculture 

Aq Llfe  Cold 1 
Recreation 1 
Water Supply 
Agrlculture 

12a All  tributaries to  the  Anmas 

from a point immedlately above the 
Rlver,  Including  all  lakes  and reservom 

confluence wlth Elk  Cr to a pomt 
immedlately below the confluence wlth 

llstlngs in Segment 15 All tnbutarles 
Hermosa  Cr  except for specific 

to the Florlda  Rwer  lncludlng  all  lakes 
and reservoirs from the source to  the 
outlet of Lemon  Reservolr except the 
speclflc  llstlng  In Segment 1 
Malnstems of the Red  and  Shearer 
Creeks from thew  sources to  thew 
confluences wlth  the Florlda  Rlver 

A q  h f e  Cold 1 
Recreation 1 
Water Supply 
Agrlculture 

I 

Inorganic 
Physical and Biological mgll 

D.O. = 6.0 mgll NH3 (ad = TVS S = 0.002 
D.O. Isp) = 7.0 mgll NH3 (ch) = 0.02 B = 0 75 

F. Coh = 2000/100 ml CIz (ch) = 0.01 1 
pH = 6 5-9.0 CIS (ac) = 0.019 NO2 = 0.05 

CN = 0 005 

D.O. = 6.0 mgll 
D.O. (sp) = 7 0 mgll 

F.  Coh = 200/100 ml 
pH = 6.5-9 0 

D.0 = 6.0 mgll 
D 0 (sp) = 7.0 moll 

F  Coli = 2OOl100 ml 
pH = 6.5-9 0 

NH3 (ac) = TVS 
NH3 (ch) = 0 02 
CI? (ac) = 0.019 
CIa (ch) = 0.01 1 
CN = 0 005 

NH3 (ac) = TVS 
NH3 (ch) = 0.02 
CIa (ac) = 0.019 
Cla (ch) = 0 01 1 
CN = 0.005 

s = 0.002 
0 = 0.75 
NO7 = 0.05 
NO3 = 10 
CI = 250 
SO4 = 250 

s = 0.002 
B = 0.75 
NOa = 0.05 
NOs = 10 
CI = 250 
SO4 = 250 

D.0 = 6.0 mg/l 
D 0 Isp) = 7 0 mg/l 

F Call = 2001100 ml 
pH = 6.5-9.0 

NH3  (ac) = TVS S = 0 002 
NHn (ch) = 0 02 B = 0 75 
Clz lac) = 0 019 NO2 = 0 05 
CIa (ch) = 0 01 1 NO3 = 10 
CN = 0 005 CI = 250 

SO4 = 250 

Metals 

As (ch) = 50 Fe (ch) = 5000 
Cd (ch) = 0 4 

Se (ch) = 20 
Pb (ch) = 4 Ag (ch) = 0 1 

Crlll  (ch) = 100 Mn (ch) = 1000 Zn  (ch) = 480 
CrVl (ch) = 25 Hg (ch) = 0.05 
Cu (ch) = 150 Ni (ch) = 5 0  

As lac) = 50 (Trec) Fe (ch) = 300 (dls) NI laclch) = TVS 
Cd  (ac) = TVS (tr) Fe (ch) = 1000 (Trec)  Se lac) = 10 ITrec) 
Cd (chl = TVS Pb (aclch) = TVS 
Crlll  lac) = 50 (Trec) Mn (ch) = 50 idis) Ag (ch) = TVS (tr) 

Ag (ac) = TVS 

CrVl (aclch) = TVS Mn (ch) = 1000 (Trec) Zn  laclch) = TVS 
Cu (ac/ch) = TVS  Hg (chl = 0.01 (Trec) 

As (ac) = 50 (Trec) Fe (ch) = 300 (dis)  Ni (aclch) = TVS 
Cd lac) = TVS (tr) Fe (ch) = 1000 (Trec) Se (ac) = 10 (Trec) 
Cd (ch) = TVS Pb (aclch) = TVS 
Crlll (ac) = 50 (Trec) Mn (ch) = 50 (dm) Ag (ch) = TVS Itr) 

Ag (ac) = TVS 

CrVl (aclch) = TVS Mn (ch) = 1000 (Trec) Zn (ac/ch) = T V S  
Cu (aclch) = TVS Hg (ch) = 0 01 (Trec) 

As lac) = 50 (Trec) Fe Ich) = 300 Idus)  NI (aclch) = TVS 
Cd (ac) = TVS (tr) Fe (ch) = 1000 (Tree) Se (ac) = 10 (Trec) 
Cd (ch) = TVS Pb (aclch) = TVS 
Crlll (ac) = 50 (Trec) Mn (chl = 50 (ds) Ag (ch) = TVS (tr) 

Ag lac) = TVS 

CrVl (acich) = TVS Mn (ch) = 1000 (Trec) Zn  (aclch) = TVS 
Cu (aclch) = TVS Hg (ch) = 0 01 (Trec) 

emporary 
Aodlfications 
lualiflers 

ill metals are 
'rec  unless 
ltherwlse 
loted. 



Table 15 (CONT):  Stream  classiflcations 

Basin.  Animas  and  Florida  River 
Stream  Segment  Descrlptlon 

12b.  Lemon  Reservoir 

13a Malnstem of Junction Creek,  and 
lncludlng all tributaries, from U.S 
Forest Boundary to confluence wlth 
Anlmas  Rlver 

VI 
W 

13b All tributarles to the Animas  Rwer, 
tncludtng all lakes  and  reservotrs, from 
a  potnt  lmmedlately below the 
confluence with Hermosa  Creek to the 
ColoradolNew  Mexico  border, except 
for  the speclflc  llstlngs In Segments  10, 
11,  12a. 12b. 1 3 a  and  14,  all  trlbutaries 
to the Florlda  Rtver, lncludlng  all  lakes 
and  reservolrs, from the outlet of 
Lemon  Reservolr to the confluence 
wlth the Animas  Rlver, except for 
speclflc  listlngs In Segment 12a. 

14 Malnstem of Llghtner  Creek from 
the source to the confluence wtth  the 
Anlmas  Rwer 

15 Malnstem  of  Purgatory  Creek from 
source to Cascade,  Cascade  Creek, 
Souldmg  Creek from the source to 
Elbert  Creek,  and  Nary Draw from the 
source to Navlland Lake 

d wal - 

!esig 

UP 

UP 

IP  

quality standards,  Colorado 
Numeric  Standards 

Classifications I Physlcal and Biologlcal 
I 

Aq Life  Cold 1 D.O. = 6.0 mgll 
3ecreation 1 D.O. (spl = 7 0 mgll 
Nater Supply pH = 6 5-9.0 
Agriculture F. Coli = 2001100 ml 

4q Life Cold  2 D.O. = 6 0 mgll 
qecreation  2 D.O. (spl = 7 0 mgll 
4griculture pH = 6 5-9.0 

F Col~ = 2000/100 ml 

4q Llfe  Cold  2 D 0 = 6.0 mgll 
qecreatlon 2 D.O. (sp) = 7.0 mgll 

4q Llfe Cold 1 D 0 = 6 0 mgll 
qecreatton 1 D 0 (sp) = 7 0 mgll 
Nater Supply pH = 6 5-9 0 
4grlculture F Coh = 200l100 ml 

4q Llfe  Cold 2 D 0 = 6 0 tngll 
3ecreatlon  2 D 0 (sp) = 7 0 mgll 
Nater Supply pH = 6 5-9 0 
4grmtlture F Coh = 2000/100 ml 

Inorganic 
mgll 

d H 9  (ac) = TVS S = 0.002 
JH3 (ch) = 0.02 B = 0.75 
:I2 (ac) = 0.019 NO? = 0.05 
:I2 (ch) = 0.01 1 NO3 = 10 
:N = 0.005 CI = 250 

SO4 = 250 

JH3 (ac) = TVS S = 0 002 
JH3 (ch) = 0.02 B = 0 75 

As (aclch) = TVS  Cu (aclchl = TVS NI (aclch) = TVS 

Crlll  (aclch) = TVS Mn (ch) = 1000 (Trecl Ag (chl = TVS (trl 3 2  (chl = 0 0 1  1 
Cd (chl = TVS Pb (aclchl = TVS Ag (ac) = TVS :I2 (ac) = 0 019 NO2 = 0.05 
Cd  (ac) = TVS (trl Fe (chl = 1000 (Trecl Se laclshl = TVS 

CrVI (aclch) = TVS Hg (chl = 0 01 (Trecl  Zn  (aclchl = TVS :N = 0 005 

I 
UH3 (ac) = TVS S = 0 002 
VHJ (chl = 0 02 B = 0 75 
31s (ac) = 0.01 9 NO7 = 0 05 
312 (ch) = 0 01 1 NO3 = 10 
3N = 0 005 CI = 250 

SO4 = 250 

2N = 0 2  NO3 = 10 
j = 0 0 5  CI = 250 
402 = 1.0 SO4 = 250 

As (ac) = 50 (Trecl 
Cd (ac) = TVS (tr) 
Cd (ch) = TVS 
Crlll (ac) = 50 (Trec) 
CrVl (aclch) = TVS 
Cu (aclch) = TVS 

As (ch) = 50 
Cd (ch) = 10 
Crlll (ch) = 50 
CrVl (chl = 50 

Fe (ch) = 300 (dis) 
Fe (ch) = 1000 (Trecl 
Pb (aclch) = TVS 
Mn (ch) = 50 (dm) 
Mn (ch) = 1000 ITrec) 
Hg (ch) = 0 01 (Trecl 

NI (aclchl = TVS 
Se (ac) = 10 (Trecl 
Ag (ac) = TVS 
Ag lch) = TVS (trl 
Zn (aclch) = TVS 

Cu (ch) = 1000 
Fe (ch) = 0 3 (d~s) 
Pb (chl = 50  
Mn  (ch) = 50 

Hg (ch) = 2 
Se (ch) = 10 
Ag (chl = 5 0  
Zn (ch) = 5000 

Temporary 
Modiflcatlons 
Qualifiers 

All metals are 
Trec  unless 
otherwise 
noted 

All metals are 
Trec  unless 
otherwlse 
noted 



Table 15 (CONT):  Stream  classiflcations 
Basin:  La  Plata  Rlver, Mancos River, 
McElmo Creek,  and  San Juan Rlver in 
Montezuma  and  Dolores counties 
Stream  Segment  Descriptlon 

1. Mainstem of the La  Plata  River, 
Including  all  tributarles,  lakes,  and 
reservolrs. from the source to the Hay 
Gulch  diversion south of Hesperus 

2  Mainstem of  the La  Plata  Rwer 
from the Hay  Gulch  diversion south of 
Hesperus to the ColoradolNew 
Mexlco  border 

3 All tributaries to  the La  Plata  Rwer, 

the Hay  Gulch  diverslon south of 
lncludlng  all  lakes  and  reservolrs. from 

Hesperus to  the ColoradolNew 
Mexlco  border u? 

0 

4  Malnstem of the Mancos h e r ,  
lncludlng  all  tributarles.  lakes, and 

West and Mlddle  Forks to  Hwy  160 
reservolrs. from the source of  the East, 

5  Malnstem of the Mancos  Rlver from 
Hwy  160  to the ColoradolNew  Mexlco 
border 

6  All  trlbutarles to the Mancos  Rlver, 
lncludlng  all  lakes  and  reservolrs. from 
Hwy 160 to the ColoradolNew  Mexlco 
border 

UP 

- 
UP 

- 
UP 

!r quality  standa 

Classlfications 

Aq Life Cold 1 
Recreatlon 1 
Water  Supply 
Agrlculture 

Aq Llfe Warm 2 
Recreation  2 
Agriculture 

Aq Life  Warm  2 
Recreation  2 
Agnculture 

Aq Llfe  Cold 1 
Recreatlon 1 
Water Supply 
Agnculture 

Aq Llfe  Warm  2 
Recreatlon 2 
Agrlculture 

Aq Llfe  Warm 2 
Recreatlon 2 
Agnculture 

Is, Colorado 
Numeric  Standards I 

Physical and Biological 

D.O. = 6 0 mgll 
D.O. (sp) = 7.0 mgll 

F  Coli = 200/100 ml 
pH E 6 5-9.0 

D.0 = 5 0 mgll 

F  Coli = 2000/100 ml 
pH = 6 5-9 0 

D.0 = 5 0 mgll 

F  Call = 2000/100 ml 
pH = 6.5-9.0 

D.0 = 6 0 mgll 
D 0 (sp) = 7 0 mgll 

F Col~ = 2001100 ml 
pH = 6 5-9 0 

D 0 = 5.0 mgll 

F Coh = 2OOOl100 ml 
pH = 6 5-9 0 

D 0 = 5.0  mgll 

F  Coli = 2000l100 ml 
pH = 6 5-9 0 

Inorganic 
mgll 

NH3 (ac) = TVS S = 0.002 
NH3 (ch) = 0.02 B = 0.75 
Clz (ac) = 0,019 NO2 = 0 05 
Clz (ch) = 0.01 1 NO3 = 10 
CN = 0.005 CI = 250 

SO4 = 250 

NH3 (ac) = TVS S = 0 002 
NH3 (ch) = 0.1 B = 0.75 
CIz (ac) = 0.019 NOz = 0.05 
Clz (ch) = 0.01 1 
CN = 0.005 

NH3 (ch) = 0 02 S = 0 002 
C12 (ac) = 0 019 B = 0 75 
CIz (ch) = 0 01 1 NO2 = 0 05 
CN = 0.005 NO3 = 10 

CI = 250 
SO4 = 250 

NH3 (ac) = TVS S = 0 002 
NH3 (ch) = 0 02 B = 0.75 
CI? (ac) = 0 019 NOz = 0 05 
CI2 (ch) = 0.011 
CN = 0.005 

Metals 
pgll 

As (ac) = 50 (Trec) Fe  (ch) = 300 (did  Ni (aclch) = N S  
Cd lac) = N S  (tr) Fe (ch) = 1000 (Trec)  Se (ac) = 10 (Tree) 
Cd (ch) = T V S  Pb (ac/chl = TVS Ag (ac) = TVS 
Crlll  lac) = 50 (Trec) Mn (ch) = 50  (did Ag lchl = TVS (tr) 
CrVl (aclch) = TVS Mn (ch) = 1000 (Trec) Zn  (aclch) = TVS 
Cu (aclch) = TVS Hg (ch) = 0.01  (Trec) 

As (ch) = 50 Fe (ch) = 1000 Se (ch) = 20 
Cd (ch) = 0.1 Pb (chl = 43 
Crlll (ch) = 100 Mn (ch) = 1000 

Ag (ch) = 0.1 
Zn  (ch) = 140 

CrVl (ch) = 25 Hg (ch) = 0 05 
Cu (ch) = 10 NI (ch) = 100 

As (ac) = 50 (Trecl Fe (ch) = 300 (dls) NI (aclch) = TVS 
Cd (ac) = TVS (trl Fe (ch) = lo00 (Trec) Se (ac) = 1 0  (Trecl 
Cd (ch) = T V S  Pb (aclch) = TVS Ag (ad  = N S  

CrVl (aclchl = TVS Mn  (chl = 1000 (Trec) Zn (aclch) = TVS 
Crlll (ac) = 50 (Trec) Mn (ch) = 50  (d~s) Ag (ch) = TVS (tr) 

Cu (aclch) = TVS Hg (ch) = 0 01 (Trec) 

As (ch) = 50 Fe (ch) = 5100 Se (ch) = 20 
Cd (ch) = 1 Pb (ch) = 25 Ag Ich) = 0 1 
Crlll  (ch) = 100 
CrVl (ch) = 25 

Mn (ch) = 1000 Zn (ch) = 150 
Hg (ch) = 0 05 

Cu (ch) = 30 NI (chl = 100 

r 
emporary 
modifications 
luahfiers 

ill metals are 

Itherwise 
'rec unless 

loted 

ill metals are 
rrec  unless 
Btherwlse 
loted. 



Table 15 (CONT):  Stream  classlfications 
Basin:  La  Plata  River,  Mancos  River, 
McElmo  Creek,  and  San Juan River in 
Montezuma  and  Dolores counties 
Stream  Segment  Descriptlon 

7. Mainstem of McElmo  Creek from 
the source to the ColoradolUtah 
border. 

8 All trlbutaries to  McElmo  Creek  and 
the San  Juan  River in Montezuma  and 
Dolores  countles,  lncludlng all lakes 
and  reservolrs, except for speciflc 
listmgs In Segments 2 through 7. 

9  Mainstern  of the San Juan Rwer in 
Montezuma  County. 

i d   w a  - 

Deslg 

UP 

- 
UP 

- 

lr quality standa 

Classifications 

Aq  Life Warm  2 
Recreation  2 
Agriculture 

Aq Life  Warm  2 
Recreatlon  2 
Agrlculture 

Aq Llfe  Warm 1 
Recreatlon 1 
Agrlculture 

Numeric  Standards 

Physical and Blological 

D 0. = 5.0 rngll 

F.Coh = 2000/100 ml 
pH = 6.5-9.0 

. rds,  Colorado 
I I 

__ 

- 

D.O. = 5.0 mgll 

F.Coh = 2000/100 ml 
pH = 6.5-9.0 

D.O. = 5 0 mgll 

F.Coh = 200l100  ml 
pH = 6 5-9 0 

Inorganic 
mgll 

NH3 (ac) = TVS S = 0.002 
NH3 (ch) = 0.02 6 = 0 75 
CIS (ac) = 0 019 NO2 = 0 05 
CIS (ch) = 0 01 1 
CN = 0 005 

NH3 (ac) = TVS S = 0 002 
NH3 (ch) = 0 06 B = 0 75 
CI2 (ac) = 0 019 Nor = 0.5 
Cla (ch) = 0 01 1 
CN = 0.005 

~ ~ ~~ 

Metals 
/Jg/I 

As (ch) = 50 Fe (ch) = 10400 Se (ch) = 20 
Cd (ch) = 5 Pb (chl = 5 0  Ag (ch) = 0.15 
Crlll (ch) = 100  Mn (ch) = 1000 Zn (ch) = 100 
CrVl (ch) = 25 Hg  (ch) = 0.05 
Cu(ch) = 19 NI (ch) = 200 

As (aclch) = TVS  Cu (aclch) = TVS Se (aclsh) = TVS 
Cd (aclch) = TVS Fe (chl = 2200 ITrec) Ag laclch) = TVS 
Crlll  (aclch) = TVS Pb (aclchl = TVS Zn  (aclch) = TVS 
CrVl (aclch) = TVS Mn (ch) = 1000 (Trec) 

Hg (ch) = 0 01 ITrec) 

emporary 
lodiflcatlons 
lualifiers 

J I  metals  are 
'rec  unless 
therwlse 
oted. 

E 
Taken from Colorado  Water  Quallty  Control  Commlsslon 1993b 



4.4 Reservoirs and Dams 

The justification for the Segment 7 classification is that: 

The Woodling  Study  indicates that Mineral  Creek,  from its source to its confluence with 
South Mineral  Creek,  is highl5, toxic  due to mineralization  and  there  is not a likelihood that 
the  sources of that  toxicity  will  be  corrccted  in  20 years However,  the  Commission  concluded 
that there was likely to be  aquatic  life  in  that  portion o€ Mineral  Creck Erom below  South  Fork 
to Silverton. 

All three sections have  bcen  severely  impacted by anthropogenic  pollution  from  mmeral  development 
(Harvey, personal communication),  yet  Colorado  has  explicitly  chosen to maintain the status quo  by 
prescribing the less stringent standards of a Recreation 2 classification. 

In  evaluating  its surface waters €or its 305(b) Report, Colorado  has  modified  the EPA's 
suggested use support classifications (Tables 1Ga  and 16b) (Colorado  Water  Quality  Control  Divrsion 
1992).  According to the 1992  report,  portions  of  all  major tributarics to the San Juan Rivcr  in  Colorado 
fail  to  fully support their  uses (Table 17). Narraguinnep;  McPhcc,  and  Navajo  rescrvoirs  were  cach 
found to partially support their  uscs,  all  due to mercury  levels i n  fish. Of  the  nineteen  river or stream 
reaches whose uses were  impaired,  metals  were  cited as contaminants in  twelve,  sedinlcnt 111 eight,  and 
salinity in three. Sources of nonsupport arc  not listcd. It should  be  noted  that  several  stream  reaches 
were  designated as Water  Quality  Limited (WQL), a category in  which  uses  are not measurably  irnpaircd 
but  for which  there are indications that the  potential emts  €or inlpairnlent in the  ncar future (Colorado 
Water  Quality  Control  Division 1992). 

Utah - Utah has a total of 12 water  use  classifications (Table 18) All  river and stream 
segments  within the San Juan basin  are  designated as fisheries, as is  Lake Po~el l .  The  use classifications 
each have  becn  assigned standards (Table 19). For thc aquatic  wildlife classifications, there  are both 
acute (1 hour)  and  chronic  (4-day)  classifications.  Criteria b r  domestic,  rccreation,  and  agricultural  uses 
(Table 20), aquatic wildlife (Table 21),  and the protection of human  health (Table 22) arc listed 
separately (Utah Department  ot'Environmenta1  Quality 1992). 

For Utah's 1991 accounting or watcr  quality,  one  or  more  vlolations of acute or chronic 
toxicity criteria within a three-ycar  period  rcsultcd  in a determinatlon of nonsupport for a strcam 
classified  for aquatic use l k  support. Use support was  detcnmined Tor stream  segments  within 
waterbodies that were  monitored  (sampled at least  quarterly),  assessed  (sampled less than  quarterly), 
or evaluated (judgements were  made  whether  similar  waterbodies  within a watcrshed  had  thc  samc  usc 
support as those monitored or assessed)  (Toole  1992) 

Within the San  Juan  basin, the Utah D~vis~on of Water  Quality  samplcd two stream  segments 
from October 1, 1988 to September 30, 1991.  U'ater  from Montezum Creek was sampled  at a point 
1.5 miles upstream  from  the town of Montezuma  Creek;  at  this  station, thc creek  Iaalled to support its 
fishery use as a result of temperature,  dissolvcd  oxygen,  copper,  and  iron esceedanccs. Water was dso 
sampled from  the San Juan  River  above  Ancth;  at  this  station,  the  mean  iron  concentration  exceeded the 
€ishery criteria of 1.0000 mgA, and  copper  and  zinc standards were  exceeded in 14.3% and  28.6% 
samples,  respectively (Utah Division of Water  Quality 1993) 

4.4 RESERVOIRS AND DAMS 
Dams and their reservoirs  can s~gnificantly alkr downstream  water  quality.  The  following 

discussion lists a number  of effects that may result from thc  construction  and operation of dams. It 
should bc noted that conditions  favoring  one  or  more  ef€ects  might csclude others (Yahnke,  personal 
communication). 

As a result  ot'metabolism  or  other  mechanisms, reservous can  remove nutricnts such  as  nitrogen 
and phosphorus from the water,  reducing  their  conccntrations  below  dams  and  effectwely  lowering  the 

62 



Table  16a:  Designated  use  impairment conventlonal pollutants,  Colorado 
lntenslty of Designated  Use  lmpalrment Direct Observation/Professional Judgement Biological information Water Quallty lnformatlon 

FULLY  SUPPORTING. Deslgnated  uses 

professional  Judgement  indicates no data Indicate full supporting of aquatic the mean  measured  value  is  less than  the water quallty. 
deslgnated.  based on observation,  and  are not impaired  due to water quality, and in not more than  10%  of  the analyses  and are not measurably  impaired  due to 
The water body IS being  used as The  deslgnated  uses of  the water body The water  quality standard is exceeded 

standard. reason why it should not be.  hfe,  including  survival,  propagation, 
production,  dispersion, communlty 
structure,  specles diversity  wlthin the limits 
of  the physical habitat 

I I I 
I I 

WATER  QUALITY  LIMITED,  ALLOCATED 
(WQLA):  Designated  uses not measurably 
impaired  due to  water quallty, but  the 
assmilatwe capaclty of  the segment has 
been  allocated. If additlonal growth occurs 
in the areas  served by the current treatment 
faclllties  or  an  addltlonal wastewater plant 
will discharge to  the same  more restrlctwe 
llmits will be  required for some or  all 
dlschargers. 

Water quality based effluent limits, which 
may  include  an  approved  wasteload 
allocation,  are In effect  on  the segment. 

WATER  QUALITY  LIMITED  (WQL) 
Designated  uses not measurably  Impawed 
due to water  qualfty but assessment 
informatlon or  segment  speclfled water 

potentlal for impairment of the deslgnated 
uses In the near future 

OI 
W quallty  based controls lndlcate the 

The water quality  standard IS exceeded In 

production,  dlsperslon, community structure permlt limlts  for conventional pollutants 
aquatic  hfe including survival,  propagation, and the dlschargers  are all meeting  thew 
probable downward trend that may  Impair  measured  value is less than  the standard 
not impaired, but data  indlcators indicate a 10-15%  of  the analyses  and the mean 
The  deslgnated  uses of the water body are 

and/or  specles  diversity. 

The water quality  standard IS exceeded In 
10-15% of the analyses  and the mean 
measured  value 15 less than  the standard 
or data indlcate a trend of deterlorating 
water  quality  which could lmpalr uses. 

The  deslgnated  uses of  the water body are 
not impaired, but data  Indicators indlcate a 
probable downward trend that may  lmpalr 
aquatlc llfe Including survwal,  propagation, 
productlon. dlsperslon, communlty structure 
andlor specles  dlverslty 

The  segment  has  been  Identlfled as In 
need of study through a 208 plan,  a  site 
application  process, or a State permitting 
process; OR population or  Industrial  smng 
increases  Indicate  a  probable downward 
trend In water quahty whlch may  lead to 
impairment of uses tn the absence of 
additlonal  management 

PARTIAL  SUPPORT  Some Interference 

IS less than  the standard, OR the standard precluded 
analyses  and the mean  measured  value wlth deslgnated  uses, but use IS not 
The standard IS exceeded 111 15-25%  of  the 

IS exceeded In not more than 15% of the 
analyses  and the mean  measured  value 
exceeds the standard 

The  deslgnated  uses of  the water body are 
present, but it IS uncertam that these are at 
attamable  levels, or some impact on  the 
uses  has been noted 

The  use exlsts in  the water body based on 
observatlon, but professlonal  judgement, 
whlch may  be  based on  lmlted data, 
indlcates that the uses  are not fully 
supported 

~~ ~~ 

NOT  SUPPORTING Deslgnated  uses 

value  exceeds the standard body. 
a  major portion  of  the water body dlverslty of aquatlc llfe 15 Impaired. of the analyses  and the mean  measured support  In  all  or some portlon  of  the  water 
prevent anythlng but mlnlmal  use of all or dlsperslon, communlty structure,  or  specles  standard IS exceeded in  not more than 15% slgnlflcantly  reduced  levels from full 
known or  suspected water quallty impacts the survwal,  propagatlon, productlon value IS less than  the standard, OR the pollutlon Use may  be  present but  at 
body can be  used  as  deslgnated; or not be fully used as deslgnated  because 25%  of analyses  and  mean  measured measurably  lmpalred  because of water 
No evidence exlsts that  the entire water There IS some certalnty that  the body can The  standard IS exceeded In more than 

Taken from Colorado  Water  Quallty Control Divlslon 1992 



Table  16b:  Designated use lmpalrment toxlo pollutants,  Colorado 
Intensity of Deslgnated  Use  Impairment Direct ObservationlProfessional Judgement  Biological  lnformatlon Water  Quallty  lnformatlon 

FULLY  SUPPORTING.  Deslgnated uses 

professional  judgement  lndlcates no data  indicate full supportlng  of  aquatic in the prevlous  three  year  period  and the water  quality 
deslgnated.  based on observation,  and are not Impawed  due to water  quality,  and exceeded In not more  than  one  sample  are not measurably  impalred  due  to 
The  water  body  is bang used  as  The  designated uses of the water  body An acute  water  quallty  standard IS 

mean  of  all the samples IS less than the life use, Including  survwal,  propagation, reason why It should not be. 
chronic  standard. production,  dispersion,  communlty 

structure,  specles  diversity wlthln the limits 
of the physlcal  habitat. 

WATER  QUALITY  LIMITED,  ALLOCATED 

dlsohargers. 
llmlts w~ l l  be  requlred  for  some  or  all 
will dlscharge  to  the  same  more restrlctive 

the  llmtts  speclfied in thelr  permlts facilltles  or  an additional wastewater  plant 
and/or  specms  diversity. standard, and  all dtschargers  are  meeting in the areas  served by the  current  treatment 
production,  dispersion,  community  structure years, the mean IS less  than  the  chronlc  been  allocated. If addltional growth occurs 
aquatlc  hfe including survwal,  propagatlon,  exceeded  more  than  once In the  last three assimllatwe  capaclty  of the segment  has 

ellocatlon,  are in effect on  the  segment probable  downward  trend  that  may  Impair  past  three  years, but acute  standard impalred  due  to  water  quality,  but the 
rnay Include  an  approved  wasteload not impalred, but data  Indicators  Indicate  a exceeded in two or  more  samples  In the (WQLA).  Designated  uses not measurably 
Water  quality  based  effluent  Ilmits,  which The  designated uses of the water  body  are A  chronlc  water  quality  standard IS 

WATER  QUALITY  LIMITED  (WQLI 

due  to  water  quallty but assessment 
exceeded In two or  more  samples In the Designated  uses not measurably  Impaired 
A  chronlc  water  quality  standard IS 

tndlcate  a downward  trend  towerd uses In  the near  future. 
than  the  chronlc  standard, OR the  data potentlal  for  wnpalrment of the designated 
In the same  perlod,  and  the  mean IS less quality  based  controls  lndlcate  the 
standard IS not exceeded  mora  than  once  lnformatlon  or  segment  specifled  water 
past  three  years, but an ecute  water  quahty 

deterloratlons In water  quailty  whlch  could 
Impair  uselsl 

The  deslgnated uses of  the  water  body  are 

trend tn water  quallty  whtch  rnay  lead to and/or  species  dlversity 
Increases  Indicate  a  probable downward productlon,  dlspersion,  communlty  structure 
process, OR populatlon  or  mdustrlal sitlng aquatlc hfe Including  survival,  propagatlon, 
appllcatlon  process,  or  a  State  permittmg probable  downward  trend  that  rnay  lmpalr 
need of study  through  a 208 plan, e slte not impatred, but data  tndtcators  tndtcate  a 
The segment  has  been  Identifled  as in 

lmpalrment  of uses In  the  absence of 
addltlonal  management 

PARTIAL  SUPPORT Some Interference 

whfch may  be  based on ltmited  data,  attamable  levels.  or  some  Impact  on  the past  three  years. but the mean  measured precluded 
observatlon, but professlonal  judgement. present, but It IS uncertaln  that  these  are at exceeded In two or  more  samples  In the wlth deslgnated uses, but  use IS not 
The use exlsts  In  the  water  body  based  on  The  deslgnated  uses of the  water  body  are An  acute  water  quallty  standard IS 

value IS less than the  chronlc  standard Indicates  that  the  uses  are not fully uses  has  been noted 
supported. 

NOT  SUPPORTING  Designated uses 

body 
a  major  portlon of the  water  body dlverslty  of  aquatlc  llfe IS lrnpalred standard support In  all  or some portlon  of  the  water 
prevent  anythlng but mtnlmal use of all  or disperslon.  communlty  structure, or specles measured  value IS above  the  chronlc slgnlflcantly  reduced  levels  from  full 
known or  suspected  water  quallty  Impacts the  survwal,  propagatlon,  productlon prevlous  three  years  and  the  mean  pollutlon  Use  rnay  be  present  but  at 
body  can  be  used  as  destgnated;  or not be fully used  as  deslgnated  because  exceeded In two or more samples In  the measurably  lmpalred  because  of  water 
No  evidence  exlsts  that  the  entlre  water There IS some  certamty that the  body  can An  acute  water  quallty  standard IS 

Taken  from  Colorado  Water  Quallty  Control  Dlvlsion 1992 



Table 17: Designated use impairment, San Juan Basin,  Colorado 
WBlD Evaluatedl 

- 
ReglonlSegment Segment Descriptlon Monitored status Crlterla* Const~tuentls) 

COSJSJO7L Navajo Reservolr (portlon In COI M Partlally Supportlng B Mercury 

COSJP104 Pledra River E WQL N Sedlment 
914 Indian CreeklNavaJo Reservoir 

COSJPNOPB Los Pmos  Rwer, E WQL N Sediment 
912b Hwy 1601 Statelme 

COSJPNOG Los Pinos  Rwer trib. E Partlally Supportmg N Sedlment 
9 I6 below Bear  Creek 

COSJAF02 Animas Rwer E Not Supportlng N Metals 
912 sourcelElk Creek M  Not Supportmg B  W E T. 

COSJAFOJ Anirnas h e r ,  E Partially Supportmg N Metals 
913  Elk CreeklJunction Creek 

COSJAF04 Anlrnas  Creek E WQL N Metals 
914 Junctlon CreekIStateline E WQL N 

E WQL N 
Sedlment 
Sallnlty 

COSJAF05 Animas River trlbs E Partially Supportmg N Metals 
915 above Elk  Creek - 

COSJAFOB Cement Creek  and trlbs E Not Supporting N Metals 
916 - 

COSJAF07 Mineral Creek  and tribs E Not Supporting N Metals 
917 ~ _ _  ~~ ~~ 

COSJAF08A S Mmeral Creek above E Not Supportlng N Metals 
918a  Clear  Creek 

COSJAFl 1 Florida Rwer below E WQL N Sedlment 
911 1 Florida Farmers Ditch 

COSJLPOl La Plata River E Partlally Supportlng N Metal:; 
911 above Hay Gulch 

COSJLPO5 Mancos Rlver, E Not Supportlng N Sedlment 
915 Hwy.  1 6OIStatelme E Partlally Supportlng N  Salmty 

COSJLPOG La Plata Rwer, E WQL N Sallnlty 
916 Hay GulchIStatelme E WQL N Sedlment 

COSJLPO7 McElmo Creek, E Not Supportmg N Sedlrnent 
917 SourcelStatelme 

COSJLPO8Ll Narraguinnep Reservoir M Partlally Supporting B  Mercury 

COSJD003 Dolores Rlver, E Partlally Supportlng N Metals 
913 Horse CreekIBear  Creek M Not Supportmg B  W E l  

COSJD004 Dolores River, E WQL N Metals 
9 14  Bear CreeklBradfield Ranch 

COSJD004L McPhee Reservoir M Partlally Supportlng B Mercury 

COSJDOOG Slate Creek  and  Coke Over Creek E WQL N Metals 

COSJD007 Coal  Creek above Dolores Rlver E WQL N Metals 

* Q lndlcates chemical or rnicroblologlcal water quallty data, B indicates blologlcal Inforrnatlon, J lndlcates direct observatlon or 
professional judgement, N Indicates reported In Colorado Nonpoint Assessment Report 

Taken from Colorado Water Quality Control Divlsion 1992 



Table 18: Surface  water  classifications,  Utah 

Class 1 Protected  for use  as a raw  water source for  domestic  water Systems 

Class 1A Reserved 

Class 1B Reserved 

Class 1C  Protected  for domestic  purposes with prlor  treatment processes  as 
required by the  Utah  Department  of  Health 

Class 2 Protected  for in-stream  recreational use and aesthetics 

Class 2A Protected  for  recreational  bathing  (swimming) 

Class 2B  Protected  for  boating,  water skiing, and similar uses, excludlng 
recreational  bathing (swimming) 

Class 3 Protected  for  in-stream use by aquatic life 

Class 3A Protected  for  cold  water species of game flsh and  other cold  water 
aquatic life,  including the necessary  aquatic  organisms in  their  food  chain 

Chain 38 Protected  for  warm  water species of game fish and  other warm  water 
aquatic  life,  including  the necessary  aquatic  organisms in  their  food 

Class 3C Protected  for nongame fish and other  aquatic  life,  Including the 
necessary  aquatic  organisms in thelr  food  cham 

Class 3D  Protected  for  waterfowl, shore  birds  and  other water-orlented  wildhfe  not 
included in Classes 3A, 3B, or 3C, including  the necessary  aquatlc 
organisms in them food  cham 

Class 4 Protected  for  agrtcultural uses  including  lrrlgation  of  crops  and 
stockwatering 

Class 5 Reserved 

Class 6 Water  requiring  protectlon  when  conventlonal uses as ldentlfied  in 
Section  2.6.1  through 2.6.5  do not apply.  Standards  for this  class  are 
determined  on a case-by-case basis 

Taken  from  Utah  Department  of  Envlronmental  Quallty 1992 



Table 19: Use classifications for  the San Juan  basin,  Utah 

San Juan River  and  tributaries, from Lake 
Powell to state line  except as listed below: 

Johnson Creek  and  tributaries, from 
confluence with Recapture Creek 
to headwaters 

Verdure  Creek  and  tributaries, from 
Highway US-1 91 crossing to 
headwaters 

North Creek  and  tributaries, from 
confluence with Montezuma Creek 
to headwaters 

South Creek  and  tributaries, from 
confluence with Montezuma Creek 
to headwaters 

Spring  Creek  and  tributaries, from 
confluence with Vega  Creek to 
headwaters 

Montezuma  Creek  and  tributaries, 
from Highway US-I  91  to headwaters 

Lake Powell (Utah Portion) 

I C  28  38 

1c  28  3A 

3A 

1 c  3A 

I C  3A 

3A 

1 c  3A 

I C  2A 28 38 

4 

4 

4 

4 

4 

4 

4 

4 

Taken  from Utah Department of Envlronmental  Quality 1992 
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Table 20: Numeric  criteria  for  domestic,  recreation,  and  agricultural  uses,  Utah 
Domestic  Recreation  and 

Source  Aesthetics  Agriculture 
Parameter I C   2 A  2B 4 

BACTERIOLOGICAL 
(30-day  geometrlc  mean) 
(NoJl00  ml)  

Max.  Total  Coliforms 
Max.  Fecal  Coliforms 

PHYSICAL 

Min.  Dissolved  Oxygen  (mgll) (1) 
pH (Range) 
Turbidity  Increase  (NTU) 

METALS 
(Acld  soluble,  maximum,  mgll) (2) 

Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Selenium 
Silver 

INORGANICS 
(Maximum  mgll) 

Boron 
Fluorlde  (3) 
Nitrates  as  N 
Total  Dissolved  Solids  (4) 

RADIOLOGICAL 
(Maxlmum  pCill) 

Gross  Alpha 
Radium  226,  228  (combined) 
Stront ium  90 
Trlt ium 

ORGANICS 
(Maxlmum  pgll) 

2,4-D 
2,4,5-TP 
Endrln 
Hexachlorocyclohexane (Lindane) 
Methoxychlor 
Toxaphene 

POLLUTION  INDICATORS ( 5 )  

Gross  Beta  (pCi/l) 
BOD  (mgll) 
Nltrate  as  N  (mgll) 
Phosphate as P (mgll)  (6) 

5000  
2000 

5.5 
6.5-9.0 

0.05 
1 .o 

0.01 
0.05 

0.05 
0.002 
0.01 
0.05 

1000 5000 
200  200  

5.5  5.5 

10 10 
6.5-9.0  6.5-9.0  6.5-9.0 

0.1 

0.01 
0.10 

0.2 
0.1 

0.05 

0.75 
1.4-2.4 

10 
1200  

1 5  
5 
8 

20,000 

100 
1 0  

0.2 
4 

100 
5 

5 0  

15 

50  
5  5  5 
4 4 

0.05  0.05 

Taken  from  Utah  Department of Environmental  Quallty  1992 
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Table  20  (cont.):  Numerlc  crrterla  for domestic, recreation,  and  agricultural  uses,  Utah 

(1)  These  limits  are  not  applicable  to  lower  water  levels  In  deep  Impoundments. 

(2)  The  acid  soluble  method  as  used  by  the  State  Health  Laboratory  Involves  acldlflcatlon of the  sample  In the fleld,  no 
digestion  process  in  the  laboratory,  filtration,  and  analysis  by  atomlc  absorptlon  spectrophotometry.  (Methods of chemical 
analysis of water  and  wastes,  EPA-600/4-79-020) 

(3)  Maximum  concentration  vanes  according  to  the  dally  nlaxlmum  mean alr  temperature. 

TEMP (C) MG IL 

12.0  2.4 
12.1-14.6 2.2 
14.7-1  7.6  2.0 
17.7-21.4 1.8 
21.5-26.2 1.6 
26.3-32.5  1.4 

(4)  Total  dissolved  sohds (TDS) limlts  may  be  adlusted  on  a  case-by-case  basis. 

( 5 )  Investigations  should  be  conducted to develop  more  Information  where  these  pollutron  fndlcator  levels  are  exceeded 

(6)  Phosphate  as P (mgll) limit for  lakes  and  reservolrs  shall  be  0.025. 

Taken  from  Utah  Department of Environmental  Quallty  1992 
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Table 21 : Numeric  criteria  for  aquatic  wildlife,  Utah 
Parameter 3 A  36 3c 3 D  

PHYSICAL 

Total  Dlssolved  Gases (1) (1) 
Dlssolved  Oxygen  (mgA) (2) 
30 Day  Average 6.5  5.5 5 .O 5.0 
7 Day  Average 9.515.5  6.014.0 
1 Day  Average 8.014.0  5.013.0 3.0 3.0 

Max.  Temperature  (C) 20 27  27 
Max.  TemDerature  Chanae  (C) 2  4 4 
pH (Range) 
Turbidity  Increase  (NTU) 

METALS (3) 
(Acid  soluble,  pgA) (4) 

Arsenlc  (Trivalent) 
4 Day  Average 
1 Hour  Average 

4 Day  Average 
1 Hour  Average 

4 Day  Average 
1 Hour  Average 

4 Day  Average 
1 Hour  Average 

4 Day  Average 
1 Hour  Average 

4 Day  Average 
1 Hour  Average 

Iron (Maximum) 
Lead (5) 
4 Day  Average 
1 Hour  Average 

4 Day  Average 
1 Hour  Average 

4 Day  Average 
1 Hour  Average 

4 Day  Average 
1 Hour  Average 

4 Day  Average 
1 Hour  Average (5) 

4 Day  Average 
1 Hour  Average 

- 

Cadmlum (5) 

Chromlum  (Hexavalent) 

Chromlum  (Trivalent) (5) 

Copper (5) 

Cyanide  (Free) 

Mercury 

Nickel (5) 

Selenium 

Silver 

Zinc (5) 

INORGANICS 
h g / O  (3) 

Ammonla as  N  (un-Ionized) 
( 6) 
4 Day  Average 
1 Hour  Average 

4 Day  Average 
1 Hour  Average 

Chlorme  (Total Residual) ( 7 )  

6.5-9.0  6.5-9.0  6.5-9.0 
10 

6.5-9.0 
10  15  15 

190 
3 60 

1.1 
3.9 

1 1  
16 

210 
1700 

12 
18 

5.2 
22 
1000 

3.2 
82 

0.01 2 
2.4 

160 
1400 

5.0 
20 

0.1 2 
4.1 

110 
120 

190 
3 60 

190 
3 60 

190 
360 

1 .l 
3.9 

1.1 
3.9 

1.1 
3.9 

1 1  
16 

1 1  
16 

1 1  
16 

21 0 
1700 

210 
1700 

210 
1700 

12 
18 

12 
18 18 

5.2 
22 
1000 

5.2 
22 
1000 

22 
1000 

3.2 
82 

3.2 
82 

3.2 
82 

0.0 1 2 
2.4 

0.0 1 2 
2.4 

0.01 2 
2.4 

160 
1400 

160 
1400 

1 60 
1400 

5.0 
20 

5.0 
20 

5 .O 
20 

0.1 2 
4.1 

0.1 2 
4.1 4.1 

110 
120 

110 
1 20 

110 
120 

(6a) 
(6b) 

0.01 1 
0.019 

0.01 1 
0.019  0.2 
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Table 21 (CONT):  Nurnerlc  criteria  for  aquatic  wildhfe,  Utah 
Parameter 3 A  3B 3c 30 

Hydrogen  Sulfide 
(Undissociated,  Max. ,ug/l) 
Phenol  (Maximum) 

RADIOLOGICAL 
(Maximum PCIII) 

Gross  Alpha (9) 

ORGANICS 
(Irgll) 

Aldrln  (Maximum) 
Chlorane 
4 Day  Average 
1 Hour  Average 

4 Day  Average 
1 Hour  Average 

4 Day  Average 
1 Hour  Average 

4 Day  Average 
1 Hour  Average 

4 Day  Average 
1 Hour  Average 

Guthion  (Maximum) 
Heptachlor 

DDT  and  Metabolites 

Dleldrln 

Endosulfan 

Endrin 

4 Day  Average 
1 Hour  Average 

4 Day  Average 
1 Hour  Average 

Methoxychlor (Maximum) 
Mlrex  (Maximum) 
Parathion  (Maxlrnum) 
PCBs 

Hexachlorohexane (Lindane) 

4 Day  Average 
1 Hour  Average 

4 Day  Average 
1 Hour  Average 

4 Day  Average 
1 Hour  Average 

Pentachlorophenol (10) 

Toxaphene 

POLLUTION  INDICATORS 
(9) 

Gross  Beta  (pCi/l) 
BOD  (mgll) 
Nitrate as  N  (mall) 
Phosphate  as  P  (mg/l) (1 1) 

2.0 
0.01 

15 

1.5 

0.0043 
1.2 

0.001 0 
0.55 

0.001 9 
1.25 

0.056 
0.1 1 

0.0023 
0.09 
0.01 

0.0038 
0.26 

0.08 
1 .o 
0.03 
0.001 
0.04 

0.01 4 
2.0 

13 
20 

0.0002 
0.73 

50 
5 
4 
0.05 

2.0 
0.01 

15 

1.5 

0.0043 
1.2 

0.0010 
0.55 

0.0019 
1.25 

0.056 
0.1 1 

0.0023 
0.09 
0.01 

0.0038 
0.26 

0.08 
1 .o 
0.03 
0.001 
0.04 

0.01 4 
2.0 

13 
20 

0.0002 
0.73 

50 
5 
4 
0.05 

2.0 
0.01 

15 

1.5 

0.0043 
1.2 

0.0010 
0.55 

0.001 9 
1.25 

0.056 
0.1 1 

0.0023 
0.09 
0.01 

0.0038 
0.26 

0.08 
1 .o 
0 03 
0.001 
0.04 

0.014 
2 .o 

13 
20 

0 .ooo 2 
0.73 

50 
5 
4 

2.0 
0.01 

15 

1.5 

0.0043 
1.2 

0.0010 
0.55 

0.001 9 
1 25 

0.056 
0.1 1 

0.0023 
0.09 
0.01 

0.0038 
0.26 

0.08 
1 .o 
0.03 
0 001 
0.04 

0.014 
2.0 

13 
20 

0 0002 
0 73 

50 
5 
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Table 21 (cont.):  Numerlc  crlterla  for  aquatlc  wlldllfe,  Utah 

(1)  Not  to  exceed 110% of  saturation. 

(2)  These  llrnlts  are  not  applicable  to  lower  water  levels  in  deep  Impoundments.  First  number  In  column IS for  when 
early  life  stages  are  present,  second  number  is  for  when  all  other  life  stages  present. 

(3)  Where  criteria  are  listed as 4-day  average  and  1-hour  average  concentratlons,  these  concentratlons  should  not 
be  exceeded  more  often  than  once  every  three  years  on  the  average. 

(4)  The  acld  soluble  method as  used by  the  State  Health  Laboratory  Involves  acldlflcatlon of the  sample In the fleld, 
no  digestion  process in the  laboratory,  flltration,  and  analysls b y  atomic  absoption  spectrophometry.  (Methods  of 
chemlcal  analysis  of  water  and  wastes,  EPA-600/4-79-020) 

(5) Hardness  dependent  criterla.  100  mgll  used.  See  table  2.14.3  for  complete  equatlon. 

(6)  Un-ionized  ammonia  toxlcity  is  dependent  upon  the  temperature  and  pH  of  the  waterbody. For  detalled 
explanation  refer  to  Federal  Register,  vol.  50,  30784,  July  29,  1985. 

(6a)  The  4-day  average  concentratlon  of  un-ionized  ammonia In mgll  as N  (0.80/FT/FPH/RATIO) * 0.822 
(6b)  The  1-hour  average  concentratlon  of  un-ionlzed  ammonia  In  mg/l as N  (0.52/FT/FPH/2) * 0.822 
Where: 

FT is a  functlon  of  temperature  whlch  adjusts  the  criteria  concentratlon  for  the  ambient  temperature. 
FT = 1 Oo 03(20-TCAP’; TCAP  less  than  or  equal  to  T  less  than  or  equal  to  30 = 1 0°.03‘20-T’; 0 less  than  or 

equal to  T  less  than  TCAP  and FPH is  a  functlon  of  pH  whlch  adjusts  the  crlterla  concentration  for 
ambient  pH. 

FPH = 1; 8 less  than or equal to  pH  less  than  or  equal  to  9 = (1 + lo7  4-pH)/l  .25;  6.5  less  than  or  equal  to 
pH  less  than 8.0 and  RATIO  is  the  ratio  between  acute  and  chronlc  crlterla  and IS dependent  upon  pH. 

RATIO = 1.35;  7.7  less  than  or  equal  to  pH  less  than  or  equal  to  9 = 2 0  (lo7 7-pH)/(l + lo7  4-pH); 6.5  less 
than  or  equal  to  pH  less  than 7.7  and TCAP IS the  maxlmum  temperature  that  the  crlterla  can  be 
applied  and  is  dependent  upon  the  aquatic community present (l.e., warm  water  or  cold  water). 

For  Class 3 A  only:  TCAP = 15C  In  equatlon  6a = 20C  In  equatlon  6b 
For  Class 3B: TCAP = 20C  in  equatlon  6a 
For  Classes 36, 3C,  and  3D:  TCAP = 25C  In  equatlon  6b 
For  Tables of values,  see  following  page 

(7)  Special  case  segments  and  maximum TRC concentrations  as  follows: 

Mill Race  from  Interstate  Highway  15  to  the  Provo  Clty  wastewater  treatment  plant  discharge  0.2  mg/l 
lronton  Canal  (Utah  County),  from  Utah  Lake  (Provo  Bay)  to  East  boundary of Denver  and RIO Grande  Western 

Beer  Creek  (Utah  County)  from  4850  West  (in  NE1/4NE1/4  sec.  36, T. 8 S., R. 1 E.) to  headwaters 0.3 mgl l  
Railroad  right-of-way  0.05  mgll 

(8 )  Numerlc  criteria  determlned  on  a  case-by-case  basls. 

(9)  Investigations  should  be  conducted  to  develop  more  informatlon  where  these  levels  are  exceeded. 

(10)  pH  dependent  criterla.  pH  7.8  used In table.  See  Table  2.14.4  for  equatlon. 

(1 1)  Phosphate  as  P  (mgll)  limit  for  lakes  and  reservoirs  shall  be  0.025. 
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Table 21 (cont.):  Numeric  criteria  for  aquatic  wlldhfe,  Utah 

1-HOUR AVERAGE  CONCENTRATION OF UN-IONIZED  AMMONIA  AS  N  (MGIL)  
FOR CLASS  3A  WATERS 

Temperature (C)  

0.00 5.00  10.00  15.00  20.00  25.00  30.00 
6.50 I 0.008  0.01 1 0.01 5 0.021  0.030  0.030  0.030 
7 .OO 0.01 9 0.027  0.038  0.054  0.076  0.076  0.076 

pH 7.50 0.037  0.053  0.075  0.105  0.1  49  0.1 49 0.1  49 
8 .oo 

0.054  0.076  0.107  0.1 51 0.21 4 0.214  0.214 8.50 
0.054  0.076  0.107  0.1 51 0.214  0.214  0.214 

0.054  0.076  0.107  0.151  0.21 4 0.21 4 0.21 4 9.00 

4-DAY  AVERAGE  CONCENTRATION OF UN-IONIZED  AMMONIA  AS  N  (MGIL) 
FOR CLASS  3A  WATERS 

Temperature (C) 

0.00 5.00  10.00  15.00  20.00  25.00  30.00 
6.50 

0.002  0.003  0.004 0.006 0.006 0.006  0.006 7.00 
0.00 1 0.001  0.001  0.002  0.002  0.002  0.002 

pH 7.50 0.006 0.009 0.013  0.01 8 0.01 8 0.01 8 0.01 8 
8.00 0.01 2 0.01 7 0.024  0.034  0.034  0.034  0.034 
8.50 0.01 2 0.01 7 0.024  0.034  0.034  0.034  0.034 
9 .oo 0.01 2 0.017  0.024  0.034  0.034  0.034  0.034 

I-HOUR  AVERAGE  CONCENTRATION OF UN-IONIZED  AMMONIA  AS N (MGIL) 
FOR CLASS 3B. 3C.  AND  3D  WATERS 

Temperature / C )  

0.00 5.00  10.00  15.00  20.00  25.00  30.00 
6.50 

0.01 9 0.027  0.038  0.054  0.076 0 107  0.107 7 .OO 
0.008 0.01 1 0.0 1 5 0.021  0.030  0.042  0.042 

pH 7.50 0.037  0.053  0.075  0.105  0.1  49  0.210  0.210 
8 .OO 0.054  0.076  0.107  0.1 51 0.214  0.302  0.302 
8.50 0.054  0.076  0.1  07 0 151 0.21 4 0.302  0.302 
9 .oo 0.054 0 076  0.1  07  0.151  0.214  0.302  0.302 

4-DAY  AVERAGE  CONCENTRATION OF UN-IONIZED  AMMONIA  AS  N  (MGIL) 
FOR CLASS 38 WATERS 

Temperature ( C )  

0.00 5.00  10.00  15.00  20.00  25.00  30.00 
6.50 

0.002  0.003  0.004 0.006 0.008 0.008  0.008 7.00 
0.001 0.001  0.001  0.002  0.003  0.003  0.003 

pH 7.50 0.009  0.009  0.01 3 0.018  0.024  0.026  0.026 
8 .oo 0.01 2 0.01 7 0.024  0.034  0.049  0.041  0.041 
8.50 0.01 2 0.017  0.024  0.034  0.049 0 049  0.049 
9 .oo 0.01 2 0.017  0.024  0.034  0.049 0 049  0.049 
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Table 21 (cont.):  Numeric  crlteria  for  aquatic  wlldllfe,  Utah 

EQUATIONS FOR PARAMETERS  WITH  HARDNESS (1) DEPENDENCE 

PARAMETER 4 D A Y  AVERAGE  CONCENTRATION (pg/I) 

Cadmium e10.785211n(hardnessll-3 4901 

Chromium  (Trwalent) 

Copper 

Lead 

Nickel 

Silver  N  /A 

Zinc e(0.847311nlhardnessll I 0 76141 

,(O 8190lln(hardnessll + 1.661 I 

.(O 8646~ln(hardnessll-l.4651 

.273llnlhardnessl1-4.7051 

,IO 8460llnlhardness)l+ 1 1645) 

EQUATIONS FOR PARAMETERS  WITH  HARDNESS (1) DEPENDENCE 

PARAMETER  1-HOUR  AVERAGE  CONCENTRATION (/./g/l) 

Cadmium 

Chromlum  (Trivalent) 

Copper e(0.942211nlhardnessll-l.464) 

Lead ei1.27311nlhardnessll-1 460) 

Nickel e~0.846011n~hardnessll+3 36121 

Silver ,(1.72[In(hardnessll-6 521 

Zinc 

,(l 128llnlhardness)l-3 8281 

,(O 819O[ln(hardnessll+ 3.6881 

,lo 847311n(hardnessll+O 86041 

(1) HARDNESS AS MG/L CaCO, 

EQUATIONS FOR PENTACHLOROPHENOL  (pH  DEPENDENT) 

4-DAY  AVERAGE 
CONCENTRATION (/./g/l) 

1-HOUR  AVERAGE 
CONCENTRATION (pg/l) 

Taken  from  Utah  Department of Envlronmental  Quallty 1992 

- 

73 



Table  22:  Numerlc  crlteria  for  the  protection of human  health,  Utah 
Maxlmum  Concentratlon (,ug/l) 

Pollutant  Class  1C  (1)  Class  3 (2) 

Acenapthene 
Acrolein 
Acrylonitrile  (3) 
Aldrin  (3) 
Antimony 
Arsenic  (3) 
Benzene  (3) 
Benzidene (3) 
Beryllium  (3) 
Cadmium 
Carbon Tetrachloride (3) 
Chlordane  (3) 
Chlorinated  Benzenes 

Hexachlorobenzene  (3) 
Chlorobenzene 

Chlorlnated  Ethanes 
1.2-Dichloroethane  (3) 
1 ,l ,l -Trlchloroethane 
1.1.2-Trichloroethane  (3) 
lI1,2,2-Tetrachloroethane (3) 
Hexachloroethane  (3) 

Chlorlnated  Phenols 
2,4,6-Tr1chlorophenol  (3) 
p-Chloro-m-cresol 

BIS (2-chloroethyl)  ether  (3) 
Bis  (2-Chloroisopropyl)  ether 

Chloroalkyl  ethers 

Chloroform  (3) 
2-Chlorophenol 
Chromium (111)  
Chromium (VI) 
Copper 
Cyanide  (total) 
DDT  and  Metabolltes 

4,4'-DDT  (3) 
4,4'-DDE  (3) 
4.4'-DDD  (3) 

Dlchlorobenzenes 
1 ,2-D1chlorobenzene 
1.3-Dichlorobenzene 
1  ,4-Dichlorobenzene 

3,3'-Dichlorobenzidine  (3) 

1  ,I-Dichloroethylene  (3) 

Dichlorobenzidenes 

Dichloroethylenes 

2.4-Dichlorophenol 
DichloropropaneslDichloropropenes 

Dleldrln  (3) 
2,4-D1methylphenol 
2,4-D1nitrotoluene  (3) 
1.2-Diphenylhydrazine  (3) 
Dioxln  (2.3.7.8-TCDD)  (3) 
Endosulfan 

1.3-Dichloropropylene 

alpha-Endosulfan 
beta-Endosulfan 
Endosulfan  sulfate 

Endrrn 

20 (4) 
3 2 0  
0.058 
0.000074 
146 
0.002 
0.66 
0.000 1  2 
0.0037 
10 (5) 
0.40 
0.00046 

0.00072 
20  (4) 

0.94 
200 (5) 
0.60 
0.17 
1.9 

1.2 
3000  (4)  

0.03 
34.7 
0.1  9 
0.1  (4) 
5 0  (5) 
50  (5)  
1000 (4) 
200  (5) 

0.0000024 
0.0000024 
0.0000024 

400 
400 
75  (5 )  

0.01 

0.033 
0.3 (5) 

87 
0.000071 
400 (4) 
0.1  1 
0.042 
1 . 3 ~ 1 0 '  

7 4  
7 4  
7 4  
0.2  (5) 

7 8 0  
0.65 
0.000079 
45000  
0.017 
40.0 
0.00053 
0.064 

6.94 
0.00048 

0 .00074 

243 
1030000 
41.8 
10.7 
8.74 

3.6 

1.36 
4360  
15.7 

3433000 

0 .0000024 
0.0000024 
0 .0000024 

2600 
2600 
2600 

0.02 

1.85 

141 00 
0.000076 

9.1 
0.56 
1.4x10-' 

159 
159 
159  
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Table 2 2  (cont.):  Numeric  crlterla  for  the  Drotectlon of human  health,  Utah 
Maxlmum  Concentration (pgll) 

Pollutant  Class  1  C  (1)  Class  3  (2) 

Endrln  aldehyde 0.2 (5) 
Ethylbenzene 1400  
Fluoroanthene 4 2  
Halomethanes 

Methylene  chloride  (3) 0.1 9 
Methyl  chloride  (3)  0.1  9 

Methyl  bromide  (3)  0.19 
Bromoform  (3)  0.1  9 

Dlchlorobromomethane  (3)  0.19 
Chlorodibromomethane  (3) 0.19 

Heptachlor  (3)  0.00028 
Heptachlor  epoxide  (3)  0.00028 
Hexachlorobutadiene  (3)  0.45 
Hexachlorocyclohexane 

Hexachlorocyclohexane-alpha  (3)  0.0092 
Hexachlorocyclohexane-beta  (3)  0.01 6 
Hexachlorocyclohexane-gamma (3) 0.019 

Hexachlorocyclopentadlene- 
lsophorone 
Lead 
Mercury 
Nickel 
Nitrobenzene 
Nitrophenols 

4,6-Dinitro-o-cresol 
2.4-Dinitrophenol 

N-Nltrosodlmethylamine  (3) 
N-Nltrosodlphenylamme  (3) 

Nitrosamines 

Pentachlorophenol 
Phenol 
Phthalate  Esters 

Dimethyl  phthalate 
Diethyl  phthalate 
Dl-n-butyl  phthalate 
61s  (2-ethylhexyl)  phthalate  (3) 

Polychlormated  Blphenyls 
PCB 1242 (3) 
PCB 1254  (3)  
PCB 1221  (3) 
PCB 1232  (3)  
PCB 1248  (3) 
PCB 1260  (3) 
PCB 101 6 (3) 

Benzo(a)anthracene  (3) 
Benzo(a)pyrene  (3) 
Benzo1b)fluoranthene  (3) 
Benzo(k)fluoranthene  (3) 
Chrysene  (3) 
Acenaphthylene (3) 
Anthracene  (3) 
Benzo(g,h,l)perylene  (3) 
Fluorene (31 
Phenanthrene  (3) 
Dlbenzo(a,h)anthracene  (3) 
Indeno(l,2,3-cd)pyrene  (3) 
Pyrene  (3) 

Polynuclear  Aromatic  Hydrocarbons 

1 .o (5) 
5200 

0.144 

30  (5) 

13.4 
7 0  

0 .0014 
4.9 
30   (5 )  
300  (5) 

3  1 3000 
350000  
34000  
15000 

0.000079 
0.000079 
0.000079 
0.000079 
0.000079 
0.000079 
0.000079 

0.0028 
0.0028 
0.0028 
0.0028 
0.0028 
0.0028 
0.0028 
0.0028 
0.0028 
0.0028 
0.0028 
0.0028 
0.0028 

3  260 
5 4  

15.7 

15.7 
15.7 
1 5  7 
15.7 
0.00029 
0.00029 
5 0  

0.031 
0.055 
0.063 

15.7 

520000  
5 0  ( 5 )  
0.146 
13.41 00 

7 6 5  
14300  

1 6  
16.1 

2900000 
1800000 
154000 
50000 

0.000079 
0.000079 
0 000079 
0.000079 
0.000079 
0.000079 
0.000079 

0.031  1 
0.031  1 
0.03  1  1 
0.031  1 
0.031  1 
0.03 1 1 
0.03 1  1 
0.03  1  1 
0.03 1 1 
0.031  1 
0.031  1 
0.03 1 1 
0.031 1 
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Table 22 (cont.):  Numeric  crlterla  for  the  protectlon  of  human  health,  Utah 
Maximum  Concentration (pg/l) 

Pollutant  Class 1 C (1  Class 3 ( 2 )  

Selenlum 
Silver 
Tetrachloroethylene 
Thallium 
Toluene 
Toxaphene (3) 
Trichloroethylene  (3) 
Vmylchlorlde (3) 
Zmc 
Asbestos  (3) 

10 (5) 

0.80 
13 
14300 
0.0007 1 
2.7 
2.0 (5) 

30000 ( 6 )  

50 (5) 
8.85 
48 
424000 
0.00073 
80.7 
525 
5000 (4) 
30000 (6) 

(1)  Human  health  crlteria w ~ l l  be  apphed to all  class  1C  waterbodles  to  protect  for  the  consumptlon Of 
water  and  aquatlc  organlsms. 

(2)  Human  health  criterla w~ll  b e  apllled to  all  class  3  waterbodles (1.e 3A. 3B.  3C. 3D)  to  protect  for  the 
consumptlon  of  aquatlc  organisms  only. 

(3)  Carclnogenlc  compound.  Human  health  criteria  have  been  calculated  using  a 1 0-6 Incremental  rlsk 
factor. 

(4) Criterion  based  on  organoleptlc  data to  control  undeslrable  taste  and  odor  quahty of amblent  waters. 

(5) Crlteria  based  on  drlnklng  water  maxlmum  contammant  levels  (MCLI. 

(6 )  Concentratlon  In  flbersll. 

~~~~~ ~ ~ 

Taken  from  Utah  Department  of  Envwonmental  Quahty 1992 
- 
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4.4 Reservoirs and Dams 

primary productivity of  the  rivers  below  (Petts  1984,  Ward  and  Stan€ord  1987).  Converscly,  relcase 
waters  may be nutrient-enriched as a result  of  phytoplankton  decomposition  (Yahnke,  personal 
communication).  The  quality  of  water  leaving a dam  is  primarily a fhction of  release  depth;  rcservoirs 
that are  deep  and  stratified  with  long  water  retention  times  normally  result  in  the greatest variations  in 
water  quality  between  upstream  and  downstream  river  rcaches  (Ward  and StanCord 1987). Furthermore, 
the  regulated flow regimes of reservoirs  alter  the  supply of organic  and  inorganic  particles  downstream. 
Sediment  and  detritus  tend  to  settle  out  in  reservoir basins,  increasing  water  clarity  downstream  (Ward  and 
Stanford 1987). 

The concentrations  of  dissolved  gases  in  release  water  can also be  of  conccrn.  In  some 
reservoirs, anacrobic  conditions  develop in the  lower  depths  (Joseph  and Sinning 1977). If this water 
is then released, the capacity of the  stream  below  to  assimilate  residual  organic  wastes  is  impaired  and 
fisheries can  be  adversely  affected  (Upper  Colorado  Region  State-Fcderal  Inter-Agency  Group  1971). 
In the  lower  depths ofNavajo Rcservoir,  dissolved  oxygen  values  of 5.0 mg/l haw been  noted  (Melancon 
et al. 1979).  New  Mexico's standards require  dissolved  oxygen to be above 5.0 mg/I in  thc San Juan 
River. 

Gas supersaturation  can  also  occur in the  tailwaters of largc  dams Whcn water is spilled  over 
high dams, it traps air  and  plunges  it  to  depths  mhere  high  pressures  enhance  supersolubility.  So-called 
"gas-bubble disease''  may  result,  causing fish kills  immcdiately  downstream of dams  (Holden 1979). 
Aeration of thc water  tends to norrnalizc  the  water  within a short  distance of the  dam,  with  supersaturation 
normally  only  affecting  the  tailwaters.  In  some  cascs,  deflcctors  have  bccn  uscd in spillways  to  prcvent 
supersaturation. At least  one fish kill  of  stocked  trout  bas  occurred  below  Navajo  Dam as a result of gas 
supersaturation (Holden 1979). 

When a reservoir reduces  stream  dischargc,  thcrc IS a rcsultlng  reduction  in  water  velocity. 
This in turn changes  water  temperature as well as water's  sediment-transport  capacity  and  erosion 
potential.  Eventually,  streambed  charactcristics will be  altcred and stream communitm w111 be  affected 
(Gosz 1980).  A  reduction  in flow also has the  cfrecl of decrcasing  the  amount olddution watcr  available 
downstream, thereby  increasing  the  surface  water  concentration of contaminants.  Furthermore. a 
reduction in flow rate bclow a reservoir  can  inhibit  the  ability of aquatic  organisms to obtain  dissolved 
oxygen. Flow constantly  renews  materials in solution  near  the  surface o€ aquatic  organisms; at a low 
flow rate,  the  concentration  of  dissolved  oxygen  molecules must be  relatively  high in order for organisms 
to obtain a sufficient  quantity.  Especially in  warm  weather,  higher  flows  are  necessary to supply 
adcquate  oq7gen (Gosz 1980) 

Perhaps the singlc  biggest  concern  about  the  eCfcct o l  reservoirs on water  quality is the  changcs 
in temperature  that  they  cause.  In  large,  stratified,  deep-release rcscrvom, also  called h~.polimnial-relcase 
reservoirs, there  is a marked  decrease  in  annual  and  diel  temperature  ranges  immediately  downstream, 
producing winter  warm and  summer  cool  condltlons (Pelts 1984,  Ward  and  Stanrord 1987). The 
temperature effect  may be delayed at first, with  the  tailwaters  becoming  colder  as a reservoir fills and 
intakes for the tailwaters  become  deeper  (Holdcn  1980). All of  the  major  dams  in  the  Upper  Colorado 
River  basin  are  high  dams,  creating  large  reservoirs and relcasing  cold  downstream  summer  flows  (Holden 
1979). 

Vanicek  et  al.  (1970)  conducted a study of Grecn  Rlvcr  fishes in Utah and Colorado  following 
closure of Flaming Gorge  Dam  in 1962 In  thc  two  years  following  thc  dam  closurc,  no rcproduct~on 
of any  native fish  species was observcd in thc  65-mile  rcach of the  Green Ri17er above  its  confluence  with 
the  Yampa  River.  A  comparison of prc- and post-impoundment  water  chemrstry  data for bicarbonates, 
TDS,  specific  conductance,  and pH did  not s h o ~  any permancnt  changes  in  thesc  parameters alter dam 
complction  The  Green  River  immediately below  the dam at  Greendale was almost entircly sediment-free, 
but thc silt-load  increased  progressively  downstream  and  the  researchers  did  not attribute the loss 
of fish reproduction to the  decrease in sediment  load.  They round instead  that  the  primary  factor 
responsible €or the shirt in fish fauna from  natives to csotics was  most l~kely the cl~angc in  water 
temperature caused by the dam.  Since impomdment, watcr temperatures at lcnst as far as seven  miles 
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downstream had not reached the mid-60  degree  Fahrenheit  range  in  which  native fish were  observed to 
spawn  below the Yampa  River  (Vanicek et al. 1970). 

Holden and  Stalnaker (1975) observcd a similar  decrease in native fish below  Glen  Canyon 
Dam  in Marble Canyon  and  in  most  of  the  Grand  Canyon  due to reduced  water  temperatures.  From 
1969-1971,  they  also  found a loss of  reproduction  within  Colorado  squawfish  populations In the Green 
River at Dinosaw National  Monument;  lion1 1964-1966, prlor to the  closure  of  Flaming  Gorge Dam, 
Vanicek et al. (1970) showed  abundant  reproduction in  the  same  waters  (Joseph et al. 1977). Analyses 
of U.S. Geological  Survey (USGS) records  showed  that  dam  opcration has not  reduced  temperatures m 
most of the Colorado  and  Green  River  rcaches  that  are still inhabited by Colorado squawfish (Kaeding 
and  Osmundson  1988).  Marsh (1985) reported that big river  fishes  pcrsist  in  the  Upper  Colorado  Rivcr 
basin only in areas  other  than  those  impacted by mainstream reservoirs or  downstream  reaches  modified 
by  hypolinmetic  water  releascs. 

A number  of  studies  have  documcnted the temperature  preferences  and  tolerances of San Juan 
River rare and  endangered fish specles  at various life  history  stages.  Temperaturc  preference  refers to 
the tendency of a fish, when  presented  with a suitable  range of tcmperatures  in a restricted  space, to 
congregate or  spend  most of its time in a relatively  narrow  range  of  temperatures  (Black  and  Bulkley 
1985). Adult  Colorado  squawfish  appear to have  the  broadest  thermal  tolcrance;  they  are  currently 
found near  Yuma,  Arizona,  where  summer  tempcratures  can  reach  35 "C and  winter  temperatures may 
be below 10°C. In  their  range  within  the  Upper  Colorado  River  basm,  water  temperatures fall as low 
as O'C,  while within the Lower  Colorado  River  basin  temperatures  oftcn  exceed 35°C (Recovery 
Implementation  Task  Group  1987,  Colorado  Rwer  Fishcs  Recovery  Team 1991). It  is  important to note, 
however, than main  channel  temperatures may not accurately  represent  actual  tcmperature  preferences 
because fish  often use habitats outside  thc  main  channel, wvhcre watcr  tempcratures may  be  highly 
afected by  ambient  air  temperatures  and  solar  radmtion  (Colorado  River  Fishes  Recovery  Team 1991) 

The temperature  preference for adult  Colorado  squawfish,  determined at the Willow  Beach 
National  Fish Hatchery,  Arizona,  was  found to be 25.4"C, with  maximum growth at 20°C (Colorado 
River  Fishes  Recovcry  Team  1991).  Adult  razorback  sucker  have a prererence  of 23-25 "C (Black  and 
Bukley 1985). 

Colorado squawfish spawming occurs  from  July-August  and coinc~des with  decreasing  flows 
and rising water  temperatures;  with  peak  spawning  occurrlng i n  late  July (Haynes ct a1 1985). Tyus 
(1990), studying  Colorado  squawfish  in  the  Upper  Green  River  basin,  found that spawning  migrations 
were initiated at 14-20"C; with  spawning  occurring at 15-27.5 "C (man 22"). Tyus  and  Karp (1989) 
studied the Yampa  Rivcr  from  198  1-88 and found  that  Colorado  squawfish  migrations occwed at a 
mean  ternperaturc  of 14°C and  spawning  occurred  at a mean  temperature  of 21°C Spawnlng of 
roundtail chub  appears lo occur at 18.3"C; but no field  observations  of spawing were  made  (Meneely 
et al.  1979). 

Marsh  (1985)  studied the effect of incubation  tcmperaturc on the  survival  of  embryos  of  native 
fishes,  including  Colorado  squawfish  and ruorback sucker. He found  that total mortality for razorback 
suckcr  and  Colorado  squawfish  embryos  occurred in 12-96  hours at  5 ,  10, and 30" C and for squawfish 
in 48-60 hours at 15" C.  Survival  and  pcrcentagc  hatch  were  highest  at 20" C for all species;  hatched 
protolarvae  wcre 0.2-1.3 mm longer  in  total  lcngth  whcn  rearcd at 20' than at  15  or 25"; and spinal  and 
other anomalies  were  more  frcquent at 15 and 25" than  at 20" C.  Marsh (1985) also found that 
dcvelopment rates  were  similar for all species  studied, and  concluded  that  the  optimal  temperature for 
hatching  and  development  was  probably  near 20" C 

Kaeding  and  Osmundson (1 988)  suggest that tempcratures in  the Upper  Colorado hver  basin, 
where Colorado  squawfish are restricted and dechning,  are sub-opt~mal for YOY and subadull growth. 
In the cold  waters  the  fish  experiencc  lowcr  growth  rates,  making  them  more  susceptible to mortality  and 
lengthening the time to sexual  maturity.  Black and  Bulkley (1985) found  thc  acute  tcmperature 
prcferences  for  yearling  Colorado  squawfish to bc 21.9.27.6, and 23.7"C for 14,20, and  26O-acclimated 
fish, respectively. The  final  prcference was detem~ined to be 25°C YOY Colorado  squawfish 
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collected from  the San Juan River  from  1987-1989  were  found  in  water  tcmperatures of 18-2SoC, and 
roundtail  chub YOY wcre  collected at temperatures of 13-25°C (Platania 1990). Bulkley et al. (1981) 
found  subadult  razorback  sucker  preferred  tempcratures of 23-29"C, with some Bsh dying at temperatures 
above 34°C and  reduced  activity  levels  at  or  below 14°C (Wick  et al. 1982). 

Water temperature data for the  San  Juan  River  basin  halle  been  collected  rcgularly  at  USGS 
gaging  stations  since  they  were  established.  Tempcrature  data for 1992 can  be  found  in  the  USGS  watcr 
rcsources data (Appendices  4d-f)  (Cruz  et  al.  1993,  ReMillard et al.  1993,  Ugland et al. 1993). 
Although the temperature  changes  resulting  from  hypolimnial  rescrvoir  rclcases  are  attenuated  within 
a short distance,  reservoirs  may  change  temperature  regimes for greater  distanccs by changing 
downstream flows. 

Within the San Juan River  basin  there  are  currently  two  major  reservolrs,  Navajo  Reservoir 
and Lake Powell. Navajo  Reservoir,  at  the  upper  end of t.hc San J u a n  Rivcr, in effcct  serves as a 
potential  contaminants  source for the  basin by redistributing and possibly  concentrating  contaminants 
originating  upstream;  Lake  Powell, at the  terminus oC the  river,  acts  primanly  as a contaminants  sink. 

Navajo Reservoir  is  located in San Juan  and  Rjo  Arriba  counties in New Mexico,  and in 
Archuleta County  in  Colorado  (New  Mexico  Department of the Environnlent 1990). Water  storage 
began in the  reservoir  in  1962,  and  opcration  began  in 1963 (Goetz et a1 1987, New Mcxico  Dcpartment 
of the Environment  1990).  Normal  reservoir  capacity is 1,708,600  acre-fect  (about 2.1 billion m3) 
(Liebermann et al. 1989). The  reservoir is fed  by  the  San  Juan  River,  Frances  Creek, La Jara  Crcek,  the 
Piedra River,  Sambrito  Creek,  the  Los  Pinos  River,  Spring  Creek,  and a number  of  canyons  (New 
Mexico Department of the Environment  1990). It is thc  third  largest  rcservoir in the  Upper  Colorado 
River basin a€ter  Lake  Powell  and  Flaming  Gorge,  and  its  dam is hypolimnial-release  (Bureau 01 
Reclamation 1976, Liebennann et al. 1989, New Mexico  Department of the  Environment  1990).  In 
1992 the reservoir  did  not  fillly  support  its  cold  and  \varmwater  lisherles  uses  due to mercury 
contamination offish; contamination  was  determined  based on standards [or  human consumption of fish, 
rather than for fish health (New Mexico  Water  Quality  Control  Conm-msion 1992) 

The  most  recent  water  quality data availablc €or the  reservoir  is  from I989 (Appcndices  8a-d) 
(New  Mexico  Dcpartment of the  Environmcnt 1990) In 1989.  despite  tempcrature  cxceedanccs,  the 
reservoir was fully supporting all  of its dcsignated uses (as listed in Table 5 )  (New Mexico  Department 
of the Environment 1990). 

There have  been  two  significant  attempts to analyze  the  cffects of Navajo  Reservoir  on 
downstream  water  quality.  Liebermann et a1 (1989) analyzed  trends in strea~nflow and  dissolvcd solids 
at  USGS  gaging stations. They  found  that, follow~ng the  filling or Navajo  Reservoir.  streamflow 111 the 
San Ju'm River  ncar  Archuleta  became  almost  constant  and  seasonal  variablhty i n  dissolved  solids 
concentration  dccreascd.  Goctz (1981) also  analyzcd  historic  water  quality  rccords  and  determined that 
daily streamflow  and  sedlment  load for the San Juan  Rlver  at  Shiprock  dccreascd  after 1963, in  part  due 
to the effects of Navajo  Reservoir as a sediment-trap  facility.  She  noted  that  thc  mean scdinmt 
concentrations at  Sliprock for the  pre- and post-1963  periods  were  nearly  equal,  suggcsting  that  the 
decrease in streamflow  caused by the  filling or the  rescrvoir  resulted  in the decrcased  sediment  load. 

Lake Powell, a hydroelectric  and  storagc  reservoir,  began  filling  in 1963 behind  Glen  Canyon 
Dam onthc Colorado  River  close  to  the  Utah-Arizona  border  (Bussey  et  al. 1976). The  rcservoir  covers 
255 mi2 ,  primarily  in  southeastern  Utah  (Waddell and  Wicns 1992). The  San  Juan  and  Colorado  rivers 
constitute  the two major tributaries to the lake.  The  tributaries  contributc an estimated 60 million  metric 
tons of sediment and 7.8  million  metric  tons of salt to the reservoir  annually  (Potter  and  Drake 1989, 
Waddell and  Wicns 1992). The  rescnroir also retains a high  portion of thc  trace  elements  that  enter it; 
according to a study by  Kidd  and Potter (1 978):  dissolved  concentrations of SIX trace  elcments  enterlng 
Lake  Powell  were  significantly  highcr  than  concentrations In water  leaving. 

The Sa11 Juan  arm  of  Lake Powell rccen'es  nearly all suspendcd  water  quality  constituents  and 
most  dissolved  materials  carried  by  the San Juan River  (Platania  et al. 1991). Both  Colorado  squawfish 
and razorback sucker  have  been  verificd  in  thc San Juan arm (Roy and  Hanlilton 1992). Bank storage 
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water quality in the San Juan arm is unkno\\n but may  scrve as a  significant  source  of trace elements 
draining into the lake when  reservoir  levels  decrease (U S .  Fish  and  Wildlire  Service  and U.S. National 
Park Service 1991).  Sediment  buildup  in thc San  Juan  arm  occurs but has not been as large as in the 
Colorado ann because the lake  rapidly  widens  at the San  Juan  River  confluence (U.S. Fish and  Wildlife 
Service  and U.S. National Park Service 1991). 

Several contaminant studies  have  been  conducted  on  Lake  Powcll  watcr  quality  and  biota, 
although there have  been no systematic  contaminants  studies  for  the  cntire lake (Waddell  and  Wiens 1992). 
The Lake Powcll Research  Project  conducted studm of Lake P o ~ e l l  in  thc 1970s in order to establish 
baseline concentrations prior to the impact of large-scale  heavy  metal  pollution  on the lake.  In  one  study, 
Bussey et al. (1976)  examincd  the  concentrations ortcn metals in the flesh of Lake  Powell fish. The  results 
for  eight of the 10 elements w7ere summarized  together (Table 23). The authors did not compile  summary 
information  for  arsenic  or  selenium;  however, the57  did  notc mcm  selenium  concentrations in tissue of  0.50- 
179 mgkg and  mean  arsenic  concentrations in tissue of 0.03-10.80 mgkg The fish were  collected  from 
two  locations at the extreme  lower  end of Lake  Powell. 

Kidd  and  Potter (1978), also as part of the  Lake  Powell  Research  Project,  collectcd  sediment, 
soil, plankton,  vegetation,  and  watcr  samples  from  15 sites on Lake Powell  and its tributaries. Among 
tllcse sites was one at Mexican Hat, Utah,  and one  at Lake Powell  below the confluence  of  the San Juan 
River. The annual  mean  and  range or cation  concentrations in the surfacc water  were  compilcd (Tablc 24). 
as were the annual  mean  and  range o€ cations  in  bottom  waters (Table 25). Kidd  and Potter (1 978) noted 
that  thc Navajo Pomr Plant  was  situated  at  the south cnd of Lake  Powell  and  could  potentially contribute 
various  trace  elements  to  the  lake  through  Mlout.  They  concluded that thc only element that could  increase 
in  the  lake as a result of fallout was  selenium  and  that the amount  added  was  insignificant in comparison 
to ambient  water  levels at the  timc. 

The National Contaminant  Biontoniloring  Program  (NCBP) has been  documenting  national 
trends  of  contamlnants in fish and ~vildli€e since  1967  (Lowe et al. 1985, Schmitt  and  Brunlbaugh 1990). 
One of the prognam's  sampling sites is at Lake  POW^ in Anzona For  each sampling period, conmon carp 
and  largcmouth bass (Mm-opterzw snlmoides) have  bcen  collccted at Lake Powell  to  make three whole- 
body  composite fish samples.  The  national  geomctrlc nmns arc  compared  to the Lake Powcll  samples 
for thc periods 1978-79, 1980-81, and 1984 (Table 26). 

In the spring of 1991 thc FWS  bcgan  conductlng  a  rcconnaissance study of trace elements in 
water,  sediment,  and  biota in Lake  Powell  (Waddell  and  Wiens 1992). The sampling sites include  Piute 
Farms (Zahn Bay)  and  Cha  Canyon  (Slump  Dam) in the  San  Juan  arm  of  Lakc  Powell  (Figure 10) (US. 
Fish  and  Wildlife  Service  and U.S. National  Park Service 1991, Waddell  and  Wiens 1992). Salnplcs were 
collected in the  summer or 1991, November  1991:  and  July 1992. A total or 175 fish of 6 species  at 16 
sitcs and 22 sediment  sanlples  from 11 sitcs have  been  taken;  addillonally, 44 bile  samples  fiom two fish 
species at 15  sites  have  been  taken for petrolcum  hydrocarbon  exposure analysis. The results from 71 of 
the fish samples were  available (Tablc 27) (Waddell  and  Wicns 1992). Preliminary  analysis of the data 
suggests elevated  levels  of selenium: mercury,  arsenic,  and  cadmium  in the fish samplcs as compared  to 
NCBP  geometric  mean  data  (Waddell  and  Wiens 1992). 

4.5 SEDIMENT 
Thc  seni-arid watersheds  of  the San Juan  Rwcr  basin  produce  some of the highest sediment 

yields in the  western  United  States,  making  sedimcnt a major  component  of  basin  waters  and  potentially 
a concern  €or the health ofnative fishes (Wells  and  Rose  1981).  Longitudinal studies have  shown that total 
suspcnded  solids loads and  concentratlons  have  varied over timc  in the San  Juan  River  basin, but there is 
no consensus as to the effects  that  thcse  changes ham had  on native fish populations (Wydoski 1980) 
Colorado  squawfkh,  razorback  sucker,  and  other nabvc fishes evolvcd 111 envlromnents that were  generally 
turbid  but dso fluctuated  widely; it has  therefore  bccn  hypothesized that these fish are  adaptcd to exiremes 
andmay  benefit  from high TSS  conccntrations  (Holdcn 1979, Colorado  River  Fishes  Recovery  Plan 1991, 

x1 
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Table 23: Mean concentrations of eight metals in the flesh of selected  Lake  Powell  fishes, 1973 (all  concentrations in dry weight) 
No. Calcium Cadmium Chromium Copper Iron Lead Magnesium Zinc 

Fish tested mglg mglkg mglkg mglkg mgkl mglkg mglg mg/g 

Bass 3 0.697  0.008  0.429  1.339  0.01 2 0.21 0 1.576  0.029 

Walleye 6 0.629  0.01 4 0.255  1.231  0.01 1 0.097  1.376  0.021 

Black  crappie 4 1.167 0.008 0.223 3.400 0.026 0.288 1.459 0.024 

Channel catfish 4 0.475 0.01 1 0.1 1 1  1.822 0.020 0.121 1 .I90 0.039 E 

Bluegill 3 0.858 0.002 0.384  2.623  0.01 6 0.31 2 1.414  0.036 

Modlfied from Bussey et at. 1976 



Table 24: Annual  mean  and  range  of  selected  elements  in  surface  waters of Lake  Powell and major  trtbutary  sites, 1974-1975 
Cd Cr Pb Zn Fe Ca As Se Mg c u  

Site  Pgll  pgll  pgll  Pgll mgll mgll pgll PgIl  mgll pgtl 

1 

2 

3 

5 

6' 

7 

8 

9 

Dirty 
Devil 

Colo. R. 
at  Moab 

Colo. R.  at 
Gr. Junction 

San  Juan R. 
at  Mex.  Hat 

Gunnison 
River 

Green 
River 

Dolores 
River 

Criteria* * 

0.4 0.5 
0-0.9 0-0.9 

0.2  0.9 
0-0.9  0-3 

0.3 0.2 
0-0.8 0-0.5 

0.2 0.04 
0.1-0.5 0-0.2 

0.6 
0.2-2 

0.9 
0.1-2 

0.6 
0-2 

1 
0.1-5 

0.3 
0- 1 

0.9 
0-2 

0.9 
0.1-3 

1 
0.1-3 

0.8 
0-3 

2 
0-8 

2 
0-4 

10 

0.9 
0-4 

0.1 
0-0.4 

0.5 
0-2 

0.4 
0-2 

0.2 
0-0.6 

9 
0-13 

5 
0-20 

12 
0-5 1 

5 
0-1 4 

12 
0.4-45 

3 
0-1 0 

50 

2 
0-9 

0.6 
0.1-1 

2 
0.5-9 

0.7 
0-2 

3 
0.8-10 

I 
0.2-3 

2 
0.6-5 

3 
0.4-9 

2 
0.8-4 

5 
2- 8 

7 
0-27 

9 
3-23 

8 
0-16 

5 
0-1 0 

8 
0.6-18 

50 

17 
4-49 

9 
0-25 

13 
2-47 

13 
2-32 

17 
2-37 

12 
1-27 

8 
0-19 

10 
2-21 

1 1  
0-33 

31 
0-9 1 

70 
2-1  78 

74 
2-223 

35 
2-99 

320 
0-1971 

67 
5-1 56 

500 

0.02 
0.004-0.05 

0.02 
0.02-0.03 

0.04 
0-0.08 

0.03 
0.02-0.01 4 

0.03 
0.005-0.08 

0 03 
0-0.04 

0.06 
0.004-0.2 

0.2 
0.02-0.6 

0.1 
0.001-0.2 

4 
1-9 

2 
0.2-3 

7 
0.5-24 

2 
0.5-5 

7 
0.2-29 

3 
0.5-9 

30 
(fdterable) 

62 
53-68 

62 
55-68 

60 
46-68 

58 
48-63 

59 
47-74 

55 
48-63 

54 
46-63 

60 
43-76 

64 
45-80 

91 
52-  138 

65 
36-89 

9 
42- 1 29 

86 
55- 129 

76 
42-1  33 

99 
37- 137 

0.7 
0- 1 

1 
0-2 

9 
5-1 2 

4 
0-  8 

3 
0 7-8 

4 
2-6 

3 
0- 5 

0.9 
0.2-1 

10 
7-1 5 

7 
2-1 5 

2 
0.5-3 

3 
0-4 

3 
1-5 

1 
0 2-2 

4 
0-9 

50 

5 
2-8 

2 
1-3 

3 
0-7 

16 
5-36 

2 
0.1-4 

2 
0 2-3 

0 9  
0.5-2 

6 
0-1 3 

5 
3-8 

4 
3-6 

1 
0.5-2 

5 
0-9 

5 
1-9 

6 
1-14 

4 
1-6 

10 

23 
20-26 

22 
20-24 

23 
20-25 

21 
18-24 

19 
16-22 

19 
16-24 

19 
14-23 

22 
13-29 

23 
14-31 

28 
13-45 

17 
7-26 

26 
8-49 

28 
19-39 

30 
13-38 

40 
8-68 

2 
0-4 

2 
0-5 

1 
0.3-3 

1 
0-4 

3 
0-9 

3 
0-6 

2 
0-5 

0.8 
0-3 

5 
0 1-14 

19 
6-54 

14 
2-44 

30 
4-92 

18 
4-52 

23 
6- 77 

17 
4-54 

1000 

* Site 6: At  Lake  Powell  below  confluence of the  San  Juan River 
**  Federal  Water  Pollution  Control  Admtnistration  (FWPCA)  water crtterta 

Taken  from  Kldd and Potter 1978 
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Table 25: Annual mean and range of selected elements in bottom  waters, Lake Powell, 1974-1  975 

Site ,d l  lug11  Pug11 Pvgll mgll mgll PSII /Jug11 mgll /Jg/l 
Cd  Cr  Pb Zn Fe  Ca AS Se Mg cu 

1 0.3 0.2  1  12 33  61 3 0.5 23 3 
0-0.7 0-0.7  0.4-3 1-27  16-50  52-68 0.8-4  0-0.9 20-25 0-5 

2  0.6 0.2 4  15  50  72 2  5 26 3 
0.01 -2  0-0.6  0-1  9  2-27  20-90  65-81  0-5  3-7  23-29 0.3-6 

3  0.9  6  9  15  1252  76  2  1  28  6 
0-2  0-36  0-49  2-4  7  2  1-7322  55-89  0-4  0.1-2  24-32  0.1-14 

5  1  0.2  3  16 73  71 4 7  26  3 
0-5  0-1  0.8-1  3  2-25  20-1  94  61-81  3-4  2-1 1 23-32  0-6 

6"  0.9 5 5 15  1409  71 2  4  27  8 
0.3-2 0-3 1 2-1  5 2-42 20-5257  56-82  0-4 3-6 24-29  0-1  6 

7 1 1  1  12  86  71  0.5  7  26  4 
0.1-3  0-1  0.4-6  2-22  31-1  16  65-79  0-2  4-1  2  24-29  0-1  6 

8 1  9  4  17 2941  74 8  1  27  8 
0.2-3 0-44  0-1  4  4-33  16-1 5,022 62-92  2-20  0.9-2  18-32 0.1  -25 

9  0.7 6 4  13  2094  71  2  2  28 9 
0.1-1  0-35 0.8-10 0-28 1 10-1 0,891  56-78  0.4-6  0-7  18-30  0-36 

* Slte 6 .  At Lake Powell  below  the confluence of the San Juan Rlver 

Modlfled from Kldd  and Potter 1978 



Table  26:  NCBP  geometric  mean  concentrations,  and  Lake  Powell  concentrations 
All concentrations  are in pg/g  wet  weight 

Element  Nat'l L. Powell  Nat'l L. Powell  Nat'l L. Powell 
1978-79  1980-81  1984 

Arsenic 

Cadmium 

Copper 

Mercury 

Lead 

Selenium 

Zinc 

0.16 

0.04 

0.82 

0.12 

0.19 

0.48 

23.8 

0.21  (cc) 
0.14  (cc) 
0.19 (Im) 

0.37  (cc) 
0.32  (cc) 
0.02  (Im) 

1.8  (cc) 

0.6  (Im) 
1.4  (cc) 

0.09  (cc) 
0.14  (cc) 
0.08 (Im) 

0.43  (cc) 
0.43  (cc) 
0.25 (Im) 

2.99  (cc) 
2.77  (cc) 
2.94  (Im) 

101.7  (cc) 
92.2  (cc) 
22.9  (Im) 

0.1 5 

0.03 

0.65 

0.12 

0.17 

0.46 

21.4 

0.16  (cc) 
0.13  (cc) 
0.72  (Im) 

0.18  (cc) 
0.20  (cc) 
0.01 (Im) 

1.2  (cc) 
1 .o (cc) 
0.4 (Im) 

0.12  (cc) 
0.10 (cc) 
0.1 1 (Im) 

0.1 9  (cc) 
0.1 5 (cc) 
0.10 (lm) 

1 .I2 (cc) 
0.93  (cc) 
0.67 (Im) 

67.3  (cc) 
60.2  (cc) 
13.5  (Im) 

0.1 4 

0.03 

0.65 

0.1 0 

0.1 1 

0.42 

21.7 

0.09  (cc) 
0.10  (cc) 
0.21  (Im) 

0.1  8  (cc) 
0.17  (cc) 
0.00 (Im) 

0.95  (cc) 
1 . I4 (cc) 
0.67 (Im) 

0.08  (cc) 

0.1 8  (Im) 

0.28  (cc) 
0.43  (cc) 
0.08  (Im) 

1.61  (cc) 
1.78  (cc) 
1.37 (Im) 

66.68  (cc) 
64.99  (cc) 
13.80  (Im) 

0.09  (cc) 

(cc) = common  carp 
(Im) = largemouth bass 

Taken from  Lowe et al 1985, Schmltt  and  Brumbaugh 1990 
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Table 27: Trace element  concentrations luglg  dry  welght)  in fish  muscle  vlscera,  and  whole-body  samples  of  selected  speces from Lake  Powell, Utah, during the summer of 1991 
Sample  Site  Species  Tissue % Moist AI As Ba  Be B Cd Cr Cu Fe Pb Mg  Mn Hg Mo Ni Se Sr V Zn 

Lee's  Ferry 

Wahweap Marina 

Wahweap Marina 

Warm Creek 
Warm Creek 
Warm Creek 

Warm Creek 
Warm Creek 

Warm Creek 

Warm Creek 

Navajo Canyon 

NavaJo  Canyon 
Naval0 Canyon 
Navajo Canyon 

M Navajo Canyon 
4 

Navajo Canyon 

Bullfrog  Bay 
Bullfrog  Bay 
Bullfrog  Bay 
Bullfrog  Bay 

Bullfrog  Bay 

Bullfrog  Bay 
Good Hope Bay 
Good Hope Bay 
Good Hope Bay 

Good Hope Bay 

Good Hope Bay 

Rainbow trout 

Channel  catfish 

Common  carp 

Black  crapple 
Bluegill 
Channel  catfish 

Common  carp 
Smallmouth  bass 

Strlped  bass 

Threadfm  shad 

Channel  catflsh 

Common  carp 
Green  sunfrsh 
Smallmouth  bass 

Strlped  bass 

Threadfm  shad 

Blueglll 
Channel  catflsh 
Common  carp 
Largemouth  bass 

Strlped  bass 

Threadfm  shad 
Channel  catflsh 
Common  carp 
Smallmouth  bass 

Strlped  bass 

Threadfm  shad 

Whole-body 

Muscle 
Viscera 
Whole-body 

Whole-body 
Whole-body 
Muscle 
Vlscera 
Whole-body 
Muscle 
Vlscera 
Muscle 
Vlscera 
Whole-body 

Muscle 
Vlscera 
Whole-body 
Whole-body 
Muscle 
Vlscera 
Muscle 
Vlscera 
Whole-body 

Whole-body 
Whole-body 
Whole-body 
Muscle 
Vlscera 
Muscle 
Vlscera 
Whole-body 
Whole-body 
Whole-body 
Muscle 
Vlscera 
Muscle 
Vlscera 
Whole-body 

69.4 

77.7 
64.9 
74.0 

76.7 
76.0 
79 5 
74  4 
76.8 
77.8 
68 1 
72.2 
63.4 
74.0 

79 5 
72 5 
74 5 
77 1 
76.1 
70.3 
70.4 
60.3 
77 4 

71.3 
BO 3 
71 4 
79.0 
68.5 
78 3 
73.1 
76 5 
81.5 
70 1 
75.9 
68  3 
75 6 
65.3 

15 

9 
1 40 
25 

15 
64 
342 
5 
32 
6 
38 
8 
67 
280 

42 
3 

110 
31 9 
5 

100 
9 
3 

658 

21 
130 
200 
<3 
13 
<3 
19 

608 
120 
296 
<3 
96 
<3 
54 

1.6 2  4 0.01 <2 0.03  0.6  7.1  70  <0.1  710 

0.2 0 2 0 01 < 2  0.03 0.2 2.4 29  <O.l 1070 
0.4  7.5 0.01 < 2  0.06 0.6 3  9 179  0.6 1180 
0.2 1 1  3 001 <2 0.69 1.5 4.3 141 1.0 1310 

1 1 7.1 001 <2 0.06  0.9  0.8 55 < O  1 1970 
0 5 10 9 0.01 <2 0.05  2.3  4.0 128  <O.l 1190 
0.2  10.2 0.01 <2 0.13 2  9 10.0 341 < O  1 1350 
0.4  0.3 0 01 <2 0.04 0.5 1.9 34  0.4 971 
0 3 7.2 0.01 < 2  1.10  0.5 50 173 0 8 1320 
1.1 0.2 0.01 <2 0.03 <O 1 0 9  15  <O.l 1360 
1.4  7.5 0.01 <2 0.04 1.0 6  5 90 < O  1 1540 
1.4  0.7 001 <2 003 0.2  1.7 42 < O  1 1100 
1 8  107 001 <2 008  20 9.5 153<01 1110 
1 7 4 5  0.01 <2 0.11 08 3 8  268 0 1 1330 

0 2 8.1 0.01 <2 068 0.3 4 3  159  <0.1 1410 
01 01 001 <2 0.03 0 4  1.5 17 0 2  996 
0 3   9 8  001 <2  004 1.2  1.4 90 0 5  1630 

1 3 0.1 001 <2 0.03  0.2 1 1 16 < O  1 I010 
0 6  758 0.01 <2 0.06 2 8 2.0  268 0 5 1180 

1 4   9 6  0.01 <2 0.13 5 5 2  2 101 < O  1 1410 
1.5 01 001 <2 003 01 14 15 <O 1 1190 
2 0   2 2  001 <2 004 0.5 2.1 53 0 4  1030 
20 1 1  3 002 <2 010 21 41 365 0 4  1610 

< 0 2   6 5  001 <2 0.02 1 1  5.0 37<04 1280 
0.4 43 001 <2 0 20 0 6 <2 188 < O  4 1390 
0 3  8.0 001 <2  057 0 7   5 0  239 0 5  1330 
0 5  01 001 <2  002 0 7  <2  24<04 1270 
0 5  3 2  001 <2  002  08  <2  48<04 1330 
0 4  0 2  001 <2  002 0 2  5 0  29<04 1270 
0 8   6 7  0.01 <2  013  05  30 96 <05 1250 
1 1 192  002  <2 0 17 1 7   4 0  326 10 1290 
0 5 13 6 001 <2 0.23 0 8 6 0  194 < O  4 4650 
0 8   9 8  001 <2  054 1 1  242 0 6 1730 
19  01 001 <2  002 0 6   5 0   1 2 < 0 4  1170 
14  62  029 29 002  10  30  105<04 1090 
16<01 001 <2 0.02 0 3  <2  17<04 1130 
2 4   6 0  001 <2  002 0 4   3 0   6 8 < 0 4  1260 

3.6  0.14  <1 0.5 4.6 

0.8 0.34 C1 <0.2  4.3 
15.0 0.10 <I 0 5 3.7 
6.5  0.29 <I 0.9  11.0 

6.8  0.19 <I  0.4  7.1 
7.9 0.06 <I 1.3  13.0 
8.8  0.32 <I 1.6  4.6 
0.7  0.13 <I 0.3  5.1 
5.4  0.35 <I  0.3 1 1  .O 
0.4  0.75 <1  <0.2  9.7 
4.6 0.26 <1 0 8 6.9 
0.7 0 47 < 1  0.2  8.8 
5 4  0.18 <I 1.1 6  5 
14.0  0.22 <I 0.6 7  8 

5.5 100 <I  0.3 5  5 
0.8  0.29 <I 0.4 6  3 
7.0  0.54 <I 0 4 120 
10.0 0.30 < 1  0.5 8  5 
0 7 0.70 <I  0.3 9 5 
7.2 0 26 <I  2.4  7.4 
0.6 0 50 <I  <0.2  8.6 
2.3  0.15 <I  0.3 6  4 
50.5 0 41 <I  1.2  5.8 

4.7 007 <I 0 7 6 8  
6.6 0 54 <I 0.5 4  8 
6.5  0.33 <I 0.4 7 6 

<02  065 <I 0 6  110 
1 4  0 26 <I  0.9 6 5 
0 3  120 <I <01 110 
29 0 58 <1 0.3 100 
170 0.10 <I 2 1 6 5  
4.9 0 51 <I  0.3 3 6 
12.0 044 <I 0.7 4 4  
<0.2  0.25 <I 0 2 5  6 
2.5  0.09 <I 0 5 4.2 

<0.2  0.23 <I 0 2 5  3 
4.6  0.08 <I 0 3 3 3 

16.8  C0.3 50.0 

2.4  <0.3 24.0 
98.4 1.3 96.6 
137.0  0.5 316.0 

309.0  <0.3  89.3 
155 0 €0.3  60.6 
109 0 1.5  81.8 
2.5 <0.3 15.0 

136.0  0.6 283.0 
3.4 <o 3 19.0 

179.0  <0.3 64.8 
4.2 < O  3 17.0 

125.0  <0.3 72.5 
48  3 0.6 82.8 

151.0 0.6 243.0 
1.0 <O 3 15.0 

163.0 0 7 1090 
80.1 1 1 83.4 
1.1 <0.3 21 0 

177 0 C0.3 85.6 
1.5 C0.3 17 0 

1 1 1  0 <O 3 49.1 
61 3 1 1  967 

158 0 0.5 82.4 
107.0 1.8 89 4 
112.0 0 8 223.0 

1 1 10 21.0 
1130 2 1 51.6 
2.0 <03  180 
79.2 < O  3 69.8 
793 5 4  788 
80  2 06 1000 
1360 0 8  218.0 
2 7 < 0 3  200 

109.0  0.5  57 1 
0.3 0 3 16.0 
784 0 3  546 

81 6 8000 3  7 460 0 28 6 0 29 7 0 180 3660 3 1 1320  100.0  0.06  <I  4.0 3  8 160 0 9.4 1320 



Table 27 (cont.): Trace element  concentrations (uglg dry weight)  In fish  muscle  viscera,  and  whole-body  samples  of  selected  speces from Lake Powell, Utah, during the summer of 1991 
Sample  Site  Species  Tissue % Moist AI As Ba  Be B Cd Cr Cu  Fe Pb Mg Mn Hg M o  Ni Se Sr V Zn 

North  Wash 

Narrow Canyon 
Narrow Canyon 
Narrow Canyon 
Narrow Canyon 

Dtrty  Devil  Canyon 
Dtrty Devil Canyon 
Dlrty  Devd  Canyon 

Oak  Canyon 
Oak Canyon 

Oak Canyon 

Cha Canyon 
Cha  Canyon 
Cha Canyon 
Cha  Canyon 

Cha  Canyon 

Escalante  Canyon 
Escalante  Canyon 
Escalante  Canvon 

Escalante  Canyon 

Zahn  Canyon 
Zahn  Canyon 
Zahn  Canyon 
Zahn  Canyon 

Largemouth  bass 

Channel  catfish 
Common  carp 
Fl’mouth  sucker 
Striped  bass 

Bluegill 
Channel  catfish 
Common  carp 

Channel  catflsh 
Largemouth  bass 

Threadfm  shad 

Bluegill 
Channel  catflsh 
Common  carp 
Largemouth  bass 

Striped  bass 

Blueglll 
Common  carp 
Largemouth  bass 

Threadfm  shad 

Channel  catflsh 
Common  carp 
Smallmouth  bass 
Striped  bass 

Muscle 
Vlscera 

Whole-body 
Whole-body 
Whole-body 
Muscle 
Viscera 

Whole-body 
Whole-body 
Whole-body 

Whole-body 
Muscle 
Vtscera 
Whole-body 

Whole-body 
Whole-body 
Whole-body 
Muscle 
Vlscera 
Muscle 
Vlscera 

Whole-body 
Whole-body 
Muscle 
Vtscera 
Whole-body 

Whole-body 
Whole-body 
Whole-body 
Muscle 
Vlscera 

79.4 
77.9 

77 4 
71.2 
79.3 
79.2 
75.8 

77 4 
78 7 
69  6 

78 7 
79 5 
72.1 
73 5 

73 8 
78 0 
73 1 
79 9 
75 5 
78 8 
76 6 

75 4 
76 6 
79 7 
73 2 
79 8 

76 8 
73 8 
77 7 
75 3 
68 6 

<3 1.0 <0.1 001 <2 0.02 0.8 7.8 13  C0.5 1330 <0.2 0.57 <I 0.3 90 
28 1.2  1.8 0.01 <2 0.02 0 9 3 0  88  <0.4 890 5.0  0.35 <I 0.6 6.4 

120 0 4 3.7 0.01 <2 0 13  1.3 <2 146  0.5  4240  3.9  0.45  <I  0.8  3.7 
150  0.8 8 3 0.01 <2 0.39 0 8   4 0  177 0 8 1220  6.8  0.36  <I 0.7 4.8 
160 < O  2 6.8 001 <2 0 26  0.9 3 0  164 3.1 1380  15.0 102 <I 0 6 5.7 
12  1.0 0 4 0.01 <2  002 0.4 <2 28  <0.4  1200  0.3  1.30 <I 0 2 7.4 
210  1.5  9.1 0.01 <2  008 1 2 <2 206  <0.4  1200  5.9 0 76  <I  0.6  7.1 

497 1 4  7 8 002 <2 0.10 1.7 <2 274 <O 5 1410 34.3  0.14 <I 1 4  5 4  
300 0.5 3 7 001 <2 0.37 1 1 4.0 210 <O 4 1670 15.0 036 <I 0.8 3.5 
130 0.9 6 5 001 <2 084 0 4  4.0 146  0.6 1860 5.7  0.57 <I 0.2 4 0  

13 0 2 4.0 001 <2 007 1 7 <2 133  <0.4 1220 3 1 0.28 <I 0.9 39 
9 0 4 < 0 1  0.01 <2 002 0 3  <2 20<04 1200 <02  072 <I 0 4  10.0 
12 0 4   3 8  0.01 <2 002 0 6  3 0  62<0.4 1170 21  031 <I 0 3  6.9 

4040 2  5 99 1 0 18 4 0 20 6 5 9  5 2230 2  2 5940  60.6  0.09  <I 3  5 4.8 

3 0 5   2 6  001 <2 003 1 1  10 51<01 706 2.9  0.26 <I 0 6  5.9 
280 0 4  154 001 <2 097 22 5 4  330 0 5  1630 110 054 <I 12 5.4 
52 0 4   5 5  001 <2 003 0 4  1 8  73 0 6  1300 3 9  041 <I 0.4 7.1 
3 0 9  01 001 <2 004 0.2 0 9  14<0.1 1020 0 7  1.00 <I 0 3  9.0 

110 0 8   7 2  001 <2 008 1.2 3 2  125<01 608 3 2 0 4 7  <I 0.7 6.8 
4 10 0.1 001 <2 004 01 1 1  12 0 2  1130 0 4  4.20 <I 0 3  5 4  
9 0 8 2.1 001 <2 0.04 0.5 1.8 65 0 2 I010 18 1 49 <I 0 4 6  5 

34 0 4  5 5  001 3 009 0 7  <2 76<04 1370 6.3 016 <I 0 7  6 8  
59<02  154 001 <2 120 1 4  6 0  189 10 1240 130069 <I 0.8 8 4  
<3 0 7 < 0 1  001 <2 002 0 8  4 0  16<04 1270 <02  054 <I 0 4  9 8  
17 10 29 001 <2 003 0 6  C2 52C04 1190 19  024 <I 0 4  6 6  

6890 25  737  024 8 011 7.4 9 0  3360 3 4  1430 941 019 <I 39  89 

180 0 3  112 001 <2 007 14 51 197 0 4  1430 1100.82 < I  0 4  3 2  
170 0 7   9 6  001 <2 067 0 5  4 3  172 0 7  1360 92  065 <I 0 4  4 4  
57 1 2   5 2  001 <2 005 0 6  6 0  112 0 7  1430 50  049 <I 0 4  4 2  
3 16 01 0.01 <2 003 0 8  1 2  19<01 935 0 7 2 2 0  <I 0.5 76 
10 1 2  3  9 001 <2 003 0 4 1 5 54 0 1 695 4.2 0 66 <I 0 3 6.2 

1.0 <O 3 21.0 
73.1 0 4 67.6 

97.8 1.0 76.1 
149.0  1.9  327.0 
96.6  1.4  79.5 
3.5  <0.3  19.0 

114.0 1.0 71 5 

147.0 3.3 81.2 
70.8 1 1 77.7 
154.0 0.7 230 0 

87  8 0 7 84.4 
1.7  0.4  18.0 

114.0  <0.3  58 3 
119.0  5.8  73.6 

61.6 < O  3 39 6 
188.0 1 3 223 0 
160 0 0.4 67.8 
0.8 <O 3 22.0 
49 0 0.4  56.2 
2 0 <0.3  19.0 

105.0  <0.3  61 9 

171 0 0 6  834 
2090 0.9 3280 
2  2 <0.3 200 

1160 <O 3 55.6 
1150 100 878 

1630 0 7 91 7 
180.0 0 7 238.0 
127 0 < O  3 64.3 
0.8 C0.3  15 0 
72 1 c0.3 42  6 

Taken from Waddell  and  Wlens 1992 
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Valdez et al. 1992). Osmundson  and  Kaeding (1989) suggest that, in  thc  Colorado  River,  increased  water 
clarity may put  native fishes, espccially  juveniles,  at a  disadvantage  to  exotic  sight-feeding  predators.  They 
also note that Colorado  squawtish  are  more  likcly  to  use  shallow-water habitats when  turbidity is high  and 
move  into  deeper  waters  during  periods  of  high  clarity  (Osmundson  and  Kaeding 1989). 

Very  little evidence  exists  regarding  the  effects  of  sediment,  suspended  or  settleable, 011 fish 
populations in general,  let  alone on San  Juan  basin  fish.  According  to the European  Inland  Fisheries 
Advisory  Commission (1969), high TSS may  af5ect fish  and  fish  food  populations  in  four  ways: 1) reduced 
growth ratc and  resistance to diseases, 2) impeded  development  of  fish  eggs  and  larvae, 3) altered 
movements  and  migrations,  and 4) rcduced food abundance  (Valdez  et  al. 1992). Although this assessment 
assumes that the fish specics  in  question  are  not  adapted to high TSS environments, it is nevertheless 
pertinent to San Juan basin  nativc fish to the  extent that changes  in TSS may  indeed  aITect their  growth 
rates,  egg  and  larvae  developmcnt,  movements  and  migrations,  and food abundancc. 

Because  larval  and  juvenilc fish are  highly  vulnerable  to  environmental  stress,  thcre  has  been 
an emphasis  on  determining  the  effects  of TSS on fish  reproduction.  Muncy et al. (1979) compiled  a  fairly 
substantial review  of  the  cffects of suspended  and  settleable  solids  on the reproduction  and  early  life- 
history oiwarmwater fishes. A summary of the most  significant  findings: 

.As of 1979, no  substantial  empirical  evidcncc  existed  for the  sensitivity of warmwater fish eggs 
and  larvae to suspended  sediment. 
-Only  limited  evidcnce  exists  linking TSS to effccts on gonad  development (but according to 
Muncy  this  evidence  has  been  inadequately  investigated). 
.As scdiment  loads  incrcase,  thosc  species  whose  reproductive  activities  are  carried on outside 
the times o€highest turbidity will  be  most  successful. 
.Species that protcct  developing  eggs  from  siltation,  behaviorally or otherwise,  will  be  at an 
advantage if sedintcnt  loads  increase. 
.Reproductive  railure  may  result  li-om  direct loss of  spawning  habltat  through  siltation  of  clean 
bottoms  and  vegetation  loss. 
.Fishes  with  complex  pattcrns  of  rcproductivc  behavior  arc  vulnerable to interference  by 
suspended  solids,  especially if there is a strong  visual  component to the  spawning  behavior. 
.Death to cmbryos  by  smothering  may  occur  when  scdiment  deposition is sufiicient for complete 
burial of eggs,  interfering  with  gas  exchange  across  membranes. 
.Laboratory bioassays  indicate that larval  stages  of  selectcd  species  are less tolerant  of 
suspendcd  solids  than  are  cggs  or  adults. 
-Larvae and juvcniles  employing  tactile  senses lor food  detection  are  more  suited for existence 
undcr low lcvcls of illumination  and  possibly  derive  benclits fiom thc  concealing  properties  of 
suspended  solids. 
.There  is  evidence that larvae  and  juveniles 01 several  spccies  are  able to successfully 
circumvent the  adverse  erfccts or sustained  high  lcvels  of  suspcnded  solids  through hnctional 
and  behavioral  adaptations  conducive to survival  in  highly  turbid  habitats. 

Thc majorlty of thesc  findings  are  fairly  intuitive, and,  as  none  of  them is quantitative,  lhcy  give  little 
guidance for policymakers  attcmpting to protect  fish.  Unfortunately,  there is apparently  no  better 
information,  especially for San  Juan  basin  native  fishes. 

Although no  substantivc  information exists concerning  the  effects of sediment  on  fishes of the 
San  Juan  basin,  there is a  relativc  wealth  of  sediment  load  and  conccntration  data for the  basin,  and  these 
data have  allowed for analyses of historic  trcnds.  Records and  accounts  show that rivers in thc Upper 
Colorado Evcr basin  experienced  dramatic  scdiment  load  increases  in  thc  early 1900s (Joseph et al. 1977). 
More spccifically,  accounts  indicate  that  from  1880-1920,  many  arroyos  in the  San  Juan  basin,  particularly 
in  Ncw  Mexico,  incised  and  contributed  large  volumes of scdiment to main  channels.  The  formation  of 
these  large Larroyos is  bclieved to have  been  causcd  either by the  climate or land  use  practices.  Since 1920, 
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many  arroyos  have  becn  evolving  through  the  process dchannel deepening,  followed  by  channel  widening, 
then  floodplain  formation,  and  finally  the  cstablishment of vegetation  (Figure 11). This  progression of 
channel  changes  proceeds upstrcam  through  a  watershed  and  cventually  leads to channel  aggradation  and 
reduced  sediment  yields.  Therc is an initial  period  of  high  erosion  and  sediment  yields that decrease 
through  time,  with  downstream  reaches  aggradutg d i l e  upstream  reaches  are still in thc  process of eroding 
(Gellis 1992). 

A number of studics  have  reported  decreasing  trends  in  sediment  load  and  concentration  over 
time  in  the  San  Juan  basin.  Sediment  data  beginning in the  early  1900s  suggest that sediment  load, at lcast 
in the  San Juan River,  dccreascd  prior to the closing o€ Navajo  Reservoir  (Joseph  ct  al.  1977).  Gellis 
(1 992) analyzed the annual  suspended  sediment  concentrations  of  the  Animas  River  at the Farmington 
gaging  station (USGS #09364500). This  station  drains  an  area of 1,390 mi'. Records  of  sedimcnt  load 
and runoff for  the  Farmington  station from 1950-  1990  indicated  a  dccrease in  annual  suspended  sediment 
loads  relative to annual runoff (Figure  12a),  and  an  analysis  of  annual  suspended  sediment  concentrations 
for the same  pcriod  showed  a  decrcasing  trcnd  whose  significance  has  been  supported  by  a  Spearman's 
rank correlation test (Figure  12b).  There  are  no  reservoirs  Upstream  of  the  Farmington  station to alter 
sediment  load,  suggesting  other  causes  for thc decrease.  That  five  other stations in  New  Mexico,  all 
outside  the San Juan  basin,  each  showed  similar  downward  trends  in  sediment  concentration  suggests  a 
common cause,  whether  climatic  or  anthropogenic  (Gellis 1992).  Goctz and  Abcyta (1987) suggestcd that 
the  decrease in sedimcnt  conccntration  at  Farmington  may  be  due in part to erCorts to decrease  erosion  from 
Igrmed  lands  as  well  as  €rom  a  change  in  land  usc  from  farms  to  resort  properties. 

Navajo  Rescrvoir has affeclcd  sedimcnt  load  downstream in the  San  Juan  River,  although no 
quantitative  analyses  of its effcct  have  been  conducted.  The  sedimcnt trap efficiency of reservoirs  such 
as  Navajo  commonly  csceeds  95%  (Thompson 1982). This  e€fcct  may  bc  tempered,  however,  if  the 
transport  capacity  of  reduced flows below a dam arc  increased  as  a  result  of  deposition  within the rescrvoir 
oIthe original  bed  load  (Joseph et al.  1977). 

It is difficult  to  identily  the  effects of Navajo  Dam  on  scdiment  load  within thc San Juan  River 
because a  number of othcr  land  and  water  use  changes  occurred  at  approximately the same  time  as  the 
closing  of  the  rescrvoir  in  1963.  The  mcan  sedimcnt  load  at  the  USGS  Shiprock  gaging  station (USGS 
#09368000) decrcasedfrom  26,621,232  to  21,182,582  kg/day  €rom  before  1963  to  the  period  1963-1979. 
The streamflow mcan  also  decreased,  from 64.8 to 52.1 m3/second for the  same  periods.  The  mean 
sediment  conccntration for the  two  periods  was  nearly  equal,  indicating that the dccrease  in  streamflow 
caused  by the reservoir led to a subsequent  decrease in  sediment  load  (Goetz  198  1). 

Thompson  and  Mundorff (I  982)  analyzed  suspcnded  scdiment  records  from the USGS  gaging 
slation on the San Juan  River at Bluff,  Utah  (USGS  #09379500)  (Figures  13a  and 13b). According to 
historic  data,  Navajo  Rescrvoir,  which is 1 80  miles  upstream of Blufl, has  apparcntly  had no significant 
efkct on thc relationship bct\veen  stream  dischargc  and  suspendcd  sedimcnt  load  at  Bluf€.  This is to be 
expected,  becausc  Navajo Dam impounds  runoff  from  less  than 14% of the  drainage  area  upstream  from 
Bl&. Furthermore,  much  of  the  arca  draining to the  rcsenroir is underlain  by  crystalline  rock  and is well 
vegetated,  resulting  in  a  much  lowcr  sediment  yield  pcr  unit  area  than is found  in  downstream  portions  of 
the  basin  (Thompson  and  Mundorff  1982). In contrast,  the  lowcr  San  Juan  basin's  sedimentary  deposits 
contribute  a  disproportionate  amount  of  suspendcd  sediment to the San  Juan  Rivcr.  Naturally  occurring 
sediment  loads,  a  large  portion of which are  caused  by  erosion  of dry washes  during  summer  storms,  are 
supplemented  by  irrigation  return  flows  (Joseph  et  al.  1977,  Bureau  of  Land  Managcment  1984). 

Suspended  sediment  contributions  throughout  the  San  Juan  basin  are  not  uniform  (Table  28) 
(Thompson  and Mundorff 1982). Canyon  Largo,  the  Chaco  River,  and  Chinle  Wash  all  contribute  large 
sediment loads  (Mclancon  ct  al.  1979).  The  10,100  mi2  drainage  arca  downstrcam fiom the USGS 
Shiprock  gaging station has  historically  yieldcd  more  scdiment  than  the  12,600 m i 2  arca  upstrcam  from 
Shiprock. 01 the  scdiment  discharge  at  Shiprock,  about  9%  originates  from  the  Animas  River,  which 
contributes 43% of the  watcr  dischargc.  Furthcrmore,  thc  annual  suspended  sediment  load  at  Bluff 
includes a  disproportionately  large  amounl of  sedimcnt from the  8,400 m i 2  area  downstream  from the 
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Figure 11. Stages of arroyo  evolution. (Taken from Gellls 1992) 
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Figure 12a. Relation  between  annual  suspended  sediment  load  and  annual  runoff for Animas 
River  at  Farmington,  New  Mexico. (Taken from Gellls  1992) 
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Figure 12b. Annual  suspended  sediment  concentrations  through  time for the  Animas  River at 
Farmington,  New  Mexico. (Taken from Gellls  1992) 

92 



1930 

ANNUAL  SUSPENDED-SEDIMENT  LOAD IN MILL IONS OF TONS 

1940 77, 

1950 

5 
-I m 
31 

rn < 
D 
31 

1960 

1980 I 1 1  I I 1 I I 

1940 1 
0 
3: m 
D z 

1950 

1960 

" 7 0 B  , 

1980 t m  

ANNUAL  STREAM  DISCHARGE, IN MILLIONS 
OF CUBIC FEET PER  SECOND DAYS 

0 
m z L N 

0 
I I I '  1930 I I 

I 

i 



Table  28:  Relative  contrlbutions  of  stream  and  suspended  sedlment  dlscharges in the San  Juan  Rwer  from  various  parts of the ba 

Animas Rlver at 
Farmington, NM 

(station  09364500) 

San  Juan  River  at 
Shiprock, NM 

(station  09368000) 

Cottonwood  Wash near 
Blandlng, UT 

(statlon  09378700) 

Percentage of discharge  of Percentage  of  discharge  of Percentage  of  discharge  of 
Water  San  Juan  River  at  Shiprock San  Juan  Rlver at  Shiprock San  Juan Rlver at  Shlprock 
Year  Streamflow  Sus  sed Streamflow Sus sed Streamflow Sus sed 

8 
17 
3 
3 
7 

1952 
1953 
1954 
1955 
1956 

38 
43 
40 
43 
42 

98 
92 
96 
97 
100 

40 
18 
74  
62 
59 

1957 
1958 
1959 
1960 
1961 

39 
38 
45 
36 
41 

4 
9 
10 
8 
7 

96 
94 
101 
100 
99 

63 
59 
46 
8 4  
64 

1962 
1963 
1964 
1965 
1966 

4 0  
74  
44 
44 
31 

15 
7 
5 
13 
10 

95 
81 
88 
95 
89 

44 
34 
58 
24 
30 

1967 
1968 
1969 
1970 
1971 

39 
61 
40 
45 
40 

88 
88 
93 
89 
91 

87 
31 
42 
37 
31 

1972 
1973 
1974 
1975 
1976 

38 
47 
30 
50 
40 

104 
82  
96 
91 
91 

28 
18 
41 
64 
58 

6 
18 
20 
17 
15 

1977 
1978 
1979 
1980 

35 
68 
39 
45 

7 
8 
10 
13 

81 
92 
88 
88 

156 
183 
45 
40 

(1)  March-September  1968 

Note:  The  drainage area of  the  Animas Rlver at  Farmlngton IS 1,360 square mlles or about  11  percent of the drainage 
area upstream  from  San  Juan  River  at  Shlprock. 

area upstream  from  San  Juan River near Bluff,  whlch has a  dralnage area of 23,000 square  miles 

area upstream  from  San  Juan  River  near Bluff. 

The  drainage area of  the  San  Juan Rlver at  Shiprock IS 12,600 square  miles or about 55  percent  of  the  dralnage 

The  dralnage area of  Cottonwood  Wash near Blandlng IS 205 square mlles or about  1  percent  of  the  dralnage 

Taken  from  Thompson  and  Mundorff  1982 
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confluence of the  San  Juan  and  Animas  rivers  and  upstream  from  Shiprock; this area  includes the Clhaco 
River  drainage  (Thompson  and  Mundorff  1982). 

During storm runoff events,  the  numerous tributaries to the San  Juan  River  carry  high  sediment 
loads  and  are  consequcntly  high  in  turbidity  (New  Mexico  Department  of thc Environment  1992). 
Stormflows  in  these  tributaries  often  have  scdirnent  concentrations  that  exceed  10,000  mg/l  (Stone et al. 
1983). These  tributaries  may  substantially  increase  sediment  concentrations  in the San  Juan  River, 
although the effect on annual  sediment  load  in  the  river is minimal  (Thompson  and  Mundorff  1982). 

During its 1991 intensive  water  quality  stream  survey of the  San Juan River fiom Bloomi3eld 
to Shiprock,  the  Ncw  Mexico  Depastmcnt  of the Environment  recorded  the  results o€ a runoff event that 
produced  heavy runoff within  Canyon  Largo,  an  arroyo that cnters the San Juan River  near  Blanco  (New 
Mexico Dcpartmcnt of the  Environment  1991).  Canyon  Largo  drains 1700 mi2  and is one of the  more 
si@1cant  sources of salinity in the  San  Juan fiver (New  Mexico  Department of the Environment  1992). 
Bcfore  the  evcnt,  suspended  solids as well  as  nutrients  and  dissolved  constituents  were  low to moderate 
in  conccntratioq  incrcasing  gradually  downsircam.  During  the  event  non-filterable  residue  in  the  river  rose 
80-fold  with  dramatic  increascs  in  all  sediment-associated  constituents  (Appendices 9a-b) @Jew Mexico 
Deparlment of the Environment  1991).  According  to  the NCW Mexico  Department of the Environment 
(1992),  segmcnt 2-401 of the  San  Juan  Rivcr,  which  begins  at  Blanco  and  ends  downstream  at theNew 
Mexico-Utah  border, is severely  stresscd  by  recurring  sediment  loading  events. 

Suspendcd  sediments  may transport chemical  constituents  in  three  important  ways.  Chemical 
constituents  may be part of  the  mincral  assemblage  of the suspended  sediment,  they  may  bc  adsorbed on 
the sediment, or they  may form an oxide  coating on the surfaces of sediment  particles.  The  total 
recoverable  concentration of a  chemical  constituent  includes  the  dissolvcd  concentration  plus  the 
concentration  recovered  from  suspended  Sediments  (Roybal  et  al. 1983). The  adsorption  of tracc elements 
on  sediments  causes the total  concentration of trace  elemcnts to cxceed  the  dissolved  concentration,  and 
in  fact  a  greater  proportion  of  thc  total  concentration  is  associated  wilh  sediments  than is dissolved in water 
(Roybal  et  al.  1983,  Bureau of Land  Managcment  1984).  The  majority of sediment in the  San  Juan  basin 
is  in  thc  form of clay  and  silt,  or  particles of 0.0625 mm or  less  in  diameter.  Thcse  materials  are  slow to 
settle and are  likcly to adsorb  trace  elemcnts  (Burcau  of  Land  Managcment  1984). 

4.6 SALINITY 
Total  dissolved  solids  (TDS), also referred to as  salinity  or  filtcrable  residue,  consist of organic 

salts, small  amounts of organic  matter,  and  dissolved  materials.  Principal  inorganic  anions  include 
carbonates, chloridcs,  sulfatcs,  and  nitrates;  principal  cations  include  sodium,  potassium,  calcium,  and 
magncsiunl ( U S .  Environmcntal  Protection  Agcncy  1986)  The USGS classifies  waters  according to their 
salinity. Water  with  a TDS  concentration  of 0-1,000 mg/l is considered  fresh;  1,000-3,000  is  slightly 
salinc; 3,000-10,000 is moderately  salinc;  10,000-35,000 is veq7 saline; and greater  than  35,000 is 
classified  as  briny  (Spangler  1992). 

It has  been  reported that salinity is a major  water  quality  problem  in  the  Colorado  River  basin, 
but  that  it is not  possible to show  deletcrious  eITects of salinity  on  aquatic organisms for the  100- 1000 mgA 
range of TDS  usually  €ound in thc Colorado  River  bccause too man~7  othcr  variables  are  involved (Gosz 
1980). The U.S. Environmcntal  Protection  Agency (1986) reports that water  systems  with  TDS 
concentrations  excceding  15,000  mg/l  are  unsuitable for most  ficshwater  fish.  TDS  concentrations  within 
the San Juan  basin  arc  bclow  this  Icvel,  although  reproduction  and growth may  be  affected  during 
unusually  high  salinity  periods by placing  additional stress on fish (Melancon et al. 1979). 

The one study conductcd  on  thc  toleranccs  or  preferences  of San Juan  basin  native  fishes to TDS 
provides  potentially  important  quantitative  findings regarding  Colorado  squawfish.  Pimentel  and  Bulkley 
(1983) studicd  TDS  concentrations  prcferred  or  avoided by juvenilc  Colorado  squawfish as well as 
humpback  chub (Gila cypha) and  bonytail (Giku elegans). Juvcniles  were  sclected for the study  because 
prcliminaxy  tests  indicated  that  larger  fish  werc  less  sensitive to  high  TDS  concentrations  than  were  smaller 
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fish. Thc fish were  hatchery-raised  and the experiments  were  performed  with  a  salinity  gradient  dcvice. 
Of  the three  species  tested,  Colorado  squawfish  had  the  lowest  preferred  TDS  concentration  (560-1,150 
mg/l) as wcll as the lowat avoided  concentration  (more  than  4,400  mg/l)  (Table 29). Preferred  values  for 
Colorado squawfish  were  somewhat  higher  than  those  normally  found in the San Juan  River,  with the 
possible  exception  of  thc  most  downstream  portion  of the river.  From  Octobcr 1990 to September 1991, 
TDS  concentrations at Bluff  ranged  from  215-696 mgA, with  a  mean  of  485  mg/l  (Cruz et al.  1993, 
ReMillard et al. 1993, Ugland et al.  1993)  Unfortunately,  similar  preference  data  do  not  exist for 
razorback  sucker or other San Juan  basin  nativc fish spccies. 

The  San Juan River  basin  annually  contributcs  approximately  1  million  tons  of salt to the 
Colorado River, or lcss  than 19% of the total salinity  of  the  Upper  Colorado  River  basin  (Joseph et al. 
1977, Bureau of  Rcclamation 1989, Burcau  of  Rcclamation  1993). Most of the salt that is naturally 
contributed by  surface runoff and  groundwatcr  discharge is from  the  Nacimiento  Formation  and the 
Mancos  Shale, two sparsely  vegetated  sedimentary  formations  that  cover  much  of the basin  (Figure 14) 
(Liebennann  et  al.  1989,  Colorado  River  Basin  Salinity  Control Forum 1990). Mancos  Shale is exposed 
to the river's  alluvium  from thc Hogback,  nearly 30 miles  east  of  Shiprock, to just upstream  of the 
confluence  of the Mancos  and  San Juan  rivers  near  the  Four  Comers  area.  The  Mancos Ril7er cuts  across 
the Mancos  Shalc for about 25 miles  before it mccts  the  San  Juan  River  (Bureau of Reclamation  1989). 
Soils  dcrived  from  the  Mancos  Shale  and  Nacimiento  Formation  experience  continuous salt pickup  rather 
than  ultimately  rcaching  a  salt  balance  (Upper  Colorado  Rcgion  State-Federal  Inter-Agency  Group  1971). 
The  Mancos  Shale  is  also a major  source  of  salinc  springs  and  groundwater,  which  eventually  drain  into 
the  surface  waters  (Bureau of Reclamation  1989). 

With the exccption of high  mountain  areas  where  many  of  the  tributaries  head, the San  Juan 
basin surfacc  water is high in dissolved  solids,  with  sodium,  calcium,  bicarbonatc,  and  sulrates as the 
predominant  ions.  Ephcmeral  streams  experience  somc of the  highest  TDS  concentrations  as  a  result of 
the  flushing of soluble  matcrials that accumulate  from  the  wcathering  of  soils  and  rocks  and  from  the 
decomposition  of  plants  and  animal wastes. As with  sediment, TDS loads  are  highest  in  these  ephemeral 
streams dircctly Collowing storms, and  runoff  early  in thc storm  season is of poorer  quality  than  runoff 
produced  later  (Joseph  et  al.  1979,  San Juan  Basin  Rcgional  Uranium  Study  1980).  Within  the  basin,  the 
spccific  conductance of non-stonnflows  in  the  lowcr  reachcs  of tributaries  gcnerally  exceeds  2,500 ymhos. 
Thc specific  conductancc  of  stormflows is variablc, wt.lth the  highest  conductance of as  much  as  7,000 
pmhos occurring  early in a stonnflow (Stone  et  al.  1983).  (Specific  conductancc is a  measure of the ability 
of awater to conduct  an  electrical  current  and  is  rclated  to  salinity  (Roybal et al.  1983). See glossary for 
furthcr  information.) 

The  concentration  and  composition of dissolvcd  solids  in  surface  water  vary  with  the  flow. As 
flow decreases,  ion  conccntrations  increase and  chemical  composition shifts as  groundwater  discharge 
contributes  a  larger  portion  of  Ihc  dissolvcd  solids.  During  high  flows,  calclum  bicarbonate  predominates, 
~ i t h  a shi€t to calcium  sulfate  during  mcdium and low fl0~7s. Local  geology  also  influences  chemical 
composition  (Figure  15)  (Melancon  et  al.  1979).  Data from  USGS  records  have  bcen  compiled to produce 
a generalized  picture  of  San  Juan  basin  surface  water  chemical  composition  (Figure 16) (Iorns et al.  1965). 

As with scdinlent,  TDS  contributions  are  not  equal  throughout the basin  because of variations 
in geology  and  land-usc  (Figure 17) (Iorns  et  al.  1965).  Dissolved  solids  concentrations  differ  within  the 
basin  waters  (Figure  18),  with  TDS  contributions  to the San  Juan  River  subscquently  varying  by  tributary 
(Figurc 19) (lorns et al.  1965,  Melancon et al.  1979).  Unfortunately:  these  data  are  somewhat  outdated, 
and it  is  important to understand that  waters  in  areas of recent  irrigation,  mining,  industrial, or oil  and  gas 
activities  could  bc  more  saline  today. 

The U.S. Environmental  Protection  Agency  (1971)  has  estimated  that  salinity in the Uppcr 
Colorado  River  basin  results  from  two-thirds  natural  causes  and  one-third  anthropogenic  causes,  with 
nonpoint  sources  comprising 84% of salinity  and  point  sources  comprising 16% (Wydoski  1980).  Ioms 
et al. (1965) estimated that for  thc  water  years  1914-1957,  human  activities  increased  the TDS 
concentration in thc San Juan  River  near  Blurf  by 133 mg/l,  or  one-third  of the total  36 I mg/l.  In  the  San 
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Figure 14. Major  exposures of Mancos  Shale  and  equivalent rocks in  the  Upper  Colorado  River 
basin. (Taken  from  Llebermann et al 1989) 

97 



WOLF  CREEK  NEAR  PAGOSA SPRINGS 

I LEGEND 

42 

SAN JUAN RIVER  NEAR  ARCHULETA 

176 

SAN JUAN RIVER  ABOVE ANIMAS  RIVER 

ANIMAS RIVER AT FARMINOTON 

383 

SAN JUAN RIVER  AT FARMINOTON 

280 

SAN JUAN RIVER  AT  SHIPROCK 

360 

SAN JUAN RIVER  AT BLUFF 

61 5 

SCALE 

Figure 15. Distribution of major  cations  and  anions at selected  stations  in  the  San  Juan  River 
basin, 1975. (Taken from Melancon et a1 1979) 
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Figure 16. Analyses  of  water  from  selected  streams in the  San  Juan  River  basin  and  from 
alluvium nearby. (Taken from lorns et a1 1965) 



EXPLANATION 

Figure 17. Approximate  weighted-average  concentration of dissolved solids of streams in 
the San Juan  River  basin. (Taken from lorns et ai. 1965) 





10 0 IO 20 30 40 MILES -- 
Figure 19. Approximate  dissolved-solids  discharge  and  streamflow  expressed  as 

percentages  of  the  dissolved-solids  discharge  and  streamflow of the  San  Juan River near 
Bluff,  Utah. (Taken from lorns et al. 1965) 



Table 29: TDS concentrations preferred  and  avoided by three  Colorado  River  fishes 

Species (mg/l) (mg/l) (C) 
TDS  preferred * TDS  avoided * *  Temp.  of  gradient 

Colorado squawfish 560-1,150 4,400  14-16 
Humpback chub 1,000-2,500 5,100 12 
Bonytail 4,100-4,700 560; 6,600 16-18 

Concentrations of TDS  measured as conductivity after 24 hours and converted 
to rng/liter TDS by the equation mg/liter = (pmhos conductivity - 61  8)/0.68. 
Preferred  TDS concentration given as the range  of  concentrations  over the three 
replicates for the pooled  modal compartment. 

* Mode of  the pooled-treatment distribution 
* *  Concentration  avoided by 95% of the fish 

Taken from Pimentel  and Bulkley 1983 
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4.6 Salinity 

Juan basisin, major  non-point  and  point  sources of salinity to surface  waters  include  mine  drainage,  mineral 
springs, municipal  and  industrial  effluents:  irrigation, and runoff. The  latter t ~ 7 0  sources  are by far the 
largest contributors (Table 30). From  1965-66,  runoff  contrlbuted  over  69%  of  the  TDS  load,  and 
irrigation contributed  ovcr  24%  (Melancon et al. 1979). Considering  that  the  major  irrigation  projects 
within the basin have  been  developed  sincc 1966,  it  is  likely  that  thc  perccntagc of TDS  load  derived  from 
irrigation is much  greater  today. 

All of thc major  tributaries  that  have  hlgh  salinity  arc  downstream  from  extcnsive  areas of 
irrigation (Liebermann et al. 1989). An averagc of two-thirds  agricultural  delivcry  water  is lost by 
evaporation from water  and  land  surfaces  and  by transpiration of plants,  thereby  concentraling salts in the 
rcmaining  water  that  is  returned to ground  or  surface  waters  The  TDS  conccntrabons m Irrigation  rcturn 
water is further increased  by  thc  leaching  of  salt  by  water  pcrcolatmg  into  thc .ground (Upper  Colorado 
Region  State-Federal  Inter-Agency  Group 197 1). Newly  irrigated  land  produces  thc  highest  dissolved 
solids  loads,  picking  up  an  average  of  2  tons pcr acre  (Joseph et a1 1977). An example of the  cffects  of 
irrigation ccan be  found  at a sampling site on McElmo  Creek  near  the  CO-UT  border  (site  67  in  Tables 3 1 
and 32), which is dotvnstrea~un from about  33,000  acres of irrigated  land.  The  chemical  composition of 
water at this site is similar to that near  Cortcz  on  the  Mancos  River (site 66), but the  mean  annual  flow- 
weighted TDS conccntration  and  load  are  much  greater,  averaging  2,210  mg/l and 11 0,000 tons, 
respcctivcly.  Most  of  the  streamflow  passing  the  McElmo  Creek site is  from irrigation return  flows (U.S. 
Department of thc  Interior 1987, Liebermann et al. 1989). I n  total,  the McEln~o Crcek  basin  contributes 
an averagc of 119,000 tons of salt a year  to  thc  San Juan River (U S Department of  the  Interior 1987). 

Mine and mill tailings: oil  and gas wells.  and  open  cuts  and  fills  crcated  during  road 
construction  do  not  contribute  a  large  percentage of the  total TDS load  but  produce  highly  concentrated 
point source inputs  (Upper  Colorado  Region  State-Federal  Tnter-Agency  Group 197 1)  For  example, TDS 
concentrations  in  Cement  Creek, a tributary to the  upper Anmas River,  wcre  over 1 ;OOO mgll  from 1965- 
1966  due  to salt contributions  from an active  mjnc at Gladstone as well as from  abandoned  mmes. A1 
Shiprock  during  the  same  period,  9,980  kg/day  of dmolved solids  were  added to thc  San  Juan  Rivcr  from 
tailing  ponds  at  the  Vanadium Coyorailon of America's  uranium  null,  and  an  additional 4,535  kg/day  wcre 
contributed  from  flowing  oil-test  holes in thc  Four  Corncrs  area  (Melancon el al. 1979). 

The  Fcderal  Walcr  Pollution  Control  Act  Amendments of October 1972 (Public Law 92-500), 
as anmdcd by the Clean  Walcr  Act of 1977  (Publlc Lam 95-2 17)  and  the  Colorado  Rivcr  Basin  Salinity 
Control Act of June 24,  1974  (Public  Law  93-320. as amendcd  by Public Law 98-569 011 October 30, 
1984)  havc  together  mandated a federal  govenlmcnt  effort to locatc s ~ g ~ l i c a n t  sourccs of salt  loadlng  in 
the Colorado  Rivcr  Basin (Thorn 1993).  Consequently, a number or salmty investigations  havc  been 
undertaken vritlii the  San  Juan  basin. Most reccntly,  the USGS and  thc BR jointly  sampled  thc San Juan 
and  Cham rivers in San  Juan  County,  New Mesico, as well as groundwakr in  an attempt to determine  the 
potential  salinity  contributions  from  deep  formation  waters  and  oil-field  brines  (Figurc  20)  (Thorn 1993). 
This study  included  analyses of major  ions,  trace  elements,  and stable isotopes of sulfur, but containcd no 
data  interpretation  (Appendices  1 la-d) (Thorn  1993).  Presumably, an analysis  will  be  conducted in the 
futurc in order to identi@ salinity  sources. 

In 1985 the BR's San Juan  River  Unit,  which  is p<art of the  Colorado  River  Water  Quality 
Improvement  Program,  began  to  investigatc  the  San Juan basin to locate  significant salt sources  (Bureau 
of Reclamation 1993). Investigators found  that  significant  salt  loadmg  occurred  in  the San Juan River 
between  Shiprock  and  the  Four  Corners  area. At  Bluff. the avcrage annual flow or2,047,000 acre-fcet 
(about 2.5 billion 111~) contains  approximately  1,165,000 tons olsalt Most of thls water  originates In the 
Scan Juan  Mountains,  while  most of the TDS load  comes from areas dowmstream  from the mountains. I n  
fact, almost 90%  of the water  comes from lcss  than 20% of the  total  basin  area (Iorns ct al. 1965) About 
18% of the  dissolved  solids at Bluff  are  added  downstream of Shiprock,  although only 7%  of  the  watcr 1s 
added in this reach  (Bureau or Reclamat~on 1989) Most of the loading is li-om  surface  runol"  and 
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Table 30: Sources of dissolved  solids in the San Juan basin 
Loadings Percent 

Source kg/day x 1000 Itons/day)  Total Load 

Mine drainage 
Irrigation 
Mineral springs 
Runoff 
Municipal  effluents 
Industrial effluents 
Total 

13.608 (1  5) 

328.400  (362) 

22.679 (25) 

940.746 (1 037) 

9.071 (IO) 
41.730  (46) 

1356.234 ( 1  495) 

1 .o 
24.2 

1.7 

69.3 

0.7 

3.1 

100.0 

Taken  from  Melancon  et al. 1 9 7 9 ,  after U.S. Envlronmental  Protection  Agency 1 9 7 1  
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Table 31 : Streamflow  gaging  stations  for  which  dissolved solids were  estimated  by Liebermann et al. 1989 
Drainage  Period of  record 

Site USGS Latitude  Longitude  Elevation area (complete  water 
No. Station No. Station  name (O-min-sec) Io-min-sec)  (feet) (sq. miles)  years) 

58 09333500 

59 09335000 
60  09352900 

61 09355500 
62 09364500 
63 09365000 
64 09367950 
65 09368000 

66 09370800 
67 09372000 
68 09379500 
69 09380000 
70  09382000 

Dirty  Devil River above  Poison  Spring Wash, 
near Hanksville, Utah 

Colorado  River at Hite, Utah 
Vallecito  Creek near Bayfield,  Colo. 

San Juan River  near Archuleta, N. Mex. 
Anmas River at Farmington, N. Mex. 
San Juan River at Farmmgton, N. Mex. 
Chaco  River  near Waterflow, N. Mex. 
San Juan River at Shiprock, N. Mex. 

Mancos River  near Cortez,  Colo. 
McElmo Creek  near Colorado-Utah  State line 
San Juan River  near Bluff,  Utah 
Colorado  River at Lees  Ferry, Ariz. 
Paria  River at Lees Ferry,  Arlz. 

38-05-50 

37-48-30 
37-28-39 

36-48-05 
36-43-1 7 
36-43-22 
36-43-28 
36-47-32 

37-06-27 
37-1 9-27 
37-08-49 
36-51 -53 
36-52-20 

1 10-24-27 

1 10-26-55 
107-32-35 

107-41 -5  1 
108-1 2-05 
108-1 3-30 
108-35-27 
108-43-54 

108-27-43 
109-00-54 
109-51-51 
11 1-35-1 5 
1 1 1-35-38 

3850 

3440 
7906 

5655 
5280 
5230 
4980 
4849 

5685 
4890 
4048 
3106 
31 23 

41  59 

72,340 
72 

3260 
1360 
7240 
4350 

12,900 

302 
346 

23,000 
107,540 

1410 

1969-76 

1951-56 
1963-83 

1956-83 
1955-83 
1962-82 
1977-83 
1958-83 

1977-82 
1978-81 
1930-83 
1942-83 
1948-50 

Taken from Llebermann  et  al. 1989 



Table 32: Mean annual values of  runoff,  streamflow, dissolved-solids concentrations and loads, and major constituent loads, San  Juan  region 

[Periods of record  for some sites are divided  into  preinterventlon and postintervention periods; asterisks  indicate  mainstem  sites] 

Perlod of Dlssolved sohds Major-constituent loads (tons) 

record  Flow-  Sodium  Carbonate 

Site (water years) Runoff  Streamflow  welghted Load Magnes- plus equivalent 

(Table 28) (1) (Inches) (acre-feet)  (cublc  feetlsec)  conc  (mg/l)  (tons) Calcium ium potassium (2) Chloride Sulfate 

58  1969-76 0.26 57,000 
59  1951-56 2.17 8,380,000 
60 1963-83 26.8 103,000 
61 x 1956-61 5.45 947,000 
61 1964-83 4.80 835,000 
62  1955-83 8 06 585.000 

78 

11,600 

142 

1,310 

1,150 

807 

1,830 

42 

1,990 

1,110  85,000 

580 6,616,000 

34  4,800 

163  2  10,000 

166  188,000 

263  209,000 

13,500 

887,000 

1,200 

39,700 

37,600 

46,800 

89,900 

3,600 

1 10,000 

3,000 

32 1,000 

300 

8,520 

7,200 

6,500 

1 2,800 

900 

17,300 

19,100 

2,800 

8,400 

3 8,000 

40,800 

10,100 6,800 

950,000  1,020.000 

8,300  43,700 

659,000  2,780,000 

100 1,100 

5,000  63.800 

3,400  61,100 

9,000 80,800 

1 1,900 188,000 

2,200 17,800 

25,100 276,000 

18,300 274,000 
500 24,300 

2,300 69,100 

27,000  438,000 

33,600  465,000 

752,000  3,490,000 

640.000  2,940,000 

765,000  3,460,000 

600  19,100 

200 

25,000 

20,600 

17,100 

52,300 

6,200 

82.400 

1,900 

68,000 

58,600 

49,000 

07,000 

2,800 

2  3,000 

256  462,000 

80 1 33,000 

324  634,000 

63  1962-82  3.43 

64  1977-83 0.13 
9 
00 

65 * 1958-61  2.09 
- 1' 

1 

1,327,000 

3 1,000 

1,440,000 

65 

66 

67 

1964-83 

1977-82 

1978-81 

2 .oo 
2.79 

1.99 

1,379,000 

45,000 

37.000 

1,900 

62 

51 

324 607,000 
666 4 I ,000 

2,210 1 10,000 

107,000 

5,700 

13,700 

76,000 12  1,000 

3,500 4,000 

9,300 7,400 

1930-61 

1964-83 

1942-62 

1966-80 

1981-83 

1948-50 

1.39 

1.26 

2  01 

1 53 

1.98 

0.23 

1,7  10,000 

1,545,000 

11,520,000 

8,754,000 

11,360,000 

17.000 

2,360 

2,130 

15,900 

12,100 

15,700 

24 

413 961,000 

467 98 1,000 

539  8,443,000 

564  6,714,000 

520 8,039,000 

1,340  32,000 

165,000 

149,000 

1,220,000 

885,000 

1,040,000 

3,700 

1 15,000 180,000 

120,000 173,000 

68 x 

68 

69 * 
69 

69 * 
70 

381,000  1,170,000  1,430,000 

31  1,000  983,000  954,000 

382,000  1,190,000  1,200,000 

1,500  4,200  2,600 

(1) All mean values are based only on  those  water years havlng  estlmates  of  the major constituents 

(2) Carbonate equivalent IS computed  from alkalinity; bicarbonate IS the  primary  dissolved  form. 

Taken from Liebermann et al. 1989 
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4.6 Salinity 

groundwater  discharge,  although  irrigation  projects,  coal-fired  powerplants,  surface  mining  activities,  gas 
and  oil  fields,  and  rcfincries  are also contributors  (Bureau of Reclamation 1989, Colorado  River  Salinity 
Control  Forum 1990). 

Significant  salt  loading  also  occurs  between  Archuleta  and  Shiprock,  where the San Juan I h c r  
experiences  TDS  increases of about  3.8  mg/mile,  most or which  results  from  irrigation  return flow!; and 
groundwater inputs (Burcau of Reclamation  1976). JSnowr~ salt inputs wvihin this segment  include 
approximately  18,500  tons of salUyear  Irom  Hammond  Project  onfarm  sourccs, 17,000 tondyear from 
Canyon Largo,  and 4,000 tons/year  Irom  Gallegos  Canyon  (Bureau of Reclamation 1993). Below 
Farmington, the San  Juan  River  accumulates  over 500,000 tons or salt a year (U S. Department of the 
Interior 1987). 

The Hammond  Projcct, NIIP, and  Hogback  Irrigation  Project  are  the  main  irrigation  sources  of 
salt in the San Juan basin.  An  evaluation of historic  water  data  shows that these  projects  contribute  over 
18,500 tons of salt <annually  (Ehreau of Reclamation  1989).  Prior to 1989,  the areas irrigated  by  the  NIIP 
bcgan  dischnrbhg  water of TDS  concentrations  exceeding 3,000 mgA; most  of  these  saline  discharges  were 
from Gallegos  and  Ojo  Amarillo  washes.  The  Hogback  pro-ject  also  contributes hemy TDS  loads,  but  the 
specific  input  mechanisms  are as yet  unknown. Ground~mtcr accrulng to the  San Juan River  alluvium in 
the Hogback  Project  arc8  has  TDS  conccntrations  above  15,000 mg/l (Burcau of Reclalnation 1989) 

The Colorado Salin~ty Control Forum (1990) concluded that, of thc  threc  irrigation  projects 
implicated  in  major salt loading,  salinity  control on the  Hamrnond  Project  would bc cost-effective.  The 
Hammond  Project  Portion oE the  San Juan River  Unit was consequently  established.  The  Hammond 
Project was originally  designed as an  earth-lined  system,  operation  oEwhich  resultcd  in salt pickup  witlun 
the  San  Juan  River  due  both to deep  percolation of Irrigation  water  through  underlying  shales  high  in salt 
content  and to esccssivc  canal  seepage  losses  (Bureau of Reclamation 1993). Hydrosalinity  studies of the 
HanxnondProject  estimate  that  canal  and  lateral  losses  alone were contributing 3 1,650  tons of salt per  year 
to  the San Juan  River  (Bureau of Reclamatior~ 1993). The  BR has recommended ha t  all  unlined  sections 
of the Hammond  Project  irrigation  systcm  be  lined,  rcsultmg  in an estimated salt reduction  of  27,700 
tondyear  (Colorado  River  Basin  Salinity  Control  Fonun 1990). Furthermore.  the BR has  estimated that 
implementation of the canal-lining  project would save  4,900  acre-fect  (about G million 1n') of watcr 
currently lost via  canal  seepage.  The BR conducted a biological assessment of the  proposed  project  and 
has  determined that it would  not  affect  any olthe fcderally  listed or candidate  specles. 

The Bloomfield  Refining  Company, a small oil refinery  located  directly  adjacent to the 
Hmmond Project, has committed  to minm~izing any discharges  from  the  racdity  that  might  aggravate salt 
loading in the area  The  refinery  has  adopted a mo-discharge policy  and a program to eliminate salt 
leaching as a result or indircct  discharges  to  groundwater. Two 5-acre, double  lined  evaporation  ponds 
have  been  installed on the propeq, and in the hture the  refinery  plans both to eliminate  the  use  of  spray 
irrigation  and to double-line  or  ehmiuate  two  existing  evaporation  ponds on the site (Roderick 1991). 

Liebcnnann et a1 (1989) exammed TDS and flow records Tor 30 sampling sltes in the Upper 
Colorado  River  basin to dctcrmine if any historic  trends esistcd. Thc  authors Found lhat most  trends  werc 
related to chanzes in hand use,  salinity-control  prqjccts,  the  development of rescrvoirs,  and  transmountain 
esports. Bccausc  most  transmountain  exports  occur in thc  upper  portion or thc  basin  where salinity is 
geucrally  less  than 100 mgA,  water is  removed  that  otherwise  would  serve to dllutc  the  more  saline  waters 
oithe lO\Yer portion of the  basin  (Joseph et a1 1977). 

Liebennann  et  al.  (1989)  found  the following dissolved  solids  trends at sampling stations within 
the San Juan  basin  (Table  32): 

3'an Juan  River  near  Archuleta  (site 61): The  pcriod of record was d~vided into a preintervention 
period  (1956-61)  and a postintenmtionpcriod (1964-83),  based on the  initial lilling of Navajo  Reservoir. 
Seasonal variability in  TDS  concentration  greatly  decreased  since  the  initial  reservoir  filling:  but  mean 
annual  TDS  concentration  did not change between the two periods. No annual step trends  werc  statistically 
significant. Annual  monotonic  trend-analyses of the  postintervcntion  pcriod  indrcated a marginally 
significant  decrease  in  median  annual  dissolved  sollds  concentration of 1 1 mg/l  per  year  From  1964 to 
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1983,  the  mean  annual  flow-weighted  TDS  concentration  averagcd 166 mg/l. There  was  no  evidence of 
leaching or mineral  precipitation 111 Navajo  Resenlolr. 

-Animas  River  at  Farmington  (site 62). No statistically sipificant annual  trends in dlssolved 
solids  were  detected  during  1955-83,  although  monthly  concentrations of dissolved  sodium  and  chloride 
decreased  significantly,  mainly  during  thc Iow-flo\v season 

-Sari JuanRiver at Farnington (sitc 63): No statistically  significant annual trcnds  in  dissolved 
solids  were  detected  during 1962-82. 

Chaco River  near  Waterflow (site 64): Slte 64 IS about iive miles  downstream  from  the  Four 
Corners Powerplant,  which  began  operating  in  1967.  Wastewater  from  thc  plant  drains  from  scveral 
holding  ponds  into the Chaco  River,  creating a perennial  strean]  downstream  from  thc  powerplant.  The 
remainder d t h e  flow of the  river  is  almost  entirely  from  seasonal  rainstorms.  Mcan annual flow-weighted 
dissolved solids concentration  averagcd 801 mg/I, and  the  mean  TDS  load was 33,000  tons per year. 

.Sari Juan  River  at  Shiprock  (site 65). The period  of  record  for site 65 was also diwded into pre- 
(1958-61) and postintervenlion  periods (1964-83) based on thc  initial  filling  OfNavaJo  Rescrvoir.  The 
preintervention  period  was  too  short for an evaluation of trends.  Annual  monotonic-trend  analyses €or the 
postintervention period  indicated  marginally  significant  decrcases m mcdkan annual  flow-adjusted 
concentration of2.7 mp/l  per  year. 

-Mmcos River  near  Cortez  (site 66). Site 66 is do\mstreanl  from  about  12,000  acres  of  irrigated 
land  underlain  by  Mancos  Shale, Nava~o Wash dram additional  irrigation  areas  and  discharges  into the 
Mancos  River dounstream from site 66; the  Mancos  River  thus  contributes far more  TDS  than  reported 
for this site.  The  TDS  concentration  during  base ilow averaged  about 1,800 rngfl, but the  large  sno\l;melt 
runolTvolwne  lowered  the  avcrage  flow-weighted  dissolved-solids  concentration to 666  nlg/l. No trends 
were  apparently  evaluated for this site. 

-McElmo Creek  near  Colorado-Utah  State  llnc (ate 67) Site 67 is  downstrcam fi-om about 
33,000  acres  o€irrigated  agriculture,  with a mean annual flow-weightcd  dissolvcd  solids  concentration of 
2,210 mg/l and an annual  load  of 1 10,000 tons.  Most oE the  strcamflow  is  composcd of irrigation  return 
flows.  No  trcnds  werc  apparently  evaluated €or this  site. 

-Sari JuanRiver nearBlufT(site 6 8 ) .  The  pcriod  of  rccord  \vas also divided 11110 pre- (1930-61) 
and  postintervention  pcriods (1964-83), based  on  thc  initial filllng of Navqo Reservoir. Annual  step-lrcnd 
analyses  indicated  a marginally siglficanl increase 111 annual dissohzd-sollds concentration or 47  mg/l, 
which  represented  an  11%  change horn the  preintemention  median  concentration.  Annual  monotonic-trend 
analysis  indicated a sigdkant dccrease in medm annual flow-adjustcd  concentration  of 1.5 mEJl per  year, 
a 10%  change  rronl the preintcnrention  median  concentration  Durlng  the  postinlcrvention  pcriod,  trends 
indicated  a  marginally  significant  decrease in  median  annual  TDS concentration of 7.1 mg/l per  year  and 
a significant  dccrease in median annual flow-adjusted  concentration OC 3 7 n~gA per  year A second step- 
trend  analysis,  using  1968-83 as the  postintervention  period,  indicated no significant annual trends  From 
1963 to 1968, releascs  from  Navajo  Reservoir  were  small  and downstrea~n TDS  contributions  were  not 
diluted as much as dter 1968 when  the  resewow was mostly iidl and releases  were  larger. 

Nordlund  and Liebemmn (1990), using  the  same data sct as Llebermann  et al. ( 1  989):  made 
extensive  historical  estimates of dissolved  solids for the  same  gaging  stations  in  the  Uppcr  Colorado  River 
basin which  have  been  included to provide  further  dctail  (Appendices  12a-b) 

4.7 GROUNDWATER 
Groundwater  in the San  Juan  River  basln  is n a h d y  high in  dissolvcd  solids,  although  land use 

practices may increase  dissolved  solids  concentralions  (Mclancon et a1 1979). Groundwater  quality is 
pertincnt  to  thc  issue of Sa11 Juan  basin  natwc  fishes  because it gcncrally  dischargcs into tributaries  to the 
San  Juan  River or to the  lnainstem  rivcr  itself.  The  volumc of groundwater flow contributions to surface 
water streamflow  are  prcsumed to be small (Stone el a1 1983), but groundwatcr  can  noncthcless  affect 
surface water  quallty,  espccially  in  the casc of dissolved solids 
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Within the San Juan  basin,  wclls may yield  water  whose  quality IS considercd  too  poor for 
domestic  or  livestock  use  (Blanchard  et al. 1993). Ncw  Mexlco  groundwater  standards  (Table 33) have 
not  been  promulgated for the  protection  of  aquatic llfc and  are  less  stringent,  generally by three  orders  of 
magnitude, than surface  watcr  quality  standards (New Mexico  Watcr  Quality  Control Comn~ission 199 1). 

Wilson (198 1) compiled a review of groundwater  pollution  problems  in New  Mexico that is 
applicable to the San  Juan  basin  (Table 34). Major  sources or groundwater  pollution in New  Mexico 
include  dumping-induced  saline  intrusion, 111111 wastewater, scptic tank effluent,  and  brine disposal. Leaks, 
spills,  municipal  wastewrtter,  animal  confinement  facilities,  mine  drainage,  and  industrial  wastewater  can 
be locally  important  sources  of  groundwater  pollution.  Natural  recharge of aquifers is limited, so induced 
recharge serves as  a  major  pollutant  pathway.  Artificial  recharge  can be caused  by  secpage  from  pits, 
ponds,  lagoons,  irrigated  fields, or arroyos.  Injcction  wells,  poorlJ/  constructed  wells,  leaks  and spills, and 
overpumping of artesian  wells  can  also  serve as rechargc  sources  (Wilson 1981). 

No~w7estem New  Mexico  is an area  where  abundant  pollutant SOUTCCS, vulnerable  aquifers,  and 
viable pollutant  pathways exist together  (Figure 21) (Wilson 1981). Within  the  San  Juan  basin  are 
extensive coal,  uranium, oil, and  gas  developmenls,  as  well  as  anlmal  containment  systems,  electrical 
powerplants,  and  potential  wastewater d~scharge into  groundwater 

Irrigation is the  largest  groundwater  pollution  source i n  Ncw M e ~ c o .  Nonetheless,  because 
irrigation is deemed a beneficd use  and  salinity  Impacts  arc  consrdered  inevitable,  Ncw  Mexico 
regulations  do  not  consider  salinity  inputs  Iron1  irrigation to be  pollution  (Wilson  198 1). In  the  San  Juan 
basin, irrigation  rcturn  water  that is not  rcturned to rlvers  and  streams bq overland flow, seepage,  or 
subsurrace tiles  is  Incorporated  into  the groundnater system (Blanchard et al. 1993). Whcn  irrigation 
drainage  water flow7s through  vallcy-fill  dcposits in the  subsurface,  the  specific  conductance o i  the  watcr 
increases from less than 500 ymhos, when  applied to tlx land,  to 2,000 9mhos or  more by the time  it 
reaches the rivcr  (Stone et al. 1983). 

Groundwatcr  pollution  sources in Ncw  Mexico  that  involve h~ghly toxic  or very saline  flulds 
include  saline intrusion. mill  wastes,  brine  disposal,  and  scptic  tanks.  Minor  sources  include  leachate  (in 
situ) fiomnuning, sewer  leaks,  sludge  disposal,  solid  waste  disposal,  air  pollution,  urban  runoff:  seepage 
fiom stockpiles,  nuclear  waste  storasc  and  disposal,  highway  deicing,  range  management,  silviculture,  and 
mine  development  and  abandonment.  Wlthin  the  San  Juan  basin, nitnng and  relatcd  activities,  industrial 
discharges,  and  saline  intrusion  are  thc  most  significant  groundwater  pollution  sources.  Aquifers  within 
theNew Mexico  portion  of  the  San  Juan  basin  generally haw low  to moderate  vulncrability,  except  in  the 
geologic  San  Juan  valley  where  aquifer  vulnerablllty is high  (Figure 22) (Wilson  198  1). 

Abandoned  or  poorly  constructed  wells  provide a mechanism for bypassing  the  protection of 
the vadose zone,  or  zone o i  aeration. In  New  Mexico a large  nunlber of groundwater  contamination 
episodes  have  occurrcd as a  rcsult of faulty well  casings or drill  holes  that  were  not  adequately  plugged 
(Wilson 1981). 

Groundwater  contamination wit11 petroleum  products IS of  special  concern in the San Juan  basin 
Petrolcum products may  eventually  recharge  surface  water  through  springs  or  Influent  seepage.  From 
1972-1984,34 contammation  incidents  with  pctroleum  products  were  rcportcd in San Juan County, New 
Mexico,  with tw70 of  these  incidents  resultmg in documented  groundwater  contamination  (Jercinovic 1985). 

The USGS is currently  conductlng a study in thc Aneth,  Utah,  area of potential  groundwater 
contamination  by  oil-ficld  brincs, w7hich are ujectcd for sccondaq rccovery  of 011. The USGS stucly  was 
initiatcd  in  rcsponsc to work  done by Avet),  (1986). wvh~ch found  that  watcr  from some wells  near  Ancth 
that tap the Navajo Sandstone  had  larger than espectcd  salimty  conccntrations.  Further  sampling  was 
conducted in 1989, 1990, and 1991, which indlcakd that  the  salmc  wells  are in and  adjacent to the 
southeastern p'xl of the  Greater  Aneth Oil Field  and  in  and Just to the  northwest or the  South  Ismay- 
Flodine  Park  field.  Three ~7ells in  the  area  have  reportcdly  undergone  salinity  increascs  of  more  than 50% 
(U.S. Geological  Survey  and  Utah  Division of Oil,  Gas,  and  Mming 1993). Following  the  Avery (1986) 
study,  Kilnball (1992) sampled  wcll  water  from  thc Montemm Canyon area, north of Aneth.  Moving 
norlh to south,  wells  becamc  more  saline,  these increases were  ascrlbed  to  injcction  of  oil-production  water 
rather  than to natural sources (U.S. Geological  Survcy  and Utah Division of Oil, Gas, and  Mining  1993). 
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Figure 22. Relative  vulnerability of New  Mexico  aquifers to contamination from surface 
discharges. (Taken from Wllson 1981) 
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Table 33: Groundwater pollution problems in New Mexico - 

A. Human  Health  Standards - Groundwater  shall  meet  the  standards  of  Sectlon A and  B  unless  otherwise  provlded. 

Arsenic 
Barium 
Cadmium 
Chromium 
Cyanide 
Fluoride 
Lead 
Total  mercury 
Nitrate  (as  N) 
Selenium 
Silver 
Uranium 
Radloactivlty:  combined 

Radium-226  and  Radium-228 
Benzene 
Polychlorinated  biphenyls  (PCBs) 
Toluene 
Carbon  tetrachloride 
1,2-dichloroethane  (EDC) 
1,l-dichloroethylene (1 ,I-DCE) 
1,1,2,2-tetrachloroethylene (PCE) 
1 , I  ,2-tr~chloroethylene  (TCEI 
Ethylbenzene 
Total  xylenes 
Methylene  chloride 
Chloroform 
1.1 -dichloroethane 
Ethylene  dlbromide  (EDB) 
1,1,l-trichloroethane 
1,1,2-trichIoroethane 
1,1,2,2-tetrachloroethane 
Vinyl  chlorlde 
PAHs:  total  Naphthalene  plus 

Monomethylnaphthalenes 
Benzo(a1pyrene 

B. Other  standards  for  domestic  water  supply 

Chlorlde 
Copper 
Iron 
Manganese 
Phenols 
Sulfate 
Total  Dissolved  Solids  (TDS) 
Zmc 
PH 

0.1 rngll 
1 .O rngll 
0.01  mg/l 
0.05 rngll 
0.2  mgl l  
1.6  rngll 
0.05 mgl l  
0.002  mgll 
10.0  mg/l 
0.05 mgl l  
0.05 mgll  
5.0 mgl l  

30.0 pCdl 
0.01 mg/l 
0.001 mgll  
0.75  mg/l 
0.01  mgll 
0.01 mgl l  
0.005 mg/l 
0.02  mgll 
0.1  mg/l 
0 .75  mgl l  
0.62  mgl l  
0.1 mgl l  
0.1 mg/l 
0.025  rngll 
0 0001 mgl l  
0.06 mg/l 
0.01 mgl l  
0.01  rng/l 
0.001 rng/l 

0.03 mg/l 
0.0007 mgl l  

250.  mg/l 
1 .O rngll 
1 .O mgll 
0.2  mg/l 
0.005 mg/l 
600. mg/l 
1000. mg/l 
10.0 mgl l  
between 6 and  9 

Aluminum 
Boron 
Cobalt 
Molybdenum 
Nlckel 

5.0 mgll  
0.75  rngll 
0.05 mgll  
1 .O rngll 
0.2 rngll 

Taken  from  Wllson  1981 - 
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Table 34: Groundwater pollution problems in  New Mexico 
Pollutant source Typical pathway 

Irrigation 

Saline intrusion 

Septic tanks and  cesspools 

Oil field brines 

Leaks  and  spills 

Municipal wastewater 

Industrial wastewater 

Animal confinement facilities 

Mine drainage 

Mill wastes 

Salinity,  nutrients,  and  pesticides In return flows 

Overpumping of fresh water which is  adjoined  or 
overlain by saline water 

Nutrients and  pathogens in discharges,  especially 
where  systems are poorly constructed 

Disposal of brines by ponds  or through leaky 
injection wells 

Accidental  releases of hydrocarbons or chemicals 
from pipelines,  tanks,  and  vehicle  accidents 

Nutrients and  pathogens in discharges to arroyos 
and  fields  and in pond seepage 

Salinity  and  chemicals in seepage from cooling 
ponds,  refinery wastewater ponds,  and industrial 
septic  tanks 

Nutrients and  organics in dairy washwater and 
seepage from feedlots 

Radionuclides and chemicals drawn in by mine 
pumping  and/or in seepage when drain water is 
discharged to arroyos 

Chemicals  and  radionuclides in seepage from 
decant  ponds 

Taken from Wllson 198 1 
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4.8 Pesticides and PCBs 

The  current  USGS  study  arca  covers  about  800 mi2 in  the  southeast  corner of San Juan  County, 
Utah (Figure 23) (Spalgler 1992).  The  area  is  crossed by the  San  Juan  Rivcr  and  McElmo  Creek, as well 
as  by Montemna Crcek  and  several  other  snmller internittcnt  streams  (Spanglcr 1992). Therc is evidence 
that the San Juan River is the  discharge  line for a11 consolidated  rock  aquifcrs,  underlying  aquifers,  and 
unconfined or semiconfined  aquifers in the  study  area.  Discharge  from  aquil'ers  occurs as springs, 
evapotranspiration,  and  scepage  along  the  San  Juan  River (U.S. Geological  Survcy  and  Utah  Division  of 
Oil, Gas, and  Mining 1993). Preliminary  analysis of data  collected in 1992 and 1993 suggests that non- 
oil-field brine may bc the source of salinization (U.S.  Geological  Survey 1993b). 

Since  1988  the  USGS has bcen  analyzing  w-ell  water for  major  anions  and  cations;  selected  trace 
elements;  and  oxygen,  sulfur,  hydrogen,  and  strontium  isotopes. In 1989, 18 water  samples  from  wells 
in the  Navajo aquifer  and tm7o production  water  samplcs  were  collected. In the  summer ol' 1990 seven 
additional  water  sanlples  were  collected  from w7ells that  previously  had  large  TDS  conccntrations.  During 
the  summer of 1991,12 wells  werc  sampled,  some for thc first time.  Rcsults  indicated  that  the  dissolved 
solids  concentration  in  water from one well  had  increased  substantially  from  1989 to 1991. In 1992,20 
wells in the Navajo, Entrada,  and  alluvial  aquifers  were  sampled (U S Geological Sulrvey  and Utah 
Division of Oil, Gas, and  Mining  1993) 

Well  record  data for the  Morrison,  Bluff,  Entrada,  and  Navajo  aquifers,  and  chemical data for 
wells  producing  water  primarily Gom the  Navajo  aquifer,  were  reported  by  Spangler (I 992). Dissolved 
solids  conccntrations in~vcll water in thc Navajo aqulrer  rangcd l'om 150 mg/l to 17,800 mgfl,  with  some 
of  the  highcst  concentrations  occurring in the  vlculil>. of the  Aneth and South  Ismay-Flodine  Park  Fields. 
However,  water from most of  the  wclls in the  Navajo  nquifcr to thc  north,  wcst,  and  south of the  Greater 
Ancth  Oil  Field  contained  dissolved  solids  conccntrations  less  than  1,000 mg/l Data  showed that water 
fiom several  wells in the  Ancth  area  havc  undergone  anomalous  changes  in  dissolved  solids  concentration 
in rclatively short periods  of  time;  these  changes  have  included  both  increases and decreases  (Spangler 
1992). The data from  Spanglcr  (1992):  collected from 1989 to 1991, has been  Included  along  with 
accompanying  wcll  locations  (Appendiccs  13a-e). 

From 1973 to 1976, Hutchinson  and  Brogdcn (1976) conducted  surface  and  groundwatcr 
sampling  on  the  Southern Ute Indian  Rescrvation of southwestern Colorado.  Samples  were  analyzcd for 
major  cations  and  anions,  and for selenium  and  arsenlc  (Appendix 14a). 

In responsc to the  projectcd  increascs  in  coal  surface  mining of the Fruitland  Formation,  Myers 
andvillanuem (1986) conducted  groundwatcr sampl~ng in those  areas that would be  affected in order to 
establish  baseline  conditions.  The  locations  of the observation  wells  and  the  accompanying  data  have  becn 
included as appendices  (Appendices  15a-d) 

A h a 1  groundwatcr  study  conductcd  for  the Scan Juan  basin  is a USGS  investigatron of methane 
contanination in thc  Animas  River  Valley or Colorado  and  New  Mexico  (U S. Geological  Survey 1993a). 
Water  quality  data  were  collected  during A L I ~ U S ~  1990-May 199 1 Ibr 7 1 wells  and  one  spring in Colorado 
and 132 wells  and one spring in New  Mcxico  (Figure 24). Data  consist or water  and  gas  well  rccords; 
water  quality  data,  including  mcthanc  concentrations, Crom wells  and  springs in the Animas River  valley; 
concentrations of methane in soil  gas  near  watcr  \vclls  and  springs  and  adjaccnt  to  gas-wcll  casings  within 
about  one-halfmile of the Animas  River  vallcy; and molccular  composition  and  mcthanc-isotope data for 
gas  samplcs  collected &om ground-water  headspacc,  soil, and gas-well production  casings (U S Geological 
Survey 1993a) The  preliminary  data n7ere relcased In an lnterlm  report,  but no nnalysls of the data was 
included  (Appcndlces  16a-d). 

4.8 PESTICIDES  AND  PCBs 
Both  surface ald subsurface  irrigation  return flow can  transport  pesticide and  polychlorinated 

biphenyl  (PCB)  residues  (New  Mcxico Water  Quality  Control  Commission,  1976).  Pesticides  other  than 
chlorohydrmarbon  compounds  (more co~nmonly known as organochlorlne  compounds)  can  be  relatively 
water  soluble,  and  although  they  may  be  short-lived  they  can h a m  aquatic  life  at  elevated  concentrations. 
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Figure 24. Location of USGS Animas River  Valley  groundwater  study. (Taken from USGS 1993a) 
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4.8 Pesticides and PCBs 

Chlorohydrocarbon  compounds,  used  extensively  before  the mid-l970s, are  only  slightly  soluble  in  water 
but are highl~7 soluble  in  lipids  and  thus  are very persistent  in  biological tissues (National  Fisheries 
Contaminant Research  Center et al.  1991).  Fish that inhabit  areas  recelving  drain  water  may still be 
exposed to chlorohydrocarbon  pesticides that have  remained in fields  since  their use was  terminated 
(National Fisheries  Contaminant  Research  Centcr  et  al. 1991). The  tendency of chlorohydrocarbon 
compounds to accumulate  in  the  tissue of fish where  they  can  persist for long  periods of time  is of 
p d c d a r  concern  €or  long-lived  fish  such as the Colorado  squawfish  and  razorback  sucker (U.S. Fish and 
Wildlife  Service 1991b). 

The  most  extensive  study of chlorohydrocarbon  compounds  was  conducted  by OBrien (1987) 
witlli the  New Mesic0  portion of the  Sa11  Juan  basin  (Figure 25) The study,  which  also  analyzed for trace 
element  contamination,  selected  four  sitcs on the  San  Juan  River 'and two sites on the  Animas for fish as 
well as bird collections.  Thc sites were  chosen w~th regard to the  most  probable  contaminant  sources. 
irrigation rctum  flows,  mine  tailings,  and  emissions  and  effluent  from  the  two  coal-fired  powerplants  near 
Shiprock. A total of 53 fish plus three  composite  samples of speckled  dace (IU77nrchthy.s osculus) were 
collected from  six sites.'  The fish samples  included 16 flannclmouth  sucker Iron1 4 sites, 27 bluehead 
sucker €ram 5 sites, and 3 rainbow  trout, 2 brown  trout (Snlmo trurtn), and 5 colnmon carp each  from 1 
site  (Tablc 35). Each  conlpositc sample of speckled  dace  contained 50 fish and  wcighed 255-3 12 grams 
(O'Brien  1987). 

Tissue  samples  from  the fish \ w e  analyzed  for 17 chlorohydrocarbon  compounds  (Table 36). 
Residue levels lor all  compounds  except  PCBs  were  below  the  detection  limit  or at very low  values 
compared  to  NCBP  data  (Table  37). With~n the San  Juan  River  proper,  the  geometric mecan was lower for 
all organochlorines  than the NCBP  geometric  mean  (Schmitt  et al. 1985). In  San  Juan  River fish, only 
PCBs  wcre  detected in individual  samples a1 levels higher  than  the  national  mcan.  The  highest  PCB  level 
in any fish sample, 1.3 ppm (mgkg wet  wcight), came from a flannelmouth  sucker at the Animas  River 
station. The  PCB  levels €ound in  this study were  wcll  bclow  those  levels  reported  in  other  studies as 
causing nlortality  in €ry, increasing  thyroid  activity,  causing  gill lesions, or  causing  degenerative  liver 
changes  (O'Brien  1987). 

Prior  to  O'Brien's  investigations,  very  little \vas horn1 rcgarding  chlorohydrocarbon  compounds 
in the  San  Juan  basin. In preparation for the Envlronnmtal Impact  Statcnlent for proposed  modifications 
to the  Four  Corncrs  Powerplant  and  Navajo  Mine  (Bureau of Reclamation  1976):  limited  surface  water 
monitoring  occurred  at  stations on the  Animas  Rivcr at Cedar  Hill,  New  Mcxico,  and on the  San Juan Rivcr 
at Shiprock. Ncxachloride, DDD: DDE, DDT; D~eldrin. Endrin,  and  Hcptachlor  were  detccted  at  the 
stations,  but  the  data werc  not  considcrcd  adequate to providc an esalual~on of thc  contaminalion and wcre 
thcrefore not published m the  EIS  (Bureau  oCReclamation  1976). 

Subsequent to  O'Brien  (1987),  there  has  been a limited  amount  of  additional  mformation 
gathered concerning  chlorohydrocarbon  compounds m the  basin.  Blanchard et al. (1993),  in  their 
investigations of the  same  general  study  area as that  covered  by  O'Brien  (1987):  analyzed  bottom  sedimcnt 
for  17 chlorohydrocarbon  compounds and ilannelmouth  sucker  Ibr 22 compounds  (Tables 38 and 39). 
They  found DDE concentrations  greater  than  laboratory  reporting  levels  in  eight o€ 10 bottom  sediment 
samples,  and in five o€ six fish samples  total  PCBs  were  above  thc  laboratol);  detection  level. 

For  the  bottom  sedimcnt  samples,  concentrations  of  chlorohydrocarbon  compounds at or  greater 
than  the  laboratory  reporting l ~ ~ &  included  DDE at Gallegos  Canyon drainage  middle  pond,  Ojo  Amarillo 
Canyon, and thc East Hammoud  Project  west draun  and adjacent  wetlands,  DDD  and  DDE  at  the  West 
Hammond  Project  pond;  DDD,  DDE,  and  chlordanc  at  the Fruitland  Project site, thc Hogback  marsh;  and 
the Hogback  Project  west  drain;  and  DDT,  DDD,  DDE,  and  chlordanc at the  Hogback  Project east drain 
Masimum  conccntrations  €or these compounds  were DDT, 0.1 pg/kg; DDD, 0 2 p g k g ;  DDE, 0.4 , r e g ;  
and  chlordane, 2.0 ;Agkg  (Blanchard  et  al. 1903). 

'O'Bricn  (1987) statcs that longnosu dacc (Rhimchd~p catrrrmlcrc) was snn~plcd. However, lhis spacies of fish does not occur in the 
San Juan basin. This review thcdorc nsstllnes hat the correct spacics was lhc spcckled dace. 
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0 L!LL? Lake or reservoir 
miles -...- A W W O  

mfish   co l l ec t ion  sites 
4 b i r d  c o l l e c t i o n   s i t e s  

Figure 25. O'Brien (1987) study  area  and  collection  sites. (Taken from O'Brlen 1987) 
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Table 35: Fish  sampling  locations  and  species,  O'Brien  study, 1984 
Station No. Location  Species No. in Sample 

1 

1 

1 
2 

5 

6 
6 

Shiprock 

Shiprock 

Shiprock 
Farrnington 

Farmington 
Farrnington 
Animas  River  confluence 
Animas  River  confluence 
Bloornfield 
Bloomfield 
Bloornfield 
Archuleta 

Archuleta 

Anirnas North of Aztec 
Animas North of Aztec 

Flannelmouth  sucker 
Catostomus latipinnis 
Bluehead  sucker 
Catostomus discobolus 
Bluehead  sucker 
Longnose  dace* 
Rhinichth ys cataractae 
Bluehead  sucker 
Longnose  dace 
Flannelmouth  sucker 
Bluehead  sucker 
Longnose  dace 
Flannelmouth  sucker 
Bluehead  sucker 
Carp 
Cyprinus carpio 
Trout  (rainbow & brown) 
Satmo gairdneri, satmo trutta 
Bluehead  sucker 
Flannelmouth  sucker 

5 

4 

3 
50 

5 
50 
5 
5 
50 
3 
5 
5 

5 

5 
3 

*This  species  is  presumed t o  actually  have  been  speckled  dace  (Rhmchthys  osculus)  because 
longnose  dace  does not occur  in  the  San  Juan  basm 

Taken  from  O'Brlen 1987 
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Table 36: Organochlorines  scanned by O'Brien (1 987) 

Aldrin 
Dieldrin 
Endrin 
Lindane 

Mirex 
Toxaphene 
HCB 
PCB 

(BAH-ALPHA & GAMMA) 

Cis-Chlordane (ALPHA) 
Trans-Chlordane (GAMMA) 
Heptachlor 
Heptachlor Epoxide 
Cis-Nonachior (BETA) 
Trans-Nonachlor 
DDE 
DDT 
DDD 

Taken from O'Brien 1987 
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(Geometrlc  mean wet weight 1980-81 Natlonal Pestlclde Monitoring Program, Schmitt  et al. 1985) 
Trans HeDtachlor- CIS- Trans- Lindame 

Station  Chlorodane  Heptachlor Epoxide Nonachlor Nonachlor DDE  DDE  DDT Alpha-BHG 
No. Specles (0.02) (O.Ol)* * (NA) (0.02) (0.04) (0.2) (0.07) (0.29)  (0.01) 

1 
1 
1 
2 
2 
3 
3 Assay A 
3 Assay B - 

N 3 
e 4 

4 
4 
5 
5 
6 
6 

Flannelmouth sucker 
Bluehead sucker 
Bluehead sucker 
Longnose dace* * x 

Bluehead sucker 
Longnose daceX x * 
Flannelmouth sucker 
Flannelmouth sucker 
Bluehead sucker 
Longnose dace * * 
Flannelmouth sucker 
Bluehead sucker 
Carp 
Trout 
Bluehead sucker 
Flannelmouth sucker 

Geometrlc mean 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<o 01 
<0.01 
<0.01 
€0.01 
co.01 
<0.01 

0.01 

<0.01 
<0.01 
<o 01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

0.0 1 

<0.01 
<0.01 
<0.01 
€0.01 
<o 01 
<0.01 
<0.01 
<0.01 
€0.01 
<0.01 
<0.01 
0.01 

<0.01 
<0.01 
<0.01 
<0.01 

0.01 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<o 01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

0.01 

0.0 1 
<0.01 
0.01 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.01 

<o 01 
0.01 

<0.01 
<0.01 
<0.01 
<o 01 
<0.01 

0.0 1 

0.05 
0.03 
0.06 
0.04 
0.03 
0.07 
0.10 
0.10 
0 -04 
0.06 
0.10 
0.03 

0.015 _ _ _  
0.05 
0.14 

0.06 

0.07 
0.0 1 

0.01 
0.01 

_-_ 

-_- 
0.0 1 
0.01 
0.02 
0.0 1 
0.02 
0.01 _ _ _  
0.04 

_ _ _  
_-- 

0.015 

Includes traces of aldrln, Schmitt  et ai 1985 
* * Includes heptachlor epoxlde, Schmltt  et al. 1985 

* x O'Brlen states  that  longnose dace were sampled. However,  this specles of  flsh does not  occur In the San Juan basm 
Thls revlew  therefore assumes that  the  correct specles was  the speckled dace 

Taken  from O'Brlen 1987 



Table 38. Concentratlons of pestlades  In  water  and  bottom-sediment  samples, 1990 
Alachlor.  Metolachlor,  Metrlbuzln, 

total Ametryne, Altrazlne, Cyanazlne, water,  whole, water,  whole, Prometone. Prometryne, Propazlne, Slmaztne, Slmetryne, Trlfluralln. 
recoverable total total total tot rec tot rec total total total total total tot rec 

Slte csm bsll) csm cell1 (uew ceW csw bdl) (CrSN bdll W l l  llKlll) 
number*  Date  Tlme (77825) (82184) (39630) 181757) (82612) (8261 1) (39056) (39057) (39024) (390541 (39054) (39030) 

Trlazlne  herblcldes  In  water 

I- 1 

I- 3 
1-2 

1-4 
1-6 
1-8 
1-1 0 
1-13 

17-May-90 
19-Jun-90 

17-May-90 

20-Jun-90 
19-Jun-90 

20-Jun-90 
19-Jun-90 
19-Jun-90 

1600 
1000 
1100 

0900 
1330 

091 0 
1200 
0930 

<o  10 
<0.10 
<0.10 
<o  10 
<o 10 
<o  10 
<0.10 
<o  10 

<o 10 
<o 10 
<o 10 
<o  10 
<o 10 
<o 10 
<0.10 
t o  10 

4.9 
1 0  
1 .o 

0.1 0 
0 10 
0.10 
0 10 

<o 10 

2 3  
0 10 

<o 10 
0.10 

<o 10 
<o  10 
<o 10 
<o  10 

eo 1 
<0.1 
<o 1 
<o 1 
<o 1 
<0.1 
<o  1 
<0.1 

<o 1 
<0.1 
<o 1 
<0.1 
<o 1 
<o 1 
<0.1 
<O.l 

<0.1 
<0.1 
<O.l 
<0.1 
10.1 

<o 1 
<0.1 

<o  1 

<o 1 
<o  1 
<0.1 
<o  1 
<o 1 
<o  1 
<o 1 
<o  1 

<o 10 
<o 10 
<0.10 
<0.10 
<0.10 
<o 10 
<0.10 
<0.10 

<o 10 
<o  10 
<0.10 
<0.10 
<0.10 
<o  10 
<o 10 
<o  10 

<0.1 
<o 1 
<0.1 
<o. 1 
<0.1 
<o 1 
<o 1 
<o 1 

<0.10 
<0.10 
<0.10 
<o 10 
<0.10 
<0.10 
<o 10 
<0.10 

Dlcamba  Plcloram 
(Med~benl  ITordon) 

2.4-D, 2.4-DP. 2.4.5-T, (Banvsl  D) (Amdon), Sllvex, 
total total total total total total 

Site bsm bdll (u911) bdl) bdll WgN 
number"  Date  Tlme (39730)  (82183) (39740) 1820521 (39720) 1397201 

Chlorophenoxy  acld  herblades In water 

1-1 
I- 2 
1-3 
1-4 
1-6 
1-8 
1-10 
1-1 3 

17-May-90 
19-Jun-90 

17-May-90 

20-Jun-90 
19-Jun-90 

20-Jun-90 
19-Jun-90 
19-Jun-90 

1600 
1000 
1100 

0900 
1330 

091 0 
1200 
0930 

0 02 
co.01 
<o 01 
0 03 
0 02 

<o 10 
<o  10 
<o  10 

<o 01 <o 01 
CO 01 < o  01 
<o  01 < o  01 
<o 01 CO 01 
<o  01 < o  01 
<o 10 <o 10 
<o  10 < o  10 
<o 10 < o  10 

0 12 
< o  01 
<o 01 
<o  01 
<o 01 
<o 10 
< o  10 
<o 10 

<o 01 
<o 01 
<o 01 
<o 01 
<o  01 
<o 10 
<o 10 
<0.10 

<0.01 
<o 01 
<o  01 
<o  01 
<o  01 

<o 10 
<o  10 

<o  10 

Slte  number. see table 50 



Table 38 (CONTI.  Concentratlons of pestlades  In  water  and  bottom-sedlment  samples, 1990 

Carbaryl,  3-hydroxy- 
(Sewn)  Mathomyl  Propham  Aldlcarb  Carbofuran,  carbofuran. 1 -naphthol.  Oxamyl. 

Site cllem CdI) C S N  Aldlcarb  sulfone total  total  total  total 
number*  Date  Tlme (39750)  (39051)  (39052) cllgll) hll) lusll) Irrgll) cllsll) bgll) 

Carbamate  lnsectlcldes  In  water 

1-1 6-Aug-90 
6-Aug-90 

1-2 4-Aug-90 
1-3 22-Aug-90 
1-4 6-Aug-90 
I- 7 5-Aug-90 
1-1 2 21-Aug-90 

N 
OI 1-1 3 5-Aug-90 

0800 
0805 
1700 
0900 
0900 
1000 
1300 
1200 

<0.50 
<0.50 
<0.50 
10 50 
< 0.50 
< O  50 
<0.50 
< O  50 

<0.5 
<0.5 
<O 5 
<0.5 
<0.5 
<0.5 
< O  5 
< 0.5 

< O  5 
<0.5 
~ 0 . 5  
< O  5 
C0.5 
< O  5 
< O  5 

0.5 

< 0.5 
<0.5 
< O  5 

<0.5 
~ 0 . 5  

c0 5 
< O  5 
< O  5 

< O  5 
< 0.5 
< O  5 
< O  5 
<0.5 
< O  5 
< 0.5 
< O  5 

<0.5 
< O  5 
<0.5 
< O  5 

<0.5 
< O  5 

<0.5 
< O  5 

< 0.5 
<0.5 
<0.5 
< O  5 

<0.5 
< O  5 

< O  5 
< O  5 

e 0.5 
<0.5 
<0.5 
< O  5 
<O 5 
< O  5 
<0.5 
< O  5 

C0.5 
<0.5 
eo 5 
e0 5 
<0.5 
< 0.5 
<0.5 
<0.5 

Chloropy-  Fonofos  Methyl  Methyl  Ethyl 
rlfos, Def. Dlsyston,  Dlazlnon.  (Dyfonate).  Ethlon.  Malathion.  parathlon,  trlthlon,  Parathlon,  Phorate,  trlthlon. 
total  total  total  total  total  total  total  total  total  total  total  total 

Slte Ca/U CgllI Cell1 bdll Wl1 luell) (Pall) lUsN IvSm cll9N cllsw b9111 
139040)  (39011) (39570) (82614)  139398)  139530)  139600)  139790)  1395401  1390231  1397861 number'  Date Tlme (38932) 

Organophosphate  compound  lnsectlcldas In water 

I. 1 
6-Aug-90 
6-Aug-90 

I. 2 4-Aug-90 
I- 3 22-Aug-90 
1-4 6-Aug-90 
1-7 5-Aug-90 
1-1 2 2 1 -Aug-90 
1-1 3 5-Aug-90 

0800 
0805 
1700 
0900 
0900 
1000 
1300 
1200 

<o 01 
_-. 
._- 
.__ 

<o 01 
<o 01 

<o 01 

<o 01 
<o  01 

<o  01 
<0.01 
<o 01 
<0.01 
<0.01 

<0.01 

<o 01 
<o  01 

<o  01 
<o 01 
<o 01 
<0.01 
<o 01 

<o 01 
<o 01 
<o 01 

<o 01 
<o  01 

<o 01 
<o  01 

<o 01 

<o  01 

<o  01 
<o  01 

<o  01 
<o  01 
<o  01 
<o  01 
<o 01 

_.. 
... 

0 0  
... 

.. . 

0 0  
0 0  

... 

<0.01 
<o 01 
co.01 
<o 01 
<0.01 
<o 01 
<o  01 
<0.01 

eo 01 
10 01 
<0.01 
<o 01 
<o 01 
<0.01 
0 14 

<0.01 

<o 01 
<0.01 
<o 01 
eo 01 
co.01 
<o  01 
<o 01 
<o  01 

<o  01 
<o 01 
<o 01 
<o  01 
<o  01 
<o  10 
0 61 

<o 10 

<o 01 
<0.01 
<0.01 
< o  01 
<o 01 
< 0.01 
<0.01 
<o 01 

<o 01 
<o 01 
<o 01 

<o 01 
<o 01 

<0.01 
<o  01 
eo  01 

' Slte number see table 50 



Table 38 (CONTI. Concentratlons of pestlades  In  water  and  bottom-sedlment  samples, 1990 

Aldrin,  Chlordane.  DDD,  DDE,  DDT,  Dleldrm,  Endosulfan,  Endrln.  Heptachlor, 
totel  total  total  total  total  total  total  total  total 

Slte Wkg1 bglkg1 Wks1 luglksl W k d  Wke1  Wkal  (Iralks) Cakd 
(39351) (393631  (393681  (393731  139383)  (393891  (393931  139413) number’  Date  Tlme (393331 

Organochlortne  compound  pestlades In bottom  sedlment 

I- 1 
1-2 
1-7 
1-7 
1-1 7 
1-20 
1-21 
1-22 
1-23 
1-24 

3-Dec-90 

8-Nov-90 
7-Nov-90 

8-Nov-90 
7-Nov-90 
7-Nov-90 
6-NOV-90 
6-Nov-90 
6-Nov-90 
2-Dec-90 

1000 
1600 
1000 

1000 
1000 

1300 
0900 
1600 
1400 
1030 

<0.1 
<0.1 
<0.1 
<0.1 
<o  1 
<0.1 
<o  1 
<0.1 
<o 1 
<o  1 

<o  1 
<o 1 
< o  1 
<o 1 
< o  1 
<o  1 
1 0  
1 0  
1 .o 
2 0  

<o  1 
<o 1 
<0.1 

<0.1 
<o 1 

0 1  
0.2 

0.1 
0 2  
0.1 

40.1 
0.4 
0 1  
<o  1 
0 1  
0 1  
0.3 
0 2  
0 3  
0.4 

10 1 
co.1 
<o 1 
<0.1 
<o 1 

<0.1 
<0.1 

0 1  
<o 1 
<o  1 

<0.1 
<o 1 
<o  1 
<0.1 
<o 1 
< o  1 
<0.1 
< o  1 
<o 1 
<o  1 

<o 1 
<o. 1 
<O.l 
<o 1 
<o 1 
<0.1 
<0.1 
<0.1 
<o  1 
<o 1 

c0.1 
<o 1 
<o  1 
t0.1 
<0.1 
<o  1 
10 1 
<o 1 
40.1 
e o  1 

<o 1 

c0.1 
<0.1 

<0.1 
<0.1 
<0.1 
<o 1 
<0.1 
<o 1 
<0.1 

Heptachlor  Methoxy- 
apoxlde.  Llndane,  chlor  Mlrex,  PCB. PCN. - Toxaphene, 

h) total total total total total total Perthane, total 
4 Site Wkg1 Wkg1 luslksl h l k g l  C g h l  ludkg1 Wke1 b g h )  

number’  Date  Tlme (394231  (393431  (394811  (397581  (395191 (39251) (818861  1394031 

Organochlorlne  compound  pastlcldes In bottom  sedlment 

I- 1 
1-2 
1-7 
1-7 
1-1 7 
1-20 
1-21 
1-22 
1-23 
1-24 

3-Dec-90 
7-Now-90 
8-Nov-90 
8-Nov-90 
7-Nov-90 
7-Nov-90 

6-Nov-90 

2-Dec-90 

6-Nov-90 

6-Nov-90 

1000 
1600 
1000 
1000 
1000 

0900 
1300 

1600 
1400 
1030 

<o 1 

<o 1 
<0.1 

<o 1 
<o  1 

<o  1 
<0.1 
<o  1 
<o  1 
< o  1 

<o 1 

< o  1 
<o  1 

<o 1 
<o 1 

<o  1 
<o  1 
<o 1 
<o  1 
<o 1 

<1.0 
<1 0 
10 1 
<0.1 
<o 1 
<0.1 
<o  1 
<o 1 
<o 1 
< l . O  

<o 1 
<0.1 
<O.l 

<o 1 
<0.1 

<o 1 
<o 1 
CO 1 
<o 1 
<o 1 

<1 
< 1  
<1 
<1 
<l 
<1 
<1 
<1 
<1 
<1 

< 1 0  
<1 0 
< l o  
< 1 0  
< 1 0  
< 1 0  
<1 0 
< 1 0  
<1 0 
< 1  0 

<1 00 
<l 00 
<1 00 
<1 00 
< 1 .oo 
<1.00 
< 1 .oo 
<1 00 
<1 00 
< 1  00 

<10 

<10 
<10 

<10 
< l o  
<10 
<10 
<10 
<10 
<10 

~- ~~~ ~ ~~ ~ 

’ Slte  number, see table 50 

Taken from  Blanchard  at ai 1993 



Table  39:  Concentrations of organochlorine  compounds in composite  whole-body  flannelmouth  sucker samples, 1990  (units are pglg wet  welght) 
Hepta- 

Rwer Weight  Percent  Lipid  Oxychlor-  chlor  r-Chlor-  t-Nona-  Toxa- PCBs 0.p'- 
Reach*  (grams)  Number  molsture  (percent) HCB a-BHC r-BHC s-BHC dane epoxide  dane chlor  phene total DDE 

A 3,220 5 68.0 13.8 ND ND ND ND ND ND ND ND ND ND ND 
C 5,273 5 71 .O 10.7 ND ND ND ND ND ND 0.01 0.02 ND 0.16 ND 
D  4,69  1 5  66.5 15.1 ND ND ND ND ND ND 0.01 0.02 ND 0.21 ND 
E 3,261 5  70.0 12.1 ND ND ND ND ND ND 0.01 0.02 ND 0.20 ND 
F 3,218 5 65.5 16.5 ND ND ND ND ND ND 0.01 0.01 ND 0.17 ND 
G 3,444 5  66.5 14.2 ND ND ND ND ND ND 0.01 0.01 ND 0.14 ND 

Rwer a-Chlor- Cts-Non- 
ReachX dane p,p'-DDE  Dleldrin  o,p'-DDD Endrln achlor o,p'-DDT p,p'-DDD p,p'-DDT Mlrex 

A ND 0.02 ND ND ND ND ND ND ND ND 
C 0.02 0.08 ND ND ND ND ND 0.02 0.02 ND 
D 0.03 0.06 ND ND ND ND ND 0.02 0.02 ND 
E 0.02 0.07 ND ND ND ND ND 0.02 0.02 ND 
F 0.02 0.04 ND ND ND ND ND 0 02 0.01 ND 
G 0.02 0.03 ND ND ND ND ND 0.01 0.01 ND 

* Rlver reach, see Table 51 

Taken from  Blanchard et al. 1993 
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4.9 Trace Elements 

Of the  132  total  analyses  conducted  on  the  sucker samples, concentrations of compounds in 96 
of the analyses were  below the laboratory rcporting  lcvel  of 0.0 1 pg/$ wet waght, and no concentration 
of any  compound was greater  than thc NCBP (1984) gcometric  mean  (Schmitt et al. 1990, Blanchard  et 
aI. 1993). In 1991: the annual  New  Mexico  Departmcnt  of  the  Environment  water  quality  stream  survey 
included  analyses of 56 water  samples for 23 cldorohyclrocarbon  pcstlcldcs  and  five  PCBs  The  samples 
wcre  collected fiom thc  Ammas  River at Farmington  and  the  Sal1  Juan  River  bclow  Shiprock  (New  Mexico 
Dcparlment  of the Environment 1992). Samplc  concentrations  wcre  below  detection  limits for all 
compounds  (Appendix  10). 

Most of thc long-lastmg  chlorohydrocarbon  pesticides  were  discontinued  by  the late 1970s; 
however,  many other varieties ofpcsticides (e.g carbamates, organophosphates, ctc ) are  widely  used on 
agricultural  lands  within the San Juan basin.  The  Colorado  Water  Quality  Control  Division (1992) has 
compiled statistics for pesticide  use  per  county,  presumably for 1992. In Archdeta County, 600 acres 
received pesticide applications;  in  Dolorcs  County, 28,400 acrcs;  in  La Plata County, 10,900 acres;  and 
in  Montezuma  County,  17,300  acrcs. USGS water  quality data from  the  Shiprock station on the San Juan 
River indicate that 2,4-D has historically  been  present i n  concentrations greater than the laboratory 
reporting levcl of 0.01 9g/l (Blanchard  et a1 1333). On NlIP  lands,  pesticidcs that are  used  Include 
triazine herbicides,  organophosphate  compounds, carbamatc insecticidcs,  and chlorophenosy acid 
herbicides  (O'Brien 1991). 

Blmchard  et al. (1993)  collected  watcr  samples fiom seven sitcs on  the  NIIP  and  analyzcd  them 
for 12 triazine herbicides and six chlorophenosy acid  herbicides.  Those present at concentrations at or 
above  laboratory  reporting  levels  were.  cyanazinc  at  thrce sites in the  Gallegos  Canyon  area;  2,4-D at one 
site in the  Gallegos  Canyon  area and at two sites  in  the Ojo Amarillo  Canyon  area;  and  dicamba at one site 
in the Gallcgos Canyon  area.  Water  samples  from  the  seven NIIP sites were also analyzed for 22 
insecticidcs. At  the  block 3 Northwest pond (slte 1-12).  mcthyl parathion and  parathion  were  above 
laboratory reporting levcls;  none of thc insect~c~des was at  deteclablc  levels at  any olher sample site 
(Blanchard et al. 1993). 

4.9  TRACE  ELEMENTS 
Within thc San  Juan  River  basin  certain  trace clen~ents co~~sistently esceed standards and 

national  averages  and  are  therefore ofgrcater conccrn  than  arc  pesticides  or  PCBs.  Mercury  and  selenium 
are  most  often  identified as potentially  significant contamnants in thc  basm;  because  of  the large quantity 
of information, each  clement is accordcd its own scction  in  this  review. This section  will focus on  onc 
study,  O'Brien  (1987):  which  is  the  best  avadable  investlgation of trace  element  contamination of Sal1 Juan 
basin fish. 

Although  O'Brien ( 1  987) is the  most  thorough fish contamination  study for the basin, it must 
be noted that the  study area 1s rcstricted  to  Ncw  Mexico. A total OC fifteen  composite  samples  were 
analyzed, and the resultmg  data  were  compared lo NCBP geometric  mean  values  and  residue  levels 
reported  in  the  literature  (Table  40)  (O'Brien  1987).  Comparison of the data suggested that fish in  the San 
Juan  area arc probably not at risk li-om  cadmium,  nickel,  mercury,  arsenic, or zinc  (Eisler 1985, O'Brien 
1987). A discussion ofelements that may be  ol'concern  follows. 

Eisler (1986) noted that normal  levcls of chromium In fish  rangc  from 0.1-1.9 ppm; the 
geometric mean for  clu-onGum in the  San  Juan  basin  sanlplcs  esceeded  Eisler's  recommended  level  of 0 20 
ppm,  and a maximum chronium level of0.83 was round  in a bluchead  suckcr  from  the  Animas  River.  The 
sources of chromnium  in  the  basm  could  Include  mctal cxtraction  and  production,  coal  combustion,  cooling 
towers  associated with powerplants,  and  atmospheric  emissions  O'Bnen (1987) suggested lhat h e  
chromium  levels  in San Juan basin  fish,  while  somcwhat  clevated,  are  not cause for concern. 

Thc  geometric  mean or 1.24  ppm  for  copper in thc San  Juan  basin  samples  exceeded  the NCBP 
85th percentile  concentration 01 0 90 ppm (Lowc al. 1985)  Thc 85th pcrcentlle  is an arbltranly chosen 
level that rcsearchcrs onen use Tor data compar~son; levcls  cxcecdlng  the  85th  perccntile  are  generally 
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Table  40: Heavy metal analysis for  fish from the San  Juan  and  Animas  rivers  (unlts are mglkg  wet  weight or ppm) 

Heavy  metal 

Cd Cr cu Mn NI Pb Sn Hg As Mg Zn Se 
(85 percentile of geometric  mean of all NCBP Stations) 

Station Species (0.06)* (0.20)"*  (0.90)'   (0.76)"""  (0.17)*  (0.18) * (0.22)*  (46.26)"  (0.71)% 

1 
1 
1 
2 
2 
3 
3 
3 
4 
4 

0 4 
5 
5 
6 
6 

e 
5 J 

Flannelmouth sucker 
Bluehead sucker 
Bluehead sucker 
Longnose dace# 
Bluehead sucker 
Longnose dace# 
Flannelmouth sucker 
Bluehead sucker 
Longnosedace# 
Flannelmouth sucker 
Bluehead sucker 
Carp 
Trout 
Bluehead sucker 
Flannelmouth sucker 

0.02 
0.037 
0.02 
0.045 
0.03 
0.15 
0.076 
0.078 
0 02 
0.02 
0.02 
0.01 
0.01 
0.12 
0.12 

0.54 1.1 
0.37 1.2 
0 2  0.97 
0.5 1.1 
0.51 1.2 
0.46 1.4 
0.52 1.3 
0.83 1.7 
0.3 1.1 
0 3  1.1 
0.64 0.95 
0.2 1.1 
0.3 1.2 
0.51 1.5 
0.31 1 4  

14.0 
21 .o 
8.1 
20 
16 
20 
24 
50 
4 9  
8.8 
19 
3.1 
5.8 
26 
16 

0.3 0.45 
0.33 0.58 
0.2 0.32 
0.36 0.48 
0.36 0.42 
1.2 0.74 
0 34 1 .o 
0.62 1.5 
0.42 0.05 
0.1 0.18 
0.32 0.47 
0.1 0 05 
0.1 0.14 
0.53 1.3 
0.2 1.1 

2.1 
1.5 
1.9 
1 
1 
0.6 
2.3 
2 
0.5 
1 
1.5 
2.8 
1 .o 
1 .o 
1.5 

0.073 
0.04 
0.088 
0.069 
0.05 
0.093 
0.096 
0.068 
0.14 
0.2  1 
0.062 
0.073 
0.068 
0.05 
0 13 

0.16 400  21 
0.37 460  20 
0.1 350  19 
0.18 420  27 
0.31 360 17 
0.1 8 41 0 41 
0.17 360 21 
0.42 430  20 
0.07 320  38 
0.18 310 17 
0.33 410  18 
0.05 340  59 
0 05 320  21 
0.24 340  21 
0.09 330 23 

0.72 
0.43 
0.65 
0.87 
0.46 
1.4 
0.48 
0.24 
2.3 
0.62 
0.53 
0.74 
1.5 
0.32 
0.45 

Geometric  mean 0.035 0 4  1.24  13 7 0.29 0.39 1 3  0.08 0.1  5 368 23.7  0.57 

x Lowe  et al. 1985 
* *  Eisler, R.1986  Chromlum  level  reported in animal  tlssue  for  protectlon  of  resources 

# O'Brlen states  that  longnose  dace  were  sampled  However,  this specles of fish does not occur in the San Juan  basin. 
* *  x Ohlendorf et al. 1986  (1.9  ppm  dry  welght  converted  to  wet  welght  assuming 30 percent moisture) 

This review  therefore assumes that  the  correct spectes was the speckled  dace 

Taken from  O'Brlen  1987 



4.9.1 Mercury 

considered elevated,  although  the  level  has  no  physiological  significance.  The  copper  residue  levels  in 
bluehead  sucker,  which  ranged  from  0.95-1.7  ppm,  were  all  above the NCBP  85th  percentile.  The U.S. 
Environmental  Protection  Agcncy  (1986)  has  stated that normal  copper  levels in domestic  animals  range 
from  0.42-1 1 ppm OBrien  (1987)  concluded  that  the maximum value of 1.7  pprn of copper in a  bluehead 
sucker  sample  in  thc  San  Juan  study  indicates that copper is probably  not  a  concern  for  aquatic  resources 
in the basin. 

The geometTic  mcan  of 0.39 ppm for lead  in  wholc-body  conlposites of San  Juan  basin  fish 
exceeded the  NCBP  gcometric  mcan of 0.17  ppm  (Lowe  ct  al.  1985).  Walsh et al. (1977) have  stated that 
whole-body  lead  residues  exceeding 0.5 pprn  may  be  harmful  to  aquatic  life.  Six of the 15 San Juan 
composite samples  had  lead  residue  lcvels  exceeding 0.5 ppm. In light of these  data, OBrien (1987) 
concluded that lead  may  be an elemcnt of conccm for San  Juan  basin fish. 

The  gcometcic  mean for selenium  in  San  Juan  basin fish was 0.57 pprn,  which  was  lower  than 
theNCBP  geometric  mcan  of 0.71 ppm  (Lowe et al.  1985).  However,  a  maximum  level of 2.3 ppm was 
recorded for a  spcckled  dace  sample,  which is nearly as high as the NCBP maximum  level  of  2.47  ppm. 
Furthermorc,  6  of  the 15 composite  San  Juan  basin  samples  had  selenium  levels  above  the  NCBP  85th 
percentile  Concentration,  and 10 samples  were  above  thc  NCBP  geometric mean (Lowre et al.  1985,  O'Brien 
1987).  Lemly  (1985)  reportcd  that  trout in Belcws  Lake, North Carolina,  experienced  reproductive  failure 
when  sclenium tissue lcvels  cxceeded 2.42 ppm  wet waght. 

Because the highcst  selenium  concentralions  in  the  San  Juan  basin fish were in speckled  dace 
and  trout, as compared  to  common carp and  sucker,  there  is  an  indication  that  selcniunl is bioconcentrating 
through the food chain.  Moreover,  the  highest  sclenium  levels  seemed to occur  in  the  upper  portion of the 
San Juan  River  (O'Bricn  1987).  This  trcnd was  not  statistically  tested,  although it suggests that mining 
andor irrigation  return flows may  be significant  selenium  sources in the basin. 

Selenium in  fish,  food  items,  soils,  sediment, and  sur€ace  water  have  bcen  found  at  levels  of 
conccrn  in  other  studies,  particularly  those  focusing  on  thc  Animas-La Plata Project, NIP, and the other 
DOI-sponsored  irrigation  projects  within  thc  San  Juan  basin. As these studies  are  quite  substantial, hey 
~7ill bc discussed  separately in this  review  under  the  IRRIGATION  scction  (4.10). 

4.9.1MERCURY 
Although  O'Brien (1987)  did  not  1dcntiG  mercury  as  an  element  of  concern  in  San  Juan  River 

basin fish, other  basin  studics  have  shown it to  be a potentially  significant  contaminant,  particularly  in 
certain  rescrvoirs.  In  1970,  mercury  concentrations  in fish in Navajo  Reservoir  were  apparently  among 
the highest in the Southwest,  with  brown  trout  reportedly  containing 1.4 pglg mercury  and  chubs 
containing  8.9 puplg (Melancon et al.  1979);  it is not  clear  if  these  wcre  whole-body  measurements  or 
whether they were  wet  or dry weight. In 1977 thc EPA  analyzed fish flesh  from  the San Juan arm of Lake 
Povr7ell  and  found  mercury  concentrations of 6.0 fidg in a common  carp,  0.4  15 pg/g in  a  crappie,  0.34 pg/g 
in  a  cutthroat  trout,  and 0.26 pglg in a  dace  (Mclancon et al. 1979). 

In 1971 mcrcury  concentrations  in  surface  water  samples  from  the  San  Juan,  Navajo,  Piedra, 
Los Pinos,  La  Plata,  and  Mancos  rivcrs  exceeded the  EPA  standard  for  aquatic  life,  which  at the time  was 
set  at 0.05 pg/l in  ordcr to ensure  safe  levels  in  edlble  portions  of  fish.  The  highest  conccntrations  were 
found in the  La  Plata  and Mancos rivers  (Melancon et al.  1979). In 1977 thc mean  mercury  concentration 
for  sediment  in  the  basin  was  0.064 puplg (ppm).  One  sediment  sample  from  Navajo  Rescrvoir  contained 
40  pg/gmcrcury, and  one  sample  from McElnlo Creek  contained 80 pglg. Neither or these  unusually  high 
concentrations ~ 7 a s  included in calculation of the  basin  mcan,  as  both  samples  were  apparently  abnormal, 
containing  visible  amounts of oil and tar (Mclancon et al.  1979). 

From  1988 to 1991,  the  CDOW  and the FWS sampled  fish  in  a  numbcr of reservoirs  and  river 
rcaches within the Colorado  portion of thc San Juan  basin  (Table 41) (Colorado  Division  of  Wildlife 
1991).  Mercury  concentrations  in  whole-body  fish  s'amples  from this study  may be compared to the NCBP 
data from 1984-1985.  For  those  ycars, thc NCBP geometric  mean  for  mercury  was 0.10 pg/g wet  weight, 
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Table 41 : Mercury levels in fish  taken  from  southwest Colorado waters (updated 11/05/91) 

river reach1 length or ppm mercury no In sample orlglnldate 
water  body species weight [wet welght) sample type of analysls 

McPhee Reservoir, kokanee salmon 
Montezuma County 

rainbow  trout 

yellow perch 

smallmouth bass 

black crappie 
largemouth bass 

Narraguinnep yellow  perch 
Reservoir, 
Montezuma County channel catflsh 

northern pike 

walleye 

Totten Reservoir, channel catflsh 
Montezuma County bluegill 

black crappie 
yellow perch 

northern  pike 

walleye 

Summit Reservolr, black crapple 
Montezuma County 

smallmouth bass 

whlte sucker 

Navajo Reservoir1 smallmouth bass 
Piedra and  San Juan 
armsIColorado, 
Archuleta County 

whlte crappie 
channel catflsh 

12-1  8" 
12-1 8" 
6-1  2" 
12-18" 
14" 
14" 
0-6" 
6-1  2" 
0-6" 
6-1  2" 
6-1  2" 
12-1  8" 
12" 

0-6" 
6-1  2" 
18-24" 
12-1  8" 
18-24' 
24-30" 
30-36" 
12-1  8" 
18-24" 

24" 
5 " 
9" 
8 " 
13" 
22" 
29" 
31 
39" 
21 
22" 
23 '* 
24" 

6-1  2" 
8 
10" 
I O "  
15" 
15" 
14"1530 Qrn 

13"1434 grn 
13"/446 gm 
14"1572  gm 
14"1551  gm 
14"/623  gm 
15"/895  gm 
6-1 2"  
12-1  8" 
13"/323 gm 
13"/346  gm 
14"1384  gm 
14"1370  gm 
14"/450 grn 
17"/614  gm 
17" 
18-24" 

0 10 
0 08 
0 11 
0 23 
0 185 
0 30 
0 15 
0 27 
0.28 
0 29 
0 527 
0 73 
0 60 

0 11 
0.33 
0.43 
0 21 
0 67 
0.61 
1 0  
0 62 
1 2  

0 05 
0.13 
0.1 7 
0.08 
0 20 
0 24 
0.25 
0 40 
0 35 
0 55 
0 39 
0 72 
0 62 

0 333 
0.25 
0.25 
0 33 
0 48 
0 69 
0 05 

0 29 
0.42 
0.35 
0 27 
0 50 
0.48 
0 26 
0.23 
0.20 
0 15 
0 26 
0 12 
0 356 
0 14 
0 158 
0 36 

9 
4 
7 
6 
3 
1 
9 
9 
5 
5 
9 
7 
1 

5 
9 
9 
4 
4 
1 
1 
9 
10 

1 
4 
1 
2 
2 
1 
1 
1 
1 
2 
2 
1 
1 

3 
1 
3 
2 
2 
2 
1 

1 
1 
1 
1 
1 
1 
9 
4 
1 
1 
1 
1 
1 
I 
3 
4 

carcass 
carcass 
flllet 
flllet 
ftllet 
fdlet 
flllet 
flllet 
fdlet 
flllet 
flllet 
flllet 
fillet 

flllet 
flllet 
flllet 
fillet 
fillet 
fdlet 
flllet 
flllet 
flllet 

whole flsh 
whole fish 
whole fish 
flllet 
whole flsh 
whole flsh 
whole flsh 
flllet 
flllet 
whole  flsh 
whole flsh 
fillet 
flllet 

fillet 
whole fish 
whole flsh 
flllet 
flllet 
flllet 
whole flsh 

edlble portlon 
edlble portlon 
edlble portlon 
edtble portton 
edlble portlon 
edlble portlon 
fillet 
flllet 
edlble portlon 
edlble portlon 
edlble portion 
edlble portion 
edible portion 
edlble portlon 
whole flsh 

CDOWII-91 
USFWSl3-91 
CDOW19-89 
CDOWI9-89 
USFWSII  1-90 
USFWSllI-90 
CDOW19-89 
CDQW19-89 
CDOW19-89 
CDOW19-89 
CDQWII-91 
CDOW19-89 
USFWSl3-91 

CDOWI9-89 
CDOW19-89 
CDOW19-89 
CDOWl9-89 
CDOW19-89 
CDOWj9-89 
CDQW19-89 
CDQW19-89 
CDOW19-89 

USFWSl4-90 
USFWS14-90 
USFWS14-90 
usFws111-90 
USFWS14-90 
USFWSll l-90 
usFws14-90 
USFWSll l-90 
USFWSl4-90 
USFWSlll-90 
USFWS14-00 
USFWSl4-90 
USFWSII  1-90 

CDOW16-91 
USFWSl4-90 
USFWSl4-90 
USFWS14-90 
USFWSII 1-90 
USFWSll l-90 
USFWS14-90 

USFWSI3-91 
USFWSI3-91 
USFWSl3-91 
USFWSIJ-91 
USFWS13-91 
USFWSl3-91 
CDOW16-91 
CDOWl6-91 
USFWSI3-91 
USFWS13-91 
USFWSl3-91 
USFWSI3-91 
USFWSl3-91 
USFWSI3-91 
USFWS16-89 

flllet CDOWI6-$31 
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Table 41 (CONT): Mercury levels in fish taken from  southwest Colorado waters (updated 11/05/911 

river reach1 length or ppm mercury no In sample orlglnldate 
water  body species we~ght  {wet welght) sample type of analysls 

Navajo Reservoir1 northern  pike 
Piedra and San Juan 
armslColorado, 
Archuleta County 
(CONTI 

bullhead 

sucker 
common carp 

Vallecito Reservolr, kokanee salmon 
La Plata County rainbow trout 

brown  trout 

walleye 

northern  plke 

whlte sucker 

Puett Reservoir, 
Montezuma County 

Dolores Rlver, 118 ml 
above Barlow Creek 
confluence , Dolores 
County 

Dolores River,  2.5 mi 
above Rico. Dolores 
County 

Dolores River @ Hwy 
145 bridge, REO, 
Dolores County 

Dolores River @ REO 
cemetery, Dolores 
County 

Dolores River @ 
Montelores brldge, 
Montezuma-Dolores 
Counties 

Hartman Draw, near 
Lebanon, Montezuma 
County 

Lower  Hartman Draw, 
Montezuma County 

walleye 

brown  trout 

brown  trout 

brown  trout 

brown  trout 

brown  trout 

12-1  8" 
24-30" 
24" 
35" 
39" 
42" 
9 -* 
9 "  
9" 
18" 
17"  
18" 
19" 

11" 
12-1  8" 
6-1  2" 
12-1  8" 
16" 
19" 
12-1 8" 
12-1  8" 
18-24" 
18-24" 
24-30" 
26" 
30-36" 
32" 
36-42" 
6-  1  2" 
12-1  8" 
18-24" 

26 " 

13"/426 grn 

0.19  4 
0 360 1 
0 146 3 
0 40 1 
0 59 1 
0.73 1 
0.1 58 6 
0 161 4 
0 197 4 
0 193 3 
0.25 3 
0 192 3 
0.289  2 

0.22  1 
0.096  2 
0 047 2 
0 10 2 
0 29  2 
0 40 1 
0.26  2 
0.18  2 
0 26  2 
0.21 1 
0 26  4 
0 34 1 
0 342 1 
0 29  1 
0 598  1 
0 13 1 
0 19 9 
0 447  2 

0 63  2 

0 044 1 

19"11277  gm 0 127 
8-9" 0.020 

8-9" 0 021 

10" 0.033 

14-1  6" 

bluehead sucker I O "  

flannelmouth sucker 18" 

0 083 

0 08 

0 15 

flllet 
fillet 
whole flsh 
edlble portlon 
edlble portion 
edlble portion 
whole fish 
whole flsh 
whole fish 
whole flsh 
whole f~sh  
whole fish 
whole flsh 

flllet 
flllet 
fdlet 
flllet 
fdlet 
fillet 
flllet 
flllet 
fillet 
flllet 
flllet 
fillet 
fillet 
flllet 
flllet 
fillet 
flllet 
flllet 

fdlet 

whole flsh 

CDOW16-91 
CDOWl3-91 
USFWSlll-88 
USFWSI3-91 
USFWS13-91 
USFWSl3-91 
USFWSll1-88 
USFWS13-89 
USFWS16-89 
USFWSll l-88 
USFWSl6-89 
USFWSlll-88 
USFWS13-89 

CDOWl6-91 
CDOWl6-91 
CDOWl6-91 
CDOW16-91 
USFWSII  1-90 
USFWSl3-91 
CDOW16-91 
CDOWl6-91 
CDOWi6-91 
CDOW16-91 
CDOW16-91 
USFWS14-90 
CDOW16-91 
USFWS13-91 
CDOWl6-91 
CDOW16-91 
CDOWl6-91 
CDOW16-91 

USFWS13-91 

USER11 2-89 

1 whole flsh USER11 2-89 
5 whole f~sh  USER11 2-89 

4 whole fish USER11 2-89 

1  whole  flsh  US8Rl12-89 

3 whole flsh  USBRll2-89 

1 whole fish USFWSlll-90 

2 whole  flsh USFWSlll-90 
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Table 41 (CONTI: Mercury levels in  fish  taken  from  southwest Colorado waters (updated 1  1  /05/911 

river  reach/  length or ppm mercury no In sample origiddate 
water  body species weight  (wet weight1 sample type of analysls 

McElmo Creek near 
Cortez. Monterurna 
County 

McElmo Creek above 
Yellowjacket, 
Montezuma County 

McElmo Creek below 
Yellowjacket, 
Montezuma County 

Mancos River, above 
Navajo Wash, 
Montezurna County 

Alkah Creek, northwest 
of Cortez. Montezuma 
County 

Yellowjacket Canyon, 
Montezuma County 

Dawson Draw, 
Montezuma County 

flannelmouth sucker 

common carp 
flannelmouth sucker 

common carp 
flannelmouth sucker 

common carp 
flannelmouth sucker 

flannelmouth sucker 

bluehead sucker 

bluehead sucker 

17"  

19" 
17" 

20 11 

18" 

18" 
15" 

19" 

9 I' 

3 11 

0 12 

0.08 
0 165 

0.1  2 
0.09 

0 14 
0 05 

0 17 

0 129 

0.03 

2 whole flsh 

2 whole flsh 
1 whole flsh 

2 whole flsh 
2 whole fish 

2 whole flsh 
1 whole flsh 

2 whole fsh  

1 whole flsh 

2  whole  flsh 

USFWSllI-90 

USFWS/11-90 
USFWS/11-90 

USFWS/l l-90 
USFWSlll-90 

USFWSII  1-90 
USFWSll l-90 

USFWSll 

USFWS/l 

1-90 

1-90 

USFWS/ll-90 

Taken from Colorado Division of Wildhfe 1991 
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the maximum concentration  was  0.37,  and  the  85th  percentile  concentration  was  0.17  (Schmitt  and 
Brumbaugh 1990). 

Reservoirs  from  which  fish  samplcs  were  collected for the CDOW survey were  McPhee, 
Narraguinnep,  Totten,  Puctt, and  Summit  reservoirs,  all  in  Montezuma  County,  as  well as Navajo 
Reservoir in Archuleta  County  and  Vallecito  Reservoir  in  La  Plata  County. No whole-body  fish  samples 
were taken  from  McPhee,  Narraguinnep,  Vallecito,  or  Puett  reservoirs,  although  fillets  had  mercury 
concentrations as high  as  0.598 pglg for northern  pike  in  Vallecito, 0.63 for walleye  in  Puett, 0.73 for 
largemouth  bass in McPhee,  and  1.2  for  walleyc  in  Narraguinnep.  From Totten  Reservoir,  eight  whole fish 
samplcs  were  analyzed. 01 these,  seven  had  mercury  levels  above the NCBP  geometric  mean, live were 
above  the 85th percentile,  and  two  were  above  the  NCBP maximum concentration.  Three  whole-body 
samples  were  taken from Summit  Reservoir,  two  of  which  were  above  the 85th percentile but below  the 
maximum  NCBP concentration  (Schmitt  and  Brumbaugh  1990,  Colorado  Division of Wildlife  1991). 
Nine  whole-body  samples  were  taken  fiom  the  Piedra  and  San Juan arms of Navajo  Reservoir,  all of which 
had  mercury  concentralions  above thc NCBP  geometric  mean  and five of  which  had  concentrations  above 
the 85th percentilc but bclow the maximum saluc. 

Thc  same  study  took  additional  whole-body fish samplcs from rivers  and  streams  in  Colorado. 
Lowcr Hartn~an Draw,  McElmo  Creek,  thc  Mancos  River,  Alkali  Creek,  and  Yellowjacket  Canyon,  all  in 
Montezuma  County,  cach  produced fish samples  with  mercury  levels  abovc  the  NCBP  geometric  mean, 
althoughno fish had  concentrations  above  the  85th  percentile.  Fish  were  also  sampled  from the Dolores 
River,  from  which  water is divcrted to thc San Juan  basin for the  Dolores  Project (to be discussed  further 
in section 4.10.3 of this review).  Of six fish samples  from  the  Dolores  River,  one  had  a  mercury  level 
greater than the NCBP  geomctric  mean  but  bclow  thc  85th  percentile  concentration  (Schmitt  and 
Brumbaugh 1990, Colorado  Division  of  Wildlife  1991). 

According to  Standiford  ct  al. (1 973, mercury-bearing sedimcntq rock is probably the main 
sourcc  of thc metal in the  waters.  The tno coal-fired  powerplants in New  Mexico  may  also  add  mercury 
to  the  system  (Melancon et al.  1979). In 1976,  thc  Bureau or Reclamation  estimated that approximately 
562 kg/year of nxrcury wcre  prescnt  in  emissions  from the Four  Corners  Powerplant (U.S. Bureau  of 
Reclamation  1976),  of  which  approximately 55 g  werc  depositcd  per  year  in  Navajo  Reservoir  and 580 
g  were  dcposited  into thc remaindcr of thc San Juan  basin  (Mclancon et al.  1979). 

Mercury-containing  manometers  used  to  measure  pressure  at  natural gas wells  may  also  be 
sources  ofcontamination in h e  basin.  When  clemenlal  mercury  leaked  from  manometers is inundated  by 
slow  moving,  acidic,  sediment-Jillcd  floodwaters  that  are  low in oxygen,  methyl  mercury  can  be  forrncd 
(Fulton  1993).  Within  the San Juan  basin,  the  BLM  has  required  partics  with  BLM-superviscd  oil  and  gas 
leases or gas  pipeline  right of ways to dclerminc the numbcr  of  mercury  manomcters in use  and to estimate 
the  extent 01 mercury  contamination  at  each  site  (Lockwood  1990). On BLM lands  in  New  Mcxico, 
Williams  Field  Servicc, Gas Company of New  Mcxico,  and  El  Paso  Natural  Gas  have  undcrtaken  cleanup 
efforts of leaking  manometers  at  their  wcll sites  (Kelley,  pcrsonal  communication).  The  extcnt  of  mercury 
contaminatlon  of  soils  within the basin  by  mcrcury  manometers  has  apparently  not  becn  determined. 

4.9.2 SELENIUM 
Sclenium is one o€ 65  priority  pollutants  listed  by the EPA. It is a  non-metallic  trace  element 

and  a  micronutrient  requircd by animals In small  amounts (Hunn et al.  1987).  The  two  major 
anthropogenic  causes of selenium  mobilimtion  and  introduction  into  aquatic  systcms  are the procurement, 
processing,  and  combustion  0110ssil hels and the associated  storagc  of  produccd  ash in scttling  basins; 
and  the  irrigation of seleniferous  soil to produce  sclcnium-laden  return  flows  (Hunn et al.  1987,  Lemly  and 
Smith  1987,  Lemly  in  press). 

Soil concentrations of selenium  rarely  csceed  2 pg/g dry weight  except  when  soil is dcrived  from 
the  weathering of sedimcnt'ary rock  (Lemly  and  Smith  1987).  Underlying  much  of thc San  Juan  basin  are 
Cretaceous  and  Tertiary  age  scdimentary  formations that can  potentially  yield  large  amounts  of  selenium 



I 

4.9.2 Selenium 

to soils and  subsequently to sediment  and  water  (Blanchard et al. 1993). The National Irrigation  Water 
Quality  Program of the  DO1  has  idcntified  the  DOI-sponsored  irrigation  projects  along the main stem of 
the  San Juan River in New  Mexico as contributing  significant  selenium  loads to the river  (Roy  and 
Hamilton 1992). 

Within  the  San  Juan  basin  are  also  two largescale coal-fired  powerplants, the San Juan and  Four 
Corners  plants,  both  located  in  New  Mexico  near  Shiprock.  Selcnium is an  important trace element in coal 
as well  as  in  coal  conversion  materials  and  their  waste  products,  and it can  be  leached  directly  from  coal 
mining, preparation, and  storage sitcs (Lemly in press). Selenium  in  coal  may be more than 65 times 
greater  than  concentrations in the surrounding  soil.  After  coal is burned, fly-ash and  bottom  ash  remain 
in which  selenium is cven  more  concentrated,  up to as much  as 1,250 times the concentration in coal 
(Lemly 1985). This ash  is  disposed  of  in  wet-slurry  or  dry-ash  basins,  and fiom thcse basins selenium  can 
be leached  during  overflow  events  (Lemly in press). Lemly (1985) has compiled  a list of  the 
concentrations  of  selenium  in  various  raw  materials  used  in  the  power  industry  and  in  thc  wastes  produced 
(Table 42). It must be  noted  that  coal's  selenium  concentration is related to  its sulfur content,  and that 
Western  coal  has  significantly  lower  sulfur  lcvels than does  coal  from  the  East,  where  most  coal-selenium 
studies  have  been  conducted  (Yahnke,  personal  communication). 

Selcnium standards Tor watcr  bodies  within  thc  San  Juan basin are  found  undcr  the 
STANDARDS  section  of this revicw (4.3); additionally,  selenium  standards  for  the San Juan  River  proper 
are summar i7d  (Table 43). Data  collccted  by thc USGS within  the basin show that these standards have 
been  exceeded  on  numerous  occasions.  From 1970-1 989, samplcs  collected in  New Mexico  from 16 or 
24 surfacc  water  quality stations and from 7 of 35 miscellaneous  surface  water  sites  had  selenium 
conccntrations  excecding  Ncw  Mexico's  chronic  standard  of 5 pgA (Blanchard et al. 1993). 

Within the basin,  irrigation  return  flows  drain  into bachvatcrs that are  often  rich  in  primary 
production. It is in  these  backwaters that inorganic  selenium  may  become  concentrated into primary 
consumers in the organic  form  and  subsequently  transferred up the food chain.  This  proccss  could  help 
to explain  why  waterborne  selenium  conccntrations  in  the  San  Juan basin may be low (less than 35 pgll) 
but fish  and  bird  tissue  conccntrations  are  elevatcd  (O'Bricn 1987, National  Fisheries  Contaminant 
Rescarch  Centcr  et  al. 1991). Another  explanatlon  may be the  existence of ultra-trace  amounts  (less  than 
1 &l) or organoselenium  compounds that may  bioaccumulate  and  produce  much  higher tissue residues 
than do  inorganic  selenate  or  selcnite  (Besscr  et a1 1989, Besser ct al. 1992, Lcmly in press). 

When dissolved  selenium  enters an aquatic  system, it will either be absorbed  or  ingested  by 
organisms, it will  bind  or  complcx  with  particulate  matter,  or it will  remain  frec  in  solution.  Over  time, 
most sclenium will  either  be  takcn  up  by  organisms  or will bind to particulate  matter. Of that which 
becomes  bound,  most  accumulates  in  the  top  layer of sediment  and  detritus.  Ninety-percent  of  all  selenium 
in an aquatic  system  may  be  sequestcrcd  in  the  upper  few  centimeters of sediment  and  overlying  detritus. 
Immobilization  processcs  are  most  efficient  in  slow-moving  or  still-water habitats and  wetlands. In most 
aquatic  systems,  though,  thcre  exist  mcchanisms  that can remobilize  such  selenium into food  chains  (Lemly 
and  Smith 1987). 

Thc  following  explanation 01 selenium  mobilization  proccsses is excerpted  directly  from  Lemly 
and  Smith (1987): 

Seleniunl  is  made  available  for  biological  uptake  by  four  oxidation  proccsses.  The first 
is the  oxidation  and  methylation of inorganic  and  organic  selcnium  by plant roots  and 
microorganisms.  (Oxidation  refers  to  the  conversion  of  inorganic  or  organic  selenium 
in  the  reduccd  organic,  elemental,  or  selenitc  forms to the  selenite  or  selenate forms; 
methylation is the convcrslon of inorganic  or  organic  selenium to an organic  form 
containing  onc  or  more  methyl  groups,  which  usually  results  in  a  volatile  form.)  The 
sccond process is thc  biological  mixing and  associated  oxidation of scdiments that 
results  from the burrowing of benthic  invcrtebrates  and  feeding  activities  of fish and 
wildlifc. The  third  proccss is reprcscnted  by  physical  perturbation  and  chemical 
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Table 42: Concentrations  of  selenium  present in r a w  
materials  used by the  power  industry,  and in various 
wastes  produced  during  processing  and  utilization 

Material or waste  Selenium  concentration 

Earth's  crust 
Surface  water 
Coal 
Coal  cleaning  process  water 
Coal  cleaning  solid  waste 
Coal  cleaning  solid  waste  leachate 
Coal  burner  ash  (bottom  ash) 
Precipitator  ash (fly ash) 
Scrubber  ash  (fly  ash) 
FGD  process  water 
FGD  sludge 
Boiler  cleaning  water 
Coal  ash  slurry 
Ash  settl ing  ponds 
Ash  pond  effluents 
Ash  pond  sediments 
Fly ash  leachate 
Ash  disposal  pit  leachate 
Coal  storage  pile  leachate 
Coal  gasification  process  water 
Coal  gasification  solid  wastes 
Gasification  solid  waste  leachate 
Coal  liquifaction  process  water 
Coal  liquifaction  solid  wastes 
Oil shale 
Crude  shale  oils 
Shale  oil  retort  water 
Retort  solid  waste  leachate 
Crude  oil 
Refined  oils 
Oil  burner  ash (fly ash) 

0.2 pglg" 
0.2 pg/l* 
0.4-24 p g / g * *  
15-63 pgll 
2.3-31 pglg""  
2-570 pgll 
7.7 pglg"' 
0.2-500 pg/g* *  
73-440 pg/g*  * 
1-2700 pgll 
0.2-19 pglg"""  
5-1  51 pgl l  
50-1  500 pgl l  
87-2700 pgll 
2-260 pgll 
1.6-1 7 pg lg " " "  
40-6  1 0 pgll 
40 pgll 
1-30 pgll 
5-460 pgll 
0.7-17.5 pglg" ' "  
0.8-1 00 pgI1 
100-900 pgll 
2.1-22 pglg""" 
1.3-5.2 pglg" * 
92-540 PgIl 
3-1 00 pgl l  
10-30 pgl l  
500-2200 pgll 
5-258 pgll 
3-10 pglg""  

*Representative  values 

x *Expressed  on  a  dry  weight  basis 
x x "Expressed  on  a  wet  weight  basis 

Modified  from  Lernly 1985 
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Table 43: Surface  water  selenium  standards  for  the  San  Juan River in NM, CO, and UT, and  EPA  criteria 
New Mexico*  Colorado (I)** Colorado (2)** Utah***  EPA**** 

Acute (vg/I) 20.0 (diss) 10.0 (tot) 20 0 (dlss) 20 (dlss) 
Chronic (pg11) 5.0 (dlss) 20 0 (tot) 5 0 (dlss) 5 (dlss) 

(1) Malnstem of San Juan River from the boundary of the Wemlnuche Wllderness Area (West Fork) and the source (East  Fork) 
to the confluence with Fourmlle Creek 

(2) Mainstem of the San Juan River from the confluence with Fourmlle Creek to Navajo  Reservolr 

" Acute criteria apply to any single grab sample Acute criteria shall not be exceeded 
Chronic criteria apply to the arithmetlc mean of 4 samples collected on each of  4  consecutrve  days 
Chronic criterla shall not be exceeded more than once every  3 years 

** Both acute and chronic numbers adopted as stream standards are levels not to be exceeded more than once every three years on average 
*** Acute: I-hour average. Chronic: 4-day  average Where criterla are llsted as  4-day  average  and I-hour average concentratlons, these 

concentrations should not be exceed more often than once every  3  years on the average 
**** The acute concentration should not be exceeded  at any tlme. The chronlc concentration IS a 24-hour average 

Modified from Oftice of the Federal Register 1993, New  Mexico Water Quallty Control Commlsslon 1991, Utah Department of Envlronmental 
Quality 1992. Colorado Water Quality Control Commisslon 1993b 
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oxidation associated  with  water  circulation  and  mixing  (current,  wind,  stratification, 
prccipitation, and  upwelling).  Finally,  scdiments  may  be  oxidized  by  plant 
photosynthesis. 

Two additional  pathways  provide [or direct  movement  of  selenium from sediments into 
food  chains,  cven  when  surrace  water  does  not  contain  the  clement.  Those  pathways 
are  uptake  of  selcnium  by  rootcd plants and  uptake  by  bottom-dwelling  invertebrates 
and  detrital-feeding  fish  and  wildlife.  These  two  pathways  may be the most important 
in the  long-term  cycling  of  potentially  toxic  concentrations  of  selenium.  Thus,  rooted 
plants  and  the  detrital  food  pathway  can  continue  to  be  highly  contaminated  and expose 
fish and  wildlife  through  dictary  routes  even  though  concentrations o i  selenium in water 
are IOW (Lemly  and  Smith 1987). 

A  furthcr  explanation  of  selenium's  Iorms in aquatic  systems is taken from Keller-Bliesner  Engineering 
and  Ecosystems  Research Institute (1991) (Table 44). 

Lemly and Smith  (1987)  note that fast-flowing  waters  have  a  smaller  capacity for selenium 
rctention than  do  standing  or  slow-moving  waters that have  low-flushing  rates,  because in fast-flowing 
waters  there  is  less  opportunity for a  contaminated  surface  layer  of  sediment to devclop  and  there  tend to 
be few rooted plants. In  slow-moving or standing waters,  biological  activity  tends to be high,  and 
sediments  build  up  a  selenium  load  that  can  be  continually  mobilized  through  detrital  and  planktonic  food. 
In  either  habitat,  as  long  as  sclenium  persists  in  sediments  there  remains  the risk that it will bc mobilized 
through  the  detrital  food  pathways  and  thereby  be  made  available to fish. 

Because  Colorado  squawfish  and  razorback  sucker use backwaters  as  nurscry  and  reeding 
habitats, they  are  exposed to potentially  high  selenium  concentrations.  Toxicity tests, however,  suggest 
that  these fish would  gcnerally  not  be  at  risk from waterborne  selenium  conccnhations €ound in the San 
Juan basin. Thc 96-hour LC,, for young  squawfish  and  razorback  sucker  was  found to be  about  15,000 
p@ for  selcnite  and 50,000 pg/l for  selenatc  (Kenlp ct al. 1973, National  Fisheries  Contaminant  Research 
Center et al.  1991).  Furthermore,  toxicity tcsts showed  that  Colorado  squawfish  are  more  tolerant  of 
various  toxicants,  including  sclcnium,  than  arc  fathead  minnows  or  goldfish  and that EPA surlace water 
standards should  therelore  protcct  squawfish  (National  Fisheries  Contaminant  Research  Ccnter et al. 
1991).  In  gcneral,  cyprinids  are  Icss  tolerant  of  sclenium  than  are  salmonids,  and  centrarchids  are 
apparently  the least tolerant  group  of  freshwater  fishes that have  been  tested  (Lcmly 1985, Bertram  and 
Brooks 1986, National  Fisheries  Contaminant  Rcsearch  Ccnter  et  al.  1991). 

Only linitcd idormation mists concerning  actual selenium  levels in San Juan basin cndangered 
fish Data collectcd  by  Hamilton  and  Waddell  (in press) on  razorback  sucker  in  the  Green  River  may  be 
relevant to San  Juan  basin  razorback  sucker. A samplc of razorback  sucker  eggs  taken  in 1988 from  the 
Green  River  had  selenium conmtrations of 4.9 Qg/g dry weight,  and  a  subsequent  sample  from 1991 had 
a  conccntration of 28 pg/g. More  reccntly,  eggs  from  razorback  sucker  in  the  Green  River  werc  found to 
contain 3.7-1 0.6 pg/g selenium  dry  weight,  and  milt  from  male fish in thc same  area  had  concentrations 
of less than  1.1-6.7 pg/g.  Thc  selenium  conccntration  from the 1991 egg  sample  was  greatcr  than  the 
conccntration of 16 pglg in  viscera  that  Lemly  and  Smith (1987) have  reported to be  associated  with 
reproductive  problcms  in  fish.  The  cggs  sampled  in 1988 and  those  from thc most  recent  sampling  effort 
cach  had  concentrations  of  selenium  that  are  abovc  normal  concentrations  in  control  and  re€erence  fish, but 
which  are  below  concentrations  reported to cause  reproductive  problems.  However,  streamside  spawning 
of three pairs of fish from  whom  eggs  and  milt  were  sampled  produced no hatching of fertilized  eggs, 
suggesting  that  selcniunl  levcls  may  have  becn  high  enough to causc  reproductive  impairment  (Hamilton 
and  Waddell  m  press). 

Thc  razorback  suckcr  from  whom  eggs  and  milt  were  samplcd  were  apparently  healthy  and 
exhibiting rcproductive  behavior. It is  possible,  though, that fish whose  reproduction is impaired  by 
selenium  may  still  engagc in apparently  normal  reproductive  bchavior.  In  €act, in at least one  study  fathcad 
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Table 44: Common  forms  of  selenium  compounds  and  their  characteristics 
Valence  Inorganic  Solubility  in 
State  Common  Forms  or  Organic  Water  Toxicity’  Remarks 

s e + 6  Selenate  ion  (Se0i2)  Inorganic  Highly  soluble  Moderately  toxic Most  common  form  in  alkaline  soils 
and  waters.  Readily  taken  up  by 
plants. 

Common  waterborne  form.  Readily 
reduced to  elemental  selenium  and 
precipitates  with  Iron  and  aluminum. 

Metalloid  mineral.  Poorly  taken  up 
by  organisms. 

Amino  acid.  May  be  dominant  form 
in  plant  tissues. 

Animo  acid.  May  be  dominant  form 
In  animal  tissues. 

Amino  acld. 

Volatile,  rapidly  changes  form. 
Common  form  excreted  through 
exhalation. 

Volatile,  rapidly  changes  form. 
Common  form  released  by  plants. 

Occurs tn industrial  settings.  Volatlle, 
rapidly  decomposes  to  elemental 
selenlum  and  water  In  presence  of 
oxygen. 

Excreted with  unne. 

Excreted with  feces. 

Moderately  to 
highly  toxtc 

sei4 Inorganic Moderately 
soluble 

s eo Elemental  selenium (Scot Insoluble Nontoxic Inorganic 

Selenomethlonme  (C5H”N0,Se) Organic Highly  soluble Moderately  to 
highly  toxic 

Selenocysteine (C,H,NO,Se) Organic Highly  soluble Unknown 

Selenocystme (C,H,,N,0,Se2) 

Dimethyl  selenide ((CH,),Se) 

Organlc 

Organic 

Highly  soluble Slightly  toxic 

Nontoxlc Relatively 
insoluble 

Dimethyl  diselenide ((CH,),Se,) 

Hydrogen  selenide  (H2Se) 

Organic 

lnorganlc 

Relatively 
Insoluble 

Unknown 

Relatlvely 
insoluble 

Highly  toxlc 

Se-’ Trimethyl  selenonium ((CH3),Se) -c ’ Organlc Soluble 

Se” Metal  selenides Inorganic Insoluble 

Nontoxic 

Nontoxlc 
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minnow  failcd to behaviorally  avoid  conccntrations  of  selenium that would  cause  death  in  24  hours 
(Watenpaugh and  Beitinger  1985,  Hamilton  and  Waddell  in  press).  Further  studies  are  necessary to 
determine the selenium  lcvels  in  razorback  sucker  eggs  and  milt  above  which  viable  o€fspring  are  not 
produced.  Future  data  obtained  for  razorback  sucker in the Green  River  may be relevant to San Juan  River 
razorback  sucker, as thc  chemical  composition of the two  rivers is considered  similar  (Waddell,  pcrsonal 
communication). 

Therc  are  currently  no  toxicity  data  for  selenium  residues  in  Colorado  squawfish  or  razorback 
sucker.  From  numerous  studies  conducted on selenium  toxicity  in  other  species  (Table  45),  Lemly  and 
Smith (1987) compiled  a  table  of  selcnium  lcvels that are of concern for fish  and  wildli€e  (Table  46). 
Lemly (in press) suggested that total  waterborne  sclenium  concentrations  greater than or  equal to 2 pgll 
should bc considered  hazardous to the  health  and  long-term  survival of fish  and  wildlife  populations 
because of selcnium's  capacity for bioaccumulation.  Other  recommcndations  have  been  higher;  Hunn et 
al. (1987) have  suggested  that  12 pg/l may  reprcsent  the  no-effect  level of inorganic  selenium for fish. 
Lemly (1985) noted that maximum  pcrmissible  selenium  levcls in rivers  need  not be as high  as  in 
reservoirs  and  lakes,  becausc  of the different  selenium  cycling  dynamics. 

Wide  ranges  of  selenium  levels  have  becn  reported from ficld  studies.  The  highest  residues  ever 
reported  in  any  fish  werc  from Gambusia at  Kesterson  National  Wildlife  Refuge,  where  levels  ranged  from 
90-430 mgkg dry weight,  with  an  averagc  concentration or 167 m a g  (O'Bricn  1987,  Keller-Bliesner 
Engineering  and  Ecosyslcms  Rcsearch  Institutc  1991).  Far  lower  levels,  though,  may result in reproductive 
impairment  or  other  physiological  problems  (Table  47)  (Lemly  1985). In North Carolina,  a  coal-fired 
powerplant  cooling  reservoir,  Belcws  Lakc,  had nlean watcrborne  selenium  concentrations of onl~7 10 pgA, 
with  a  rrange 01 3-22 Gg/l.  Within two years o i  the  powerplant's  operation, thc cntire fish community  in 
the  lake was effectively elininated, with od57 tiambusra remaining.  Tissue  selenium  concentTations  in  the 
Belews  Lake  fish  rangcd from 2.1-77.1 vglg wct  weight  (Lemly  1985).  Reproductivc  failure  rather  than 
direct  mortality  was  the  cause of thc  population  collapse, illustrating that complcte  reproductive  failure  can 
OCCUT with little  or  no  bssue  pathology or morlality  among  adults  (Lemly  and  Smith  1987).  Similarly,  the 
largcrnouth  bass  population  in  Hyco  Rescrvoir,  another North Carolina  powerplant  cooling  reservoir, 
suffcred scvere  declines;  selenium  carcass  concentrations  averaged  4 pg/g wet weight,  and  ovary 
concentrations  averagcd  7.4 pg/g (Baumann  and  Gillespie  1986). 

Extensivc  bioaccumulation o€ selenium  may  result  because it is an  essential  micronutrient  and 
is chemically  similar to sulphur.  Bioaccwnulation of selenium  from  100 to more  than 30,000 times  can 
occur in habitats  whcre  watcrbonle  selenium  concentrations  range from 2-16 pg/l (Table 48) (Lemly  1985, 
Lemly  and  Smith  1987,  Lcmly  in  press).  Studies  indicatc that algac  and  zooplankton  bioaccumulate 
selcniummore  rcadily  than  do  fish  (Bcsser el al. 1989,  National  Fisherics  Contaminant  Research  Center 
et  al.  1991).  Zooplankton,  benthic  invcrtebratcs,  and  certain  foragc  fishes  can  accumulate  up to 30 pglg 
dry wcight  sclenium wth no  apparent  effects on their  survival  or  reproduction.  Fish, on the other  hand, 
experience  toxic  efrects  from  ingesting  food  itcms of 3 pg/g selenium or more  (Lemly  and  Smith  1987, 
Lemly in prcss). 

Biomagnification  of  selenium, the occurrence  of  progressively  higher  concentrations in 
successivc  trophic  levcls,  has  not  been  definitively  shown  in  laboratory  studies  but  has  been  observed  in 
some field  investigations  \&ere  selcnium  levels  have  risen  rrom  2-6  times  through the food  chain  between 
producers  and  lowcr  consumers  (Lcmly  in press). The  majority oiinvestigations of sclenium  in fish have 
concluded  that  dietary  rathcr  than  waterborne  exposure  is  the  primary  routc of uptakc  (National  Fishcries 
Contaminant.  Rcsearch  Ccnter ct al.  1991,  Lemly  in  press). 

Lemly  and  Smith (1987) suggested  that  wholc  body  concentrations  of 12 pg/g dry weight  or 
morc in fish tissue and 5 ,udg dry wcight  in  food  items may causc  reproductive  failure.  The  lowest  tissue 
concentration ofselenitm known to causc  reproductive  impairment  in fish is about  3 pglg wct  weight, with 
higher  concentrations in fish  having  been  documentcd  with  no  pathological  erfcct  (Burcau  of  Reclamation 
1992). Lady (in press)  suggests that fish  health  and  reproduction  may be impaired  above  a  whole  body 
selenium  concentration  of 4 pg/g dry  weight, a skeletal  muscle  concentration  of  8  pg/g, a livcr 
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Table 45: Concentratlons of selenlum  known  to  be  hazardous  to  flsh  and  wlldlife 
Concentration 

ugll  (water) 
or  uglg  dry 

weight  (diet). 
Mean  shown  in Exposure  setting,  duration,  Tlssue  resldue 

Source  parentheses  and  test  conditions  Species  and  hfe  stage TOXIC effect  (uglg or ppm) 

Laboratory,  48  days,  flow- 
through.  Hardness = 330  mgl l  

Laboratory, 4 8  days, f low- 
through.  Hardness = 330  mg/ l  

Laboratory,  48  days,  flow- 
through.  Hardness = 330  mgl l  

Laboratory,  48  days,  flow- 
through.  Hardness = 330   mg l l  

Laboratory,  60  days,  flow-through. 
Harness = 28  mgll, 
temperature = 11 OC 

Laboratory, 12 months,  flow- 
through.  Hardness = 28  mgll, 
temperature = 11 OC 

Laboratory, 9 0  days, flow-through. 
Hardness = 272  mgl l ,  
temperature = 12OC 

Laboratory.  post-fertllizatlon 
through  hatching,  flow-through. 
Hardness = 135  mgl l ,  
temperature = O°C 

Laboratory, 3 0  days,  flow-through. 
Hardness = 371  mgll ,  
temperature = 12OC, 
sulfate = 200  mg l l  

Laboratory,  post-fertlllzatlon 
through  60  days  posthatch,  flow- 
through.  Temperature = 
20-26OC,  salmty = 3.5-5.5% 

Laboratory, 4 2  weeks,  flow- 
through.  Hardness = 28  mg/l, 
temperature = 11 OC 

Laboratory.  6  weeks,  flow-through, 
3%  body  weight  per  day  feeding. 
Hardness = 74 mgll, 
temperature = 10°C 

Laboratory, 44 days,  flow-through, 
satiation  feedmg.  Temperature = 
21 oc 

Fathead  mlnnow, 
Pimephales promelas. 
larvae 

Blueglll, Lepomis 
macrochirus, larvae 

Rainbow  trout, Salmo 
garrdneri, larvae 

Coho  salmon, 
Oncorhynchus kisutch, 
larvae 

Rainbow  trout,  eggs 

50%  rnortal l ty Watera 1,100 

Watera 400 50% mortality 

Watera 500 50%  mortal l ty 

Watera  160 50% mortallty 

Watera  30-1  70 
(80) 

Watera 30- 1 70 
(80)  

47 

Slgnlflcant 
number  of 
deformltles 

Slgnrftcant 
mortallty 

Rambow  trout,  eggs 

Ralnbow  trout,  sac  fry Watera 

Watera 

Slgniflcant 
mortallty 

Whole  body = 
1.07  wet  welght 
(survivors) 

Ralnbow  trout,  eyed 
eggs 

Slgnlflcantly 
reduced 
hatchlng 

28 _-. 

Watera 17 Chinook  salmon, 
Oncorhynchus 
tshawytscha, f ry  

Slgnlflcant 
mortallty 

Waterb Striped  bass, Morone 
saxatilis. eggs 2 4  h 
pos t fe r t~ l~za t~on 

Slgnlflcant 
number  of 
deformltles 

9 0  

Dieta 

DietC 

8.9 

13  

Rambow  trout, 
juveniles 

Slgniflcant 
rnortallty 

Chinook  salmon,  parr Reduced 
smoltlng 
success 

Whole  body = 2.9 
wet  welght,  13.4 
dry  weight 
(survwors) 

54Q DletC Blueglll. juveniles 75%  mortahty Skeletal  muscle = 
5-7  wet  welght, 
h e r  = 8-86  wet 
welght 
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Table 45 (CONT):  Concentratlons  of  selenium  known  to  be  hazardous  to  fish  and  wlldhfe 
Concentration 

ugll  (water) 
or ug lg  dry  

weight  (diet). 
Mean  shown in Exposure  settmg,  duratlon,  Tissue  residue 

Source  parentheses  and  test  conditions  Species  and  life  stage  Toxic  effect  (uglg  or  ppm) 

Diet' 45 

DietC 

Waterd 
and 
dletC 

Water' 
and 
diet' 

Watere 
and 
dietC 

Dietf 

25-70 

8.9-1  2 
(1 0) 

21-73 

5-22 
(1 0) 

15-70 

8-1 2 
(1 0) 

25-45 

Laboratory,  7  days,  flow-through, 
satlation  feeding.  Hardness = 
18  mgll,  sulfate = 5.7  mgll, 
temperature = 25OC 

Laboratory,  61  days,  flow-through, 
satiation  feeding.  Hardness = 
19 mgll.  sulfate = 5.4  mgll, 
temperature = 25OC 

Field (reservoir), 1 4  days. 
Alkalinity = 26  mgll,  temperature = 
26OC 

Fleld  (reservoir),  2  years. 
Alkalmty = 20-38  mgll,  sulfate = 
5.5-17.1  mg/l 

Field  (reservoir),  2  years. 
Alkalinity = 20 mgll  avg,  sulfate = 
27  mgll  avg 

1 oh Reproductwe  study 

Bluegill,  juveniles 

Blueglll, Juveniles 

Blueglll, Juveniles 

All  llfe  stages  of 
centrarchlds, 
perclchthylds, 
ictalurtds,  cyprtnlds, 
perclds.  clupeids, 
catostomlds 

Blueglll,  adults 
exposed  In  the  fteld 
and  spawned in  the 
laboratory 

Mallard,  Anas 
platyrhynchos, 
adults  recelved 
treated  dlets 

100%  mortality  Whole  body = 
21-32  dry  welght 

1OOoh mortallty  Whole  body = 
44-53  dry  welght 

100%  mortallty  Muscle = 13.1-17.5 
dry  welght; 
vlscera = 27.5-37.5 
dry  wetght 

Mortallty  and Skeletal  muscle = 
deformlty  of  fry, 3.2-22.3  wet 
Juveniles, and 
adults;  total 
reproductwe 
failure 

Mortallty  and 
deformlty  of 
larvae:  total 
reproductive 
failure 

Productwty 
and  duckling 
survival 
reduced 

weight;  vlscera 
(mtnus  gonad) = 
13-52.4  wet  welght; 
ovary = 5.2-41.7 
wet  weight;  testls = 
15-22.8  wet  weight 
(survivors) 

Carcass  (mlnus 
gonad) = 5.9-7.8 
wet  weight:  ovary = 
6.9-7 2 wet  weight 
(38-54  dry  weight); 
testls = 4.3 wet 
weight 

Concentratlons  In 
eggs  ranged from 
2.9 to  5 6 (wet  
welght)  and  wet 
welght  concen- 
tratlon  ranges  In 
adult  male  and 
female h e r s  were 
6.1 to  12.0 and 
2.6 to  6.2,  respec- 
ttvely (use 7 1  Oh 
molsture  for 
conversion to  dry 
weight) 
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Table 45 ICONTI:  Concentratlons  of  selenium  known  to  be  hazardous  to  flsh  and  wlldhfe 

a In the  form of selenite 
In the  form  of selenate 
Selenium  source  was  food  organisms  from selenlum-contaminated habltats 
Measured  as  total  recoverable  selenium  In  filtered (0.45 pm)  samples 

In the  form  of  selenomethlonine 
e In the  form  of  selenlte (57%). selenate (34%). and  selenlde  (9%) 

g  Converted  from  13.6  uglg  wet  weight,  assuming 75% moisture.  Formula  for  convertlng  wet  welght  to  dry  welght: 
dry  weight  concentration = wet  welaht  concentratlon 

1 - "70 molsture  sample 

Fresh  weight,  diet  contained  about  10%  molsture 

Modified  from  Lemly  and  Smlth  1987 
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Table 46: Selenium  levels of concern for fish and wildlife 
~~ 

Concentration 
Source or pg/l (water) or Affected 
tissue residue pg/g dry weight group  Suspected toxic  effect 

Water > 2-5 Fish  and  Reproductive failure or 
waterfowl  mortality due to food-chain 

bioconcentration 

Sediment 

Food 

Whole body 
residue 

Visceral 
residuea 

Skeletal 
muscle 
residue 

24 

25 

21 2 

21 6 

28 Fish Reproductive failure 

Fish  and As above 
waterfowl 

Fish As above 

Fish  Reproductive failure 

Fish  Reproductive failure 

'Approximate conversion factors  for  fish: 
Whole  body  to  muscle = whole  body x 0.6 
Viscera  (liver or female  gonad) to  muscle = vlscera x 0.25 
Viscera  to  whole  body = vlscera x 0.33 

bConverted  from  a  mean  wet-weight  concentratlon  of 4.6 pglg  based  on  a  71 % molsture  content. 
Note:  The  85th  percentlle  whole-body  concentratlon  of  selenlum  in  flsh  tlssues  measured  by  the 
Natlonal  Contaminant  Blomonltoring  Program  was 0.82, 0.70,  and  0.71  pglg  wet  welght  for 
1976-77,  1978-79, and  1980-8 1,  respectively. 

Modified  from  Lemly  and  Smith  1987 
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Table  47: Effects of selenium on aquatic communities under natural conditions in the field 
Abiotic levels 
of selenium 

Source  (mean) Concentration of selenium  accumulated in biota 
of 

Seleniuma  Waterb  Sediment'  Exposure  Benthosd  Planktone  Fishes  Plantsf  Birdse  Toxic effects 
Duration of 

1 

1 3.0-22  3 1 .O-7.5 8 years 1 1-22 1 3.5-20 0 2.1-77.1 ___  ___  Masswe  reproductive  failure  among  fishes; 17 of 20 species 
(1 0) (3 6) eliminated within  2 years, 2 persisted  as  sterile  adults,h 

1 was  unaffected.' Biota other than fishes not affected 
Impact on flshes attributed to  dletary and reproductive 
toxicity, and  assoclated  pathology. 

1 0-30 0 0 7-10 0 3 years 0.7-52.0  0.4-18.0 1 6-2700 0 07-9  2 --- Severely  decreased reproduction and survival of gam  fishes 

Teratogenic effects  on larval  fishes.  Blota other than flshes 
not affected. Dletary  and  reproductive toxicity implicated 
as  causes for flshery  decline. 

(1 0) (1.2) during first year;  complete  elimination of one  species.' 

1 

- 2 
P 
h 

1.0-34.0  0.2-17 1 2 years 0.5-14.0  0.3-16.1 1 3-160 0 2 _ _ _  Progressive mortallty of flshes after  2 months; most severe 

exhiblted symptoms of selenlum  poisoning  Reproductwe 
reductlons were  carnivores and planktivores. Dead fishes 

sucess of all  species was reduced  slgniflcantly; 
pathologlcal correlates of selenium  exposure identlfled. 

8 0-360 1 9-4 9 <2 years 4 8-72.3 13.6-26  7 25.7-66 gk  9  7-26  6  4.7-22.5 Reproductive  fallure of  waterfowl and  marsh  birds 
(101) (2 2) Teratogenic effects  on embryos  and  young, mortallty of 

adult  blrds  Four  specles of fish eliminated I 

3  96- 1 60 _ _ _  < 1 year 3 5-5.0 __- 0 5-8.0 15  0-20.0 --- Progresswe mortality  of stocked game  flshes. Effects 
attrlbuted to dletary toxlcity. 

4 100 _ _ _  56 days _ _ _   _ _ _   _ _ _  _ _ _  _ _ _  Blomass  and  numbers of zooplankton  reduced by 
66-99%. role of selenlum toxlclty questloned. 

a Sources of selenlum ( 1  1 ash  basln effluent  from a coal-fwd powerplant, (2)  lrrigatlon drainage water from natural  hlgh-selenlum  soils, (3) natural  high-selenium 
SOIIS, (4) expermental addltlon of selenlum  (as  selenite) 
pg Se/llter  (ppb) 
pg Selg (ppm), wet weight (70-8056 moisture) 
Aquatlc  Insects,  annellds,  crustaceans,  molluscs 

Rooted  macrophytes 
Mlgratory waterfowl and  marsh  blrds 
Black  bullheads (lctalurus melas) and  carp (Cyprmus carplo) 

e Zooplankton  and phytoplankton 

' Largemouth  bass (Mmoprerus salmoides) were elmmated 
I Mosqultoflsh (Gambusia affmis) were unaffected 

I Largemouth  bass,  carp, catfish (lctalurus spp ) and  strlped  bass (Morone ssxarihs) 

Modified from Lemly 1985 
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Table 48: Bioconcentration factors  of selenium in freshwater organisms 
following exposure to combined  waterborne  and  dietary  sources 
under natural conditions in the field 

Organism  Bioconcentration factor* 

Fishes 
Carnivores 
Planktivores 
Omnivores 

Benthos 
Insects 
Annelids 
Crustaceans 
Molluscs 

Plankton 
Zooplankton 
Phytoplankton 

590-35,675 
445-27,000 
364-23,000 

371 -5200 
770-1  320 
420-1  975 
600-2550 

176-2080 
237-1  320 

Periphyton* * 158-1 070 

Plants * * * 166-24,400 

Birds* * * * 
Waterfowl 
Marsh birds 

190-3750 
300-3850 

*Concentration  present  in  tlssues (pglg wet  welght)  dlvlded  by  the  mean  waterborne 

concentration (pgll).  Largest  numbers  for  fishes  represent  maximum  bloconcentratlon 

observed  in  visceral  tissues  (spleen,  heart,  kldney,  hepatopancreas,  gonad); 

smallest  numbers  for  flshes  represent  low  bloconcentratlon  factors  for  skeletal  muscle. 

*Attached  dlatoms  and  filamentous algae. 

**Rooted  macrophytes;  roots,  stems,  leaves,  seeds. 

* *  *Migratory  species 

Modifled  from  Lernly 1985 
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4.9.2 Selenium 

concentration of 12  pglg,  and  ovary  and  egg  concentrations  of 10 pglg. In  comparison, fish from  control 
test groups  or  where habitats have  low  waterborne  selenium  levels  usually  have  tissue  concentrations of 
about 1-8  pglg (Lemly  1985,  Gillespie  and  Baunlann  1986,  Hermanutz et al.  1992,  Lcmly  in  press). 
Lemly (in press)  stresses that "this  extrcmely  narrow  margin  between  'normal'  and  toxic  levels in tissues, 
along with the  propcnsity  of  selenium to bioaccumulate  in  aquatic  food-chains,  underscores the biological 
importance  of  even  slight  increases  in  environmental  selenium."  This  may  be  of  fundamental  importance 
to Tuture San Juan basin  development. 

Studies of selenium  residues  in fish have  gcncrally  shown that gonads  bioaccumulate  selenium 
and that ovarian  tissue  has  a  greater  bioaccumulation  capacity  than  docs  tcsticular  tissue  (Table 49) 
(Baumann  and  Gillespie  1986,  Hamilton  and  Waddell in press,  Lemly in press).  Gonads  in  control or 
reference  fish  have  uniformly low selenium  concentrations  of  0.5-0.77 pglg wet  weight  in  both  males  and 
females  (Hamilton  and  Waddell in press).  Baumann  and  Gillespie  (1986),  in  their  study  of  North  Carolina 
reservoirs,  found that selenium  concentrations  wcrc  always  higher  in  ovaries  than in carcasses  and  that, 
unlike  testes,  they  expericnccd  no  relative  decline  in  concentration  as  carcass  sclcnium  levels  increased. 

When  sclcnium  concentrates in ovaries, it can  then  be  transferred to the eggs  during  oogenesis 
(Baumann  and  Gillespie  1986,  Schultz  and  Hennanutz  1990,  National  Fisheries  Contaminant  Rcscarch 
Center et al.  1991). It is not  known  with  any  precision  what  levels  of  selenium  cause  adverse  eKects  in 
eggs. Normal background  concentrations  in  cggs  arc  0.5-0.7 pg/g wct  weight,  whilc  concentrations in 
ovaries  of  4.4 pglg wet  weight  in  bluegill (Lepomis macrochirus) and 5.89 pglg wet  weight  in  fathead 
minnow have reportedly  caused  adverse  cffccts  in  larvac.  Thc  cffect level for  eggs is most  likely 
somewhere  between  these two sets of valucs  (Schultz  and  Hcrmanutz  1990,  Hermanutz et al.  1992, 
Hamilton  and  Waddell  in  press).  Lemly  (in  press)  suggests that the best way to evaluate the potential 
rcproductive  impacts of selenium to  adult  fish is to  measurc  selenium  concentrations in gravid  ovaries  and 
eggs,  because it  is a mcasurc or the  most  sensitive  biological  endpoint  and it takcs  into  account  both  dietary 
and waterborne  selenium  cxposurc. 

The effects  of  selenium  exposure on fish rcproductivc  success c'an be  manifested at several 
dcvelopmental  stages.  Sorensen  et  al.  (1984)  reportcd that in  grcen  sunfish (Lepomzs cyanellus) selenium 
exposure  resultcd  in  swollen,  necrotic,  and  ruptured  egg  follicles.  In  another  study,  largemouth bass and 
bluegill  adults  were  exposed to high  selenium  levels  prior to spawning  and  produced  larvae  with  a  high 
incidence  of  mortality  and  dcformities  in  bone structure  (Baumann  and  Gillespie  1986,  National  Fisheries 
Contaminant  Research  Centcr  ct  al.  1991).  Scllultz  and  Hermanutz (1990)  exposcd  adult  €athead  minnows 
to  10 pgA Waterborne selcnitc  in  streams for a  year  and  found  a  23-25%  incidence  of  edema  and  lordosis 
in larvae. Adult  €athead  minnows  cxposcd  to 20 mgA selcnate Tor 24  hours  produccd  larvae of which 
nearly  all  exhibited  edema  and 100% of  which  died  within  seven  days  of  hatching  (Pyron 'and Beitinger 
1989,  National  Fishcrics  Contaminant  Research  Center et al.  1991). 

The  investigations  conducted  to  date  provide  solid  background data for  studies  that  must  now 
be conducted  specifically for the San  Juan  basin 'and its native  fish.  Future  studies in the basin  must 
deternine threshold  sclcnium  concentrations for fish  species  of  concern,  threshold  levels in the  ecosystem 
and  their  relationship to fish tissue  lcvels,  and  thc  mass  balancc oT selenium  in  the  water  (Anonymous 
199 1). In 1991,  the FWS's National  Fishcrics  Contaminant  Rcscarch  Ccnter  field  station in Yankqon, 
South  Dakota,  and  the  New  Mexico  Ecological  Services OTfice proposed  a  study that would  investigate 
selenium  in  San  Juan basin  irrigation flows and its cflccls on thc  rcproduction  and  early  life  stages  of the 
basink  endangered  fish.  Thc  study  would  be  divided  into  four  tasks:  aquatic  monitoring,  a  toxicological 
assessment  of  watcrbornc  sclcnium  on  endangcred  fishcs:  a  toxicological  asscssmcnt  of  dietary  selenium 
on endangered fishes,  and r? ficld  validation o€laboratory studies  with  carly  lifc  stagcs  of  the  endangered 
fishcs. As originally  proposed,  the  aquatic  monitoring  portion or the  study  was  to  begin  in  May  1992  and 
terminate  in  October  1992, with thc  toxicological  assessment  sct  to  bcgin  in  Octobcr 1992 and  to  terminatc 
in  August  1995  (National  Fisheries  Contaminant  Research  Center et al.  1991).  However,  thc  study  has 
not  becn  Tunded to date. 
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Table 49: Selenium concentrations in gonads of flsh (wet  welght) 
Species Selenium  @g/g)  Exposure* 
Female 

Fathead minnow 

Black  bullhead 

Warmouth 

Blueglll 

Redear sunfish 

Largemouth bass 

Male 
Fathead minnow 

Blueglll 

5.89 
0.77 

2 18"' 
1 21"' 

20 7-41 7 

13.7-34 6 

.I 1 9 

4.4 
0.5 

6.96 

0.66 

10 0- 

0.7 

5 3  

4 33 

28  2 

7.4 

1.56' I '  

0.77"' 

3 0  
06 

4 37 

0 50 

4.9-6 6 

0.5 

15.2 

Redear sunfish 22.8 

Largemouth bass 3.2 

10 pg/l - 1 year 
Control 

30 pglg - loo+ days 
Control 

approx 1Opgll - >I year 
Belews  Lake,  NC 

approx IOpg/l - >I year 
Belews  Lake,  NC 

10 pg/l - 258 days 
Control 

9-1  2 pgll - > 1 year 
Hyco Reservolr,  NC 
Reference  Lake - Roxboro City Lake,  NC 

9-1 2 pg11 - > 1 year 
Hyco Reservolr.  NC 
Reference  Lake - Roxboro  Clty  Lake,  NC 

approx 10 pg/I - > 1 year 

> 10 pgll - > 1 year 
Marttn  Lake, TX (2  5 mgll In ash pond water) 

approx 10 pg/l - > 1 year 
Belews  Lake,  NC 

9-1 2 pg/I - > 1 year 
Hyco Reservolr.  NC 

30 pglg  - 100 + days 
Control 

10 pgll - 258 days 
Control 

9-1 2 pg/I - > 1 year 
Hyco Reservolr.  NC 
Reference  Lake - Roxboro City Lake,  NC 

9-1  2 &I - > 1 year 
Hyco Reservolr.  NC 
Reference  Lake - Roxboro City Lake,  NC 

approx 1Opg11 - >I yea1 
Belews  Lake,  NC 

approx 10 pg11 - > 1 year 
Belews  Lake,  NC 

9-1  2 pgll - > 1 year 
Hyco Reservolr.  NC 

*Fathead minnow (Plmephales  promelas),  black  bullhead  (Amelurus  rnelas), warmouth (Lepomls  gulosus), 
bluegill (Lepomis  macrochirus),  redear sunflsh (Lepomis  microlophus); largemouth bass (Mlcropterus salrnoldes) 

"Exposure: pg/l = waterborne exposure; pglg = dletary exposure 
' ' Wet  welght value  based on 80% moisture 

Taken from Hamilton and  Waddell  (In  press) 



4.10 Irrigation 

4.10 IRRIGATION 
Irrigation, by nature oE its return flows. has a high  potential to contaminate  both  ground  and 

surface water  with  trace  clements  such as selenium as well  as organics,  pesticides,  and  other  constituents. 
The DOI-sponsored  irrigation  projects  and  sevcral  private  accquias  discharge  surface  and  subsurface 
irrigation  retun1 flows to bachxater  habitats along  the  San  Juan  River  and its  tributarics  (National  Fishcries 
Contaminant Research Center et al. 1991). The  following  scctions  will  discuss  cach of the  large-scale 
projects in the basin  in turn. 

4.10.1 SAN  JUAN DO1  RECONNAISSANCE  INVESTIGATION 
The  most  extensive  study to date of contaminants in thc  New  Mexico  portion of the San Juan 

basin is the DOI's National lmgation Water-Quality  Program  (NIWQP)  reconnaissance  Investigation of 
water  quality,  bottom  sediment,  and  biota in the  area  affected  by the  five  DOT-sponsored  irrigation  projects 
on the  San Juan River. All material in this  section  has  been  taken  from  Blanchard et al. (1993) unless 
otherwise  stated. 

The  reconnaissance  investigation of thc San Juan a m  is  one of scvcral  sponsored  by  the DO1 
in  the  western  United States. Like  the  others, the San Juan  invcstigation  was  conducted  by  interbureau 
te'ms  composed of team  leaders  fiom  the  USGS  and suppolling scientists  from  the USGS, FWS, BR,  and 
Bureau of Indian Afrairs (BIA). The  study was initiated  because  of  concerns of a  trace  element  loading 
problem in the San Juan  River  resulting  from  nrigation  return flows. 

The  study  area  includes  approximatcly 90 miles or the  San  Juan  Rivcr  valley,  extending  from 
Navajo D<am to the mouth of thc  Mancos  River.  Addltlonally,  the  study  includes  the  upland  arca  south of 
the  San  Juan  River  valley,  bounded  on the  west by thc  Chaco  River, on the  south  by  Huntcr  Wash,  and on 
the east by New7 Mexico State Highway 44 (Figurc  7).  The  San  Juan  Rlver  arca  has a consolidated  rock 
sur€ace  geology  that  includcs  sedimentary  strata of Cretaccous to Terti'u),  agc  The strata typically  consist 
of sequences of interbedded s'andstone,  mudstone,  shalc  units,  and  occasional  coal  deposits  In  addition 
to  the land  irrigated by the  Hammond  Irrigation  Project,  Hogback  Irrigation  Project,  Cudei  Irrigation 
Project, Fruitland  Irrigation  Project,  and  Navajo Indm Irrigation  Project,  about  7,000  acres  are  irrlgated 
within the study area. 

The NIIP was  authorized  in 1962. Construction  oi'thc  dclivery  canal  from  Navajo  Reservoir 
beganin 1964  and  the first irrigation  water was delivered to Block  1 i n  the spring of 1976 (New  Mexico 
State  Engineer  Office 199 1). The  project  is  divided  into 1 1 blocks,  each  of which contains  about  8,000- 
12,000  acres of cropland.  By 1991 dcvelopment  of  thc first  six  blocks was complete,  with  a  total  irrigated 
area of 54,494  acres  (New  Mexico State Enginccr  Office  1991 ). Irrigation  of  the first six blocks  began 
between  1976-1982. The canal  structures for Block  7  and a portion  of  Block  8  were  completed  by 1991, 
and thc third and fourth phases  of  collstruction  werc  schcduled to begin in late  fiscal  year 1990 (New 
Mexico State Enginecr  Office 1991). When all 11  blocks  are  fully  developed,  about 110,000 acres  will 
be  irrigated. 

The Hamnond Project is located  south of and  adjacent  to  thc Stan Juan  River,  from  about  two 
d e s  south\vest of Blanco to about  two  miles  southeast of Farmington.  The  project  was  built by the  BR 
and  is  owned  and  opcrated  by  the Ham~nond Conservancy  District.  The projccl  irrigates  about  3,900  acres. 
Irrigation beg'an in 1962,  at  which time about 700 acres  wlthin  the  project  area  wcrc  already  bemg irrigated. 

The  Fruitland  Project  is  located  south of and  adjaccnt  to  the  San  Juan fiver, from  about  two 
miles  west of Famington to about  two rides west ofthe Hogback  Thc  project  irrigates  about 3,300 acres. 
Irrigation  began  in  1910.  and  development of the pro-jcct as It  is  today  was  completed  in  Ihc  early 1940s. 

The  Hogback Projcct is located  north of and  adjacent  to  the  San Juan River,  from  thc  Hogback 
to about 10 miles  northwest of Shiprock. Irrigation began in 1904  and  most of the  original  projcct  was 
completed by 1940. In  1952  a  pumping  plant  and  two mam laterals  were  added.  The  project  irrigatcs 
about 7,000 acres. 
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4.10.1 San Juan  DO1 Reconnaissance  Investigation 

The  Cudei  Project is located south of  and  adjacent to the San  Juan  River,  from  about five ~nilcs 
northwest of Shiprock to about two miles  northwest of Cudci.  Irrigation of the project  area  began in 1910. 
The project irrigates about 540 acres. 

The NllP water distribution system  consists ora reservoir  and  a  network  of  main  canals, laterals, 
and  pumping  stations.  Irrigation  water for the  NIIP 1s diverted from Navajo  Reservoir  and is stored eight 
miles  away in Cutter Reservor. When  the  NIIP is complete it will  include  about 110 miles of open  canals 
and  the  delivery  system ~7ill be  able to handle as much as 1,800  Tt3/sec.  The  drainage  system  on  the  NIIP 
is composed o€ about  200  miles  of  channels  which  collect storm runoff,  ollerland irrigation return  flow, 
and  groundwater  seepage  from  irrigated  land.  There  are  10-1 5 ponds  on the NITP Gallegos  Canyon  and 
Ojo Amarillo Canyon  washes  are also located on the  NIIP  and  supply a perennial  flow to the San  Juan 
River. 

The  watcr  distribution  systems  on  the  Hanm1ond,  Fruitland,  Hogback,  and  Cudci  projects consist 
of a diversion,  a  main  canal,  and a serics of field laterals The  Hammond  and  Hogback Projects also 
include  pumping  plants  and a main  lateral.  Sevcral  ponds  are on the Hammond  Project  lands,  and  wetlands 
connect  much of the  project  area to the  San  Juan  River  Wetlands  also  connect parts of the  Fruitland  and 
Hogback Projects to the  river 

Sampling  sites  for  the DO1 reconnaissancc  investigation  wcre  chosen on the irrigation  projccts 
as well as on the San  Juan  River.  Irrigation  project  samplmg sites ( T  sites) included  selected  ponds, 
marshes,  (and  wctlands that were known to support wildlifc~ and  selccted irrigation drains  and  canals that 
flow from thc projects into the  San  Juan  River  (Figure 26 and Table 50). "R" sites are those on  the  San 
Juan River (Figure 27 and Table 51). Site R-1 is  upstream  from  the migation projects in the study  area 
and  serves as a background  reference  site,  and  Site R-1 1 is downstrean from  all five projects. Sltes R-2 
through  R-10 are located  at  diversions  of  river  water to the projects, at the municipal-supply  diversion at 
Shiprock, and at or near  tributary  mouths. 

Surface water  samples  were  analyzed Tor physical propertics, major  ions, and trace  elements; 
these samples were  collected prior to, during,  and  after  the  1990 irrigation season (Table 52). Water 
samples  analyzed Tor tnazine and  chlorophenoxy  acid  herbicide  compounds  were  collected  in  May  and Junc 
1990, and those analyzed  €or  organophosphate  and carbamate insecticide  compounds  were  collected in 
August  1990.  Bottom  sediment  samples were collected  after  the  1990  irrigation  season.  The laboratory 
reporting levels for selected  constituents  lncasured in the  water  and  bottom  sediment  samples  wcre 
apparently IOW enough to detect  criteria  csceedances,  with  the esccption of  thc standard for mercury (Table 
53). Bird  samples  were  collected in the  late  spring  and  early  sun'1mer of 1990. Aquatic  plant,  invcrtcbrate, 
amphibian,  and fish samples in  wetland habitats were  collccted in summer  1990  during  peak metabol~c 
activity.  The  San  Juan  River  fish  samples  were  collected in the spring, prior to thc  1990  irrigation  season, 
and  in ihc fall  aflcr  the  irrigation  season.  Analyses  for  inorganic  and  organlc  contaminants  werc  conducted 
on  the  fish samples, although  analyses  for  both  types of contaminants  were  not  performed  on evey species 
in  every  river  reach (Table 54). 

The  surrace  watcr  sanlple  data  were  compared  to  National  Basclme  Values Tor U.S. nvers, which 
werc  calculated  from  databases or the  National  Stream-Quality  Accountmg  Nelwork  (NASQAN)  and  the 
National  Water-Quality  Survelllance  System  (NWQSS)  Thc  median  and  maximum  values  found  at  the 
river and irrigation sites in the Sal1 J ~ a l l  imcstigation were  compared  to  the 25th, jOth, 'and 75th 
percentilcs  of these National Baseline  Values for eight trace elements (Table 55). 

For  the  "R" sites, the mcdian  concentration  of  each  trace  clement  except  arsenic  was less than 
or equal  to  the  25th  perccntile  baseline  concentration,  For thc "I" sites, thc median  concentration of each 
trace element  except  arsenic  and  selenium was less than  the  25th  percentile bascline concentration. In each 
case,  the medm arsenic  concentration was ecpl  to the 50th  pcrccntile  baseline  concentration.  The  mcdian 
selcnium concentration  of  2 pgl l  from  the  irrigation sltes n7as greater than the 75th percentile  baseline 
concentration  of less than 1 &I. 

T n  samples  collected  fiom  the San JLKUI  River  and  tributary  mouths, the maximum  conccntration 
of each trace clement cscept mercury was lcss than or cyual  to the New  Mexico  chronic standard for 

151 



c 

I '  I I 
10 MILES 

0 5 10 KILOMETERS 

I 

EXPLANATION i 
1-1 . IRRIGATION i 

SAMPLING SITE I 
AND NUMBER I 

Figure 26. Water  quality,  bottom  sediment,  and  biota sampling  sites  on  or  adjacent to  Dol-sponsored 
irrigation  projects,  San  Juan DO1 reconnaissance  investigation. (Taken  from  Blanchard et a[. 1993) 
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Figure 27. Water  quality  and  bottom  sediment  sampling  sites  and  fish  sampling  reaches  of  the  San  Juan 
River  and  at  the  mouths of tributary  streams,  San  Juan DO1 reconnaissance  investigation. (Takenfrom 

Blanchard et al. 1993) 



Table 50: Sampling ("I") sites on or adjacent to irrigation  projects 

NAVAJO INDIAN IRRIGATION  PROJECT 
Galleaos Canvon dramacle 

1-1 Gallegos Canyon drainage south pond 
1-2 Gallegos Canyon drainage middle pond 
1-3 Gallegos Canyon drainage north pond 
1-4 Gallegos Canyon 2 miles north of Navajo Highway 3003 

Oio Amarillo Canvon drainaqe 

1-5 Ojo Amarillo Canyon three-fourths mde north  of Navajo Hlghway  3003 
1-6 Ojo Amarlllo Canyon dramage ponds (1 mlle north of Navajo Highway 3003) 

I-6A Upstream dramage pond 
I-6B  Downstream dramage pond 

1-7 Ojo Amarillo Canyon 2 ?h mrles north of Navajo Highway 3003 
1-8 Ojo Amarlllo Canyon 4 mlles north of Navajo Highway 3003 

Ponds In enclosed  drainanes 

1-9 Hidden Pond 
1-1 0 Avocet Pond 
1-1 1 West  Avocet Pond 
1-1 2 Northwest Pond-block 3 

Chinde Wash drainaae 

1-1 3 Chinde Wash drainage southwest pond 
1-1 4 Chmde Wash dramage southeast pond 
1-1 5 Chlnde Wash at Navajo Hlghway 5005 

HAMMOND PROJECT 
East Hammond Proiect 

1-1 6 East Hammond Project east  dram  and wetland (about 8 miles east of New Mexico  Hlghway 44 
1-1 7 East Hammond ProJect west dram  and wetland  (about 3 Yz miles  east of New  Mexlco 

1-1 8 East Hammond Project pond one-tenth  mile north of West Dram  (Red  Pond) 
1-1 9 East Hammond Project pond four-tenths mile northwest of West Drain (adjacent to 

Hlghway 44 

011 productlon facility) 

West Hammond Prolect 

1-20 West Hammond Project pond (about 2 % mlles west of New Mexico  Highway 44) 

FRUITLAND  PROJECT 
1-21 Fruitland Project slte 

HOGBACK  PROJECT 
1-22 Hogback Project east dram (about 2 % miles west of the Hogback) 
I-22B  West  tributary t o  Hogback Project east drain 
1-23 Hogback marsh (about 1 ?h mlles southeast of Shiprock) 
1-24 Hogback Project west drain (about 3 miles northwest of Shlprock) 

Taken from Blanchard e t  al. 1993 
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Table 51 : San Juan reaches from  which  fish samples were collected, 
and water and bottom sediment  sampling ("R'') sites within each  river  reach 

Reach A Hammond  Diversion to Blanco 
R - I  San Juan River at  Hammond  Project  Diversion  (reference  site;  upstream from 

Department  of  Interior-sponsored irrigation) 

Reach B Bloomfield to Lee Acres 

Reach C Lee Acres to Farmington 
R-2 San Juan River 1 mile  upstream from  mouth of Gallegos  Canyon 
R-3 Animas  River a t  mouth 
R-4 Fruitland  Project  Diversion' 

Reach D 

Reach E 

Reach F 

Reach G 

La Plata River to Ojo  Amarillo  Canyon 
R-5 La Plata  River a t  mouth 

Fruitland to Hogback 
R-6 San Juan River  one-half  mile downstream from Fruitland  Bridge 
R-7 Shumway Arroyo 
R-8  Hogback  Project  Diversion' 
R-9  Chaco  River  one-half  mile  upstream from  mouth 
R-10 San Juan River at  Shiprock Municipal Diversion' 

1 

Shiprock to Cudei 

Cudei to Mancos  River 
R- I  1 San Juan River 3 miles downstream from Cudei (downstream from 

Department of Interior-sponsored irrigation) 

'Water and bottom-sediment sampling  site  is  outside of river  reaches from  which  fish samples  were 
collected. 

Taken from Blanchard  et  al. 1993 
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Table  52:  Number of samples  and  types  of  analyses  for  media  at  samplmg  sites  on  lrrlgation  projects, 
the  San  Juan River, and  tnbutaries 

Medlum 
Bottom  Aquatlc  Inverte-  Amphib- 

Water  sedlrnent  plants  brates  lans  Flsh 
Site* I * "  O I X  I O  I I I A#  B# 

lrrigatlon  project  sites 

I- 1 3 
1-2 3 
1-3 3 
1-4 3 
1-5 0 

I-6A 0 
1-66 3 
1-7 1 
1-8 2 
1-9 0 

1-1 0 3 
1-1 1 1 
1-1 2  1 
1-1 3 3 
1-1 4 1 

1-1 5  1 
1-1 6 0 
1-1 7 3 
1-1 8 1 
I- 20 3 

1-21 3 
1-22 4 
1-228 1 
1-23 3 
1-24 3 

2 1 
2 1 
1  1 
2 1 
0 0 

0 1 
1 0 
1  1 
1 0 
0 0 

1 0 
0 0 
1 0 
2 0 
0 0 

0 0 
0 0 
0 1 
0 0 
0 1 

0 1 
0 1 
0 0 
0 1 
0 1 

San  Juan  River  and  tributary  sltes 

R- 1 3 0  1 
R-2 3 0  1 
R-3 3 0  0 
R-4 2 0  0 
R-5 3 0  1 

R-6 3 0  1 
R-7 2 0  0 
R-8 2 0  0 
R-9 3 0  1 
R-10 3 0  0 
R-11 3 0  1 

1 
1 
0 
0 
0 

0 
0 
1 
0 
0 

0 
0 
0 
0 
0 

0 
0 
1 
0 
1 

1 
1 
0 
1 
1 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

1 
1 
1 
0 
0 

1 

1 
0 
0 

1 
1 
1 
1 
0 

0 
1 
0 
1 
1 

1 
1 
0 
1 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

1 
1 
1 
0 
0 

1 

1 
0 
0 

1 
0 
1 
1 
0 

0 
1 
0 
0 
1 

1 
2 
0 
1 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

1 
1 
1 
0 
0 

1 

1 
0 
0 

0 
1 
1 
1 
0 

0 
0 
0 
0 
0 

1 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

0 
0 
0 

0 
0 
0 
0 
0 

0 
2 
0 
0 
2 

2 
2 
0 
1 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

1 
2 
0 
2 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

* Site,  see  tables  50  and  51  for  name  and  locatlon 
x x I, analysis  for  morganlc  constltuents; 0. analysts  or  organlc  pestlcldes 
# A, killlflsh,  rnosqultoflsh.  fathead  mlnnow; B, common  carp,  flannelmouth  sucker 

Taken  from  Blanchard e t  al. 1993 



~ 

Water  Bottom  sedlment  Bottom  sediment 

inorganic  constituents 

Arsenlc 
Boron 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Molybdenum 
Selenium 
Strontium 
Uranium 
Vanadium 
Zmc 

Organic  constituents 

Trlazine  herblcides 
Chlrophenoxy  acid  herbicldes 
Carbamate  insecticldes 
Organophosphate  insecticides 
Organochlorine  insecticides 

Toxaphene 
Chlordane 
PCBs 
PCNs 
Perthane 
All  other  compounds 

1 
10 
1 .o 
1 
1 
1 

0.1 
1 
1 

1 .o 
1 
10 

0.1 
0.4 
2 

1 .o 
1 .o 
4.0 
0.02 
2 

0.1 
2.0 
100 
2.0 
2.0 

0.1 
0.1 

0.05 
0.01 

10 
1 
1 
1 
1 

0.1 

Modified  from  Blanchard  et al. 1993 
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Table 54: Types o f  analyses  conducted  on  ftsh  samples  from  reaches of the San  Juan River 

Common Flannelmouth Brown Channel 

carp sucker trout  catflsh 

River reach S F S F S F S F 

A Hammond  Diversion t o  Blanco I I I10 I I I 

6: Bloomfleld t o  Lee Acres I I 
C: Lee Acres t o  Farmington I I 110 I I 

D: La Plata River to OJO Amarlllo Canyon I I 110 I 
E: Frultland t o  Hogback I I I10 I I I 
F: Shiprock t o  Cudel I I 1/0 I I I 
G: Cudei to Mancos Rwer I I I/O I I I 

S, spring  sampling period; F, fall  sampling  period 
I, analysis for inorganic  constltuents; 0, analysls for  organochlorlne  pestlcldes 

Taken  from  Blanchard  et al. 1993 
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Table 55: Comparison  of  baseline  concentratrons  of  selected  constituents  In  samples  collected  from  rwers of the 
United  States  with  concentrations  In 28 samples  from  the  San  Juan  Rlver,  dlverslons,  and  trlbutarles,  and 
in 48 samples  from  irrigatlon  project  sites 

Concentratlon 

San  Juan  River  lrrlgatlon 
Baseline  diverslons,  and  prolect 

Trace  percentiles x tributartes a t e  
element 25 50 75 Median  Maxlmum  Medlan  Maxlmum 

Arsenic 
Cadmium 
Chromium 
Lead 
Mercury 
Nltrate 
Selenium 
Zinc 

< 1  
<2 
9 
3 
0.2 
0.2 
<1 
12 

1 3 
<2 <2 
10 10 
4 6 
0.2 0.2 
0.41 0.89 
<1 <1 
15 21 

1 
<1 
< 1  
<1 
<0.1 
0.2 
<1 
7 

1 
1 
3 
1 
0.2 
6.3 
4 
13 

1 
<1 
< 1  
< 1  
<0.1 
0.2 
2 

<10 

48 
2 
2 
12 
0.2 
19 
67 
20 

* Baseline  percentiles  determined  from  data  in  National  Stream-Quality  Accountlng  Network 
and  National  Water-Quallty  Serveillance  System  databases 

Taken  from  Blanchard e t  al. 1993 
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4.10.1 San Juan DO1 Reconnaissance Investlgation 

fislmies  protection.  The  mercury  standard  is 0 0 12 pgll, but the laboratory  detection  level  was 0.1 +dl. 
Therefore, it is  not  known how many  samples  had  concentrations that werc  actually  above thc standard  but 
below 0.1 p g A .  

Selenium  concentrations  in h e  San  Juan  River  and  at the  tributary mouths werc less than  1 clg/1 

except  at the Shiprock  Municipal  Diversion  (site R-10) and on the  San Juan River  near  Cudei (site R- 11); 
concentrations  at lllese two  sites  wcre 1 and 2 , ~ ~ g / l .  respect~vely.  The  observed  increase  in  selenium  could 
be due  to  natural  processes  acting on the  Mancos  Shale  that IS  at tllc surface of most of the study  area west 
of the Hogback, to inigatlon from the cast  Hogback  Projcct, or to a combmation of the  two 

Water sunples Erom the  irrigation  sites  gencrally  had  larger  trace  element conccntrat~ons than 
the "R" sitcs, with tlx exception of nxrcuy and  chromlun1.  Concentratlons of cadmum werc  greater  than 
theNew Mexico fisheries standard  of I 1 iAg/l at two irngatlon ales. and a t  one site the New Mcsico lead 
standard of 3.2 ,&I was exccedcd  Each  exccedance  occurrcd for only one of three  samplcs  collectcd  at 
each site, suggcsting  that  the  standards  for  cadnliuln  and  lead  werc  not  being  chron~cally  cxceeded. 

Selenium  concentrations  exceeding  the New Mcsico fisheries  standard ol' 5 ilgll werc  found  on 
ibe NIJP,  Hammond  Project,  and  Hogback  Project silcs The  sclenlum  values that csceeded 5 vg/l wcre 
divided into outlying  and  far-outlying  categories (Figure 28).  All far-outlyng values  occurred  in  three 
locations. Gallegos  Canyon  drainage on the NITP (sites 1-2 and 1-4), 0.jo Antarillo  Canyon on thc NIIP 
(sites 1-7 and M ) ,  and  the  Hogback  ProJcct east drain  (sitc  J-22A)  Thc  median  sclenium  concentration 
at each  location  was. site I-2,25 4.41: sitc 1-4, 12 ;;SA; sites 1-7/14, 42 &l; and sitc 1-22: 12 vgA. 

Selcniunl  concentrations Ii-on1 water  samples from the Wcst Hatnrnond  Prqjcct  pond  (site  1-20) 
and tlle Gallegos  Canyon  drainage  south  pond (sitc I- 1) also exccedcd  thc New Mcxico  fishcries  standard, 
with  values of 6 and 7 pdl. respcct~vcly. Howevcr. thc  median  selenium  conccntration at  ench site was 
3 ,ug/l,  suggcsting  that  the  standard was not being  chronically  exceeded. 

The data indicate that in  specific geograph~cal areas or at spcc~lic locatlons  on irr~gat~on 
projects,  selenium  levels  do  exceed New Mesico's  chronic  standard  for  thc  protection of fisheries. 
Although  nonc of these  problem areas has been  designated as a fishery.  thcre is the potential for aquatic 
life at these sites to be  adversely  affected  by  the  present  selenium levcls F~sh  rro~n the San  Juan  River  do 
not  have  easy  access to Ojo  Arnardlo  Canyon  or  thc  Hogback  drain,  but  could potcnt~ally be  exposed lo 
thehigh  selenium  levels  where  the  irrigation  return flows cnter thc r1vcr's backwntcrs (National F~s l~cr~es  
Contaninant Rescarch  Ccnter et a1 I 99 1). 

In summer 1990 water  samples  rrom 22 s~tes were  scrcencd  for  acute  toxicity  using the 
Microtox  photobactcr1a  bioassay test systcnl Of the I40 tests  pcrfornled. 22 water samples fiom sewn 
sites induccd  toxic responscs i n  the  bacteria  Thesc  results were used to choosc c~ght sltcs for comparahve 
48-hour  acute toslcity tests  uslng h p h n l n  nngm and captidy-rcared Colorado quawfish I a n  ac from 
the DexkrNationa1  Fish  Hatchery Now ofthe subsequent  tcsts  indlcated that the sn~nplcs were acutely 
toxic  to  eithcr  thc Dnphrcr mngm or the larvae. Thc  mawmum  concentration of selcni~~m at  thc  bioassay 
test sites was 42 pg/l  at Ojo Anlarillo  Canyon and at all san~ple sites was 67 pg/l- but  thc  96-hoIlr LC,, 
€or Colorado squawfish was dctermined to be 50,000 b~g/ I  Selcnium  concentrations are not at  acutely 
toxic  levels in the San JLEM  River  area  but may be chronically toxic. 

Eighteen  samplcs or bottom  sediments were analyired  €or  trace  clcments.  The  results  were 
compared  to  three sets of sods data  soils of the U.S west of the 07th parallcl  (Shacklelte aSLd Boerngen 
1984): soil  samples  collccted in the San  Juan  basun,  Ncw Mes~co (Scverson  and  Gough  198 l), and  soil 
samples  collectcd as part of 19 studies of the NIWQP (Tablc 56)  Selcniuln was not  lncluded  In the San 
Juan basin soils data  and therefore was cons~dercd  separatcly. Of the  198  total  analyscs performcd. 22 had 
trace element  concentrations exceeding thc upper-espectccl  value  conccntratlon in sods 111 the San  Juan 
River  basin  (Scverson and Gough 1 98 I). The 22 samples includcd  9  clevatcd  strontium  samples, 5 lead, 
4 clu-omiunl, 2 copper,  and  2  zinc samples 

Lacking  San  Juan  basin sods data, the  selcni  unl  conccntrations In tllc  bottom  sedilncnl  samplcs 
werc  compared  to  concentrations In soils or the western U.S. (Shacklette  and  Bocrngen  1984). A total of 
cight  salnplcs was collected  from h e  San Juan R n w  and  ils  tributarlcs, w t h  a masinlum  scleniwn 
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Figure 28. Concentratlons of dissolved  selenium  in  water  samples  from  irrigation  project  sites, 
San  Juan DO1 reCOnnaiSSanCe Investigation (Taken from Blanchard et al 1993) 
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Table 56: Concentrations  of  selected  trace  elements  in  soils  of  the  western  United  States,  in  soils  from the San  Juan  Basin,  In  bottom  sediment  from 19 Natlonal 
lrriaation  Water-Qualitv  Program  (NIWQP)  studv  areas.  and in bottom sedmnant f rom the San  Juan  River  area 

[Concentratlons  are  In  microgram  per  gram (,ug/g); San  Juan  Rlver  area  bottom  sediment  consists of a size fraction  less  than 0.062 m~llmeterl  

Concentration  In  Cocentratlon  In  Concentration  range in Concentration  In  bottom  sedlment 
Western U.S. soils San  Juan  Basm  soils bottom  sediment  from from  the  San  Juan  River  area 

Trace  Expected  Geometric Expected  Geometrlc 19 NIWQP  study  areas c0.062 rnm 
elements 95 percent  range  mean 95 percent  range  mean <0.062 mm < 2.0 mm Range  Median 

Arsenic 
Cadmium 
Chrornlum 
Copper 

c-’ Lead 
o\ 
h, 

Mercury 
Molybdenum 
Nlckel 
Selenium 
Strontlum 

1.2-22 
-__ 

8.5-200 
4.9-90 
5.2-55 

0.0085-0.25 
0.18-4.0 
3.4-66 

0.039-1.4 
43-930 

5.5 
--- 
41 
21 
17 

0.046 
0.85 
15 
0.23 
200 

2.3-1 3 
_ _ _  

7.9-41 
2.3-33 
6.5-22 

0.01-0.07 
0.4-3.5 
3.1-24 

___  
85-410 

5.4 

18 
8.8 
12.5 

__- 

0.02 
1.3 
8.5 _ _ _  
180 

0.6-59 

1 .O-300 
3.0-180 
<4.0-250 

--- 

<0.02-20 
< 2.0-54 
< 2.0- 1 60 
0.1-120 
69-1,400 

0.6-1  20 
-_- 

20-330 
5.0-520 
<4.0-500 

<0.02-18 
< 2.0-73 
8.0-170 
0.1-85 

59-1  10,600 

2.1-5.1 
<2-<2 
24-53 
13-36 
15-44 

0.02-0.04 
< 2-3 
10-20 
0.1-37 

1 60- 1,500 

3.6 
<2 
31 
21.5 
19 

0.02 
< 2  
12 
0.65 
365 

Uranlurn 1.2-5.3 2.5  1.4-5.3 2.6 
Vanadlum 18-270 70 18-1 10 42.5  5.0-220  20-3 10 42-1 10 66 
Zlnc 17-1 80 55  13-1 00 38  10-860  23-1,600 41-150 65.5 

_ _ _  ___  3.56-1  6.7  5.95 

~~ ~~ ~~ 

Taken  from  Blanchard  et al. 1993 



I 

4. LO. 1 San Judn DO1 Reconnammce Investigation 

concentration of 0.4 ,ug/g. This value is less  than  the  upper espccted value of 1 4 pg/S In soils,  and  thc 
median  conccntration of 0.25 pg/g from  the Sa11 Junn  River  samples is simdar to the gcometnc mean  of 
0.23 pg/g for  westcrn U.S. soils. 

Twelve  additional  bottom  sediment  samplcs  wcre  collected  from  the  irrigation  projccts  and 
tested for selenium.  The lnaximun selenium  concentratlon  was 37 gg/g UI a sample from  the  Gallegos 
Canyon  drainage  middle  pond  (site  1-2)  Eight oC thesc  12  samples  had  selenium  concentrations  greater 
than 1.4 pg/g. The  Hogback  Project east  drain  (site  1-22)>  thc  Hogback  Project  west  drain  (site  1-24), OJO 
Amarillo  Canyon  (site  1-7),  and  the  Hogback  marsh  (site  1-23)  had selenium  concentratlons  of 6.0,5 5,5.0, 
and 4.5 pglg, respectivcly. 

Fifteen plant  samples,  15  invertebrate  samples, 9 amphibian  samplcs,  and 14 fish samples were 
collected fiompond and  wetland  areas  and  analyzed  for 18 trace  elements  (Tables 57 and 58). Lemly  and 
Smith's (1987) determination that food  items  with  selenium concentrations of 5 @g/g dry welght or greater 
may result in reproductivc  failure or mortality In fish was  used to cvaluate  the  results.  Samples from all 
media had  selenium  concentrations  greatcr  than  5 ctg/g dr): weight, and  mnvcrtebrates, amphibians,  and 
smaller fish (mosquitofish,  killifish,  and  fathead  minnow)  each  had maximum conccntrations  exceeding 
the 5 pg/g  criterion by 6-  10 times. 

Lemly  and  Smith's  (1987)  criterion  that  whole-bod\:  selcnlum  concentrations  greater  lhan 12 
pg/g may  cause  reproductive  failure  in fish was esceedcd for both smaller fish and the  group of larger  fish, 
composed  of  common  carp  and  flannelmouth  sucker  Furthennorc, at the  Hogback  ProJcct east drain,  15% 
of the  western  mosquitofish  collected  were  obscrvcd to ha1 e  scollosls;  selenium  conceniratlons In small 
fish  froin  this  site  werc as high as 41 7 ;~g/g d n  weight  Sites  in  which  selenlum  concentratlons  csceeded 
either  the  food-item or whole-body  crlteria  for  fish or the  food-item criterion Ibr bn-ds of 4-8 Ug/g dry 
wei&t are  identified  (Table 59). 

A generally acceptcd  safe nmxinlum  lcad  concentratlon  in  rood  ltcms  is  0 3 ..g/g wet wcight, 
or approximately 1 ;&g d v  weight  (Trwn  1988) In the Sal1 Juan ~nvest~gation, 1 1 of 15 plant  samples, 
6 of 15 invcrtebrate  samples, 1 or9 amphibian  samplcs,  and  4 of 14 fish  samplcs had  lead  concentratlons 
greatcr  than I 9 g / g  dn; weight.  The  median  lead  conccntration Cor each  group was: plants, 1 37 gg/g. 
invertebrates, 0.884  &g; amphibians, 0.296 ,&g, and fish, 0.440 i~g/g dry  weight.  Plant  samples  from 
Avocet  Pond  and  thc  Chinde  Wash  drainage  southwest  pond  (sltes I- 1 0 and 1- 13), invcrtebratc  samples 
from the Chinde  Wash  drainagc  south  pond,  the East Hammond Projcct  cast  dram  and  wetland,  and  the 
Fruitland  Project sitc (site  1-13, T-16.  and  1-2 1); and a  tadpole from the  Fruitland  project  site  (site  1-21) 
each  had  lead  concentrations  greatcr  than 3 ;Lg/g dry wight. 

Eislcr  (1985)  reconmended a safe masirnun1  conccntration  of  mcrcury  in  Eood items as 0. I pg/g 
dry \veight. In the San Juan investigation, 7 of 15  invcrtebrate  samples. 2 of 9 amphibian samples,  and 
3 of 14 fish sanples collected  from wetlands  had  mercury conccntration~ largcr  than 0.1 ,+,lg dry weight. 
Invertcbrate  samplcs €rom the NIP  Block 3 north~vest pond,  the  Clunde Wash drainage sou t l~~~~cs t  pond, 
and the Hogback  marsh  (sites  1-12,  1-13,  and  1-23);  the  amphrbian smplc from  the  Chindc  Wash 
southwest  pond  (site  1-13);  and fish samples Crom the  Hogback  marsh  (site 1-23) all had  mercury 
concentrations  greatcr  than 0.2 ,&g dry weight  Medran concentrations Cor a11 ~ncdia were less  lhan  the 
laboratory  detection  level of 0 05 pg/g 

Composite  fish samples, gencrally  conslsting of fivc  mdlvlduals Crom r? single  specles, were 
collected  from six rcaches of the  San JLMH Rivcr rn the spnng of 1990 and  from  seven  rcaches 111 thc  fall 
o€ 1990  (Table 60) NCBP  data  from 198 1 to 1984, both  nationwide  and  for  the  western U.S., were  used 
for  comparison  (Schmitt and Brumbaugh 1990) From  the  companson.  the  mvestigators  concludcd that 
concentrations of selcnium u1 San Juan River  flannclmouth  suckcr  were elevated, with all 13 samples 
containing  concentrations  larger  than  the natlonnidc NCBP 85th pcrwntde  (Flgure 29). 'The data mdlcated 
thatncither common c a y  nor  flannelmouth  suckcr  had  bcen clposcd to signdkantly increased  sclcnium 
concentrations  during  the  irrigntlon  season. 

The highcst  sclenium  concentrations in  common carp  and  flannelmouth  sucker  were found 
upstream  from the  Dol-sponsored  irrigation  proJccts  (rcnch A) and along  thc  Hammond Irrigation Project 
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reconnaissance  investigation. (Taken from Blanchard et ai. 1993) 
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Table 57: Ranges of whole-body  concentrations of selected  trace  elements in blota  from  pond  and  wetland  sltes 

15 plant 15 Invertebrate 14 flsh 
Trace  samples samples samples 
element  No.*  Minimum  Maximum No.* Mmwnum Maxlmum No.* Mlnlmum  Maxlmum 

Antimony 
Arsenic 
Barium 
Beryllium 
Boron 

Cadmium 
Chromium 
Cobalt 
Copper 
Lead 

Mercury 
Molybdenum 
Nickel 
Selenium 
Strontium 

Tin 
Vanadium 
Zinc 

1 
14 
15 
1 
15 

5 
15 
14 
15 
13 

0 
5 
13 
1 1  
15 

4 
14 
15 

<5.00 
<0.35 
10.8 

<0.100 
5.00 

<0.100 
0.618 
<0.500 
0.774 
<0.35 

<O 500 
<0.500 
<0.5 
45 .O 

<5.00 
<0.500 
3.67 

6.62 
13.2 
932 
0.238 
208 

0.362 
2.92 
3.75 
81.4 
6.03 

<0.05 
2.63 
3.59 
9.90 
2,700 

7.22 
9.76 
74.4 

0 
14 
15 
0 
14 

9 
9 
7 
15 
15 

7 
2 
7 
15 
15 

0 
8 
15 

<0.3 
2.54 

< 1.50 

<0.100 
0.500 
<0.500 
6.50 
0.206 

<0.05 
<0.500 
€0.500 
0.359 
16.0 

<0.500 
9.22 

< 5 .OO 
4.77 
931 

<0.100 
8.56 

0.735 
2.28 
3.99 
139 
25.4 

0.628 
0.646 
2.61 
32.30 
457 

< 6.00 
9  39 
353 

0 
3 
14 
0 
8 

0 
14 
1 

13 
1 1  

4 
0 
2 
13 
14 

0 
5 
14 

<5.00 
<0.3 0.813 
1.21  24.6 

<0.100 
< 1.50  3.69 

<0.100 
0 756 181 
<0.500 0.881 
<0.500 17.8 
<0.2 1.62 

<0.05  0.397 
<0.500 

€0.500 1.30 
<0.3 41.7 
71.7 34 1 

<0.600 
co.500 3.1 3 
25 .O 182 

* No. = number of samples havlng  concentrations larger than respectwe  laboratory  reportmg  level 

Taken  from  Blanchard  et al. 1993 
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Table 58: Selenium  ranges  and  medians for pond  and wetland community media 
Concentration (,ug/g dry weight) 

Medium Minimum Maximum Median 

Plants 0.5  9.90 
Invertebrates 0.359  32.3 
Amphibians 2.40 51.3 
Fish (1) < 0.3  41.7 
Fish (2) 2 .oo 35.1 

1.16 
3.1 2 
4.22 
3.77 
2.32 

(1 ) Mosquitofish, killifish, and  fathead minnow 
(2) Common  carp  and  flannelmouth  sucker 

Taken from Blanchard  et  al. 1993 



Table  59:  Pond  and  wetland  sltes in which  the  concentratlons  of  selenlum  In  blota 
exceeded  food-Item  criteria* 

[Selenwm  concentratlon  In  micrograms  per  gram (/lg/g) dry   we~ght l  

Slte Selenlum 
number  Slte  name Concentratlon 

Plants (1 5  samples) 

1-2 Gallegos  Canyon  dramage  middle  pond 

1-22 Hogback  Project  east  dram 

Invertebrates (15 samples) 

1-2 Gallegos  Canyon  dramage  mlddle  pond 
1-22 Hogback  Project  east  dram 
1-22 Hogback  Project  east  dram 
1-6 Ojo Amarlllo  Canyon  dramage  ponds 
1-20 West  Harnmond  Project  pond 
1-3 Gallegos  Canyon  drainage  north  pond 
I- 1  Gallegos  Canyon  dramage  south  pond 

Amphibians (8 samples) 

1-2 Gallegos  Canyon  dramage  mlddle  pond 
1-3 Gallegos  Canyon  dramage  north  pond 
1-6 OJO Amarlllo  Canyon  dramage  ponds 
I- 1 Gallegos  Canyon  dramage  south  pond 
1-6 OJO Amarlllo  Canyon  dramage  ponds 

Fish:  mosquitofish,  killifish,  and  fathead  minnow (9 samples) 

1-22 Hogback  Project  east  dram 
1-22 Hogback  Project  east  dram 
1-20 West  Hammond  Project  pond 
1-20 West  Hammond  Project  pond 

Fish:  common  carp  and  flannelmouth  sucker (5 samples) 

1-22 Hogback  Project  east  draln 
1-22 Hogback  Project  east  drain 

9.90 

5.10 

32.3 
17.4 
11.1 
10.2 
9.62 
8.75 
4.42 

51.3 
23.5 
14.7 
5.24 
4.22 

41.7 
27.2 
15.5 
13.6 

35.1 
28.5 

* Criterla: 4 t o  8  pg/g as  a  waterfowl  food  Item 
5  pg/g as  a  flsh  food  Item 

Taken  from  Blanchard  et al. 1993 
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Table 60: Comparison  of  concentratlons of trace  elements  In  fish  samples  collected  for  the  Natlonal  Contamlnant 
Biomonitoring  Program (NCBP) wlth samples  collected  from  the San Juan  Rwer  In 1990 

[Concentratlons are in mlcograms per  gram (uglg) wet  weight1 

San  Juan Rlver 
NCBP (1990) 85th Number of samples wlth 

percentile  concentration larger than  the 
Trace  concentration  Concentratlon NCBP 85th percentile' 
element  Nationwide  Western Minimum Maxlmum  Medlan  Nationwide  Western 

Common  Carp 

Arsenic 
Cadmwm 
Copper 
Lead 
Mercury 
Selenium 
Zinc 

Sucker  species 

Arsenic 
Cadmium 
Copper 
Lead 
Mercury 
Selenium 
Zinc 

0.1 5 
0.14 
1.12 
0.30 
0.1 1 
1.25 
73.7 

0.17 
0.05 
1.01 
0.22 
0.18 
0.40 
20.8 

0.14 
0.14 
1 02 
0.25 
0.10 
1.70 
68.8 

0.20 
0.04 
0.99 
0.20 
0.13 
0.35 
21.5 

0.07 
0.02 
0.79 
< .06 
0.06 
0.61 
15.1 

<0.09 
c0.03 
0.58 
C0.06 
0.05 
0.45 
12.4 

0.10 
0.17 
1 87 
1.69 
0 19 
1.56 
90.3 

0.19 
0.45 
1.47 
0.90 
0.32 
1.06 
42 1 

0.09 
0.09 
1.32 
0 19 
0.08 
0.84 
66 4 

0.10 
0.05 
0.79 
0.20 
0 13 
0.69 
15.8 

0 
2 
1 1  
4 
3 
2 
3 

1 
0 
2 
4 
4 
13 
2 

0 
2 
12 
4 
3 
0 
4 

0 
2 
3 
5 
6 
13 
2 

* The total  number of samples  collected  was 13 for  both  common carp and  sucker  specles 

Taken from  Blanchard  et al. 1993 



4.10.2 Navajo Indian Irrigation Project 

fi-om Bloo~nf~eld to just downstream oiLce Acres  (reach  B).  The  lowcst  selenium  conccntrations  in fish 
were  found  in  the San J L I ~  River  from  the  La  Plata  River conff  ucncc to the  Hogback  (reaches D and E). 
The  NIIP  and  the  FruitIand  Project  are  adjacent to reaches  D  and E on the  south  side of the  San  Juan  River, 
and  non-DOI-sponsored  irrigation  pro-jects  arc  adjacent to the  reaches on the  north. 

The FWS (National  Fisheries  Contamlnant  Research  Centcr et a1 1991) has  compared 
biological e k t  concentrations of sclcnium In fish to concentrations €ound  In the  San  Juan  reconnaissance 
investigation  in  order to determine  marglns of safety  for fish in  the  study  arca.  A  margin of safety IS 

calculated  by  dividing  thc biological effects  concentratlon  by  the espectcd ellv~ronmental  concentrations; 
amargin of safety greater  than 5000 indicates low  hazard, a margm fiom 100- 1000 indlcates a moderate 
hazard and a margin  less  than 100 indicates a high  hazard.  For OJO Alnarillo  Canyon,  the FWS calculated 
a margin  of  224 for  selenite  and 764 for  selenate,  suggesting that fish in thls  region  are at a  moderate 
hazard  from  selenium  contamination 

Thc data from the San Juan  investigatlon also indicate that coppcr,  lead,  and  mercury  were 
elevated  in t l ~ c  fish.  The  median  copper  conccntration in San Juan  Rlvcr carp \vas greater  than  the  NCBP 
85th  percentile  concentration  for  both  the  natlonal  and  western  data  sets  (Figurc 30). Concentrations  of 
lead  in flannelmo~~th sucker fionl  the  San  Juan  River  were  elevated, with the  median  concentration of lead 
in the San Juan  fish  about  thc  same  as  the  NCBP  85th  percentile  concentration  for  both  the  national  and 
western data sets  (Figure 3 1)  Mercury  concentrations i n  San  Juan  River  flannelmouth  sucker  were also 
elevated, with the  mcdian  concentration Tor the  San  Juan  fish  about  cqual to the 85th  percentlle 
conccntration of the NCBP  western data set (Figure 32). 

An cvaluation of external  health  was  conducted on all lish sampled dunng the  spring  and  fall 
collections,  esccpt  common  carp.  Twcntyeight  pcrcent of all  flannelmouth  sucker  and 35% of  all  channel 
catlish  had  cxternal  lesions,  with  the  highest  incidence  ratc  for  both  species  betwecn  Shiprock  and  Cudei 
(reach F). However, thc selenium  concentrallolls i n  watcr  and  bottom  sediment  in  this  reach  of  the  river 
wcre  low,  suggesting that the  incidence  rate of leslons was not  relatcd to selenium conccntrations, 

The  reconnaissancc  investigation also included a sampllng  effort for detern~inatlon of pesticide 
and organochlorine  contamination  A  summa^): of the rcsults 1s gwcn i n  this  rcvlew  in  sectlon  4.6, 
PESTICIDES  and  PCBs. 

Hydrocarbon  analyscs  were  pcrlormcd  on  water  sanlplcs fi-om all three  ponds In the  Gallegos 
Canyon drainage  (sites I- I ,  1-2,  and 1-3): lronl  the East Hammond  ProJcct  pond  one-tenth OC a nxle  north 
of the  west  drain  (site  1-18),  and  from a wetland  near the Gallegos  Canyon  drainage  south  pond  (sitc 1- I )  
that receives  runoff from the  arca surrounding an 011 production wcll These sitcs  were  choscn  because of 
their proximity to oil  and gas produclion  activitlcs. Alter initla1 gas cluomatograpl~icla~~~e ionization 
detection scans,  sites 1-1 and  1-18  were  choscn  for fL1rther analyses  by gas chron~atography/mass 
spectrometry.  The  analyses  tested  for 34 hydrocarbons.  none  of  which was present In concentrations  at 
or larger  than  the  respective  laboralory reporting levels. 

The most significant  findmg o f  thc  San  Juan  reconnaissance  investlgation 1s that  the  DOI- 
sponsored  irrigatlon  projects  are  contrlbuting  significant  selenium  loads to the  San  Juan  River.  Roy  and 
Hamilton (I 991) suggest  that  the San Juan  River is nt or  near  its "asslmilat~on capacity" for scleniunl and 
that  further inputs.  such as from  the  Animas-La  Plata  Project or development of Blocks  7  and  8 of the 
NIIP,  could  adversely  affect  thc  river's  aquatic  organlsms  (Roy  and  Hatnilton 1992). 

4.10.2  NAVAJO  INDIAN  IRRfGATION  PROJECT 
Although theNIlP and its  erfects on basm  water  quality  have  been  investigated  by  the  San  Juan 

NIWQP Reconnaissancc  lnvestigatlon,  therc  have  been  addltlonal,  more  dctaded  studics of NIIP water 
quality  and  its  potential  for  harming San JLWI basin  native  fishes.  Because  the  NIIP  is by far  the  largest 
of the DO[-sponsorcd  ilrigation  pro-jects,  an estra section  is  dcvoted to a discussion of its potential to 
contatninatc  the  San JLI~II River. 
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Figure 30. Comparison of copper  concentrations in carp  collected  for  the NCBP in 1984 and 
from the  San  Juan  River  in 1990, San  Juan DO1 reconnaissance  investigation. 

(Taken  from  Blanchard et al 1993) 
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1984, and  in  flannelmouth  suckers  from  the  San  Juan  River  in 1990, San  Juan DO1 

reconnaissance  investigation. (Taken from Blanchard et a1 1993) 

171 



g- 0.1 

5 
E 
W 
0 z 
8 0.0 

NATIONWIDE  NCBP  WESTERN  STATES  NCBP  SAN  JUAN  RIVER 

EXPLANATION 
o-FAROWLYIffi VALUES: MORE W A N  3.0 TINU 

NTERQUARTILE RANGE BEYOND BOX. 

*-OUTLYING VALUES: IS TO 9.0 nMEs 
*ITERQUARTILE RANGE BEYOND BOX. 

,UPPER ADJACENT VALUE YAXIMUM VALUE 
EQUALS  UPPER WARTYE PLUS 1.S 

WPPER WISKERL~ INTERQUARTILE RANGE. 

NTERQUARllLE RANGE UPPER 
QUARTlLE MINUS LOWER WARTLE - M E W  (SOlH #RCE)o  

/UPPER W A R N  pERcE)lrmq 

\LOWER ADJACEHT VALUE MAXIMUM VALUE 
EQUALS  LOWER QUARTILE MINUS 1.S 
llSTERQUARTLE RANGE. 

Figure 32. Comparison  of  mercury  concentrations  in  all  species of suckers  collected  for  the 
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reconnaissance  investigation. (Taken from Blanchard et a1 1993) 
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4.10.2 N ~ W J O  Indian Irrigation Project 

TheNIIP  obtains  its  imgation  watcr  fromNavajo  Reservoir. In 1984 the project  diverted  about 
120,000  acre-€cet  (148  million m') of  water  from  the  reservoir:  which 1s about half as much  water  as  would 
be depleted at full  development  (Liebennann  et al. 1989). The  courts  have  authorized the project to divert 
a maximum of 508,000  acre-fcet (about 626.6 million m') a year  from  the  reservoir, or about  one-half of 
the annual inflow to Navajo  Reservoir  (Melancon  et al. 1979). Bureau  of  Rcclamation cstimates from 
1975  predicted  that at fidl development  the NIIP would  create 104,000 acre-fcet (about 128 3 million  m3) 
a year of return  flows, with up to 25,600  acre-€eet  (about 3 I 6 m') a pear  of  this flow draining into Chaco 
Wash  through  the  old niling areas  of  Burnham  (Melancon et al. 1979). Thc U.S Bureau of Indian Affairs 
(1976) estimated that during the irrigation  season of a drought  year the San  Juan  River  could  potentially 
become dry below  Shiprock for many  mlles,  although  fisheries  immediately  below thc d m  would  be 
maintained  (Melancon  et  al. 1979) 

At fidl developmcnt or the NITP, a 23-megawatt  powerplant is  planned for installation  at  Navajo 
Dam in  order to provide  power for thc  Irrigation  pumps. It is  expected  that during the  Irrigation  season 
operation ofthis powerplant  would  result m  fluctuations i n  thc  water  level ofthe San  Juan  River  by  about 
one-half foot each day (U.S. Bureau of Reclamation  1976).  The  projected  cllangc  in  TDS as a result of 
the  powerplant is small  and  not  expected to adversely  affect  the riverk native fish. Thc  month of August, 
when flo\-ys would  be  lowest 'and salinity would  be  highest,  would  be  the  most critical tune €or fish between 
Farmington  and  Lake  Powcll (U.S. Bureau  of  Reclamation 1976). 

The irrigation returns  from  thc N I P  flow into surfacc channels or infiltrate to thc subsurface 
flow, with the infiltrated water  eventually  discharging to basin streams. Depth to the  water  table is more 
than  200  fcct in most  places,  there is a large storage capacity in the unsaturated  zone,  and  there  are 
relatively low permeablllties;  because of these  factors:  the  effects 01 the infiltration on streams might  not 
be  evident for many  ycars  (Stone  et al. 19x3). The  BIA  began  monitoring  groundwater  quality  from 
observation wells on the NIP  in 1985. Among  the  RIA'S  findings  have  been  selenium  concentrations as 
high as 180 ,&l (Blanchard  et a1 1993) 

In 1992  the  BIA  began  samplmg  water quahty on the NIIP as  well as on the San  Juan  River  and 
its tributaries  (Appendiccs  17a-c) (U S .  Burcau  orInd1a.n  Affairs  1993) It is important to note that at most 
sites dissolvcd  (filtered) and total  (uniiltercd)  measurcmcnts  wcrc  each  taken  for a given  constituent. It 
should  also  be  emphasized that the laboratoly detection lev3 for  mercury  was 0.02 ,~~g/l:  which is  greater 
than  the New  Mcsico and Utah  fishcrics  standard  of 0.01 2 pugll and  the  Colorado  fishcries standard of 
0.010 E@.  The  highest  selenium  concentration  recorded  by the B1,4 Irom an NIIP sitc was 38  2 pgll in 
a filtcrcd  samplc  from  Ojo  Amarillo  Wash  collccted m January 1993. Thls site produccd a nunlber of the 
higher  selenium  lcvcls  reported,  although evee slte on  the  NllP  had selenium concentratlons  cxceeding 
5 gg/l on  at  least  one  occasion.  Thc  river and strcam  collectlolls  produced a maximum  sclenium  value of 
45.7 pg/l in an udlltered sample taken In July 1992 on  the  San JLKIII River  at  Bluff,  Utah 

The most  extcnsive  watcr  quallty  study that has  been  conducted to datc on  the  NIIP  is  the 
Biological  Assessment for development of Blocks I -X (Keller-Blmner Engineering  and  Ecosystems 
Research Institute 1991). Blocks 1-6 have  already  becn  developed and comprisc 54,500 acres;  the 
Biological Assessment  deals with thc  proposcd  construction  of  Blocks 7 and 8, which w7ould bring an 
additional 23,300  acres into development (U.S Fish  and  Wildlife  Service 1991b). The  water  quality 
analysis  section  of  the  Biological  Assessment  focuses  prlncipally  on  potential  selenium  loading  from the 
NIIP  Blocks 1-8 and  concludes that the impact of the  NIlP on Snn Juan hve r  selcnium  levels  would  be 
negligible. What  follows  is a sulntnaly of the results presented in the  Water  Quallty  Analysis  Section or 
thc Biological  Assessment  (Keller-Bliesner  Engincerlng  and  Ecosystems  Research Institute 199 1). 

Sampling  sitcs Cor the  Biological  Assessment  were  chosen  after  reviewing  the prelimin'q results 
of the San Juan DO1 Reconnaissance  Investigation md identifying  areas that warranted  further 
examination.  The  sampling  program nas  besun 111 April 1991 Water, scdment, and  biota (plants and/or 
macroinvertcbrates)  were  sampled Crom ponds, nqor  seeps,  and surfacc water at scvcral  locations  along 
Gallcgos  and  Ojo  Amarillo  Canyons. Alluv~al groundwater  samples  were also taken at scvcral  locations 
on  theNlll?.  Additionally,  water?  bcd  seclmlent.  and  lllacro-invertebrate  samples  were  collected  on the San 
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4.10.2 Navajo Indian Irrigation Project 

Juan  River at 14 stations  between  Archuleta  and Shprock Sample  sites  were  located  on  both  sides or the 
river,  with  the  south  side  points  scrving as indicators of NIIP  effects  on  the  river. 

During  the  summer of 1991,  soil  sampling  was  conducted  adjaccnt to observation  wells in order 
to dcterminc  the  source of groundwater  selenium  (Appendices 1 Sa  'and 1Sb)  The  soil  studlcs,  coupled with 
the observation well data, indicatcd that sclenwm  concentratlons in groundwater  on  thc N I P  were a 
reflection of the  extractable  selenium  in the local sod. During  the  early  part of 1991:  the  average 
observation well  selenium  concentralion  was 24 ,ug/l. 

Beginning in  April 1991 water  from  secps  and  springs in Horn, 0-io Amarillo,  and  Gallegos 
Canyons was samplcd  on  a  monthly  basis.  The  concentrations  of  selenium  in  sediments  and  periphyton 
at  the  sites, as well as the  conccntrations  of  selenium  and  arscnic  in  water,  are  listed as appendices 
(Appendices 18c and lSd).  The  average  perched  groundwater  sclcnium  concentration was about 20 &I. 
The  data  indicated  that  in Ojo Amarillo  Canyon  selenium  was not  adhering to the  bed  sedimcnts  below  the 
seeps,  while  in  Gallegos  Canyon  selcnium  was  adhering to sediments wth lower  uptake  by  vegetation. 

The  ponds on the NIIP are utili~cd as  drainagc  control fcatures  and  stock  watering  areas.  Water 
from  ponds  was  samplcd  beginning  in  April  1991,  and  a  portion was later  resampled  (Appendix I Se). 
Data  indicate that dissolved  selenium concentrations  are  variable m the  ponds  and  are  depcndent  upon  the 
amount of  surface  flow.  For  this  reason, pond  selenium  concentrations  can  evidently  be  controlled  by 
dilution.  In  certain  ponds,  seleniunl  concentrations  in  all  ecosystem  compartments  werc  clevated,  and data 
indicate that bioaccumulation orselenlum is  also  occurring 111 sevcral  ponds. 

Beginning  in  April 1991 water  from  Chaco  Wash,  Chmdc  Wash, Ojo Amarillo  Canyon,  and 
Gallegos  Canyon was san~plcd. In the  drainages  upstrcam and  downstream €ram thc NIIP therc  wcre  low 
or undetectable  selenium  concentratlons  Water in Ojo  Amardlo  and  Gallegos  Canyons,  the  main  washes 
draining  the project,  had  significant  sclenium  lcvcls  (Appendix 180 The pcrceat of drainage  pond 
observations  that  esceedcd  suggestcd  selenium  criteria  are  Ilsted.  broken  down  by  ecosystcm  cornpartmcnt 
(Table 6 1). 

Bed sedmml samplmg  indicated  that  sclcnlunt  conccntrations were low in  all  locations  exccpl 
at one site in Ojo  Amarillo  Canyon  The  average  sediment  sclenlum  conccntratlon m Gallegos  Canyon  was 
0.23 mg/kg, with 66% of all samples  below  the  detection  limit.  These  findings  suggest  that  scdiment 
transport into  the  San J u a n  River,  which  would  potentlally  increase wlth  fcu-ther dcvclopment of thc  NIlP, 
would  not  signnlficantly affcct  selenium  levels 111 the  rivcr 

Thc  selenium  concentrations  found in watcr,  sediments,  periphyton, lnacroillvcrtebrates,  and fish 
collected  from  the  Sa11  Juan kve r  in this  study  are  listcd  as an appcndlx  (Appendix 18g). Analysls of the 
macroinvcrtebrate  sclenium conccntrations  suggests that the NIP is  not  contributing  selenium-rich  water 
to the San Juan River  through  Gallegos  or Ojo Amarillo  Canyons  The  highest  selenium  concentrations 
found in fish were fiom upstream of the  NIIP,  which  coincides  with  the  decrease  in  waterborne  selenium 
concentrations  from  Archuleta to the  Hogback  (Figure 33). The  highest  selenium  concentrations in fish 
were 3.5 mg/kg in a whole  body  flannelmouth  sucker  samplc  and 4 5 tngkg in a ~ h o l c  body  bluehead 
sucker  sanlplc,  both of which  wcre  collectcd  about  livc  mdes  downslrcam of Archulcta  Selenium 
concentrations  in  aquatic  vegetation,  macroinvertebratcs,  and  fish  collcctcd  from  dlffcrent  points  along  the 
San  Juan River  are shown in graph  form  (Flgurcs 34, 35, and 36). Data  from  the vanous ccosystem 
compashncnls  suggest  that  biomagnllication IS occurrmg in all  groups esccpt Tor fish, which had  lower 
selenium  concentrations  than  did  macroinvertebrates 

Selenium  concentrations in all ecosystem compartnlents  wcre  higher at  San  Juan  River  sampling 
sitcs  upstream of tl1eNIIP  than at thosc  adjacent to and  below the prqject  area  The  perccntage  of  San  Juan 
River  obscrvations  that  exceedcd  suggested  selcnium  ct'itcria  are  broken  down  by  ecosystem  compartment 
(Table 62). Because  elevated  selenium  levels 111 the  plant and  Invcrlebrate  categones  were at sitcs  either 
upstream OClhe NIIP or on  the  north  side of the  river;  the  investigators  concludccl that the  effect  of  the NlTP 
on  selenium  levcls in the  rivcr was, at  the  time of the  study,  negligiblc. 

PAHs  are  also  potential  contaminants of concern on thc NllP Becausc PAHs arc  rclatlvely 
insoluble  in  water  and  thus  not  ve?  mobile unlcss  sorbed to watcrbome  sedilncnts (see scction  4.12 1 for 
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Figure 33. Mean selenium  concentration  in  the  San  Juan River from  Archuleta, New  Mexico  to 
Bluff, Utah, 1958-1  988. (Taken from Keller-Bliesner Englneerlng  and  Ecosystems  Research  lnstltute 1991) 
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Figure 34. Selenium  concentrations in aquatic  vegetation  at  various  locations  on  the San 
Juan River, as measured for the NllP Biological  Assessment. (Taken  from  Keller-Bliesner  Engineering 

and  Ecocystems  Research  lnstltute 1991) 



SAN JUAN RIVER 
SELENIUM  LEVELS  =MACROINVERTE 

10 

16 

14 

12 

10 

8 

6 

4 

2 

a 

I 

\, 1 Gallegos Cnyn I I 

9 Chaco R 

I 

1 5 10 15 20 25 30 35 1 
I I I I I 1 

DISTANCE FROM ARCHULETA  (MILES) 
3 

3RATES- 
~~~ 

-.m -. 
RIVER  LEFT 
-Et- 
RIVER  RIGHT 

DETECTION  LEVEL 

Figure 35. Selenium  concentrations  in  macroinvertebrates  at  various  locations  on  the  San 
Juan  River,  as  measured for the NllP Biological Assessment. (Taken  from Keller-Bliesner Engineermg 

and  Ecosystems  Research  lnstltute 1991) 
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Figure 36. Selenium  concentrations in  fish at various  locations  on  the  San  Juan  River, as 
measured for the NllP Biological  Assessment. (Taken  from  Keller-Bhesner  Englneenng and  Ecosystems  Research 

Institute 1991) 
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Table 61 : Percent of observations exceeding suggested criteria within various ecosystem components for  the on-site locations 

Location Water Sediments Plants Invertebrates Fish * Birds 
Compartment 

Ponds 
Drainages 

40 % 
50% 

20% 
6% 

11% 
9% 

38% 38% 16% 

~ 

* Amphlblans 

Taken  from  Keller-Bllesner  Englnaering  and  Ecosystems  Research  Institute 199 1 



Table 62: Percent of observations  exceeding  suggested  criteria within various ecosystem components for the San Juan River  samples 

San  Juan  River Water Sediments  Plants Invertebrates Fish  Birds 
Compartment 

Above NllP 
Adjacent 
Below NllP 

0% 
0% 
0% 

0% 
0% 
0% 

1 1 %  
0% 
0% 

30% 
25% 
0% 

0% 
0% 
0% 

Taken  from Keller-Bltesner  Englneering  and  Ecosystems  Research  Institute 1991 



4.10.2 Navajo Indlan Irrigation Project 

m e r  background idormation), the investigators  dctcrmined that thc  only  potential  sources  of  PAHs on 
the NIP  wcre oil wells  within  the  main  drainage  channels.  An 011 wcll  was  identified  within  Gallegos 
Canyon  whcre  seepage  water was numing  through  the  containment  pad  around  the storage tank;  this 
location  was  determined to represent  thc  worst case scenario for the transport of PAHs  into the San  Juan 
River.  Neither t w 7 0  Gallegos  Wash  s'amples  nor an effluent  sample  from  an  oil well at the  facility  indicated 
the  presence  of  PAHs.  The  detection  level for the  analyses was 2 pgfl. The  investigators  concluded that 
organics on and  adjacent to the NITP were  not  elevated  relative to other  samples  collected in the  basin. 
They  also  noted that although  numerous  oil  wells  cxisted  within  the  NIIP,  they  were  not  in  the  vicinity  of 
major  drainage  channels  and  therefore  would  not  be  likely to contaminate  the San Juan  Rivcr. 

In conducting  the  Biological  Asscssment, the investigators  noted  preliminary  chlorohydrocarbon 
compound analyses from the San Juan DO1 Reconnaissance  Invcstigation  The  Reconnaissance 
Investigation  €ound  measurable  quantitics  of  six pest~cidc residucs,  with  the  highest  concentrations €or total 
PCBs  at  the station  below  the  confluence of  thc  San  Juan  and La Plata  rivers.  Because  most  of  the 
pesticides  scanned  for  were  at  or  below  detection  levels,  and  thosc  above  detection  levels  were  apparently 
common for all areas  sampled,  Keller-Bliesncr  Engincering  and  Ecosystcms  Research  Institute (1991) 
concluded that chlorohydrocarbon  compounds mere  not of concern on the NIIP 

Judging  that PL4Hs and pesticidcs  on  the NIIP did  not posc a significant haard to water  quality, 
the  investigators  €ocused  thcir final analysis on selen~um They  dctcrnlined that thc  source of selcnium  on 
the NIIP was undcrlylng  soils  from  which  dissolvcd  scleniuln was leached. On the NIP  site itself, 
selenium  levcls  were  high  enough in certam  ponds  and  wetland  areas to prcscnt a hazard to wildlife.  Thc 
areas  with the higl~cst potential for h a m  to wildlife  wcre  primarily  related to Blocks 1-3, with less 
significant seleniu~n contributed  li-om  Blocks 4 and 5 .  Becausc  no  surface  discharges  are  related to Block 
6, it would thercfore  not  affect  selenium  levcls  on  the NIIP. According to the NITP investigators,  Blocks 
7 and 8 are further from  areas  of  surface  discharge and  would most likcly  not  affect  these  areas.  Those 
areas  exhibiting  clevated  selenium  levels  are  directly  affcctcd  by  subsurface  dischargc of irrigation  return 
flow;  where this flow is &luted  with  surface  runolf, sclcnnm conccntrations  are  lowcr. 

Reller-Bliesner  Engineering  and  Ecosystcms  Research  Institute (199 1) calculated the selenium 
contribution of thc NIIP to the  San  Juan  River for Blocks 1-6. Surface  rctum flow from  the  NIIP was 
assumed to contain 20 pg/l of  selcnium for a flow of about 6.0 ft3/sec.  Runoff  from  the  project's  drainages 
was projected to add  236 Ib of  selcnium  annually,  which  would  increase  tllc  concentration of selenium in 
the  rivcr at Bluff by 3.1%. Developmcnt of Blocks 7 and  8  would  add  another 165 lb selenium  per  year, 
or about 1.7% o€the load  at  BIuX  The  Investigators  concluded that these contrtbut~ons would  be so small 
as to be undetectable. 

As opposcdto contributions  via  irrigation  return flows, the  investlgators  considcrcd  the  selenium 
contribution from  dccp  percolation  through  the  aquifcr  system to bc measurable.  Assuming that the 
selenium  supply  in  NIIP soils would  dccrease  with  time  and  that It  would take  about 50 years for the full 
amount of deep  percolation  to  return to thc  rtver,  they  calculated  that  no  selenium  increasc  from 
groundwater ~ o u l d  be  detectable  in  the  rivcr in fewer  than 100 years. 

Finally,  thc  investigators  calculated  the  masilnum  impact  of N I P  development  on  thc San Juan 
River (Figure 37). They  detcrmined  that  the ~mpact would  bc geatest during  March,  when  the  sclcnlum 
concentration  in thcriver  at Bluff  woulcl  be 5 0 ; ~ g / l .  The average  annual  impact  of  the  NlIP  would  bc 0.65 
pugll, which  would  rcsult in an  average  annual  selenium  value  at  Bluff of 3 4 Fg/l 

Contrary to the co~~clusions of the  Biological  Asscssment for the NIIP,  the FWS stated m a 
Biological  Opinion  issued on October 25, 1991 that construction and operation of Blocks 1-8 or the  NIIP 
would  jeoparclize  the  continued existence of the Colorado squawfish, In part by incrcasing  concentrations 
of contaminants in Ihe  squawfish's  habitat. The  Biological  Assessment  concluded that increased  selenium 
concentrations  within  the San Juan River fi-om developmcnt of Blocks 1-8 would bc  small and predictcd 
that with  devcloprnent  of  Blocks 1-8 the  wvholc-body  selcnlum concentratlon in squawfish  would  be 
approxi~nately 3.87 pglg dry  weight. As there are no  data on  tllc toxic  effect  concentrations  of  selenium 
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San Juan River At Bluff 
Se levels with full NIIP blocks 1-8 

Figure 37. Projected  maximum  monthly  selenium  levels  for full development  of Blocks 1-8 Of 
the NIIP, as determined  for  the NllP Biological  Assessment. (Taken  from Keller-Bhesner Engineering 

and  Ecosystems  Research  lnstltute 1991 1 



4.10.3 Dolores Project 

in squa\yfish, it was the opinion  of  the  FWS that any  incrcase in selcnium  concentrations  would  be  likely 
to jeopardize the squawfish  and was therefore  unacceptable  (U.S.  Fish  and  Wildlife  Service 1991b; 
Fowler-Propst,  pcrsonal  communication). 

As part  of a reasonable  and  pmdcnt  alternative,  the  FWS  suggested a sampling effort to obtain 
more  detailed  information  concerning  selenium inputs to the  river  and  wctlands  from the NIIP.  This 
alternative  includes sampling whole fish at 11 locations  on  thc  San Juan River,  with  three fish sampled 
from  each reach for total selenium.  The  fish to be  sampled  would  include  only  adult  bluehead or 
flannelmouth  sucker,  and the detection  level  would  be 0.1 mg/kg (ppn~) (U.S. Fish and  Wildlifc  Service 
1991b).  Kcller-Blicsner  Engineering  and  Ecosystems  Rescarch Institute are  currently  conducting  such a 
sampling effort. 

The alternative also includes  thc  monitoring  of  ponds  on  the  NIIP that need  remediation. 
Parameters  to be  analyzed  include total selenium,  dissolved  selcnium,  and  discharge  from  the  ponds. 
During the dilution  pcriod  from  March  to  October,  if  selcniunl  levels  exceed 5 pgll, then  dilutlon  water 
should  be  adjusted in order  for the pond  water  to mcct the  standard.  The  detection  level for this monitoring 
would  be no  less  than 2 pugll. Tiscr salanlandcr  larvae (Ambystoma ligrrmm) should  bc  collected in March 
and October from  the  ponds, w~th four spec~mcns collectcd  in  each  month  and  whole  body  selenium 
concentrations determined.  Detection  levels  would  be  no  less  than 0 1 mgkg (ppm)  (U.S.  Flsh  and 
Wildlifc Service 1991b). 

As part of the alternative. OJO Amarillo  Canyon  and  Gallegos  Canyon  would also be  sampled 
monthly for surface flows at their  confluence  wlth  thc  San Juan River  Thc parameters to be  measured 
would  include flow, total selenium,  and  dlssolved  selemun1,  with a detection  level  not less than 2 ~ g l l .  
From  March to October,  selenium  concentrations in the  drainages  should  not  exceed 5 pgll (U.S. Fish and 
Wildlife  Service  199 lb). 

4.10.3 DOLORES  PROJECT 
The Dolores Project is a DOI-sponsored  Irrigation  project  located  in southwest Colorado  in 

Montezuma  and  Dolores  counties.  Construction  of  the  project  began  in  1977  and was 64% complete as 
of 1989. The  project,  whcn  finished,  will  import  water  from  the  Dolores  River basln into the San  Jutan 
basin  for  irrigTtion of three  areas.  The  Montezuma Valley area is  centcred  around  Cortex,  Colorado,  and 
has  historically  been  irrigatcd  by  non-project  mater suppl~ed by the Montcmma  Valley  Irrigation  Company 
(MVIC);  the  Dolorcs  Project will supplemcnt  this  water  and ~ 1 1 1  service  26,300  acres  of  land.  The  Dove 
Creck  area is located  between  Yellowjaclict  Canyon  and  Dove  Creek;  the  projcct  will  lrrigate 27,920 acres 
in this  area,  nonc of which has been  irrigntcd  bcfore. The Tonoac area  is  located  on  the southwest flanks 
of  Slccping  Utc  Mountain  on the Ute  Mountain  Ute  Rcscrvation  and has not  bcen  previously  irrigated 
either;  7,500  acres i n  the  area n-111 bc  irrigated by  the  Dolores  Projcct  In total, the  Dolorcs  Project  will 
provide an avcrage  of  90,90O  acre-€eet (about 1 12  million m3) of water a year  from the Dolores  Rwcr  for 
irrigation  and  8,700  acre-fect  (about  10.7 n~tllion m-') for  municipal and mdustrlal  uscs  (Butler  et  al. 199 I).  

Although  thc  San  Juan  Rlver IS not  adjacent to any of thc lands  to  be  irrigated, it would 
eventually  receive  all  of  the  inigatlon  return flows from  the  projcct Additionally, all aquifers in the projcct 
arca eventually  discharge to thc San Juan  Rivcr  or  Its  tributarics  (Butler  et al. 1991). 

As part of the NIWQP,  the  DO1 has initiated a rcconnaissance  invcstigation  of  the  Dolores 
Project  area. Tile results of the  rcconnaissance  investigation  are in rcticw and  have not yct  been  published; 
they  should  be  available in I994 (Butler  personal  communication).  The  reconnaissance  invcstigation  was 
prompted by a desk evaluation  that  contains  valuablc backgound information  concerning t l~c project area. 
A summary  of this information €allows and IS Crom Butler  et al ( I  991) unless othenvisc stated. 

The  revicw  area  for  thc  DO1  lllvestlgation  is  larger  than  the  Irrigated  lands of thc Dolores  Project 
alone.  The  review  area  includcs  the  McElmo  Creek  and  Mancos  River basins, the  canyons nodl and  west 
of  the  McEhno  Creek  basin  which drain into  the San Juan  River in Utah  via  Montezuma  Creek,  the  Dolorcs 

183 



4.10.3 Dolores Project 

River,  and  McPhee  Reservoir.  Though not themselves  in thc project  area,  the  Dolores  River  and  McPhce 
reservoir are included  because  they are the  sources  of  water for the project. 

The DO1 desk evaluation also includes  lands  currcnlly  irrigated  by  the  Ute  Mountain  Ute 
Irrigation  Project.  This  project  was not large  enough  to  warrant  a separate investigation  and  was  thcrefore 
grouped  with  the  Dolores  Project,  although  the  two  are  unrelated Thc  Utc  Mountain  Ute  Irrigatlon  Project 
is located  north of the  Mancos  Rivcr  and w7est of Highway 666, and  the rcv~c\v area  includes the Mancos 
River basin downstream  of  Mesa  Vcrde  National  Park  to Its confluence  with  the  San  Juan  Rlver  (Butler 
et  al. 1991). 

Of  the  thrce  sections of land to be  irrigated by the  Dolores  Project,  the  Montezwna  Valley  and 
Towoac  areas  are  each  underlain at lcast  in pad by Mancos  Shale.  In  addition to selcnlum  and  other trace 
elements  associated  with the shale, the review  area  contains  major  uranium  ore dcposits; dcvelopmcnt of 
these deposits could scrve as future contaminant  sources. 

Within  the Dolores Project  rcview  area  the  main  economic  activity  is  agriculture  and  related 
services. The  MVIC  currently  provides  watcr for the  irrigation o i  about 37,500 acres  within  Montezuma 
Valley. About  4,600  acres  of  non-project  land  is  also  irrigated In thc  upper  h4cElmo  Creck  basin  by  the 
Summit Irrigation District.  Betwcen  1987  and  1991,  about  8,000  acres in the Yellowjacket  and  Cahone 
areas  of  the  Montezuma Valley were  brought  into  irrigation as part of the  Dolores  Project.  The  only  other 
land  presently  irrigated in the  rcview  area  is a very small  area on Ute  Mountain  Ute  land,  the  majority o€ 
the reservation is  uscd for grazing of cattlc and sheep. 

The only  urban  center in thc  review  area IS Cortez,  which  in  1990  had a population of 7,284 
(U.S. Department  of  Commerce 1992). The  scwage plant at  Corlez  discharges  effluent  into  McElmo 
Creek.  With the exception of  the  plant,  neither nmicipal nor  industrial  effluents  are  considered to pose 
significant  contaminant  hazards to surface water  quality.  Oil  and gas development  havc  historically  becn 
important activities in the  review  area, but thc contanination hazards  poscd by  them to surface water 
quality  are  unknown. 

Metals  milling  has  been estenslve in  the  upper  Dolores  River  basin  and  could contribute heavy 
metals to irrigation  water. In Ihe 1960s, heavy  metal  contamination of thc  Dolores  River  was  discovcred 
at Rico,  Colorado,  €rom  tailings  ponds ma~nta~ned by  Ihc  Rico  Argentinc  Mining  Company  At the time, 
the  company  was  operating  a  sultilric  acid  plant. B~ola sampling cfrorts determined that almost  no  aquatic 
life  was  present  intmcdiately  below  Rico.  Heavy lnctals pollution has also bccn  clted  rccently as a fishery 
limiting factor in  the  Dolores Ri\/er bclow  REO. T11c CDOW  conductcd  electrofishlng  surveys of that 
section in August 1992, November 1384, Octobcr 1983, and  Septcnlber 1382. The  1992 s u n q  found 
no evidence of natural  reproduction  in trout in  the  reach,  although  mottlcd  sculpins  were self-sustaining 
(Japhet, personal communication).  Additionally;  high  conccntrations of mercury found in Narraguinnep 
Rcservoir fish are  suspected to be  the  result of high  Dolores R1mr  mercury  levcls  but  havc not yet  bcen 
traced. 

Recreation is becoming  increasingly  important  within  and  adjacent to thc review  area.  Major 
recreational  attractions  are  found  throughout the San  Juan  basin (Flpre 38) (U S. Burcau of Reclamation 
1980).  Several  large  year-round  resorts  are  currently  being  proposcd in Colorado  in  thc  upper  reach of thc 
Salt Juan Rh7cr  and  above  Electra  Lake  in  the  Animas  Basm  (Colorado  Watcr  Quality  Control  Division 
1992). In 1987 Mesa Vcrde  National  Park  had 772,183 visltors, and  McPhee  Reservolr is becommg 
popular for fishing  and  boating. As the numbcrs of visitors incrcase so do  the  sewage  loads that must  be 
storcd and treated. Furt11crmore,  motorized boats are a potcntial  source of PAHs,  as  thcy exhaust their 
combustion products directly  into thc surfacc  water  (Olson 1992). 

Irrigation return flows from those areas currently  lrrigatcd  are  poor in quahty. Irrigation  return 
flow volume  from  the  MVIC  area is approximately 36,800 acre-fccUyear (45.4 million  m3/year) If the 
MVIC  diverled  its fb11 allocation  of  water and add~tionally recelved  13,700  acre-fect (16.9 million m’) of 
water  through  thc  Dolores  Projcct,  irrigatlon rcturn flow from  the  Montezuma  Valley  area ~70uld be  about 
50,500  acre-fcetdyear (62 3  million  mn’/year) Most o i  these  rcturn flows drain to McElmo  Creek,  in  1989 
the salt load  pickup  from  the  McElmo  Crcch  basin was esllmated  to  bc 1  17,900  tons ;1 year  Navajo  Wash, 
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4.10.4 Mancos Prqject 

whichreccives  rcturn llow7s from  the  cxtrenle  southern  portion olthc MVIC  area,  has also had  high  TDS 
concentrations. 

The  estimated  volume  of  return flow from  the Dove Creek  arca  is  about  10:920  acre-fcct  (13.5 
million n?). Most  of  the  nmoff  should  return lo the  San  Juan  Rivcr  via  deep  percolation  rather  than  surface 
drainage.  Salt  loading  from  the  Dove  Creek  area is prcd~cted to bc  small, with  rcturn flows hawng  36% 
less  salt  load  than  the  water  that  will  be  applicd lo the  land.  The  TDS  conccntration  is  expected to bc 360 
mg/l  in  return flows from  the  area,  with salts precipltatcd in thc  soil. 

The  predictcd  quahty of return flows from the  Towoac  area \v111 bc  far  worse  than  that  from  the 
Dove  Creek  arca.  The  cstimated  volume of return flows is  about  4,930  acre-feet (6.1 mlllion m’) a ycar, 
with a salt load  of  30,000  tons  per  year to entcr  the  San  Juan R~ver for  thc  first six ycars  of  irrlgatlon and 
an  average  of  12,600  tons  pcr  year lor the  follo\vmg 100 ycars.  Thc  TDS  concentratlon  is  predicted to 
increase from 127 mgA in  applied  watcr to 2,470  mg/l in relurn flom7s from  the  Towoac  area.  Because  of 
its  propensity for salt pichup,  most or Lllc eastcrn  section  of the Towoac  area  between  Aztec  and  Navajo 
washes will  likely  be  renlovcd  fronl  the  Dolorcs  Project  and  replaced  with  2,000  acrcs  of  land  in  thc  Marble 
Wash  arca. 

Ute Mountain Utc Irrigation  Project  was  origlnally  dcsigned to Irrigate 563 acres  but has never 
Irrigated  more  than 290 acres at  one  time. In 1988  the  project  irrigated  205  acrcs.  Surface  runoff  from 
the  project  has not been  measured,  but  the  small  volume of water  suppllcd to the  projcct  results  in  little  if 
any  runOKduring a large  part of the mgation season. Becausc  Mancos  Shalc  underlies  much of the  area, 
irrigation  return flows are  expected to be  of  poor quallty. 

Most  pcsticides used in thc  Montezuma  Valley  arc hcrb~cides, including TordonE (picloram), 
Banvelm  (dicamba),  2,4-D,  and  Roundup@.  Pcsticidc usage is  cspcctcd to incrcasc  four-fold wlth the 
completion  of the Dolorcs  Project,  although pcstlcldc  lcvcls 111 return flows are  predicted  to  remain  similar 
to current  levels. No pesticidc  residue  analyses  havc  bcen  performed on blota  collected from the  review 
area. 

In  2988  the BR collected  biota  samples  from  the  Dolorcs  Pro-jecl  arca ‘and analyxd them for 
selected trace elemcnts.  The  data  indicated  that blots in the pro-jcct  area  werc at a potential  risk  from 
selenium  and  mercury  exposure  (Tables  63 and 64). 

Most or thc  water  quality  data  that  exists for  thc  re\.iew  nrca  was  collectcd  at USGS gaging 
stations.  Data  from 1991 and 1992 Tor thcse  statlons  can  be round i n  the  appcndiccs  (Appendlces 4a-0, 
with the  exception of Dolores  River  basm  data  Dolorcs  Rwcr  water  quallly data from USGS stations  from 
1969-1975  have  been  summarized  separately  (Table 65) 

Valdez  et  al.  (1992)  reccntly  conductcd  a  habitat  suitability  study  for  native  fish 111 the  Dolores 
River. As part of t l~c  study,  watcr  qual@  data  were  collccted,  although  selenium was apparently  not 
measured  (Table  66).  Based on the 1990-91  samples,  coppcr  and  Iron  appcar to be  thc  only  trace  elemcnts 
of  concern for  fish  health.  Total  coppcr  levels  ranged l?ow lcss  than  0.01 to 0.32  mg/l. At a hardness  of 
50 mg/l,  copper  concentrations of 0 0 1 6 mg/l  havc  been  round  to  be  acutcly  toxic to Ptychochcilus spp. 
The  Dolores River has a high  watcr  hardness,  wlnch  may  tcmper  copper’s  toxicity.  During spates,  though, 
water  hardness  generally  decrcases.  The  EPA criterion for  iron is 1 0 mg/I for  the  protcction  of  freshwater 
aquatic Life. Twenty-five  of 28 water  salnplcs  talccn  from  the  Dolores in I 990-91  exceedcd  this  value.  The 
effect of these  elevatcd  levels on San Juan basin uater quality as a result or the  Dolores  Project is 
unknown. 

4.10.4  MANCOS  PROJECT 
The M‘ancos Project  diverls  watcr  from  thc  Wcst  Mancos  River to Jackson Gulch  Rcscrvoir, 

where  water  is  stored for irrigation  of  lands in Webcr  Canyon  and  in  thc  Mancos  River  valley to the  wcst 
ofMcsa  Verdc  National Park. The scnlce area is about  13,746  acres. In 198 1, a total  of  11,683  acres was 
irrigated.  The  entirc  area  is  underlain  by  Mancos  Shalc  Nevertheless,  prcllminary  scrccnings  by thc DO1 
Irrigation  Drainage Proyam did not indicate  nlajor  water  quality  problems  stcmming  from  thc  project. It 
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Table 63: Trace  element  data for fish samples  collected by USBR in Dolores  Project area in December, 1988 
[Concentrations in parts per  million, dry weight1 

No. of Range of  Concentrations 
Location  Sample matrix samples  Cadmium  Lead Mercury Selenium 

McPhee  Reservoir whole body 
fillet 

Narraguinnep  Reservoir fillet 
whole body 
liver 
kidney 
skin 

Dolores  River fillet 
whole body 

0.04-0.08 
<0.01-0.04 
<0.01-0.01 
co.01 
0.1  3 
0.67 
0.10 
0.02 
0.19-0.37 

0.07-0.21 
0.07-0.33 
C 0.07- C 0.07 
0.10 
0.10 
0.10 
0.68 
c 0.07 
0.10-0.20 

0.44-1.53 
1  -50-2.70 
4.80-6.40 
1  .go 
2.80 
5.10 
0.89 
0.31 
0.16-0.26 

2.4-2.5 
1.8-2.2 
2.8-3.0 
2.6 
6.6 
8.0 
2.1 
3.0 
7.1-8.9 

Taken from Butler et al. 1991 



Table 64: Trace element  data  for  biota  samples collected  in Dolores  Project area in  May and June, 1988 
[Concentrations  in  parts per  million, dry  weight; WB, whole body; analyses by USFWSI 

No. of Range of Concentrations 
Location Sample matrix samples  Arsenic Mercury Selenium  Aluminum  Barium 

McPhee Reservoir  Fish, WB 
Dolores River  Fish, WB 
Narraguinnep Reservoir Fish, WB 
Totten Reservoir  Fish, WB 
Dawson  Draw Fish, WB 

Canada goose  liver 
Mallard  liver 
Aq  invertebrate 
Algae 

<O. 10-0.49 
<0.10-0.36 
<0.10-0.20 
<O. 10-0.40 
<0.10-0.20 
<0.20-0.20 
<0.20-0.20 
1.3-2.4 
3.3-5.5 

0.93-1.50 
0.27-0.31 
0.69-2.60 
0.09-0.46 
0.18-0.50 
0.05-0.09 
0.37-1.70 
0.05-0.13 
0.02-0.05 

1.50-2.10 
3.00-6.10 
1.40-2.10 
1.40-2.00 
1.10-4.60 
2.90-3.20 
11  .O-14.6 
0.93-1.80 
0.57-3.40 

33-1 30 
75-997 
29-1 040 
67-298 
160-71 0 
3-5 
4-8 
784-7,800 
11,800-23,800 

4.80-9.57 
5.61-16.4 
3.40-16.0 
1.70-6.58 
6.1  1-22.6 
<0.05-0.09 
0.10-0.38 
59-141 
132-271 

No. of Range of Concentrations 
Location Sample matrix samples Beryllium  Boron  Cadmium  Chromium Copper 

McPhee Reservoir  Fish, WB 
Dolores River  Fish, WB 
Narraguinnep Reservoir Fish, WB 
Totten Reservoir  Fish, WB 
Dawson  Draw Fish, WB 

Canada goose liver 
Mallard liver 
Aq  invertebrate 
Algae 

<0.05-<0.05 
<0.05-CO.05 
CO.05-CO.05 
<0.05-<0.05 
C0.05- < 0.05 
< 0.05- < 0.05 
< 0.05- < 0.05 
< 0.05-0.32 
0.45-0.92 

<3.0-<3.0 
<3.0-<3.0 
<3.0-<3.0 
<3.0-C3.0 
<3.0-<3.0 
<3.0-<3.0 
C3.0-<3.0 
< 3.0- < 3.0 
5.0-65 

0.04-0.07 
0.08-0.40 
0.04-0.15 
0.03-0.04 
0.03-0.38 
0.05-0.08 
0.41-0.95 
0.08-0.31 
0.15-1 .OO 

2.00-5.40 
1 .OO-6.00 
2.00-5.20 
1 .oo-2.00 
C 1 .OO-4.40 
< 1 .oo-1 .oo 
< 1 .oo- < 1 .oo 
3.00-8.00 
10.0-18.0 

0.50-3.00 
3.60-7.90 
0.90-28.0 
1.10-64.6 
2.10-5.30 
52.7-65.0 
67.0- 1 10 
14.0-95.7 
5.80-16.0 



Table 64 (Cont.): Trace  element data for biota samples collected  in Dolores  Project area in  May and June, 1988 
[Concentrations in parts per million, dry weight; WB, whole body; analyses by USFWS] 

No. of Range of Concentrations 
Location Sample matrix samples Iron Lead Magnesium  Manganese Molybdenum 

McPhee Reservoir  Fish, WB 
Dolores River  Fish, WB 
Narraguinnep Reservoir  Fish, WB 
Totten Reservoir  Fish, WB 
Dawson  Draw Fish, WB 

Canada goose  liver 
Mallard h e r  
Aq invertebrate 
Algae 

102-180 
101 -622 
79.6-672 
120-407 
160-507 
523-1,670 
3,070-5,300 
610-5,970 
11,300-13,100 

CO.10-0.10 
0.10-0.69 
<0.10-0.52 
<0.10-0.60 
0.20-0.64 
<0.10-0.20 
0 30-0.56 
0.57-4.50 
3.80-12.0 

1180-1380 
933-1 300 
1140-1490 
758-1 81 0 
1060-1 330 
761-819 
699-760 
1820-21 80 
4720-6740 

9.9-44.4 
24.6-35.2 
3.1-32.3 
3.1-13.0 
23.4-72.4 
11 .O-18.0 
17.0-25.7 
229-1 880 
1050-5840 

CO.50-0.50 
<0.50-<0.50 
<0.50-2.00 
<0.50-0.90 
<0.50-0.60 
0.90-1 .oo 
3.20-7.40 
<0.50-2.00 
< 1 .oo-2.00 

No. of Range of Concentrations - Location Sample matrlx samples Nickel  Strontium Vanadium Zinc 
Go 
UY 

McPhee Reservoir  Fish, WB 
Dolores River  Fish, WB 
Narraguinnep Reservoir  Fish, WB 
Totten Reservoir  Fish, WB 
Dawson  Draw Fish, WB 

Canada goose liver 
Mallard h e r  
Aq invertebrate 
Algae 

3 2.0-3.0 
3 2.0-3.0 
3 2.0-3.0 
3 <2.0-2.0 
7  2.0-3.0 
3 <2.0-2.0 
3 <2.0-2.0 
5  2.0-7.5 
4 6.0-1 4 

29 2-91.9 
30.2-72.6 
44.3-97.4 
32.3-109 
64 2-83.3 
0.20-0.57 
0 40-0.62 
45.4-639 
90.1-1010 

< 1 - < 1  
< 1-1 
< 1-2 
< 1-1 
< 1-1 
< I - <  1 
< I - < I  
1-10 
18-28 

47- 107 
44- 1 09 
41-68 
55-200 
31-140 
155-1 90 
109-155 
60-96 
46-67 

Taken from Butler et al. 199 1 



Table 65: Summary of trace-element and toxic-element  concentrations 
in  the Dolores River at Dolores, 1969-75 

~ 

No. of 
Constituent  Units samples Mean  Maximum  Minimum 

Ammonia 
Nitrate 
Cyanide 
Fluoride 
Arsenic 
Boron 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Molybdenum 
Selenium 
Silver 
Zinc 
Dissolved alpha 
Dissolved  beta 

29 
29 
23 
25 
25 
28 
24 
25 
25 
26 
25 
24 
4 
9 

25 
7 

26 
4 
2 

0.046 
0.101 
0.00 
0.26 
0.1  6 

35 
0.0 
0.0 
0.0 
152 
4.4 
2.1 

0.1 25 
0.0 

0.08 
0.00 
13.1 
20.7 

5.6 

0.33 
0.50 
0.00 
0.70 

4.0 
1 80 
0.0 
0.0 
0.0 
330 

67 
50 

0.50 
0.0 
2.0 
0.0 
140 

44.1 
11.0 

0.00 
0.00 
0.00 
0.00 
0.0 
0 

0.0 
0.0 
0.0 
50 

0.0 
0.0 

0.00 
0.0 
0.0 
0.0 
0.0 
8.9 

0.28 

Taken  from  Butler  et  al. 1991 



Table  66:  Water  aualltv  data  for  the  Dolores  River.  1990  and  199  1 

Parameter 
BIOlWEST 
1990 

BIOlWEST 
1991 

Alkalinity as CaC03  (T),  mgll 

Alkalinity  as  CaC03  (Diss). mg/l 

Hardness as CaC03 (Diss), mgl l  

pH  Units 

TDS,  mg/l 

Ammonia  as  NH3-N, mg/l 

Nitrate  as  NOS-N, mg/l 

Phosphate  as PO4-P (Ortho), mgll 

Phosphate as PO4-P (Total), mg/l 

Sulfate  as  SO4. mgll 

Oil  and  Grease, mgl l  

TSS, mg/l 

Aluminum as AI (T), mall 

Cadmium  as  Cd (T), mgll 

Copper as Cu  (T), mgl l  

Iron as Fe (T). mgll 

Lead  as  Pb (TI, mgll 

Silver  as  Ag  (T), mg/l 

Zinc as Zn (T), mg/l 

Aluminum  as  AI (D), mgll 

Cadmlum as Cd (D), mgl l  

Copper  as  Cu (0). mg/ l  

92.1-1  65.5 

7.67-8.45 

226-6320 

0.10-0.963 

0.03-1.26 

C .O 1  -0.044 

0.01-3.1  9 

c .5 

14-9050 

c.01-0.282 

0.2-32.8 

<.01-0.098 

0.02-1.2 

c .01 

165-3424 

62.7-1  46 

139-534 

7.53-8.41 

2.030-1318 

C.2-0.61 

CO.l-1.26 

c.01-0.044 

0.022-1  1.5 

100-424 

C 5-1.8 

2.080-18600 

6.2-57 

C .01-0.015 

C.01-0.320 

1.8-267 

<.01-0.36 

c .01 

0.015-1.2 

C . l  

c .01 

C .01-0.032 

Taken  from  Valdez  et al. 1992  



4.10.5 Southern Ute Indian Reservation 

is possible  that  because  the  area  receit7es  more  rainfall  than  othcr  areas  underlain  by  Mancos  Shale,  natural 
leaching has removed a portion of  the salts and  trace  elements  (Butler et a1 199 1). 

4.10.5  SOUTHERN  UTE  INDIAN  RESERVATION 
Limited water  quality  sampling on the  Southern Ute Indlan  Rescrvation in southwestern 

Colorado  has  suggested  that  selenium  and  other  trace  elements  might  be at levels  of  concern.  Hutchinson 
and Brogden (1976) measurcd Found and  surfacc  water  on  the  reservation  and  found  clcvated  selcnium 
levels,  particularly in groundwater;  one  groundwater  sample  had a reporkd selenium  concentration  of 3 100 
pg/I (Appendices  14a-b).  The  maximum  concentration  of  dissolved  selenium in surface  water was 30 pg/l. 
High selenium concentrations  in plants and  water  have  reportedly  caused  the  poisoning  of  humans  and 
livestock on the reservation.  Hutchinson  and  Brogden (1976) also found that water  samples  from  the 
reservation had arsenic,  chloride, TDS, fluoride,  iron. magnes~um, manganese,  nitrogen,  and sulhte 
concentrations  exceeding  water  quality  standards. 

In  April  1993, a monthly  water  quality  sampling  program was begun by the  Southern U Le Tnbe; 
prior to April 1993, erratic  sampling was conducted  Samples  have  bccn  analyzed for metals  as  well as 
for  basic  chemical  parameters  (Appendix 19) (Southern  Utc  Indian  Tribe 1993). As of August 1993 the 
only point source polluter  on  the reservation was a gas well that  was  bcing  dewatered.  Groundwater 
studies that would  be  sinlilar  in  scope to the  surface  watcr  studles  are  plallned  for  thc  near  future (Cnst, 
personal  conununlcation 1993) 

A DOINIWQP  rcconnaissancc investigation has  bccn  conductcd  in  the Pinc R ~ e r  Project  Area 
on  the  Southern  Ute  Reservation.  Thc  report  was  released in late 1993 but was not  availablc for inclusion 
in this review. 

4.10.6 ANIMAS-LA  PLATA  PROJECT 
The  Animas-La Plata Project is a proposed BR mdtiple-usc mater  resource  developmcnt that 

would  be  located in La Plata  and  Montczuma  countics 111 Colorado  and San Juan  County in  New  Mexico. 
The  project t47ould divert flows of the  Animas  and  La Plala  rivers for irr~gation, municipal, and industrial 
uses. It would also partially  satis&  water  rights clams of  the  Colorado Ute Indians  (Mclancon  et al. 1979, 
U.S.  Bureau of Reclamation 1992a). Approximately 80% of  project  lands  would  be  within  the La Plata 
River basin, with  17,650  acres  in  the  basin  receiving  supplemental  irrigation  and  37,830  acres  recelving 
full service  irrigation.  Additionally,  approximately 1 1,600  acres  would  receive  full-service  irrigation 
within the Mancos  River  basin. All irrigation  return flou7s would  eventually  discharge to the  San  Juan 
River (U.S. Bureau  of  Reclamation 1992~). 

The  project was authorized in 1968 by  the  Colorado  River  Basin  Project  Act as part of  the 
CRSP, but  it  has not yct  been  developed  due to n scries oC suspensions On October 25, 1991, a final 
Biological  Opinion  for the  Animas-La  Plata  Project  was  lssucd by Region 6 of  the FWS to the  Bureau  of 
Reclamation. That opinion  found that the  project as proposed was likely to jeopardize thc  continued 
existence o i  the  Colorado  squawfish by reducing the Iikclihood of both  the  survival  and  recovery of the 
spccies  in  the  wild.  In  an  appcndcd  Conference  Opinion,  the FWS also found1copardy by the  proJcct on 
the razorback sucker,  which at the time  was a candidatc  species for the  Fcdcral  cndangered  species  list 
(Fowlcr-Propst,  pcrsonal communication). 

The FWS proposcd a reasonable and  prudent  altcrnative to the  project  as  proposed. That 
alternative,  in  the  opinion of thc FWS, would  avoid  the  likelihood of jeopardy to the  Colorado squa~vfish. 
With the opinion,  only those projcct icaturcs which result in  a net annual deplctlon not cxceeding 57,100 
acre-feet  will be constnlctcd and operatcd  (Yahnke,  personal  communication) 

A Memorandum oiundcrstanding  to ~mplemcnl the  rcasonable  and  prudent  alternative  was 
executed on  October  24, 1991. The  San  Juan  River  Basin  Recovery  Implementation  Program 
(Implementation  Program) was established by a Cooperatwe  Agrccment  signed 111 October 1992 by the 
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4.10.6 Anixnas-La Plata Project 

Department of the  Interior,  the states of New  Mexico  and  Colorado,  and  the Ute Mountain Ute Indian 
Tribe, the  Southcrn Ute Indian  Tribe,  and  the  Jicarilla  Apachc  Indian  Tribe  (Fowler-Propst,  personal 
communication). 

The  purpose  of  thc  Implementation  Program is to protect and  recover  endangered  fishes  in  the 
San  Juan  River  basin  while  water  development  proceeds  in  compliance  with all applicable  fcdcral  and state 
laws. The  seven  year  research  program  rcquired by the  Animas-La  Plata  Biological  Opinion  was 
incorporated into and  now form the  core  of  the  biological  and  hydrological  investigations  of  the 
Implementation  Program  (Fowlcr-Propst,  personal  communication). 

Since  1968 a number  of  BR  documents  ha.c,e  addressed  the potential  water  quality  effects of the 
Animas-La Plata Project  and  the  subsequent  impact  to  aquatic  biota  The BR completed a Draft 
Supplement (U S. Bureau  of  Reclamation 1992a) to the  Final  Environmcntal  Statement  (FES) (U.S. 
Bureau of Reclamation 1980) in 1992. 11 should  be  notcd  that  the  DraIt  Supplement  is  subject to 
significant  change.  The BR has  undertaken a major  water  quality  analysis  sincc 1992 that w1ll result m 
a more  complete  and  accurate  dcscription of  thc  impacts or the  projcct 

The Supplcment  describes  changes  in  project  effects  as a result of design  refinements, new 
idormation, and  additional  conlpliance  rcquiremcnts.  The 1980 FES predicted  that  the  Animas, La Plata, 
Mancos,  and San Juan  rivers  would  each  experience  increases m salinity  and  trace  clement  loads  as a result 
of  the  project, a prediction that the  Drafr  Supplemenl supports. Additionally,  irrigation  return flows are 
expected to increase  groundwater  salinity  in  the  project  area (U S Bureau of Rcclamation 1992a). 

As a result of flow reductions  below  the  proposcd  Durango  Pumping  Plant,  the  native fish 
populations of the Animas River  werc  predicled  by  the FES to decline by 10%;  this  estimate is supported 
by the  Draft  Supplement.  Sincc  1980  the  BR  has  determined  that a native  fishery may exist in  the  La  Plata 
River  and  has  committed to conducting a study to detcrmine  the  fishery's  extent  and  composition. 

Finally, in 1986 Congress  amended  exlsting  land  certification  legislation to require  soil 
investigations on all  federal  lands  where  toxic  or  hazardous  irrigation  return flows might  result. A soils 
inveshgation  conducted  prior to 1992 determined  that  soils in the  project  area  did  not  contain toxic levels 
of  trace  elcnlents  and  thcreforc  would  not  result  in  toxic  rcturn flows (U S. Bureau of Reclanlation  1992a). 

The  potential  impacts  from  the  Animas-La  Plata  Pro-ject  on San Juan  basin  water  quality  are 
complex bccause thcy  stem  from a number of sources  and  involve  four  rivers  and  two  reservoirs.  Thc 
following  discussion  combines  informahon From a number of BR  documcnts  concerning  the  impacts  (Table 
67) (US. Bureau of Reclamation l992a). 

As parl ofthe Drart Supplement:  soil samplcs from  the  proJcct  area  werc  analyzed for soluble 
and total concentrations or 38 tracc  elements  The  soluble  conccntration,  or  saturation extract, is an 
approximation or the  actual  field  concentrations  that would contribute to Irrigation  return flows; total 
concentration indicates  the  soil's  long-term  potcntial for contributing  tracc  clcments  Thc  total 
concentratlons  for all elements  testcd,  with  thc  cxceptlon of lithium,  were  within  the  common  range  found 
insoils ofthe western U.S. (Table  68) (U.S. Bureau  oCReclamation 1992a, U.S. Bureau ofReclamation 
1992~). The  mean  total  selenium  conccntration in thc  sod  samples  was 0.20 ppm;  the  mean  concentration 
for western soils is 0.23 ppm (U S. Bureau of Reclamation 1992a). Mancos  Shale  occurs to the  west  of 
the  project  area  within  the  Mancos  River  drainage  but  is  not  present  within  the  pro-ject  area. A narrow strip 
of Mancos  Shalc  is  exposed  above  the  project  area; but w-ater samples  from the La  Plata fiver and  Cherty 
Creek  do  not  indicate  selenium  contributions to the  project  area (U.S. Bureau  of  Reclamation 1992~). 

In contrast to the  total  concentration  analyses,  soil  saturation  analyses  suggested  that  water 
soluble  concentratlons of mercury,  silver,  coppcr, and selenium  wcre a potential  source of water  quality 
problcms  from thc project.  Weighted  avcrages  of  soluble  concentrations ofthe clements  within  the  soil 
profile  indicated  that  selenium was of thc  greatest  conccrn (U.S. Burcau  oTReclamation 1992a). 

The Draft Supplement  considercd sods to be  potential  sourccs of  toxic  irrigatton  return flows 
if  soluble  sclenium  conccntrations  excccded 15 b ~ g / l  and total  conccntrations  exceeded 0.3 ppm.  Fivc of 
113  soil  samplcs analysd exceeded  these  criteria These live  samples  werc  from  three separate areas (U.S. 
Bureau of Recla~nation  1992a). Most samplcs  with  values  greatcr  than  15 ;dg/l soluble  selenlum  had  low 



Table 67: Summary of impacts and comparison of resourcehssues described In 1980 FES and 1992 plan. Anmas-La Plats Project 

Impacthesource 1980 FES 1992 plan Difference 

WATER QUALITY 

Groundwater 

Irrigation  return  flow Increased sallnlty, trace Same 
elements - no change 

None 

None Durango Pumping Plant Nut addressed Monltorlng, no  effect 

Streams and Rivers 

Animas Slight Increases In salinity, Same 
trace elements 

None 

None 

None 

None 

None 

La Plata Shght Increases In sallnlty, Same 
trace elements 

Shght increases 111 salmty, Same 
trace elements 

Mancos 

San Juan Shght  Increases in sallnlty, Same 
trace elements 

Sallnlty at Imperial Same 
Increased by  17.9 mall 

Colorado 

Reservoirs 

Rldges  Basin Mesotrophic. accumulate Same 
metals 

None 

None Southern Ute Eutrophlc, accumulate Same 
metals and pestlcldes 

SOILS 

Not mvestlgated Nontoxlc None TOXIC characteristics 

ANIMAS RIVER  TROUT  FISHERY 
Trout blomass/acre (Ibsl 

Durango t o  Purple Cliffs 
Purple Cliffs to  Bondad 

65-90 
17 

+58 to 80 
+8 5 

6.5 to 9.8 
8 5  

None Reductlon 111 trout blomass Reductlon in blomass Predlcted impact  trout 

Mitlgation None Stockmg program In Stockmg program in 
Animas  River from Purple Anlmas Rlver 
Cliffs to  Bondad, CO 
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Table 67 (Contl: Summary of impacts and comparlson of resourcehssues descrlbed in  1980 FES and 1992 plan, Anmas-La Plata Project 
lrnpactlresource 1980 FES 1992 pian Difference 

NATIVE FISHERY 

Animas River 

La Plata Rwer 

Impact 

Mitigation 

THREATENED AND ENDANGERED 
SPECIES 

Colorado squawflsh 

status 

Biological opmion 

Razorback sucker 

status 

Blological opinion 

10 percent populatlon 10 percent populatlon None 
reduction reductlon 

Native fishery was not Natlve flshery may be Natlve flshery may be 
Identified present present 

Undeflned 

Undeflned 

Endangered 

No jeopardy 

Antlclpated reductlon In Antlcipated  reduction In 
total populatlon total populatlon 

Reclamation w ~ l l  conduct a 
study to  determlne extent 
and composltlon of natlve 
fishery, If one IS present 

Endangered None 

Jeopardy wlth reasonable Jeapardy wlth reasonable 
and prudent alternatlve and prudent alternatwe 

Not listed Endangered  Change In status 

N /A Jeopardy with reasonable Jeopardy wtth reasonable 
and prudent alternative and prudent alternatwe 

Taken from U S. Bureau of Reclamatlon 1992a 



Table 68: Comparison of element  concentrations in baseline  data for Western  States 
and  the  Animas-La  Plata  Project 

Western  States 
Geometric  Baseline* 

Aean Deviation 

5.8 
5.5 
23 
580 
0.68 
1.8 
65 
7.1 
41 
21 
2.1 
16 

0.046 
1.8 
30 
22 

0.74 
3  80 
0.85 
0.97 
36 
15 

0.032 
17 
8.2 
0.23 
200 
0.22 
9.1 
2.5 
70 
22 
2.6 
55 

2 1.5-23 
1.98  1.2-22 
1.99  5.8-91 
1.72  200-1  700 
2.3  0.13-3.6 
3.05  0.19-1 7 
1.71  22-1  90 
1.97 I .8-2a 
2.1 9 8.5-200 
2.07  4.9-90 
1.95  0.55-8.0 
1.68  5.7-45 
2.33  0.0085-0.25 
0.71  0.38-3.2 
1.89  8.4-1  10 
1.58  8.8-55 
2.21 0.1 5-3.6 
1.98  97-1  50C 
2.1 7 0.1  8-4.C 
1.95  0.26-3.7 
1.76  12-11c 
2.1 3.4-66 
2.33  0.0059-0.1 7 
1.8  5.2-55 
1.74  2.7-25 
2.43  0.039-1.4 
2.1 6  43-930 
1.78  0.069-0.70 
1.49  4.1-20 
1.45 1 .2-5.3 
1.95  18-270 
1.66  8.0-60 
1.63  0.98-6.9 
1.79  17-1 80 

Animas-La  Plata  Project 
Geometric  Observed 

Vlean Deviation  Range 

5.0 1 .I 7 3.0-6.6 
5.8  1.25 1.9-9.6 

569  1.30 21 0-990 
1.08  1.38  0.5-2.0 
2.0  2.45  0.32-1 6 
54 1 .I5  32-69 
8.3 1 .I9 4-1 3 
36 1.31 1 9-9 1 
17  1.45  7-67 
2.0  1.21  0.9-3.8 
1 1  1.20  7-1 6 

Not  Calculated ~0.01-0.04 
1.7 1 .I 8 0.9-2.5 
30 1 .I4  18-41 
27 1.28  16-76 

0.72  1.34  0.31-1.5 
300 1.53 68-870 

0.68 1.42 0.21-1.5 
25.5 1.16 17-35 
14.2 1.25 7-28 

0.045 1.40 0.02-0.09 
16 1.24 8-22 
6.3 1.23 4-1 0 
0.20  1.98 CO.01-1 .I 
183  1.71 74-520 
0.24  1.21  0.14-0.32 
8.5  1.22  5-1 2 

Not  Analyzed 

All values  reported as <2.0 

All  values  reported  as C 100 
58.7 1.21 41-1 10 
16.6 1.20 9-24 
1.7 1.35 1 -2 
51 1.22 29-92 

Values  chosen  to  represent  an  expected 95% range  (Shacklette & Boerngen 1984) .   From a  suite 

of randomly  selected  soils, 9 5 %  are  expected  to  occur  within +/- two  standard  deviations. 
Values  in  this  range  are  defined  as  common. 

Taken  from U.S. Bureau of Reclamatlon  1992c 



4.10.6 Animas-La Plata Project 

concentrations o€total selenium,  indicating  that  sustained  yields of soluble  selenium  would  not  occur (U.S. 
Bureau of Reclamation 1992~). 

The Draft Supplement  noted  that  project  irrigation ~ o u l d  leach  some  trace  elements  from  the 
soil and  subsequently  increase  thcir  concentrations In groundwater.  The  eventual cflect of these 
groundwater  concentrations  on  surface  water  quality is not  discussed in furthcr  detail  within  the 
Supplement (U.S. Bureau of Rcclamation 1992a). 

In order  to  determinc baseline  levels of trace  elements  associated  with  prcsent  irrigation  return 
flows in the  project  area,  small  drainages,  shallow  a.clls,  and  agricultural  drains  wcre  sampled  (Table  69). 
The results indicated that selcnium,  silvcr,  and  mercury  occasionally  exceeded  water  quality  standards. 
In order to €&her investigate  potential  seleniunl  problcms,  additional  irrigation  drainage  toxicity  studies 
are  planncd for hll-service irrlgation  lands (US. Bureau  oiReclamat1on 1992a). 

The Draft Supplement has predictcd that the concentrations  of  trace  elements in return flows 
would not increase  adverse  impacts to the  enljironment  beyond  current  conditlons.  According to the 
Supplement,  irrigation  return flows are  cxpectcd  by  the  BR to be  silnllnr in composition  to  return  flows 
on lands that are  currently  irrigated in thc  project  arca.  Certain  lands  that  are c~urcntly irrigated  with La 
Plata  River  water  would  be  irrigated  instead  by  Ridgcs  Basin  Reservoir  water,  which 1s expected to be  of 
good  quality. Dyland soils  that  would  be  irrigatcd  would  gradually  decrease  in  salinity  and  tracc  elcment 
concentrations  until  an  equilibrium  was  reached  with  the  applied  watcr.  Areas  idenhficd  as  likely to cause 
toxic irrigation return flon7s  would be ren~ovcd from  the  project  and  additional  land  would  be  found to 
replace it (U.S. Burcau of Reclamation  1992a). 

Sampling of the La Plata kver  in 1992 by thc  BR  indicated  that  zinc,  cadmium,  copper, 
manganese,  selcnium,  and  mercury  wcre  present at measurable  levels.  In  New  Mexico,  mcrcury  levels  in 
the river  range  from  less  than 0.2 pg/l to  0.25 ,ug/l; the  detection lim~t of 0 2 is  highcr  than  both the New 
Mexico standard of 0.012 ,ug/l  and  the  Colorado  standard  of 0.010 ,L@ (U.S. Burcau of Reclamation 
1992a). Soil  mercury  concentrations  are Ion, suggesting lhat  the  watcrborne  mercury  must  bc  from 
another source such  as  dccper  groundwater  brought up  by abandoned  gas  wells.  Because  mcrcury  soil 
levels are not  high,  irrigation  return flows sl~ould not  increasc  the  river's  mercury  load ( u . S .  Bureau 01 
Reclamation 1992b). 

In at  least  one  stretch o€the rlver  sclenmm  concentrations  reach  levels  greater  than 5 ,ugA  when 
river flow is  con~posed primarily  of  irrigation  returns  However, fish samples  from  shallow  pools  where 
waterborne  selenium  conccntrations w r c  5-  11 pg/l did  not  haVc  sclenlum tissue  lcvcls  greater  than 3 ppm 
wet  weight.  According  to  the  BR,  thcse fish samplcs  represent long-tenn biomagnification  potcntlal  from 
existing irrigation  return flows, and these  current  baseflow  water  quallty  conditlons  are not expected to 
change with  project  development ( U S  Bureau  of  Reclamation 1992a) No significant flow sources 
(greater than 0.1 ft3/scc) of selenium  have  bccn  found in the  La  Plata  River  basm (U.S Bureau of 
Rcclamation 1992~). 

The  flow of the La Plata  Rivcr  would,  under  pro-ject dewlopment, contmue to be  composed  of 
irrigation  rclurns  during  the  irrigation  season  and  lhe  river  would  be  the  main  rccipient or irrigation  return 
flows fionl the  project.  Although  selcnium  and  mercury  concentrations  are  not  expected  to  increase  in the 
river, basc flows would  increase  and  loading or the  elements  would  therecore  also  increase.  The  project 
is expected to increase  annual  flow-weighted  salinity of the La Plata  River  from  845 to 2,530  mg/l (u S. 
Bureau of Rcclanation 2992b). 

Tn February  1992,  thc FWS collected  fish  samplcs  from  the La Plata  River  basin  in  Colorado 
and  New Mesico. In total,  there  were  eight  collection  sites  on  the La Plata, onc on Cherry  Creck  and  two 
on Long  Hollow  Creek.  The  rcsults  of  thc sampllng efibrt have  been  compiled  (Table 70); wherever  therc 
is a blank  field  the  result  was  less  than  the NCBP 85th  percentile  concentration  and  indicates.  according 
to the BR, no contamination.  Thc  metal in the  samples  that  most  frequently  exceeded h e  85th  percentilc 
concentration  was  copper,  with  15 of 30 samples  from  thc La Plata  River  euhlbiting  levels  greatcr  lhan  or 
equal to the basclinc.  Copper was present in high  concentrations m sods and sod extracts but was 
gencrally  below  delcction  levels  in  the  rivcr.  In  nine of thc 30 samples  cadmium  also  exceeded  the  NCBP 
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Table 69: Animas-La Plata  Proiect. trace element sarndes  collected durlng March 1992 
~ .~ ~ < .  - 

Site E.C. Contarnlnants of concern (llg/L) 
Area No. Site-Type  (uS/crn)  Cu  Hg Se Ag Zn Mn Other 

Valley  lands 
Valley  lands 
Valley  lands 
Valley  lands 
Valley  lands 
Valley  lands 
Valley  lands 
2nd terrace 
2nd  terrace 
2nd  terrace 
2nd terrace 
2nd terrace 
Dry Side 
Dry  Side 
Dry  Side 
Dry  Side 
Dry  Side 
Dry  Side 
Dry  Side 
Eastside terrace 
Red Mesa 
Red Mesa 
Red Mesa 
Red Mesa 
Red Mesa 
Red Mesa 
Red Mesa 
River - source  water 
Rwer - source  water 
River - source  water 
River - source water 
River - source  water 
River - Red Mesa + 
Rwer - above  project 
Rwer - Red  Mesa + 
Rlver - Red Mesa + 
Rlver - Red Mesa + 

Dry Slde 

Dry  Side 

Dry  Slde 

Dry  Side 

Dry  Side 

Dry  Side 

Rwer - Red Mesa + 
Rlver - Red Mesa + 
Valley - River 
Valley - River 
Valley - River 
Valley - River 
Valley - River 
River - Red Mesa 
River - Red Mesa 
River - Red Mesa 

83 Deep well 
90 Deep well 
115 Drain 
11 1 Allen  Arroyo 
102 Drain dltch 
82 Well 
81 Well 
98 Deep well 
110 Allen  Arroyo 
97 Well 
92 Well 
99 Well 
96 Cherry  Creek 
141 Deep  well 
89 Deep  well 
100 Dug  well 
140 San Juan  Arroyo 
137 San  Juan  Arroyo 
142 Seeps 
91 Well 
86 Deep well 
84 Deep  well 
80 Deep  well 
88 Dug  well 
85 Marvel  Sprlng 
120 Seep 
119 Seep 
132 Anirnas  Rwer 
133 Anmas Rlver 
134 Anirnas Rwer 
135 Anirnas  Rwer 
136 Anirnas  Rwer 
124 Cherry  Creek 

126 La Plata  Rlver 
125 La Plata Rwer 

123 La Plata  River 

95 La Plata  Rlver 

1  18 La Plata  Rwer 

1  16 La Plata  Rwer 

10  1 La Plata  Rwer 
1  14 La Plata  Rwer 
1  13 La Plata  Rwer 
1  12 La Plata  Rwer 
109 La nata Rwer 
122 Long  Hollow 
12  1 Long  Hollow 
11 7 Long  Hollow 

2230 
1765 
1440 
3380 
1836 
1506 
1534 
3230 
2410 

2560 
4320 
1030 
643 

1250 
274 

6100 
7280 
888 

2270 
2910 

565 
548 
740 
438 

3020 
467 
350 
344 
331 
34  1 
303 
796 

135 
160 

37 1 

803 

85  3 

886 

1326 
9 69 

1140 
1109 
1182 
922 
804 
893 

9  c0.20 
15 C0.20 

< 5  <0.20 
<5  0.35 
e 5  €0.20 
<5  co.20 
13 <0.20 
27 C0.20 
<5  0.25 
15 CO.20 

e 5  c0.20 
12 co.20 
5  co.20 

<5 0.20 
€5  c0.20 
e 5  <0.20 
<5 0.30 
< 5  0.30 
< 5  0.30 
€ 5  <0.20 
76  <0.20 
e 5  40.20 

458 CO.20 
e 5  c0.20 
e 5  co.20 

8 0 35 
10  c0.20 

e 5   < 0 2 0  
6  0.25 
5 < 0 2 0  
5  c0.20 
6  C0.20 

< 5   e o 2 0  

e5 co.20 
<5 co.20 

€ 5  co.20 

<5 co.20 

10  <0.20 

C5 0.25 

6  C0.20 
<5  c0.20 
e 5  0.20 
€ 5  0.20 
e 5  0.20 
<5  co.20 
e5 co.20 
<5  co.20 

7 
7 
4 

10 
5 

<2  
<2  
<2  
<2  

3 
<2 
<2  
<2  

2 
<2  
< 2  

10.5 
5 

e 2  
<2  

4 
<2 
<2  

4 
2 

c 2  
<2  

8 
11 
9 
6 
6 
5 

<2  
5 

<2 

<2 

<2  

5 

5 
5 

<2  
5 

<2  
10 

<2  
< 2  

<0.2 
0.4 

<0.2 
0.4 

co.2 
c0 .2  
<0.2 

0.2 
0.2 
0.2 
0.3 
0 4  

€0 2 
<0.1 
<0.2 
co .2  

0.3 
2.1 

co.1 
c0.2 
0.65 
€0.2 
co .2  
co.2 
<0.2 

0.6 
e o  2 
<0.1 

0.1 
<O.l 

0 1  
co.1 
<o 2 

c0.2 
<o 2 

<0.2 

<0.2 

€0 2 

<o 2 

<o 2 
<o 2 
co.2 
co.2 
<0.2 
€0.2 

0.2 
<0.2 

40 <50 
< l o  <50 

15 <50 
< 10 333 
e 1 0  <50 

50 <50 
10 490 

170 160 
<10 88 
950 C50 

80 210 
60 33.800 

< 10 
34 

c 10 
< 10 

29 
< 10 

20 
480 

45 
1170 
230 

30 
< 10 
< 10 
< 10 
< I O  

50 
50 
54 
30 

<10 

< 10 
< 10 

<10 

c 10 

19 

11 

<13 
13 
10 
11 
10 

<IO 
11 
20 

< 50 
230 
230 

50 
190 
110 
210 
< 50 
290 
< 50 
e 50 
< 50 
< 50 
995 
< 50 
190 
170 
140 
60 

110 
92 

€ 50 
< 50 

< 50 

< 50 

236 

184 

90 
159 
139 
186 

Fe = 148,000 

Fe=1370 

Pb = 
Pb = 
Pb = 
Pb = 
Pb = 

17 
17 
16 
10 
14 

Cd=0.4 

Cd=0.3 

Cd = a 3 5  

193 Cr=12; Pb=6 
<50 Cr=6; Ni=7 
187  As=15; Cr=8 
161 As=12  

Taken  from U.S. Bureau of Reclamatlon 1992b 
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Table 70: Animas-La  Plata  Project, fish toxicant data (,ug/g wet weight) 
Species Site*  As Cd c u  Hg Pb  Se Zn - 

Brook trout 
Rainbow trout 
Mottled sculpin 
Brown  trout 
Brook trout 
Mottled sculpin 
Bluehead  sucker 
Brook trout 
Bluehead  sucker 
Speckled  dace 
Flannelmouth  sucker 
Bluehead  sucker 
Speckled  dace 
Fathead minnow 
Speckled  dace 
Fathead minnow 
Speckled  dace 
Flannelmouth  sucker 
Fathead minnow 
Brown  trout 
Brown  trout  (fillet) 
Brown  trout (liver/kidney) 
Flannelmouth  sucker 
Bluehead  sucker 
Speckled  dace 
Speckled  dace 
Bluehead  sucker 
Speckled  dace 
Bluehead  sucker 
Fathead minnow 
Baseline" - 1984 

1 
1 
1 
2 
2 
2 
3 
4 
4 
4 
5 
5 
5 
6 
6 
7 
8 
8 
8 
8 
8 
8 
9 
9 
9 
10 
10 
11 
11 
11 

0.062 

0.1  10 

0.470 

0.079 
0.089 

0.230 

0.140 
0.300  0.1  50 

0.050 

0.053 

1.50 
3.10 
2.10 
3.90 
1.70 

1 .oo 
1.70 
3.20 
2.10 

1 .oo 

1.90 

4.60 

364.00 

1 .oo 

1 .oo 

0.250 
0.360 

0.260 

0.340 

0.250 
0.250 
0.390 

0.340 

0.90 

0.97 
0.83 

2.20 
0.92 
1.80 

1.90 
0.78 
0.97 
1.50 
0.73 

46.00 
0.91 
0.69 
1.80 
1.30 

2.70 
2.20 
2.50 

0.270  0.050 1 .OO 0.170  0.220  0.73 

35.9 

46.8 

44.1 

37.6 
49.5 

43.6 

34.6 
34.2 

See 1st below  for  site  locatlons 
Baseline is taken  from  the  Natlonal  Contaminant  Blomonitoring  Program,  descrlbed as the 
85th  percentile  concentration  in  Schmltt  and  Brumbaugh  (1 990) 

1 La  Plata  River At  Mayday 
2 La  Plata  River In Hesperus  below  Bigstrck  Dlverslon 
3 Cherry  Creek At  Lamour  Ranch 
4 La  Plata  River 1 mile downstream  from  Mormon  Reservolr 
5 La  Plata  River 114 mile  upstream  from  State  Line 
6 La  Plata  River 1.5  mdes  south of La  Plata. New  Mexico 
7 La  Plata  River 1  mlle  south  of  Jackson  Lake  on  New  Mexlco  State  land 
8 La  Plata  River 1/4  mile  downstream  from  mouth  of  Long  Hollow  Creek 
9 Long Hollow  Creek 114 mule upstream from mouth 
1 0  La  Plata  River Below  confluence  wlth  Cherry  Creek 
11  Long  Hollow  Creek 3 mdes  upstream  from  mouth 

Taken  from U.S. Bureau  of  Reclamatlon 1992b 
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4.10.6 Animas-La Plata Project 

baseline concentration,  and  three  samples  taken  from two fish on the  La Plata River,  immediately 
downstream  from  the  mouth of Long Hollow Creek,  had  nlercury  concentrations  greater  than  the  NCBP 
baseline  conccntration  (U.S.  Bureau  oTReclamation  1992b) 

The main source of concern for the  Animas  River  is  the  proposed  Durango  Pumping  Plant, 
which is on the  site of a Uranium  Mill  Tailings  Remedial  Action  (UMTRA)  Project.  The  UMTRA  Project 
has been  involved in stripping  uranium  mill  tailings  from  the sitc of an  inactive  mill just south of Durango. 
In the early 1960s high  levels of radioactivity were reported  downstream  of  Durango,  but  after  the mill 
closed in 1963  radioactivity  in  the  river  decreased  almost  immcdiately (US Bureau of Reclamation 1980). 
Removal of the tailings piles  at  the  mill site has  apparently  had no furthcr  effect  on  river  radioactivity 
levels  (Appendix 204  (U.S. Bureau of Reclamation 1992b). 

Becausc  the  proposed  Durango  Pumping  Plant  is at the site of  the  mill  tailings, the Department 
of Energy (DOE)  and  the BR have  conducted  groundwater  sampling  at  the  UMTRA site. From 1982- 
1991,  the DOE sampled  groundwater  at h70 wells at  the  site  (Appendix 20b), and  from 1990-1992 the BR 
samplcd  nine  additional  wells  at  the site (Appendices  20c-d).  Groundwater  modeling  studies  suggest that 
water generated  during  construction  of  the  pumping  plant  would  not  contain  hazardous  lcvcls  of 
radioactivity (U.S. Bureau  of  Reclamation 1992b). 

Groundwater  at  the  pumping  plant  site  has  been  found  to  contain  potcntially  toxic  concentrations 
of cadnium, copper,  zinc,  iron,  and  mangancsc  Under a worse  case  proJection,  sevcral of these  elements 
coddexceed water  qualily  standards, but If  the  groundwater  were  discharged to the  river  there  would  be 
no  measurable  change in thc  surface  water  quality.  The  parameter  escccdmg its standard  by  the  largcst 
amount in the  groundwater is sulfate, bul no  adverse  impacts  to  Animas  River  water quality are espccted 
because  the  groundwater  would  be  treated  to  specified  permit  requiremcnts (U.S. Bureau of Reclamation 
1992b). 

The U.S.  Bureau of Reclamatlon  (1992b)  has  predlcted  that any incrcases In contaminants 
concentrations in the Ssn Juan River would be a result of  water  dcplctions, but t h a ~  the  dllution factor of 
the San Juan River  would  render  contaminants in Mancos  and  La  Plata  river  inflows  neghgiblc. Dunng 
low-flow  conditions,  when  the San Juan River  has  its  greatest  trace  element  concentrations,  the  Animas-La 
Plata  Project  should  cause  selenium  increases  in  the  river o i  less  than  1 pgA, with  river  concentrations  not 
escceding 5 ,ugA ( U . S .  Bureau  of  Reclamation  1992b).  In  general, the BR expects  project  irrigation  rcturn 
flows to  be very similar to existing  return flows in quality  because  most  lal1dfot-m to be  irrigated  are 
largely  being  irrigated  now.  Because  the La Plata  River  is  currently  composed  of  return flows for much 
of the  year, the BK espccts this baseflow  quality to reprcscnt  project  conditions  However,  the  quantity 
of rcturn ffou7s  will  bc  larger, resdting in  higher  loading  from  these streams to the San Juan  River  (Yahnke, 
personal  communication). 

Two  impoundments, Rdges Basin  and  Southern Ute reservoirs,  would  be  constructed  as  part 
of thc Animas-La Plata  Project  Water quallt>r  in  the  reservoirs is difficult to predict  Soil  samples 
collectcd from the Ridges  Basin site contained  soluble  selenium  concentrations or about  10 ,&I, soil 
samples fj-om the  Southern Ute site did  not  indicate  soluble  selcnium  Selenium  concentrations  are 
expectcd to range from less than 1 gg/l to 3 ygll m  both rcsen-oirs, assuming  that the selenium  would 
becomc immobilized  in  insoluble  mineral  forms  in  the  rcscrvoir  sediment  Fish  tissue  samples  from 
Ridgway Reservoir,  which is 80 miles  northwest  of  the  proposed  Ridges  Basin  Dam  site,  were  generally 
below 0.2 ppm; the Ridges  Basin Dam site was Judged by the  BR to be  similar  enough to Ridgway 
Reservoir that mercury  levels in the two would  probably bc equivalent.  Mercury  levels in Southern Ute 
Reservoir  were  predicted to bc  potentially  high  because of the  abundance  of  organic  nutrients  The  BR  has 
concluded that mercury  levels  will  not  cause an). adverse  effects to fish in cithcr  of  the  reservoirs (U.S. 
Bureau of Reclamation 1992a). 

In response to comments  rccelved  from  the FWS and EPA, the BR has  initiatcd a major 
environmental  data collect~on program to address  concerns  raised  regarding  potcntial  ecological  impacts 
associated with  the  Animas-La Plata Projcct. As parl of Its  additional  research, the BR  has  recently 
collected fish and  sediment  samples  from  the  project  area.  Fish  samples,  largely  whole  body,  were 
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4.11 Grazing  and Logging 

collected from  the  Animas  River  and  several of its  tributaries in April,  May,  June,  and  July 1992. The 
preliminary results  of  trace  element  analysis  conductcd on the  samples  are  listed  within  the  appendices 
(Appendices  21a-b) (U.S. Bureau of Reclamation  19931).  Bottom  sediment  samples  were  also  collected 
from the project  area  in  March,  July,  August, and  December 1992 (Appendices  22a-b) (U.S. Bureau  of 
Reclamation 1993~). 

4.1 1 GRAZING  AND  LOGGING 
Although irrigation  has  rcccived far more  attention  as a contaminants  source, grazing is  the 

predominant  land use activity  in  the  San  Juan  River  basin.  Only  1.6%  of  available  land in the basin,  or 
about  65,000 km2, is  irrigated,  whereas  over  75%  of  thc  basm is used for grazing.  Grazed  lands  include 
both rangeland  and  timberland;  commercial  timberlands,  which  make up the next largest  use of basin  land, 
are not  grazed  (Melancon 1979). In  gcneral,  grazing  occurs at lower  elevation  lands,  and  lands  at  higher 
elevations  are  used for timber  production  (Stone et al. 1983). 

Grazing  can  induce  erosion,  which i n  tu rn  leads to increased  sediment  loads  in  surface  waters 
(Joseph and Sinning 1987).  Lusby (1970) conducted a study of  the  hydrologic  elTects oigrazing on a 
study area  near Grand  Junction,  Colorado,  that  was  underlain  entirely by Mancos  Shale.  After  the  initial 
two years  of  study, unga7A watersheds in the  study  area  averaged 30%  less runofi and  45%  lcss  sediment 
than grazed  watersheds. 

Grazing  can  also  lead to increased  fecal  collform  levels  in  surface  water  (Joseph  and  Sinning 
1987). Two  exceedances  of  fecal  coliform  standards in 1991 at  Shiprock  werc a llkely  result of cattle 
grazing in the Navajo  Nation (New  Mcxico  Department of the  Enviromncnt 199 1 ) .  

Logging  generally  increases  temperature  and  turbidity in affected  streams.  During  periods  of 
clear  cutting,  spawning  areas  may  be  silted i n  completely  by  high  sedimcnt  loads.  In  thc San Juan  basin, 
almost  all  logging  occurs  where  streams  are  naturally  clcar  and  cold  (Joseph  and  Sinning 1977). 

Forest lands  in  the  northeast  section  of  thc  San  Juan  basin  were  over-logged  and  over-grazed 
in the  early  20th  ccntury,  and  thc  resulting  crosion  has  pcrsistcd  through today (New Mexico  Watcr  Quality 
Control  Commission 1976). Navajo  Forest  Products  lndustrics has been  logging  the  western  part of the 
basin  along  Lukachukai  Mountain  Range;  as of 1976,  the  Northern  Arizona  Council of Governments  had 
planned to contract with the Navajo  Trlbe  to  study forest  and  agncultural  runolT in the  basin (New Mexico 
Water  Quality  Control  Commission 1976). No other  studies oigrazing or  timber  have  apparently  been 
conductcd or planned. 

4.12 MINERAL  EXTRACTION,  PROCESSING,  AND USE 
By virtue of its geology,  thc  San Juan basin  contains  major  deposlts of oil,  natural gas, coal, 

uranium,  and  non-fLle1 metals.  Income  from m~neral production in thc  basin IS far greater  than  that  from 
agriculture,  which  dominated the economy  until  around  1945  (Goetz  and  Abeyta 1987). The  cxtraction, 
processing,  and use of  mlnerals  arc  potentially  significant  sourccs  of suriace water pollution in  the  basin. 
Among the major  pollution  problems,  coal  minlng  and  combustion  are  sources of selenium,  uranium 
mining and  milling  produce  radionuclidcs. non-he1 mctals  mining  leads  to  heavy  metal  pollution;  and 
natural gas, oil,  and  coal  are  all  sources of PAHs. Each  mincral  rcsource  will  be  discussed  in  turn,  but 
background  information  on  PAHs ~ 1 1 1  be  provided  first. 

4.12.1 POLYCYCLIC AROMATIC  HYDROCARBONS 
Polycyclic aromatic  hydrocarbons  (PAHs), also referred to as  polynuclear  aromatic 

hydrocarbons  (PNAs),  are a large  group of natural  and  anthropogenic  hydrocarbon  compounds  arranged 
in  two  or  more  fused  benzcne  rings  (Niiml  and Palazzo 1986, Blanchard 1991, Menzie  et al. 1992). As 
examples,  ring  stnlctures or representative PAHs are show1 (Figure 39) (Neff 1979). High  incidenccs o i  
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A, naphthalene; B, 2-methylnaphthalene; C, phenanthrene; D, anthracene; E, benz[a]anthracene; 
F, pyrene; G, benzo[a]pyrene; H, benzo[e]pyrene; I, fluorene; J, fluoranthene. 

Figure 39. Ring  structures  of  representative  polycyclic  aromatic  hydrocarbons. 
(ModlRed from Neff 1979) 
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4.12.1 Polycyclic Aromatic  Hydrocarbous 

diseases  and  pathological  anomalies  have  been  observed in fish collected  from  arcas  with  high PAH levels 
(Baumann et al. 1982, Niimi  and  Palazzo 1986). The EPA has identified 16 PAHs as high-priority 
pollut,mts (Table 7  1)  (Menzie  et al. 1992, Pctty et  al. 1992). 

PAHs may be famed in three ways:  high  temperature  pyrolysis  of  hydrocarbons,  low to 
moderate temperature diagenesis of sedimentary  organic  material  to  form fossil fuels, and  direct 
biosynthesis by  microbes  and plants (Harrison  et  al. 1975, Neff 1979, National Research Council  of 
Canada 1983). Anthropogenic  sources of PAHs include but are  not  limited to the  combustion  of fossil 
€uels, oil refinery operations, gas production  from  petroleum, waste Incineration, coal  gasification  and 
liquification, petroleum  cracking,  and  the  production of coke,  carbon  black,  coal tar pitch,  and  creosote 
(Neff  1979,  Joscphson  1981,  McVeety  and  Hitcs  1988). The majority  of  environmental PAHs are  emitted 
from fossil fuel  combustion  processcs; the National  Rescarch  Council of Canada (1983) has compiled a 
list  of  the PAH emissions  &om  some  such  processes (Tablc 72). Withln  the  San  Juan  basin the extensive 
oil, natural gas, and  coal operations provide  numerous  sources for PAH pollution. 

Both  industrial  and  domestic  wastewater  may  contam PAHs and as such  represent  significant 
point sources of surface  water PAH contamination. PAH contcnt  normally  increases  in  proportion to the 
industrial contribution to the wastewater, w t h  industries  such as oil relincrics contributing some of thc 
highest PAH loads.  Domestic  sewage:  such as raw sewage and  storm  sewer  runofl:  may also contain PAHs 
(Ncff 1979). 

A number of transport  mechanisms  work to make  PAHs  ubiquilous  in the terrestnal and  aquatic 
environment  (Niimi  and Palazzo 1986). The  most  significant  mode of transport is probably  atmospheric. 
When PAHs are adsorbed onto airborne  particulate  matter  such as soot or fly  ash  produced during the 
burning  of  fuels,  they  can  be  transported great distances  by  winds; the distance  is a function of the  aerosols' 
diameter. Runo€f, conversely: has a short-range effect,  transporting PAHs in surfacc water on the order 
of 100 km  (McVeety  and  Hites 1988). 

PAH compounds  settle in soil  whcre  they may elther  be absorbed by  microorganisms or plants 
or may be decomposed  by  bacteria.  Soil  contains  natural  background  levels  of PAH, which is likely a 
result of PAH production  by plants and  microorganisms  For  reference, the concentrations  of  several 
PAHs in various soils are listed (Tablc 73) (Archcr  et  al. 1979). 

In general, most of the  environmental PAH load  remains  near to point  sourccs,  with PAH 
concentrations decreasing  logarithmically  with  distance from the source  (Neff 1979). The  majority  of 
environmental PAHs are  locallzcd in rivcrs,  estuaries,  and coastal marine  watcrs,  where PAHs are  largely 
adsorbed  to  aquatic  sedilnents  with a small  fraction  rcmalning  dissolved  (Neff 1979, McVecty  and  Hites 
1988). Reference  concentrations  of  total PAHs m water are given (Table 74) (Archer ct al. 1979). 

Because ortheir high  molccular  weight  and low polarity, PAHs are  relallvely  insoluble  in  water 
(Tablc 75) (Harrison  et al. 1975,  National  Rescarch  Councd of Canada 1983) PAHs are n o m d y  found 
in water  in  association  with  sediment,  either  suspended  or  deposlted  (Archer et a l  I 979, National  Research 
Council  of  Canada 1983). PAHs may adsorb to ellher  inorganic  or  organic materials, but  they are more 
often  found  in  association with organic  particlcs  (hTalional  Research  Council of Canada 1983). Adsorption 
to particulate matter,  followed  by  scdirnentation,  is  the primary mechanism  by  which  high  molecular- 
weight PAHs are  removed  from the water  column.  In  the  absence of large  volumes of suspended  sediment, 
low  molccular-weight PAHs arc  apparcntly  rcmoved  largely  through  volatilization It has been  estimated 
that as much as 50% of bcnzo(a)pyrene (B(a)P) and  other  high  molecular-weight PAHs that enter the water 
colunm  are  eventually  incorporated  into  bottom  sedimcnt  (Neff 1979). 

PAHs  in  sedunent  are  oftcn  found  in  concentrations  1000  or  more  times  greater  than  in the water 
column.  When  incorporated  into  anoxic  sediments,  they  may persist for very  long, If not geologic,  times 
(Neff 1979). Within aqual~c ecosystcms, PAH co~~centrations are  generally highest in sediments, 
intermcdiate in aquatic biota,  and  lowcst  in  the  watcr  colunm  (Ne€f  1979,  National  Research  Council of 
Canada 1983). 

Whcn  adsorbed to inorganic  rather  than  organlc substances, PAHs  are  bound  by  weak  forces 
and  can  be  released  through  biological  activity  and  dlssolution. This re-mobilization  is  accelerated  by 
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Table 7 1  : EPA priority pollutant  PAHs 

Acenaphthene 
Acenaphthalene 
Anthracene 
Benz(a)anthracene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Benzo(a1pyrene 

Chrysene 
Dibenz(a,h)anthracene 
Fluoranthene 
Fluorene 
Indeno(l,2,3-c,d)pyrene 
Naphthalene 
Phenanthrene 
Pyrene 

Taken  from  Petty  et al. 1992 
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Table 72: Emission  factors  for  benzo[a]pyrene  and  total  PAHs.  Units  are  pglkg  unless  otherwise  stated. 

Benzo[alpyrene  Total  PAH 

Source  Type  Typlcal  Range  Typical  Range 

Fuel  Combustion  (statlonary  sources) 

Utilities 

Pulverized  coal-fired  powerplants 

Industrial 

Coal-flred  boilers 

Oil-flred  boilers 

Commerctal 

011-fwed boilers 

Gas-flred  lntermedlate  bollers 

Residential 

Fuelwood 

Flreplace  (green  pme) 

Baffled  woodstove  (green  pine) 

Non-baffled  woodstove  (green  pme) 

Coal  furnace 

Oil furnace 

30 k w  

7.5 k w  

Transportation 

Gasoline-powered  cars 

No  catalyst 

(cold  start) 

(hot  start) 

Catalyst 

Diesel-powered  cars 

(cold  start) 

(hot  start) 

1.6 

0.9 

1.1 

40 

10 

1500 

2.2 

1.7 pglkrn 

3.2 pglkrn 

0.5 pglkrn 

1 .I-2.7 19 

41 
23 

0.5-32 

5.3-100 

8 20 

490- 1 100 

36.000 

37.000 

32,000 

60,000 1.000-1,200,000 

2.0-4.4  10,000  0.9-21.6 

900-21,600 

0.18-3.3 pglkrn 

0.04 pg lkm 0.02-0.07 pg lkm 

1.7 pglkrn 

2.4 pg lkm 

1.1 pg lkm 

Modified  from  National  Research  Councll  of  Canada 1983 
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Table 73: Concentrations of PAHs in various soils 

Soil source  Benzo(a1pyrene  Chrysene  Benz(a1anthracene 
All concentrations are in pglkg 

Forest 
Nonindustrial 
Towns and vicinities 
Soil near traffic 
Near oil refinery 
Near airfield 
Polluted by coal tar pitch 

< 1300  not available 5-206 
0-1 27 not available not available 
0-939 not available not available 

< 2000 not available 1500 
200,000 not available not available 

785 not available not available 
650,000 600,000 2,500,000 

Taken from  Archer  et al. 1979, after  Andelman  and Suess 1970 
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Table 74: Carcinogenic PAH concentrations  in water sources 
Source mgkubic meter 

Groundwater 
Treated river  and  lake water 
Surface water 
Surface  water,  strongly  contaminated 

0.001 -0.1 
0.01 -0.025 
0.025-0.100 

>0.100 

Taken  from  Archer  et at. 1979,  after  lnternatlonal  Agency  for  Research  on  Cancer  1973 
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Table 75: Solubility of some PAHs in water (25 C) 

Compound  Name ,Udl Compound  Name Pugll 
Solubility*  Solubility+ 

Chrysene 

Naphthalene 

Benz[a]anthracene 

BenzoLaIpyrene 

Benzo[elpyrene 

Perylene 

Dibenz[a,clanthracene 

Anthracene 

1.8 

2 

6 

6 

1.9 

approx  1.5 

9.4 
1 0  

1 0  

1 4  

11.4 

0.2 
0.5 
6.1 

approx 4 
0.4 

approx 0.6 
3 0  

41 

41.3 

44.3 

44.6 

7 3  

7 5  

7 5  

57 

Phenanthrene 

1-Methylphenanthrene 

4.5-D~methylphenanthrene 
Fluoranthene 

Pyrene 

2-Methylanthracene  21.3 

24.2 

28.8 

9 9 4  

1002  

1070  

1151 

1180  

1290  

1600  

1782  

269 

1100  

206  

236  

240  

260  

265 

265 

129 

132  

1 3 5  

171 

175  

* Multiple  values  for  a  glven  compound  represent  varlatlons  between  study  results 

Modlfled  from  Natlonal  Research  Councll  of  Canada  1983 
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4.12.1 Polycyclic Aromatic Hydrocarbons 

disruption of  sediment  layers by natural  or  anthropogcnic  activltics,  or nhcn sediments  are  highly 
contaminated with PAHs (Neff 1979, Nat~onal Rcsearch  Council of Canada 1983). Upon  re-mobilization, 
PAHs  become  available for uptake by aquatic  biota. 

PAHs  can be  permanently  removed  from  the  aquatic em lronment  through  volatilization  from 
the  water  surface,  photooxidation,  chemical  oxidation,  microbial  metabolism,  and  mctabollsm by highcr 
metazoans (Neff 1979). Eicenmn  (1987),  noting  contamination  of  groundwater  by  PAHs  at  several 
locations withii the U.S., suggests  that  PAHs  are  long-lived in aquatic  systems  and that normal 
nlechanisms  of  removal  may  not  work  efficiently.  In  gcncral,  groundwater  PAH  concentrations  are  lower 
than surface water  concentrations  because  groundwater  is  filtcrcd  as  it flows through  soil  matrices,  with 
PAHs adsorbing to organic  soil  particles  (Menzie et al. 1992). 

Aquatic  organisms  are  probably  able to accumulate  PAHs  from  water,  food,  and  sediment, but 
accumulation  fiom  water  is  considered to be  by far the  most  erficicnt  route  (Neff 1979, Niimi  and  Palazzo 
1986). Although  accumulation of PAHs  from  scdilnent  is  possible in bottom-dwelling  species  such as 
bullheads,  this  route  of  uptake may be  largely a result of PAH  desorptlon fi-om sediment  particlcs  into 
interstitial  water (Neff 1979,  Niimi  and Palazm 1986).  Only i n  lilter-feeding  bivalves is uptake  from  food 
sources  apparently  significant  (National  Research  Councll  of  Canada 1983). 

The  method of PAH  uptake  varies  according  to an organism's complexity. Plants,  invertebrates, 
and  lower-level  vertebrates  probably  acquire  PAHs  directly  through  the  integument.  In fish PAHs may 
be transferred  from  water to blood v ~ a  the  gills  and  subsequently  from  blood to tissues. PAHs may  also 
be assimilatcd  from  ingcsted  lnaterlal  through  thc  gut  (National  Rescarch  Council of Canada  1983). 

Because  PAHs  are  strongly  hydrophobic as well as lipophilic,  they  are  readily  accumulated  in 
tissue through  the  process of  water-lipid  partitionmg  (Neff 1979, National  Rescarch  Council  of  Canada 
1983).  In  general, as PAHs  increase  In  molecular  weight  they  become  less  soluble in watcr  and  thereforc 
tend to bioaccumulate to greatcr  Icvcls  (Natlonal  Research C o m d  of Canada 1983). 

Aquatlc  organisms  can  apparently  rclcasc PAHs quickly.  The  method of relcasc may be  either 
passive or  active,  thc  latter  involvinz  the  mctabolic  transEormation of PAH to  polar,  water-solublc 
mctabolites  (Ncff 1979). The highest  rates  of  metabolism  have  been  dctectcd In fish (National  Research 
Council of Canada  1983).  Evcn  those  spccics that are  unable to metabolize PAHs can  generally  rclease 
the compounds rapidly when no  longcr m a contaminated  environment.  Because  PAHs  arc  not  readily 
absorbcd  from  food,  nor  are  they  resistant to metabolism or  excretion,  the  potential  of  biomagnificalion 
up the food chain is low (NcIf 1979). 

Once  assimilated,  PAHs  or  their  metabohtcs  may  cause  adverse  effects in organisms.  PAHs 
may  bind to lipopldic sitcs  in a cell  and  Interfere with  ccllular  processes,  or  thc  morc  hydrophilic,  rcactive, 
and  electrophilic  metabolites  may  bind  covalently  to  ccllular  structures  and  cause  long-term  damage  (Neff 
1979,  Josephson  1981,  Geochemical  and Em~ironmcnlal Research  Group 1990). Becausc  of  their  greater 
reactivity  and  solubility,  metabolites  may  bc  morc  acutely  toxic  than  their  parent  compounds (Ne[[ 1979) 
Metabolism of PAHs  within  organisms  b),  mixed-Iilnction  oxidases (MFOs) can  be  rapid,  resultmg  in  only 
trace concentrations of a parcnt  compound  directly  afier  high-level esposure to it (Geochemical and 
Environmental  Research  Group  1990). 

PAHs 'and their metabolites may be  acutely tos~c, mutagenic,  carcinogenic,  or  teratogenic 
(National  Research  Council  of  Canada  1983).  Studics  have  indicated  that  compounds  such as naphthalene, 
phenanthrene,  and  other  lower-molecular  weight  compounds  usually h a w  acutcly  toxic  effects,  whereas 
heavier PAHs  such  as  B(a)P  are  carcinogcnic  (Natlonal  Rescarch  Council of Canada 1983, Blanchard 
1991). Specifically,  B(a)P has bcen shorn11 to  transform  Into a carcinogenic  metabolite 111 a culture of 
human malnmar);  eplthelial  cells (Josephson 1984).  Bccausc  thcrc is strong  evidcnce  of  B(a)P's 
carcinogenicity  and  naphlhalene's  acute tox~c~ty, these two compounds  and  their  mctabolitcs are the  focus 
of most PAH studles (Niimi  and  Palazzo 1986) Exposure of an organism  to  cnvironmental  PAHs  is 
detcrnined by  testing  bile €or  both parent  conlpounds  and  mclabolltes  High  Perlormance  Llquld 
Chromatography  (HPLC)  with  fluorescence  detection IS gcncrally  the  method of detection  used 
(Geochemical  and En~ironmental Rcscarch  Group  1990). 
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4.12.2 Oil and Natural Gas - Background 

Studies suggest  that  only  the  most  heavily-pollutcd  environments  cause  significant  sublethal 
responses  in  fish.  Environmental  concentrations of 1-50 ppb have  elicited  responscs  in sensitive organisms 
(Table  76);  these  concentrations  are  rarely  found  in  the  water  column but are  found  in  polluted  sediments 
(Neff 1979). Tissue concentrations o€PAHs and  their  mctabolitcs  are  generally  at  the pglg (ppm)  level 
in heavily  polluted  environments  and  in  the  ng/g (ppb) range  in  relatively  unpolluted  areas  (National 
Research  Council of Canada  1983,  Niimi  and Palazzo 1986). The  acccpted  normal  range of naphthalene 
in fish bile is less than 10,000 ng/g; for phenanthrene  the  normal  range is less than  3,000  ng/g.  Normal 
B(a)P  residues  in  bile  range  from  67-210 ndg (Blanchard  1991).  PAH  levels  can  vary  significantly  within 
a fish, depending on such factors as when it last ate  or  if  it  had  been  recently  moved  from  one  location to 
another (Baunmn 1990). 

Although no  studies  have  unequivocally  linked  PAH  contamination to fish disease,  high 
incidences of tumors and  other  abnormalities  have  been  documented in areas of PAH  contamination.  For 
instance, in  several  areas of PAH  pollution  bullheads  have  had a high rate of deformed barbels. High 
incidences  of  eye cataracts and  blindness  have also bcen  documcntcd  in  fish  species  exposed to sediment 
contaminated with  PAHs.  In 1989, a histopathology  workgroup  under  the  Society €or Environmental 
Toxicology  and Chemistq recommended that open  ulcers on thc  skin  or  lips of fish serve as a biomarker 
of PAH contamination.  Researchcrs  believe  that  such  ulcers  result when  normally  harmless  fungi  and 
bacteria are  able to invade as a result o l  a chemically-caused  immune  system  disfunction  in  a fish 
(Baumann 1990). 

PAH  studies of fish  within  the San Juan  River  basin  have  bcen  limited.  As  discussed  in the 
DISEASE section (4.  1.2),  bile from nine fish from  the  lower  Animas  River  have  been  sampled  by  the 
CDOW  and  thc  BR for  cxposure  to  PAHs. Four of thc fish had  no  external  signs of disease;  five had open 
sores or  lesions.  When  tested,  all  five fish with  lesions  and two without  showed  evidence of exposure to 
PAHs  (Japhct  1993).  The  samplcs  were  tested  for  naphthalene,  phenanthrene,  and B(a)P biliary  metabolite 
equivalents  (Table  77)  (McDonald  1992). 

According to Susanne  McDonald of the  Geochemical  Environmental  Research  Group  (GERG), 
all samples exccpt 56124  and JG125 showed  cvidence of PAH  exposure  on  the  basis of the  summed 
metabolite  equivalents for the  three  PAHs.  Samples  56128  and J6129 exhibited  significantly  elevated 
metabolite  equivalcnts for all three PAHs. McDonald (1992) notes  that  naphthalene  and  phenanthrene 
biliary rnctabolites  serve  as  indicators  of  PAH  exposure  but  are  not  themselves  particularly  toxic  or 
carcinogenic,  whereas  B(a)P metabolitcs  are  at  low  levels  but  are  carcinogenic,  being  typically  associated 
with anthropogenic combustion  activitics.  Elevated  levcls  of  B(a)P  metabolites in fish bile  havc  been 
correlated  with  hepatic  lesions  and  inhibited  ovarian  development in other  studies  (McDonald 1992). 

The  New  Mexico  Ecological  Services  Office is conccrned  that PAHs in the  San  Juan  River  may 
threaten  the  recovery of the  Colorado squawfish and the  razorback  sucker.  If  contaminated  river-bottom 
sediments were  resuspended,  adsorbed PAH  compounds  could  subsequcntly  be  relcased  and  made 
biologically  available  (Shomo  and  Hamllton-McLcan 1992). Furthermore,  the  transport  of  PAH 
compounds to the San Juan  River  and  its  tributaries  could  be  influcnced  by  irrigation  return flows 
(Blanchard 199 1). 

4.12.2  OIL  AND  NATURAL  GAS - BACKGROUND 
Within  the San Juan  basin,  thcre  are owr 20,000  oil  and  gas  wells  and  numerous  petrolcum  and 

gas processing  facilities  (Petty et a]. 1992). The  localions of gas processing  plants,  oil  refineries,  and gas 
and  oil  fields are  shown to give a general  picture of areas  of  concern  (Figure 40) (Blanchard  et al. 1993). 
Each  \-dl  and  processing facility  has the potential to contaminatc groundwater, surface  water, or both, as 
do oil and gas pipelines. 

Oil and gas wells  and  facilities  are  located  adjacent to and  throughout  thc basin's irrigation 
projects, increasing the likelihood of oil  and  gas  contaminant transport to the San Juan  River  and its 
tributaries.  In  1990,  researchcrs  for  the  San  Juan  Reconnaissance  Investigation  notcd that natural  gas  and 
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Table 76: Acute toxicity of aromatic hydrocarbons In freshwater animals 

Compound Species  (PPm) (LC501 
Conc ttfect 

Benzene Gambusia aftinis 
(mosquitoflsh) 

Marone saxafilis 
(striped bass) 

386 96 h 

5 8  96 h 

Toluene Gambusla afflnrs 
(mosqultoflsh) 

Marone saxafllls 
(striped bass) 

Carassius auratus 
(goldfish) 

1180 96 h 

7 3  96 h 

22 80 96 h 

Dimethylnaphthalenes Cyprmodon variegafus 5 1  24 h 
(sheep's-head minnow) 

Xylenes Carasslus auratus 
(goldfish) 

16.94  96 h 

m-Xylene Marone saxatills 
(striped bass) 

9 2  96 h 

o-Xylene Marone saxafllls 
(striped bass) 

11 0 96 h 

p-Xylene Marone saxafilis 
(stnped bass) 

2 0  96 h 

Ethylbenzene Marone saxatllis 
(striped bass) 

4.3 96 h 

1,3,5,-Trimethylbenzene Carassius aurafus 
(goldfish) 

12 52 96 h 

Fluorene Cyprinodon variegatus 1 68 96 h 
(sheep's-head minnow) 

Dibenzothiophene Cyprinodon variegafus 
(sheep's-head minnow) 

3 18 96 h 

Naphthalene Gambus~a aftinis 150 96 h 

Cypnnodon vanegatus 2 4  24 h 
(mosquitoflsh) 

(sheep's-head mlnnow) 

I-Methylnaphthalene Cyprrnodon vanegatus 3 4  24 h 
(sheep's-head minnow) 

2-Methylnaphthalene Cyprinodon vanegatus 2 0  24 h 
(sheep's-head minnow) 

Phenanthrene Gambusia affms 
(mosqultoflsh) 

150 96 h 

Benz[a]anthracene Lepomls macrochirus 1 0  87% mortallty 
(bluegill) In 6 months 

Modlfied from Neff 1979 
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Table  77:  High  performance  liquld  chromatography  (HPLC)  blle  analyses  for  Animas  Rlver  fish 

QA/QC  Benzolalpyrene  Naphthalene  Phenanthrene 
File # Sample ID Batch # Cat # Organlsm  Ng/g  wet  weight  Nglg  wet  weight  Nglg  wet  weight 

J6122 
J6123 
J6124 
J6125 
J6126 
J6127 
J6128 
J6129 
J6130 

Vlal 1 
Vlal  2 
Vlal  3 
Vlal 4 
Vlal  5 

Vial 6A 
Vlal 7 
Vlal 8 
Vial 9 

QAC - 0337 
QAC - 0337 
QAC - 0337 
QAC - 0337 
QAC - 0337 
QAC - 0337 
QAC - 0337 
QAC - 0337 
QAC - 0337 

B. of  Recl 
B. of Recl 
B. of  Recl 
B. o f   Red 
B. of  Recl 
B. of  Recl 
B. o f   Red 
B. of Recl 
B. of  Recl 

Fish 
Fish 
Flsh 
Flsh 
Flsh 
Flsh 
Flsh 
Fish 
Fls h 

240 
110 

< 100 
< 100 
300 
290 
7  50 
730 
300 

63000 
3 2000 
18000 
19000 
7 6000 
73000 

200000 
190000 
87000 

21 000 
9600 
5900 
6400 

25000 
24000 
52000 
55000 
27000 

Taken  from  McDonald  1992 
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4.12.2 Oil and Natural Gas - Background 

oil pads and  oil  refineries  were  located  within  each  of  the  four  DOT-sponsored  irrigation  projccts  in  the 
rcview  area.  Brine  dischargcd  to  thc  surface  from  well pads  was  obscrved to bc  intermixed  with  irrigation 
rcturn flows (Blanchard 1991). Within  the  Ncw  Mexico  portion of thc basin,  thc  principal  oil  and gas 
fields  are  located  north of thc San  Juan  River  from  thc  eastern  boundary  of San Juan  County to the 
Hogback,  and  south of the  river  both  east of Gallegos  Canyon  and  west of the  Chaco  River  (O'Brien  1991). 

Development of oil  and  gas  in  the  basin  has  the  potcntial to contaminate  surface  and 
groundwater not only  with PAHs but also with salts. The  water  that  is  produced  from w7ell operations 
typically  has  TDS  concentrations  r'anging  from  1,200-295,000 mdl (Upper  Colorado  Rcgion  State-Fedcral 
Intcr-Agency  Group  1971).  Most of h i s  produced  water is reinjected  into  wclls to hclp  maintain  reservoir 
pressures  or  as a  means of disposal,  and this rcinjection  can  lcad to contamination  of  shallow,  fresh 
groundwater  systems  (Wilson  1981,  Stone  et  al.  1983,  U.S.  Geological  Sunley 1993). Produced  water  may 
also be discharged to holding  ponds for evaporation,  it may bc  disposed  of  on  the  surface,  or it may go 
directly to other uses such as irrigation  (Upper  Colorado  Region  State-Federal Mer-Agency Group  1971). 
In 1967,  the  San  Juan  basin  oil-field  operations  produced  63,236  acre-feet  (about  7.8  million m') of  water 
(Melancon et al. 1979). In 1978,  oil  wells  in  the  basin  produced  an  average of 8.1 €t3/sec  of  water,  and gas 
wells  produced 0.1 fi3/sec; of the total  quantity,  approximately  6  fi3/sec was reinjected,  with  the  rcmainder 
likely  cvaporating  (Stonc  et  a].  1983). 

Produccd  water may  contain  other  contaminants  in  addition to salts. For  instance,  some 
produced  water from oil  wells  has  been  found  to  contain  volatile  organic  compounds  (VOCs)  (New  Mexico 
Energy,  Minerals,  and  Natural  Resources  Dcpartment  1991).  The  high  permcability of thc  alluvium  in 
many  oil-ficld  arcas al10.r~~ contaminants,  particularly  benzene,  toluene,  elhylbenzenc,  and  xylene  (BTEX) 
to nigrate into  the  groundwatcr  (New  Mexico  Energy,  Mincrals,  and Natural Rcsources  Department 1993). 
Recently,  New Mesico recognized that Naturally  Occurring  Radioactivc  Material (NORM) is present in 
produced  water  from  oil  wells. The Ncw  Mexico Oil Conscrvation  Division  (OCD)  found  that  water  from 
oldcr  rock  €ommiions had elevatcd  levels  of  NORMS as wcll as high salt conccntrations.  Current  OCD 
regulations  are  expccted  to  provide  adequate  protection  for  freshwater  until  better informtion conccrning 
NORMS is acquiid (New  Mcxico  Encrgy, Mincrals,  and  Natural  Resourccs  Department 1993). Bccause 
oilficld  equipment  may corrode with age,  mechanical integrity testing  of all producing  and  injection  wells 
is requircd  by thc OCD (New Mexico  Energy,  Mmerals,  and  Natural  Resources  Dcpartment  1993). 

Sedimcnt waste mixtures  arc also produced  at  oil  production sites. The  scdiment-water  mixture, 
aptly  named tank-bottoms, is heavicr  than  oil  and  scttles to thc  bottom of the  tanks. The volumc  of  tank 
bottoms is several  hundred  timcs  less  than that of produced  water, yet it contains  highly  conccntrated 
hydrocarbons  and  metals.  The  tank  bottoms  are  treated with heat  and  chemicals at oil  reclanlation  €acilities 
in  order to extract additional  crude  oil;  in  New  Mexico, treatment can  rcduce  the  volumc  of  waste  by  up 
to two-thirds,  recovering two barrels  of  oil  for  cvery  thrcc barrels or waste (New Mcsico Encrgy,  Mincrals, 
and  Natural  Rcsources  Department  1991). 

New  Mexico,  Utah,  and  Colorado  have  each pro~nulgatcd extensive  rules  and  regulations €or 
the dcvelopment oE oil  and gas (Colorado  Oil  and Gas Conservation  Commission 1993, New  Mexico 
Energy,  Mincrals, andNatural Resources  Department  1993,  Utah  Board  of  Oil, Gas, and  Mining 1993a, 
Utah Board of Oil, Gas, and  Mining 1993b). These  regulations  are far too estensive and  detailed for 
comprehensive  review  in this document.  In  each  case,  dischargcs to surface  watcr  are  heavily  restricted 
but  fewer  prccautions  are  taken for the  protection  of  groundwater. 

The New Mcsico  OCD has acknowledgcd  that  the  New  Mexico  portion  of  the  San  Juan  basin 
suffers from oil-  and  gas-relatcd  groundwater  problems  but  has  stated  that  limited  sampling  at 
contamination  sites  shows  attenuation of the  dissolved phase occurring  away  from  the  contamination 
source. The OCD  has  notcd  that  the  combination of dilution,  sorption,  and  natural  biodegradation 
probably  prevent  direct  subsurface  transport of contaminants to surface  watcr  unless  contamination  occurs 
at the water's  edge  (Boyer  1991). 

New Mexico has  dcsignated a "Vulnerablc  Area" withil~ the San Juan  basin  within  which 
disposal of oil  and  gas  wastes in esccss of 5 barreldday onto  either  thc  ground  surfacc  or  into  unlined pits 
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4.12.3 Oil Extraction  and Refinement 

is  prohibitcd (New7 Mexico  Energy,  Minerals,  andNatura1  Rcsources  Department 1993). By 1996, alluvial 
areas  within 50 €eet of all major  tributaries to the San Juan,  Animas,  and La Plata  rivers  in New Mexico 
\vi11 be  protected  from  such  dischargcs. The Vulnerable  Arca, as expanded  in 1993, includes Ojo Amarillo 
Canyon  and  Gallegos  Canyon.  The  area was espandcd in  response to unrefutcd  evidcnce of groundwater 
contanination from  small  volume  discharges to unlined pits in alluvial fi l l .  

As of 1991 thcre  were  apparently  no  federal  or state agencies  systematically  monitoring 
inorganic  contamination  from  oil  and  gas wells in  the  basin,  and a 1992 survcy  of  agencies  found  none 
monitoring  PAHs in the  environment  either  (Roy  and  Hamilton 1992, Wall 1992). 

On  July 20,1993, Region 2 of  the  FWS  issucd a Biological  Opinion to the BLM concerning  the 
Bureau's  ongoing  and  proposed  oil  and gas leasing  and  dcvclopmcnt  activities. That opinion  found  that 
thosc activities w7a-e  llkcly to jeopardize  thc  continued  existcnce of the Colorado  squawfish  and  razorback 
sucker  through  degradation d t h e  aquatic  habitat  in  the San Juan  River.  Degradation was considered  likely 
to result  from  the  introduction  of  PAHs to the San  Juan  River  (Fowler-Propst,  pcrsonal  communication). 

As components of the  reasonable and prudent alternative, the BLM is required to do the 
following: 

1. Establish an extensive  monitoring  system to collcct  suspended  sediment  and  water 
samples on  perennial  strcams  and  bottom  sedimcnts on ephemeral  channels 
(approximatcly  172  sampling  sites)  This  system will be  used to provide  information  on 
distribution of PAHs on  Public  Lands  and  will  be  used to identi@  those  small 
subwatersheds  or  reaches or cphemcral  channels that may  exhibit  concentrations of 
PAHs. 

2.  Phase I sampling  (abovc)  is  designcd  to allow an estimate oitypes and  volumes of PAHs 
moving througb the  system.  Areas of concentration  and  contaminant  source  identification 
will be  investigatcd in Phase IT. Results €rom this clfort will be corrclated  with  any  other 
water  quality  programs  and  with  ongoing  investigations  of  the native  and  endangered fish 
fauna of the  San  Juan  River  basin. 

3.  Soil  and  air  samples will be taken  at  identified sites to dcfine  background  levcls of PAHs 
and  atmospheric  input to the system. 

4, Phase XI1 will consist of long  tcrm monitoring for PAHs  at  sitcs  identified  in thc first two 
phases. 

5 .  The  results of the  monitoring  efforts  will be used  immediatcly to apply  remedial  actions 
through  changes  in  stipulations  or  Bcst  Managcment Practices.  If, at any  timc  during  the 
data  gathcring  efforts of the first phase,  "hot spots" are  identified,  remedial efforts will 
bc implemented  immediately  to  halt  the  introduction of contaminants to the San Juan 
Rivcr or to Navajo  Reservoir.  Such  efforts may includc  cessation  of  production at 
problem  wells  or in problem  arcas,  and  the  effcctive  scaling of those  wells  or  other 
measures  to  prohibit  furtl1er  contamination. This inforn~ation will also be  applied to other 
wratersheds  or  channel  rcaches  with  high  PAH  lcvels  (Fowler-Propst,  pcrsonal 
communication). 

4.12.3 OIL EXTRACTION AND  REFINEMENT 
New  Mexico,  Colorado,  and  Utah  each  compile  their  own  production statistics €or oil as well 

as gas,  and as such  it is difficult to achieve a prccise  accounting of total  basin  production.  The best way 
to assess each  state's  contribution to the  basin's  oil  production is gencrally to cxamine  county statistics. 
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4.12.3 Oil Extraction and Refinement 

All three states have  combined  their oil and  gas statistics; the  gas statistics in  tablcs  appearing  in this 
section  will be discussed  separately in the  GAS  EXTRACTION  AND  REFINEMENT  section  (4.12.4). 

New  Mexico  has two oil  producingregions,  in  the  southeast  and  northwest  corners of the state. 
In 1991,  the  most  recent  year for which statistics have  been  compiled,  the southeast rcgion  produced the 
bulk of the state's oil,  with  the  northwest  rcgion  contributing less than  7%  of  the state's total (Table 78) 
(New Mexico Encrgy,  Minerals,  and  Natural  Resources  Department 1992). The  New  Mexico  Energy, 
Minerals,  and Natural Resources  Department (1 992)  has  reported  that a total of 735 wells,  both  oil  and 
gas, were  completed in the  northwest  region  in 1991; unfortunatcly,  the  number  of  oil  and gas wells  arc 
not listed separately.  Total oil production  in  the  northwest  region has bcen  declining since 1987; from 
1990  to 1991 the  region's  production  fell  by  13%  (Table  79).  Much ofNcw Mexico's  oil  production  comes 
from small producers,  with  ovcr  20%  of  the state's total  production  gcneratcd  by stripper wells that 
produce less than 10 barrels of oil  per  day  (New  Mexico  Energy,  Mincrals,  and  Natural  Resourccs 
Department  1992). 

Within the  Colorado  portion of the  San  Juan  basin, four countics  produce  oil:  Archulcta, 
Dolores, La Plata, and  Montezuma. It must  be  notcd,  though,  that  only a very  small  portion of Dolores 
County is in  the  basin.  In  1991,  Montezuma  County  produced  the  most  oil  of  the four counties  with 
793,186 billion  barrels  (Bbls)  (Table 80) (Colorado Oil and  Gas  Conservation  Commission  1993). 
Relativcly €ew oil  wells  were  conlpleted in 199 1 ; in total,  three  were  complctcd  in  Dolorcs  County,  four 
in La Plata  County,  one in Montezuma  County,  and  nonc in Archuleta  County  (Tablc  8  1).  Thc  number 
of producing  oil  wells  in  these  counties is not  availablc for 1991,  but  together  over  2,030  oil  and gas wells 
produccd in the four counties. In 1991 a total of 24,190,065  Bbls of water  were  injected  in  the  €our 
counties, both for disposal  and  enhanced  recovery  (Colorado  Oil  and  Gas  Conservation  Commission 
1993). 

Utah  compilcs its oil  and gas statistics on a monthly  basis.  As of April 1993, 920 oil  and gas 
wells  were  active in San Juan County,  Utah,  and in that  month  535,429 Bbls of oil  were  produced. The 
cumulative  total  for  all  active wells in San  Juan  County was 243,407,392,  and  the  cumulative total for all 
active  and  abandoncd  wells  together  was  463,865,616  Bbls.  From  all  oil  and  gas  wells,  both  active  and 
inactive,  1,037,335,197 Bbls of  water  have  been  produccd  cumulatively  in San Juan  County  (Table 82). 
San  Juan  County  has  produced  about  44% of the  state's  total oil and  about  32% ofthc statc's  water.  The 
Greater Ancth Oil  Field,  which  covers  about  125 mi', has  alonc  produced  over  80% of all San Juan  County 
oil  and  over 90% o€the San Juan County  water  (Splanglcr  1992,  Utah  Division of Oil, Gas,  and  Mining 
1993a). 

Once  crude  oil is pumped  from  a wcll, it is transported  by  gathcring  pipelines  operated  by  oil 
refineries,  or it is gathcred  and  shipped to crude  oil  pipelinc  tank farms for transportation to distant 
refineries. In many  remote  oil-producing areas, thcre  arc  no  pipclincs to tank farms and  crude  oil is trucked 
to  the  nearest  rcfinery  (New  Mcxico  Encrgy, M~nerals, and  Natural  Resources  Department  1991).  Within 
New  Mexico,  there  are  15  crude  oil  pipelincs  and  nine  petroleum  product  pipelines (as listed in Table 83 
and  shown in F ibw 41)  (New  Mexico  Energy,  Mincrals,  and  Natural  Resourccs  Department 1992). The 
Texas-New Mesico pipcline,  which runs Erom Famingion  to southeastern Ne117 Mcxico  and  into  Texas, 
is the state's primary  carrier of crude  oil (New Mcxico  Encrgy,  Mincrals,  and  Natural  Resources 
Dcpartment 1992). Crude  oil  pipelines  can  pose a serious  contamination  hazard. In October 1972, for 
example, a broken 41 centimeter  pipeline  spilled  ovcr  one  milllon litcrs of crude oil into  the  San  Juan  River 
(Melancon et al. 1979). 

Within  the  New  Mexico  portion  of  the  San  Juan  basin  there  are  two  operating  oil  refincries,  both 
in Bloomtield. The Bloomfield  Refining  Company  plant  has a capacity of 16,800  Bbls/day,  and the 
Thriftway Marketing  Company  plant  has a capacity of 7,500 Bbls/day  (Tablc 84). Several  abandoncd 
refineries  are also located on the  north  bank of thc  San  Juan  River  between  Fanmington  and  Shiprock 
(Figure 40) (Roy 1990, New  Mexico  Energy,  Minerals,  and  Natural  Resources  Dcpartment 1992, 
Blanchard et al. 1993). In tcrms  oCpetroleum  and  pctroleum-product  contamination,  refineries  pose  the 
second  greatest threat to soil  and  water m New  Mcxico  after  storage  and  handling.  From 1972-1984, 
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HC. Oil pipelme (6 to 16 Inch) 
-Petroleum products  plpcllne (610 12 Inch) 
M Major p!pehne 

011 reflnrry 

Figure 41. Map of oil and gas pipelines  in New Mexico (Taken  from  New Mexlco Energy, Mlnerals,  and Natural 
Resources  Department 1992) 
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Table 78: New  Mexico  crude  oil  and  condensate  production  for 1991 ranked by county 
Oil and 1 990-9 1 % % of Total 

Rank  County  Location IBbls) Decrease Production 
Condensate Increase- State 

1 Lea 
2 Eddy 
3 Rio Arriba 
4 San  Juan 
5 Chaves 
6 Roosevelt 
7 McKinley 
8 Sandoval 

SE 
SE 
NW 
NW 
SE 
SE 
NW 
NW 

43,855,192 
19,554,594 
2,160,773 
2,087,972 
1,428,733 
774,822 
342,252 
212,108 

-4.6  62.3 
+36.0 27.8 
-2 1.4 3.1 
-6.7 3 .O 
+7.1  2 .o 
-8.4 1 .I 
-4.6 0.5 
+5.1 0.3 

1991 State  Total Oil Production 70,416,446 + 3.5 100 
~ ~~ 

Taken from New  Mexico Energy, Mmerals, and  Natural Resources Department 1992 
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Table 79: Comparison of 1990 and 1991 oil production in New  Mexico 
Oil production  [barrels) 

1990  1991 Increase Decrease 

Crude Oil 
Southeast 60,283,200 63,313,018 3,029,818 
Northwest 4,061,738 3,487,882 573,856 

Total 64,344,938  66,800,900  2,455,962 

Condensate 
Southeast 
Northwest 

2,224,748 2,300,323 75,575 
1,485,682 1,315,223 170,459 

Total 3,710,430  3,615,546 94.884 

Total Oil 
Southeast 62,507,948 65,613,341 3,106,405 
Northwest 5,547,420 4,803,105 744.31 5 

Total 68,055,368  70,416,446  2.36  1,078 

Taken  from New Mexlco  Energy, Minerals, and Natural  Resources  Department 1992 
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Table 80: Colorado oil and gas  production  statistics by county 
Cumulative  Production 

199 1 Productlon 199 1 Sales Thru December 31,1991 

No. of Prod Oil Gas 011 Gas 011 Gas 

County Wells (Bbls) (Mcf) (Bbls) (Mcf) (Bbls) (Mcf) 

Adams 

Arapahoe 

Archuleta 

Archuleta* 

Baca 

Bent 

Boulder 

Cheyenne 

Delta 

Denver 

Dolores 

Elben 

Fremont 

Garfleld 

Garfleld * 
Gunnlson 

Huerfano 

Huerf ano * * 
Jackson 

Jackson " 
Jefferson 

Klowa 

Klt Carson 

La Plata 

La Plata* 

Larlmer 

Las Animas 

Las Antmas* 

Las Animas' * * 
Lincoln 

Logan 

978 

120 

34 

0 

109 

27 

139 

274 

1 

21 

30 

102 

44 

333 

51 

9 

0 

28 

81 

7 

0 
94 

6 

1008 

525 

172 

0 
0 

0 
12 

171 

1,126,266 

275,754 

39,654 

0 

238,676 

2463 

93,196 

6,115,334 

290 

18,634 

303,834 

235,293 

24,285 

6111 

0 
361 

0 
0 

198,639 

0 
0 

332.224 

92,723 

64.102 

0 

276,045 

0 

0 
0 

151,967 

392,719 

17,860,294 

1,706,5 14 

4565 

6908 

3,653,439 

1,613,363 

2,2 17,003 

7,111,391 

71,311 

347,125 

1,112,347 

1,079,043 

1825 

15,444,322 

2,580,108 

186,678 

0 

69,968,424 

210,573 

1,379,783 
0 

1,601,968 

535,619 

30,338,923 

43,917,217 

608,338 

0 
38,145 

0 

29,852 

550,161 

1,106,239 

268,976 

39,621 

0 
238,722 

1912 

80,328 

6,110,143 

21 1 

17,740 

305,202 

235,137 

24,013 
5499 

0 

262 
0 

0 
200,633 

0 
0 

329,5  17 

9  1,348 

62.633 

0 

275,555 
0 

0 
0 

151,990 

396,536 

16,836,837 

1,404.1 66 

1902 

0 

3,267,066 

1,574,404 

2,144,082 
0 

67,422 

343,760 

924,703 

944,246 

0 
15,252,553 

2,516,553 

186,678 

0 
69,928,796 

127,157 

928,673 

0 

1,503,346 

527,958 

29,49  1,404 

42,399,846 

532,155 

0 
0 
0 

0 
386.882 

51,746,543 

29,306,005 

6,873,189 

0 

4,063,491 

220,123 

1,544,800 

45,163,661 

1595 

2,971,579 

4,493,628 

6,612,548 

15,159,707 

69,713 

0 
4082 

4253 

0 
15,793,106 

0 
15,275 

14,486,945 

759.100 

1,860,158 

0 
18,247,778 

0 
0 

0 
2,361,153 

107,661,528 

31 1,476,577 

80,301,864 

483,734 

2  72,405 

116,300,327 

30,648,143 

20,520,69  1 

30,870,309 
89,474 

40,481,127 

26,699,823 

28,228,429 

12,505 

136,877,142 

7,721,690 

1,516,568 

38.52  1 

621,704,758 

10,627,361 

672,028,864 

3820 

48,849,627 

1,034.706 

1,104,280,461 

90,685,866 

31,290,807 

2,337,121 

455,149 

53,000 

366,031 

205,207,722 



Table 80 (Cont): Colorado oil and gas  production  statistlcs  by  county 
Cumulative  Production 

199 1  Production 1991 Sales Thru December 31,1991 

No. of Prod Oil Gas 011 Gas Oil Gas 

County Wells (Bbls) (Mcf) (Bbls) (Mcf) (Bbls) (Mcf) 

Mesa 

Mesa' 

Moffat 

Moffat * 
Montezuma 

Montezuma* 

Montrose 

Morgan 
Phillips 
Pitkin 

Prowers 
RIO Blanco 

RIO Elanco * 
RIO Grande 

Routt 

San Mlguel 

Sedgwick 

Washington 

Weld 

Yuma 

Totals 

C 0 2  Totals* 

Coal Gas Tot. * 
He1 Totals * 

134 

17 

242 

1 

68 

37 

0 
107 

2 

0 
36 

1280 

12 

0 
29 

11 
3 

452 

5666 

623 

12,418 

72 

60  6 

0 

2447 

0 
692,527 

0 

793,186 
0 

0 

215,491 
0 

0 
4218 

13,186,152 

0 
0 

11  3,662 

544 

2823 

1,165,817 

5,332,532 

0 

31,497,969 

0 

0 
0 

4,458,189 

267,673 

16,993,336 

0 

1,658,446 

207,522,248 

0 

713,358 

4327 

0 
1,417,849 

34,623,908 

1,206,607 

0 

195,700 

526,388 

279,456 

2,343,247 

91,463,772 

10,047'02  6 

251,009.656 

278,870,455 

48.01  6,658 

0 

2387 

0 

680,214 
0 

787,910 

0 
0 

213,022 

0 
0 

3886 

13.1  77,036 

0 
0 

110,246 

547 

2741 

1,195,383 

5,262,841 

0 

3  7,378,430 

0 
0 
0 

4,246,690 

2  12,906 

16,403,928 

0 
1.1 64,566 

207,435,049 

0 
636,702 

4327 

0 
1,403,183 

29,312,915 

858,O 17 

0 
105,820 

492,267 

279,456 

2,156,475 

86,906,010 

9,766,203 

228,395,263 

278,292,518 

45,987,322 

0 

66,033 

0 
62,889,756 

0 

12,799,054 

0 
0 

89,577,883 

0 
0 

304,536 

862,447,387 

0 
1,855 

6,885,179 

184,985 

81,410 

145,648,967 

128,890,087 

16,069 

1,639,213,171 

0 

0 
0 

119,495,968 

433,771 

711,379,919 

0 
27,594,661 

1,345,366,330 

58,092 

200,790,54  1 

11  1,660 

12,629,822 

25,973,834 

1,482,892,330 

1,333,9  1 1 
0 

6,066,442 

35,435,785 

6,862,024 

87,729,309 

1,175,857,530 

11  7,276,808 

6,238,697,415 

2,639,099,952 

100,902,792 

53,000 

Taken  from Colorado Oil and Gas Conservation  Commission 1992 



Table 81: Calendar  Year 1991 well  completions, Colorado 

Well Wildcat 
County Permits 011 Gas Dry  Other  Total 

Adams 53 0 0 3  0 3 
Arapahoe 14 0 0 1 0 1 
Archuleta 5 0 0 1  0 1 
Baca 10 0 0 1  0 1 
Bent 1 0 0 1  0 1 
Boulder 13 0 0 0  0 0 

Cheyenne 93 2 0 27 0 29 

Crowley 0 0 0 0  0 0 
Delta 0 0 0 0  0 0 
Denver 0 0 0  0 0 

Dolores 1 1 0 1  0 2 

Elbert 5 0 0 1  0 1 
Fremont 7 0 0 0  0 0 

Garfleld 36 0 7 1  0 8 
Gunnison 2 0 1 0  0 1 
Huerfano 4 0 0 1  0 1 
Jackson 6 1 0 1  0 2 

Jefferson 2 0 0 0  0 0 

Kiowa 46 4 0 14 0 18 
Klt  Carson 8 0 0 6  0 6 
La Plata 128 0 0 0  0 0 

Larlmer 6 1 0 1  0 2 

Las Animas 0 0 0  0 0 

Llncoln 7 1 0 4  0 5 

Logan 13 1 0 5  0 6 
Mesa 20 1 0 1  0 2 

Moffat 19 0 0 2  0 2 

Montezuma 8 1 1 3  0 5 
Montrose 1 0 0 0  0 0 

Morgan 13 0 0 5  0 5 
Otero 2 0 0 1  0 1 
Park 1 0 0 0  0 0 

Re- 

Development Total complete 
Oil Gas Dry  Other  Total 011 Gas Dry  Other  Total 011 Gas 

18 24 4 0 46 18 24 7 0 49 0 1  
4 0 5  0 9 4 0 6  0 1 0  0 0  
0 2 4  0 6 0 2 5  0 7 0 0  
3 0 0  0 3 3 0 1  0 4 0 0  
0 0 0  0 0 0 0 0  0 0 0 0  
5 15 0 0 20 5 15 0 0 20 0 0  

22 0 22 3 44 24 0 49 3 73 0 0  
0 0 0  0 0 0 0 0  0 0 0 0  

0 0 0  0 0 0 0 0  0 0 0 0  

0 0 0  0 0 0 0 0  0 0 0 0  

2 0 0  0 2 3 0 1  0 4 2 0  

0 1 3  0 4 0 1 4  0 5 0 0  
3 0 6  0 9 3 0 6  0 9 0 0  

0 42  2 0 44 0 49 3 0 52 0 0  

0 1 0  0 1 0 2 0  0 2 0 0  

1 0 0  0 1 0 0 0  0 0 0 0  
4 0 1  0 5 5 0 2  0 7 0 0  

0 0 0  2 0 0 0 0  2 0 0 0  

5  2 11 0 18 9 2  25 0 36 0 0  

0 0 0  0 0 0 0 6  0 6 0 0  

4 187 2 4 193 4 187 2 4 193 0 0  

4 0 0  0 4 5 0 1  0 6 0 0  

0 8 0  0 8 0 8 0  0 8 0 0  

0 0 0  0 0 1 0 4  0 5 0 0  

3 0 1  0 4 4 0 6   0 1 0  0 0  
0 8 1  0 9 1 8 2   0 1 1  0 0  
6 12 1 1 19 6 12 3 1 21 0 0  

0 1 1  0 2 1 2 4  0 7 0 0  
0 0 0  0 0 0 0 0  0 0 0 0  
3 0 3  0 6 3 0 8   0 1 1  0 0  
0 0 0  0 0 0 0 0  0 0 0 0  

0 0 0  0 0 0 0 0  0 0 0 0  

Com- 

mingled 
Oil Gas 

1 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  
0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  
0 0  

0 0  
0 0  

0 0  

Multiple 

011 Gas 

0 1  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

0 0  
0 0  

0 0  
1 0  
0 0  

0 0  
0 9  
0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  
0 0  

0 0  

0 0  

0 0  

Ex-producers 
Oil Gas Total 

16 6 22 

11 1 12 
0 0  0 
0 6  6 
0 0  0 
3 1  4 
3 0  3 
0 0  0 
0 0  0 
3 1  4 
1 0  1 
4 2  6 
3 0  3 
0 3  3 
0 0  0 

2 0  2 
1 0  1 
0 0  0 
6 2  8 
0 0  a 
1 7  8 
3 0  3 
0 0  0 
1 0  1 

27 0 27 
0 5  5 
3 1  4 
2 0  2 
0 0  0 

11 3 14 
0 0  0 
0 0  0 



Table 81 (Cont): Calendar Year 1991 well comDletions. Colorado 
~~~ ~~ ~ ~ 

Re- Com- 

Well Wildcat  Development  Total  complete  mingled  Multiple  Ex-producers 
County  Perm~ts  Oil Gas Dry  Other  Total Oil Gas Dry  Other  Total Oil Gas Dry  Other  Total  Oil Gas Oil Gas Oil Gas Oil Gas Total 

Phillips 

Prowers 
Rio Blanco 

RIO Grande 

Routt 
San Miguel 
Sedgwick 

Washlngton 
Weld 

Yuma 

10 
33 
1 

4 
2 

1 
28 
656 
60 

0 0 0  0 0 0 0 0  0 0 0 0  

0 0 6  0 6 0 0 1  0 1 0 0  

0 1 1  0 2 7  19 8 0 34 7  20 

0 0 0  0 0 0 0 0  0 0 0 0  

0 0 1  0 1 2 1 2  0 5 2 1  

1 0 1  0 2 0 0 0  0 0 1 0  
0 0 0  0 0 0 0 1  0 1 0 0  

1 0 12 0 13 5 6 5  0 1 6  6 6  

5 2  9 1 16 281  218  13 2  512 286  220 

0 3 6  0 9 1  29 6 0 36 1 31 

0 0  
7 0  
9 0  

0 0  
3 0  
1 0  
0 0  

17 0 
22  3 
12 0 

0 
7 

36 
0 
6 
2 
0 

29 

528 
44 

0 0  0 0  0 0  

0 0  0 0  0 0  
0 0  0 0  1 1  
0 0  0 0  0 0  
0 0  0 0  0 0  
0 0  0 0  0 0  

0 0  0 0  0 0  

0 0  0 0  0 0  
0 1  22  15 10 6 
0 0  0 0  0 0  

0 
1 

12 
1 
1 
0 
0 

50 
44 

1 

0 0  
6 7  

10  22 
0 1  

1 2  
0 0  
1 1  
0 50 
6 50 
0 1  

StateTotal  1319  20  15  117  1  152  383  576  103  12  1062  402  590  216  13  1208  2  2  23  15  12  17  211  62  273 

~~ ~ 

Taken from Colorado 011 and Gas Conservation Comrnisslon 1992 
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Table 82:  Utah  Summary  Productlon Report, April  1993 
County  Active wells Monthly  Year-to-date  Cumulative  Abandoned  Total Cum 

Duchesne 

Emery 

Garfield 

Grand 

Iron 

Juab 

Beaver 0 

Box  Elder 12 

Cache 2 

Carbon 59 

18 

0 

81 7 

68 

36 

564 

0 

0 

Kane 0 

Millard 1 

Morgan 0 

Piute 0 

Oil  (Bbll 
Gas (Mcfl 
Water  (Bbll 

011 (Bbl) 
Gas (Mcfl 
Water  (Bbl) 

Oil  (Bbll 
Gas (Mcfl 
Water  (Bbll 

Oil (Bbl) 
Gas (Mcf) 
Water (Bbl) 

Oil  (Bbll 
Gas IMcf) 
Water  (Bbll 

011 (Bbl) 
Gas IMcfl 
Water (Bbl) 

Oil (Bbl) 
Gas (Mcf) 
Water  IBbl) 

011 (Bbll 
Gas IMcfl 
Water (Bbl) 

011 (8bll 
Gas IMcfl 
Water  (Bbll 

Oil (Bbl) 
Gas (Mcf) 
Water (Bbl) 

011 (Bbll 
Gas (Mcf) 
Water  (Bbll 

Oil (Bbll 
Gas IMcf) 
Water  (Bbll 

Oil IBbl) 
Gas (Mcf) 
Water  (Bbl) 

011 (Bbll 
Gas (Mcf) 
Water  (Bbl) 

Oil  (Bbll 
Gas (Mcfl 
Water (Bbl) 

011 (Bbl) 
Gas (Mcf) 
Water  IBbl) 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
76.1 80 
93,388 

46 
44.857 

0 

0 
0 
0 

540,039 
1,464,286 
1,550,069 

1157 
99,288 

936 

24,246 
0 

845,539 

29.783 
661,686 

21  42 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

16 
21  1,745 
294,860 

1080 
600,210 

233 

0 
0 
0 

2.100.958 
5.91 2,584 
6,071,993 

3961 
372,253 

21 75 

93,931 
0 

3,401.115 

11 3,707 
2,558,599 

81  59 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

2665 
0 

72 

0 
0 
0 

1529 
62,658.01  3 

1,738,958 

116.61  5 
61,542,688 

287,713 

0 
0 
0 

198.347.823 
321,700,155 
281,890,269 

555.762 
16,332,581 

97.1 55 

22,983.699 
0 

304,379,064 

4,763,221 
229,444,628 

5,237,534 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

142.976 
16.1  77.887 

429 

222.746 
97,914,713 

155,985 

0 
0 
0 

28.1 22.770 
44,106,242 
38,067,367 

841 1 
43,364.484 

4624 

1,256,401 
0 

15,556,162 

624.61  7 
32.71 5.452 

1,731,386 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

2665 
0 

72 

0 
0 
0 

144,505 
78,835,900 

1.739.387 

339,361 
159,457.401 

443,698 

0 
0 
0 

226,470,593 
365,806,397 
319,957,636 

564.1 73 
59.697.065 

101,779 

24,240,100 
0 

319,935,226 

5,387,838 
262.1  60,080 

6,968,920 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 
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Table 82 (Cont): Utah Summary Productlon Report, April 1993 

County  Active wells Monthly Year-to-date Cumulative Abandoned Total Cum 

Rich 

Salt Lake 

San Juan 

Sanpete 

Sevier 

Summlt 

Tooele 

Ulntah 

Utah 

Wasatch 

Washington 

Wayne 

Weber 

Actlve totals 

Abandoned 
totals: 

State  totals 

0 

0 

920 

0 

0 

85 

2 

1657 

1 

1 

16 

4 

0 

4263 

81  58 

12,421 

Oil (Bbl) 
Gas (Mcf) 
Water [Bbl) 

Oil (Bbl) 
Gas [Mcf) 
Water (Bbl) 

011 (Bbl) 
Gas (Mcf) 
Water (Bbl) 

Oil (Bbl) 
Gas (Mcf) 
Water (Bbl) 

011 (Bbl) 
Gas (Mcf) 
Water (Bbl) 

011 (Bbl) 
Gas (Mcf) 
Water (Bbl) 

011 (Bbl) 
Gas (Mcf) 
Water (Bbl) 

011 (Bbl) 
Gas (Mcf) 
Water (Bbl) 

Oil (Bbl) 
Gas (Mcf) 
Water (Bbll 

Oil (Bbl) 
Gas (Mcf) 
Water (Bbll 

011 (Bbl) 
Gas (Mcf) 
Water (Bbl) 

011 (Bbl) 
Gas (Mcf) 
Water (Bbl) 

011 (Bbl) 
Gas (Mcf) 
Water [Bbl) 

Oil (Bbl) 
Gas (Mcfl 
Water (Bbl) 

011 (Bbl) 
Gas (Mcf) 
Water (Bbll 

011 [Bbl) 
Gas (Mcf) 
Water (Bbl) 

0 
0 
0 

0 
0 
0 

535,429 
2,287.748 
2,927,804 

0 
0 
0 

0 
0 
0 

392,521 
19,103,256 

605,673 

0 
0 
0 

284,009 
6,144,229 
2,403,384 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

Monthly 
1,807,230 
29,881,530 
8,428,935 

0 
0 
0 

0 
0 
0 

2,137.623 
9.1  89.437 
11,431,996 

0 
0 
0 

0 
0 
0 

1,594,081 
73,846,866 
2,092,664 

0 
0 
0 

1 ,I 55,480 
25.01  7,202 
14.283.341 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

Year-to-date 
7,200,837 

1 17,708,896 
37,586,536 

0 
0 
0 

0 
0 
0 

243,407.392 
769,753,187 
684.1  53.91 9 

0 
0 
0 

0 
0 
0 

131,777,248 
1,722,349,032 

61,389,899 

0 
0 
0 

155,983,628 
686,863,840 

1,418,963.510 

0 
0 
0 

0 
0 
0 

730 
16,388 
17,928 

0 
0 
0 

0 
0 
0 

Cumulative 
757.940.31 2 

3,870.660.51 2 
2.758.1  56,021 

306,065,876 
700,588.587 
514.708.01 1 

1.064.006.1 88 
4,571,249,099 
3,272,864,032 

0 
5.497.846 

4401 

0 
0 
0 

220,458,224 
287.1  56,798 
353,181,278 

0 
3.027.183 

0 

0 
0 
0 

20,402,446 
83,703,051 
12,243,536 

0 
0 
0 

34,823,241 
86.875.767 
93,740,501 

0 
0 
0 

0 
0 
0 

4044 
49.1 64 
22.342 

0 
0 
0 

0 
0 
0 

0 
5,497.846 

4401 

0 
0 
0 

463,865,616 
1,056,909,985 
1,037,335.197 

0 
3.027.1 83 

0 

0 
0 
0 

152.1  79,694 
1,806,052,083 

73,633,435 

0 
0 
0 

190,806,869 
773.739.607 

1,512,704,011 

0 
0 
0 

0 
0 
0 

4774 
65,552 
40,270 

0 
0 
0 

0 
0 
0 

Taken from  Utah Dlvlslon of 011. Gas, and Mining 1993a 
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Table 83: Crude oil and  petroleum product pipelines in New Mexico as of 1 November 1992 

Company  Crude  Petroleum products 

All American  Pipeline  Company X 
AMOCO  Pipeline  Company X 
ARC0 Pipe  Line  Company X 
Chevron  Pipeline  Company X 
Ciniza  Pipeline Inc. X 
Continental  Pipeline  Company X 
El Paso Natural Gas  Company X 
Four  Corners  Pipeline  Company X 
Kerr-McGee  Pipeline  Corporation X 
MAPCO Inc. X 
Matador  Pipelines, Inc. X 
Midland-Lea, Inc. X 
Mobil Pipe  Line  Company X 
Navajo  Pipeline  Company X 
Odessa  Gas  Pipeline  Company X 
San  Juan  Pipeline  System X 
Santa Fe Pipeline  Company X 
Shell  Pipeline  Corporation X 
Southern Pacific Pipelines, Inc. X 
Standard  Transpipe  Corporation X 
Texas-New Mexico Pipeline  Company X 
Texaco  Pipeline, Inc. X 
West Emerald  Pipeline  Corporation X 

Pipeline contents 

~ 

Taken  from  New  Mexico  Energy,  Mlnerals,  and  Natural  Resources  Department 1992 



Table 84: Characteristics of oil refineries in  New Mexico, 1991 
Runs to Stills  CaDacitv 

Operator  Plant  Bbls/Year  Bbls/Day  Bbls/Day  Employees 

Bloomfield  Refining Company Bloomfield 8,797,410  24,102 1 6,800  89 

Giant  Refining  Ciniza 12,968,035  35,529 20,000 108 

Navajo Refining Company Artesia 15,481,770  42,416  60,000  368 

Thriftway  Marketing  Company Bloomfield 1,174,766  3,219  7,500 6 

Total 38,421,981  105,266  104,300  57 1 

Taken  from  New  Mexico  Energy,  Minerals, and Natural  Resources  Department 1992 



4.12.3.1 Bloomfield Refining Company Refinery 

refrneries  were  responsible €or 66% of  all  petroleum-product  losses to the  environment  in  New  Mexico 
(Jercinovic  1985). 

4.12.3.1  BLOOMFIELD  REFINING  COMPANY  REFINERY 
The  oil  refinery  operated  by  the  Bloomfield  Refining  Company  has  been  cited  by  thc  EPA for 

contamination  of the groundwater,  surface  water,  and soil at the  facility.  The  rcfinerJI is located  on  a  bluff 
approximately 100 fect  above  and  immediately  south of the San Juan  River.  The  size  of  the  cntire  facility 
is  287 acres. The Hammond  Ditch,  an  unlined  channel €or  Hammond Project  irrigation  water  supply, 
borders all but the southern  side  of  the oil facility  process  area  (Figure 42) (Groundwater  Technology,  Inc. 
1993). Six to 40 feet below the ground  surface is perched,  shallow  groundwater  which flows to the 
northwest  and  west,  toward  the  Hammond  Ditch  and the San Juan  Rivcr. 

The  Hanunond  Ditch  influences  groundwater flow on  thc  refincry  site.  During  the  non-irrigation 
scason the  refinery opcrators dike  the  ditch in order  to  maintain a year-round  mounding  effect  which 
inhibits  groundwater flow to the  north  (Groundwater Technolog, Inc. 1993). During the irrigation  season, 
when  water  deliveries are made from  the  ditch,  seepage  from  the  canal  moves  underneath  the  refinery  and 
flushes  thc  contaminated  soils ( U . S .  Bureau o€Reclamation 1993b) According to Greg  Lyssy ofthe EPA 
(personal communication),  therc  are known secps  above  the  river in the  bluK,  but to the best of his 
knowledge no  contamination  from  the  refincry  has  yet  reached  the  rivcr.  At  least  one  EPA  docurncnt, 
though,  specifically  cites  thc  refinery  for  contamination oi the  rivcr  with  organics  and  inorganics  (Lyssy 
1993). 

The original  refinery  facility was built  in  the  late 1950s and  began  operation  in 1963 (Lyssy 
1993,  Groundwater  Technology,  Inc.  1993).  Prior to the  EPA  citation,  the  refinery operators were  aware 
that storage tanks were  leaking  hazardous  materials  such as benzene  and  toluene to the  environment, 
causing groundwater  and soil contamination  (Hawlcy,  personal  communication;  Lyssy,  personal 
communication).  InNovember  1980  the  operators, as requircd  by law, reported to the EPA that  hazardous 
waste was handled  at  the  iacility  (Lyssy,  personal  communication).  In 1982 the  facility illegally disposed 
of hazardous waste in an  unlined  pit,  lcading to the  EPA  citation  (Lyssy 1993). 

Under the Resource  Conservation  and  Recovery  Act  (RCRA), the EPA has negotiated an 
Administrative Order  on  Consent  with  the  Bloomfield  Refining  Company for thc  remediation  of the 
contamination;  the  Order  effective date was December  31, 1992 (Lyssy 1993). For  the  long  term,  the 
Order  requires  the  refincry to detcrmine the extent of the  contamination, both latcrally  and  vertically,  and 
to formulate a  remediation  plan  (Lyssy,  personal  communication).  lnterim  measurcs  include: 1) h e  
addition of two  new  recovery  wells to the  existing  onsite  rccovcry  program in order to inhibit d - s i t e  
seepagc  of separate phase  hydrocarbons  (SPH); 2) the  continuation of SPH recovery  in  order to remove 
the  source of hydrocarbons to groundwater  beneath the sitc; and  3)  the continuation  ol'facility  rnaintenancc, 
monitoring,  and  inspection  schedules to prcvent  releases of product to thc  cnvironmcnt  (Groundwater 
Technology, Inc. 1993). The  period  from  initiation or the  Order  to  complction is usually  from 3-5 years 
( U . S .  Bureau of Reclamation  1993b). 

4.12.3.2  LEE  ACRES  LANDFILL 
Lee Acres  Landfill,  located  approximately six milcs  east-southeast of Farmington, is a  facility 

on BLM land  that has been  identified as a National  Priority List site as a result of groundwater 
contamination with VOCs (Figure  43)  (McQuillan  and  Longmire 1986, Roy 1990, O'Brien 1991). 
Unrestricted dumping of hazardous  materials into unlined  wastc  storage pits has contaminated  ncarby 
shallow  aquifers  with  such  hydrocarbon  compounds as toluene,  benzene, 1 , 1 , 1 -trichloroethane, 
ethyIbcnzene,  naphthalene,  and  phenanthrene  (O'Brien 1987). Directly to the  south or the  landfill is the 
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I ou*wuNcLE 
COCATm SITE LOCATION 

Figure 42. Site location, Bloomfield Refinery. (Taken from Groundwater  Technology, Inc 1993) 
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i t y  

0 
I 1 Mile t 

Figure 43. Location of Lee  Acres  Landfill  and  Lee  Acres  Community. 
(Taken from McQulllan  and Longrnlre 1986) 
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4.12.4 Natuml Gas Extraction and Processing 

inactive  Giant  Oil  Refinery  (McQuillan  and  Longmire 1986, OBrien 1991). The quantity  and  quality of 
waste discharges  from  the  refinery  arc  unknown, as are  the  impacts  of  these  discharges on the surface  and 
groundwater  quality  in the vicinity  (McQuillan  and  Longmire 1986, O'Brien  1991). 

The  landfill  consists o€an undetermined  number  of  buried solid-waste  trenches  and four unlined 
liquid-waste  lagoons.  Hazardous  waste  fluids  were  dunlpcd into two of the four lagoons,  and  oil-stained 
soil is present in some  areas  within  the  landfill.  The  wastes  included  waters  from  oil  and gas fields  in  the 
region,  spent  acid,  septage,  waste  oil,  chlorinated  solvents,  and  dead  animals.  Liquid  waste  disposal  was 
prohibited  afler the northernmost  active  lagoon  emitted  hazardous  quantities of hydrogen  sulfide gas in 
April  1985.  The  chemistry  of  the  landfill  lagoon  water is similar to the wastewater  produced  in  the  oil  and 
gas  fields of the  region,  although  the  presence of certain  chlorinated  VOCs  indicates that other  industrial 
wastes were also discharged to the  lagoon  (McQuillan  and  Longmire  1986). 

When  measured  by  McQuillan  and  Longmire  (1986),  the  TDS  concentrations of thc  waste  fluids 
were typically  grcater than 5000 mg/l.  Private  supply  wclls  in the Lee  Acres  community  had  TDS 
concentrations  of  828-4323  mg/l,  with  the  highest  values  occurring  in  the  vicinity of the arroyo near  which 
the landfill is situated.  With at least  one  exception,  VOCs  were  not  detccted  in  the  supply  wells 
(Appendices 23a-b) (McQuillan  and  Longmire  1986). 

In 1987,  Pcter  et al. (1987)  conductcd  groundwater  testing  in  the  vicinity  of  the  landfill as well 
as limited  surface  water  testing of the  San  Juan  River  (Appendices  24a-b).  VOCs  including  toluene  and 
benzene  were  detected  in  water  from  five  samples.  Toluene  and  benzene  are  constituents of grease,  oil, 
and  gasoline, but it is not known  if  their  presenec in three  sites  upgradient  from  the  landfill was a result 
of drilling.  Two  groundwater  samples  downgradient  from  the  landfill  contained  detectable  levels  of 
degradation  by-products of 1,1,1.-trichloroethane  and  1,l-dichloroethane,  but  no  VOCs  were  detected  in 
the  San  Juan  Rivcr  upstrerun  or  downstream  from  thc  study  area  (Peter et al. 1987). More  recent  sampling 
by thc BLM has  not  confirmed  the  presence of VOCs  at  landfill  groundwater sites (O'Brien 1987). 

4.12.4  NATURAL GAS EXTRACTION AND  PROCESSING 
Two types o€ natural  gas  are  extracted  in  the  San  Juan  basin:  casinghead  and dry gas. 

Casinghead gas is derived  from  oil  wells,  whereas  dry  wells  contain  no  liquid. An important type of dry 
gas is coalbcd  mcthane  gas,  which is natural  gas  created  during  the  formation of coal  and trapped in  coal 
beds. New  technology  made  availablc less than a dccade ago has rendered  extraction  of  this gas 
economically feasible  (New  Mexico  Energy,  Minerals,  and  Natural  Resources  Dcpartment  1992,  New 
Mexico Energy,  Minerals,  and  Natural  Resources  Deparlnlent 1993). The  San  Juan  basin  contains  an 
estimated 8 1  trillion  cubic feet (tcf) of coal gas in  place, 6 7 0 %  of which  is  in  New  Mexico.  The  San 
Ju'an basin is the  second larsest gas  field  in  the  United  States,  and  the  further  expansion  of  coalbed 
mcthane  production is expected to double  thc  basin's  ultimate gas rccovery.  The  New  Mexico  portion  of 
the basin is itself  the  largest  coalbed  methane  producing  region  in  the  world (Ncw Mexico  Energy, 
Minerals,  and  Natural  Resources  Departrncnt  1993). 

In  1991 New  Mexico  became  the  nation's  fourth  largest  natural  gas  producer  with an annual 
t o t a l  of 1.02  tcf  (New  Mexico  Energy,  Minerals,  and  Natural  Resources  Department 1993). In  that  year, 
the northwest quadrant  of  the state produced  about 54% of the stale's total,  with  San  Juan  County 
producing 29% and  Rio  Arriba  County  producing  25%  (Table  85)  (New  Mcxico  Energy,  Minerals,  and 
Natural Resources  Department 1992). Within  the  northwest  quadrant,  gas  production  increased by 
47,317,065 thousand €t3 (1,339,857  thousand m') €rom 1990 to 1991, with  51,433,759  thousand ft3 
(1,456,428  thousand m3 gained  in dry gas  and  the  difference lost in  casinghcad gas production  (Table  86) 
(New Mcxico  Energy,  Minerals,  and  Natural  Resources  Departmcnt  1992). As previously  noted,  a total 
of 735  n7ells,  both oil and  gas,  were  complcted  in  the northwest  region in 1991; many of thcse  wcre  drilled 
in 1990 in the  Fruitland  coal  seams (Ncw Mcxico  Energy,  Minerals,  and  Natural  Resources  Department 
1992). 

As wit11 oil,  gas is produced  in  the  Colorado  portion of thc San Juan basin  in  Archuleta,  Dolores, 
La Plata,  and  Montezuma  counties. In 1991, two gas  wclls  were  completed  in  Archulcta  County;  none 
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Rank Countv 

1 San Juan 
2 Rio  Arriba 
3 Lea 
4 Eddy 
5 Chaves 
6 Roosevelt 
7 Sandoval 
8 McKinley 

Location Gas-MCF 

NW 
NW 
SE 
SE 
SE 
SE 
NW 
NW 

294,170,OI 3 
258,102,878 
247,934,976 
184,114,815 
29,830,839 
2,946,952 
1,929,100 
203,563 

Increase- State 
Decrease Production 

+ 10.6 
+ 8.1 
+ 0.8 
+ 7.9 
-21.4 
-22.0 
-9.8 
-31 .I 

28.9 
25.3 
24.2 
18.1 
2.9 
0.3 
0.2 
0.02 

1991 State  Total Gas Production 1,019,233,136 + 5.6  100 

Taken from New  Mexico Energy,  Mlnerals,  and  Natural  Resources  Department 1992 
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Table 86: Comparison of 1990 and 1991 gas production in New  Mexico 
Gas production (thousand cubic feet) 

1990  1991 Increase Decrease 

Dry 
Southeast 291,023,271  280,504,727 10,5 18,544 
Northwest 477,548,484  528,982,063  51,433,759 

Total 768,571,755  809,846,790  41,275,035 

Casinghead 
Southeast 167,233,782 184,322,855 17,089,073 
Northwest 29,540,005 25,423,491 4,116,514 

Total 196,773,787  209,746,346  13.01  2,559 

Total Gas 
Southeast 458,257,053 464,827,582 6,570,529 
Northwest 507,088,489 554,405,554 47,317,065 

Total 965,345.542  1,019,233,136  53,887,594 

Taken from New  Mexico  Energy,  Mlnerals, and Natural  Resources  Department 1992 

233 



I 

4.12.4 Natural  Gas  Extraction and Processing 

were  completed in Dolores  County;  and  two  gas  wells  were  completed in Montezuma  County. La Plata 
County, as opposed to the  others,  espcrienccd a dramatic  increase  in its numbcr of wells, with 187 ncw 
wells  completed  (Table 87) (Colorado  Oil  and Gas Conscrvation  Commission 1993). In 1991 La Plata 
County was first in  coalbed  methane  production,  with a total of 505 wclls  producing 43,917,2 17 million 
ft3 (1,243,585 million m') of gas (Colorado  Oil  and Gas Conservation  Commlssion 1993). 

As previously  noted,  Utah  compiles its gas  and  oil statislics on a monthly  basis.  In  April 1993 
San Juan  County  produced 2,287,748 million f t 3  (64,781 million  m3) ornatural gas, or  about 7% of the 
state's total for the month.  In  total, all San  Juan  County  wells  have  produccd,  over  time, 1,056,909,985 
million f13  (29,928,076 million  m3) of gas,  which is about 23% ofthe state's total  (Utah  Division of Oil, 
Gas, and Mining 1993a). Utah's statistics do  not  specify  types  of  gas  wells,  but  bccause  there is no  coal 
production in San Juan County  there  are  likcly €ew or  no  coalbed  methane  wells. 

An accounting fiom the  late 1970s found f l y a t  more lh'an 70% of  natural  gas  produced  in the U.S. 
originated fiom wells  containing  only  natural gas (Eiceman 1987); with  the  production  of  coalbed  methane 
this  pcrcentage  has  undoubtedly  increased.  However,  where  natural  gas is found  together with oil, gas \vi11 
almost  always  rise  to  the top with oil underncath  and salt water  remaining  at the bottom. The majority  of 
the  water  is  separated  from  the  oil  and  gas in a field  separator  unit,  resulting in produced  water.  Heavier 
hydrocarbons and  remaining  water  vapor arc stripped  from  the  gas  by a sudden pressure drop and are 
subsequently  isolated  in a phase  separator.  The  resulting  gas may still contain  light  hydrocarbons,  some 
condensate,  impurities,  and  some  water.  Light  and healy hydrocarbons  are  recovered €rom thc  gas  for  use 
in fuels or  petrochemical  feedstock  or in order to reduce  disruptions  in  the gas flow through  pipelines.  The 
remaining  water  and  acid  gas  impurities  must  be  removed to prevent  pipeline  freeze-ups  and  corrosion  of 
equipmcnt; this removal is conductcd  both  in  field  and  at  gas  processing  plants  (Figure 44) (Eiceman 
1987). 

The produced  water  and  other  wastes,  such as drilling  fluid,  may  be  stored  in  open-air pits or 
holding  reservoirs. In waste disposal pits near  natural gas wells, a hydrocarbon phase is often  found with 
the  produced  water; this is probably  the  result of faulty  field  separators  (Eiccman 1987). Coalbed  methane 
production  generates  even  larger  quantities of water  than  does  casinghead  or  other  dry gas wells.  As of 
1991 the produced  water  from  coalbed  methane  wells in  New Mexico  had  not  been  found to contain 
appreciable amounts  of  dissolved  hydrocarbons  or  high  concentrations of NORMS.  However,  coalbed 
methane  wells  do  increase  the  chance of methane  contamination of groundwater,  which has been 
documented in the San Juan basin  (New  Mexico  Energy,  Mincrals,  and Natural Resources  Department 
1991). The disposal of gas  well  and  processing  plant  wastes  in  surfacc pits was carried  out  widcly  from 
1930-1970s and is still  practiced  in  the  Southwest,  especially in New  Mexico  (Ejceman 1987). The New 
Mexico  Energy,  Minerals,  and  Natural  Resources  Department (199 1) concedes that many  convcntional gas 
well sites still have  open pits, but notes  the  tightening of disposal  regulations by both the OCD  and  the 
BLM.  Newcr gas wclls,  particularly  coalbed  methane ~vclls, discharge  all  waste  fluids to tanks in  which 
they  are  trucked to state-approved  disposal sites (Ncw  Mexico  Energy,  Minerals,  and Natural Resources 

Thc risk of groundwater  and  soil  contamination from  surface pits is a factor of pit  construction 
and  location.  Most  gas  wcll  opcrators  in  New  Mexico  who  dispose of wastes in surface pits use  temporary 
plastic liners lo minimize  fluid loss to the  environment (New Mexico  Energy,  Minerals,  and  Natural 
Resources  Dcpartmcnt 1991). At least as late as 1987, though,  unlined  shallow  earthen  pits  were  used  in 
northwest New  Mexico.  Seepage  from  unlined  evaporation pits and  the  subsequent  contamination of 
groundwater  has been widcly  reported;  in  an  unlined pit in Utah, €or example, 93% o i  the  produced  water 
seeped into the soil with  only 7% evaporating.  Evaporation €rom pits has becn  determined to be as low 
as 5%, even in the Southwest,  with  Inrze  water  losses to seepage.  The  potcntial for groundwater 
contamination is increased  whcre  natural gas wells  and  associated  surfacc pits are  located  in  floodplains 
and  river  valleys, a practice  that is cspecially  common in New  Mexico  (Eiceman 1987). 

Eiceman (1987) has investigated  hazardous  waste  pollution  from  natural  gas  disposal pits in 
the San Juan basin. The contents of six wastc  pits  lrom  Cuba,  Arclmleta,  Flora  Vista,  and  Aztec,  New 
Mexico  wcre  sampled for PAHs, large  molecular-weight  alkanes,  and VOCs (Tables 88 and 89). 

199 1). 
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Table 87: Coalbed methane  production for 1991, Colorado 
Number  of Gas 

County producing wells (Mcf) 

La Plata 
Garfield 
Rio Blanco 
Mesa 
Las Animas 
Archuleta 
Moffat 

505  43,917,217 
52  2,580,108 
1 1  1,206,607 
16  267,673 
0 38,145 
0 6,908 
1 0 

Taken  from  Colorado 011 and  Gas  Conservatlon  Commlssion 1992 
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Table 88: Concentrations of PAH in aqueous  phase of waste pits  from natural 
gas production 

(Concentration in uall) 
Compound Cuba Archuleta Flora  Vista IE Bloomfield Flora  Vista 1 E (A) 

, I ,  

Naphthalene 
C1  -Naphthalene 
C2-Naphthalene 
C3-Naphthalene 

Biphenyl 
C1 -Biphenyl 
C2-Biphenyl 
C3-Biphenyl 

Anthracene 
C1 -Anthracene 
C2-Anthracene 
C3-Anthracene 

Fluorene 
C1 -Fluorene 
C2-Fluorene 
C3-Fluorene 

Pyrene 
C1  -Pyrene 
C2-Pyrene 
C3-Pyrene 

Benzopyrene 
C1  -Benzopyrene 
C2-Benzopyrene 
C3-Benzopyrene 

TOTAL 

850 
770 

1300 
1400 

680 
850 

1000 
1100 

200 
290 
260 
1 80 

82 
1 80 
140 
78 

13 
65 
46 
33 

ND 
ND 
ND 
ND 

951 7 

480 
390 

2500 
2400 

480 
720 

1700 
920 

430 
560 
380 
170 

140 
360 
390 
430 

200 
130 
100 
1 60 

ND 
ND 
ND 
ND 

14,740 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

3.5 
5.2 
ND 
ND 

ND 
ND 
ND 
ND 

300 
1400 

ND 
ND 

ND 
ND 
ND 
ND 

1709 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

130 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

130 

500 
1900 
4200 
3 600 

450 
1400 
1400 
960 

530 
1900 
2200 
1700 

3  20 
650 
870 
650 

41 0 
260 
2 80 
280 

ND 
ND 
ND 
ND 

24,460 

N D  = Not  Detected 

Taken  from  Eiceman 1987 
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Table  89:  Concentrations of PAH  in  non-aqueous  phase of waste  pits  from  natural gas productlon 

(Concentration  In  mglkgl 

Compound  Cuba  Archuleta  Flora  Vista IE Flora  Vlsta IE(A) Flora  Vista  Aztec 

Naphthalene 

C1-Naphthalene 

C2-Naphthalene 

C3-Naphthalene 

Biphenyl 

C1-Biphenyl 

C2-Biphenyl 

C3-Biphenyl 

Anthracene 

C1-Anthracene 

C2-Anthracene 

C3-Anthracene 

Fluorene 

C1-Fluorene 

C2-Fluorene 

C3-Fluorene 

Pyrene 

C1-Pyrene 

C2-Pyrene 

C3-Pyrene 

Benzopyrene 

C1  -Benzopyrene 

C2-Benzopyrene 

C3-Benzopyrene 

TOTAL 

160 

110 

1500 

1600  

5 4  

230 

4 2 0  

320  

130 

240 

140  

99  

27 

39 

3 6  

3 0  

24  

24  

10 
9 

ND 

ND 

ND 

ND 

5202 

23 

22  

190 

170  

23 

86  

120 

8 5  

52  

66  

3 4  

23 

11 

27 

5 4  

56  

10  

8.6 

8.6 

11  

ND 

ND 

ND 

ND 

1,055 

240 

290 

4700 

3400 

390 

1200 

1100 

650 

220 

400 

290 

190 

66  

130 

8 4  

19 

26 

24  

19 

11  

ND 

ND 

ND 

ND 

13,449 

8 0  

41 0 
1000 

590 

7 2  

250 

280 

270 

17 

120 

130 

79 

3 0  

61 

8 6  

9 2  

13 

28 

3 0  

33 

ND 

ND 

ND 

ND 

3451 

3 7 5  

250 

2600 

1200  

230 

450 

300  

4 5  

150 

280 

200 

99  

38  

56  

41 

32  

13 

13 

12  

11  

ND 

ND 

ND 

ND 

11,895 

ND 

ND 

1100  

3  60 

ND 

33 

160  

130  

26  

33  

1 5  

1 4  

8 

10  

10  

10  

6 
5 

ND 

ND 

ND 

ND 

ND 

ND 

1920 

ND = Not  Detected 

Taken  from  Eiceman  1987 
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4.12.4 Natural Gas Extraction and Processing 

Concentrations in the  aqueous  phase of waste  pits  were as high  as 10-50 mdl  (ppm) for VOCs and 25 
mg/l for total PAHs. Non-aqueous  phase  concentrations  were  much  larger,  with PAH concentrations  of 
1,050-13,500 mgkg (ppm).  The  non-aqueous  phase may  comprise  as  much  as 50% or  more  by  volume 
of a waste pit's contcnts;  thus, <my asscssment of waste pit material  must  include  both  phases. It is 
possible  for PAH compounds  to  be  adsorbed  onto the  bottom  soil  in  disposal pits and to remain in the  soil 
after  water has percolated througl1, posing a long-term  groundwater  hazard.  For this reason,  abandoned 
or inactive pits must  not  be  discounted  as  potcntial  hazards to water  quality. 

Eiceman (1987) selected  one  waste  pit  in the Duncan  Oil  Field  west of Farmington for analysis 
of PAHs in  the soil at  groundwater  level. The study  area was on the San Juan River  floodplain  and  was 
similar to nearby  floodplain  sites  on  which  o\7er 1,500 othcr  wells  were  located.  Nine test pits were  drillcd 
at the site (Figure 45). The  results  indicated  that PAHs were  present  in  the soil down-gradient  from  the 
waste pit and  suggcsted that PAHs in  the  soil  system  had  limited  mobility (Table 90). The  author, 
however,  noted  that  the  pit was only 10 years old  and that in earlier  studics PAHs were  found at depths  of 
up to 1.8 meters  from  the pit bottom,  or 2.5 meters  from  the  land  surface.  In the area  of  the  Duncan  Oil 
Field, groundwater  is  encountered  from 1-1.5 meters  below  the  land  surface,  making  contamination  by 
PAHs possible (Eiceman 1987). 

The  transport of natural  gas  via  pipelines  from the field to processing plants has its own 
contaminant  hazards.  Small  leaks  due to corrosion,  impropcr  welds,  or  mechanical  failure  generally  are 
undetccted and  may  result  in  significant  contamination  over  the  course  of  time.  Large  pipeline  breaks, 
usually  the  rcsult  of  damage by cscavation  crcws, may discharge up to 40,000 liters of gas product  before 
the flow can be stopped  (Jercinovic 1982). The  more estcnsive the  pipeline  system  and the older  it is, the 
greater the  chance of product  discharge and subsequent  soil,  groundwater,  or  surface  watcr  contamination. 
In New Mexico, two major  pipclinc  projects  were  completed  in 1992, thercby  increasing  the  transport 
capacity out of the basin As of November 1 , 1992, there  were 16 natural gas pipelines  in  Ncw  Mexico 
(listed in Table 91 and  shown  in  Figurc 41) (New Mcsico Energy,  Minerals,  and  Natural  Rcsources 
Department 1992). 

Contamination  from  natural  gas  pipclincs  may  also  result from the discharge of water  used  in 
the process o€ hydrostatic  tcsting.  Hydrostatic  testing  is  the  method  by  which  natural gas pipelines  are 
cleaned  and  tested for structural  defaults.  The  method  of  testing  involves filling the pipeline  with  water 
from local sources,  pressurizing  it, and  then  dropping the pressure  in  order to locate  flaws in the  pipeline 
at  certain  pressures. The water  used for thc  testing is then  removed  with  the  aid  of  a  metal or plastic pig 
which also  serves  to cle'an condensate €om the  pipclines.  In  some  cases,  a pig is forced  through  the 
pipeline  prior to the  testing to remove a large  portion of the  condensate  in  advance. The wastes  from this 
dry-pigging process  most  likely  contain  higher  concentrations  of  those  materials  otherwise  found  in 
discharge  water  following  testing  (Eiceman  et d. 1983, Eiceman  et  al. 1984). 

New  pipelines are expected  to  contain  virtually  no  condensate,  whereas  pipelines 2-15 years in 
age may  contain  significant  volumes o€ Condensate  composcd of large molecular-weight  organic 
compounds  (Eiceman  et  al. 1984, Eiceman 1987). These  compounds  may  include PAHs, benzenes,  and 
alhylated  derivatives  @iceman ct al. 1984, Eiceman  et al. 1985). Hydrostatic  testing  can  produce  as  much 
as 2 million  liters  of  discharge  water  containing  potentially  hazardous  concentrations  of  these  compounds. 
Historically, this watcr was dischargcd  onto  the  ground  surface  or  into  unlined  holding  ponds  or  rivers 
(Jercinovic 1982, Eiccman et al. 1983, Eiceman  et  al. 1984). Discharge  onto  the  ground  surface  and  into 
holding ponds  poses  the  hazard of groundwater  contamination,  and  discharge to rivers  rcsults  in 
contamination  similar to that  of  oil spills (Jcrcinovic 1982, Eiceman et al. 1984). 

Eiceman  et al. (1983) analyzed  the  discharge  water  from  two  old  natural gas pipelines  in  the 
Southwest.  Five  samples  from  the  two  pipclines  had  total VOC concentrations of 150 mdl, 20 mgh, 13 
n@, 10 mgA,  and 7 mgA, althoush  the  authors  noted  that  fi-esh  samples  would  have  highcr  concentrations. 
In one  sample,  over 40 partially  resolved VOCs werc detccted.  Threc  classcs oiorganic compounds  based 
on benzene,  disullides,  and  alkancs  wcre  detectcd  in  the  samples.  Eiceman et al. (1984) analyzcd  several 
of the same samples and  detected  in thc  discharge  water  over 100 PAHs and  alhylated PAHs. The 
concentrations  of  thcse  compounds  in  three  samplcs  from  onc  pipeline  are  listed  and  comparcd to 
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Figure 45. Map of Eiceman (1987) test site in Duncan Oil Field, northwestern  New  Mexico. (Taken 
from Melancon et al. 1979) 
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Table SO: Concentrations (pglkg) of PAH in s o h  at  Duncan Oil Field test site 

Test Pit Number 
Compound Mass (amu)  1 2  3  4  5 6 7 8  9 

Naphthalene 128.1 
C1  -Naphthalene 142.1 
C2-Naphthalene 156.1 
C3-Naphthalene 170.1 
C4-Naphthalene 1 84.1 

Biphenyl 154.1 
C1  -Biphenyls 168.1 
C2-Biphenyls 182.1 
C3-Biphenyls 196.1 
C4-Biphenyls 210.1 

Fluorene 116.1 
C1  -Fluorenes 180.1 
C2-Fluorenes 194.1 
C3-Fluorenes 208.1 
C4-Fluorenes 222.1 

Anthracene* 178.1 
C1  -Anthracenes 192.1 
C2-Anthracenes  206.1 
C3-Anthracenes 220.1 
C4-Anthracenes 234.1 

Pyrene" * 202.1 
C1  -Pyrenes 216.1 
C2-Pyrenes 230.1 
C3-Pyrenes 244.1 
C4-Pyrenes 258.1 

Summed concentratlons 

h, 

2 

ND 
ND 

240 
230 

18 

8.4 
32 

830 
1300 
1900 

2.9 
4.9 
68 

110 
53 

0.5  1 
0.0020 

19 
24 

8.3 

2.8 
6.2 
1.4 

0.41 
0.1 9 

4900 

ND 
ND 
ND 
9.1 
39 

ND 
ND 

0.53 
11 

0.92 

ND 
ND 
12 
89 

4.5 

ND 
0.15 

5.4 
0.85 

2.3 

0.056 
0.01  3 

0.39 
0.39 

0.074 

270 

ND 
ND 
ND 
ND 

480 

7.9 
58 
40 
70 

750 

0.66 
3.9 
38 

130 
88 

0.25 
7.1 
20 
26 
10 

12 
33 
17 
17 

6.7 

2000 

ND 
ND 
ND 
9.8 
80 

ND 
15 

6.5 
10 

230 

0.032 
0.25 
0.78 

19 
0.42 

0.068 
0.034 

0.70 
0.078 

0.44 

0.030 
0.0080 

0.033 
ND 
ND 

370 

ND 
ND 
ND 
ND 
10 

2.8 
ND 
ND 
ND 
37 

ND 
1.2 
ND 
5.5 

0.72 

0.1 6 
0.20 
0.23 

0.084 
0.55 

0.072 
0.034 
0.042 
0.01  4 
0.01  2 

59 

ND 
ND 
ND 
3.9 
29 

ND 
2.3 
5.9 
16 

0.16 

ND 
0.6 1 
2.85 

18 
0.43 

0.14 
0.088 

1.4 
0.21 
0.57 

0.024 
0.01  7 
0.056 

ND 
0.004 

89 

ND 
ND 
ND 
6.1 
31 

ND 
ND 
3.1 
7.3 
83 

ND 
0.28 
0.82 

9.4 
0.26 

0.10 
0.058 

0.56 
0.1  1 
0 26 

0.043 
0.01  2 
0.023 

ND 
0.20 

140 

ND 
ND 
ND 

530 
280 

13 
18 

680 
730 
110 

0.52 
13 

120 
170 
80 

0.69 
18 
22 
27 

9.8 

1.6 
5.2 
4.3 

0.80 
ND 

3400 

ND 
ND 
ND 
1 .o 
7.2 

ND 
0.1 8 
0.62 
0.47 

0.076 
0.1 0 
0.22 

11 
0.1 0 

0.1 2 
0.032 

0.39 
0.14 
0.1 5 

0.056 
ND 

0.01 0 
ND 

22 

ND = Not  Detected 
Data  satlsfactory  to t w o  (21 slgnlflcant  flgures 

x lncludmg  phenanthrene 
* * lncludmg  benzanthracene 

Taken  from  Elceman 1987 
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Associated  Natural  Gas 
Brazos  Gas  Transmission,  Ltd. 
Comanche  Gas  Gathering 
El Paso  Natural  Gas  Company 
Gas  Company of New  Mexico 
Llano,  Incorporated  (Hadson  New  Mexico,  Inc.) 
Maple  Gas  Corporation 
Natural  Gas  Pipeline  Company of America 
Northern  Natural  Gas  Company 
Northwest  Pipeline  Corporation 
Pelto  Oil  Company 
Phillips  Petroleum  Company 
Raton  Transmission  Company 
Transwestern  Pipeline  Company  (Enron,  Inc.) 
West  Texas Gas, Inc. 
Westar  Transmission  Company 

Intrastate 
Intrastate 
Intrastate 
Interstate 
Intrastate 
Intrastate 
Intrastate 
Interstate 
Interstate 
Interstate 
Intrastate 
Intrastate 
Interstate 
Interstate 
Interstate 
Intrastate 

Taken  from  New  Mexico  Energy,  Minerals,  and  Natural  Resources  Department 1992 
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4.12.5 Non-fuel Minerals Mining 

concentrations  in  natural  gas  (Table  92)  (Eiccman  et a1. 1984.) It was  found that total PAH  content 
decreased  throughout the dewatering  process  from  32,000 pg/l at the  beginning to less than  8,000  pg/l 
toward the end  (Eiceman et al. 1984). 

New Mexico,  Colorado,  and  Utah  each  have  their OMTI regulations for hydrostatic  testing 
discharge  releases.  In  New  Mexico,  discharges  from  old  pipelines  always  require  individual  permits  and 
no  releases  may  be  made to surface water  or  the  ground  surface.  Options for disposal  include transporting 
the water to holding  ponds  at gas processing  plants  or  injecting it into a specified  class of well.  Discharge 
of water from new pipelines  requires  an  individual  permit  if  more  than  100,000  gallons of water is 
releascd,  whereas a blanket  permit  can  cover  smaller  releases.  Water  from  new  pipelines  may  be  released 
to surface  mater  or  may bc put to such  uses as agriculture  (Brown,  personal  communication).  Colorado 
has  no  specific  regulations for the  disposal of discharge  water;  discharges  simply  must  not  degrade  surface 
or groundw7ater  beyond state  standards  (Pott,  personal  communication).  In  Utah, a pipeline  operator  must 
request pemlission to dispose of discharge  water  from  hydrostatic  testing,  and  pcrmits  are  granted  on a 
case-by-case basis, depending on the  matcrial  used for the testing and  the  volume  of  discharge. All 
dischargcs to Utah surrace  waters  must  be  permitted  (Moellmer,  personal  communication). 

Only  linlited  information exists concerning  the  contamination  hazards  posed  by  natural gas 
processing  plants,  where such products as butane  and  propane are distilled. In New  Mexico  there  wcre, 
as of  late  1991,  nine  operating  plants  in  the  northwcst  quadrant.  The  intake  and  production statistics for 
thesc plants are  listed (Table 93) (New  Mexico  Energy,  Minerals,  and  Natural  Resourccs  Department 
1992).  Additionally,  there are several  abandoned  gas  processing  plants  in  the  area.  Gasoline  leaked  from 
one  abandoncd New Mcxico refinery has been  suspccted  of  contaminating a nearby  private well, where 
bcnzcne concentrations  were as high as 0.28 mgA,  or 28  times  the  New  Mexico  groundwater  standard 
(Jercinovic 1985,  New  Mexico  Water  Quality  Control Conmission 1991). Colorado has four gas 
processing plants in  Montezuma,  Dolores,  and  La Plata counties.  Thc  intake  and  production of these 
plants are listed  (Table  94)  (Colorado  Oil  and  Gas  Conservation  Commission 1993). No processing  plants 
are noted  in  Utah’s  Oil  and  Gas  Production statistics (Utah  Division oC0il: Gas,  and  Mining  1993a). 

4.12.5  NON-FUEL MINERALS MINING 
Portions of San  Juan  basin  surface  waters  have  bcen  severely  impacted by metals  mining. 

Within  the  entire  Upper  Colorado River basin,  it has been  estimated that abandoned  and  active  mines  have 
eliminated 120 niles of fisheries.  Some of the  most  hcavily  pollutcd  areas  include  the  Animas  River  and 
two  of its tributaries,  Cement  and  Mineral  creeks.  As a rcsult of pollution  from  inactive  mines,  primarily 
uranium, vanadium,  zinc,  and  lead,  the  surface  water in the San Juan  Mountains of San  Juan  County, 
Colorado,  is  among  the  most  polluted  in  the  cntire  Upper  Colorado  River  basin  (Upper  Colorado  Region 
State-Federal  Inter-Agency  Group 1971, Melancon  et al. 1979). 

Toxic mine  drainagc  results when surface  runoff  or  shallow  groundwater  percolates  through 
mine spoils or worked  ore  bodies  and  subsequcntly  experienccs a decrease in pH, an increase  in  heavy 
metals  and salts, or  both  (Upper  Colorado  Region  Statc-Federal  Inter-Agency  Group 1971, Melancon et 
al. 1979, U.S. Bureau  of  Reclamation  1992b,  Yahnke,  personal  communication).  Higher  surface  water 
flows lead  to  greater  erosion  and  flushing  of  mine  tailings (U.S. Bureau  of  Reclamation  1992b).  Irrigation 
return flows may  providc  onc  source of increased flows, although  large-scale  irrigation is not  present  in 
the  upper San Juan  basin  where  extensive  metals  mining  has  historically  occurred  (Melancon  et al. 1979). 
Although such  processes as sorption and  cation eschange would  normally  retain  trace  elements  that 
intiltrated  shallow  aquifers,  chronic  infiltmtion  could  exhaust  these  mechanisms  and  rcsult in significant 
groundwater  contamination  (Gallaher and  Goad  198  1). 

Heavy  mctal  pollution,  acid  water,  and silt from  the Sllverton mining district have  eliminated 
all  aquatic  life  for  the  first  several  miles  of the upper  Animas  River (U.S. Fish  and  Wildlife  Servicc 1993). 
Spccifically,  elevated levcls  of iron, manganese,  copper,  lead,  zinc,  silvcr,  and  arsenic,  combined  with  low 
pH, have eliminated fish, bottom  organisms,  and  insects  (Upper  Colorado  Region  State-Federal  Inter- 
Agency  Group 1971,U.S. Bureau ofRcclamation  1976,  U.S.  Bureau  of  Reclamation 1979). From 1970- 
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Table 92:  Amounts of PAHs  and alkylated PAH in samples of discharge water 
from  hydrostatic  testing of natural gas pipelines  and in  natural gas 
supplies to the laboratory 

(concentration in pgl )  * 
Max. no. 

of isomers Natural gas 
Compound detected * * A I  A2  A4  (pgkubic meter)* 

Naphthalene 1  86 57 1  50  11 
C1 -Naphthalene 2  990 99 1900  147 
C2-Naphthalene 5 2200 1300 2200  79 
C3-Naphthalene 7  4000 190 61 0 44 
CCNaphthalene 11 5000 150 170  17 

Biphenyl* * * 1  120 78  540  12 
C1 -Biphenyl 3 250 78  1 60 4 
C2-Biphenyl 7  1100 59  1  60  20 
C3-Biphenyl 5 2400 66  130 9.5 
C4-Biphenyl 4  2000 78  790 5.3 

Fluorene 
C1  -Fluorene 
C2-Fluorene 
D3-Fluorene 
CCFluorene 

1  100 7  33 2.1 
2 1100 18 17 1.7 
4 2900 46 36 2.5 
5  3000 64 40 3.8 
8  2200 71 30 3.8 

Anthracene 3 320 40 52 2.6 
C1 -Anthracene 2 740 68 48  4.2 
C2-Anthracene 4  860 120  72 5.5 
C3-Anthracene 7  90 21 46 3.6 
C4-Anthracene 10  750 78  20  1 .I 

Pyrene 
C1  -Pyrene 
C2-Pyrene 
C3-Pyrene 
C4-Pyrene 

3 860 46 22 2.3 
5 400 24 15 0.6 
5  280 26  16 0.6 
6 300 26 15 0.7 
3  250 24  17  0.8 

Total 114 32,356 2834  7649 384.7 

Data  only  satisfactory  to  two (2) significant  figures 
* ’  These  numbers  may  vary shghtly based  upon  resolution  and  asslgnment  of  ldentlty 

* x  x Quantlfied  versus  naphthalene. All others  quanltlfled  versus  deuterated PAH of same  structure 

Taken  from  Eiceman  et  al. 1984 
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Table 93: Intake  and production from gas processing  plants in northwest New Mexico, 1991 

Bannon  Energy Inc. 

Conoco, Inc. 

El Paso Natural Gas  Co. 

South  Blanco 

San Juan 

Blanco 
Chaco 

Gallup 

Wingate 

Gavilan 

Kutz  Canyon 
Lybrook 

Western Gas Processors 
San Juan  River 

Greenwood  Holdings,  Inc. 

Meridian  Holdings, Inc. 

Phelps  Dodge  Refining  Corp 

Sun  Terra  Gas  Processing  Co. 

24,399 

1,218,402 

35,218 

1,733,609 

52,675 1,781,988 

176,965,040 3,483,963 

174,945,773 
71,453,904 

--_ 
264,065 

--- 
199,677 

__- 
256,753 

64,819 

1,236,580 1,765,267 2,557,561 
tu 
P 
VI 

288,893 383 

345,975 
242,887 

696,941 
534,247 

33,818,798 
19,734,647 

242,491 
68,547 

1 1,888,432 

NW  Total 490,942,294 2,990,996 4,379,819  7,589,935 

Taken  from  New  Mexico  Energy,  Mlnerals, and  Natural  Resources  Department 1992 



Table  94:  Intake  and  production  from  Colorado  gas  processlng  plants  In the San  Juan  basin,  1991 

Cumulatwe 

January 
February 
March 
Aprll 
May 
June 
July 
August 
September 
October 
November 
December 

Totals: 1991 
New  Cumulatwe 

Cutthroat  Northern 
Montezuma  County 

Celsius  Energy  Company 
Intake  Products 
(Mcf)  (Bbls) 

1,338,934  146,771 

31,221 
36,366 
41,380 
24,985 
37,761 
37,355 
37,571 
35,735 
40,979 
33,326 
47,725 
48,551 

3,584 
4,059 
4,750 
2,634 
4,428 
4,283 
3,862 
2,690 
4,355 
3,533 
6,052 
6,280 

452,955 50,510 
1,791,889 197,281 

Cutthroat  Southern 
Montezuma  County 

Celsius  Energy  Company 
Intake  Products 
(Mcf)  (Bbls) 

1,313,613  148,033 

69,471 
56,786 
62,559 
51,846 
59,789 
58,287 
36,572 
58,088 
38,089 
35.677 
44.20  1 
36,291 

4,930 
4,141 
4,199 
3,263 
4,127 
3,975 
2,325 
3,539 
2,451 
2.099 
3,332 
3,264 

607,656 41,645 
1,921,269 189,678 

Dove Creek 
Dolores  County 

Celsius  Energy Co. 
Intake  Products 
(Mcf)  (Bbls) 

1  1,314,780  734,141 

62,523 
49,642 
48.21  8 
40,676 
44,728 
81,996 
98,174 
97,992 
65,751 

130,101 
135,489 
127,671 

1,988 
1,928 
1,670 
1,532 
1,828 
3,969 
5,607 
4,788 
3.270 
8,730 
8,147 
8,027 

982,961 51,484 
12,297,741 785,625 

San  Juan 
La Plata  County 

Northwest  Pipeline  Corp. 
Intake  Products 
(Mcf)  (Bbls) 

2,126,518,624  37,953,038 

6,670,958 
6,744,429 
7,350,758 
6,782,270 
6,150,976 
6,050,587 
5,888,561 
5,227,627 
5,442,897 
7,428,210 
4,173,304 
4,826,658 

177,263 
193,364 
221,966 
128,159 
160,345 
143.1  47 
165.1  83 

87,233 
173,534 
21  8,730 
107,834 
214,924 

72,737,235 1,991,682 
2,199,255,859 39.944,720 

Taken  from  Colorado 011 and  Gas  Conservatlon  Commlsslon  1992 



4.12.6 Uranium Mining and Milling 

1976, pH values  in  Mineral  Creek  ranged  from  5.1 to 8.8,  and a value of 4.0 was  recorded  in  Cement  Creek 
in themid-1960s  (Melancon et al. 1979). Where  the  river  enters  Animas  Canyon,  about  eight  kilometers 
downstream  from  Silverton,  tributary  streams  dilute  the  Animas to thc  extent  that  more  resilient  aquatic 
organisms  can  survive;  all  tributaries  in  the  canyon support fish lifc  except  Ten  Mile  Creek.  According 
to the FWS,  by  about 24 hm above  Durango,  where the river  enters  the  Animas  Valley,  heavy  metal 
Concentrations are  low  enough that they  apparently  no  longcr  restrict  aquatic  life (U.S. Fish  and  Wildlife 
Service  1993).  However,  the  CDOW  has  found  that  although  trout  can  survive  in  the  Animas at Durango, 
successll reproduction of trout in  this  reach  is  rare.  Brown trout may  spawn, but heavy  metals  pollution 
and siltation cause  near total mortality  of  the  developing  eggs.  As a result,  the trout fishery at Durango 
must be maintained  by  regular  stocking  (Japhet,  personal  communication). 

The  extent of  minc  tailings  pollution at a given  point  in time  is  largely  dependent  on flows. 
From  1977-1980,  high flows in the  Animas  resulted  in  significant  mine  tailings  pond  failure,  with a large 
input of heavy  mctals  upstream of  the  proposed  Durango  Pumping  Plant (U.S. Bureau of Rcclamation 
1992a). Blanchard et al. (1993) report  that  during  the  similar  period  from 1975-1980, Farmington 
municipal watcr  intake  from  the  Animas  River  was  suspended  twice  because of accidental  heavy  metal 
contributions  from  mining  areas  in  the  river's  hcadwaters  (Blanchard  ct  al.  1993).  Likewise, a decrease 
in zinc  and  cadmium  concentrations in the  Animas  from 1980 to 1992 has  becn  associated  with  lower 
flows in  the  river (US Bureau of Rcclamation  1992a). 

New Mesico, Colorado,  and  Utah  have  each  promulgated  their own rules  and  regulations for 
non-fie1  minerals  mining, but these  are  too  extcnsive for rcvicw  in this document  (Colorado  Mined  Land 
Reclamation  Board 199 la, Colorado  Mined  Land  Reclamation  Board 199 lb, Utah  Division  of  Oil, Gas, 
and Mining 1992). These  regulations  apply to current  mining  activities, but abandoned  mines  evidently 
cause the bulk of  heavy  metal  contamination in thc  San  Juan basin. In  an  attcmpt to deal w i t h  
contamination from  these  abandoned  mincs,  Colorado  is  seeking  damages  through  National  Pollutant 
Discharge  Elimination  System  (NPDES) suits from  companies  owning  mining  properties  (Department  of 
the  Interior 1987). There  have  apparcntly  becn  fcw  attempts to reclaim those abandoned  mine sites that 
persist in  contaminating  the  river  system. 

4.12.6  URANIUM  MINJNG  AND  MILLING 
Uranium  mining  and  milling  have  historically  been  significant  activities  in the San  Juan  basin, 

particularly in the  gcologic  Paradox  basin of Utah  and  Colorado.  Water  pollution  may  result €rom both 
mining  and  milling,  although  contamination  from  mining  is  rarc  whereas  contamination  from  milling is 
common. Mill  wastewaters  arc  not  only  radioactive  but  also  contain  large TDS conccntrations  and  are 
either  highly  acidic  or  alkaline.  Highly  radioactive  solid  wastes  are also generated  during  uranium  milling 
activities.  In  order to extract 1.8 kg  of  uranium,  over a ton  of  ore is dumped as tailings  and  3,275  liters 
of  wastewater  are  generatcd.  In  fact,  95%  or  more of uranium  ore  processed  bccomcs  solid  waste  (Upper 
Colorado  Region  State-Federal  Inter-Agency  Group  1971).  Uranium  mill  tailings  piles  are  easily  eroded 
and can yield  efflucnt  with  radium-226  concentrations that exceed  surface  water  quality  standards 
(Melancon ct al. 1979).  Tailings  may  also  contain  sclenium,  molybdenum,  and  vanadium (San  Juan  Basin 
Regional  Uranium  Study  1980).  Radium-226  is  the  major  radiological  pollutant  resulting  from  uranium 
mining  and  milling,  but  standards  for  both  uranium  and  radium-226  are  usually  based  on  chemical  toxicity 
rather  than  radiological hazards (Upper  Colorado  Region  State-Federal  Inter-Agency  Group  1971). 

It  is  generally  accepted  that  radium-226  sorbs  easily to sediments  and that stream  sediments  act 
as radium  reservoirs  (Gallaher  and  Goad  198  1).  Kunklcr (1979) rcports  that  some  river  sediments may 
have a nearly X i i t e  capacity to sorb  radium-226.  One  sediment  sample  collectcd  from the Animas  River 
near  the  inactive  uranium  mill at Durango  had  radium-226  activity of 800 pCi/g.  According to Kunkler 
(1979), one liter of this  sediment  would  have  the  activity  of  scvcral  thousand  liters  of  millpond  acid. 
Highly contaminatcd  scdiments  may  desorb  radium-226,  and  the  release of radium  from  sediments is 
stimulated  by  increased  velocities  and  turbulence  (Valdez  ct al. 1992). Studies  have  indicated  that  algae 
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4.12.6 Uranium Mining and Milling 

and some aquatic animals  can  assimilate  radium-226,  although the mechanism lor assimilation is not 
kn0Wn. 

Uranium  mining  and  milling  within the San  Juan  basin  have  come  to a standstill as a result o i  
recent  changes in market  demand.  Underground  uranium  mining  in the U.S. stopped in late 1990  and  early 
1991 when  the White Mesa  mill at  Blanding,  Utah  wcnt  on  standby;  among thc affected  mines  were those 
in  the Uravan  mineral belt of  southwestern  Colorado (and southeastcrn  Utah  (Chenoweth 1992). New 
Mexico  still  produces  uranium,  although  only a small  fraction has ever  been  produccd  within  the  San  Juan 
basin. New  Mexico's  primary  uranium-producing  area is thc Grants Mineral  Belt,  which is within the 
geologic San Juan  basin  but sits  just to the south ofthe San  Juan  River basin. Within the San  Juan  River 
basin, a  limited  amount  of  uranium  mining has occurred  near  Shiprock  (O'Brien 1987). No  uranium is 
prcsently  bcing  mined in either  Colorado or Utah  (Chenoweth  1992, Utah Division of Oil, Gas, and  Mining 
1993b). 

Although there are currently  no  active  uranium  mills in the  basin,  contaminant hazards from 
historic milling  activity  may  remain.  The  White  Mesa  mill was, prior to 1990, a significant producer of 
uranium as well as vanadium;  in  1989 it rcccived  ore froin more  than 20 separate mines,  approximately 
15  of  which  were  in the Uravan  mineral belt (Chenoweth 1989, Chenoweth 1990). The  most  productive 
uraniumperiod  in the basin, though, was much  earlier, fi-om 1944-1966. In  those  years, 13 properties in 
Monument Valley, which straddles the Utah-Arizona  border,  produced 322,802.07 pounds of uranium 
oxide  (Figure  46). By 1966  all oithe economic  ore was mined out in the valley  and thc mines  have  been 
inactive since (Chenoweth 1991). Up  through 1965 there  were  seven  mills  in operation in the upper 
Colorado  River  basin,  including  mills  in  Moab,  Mexican Hat, and  Shiprock (Upper  Colorado  Region State- 
Federal  Inter-Agency  Group 197 1). 

The mill that has received the most  attention  in the basin  is perhaps the uranium  mill  on the 
Animas  River at Durango (see ANIMAS-LA  PLATA  section 4.8.6 for further background  and  data). 
From  1948 to 1963 the mill was in  continuous  opcration,  processing 500 tons of ore a day for recovery 
of vanadium as vanadium oside and  uranium as uranium  oxide.  In 1958 and 1959, studies were  conducted 
on  thc  effects of thc mill on Aninlas  River fauna. It was found that populations o i  bottom  organisms in the 
river  above the mill  were  similar to those in thc Florida  River  and  Lightner  Creck.  The  west side o i  the 
Animas, conversely, supported no  bottom  l'auna,  and  sevcral  large  dead  suckers  were  observed  lodged in 
the  middle of the  river.  The  study  revealed that bottom iauna populations, as well as insects important as 
fish  iood,  were  virtually  eliminated  by  mill  wastes for almost 30 miles  downstream  from the mill  site.  In 
1959  the mill instituted pollution  abatement  measures that evidently  led to limited  watcr  quality 
inlprovement  (Anderson et al. 1963). 

About  98%  of  radium-226  in  uranium  ore  remains  undissolved  through  the  milling  process.  If 
ore solids are discharged to the surface watcr,  radium  may  lcach  out lor many years. This is apparently 
the  mechanism  by  which  dissolved-radium  levels  bccame  elevated in the Animas  River. In 1958, Animas 
River  water  near the Durango  uranium  mill  had  dissolved  radium  conccntrations of 12.6 micromicrogrand 
(12.6 picograd); in comparison,  unpolluted  Colorado  River  basin  water at that time  averaged  0.2 
micromicrograms/l.  Likewise,  the  natural  background  radium-226  concentration  in  sediments  within the 
Colorado  River  basin  averaged  1.6  micromicrograms/gram,  whcreas  Aninlas  River  sediment  containcd 800 
micromicrogmms/gram  (Anderson  et al. 1963). 

Andcrson et al. (1963) conducted fish bioassays on composite  samples of juvenile fish and on 
individual  suckers  fi-om  the  Animas  River as  ell as fiom the  San  Miguel  and  Dolores rivers. Radium-226 
concentrations  werc  determined  in the fish (Table 95) as wcll as in  associated algae, water,  and  sediment 
samples  fi-on1  each site (Tablc  96).  The  natural  radium-226  contcnt of juvenile fish from unpolluted  water 
averaged  0.44  micromicrograms  per  gram of ash, with a range of 0.1-0.9 In comparison, juvenile suckers 
fiomseveral polluted  locations  had 3.4-47 micromlcrograms  per  gram  of  ash,  or  about 10-100 times  the 
levels in fish from  unpolluted sitcs (Anderson  ct  al. 1963). 

As noted in section  4  8.6, radium-226 levels  in the Animas  River  at  Durango  declincd 
significantly with closure o i  thc  mill in 1963. No information  is  apparently available concerning  historic 
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Figure 46. Map of Monument Valley showing  the  location of early  carnotite teases. (Taken from 
Chenoweth 1991) 
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Table 95: Radium-226 content in fish, as measured by Anderson et  al. (1 963) 
Single determinations 

Location Station No. * Type* Radium-226" * * 

Animas River, 1 juvenile suckers (1 0) 
1958 juvenile brook trout (1 0) 

juvenile dace ( I O )  
juvenile sculpin (1 0) 
juvenile fathead (1 0) 
juvenile brook trout  (5) 
juvenile suckers (1 0) 
juvenile dace ( I O )  
juvenile sculpin (1 0) 
juvenile fathead (1 0) 

2 

San Miguel River, 1 

3 
1956 

Dolores River, 11 
1956 

Animas  River, 1 

2 
1958 

5 

juvenile suckers (9) 
juvenile dace (6) 
juvenile suckers (1 0) 
juvenile bonytails (6) 
juvenile dace (6) 

0.4 
0.1 
0.9 
0.2 
0.6 
3.4 
24 
19 

4.5 
10 

0.6 
0.3 
14 

5.7 
10.6 

juvenile suckers (1 0) 47 

sucker flesh 
sucker  skeleton 
sucker flesh 
sucker  skeleton 
sucker flesh 
sucker skeleton 

0.1 
5.0 
1.4 
8.9 
0.9 
7.7 

San Miguel River, 1 sucker skeleton 0.2 
1956 3 sucker skeleton 1.7 

* Refer to Table 96 for  station  locations  and  concentration of rad~um-226 in associated  water 

and  sediment. 
* * Numbers In parentheses  refer  to  number of lndlviduais  in  the  composlte  sample. 

Lack of parentheses  Implies  only  a  slngle  Individual  analyzed. 

* * *  Micromigrograms  per  gram of ashed  weight. 

Taken  from  Anderson  et  ai.  1963 



Table  96:  Radium In algae, water,  and  sedlment, as measured  by  Anderson  et al. (1963) 
Results of single  determinations 

Statlon Rad~um-226 concentratlon 
Location No. Aloae*  Water x x Sediment# 

Animas River - 
1 .O mile  above 
pollution 
(summer  1958) 

(summer  1958) 
Florlda  River  (tributary) 

Animas  River - 
2.0 mdes below 
pollutlon 
(summer  1958) 

Animas Rlver - 
23 miles  below 
pollution 
(summer  1958) 

Animas River - 
28 miles  below 
pollution 
(summer  1958) 

Anlmas River - 
59  miles  below 
pollution 
(summer  1958) 

Animas River - 
Aprll  1959 

San  Mlguel Rwer - 
(1956)  above  pollutlon 
(1  955) 

Animas River - 
(1  955)  above  pollutlon 

Animas River - 
(1955)  0.5  mile  below 
pollution 

(1955)  1 .O mile  below 
pollution 

(1956)  4.4 mdes  below 
pollution 

(1956)  8 9 miles  below 
pollution 

Dolores  Rwer - 
(1956)  38  mlles  below 
pollutlon 

San  Miguel River - 

San  Miguel Rlver - 

San Mlguel River - 

1 

3 

6 

1 
none 

1 

none 

none 

2 

3 

11 

10  (1 7) 
3.6  (31) 
3.0 (24) 
2.8  (1  7) 
2.0 (6) 
2.9  (54) 
4.9  (21) 
8.2 
400 
180  (1  600) 
61 ## (4070) 
530  (41  70) 
96 
210  (2380) 
190  (860) 
110  (1250) 
93  (780) 
11  5  (960) 
57  (820) 
93  (1  080) 
14  (55) 
13  (110) 
23  (1 90) 
30 (1  10) 
3.3 

880 
500 
390 
100 

2.2  (14) 
5 

6 

660  (2600) 

560 (1420) 

3500  (10,500) 

200 

350 

0 5  
0.6 
0 5  
0.7 
0.1 
0.7 
0.2 
0.3 
10 5 
15.5 
9.1 
15.5 
7.2 
8.4 
5.7 
7.4 
8.1 
8.7 
6.3 
7.2 
2.9 
3 4  
2 8  
2.7 
0 1  
0 1  
24 
19 
16 
6 7  

0.2 
0.3 

0.2 

3.3 

9 4  

22 

7.2 

32 

1.5 
1.8 
1 7  
1.8 
1.2 
1.4 
2.4 
1.1 
230 
240 
100 
115 

60 
46 
49 
49 
57 
23 
19 
32 
29 
13 
10 
1.1 
1.1 
600 
250 
140 
44 

1 2  

2100 

7 8  

24 

* Micromicrograms per gram of ashed  welght.  Parenthetlcal  flgure  is  gross alpha 
actlvlty  In  micromicrocurles per gram 

* *  Two-week  composlte  samples.  Mlcromlcrograms  dlssolved per liter 

## This  result  clearly  eronneously  low 
# Mlcromicrograms per grams of dry  weight 

Taken from  Anderson e t  al. 1963 
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4.12.7 Coal Mining 

contanination of other  mills that opcrated  in  the  San  Juan  basin.  Because  all of the  mills  were  closed  by 
1969, the  chance  of  ongoing  contamination  has  presumably  dccreased  with  time  (Melancon et al. 1979). 
As of 1983, radioactive  values  within  the  San  Juan  basin  were  generally  within  the  limits of surface  water 
standards (Roybal et al. 1983). Median  concentrations of dissolved  radium-226  arc  similar  throughout 
the  basin,  although  about 58% of all San  Juan  basin  radium  originates  from  the  Animas  River  basin,  which 
constitutes only 10.5% of the San  Juan  basin's  total  drainage  area  (Goetz  and  Abeyta 1987). Reccnt 
sampling  of  the  Dolores  River  by  Valdez  et al. (1992) found  sediment  radium  concentrations to range  from 
6.2-8.0 pCiIg,  with  one far  outlying  value of 20.4 pCi/g.  These  values  are 3-3.3 times  background  radiation 
levels. Since the closure of the  Uravan  Mill  in 1970, radium  sediment  conccntrations  have  gradually 
decreascd in the Dolores,  although  existing  radium  has  apparently  migrated  downstrcam  (Valdez et al. 
1992). Thc effect of Dolores  River  radium on thc  San  Juan  River  basin is undetermined. 

4.12.7 COAL  MINING 
Within  the San Juan  River  basin,  the  Mesaverde  Group,  the  Fruitland  Formation,  and  the  Dakota 

Sandstone  are the primary  sources  of  coal  (Roybal et al. 1983). The Fruitland  Formation is the  most 
productive,  pasticularly for strip mining  (Stone ct al. 1983). Strippable coal  deposits cross the San Juan 
Rivcr  in the western part of the basin  and  are also located  in  the  southern part of the  basin  in the Chaco 
River  area  (Roybal  et  al. 1983, Goetz and  Abeyta 1987). 

There  are  currently  four  active cod mines in the San Juan  River  basin,  three  in  New  Mcxico  and 
one in Colorado (New Mexico  Energy,  Minerals,  and  Natural  Resources  Department 1992, Colorado 
Division of Mines 1993). The tw70 largest,  the  San  Juan  and  Navajo  mines,  are  both strip mines in New 
Mexico  within  the  Fruitland  Formation  (Figure 47) (New  Mexico  Energy, Minerals,  and  Natural  Resources 
Department 1992). The Navajo Mine is located  south of the San Juan  River  along  the  Chaco  River,  and 
the San Juan  Minc is north  of  the  San  Juan  River  near  Shumway  Arroyo  (Melnncon  et  al. 1979). The La 
Plata Mine, also a strip mine  in  the  Fruitland  Formation, is located just north  of La Plata, New  Mexico 
(Stone et a]. 1983, New  Mexico  Energy,  Minerals,  and  Natural  Resources  Department 1992). FOLU 
additional  mines  are  eithcr  permitted  or  undcr  reclamation  within  the  New  Mexico  portion  of  the  basin. 
The only active mine in Colorado is the  underground  King  Coal  Mine,  located  near  Hesperus;  two 
additional  mines  have  recently  become  inactive,  the  Chimney  Rock  and  Carbon  Junction  Mines,  in 
Archuleta  and La Nata  counties,  respectivcly  (Ranney,  personal  communication).  There is no coal  mining 
in the Utah portion  of  the  basin  (Gnlbaugh-Littig,  personal  communication). 

The New Mexico portion of the  San  Juan  basin  contains at least 180 billion  tons of coal 
resources and ncarly 9.5 billion  tons  of  surface-minable  rescrvcs  (New Mesic0 Energy,  Minerals,  and 
Natural  Rcsources  Department 1993). Coal  production statistics for New  Mcxico  coal  mines  from 1986- 
1991 are listed to show  reccnt  trends  (Tablc 97) (New Mcsico Energy,  Mincrals,  and  Natural  Resourccs 
Department 1992). No  ycarly  statistics  arc  available  for  thc King  Coal  Mine  in Colorado, but from  January 
through April 1993 the  mine  produccd 57,675 tons of coal  (Colorado  Division of Mines 1993). 

Coal is transported  either  by  rail  or  truck,  although  the  Navajo  and  San  Juan  Mines  are  both 
mine-mouth operations  with  their  associated  powerplants  located on the same site (New  Mexico  Energy, 
Minerals,  and  Natural  Rcsources  Department 1993). The transport of coal  can pose serious  contamination 
problems ranging from erosion  during  road  construction to spillage  of  waste  products  (Melancon et al. 
1979, Gemard et al. 1983). 

Coal  mining  operations,  particularly  strip nines, have  the  potential for significant  surface  water 
contamination.  Mine  drainage  poses  the  largest  hazard,  as  it  can  be  acid  and  high  in  dissolved  solids.  Acid 
mine drainage is generally  not of concern  in  the Sa11 Juan  basin  because  overburdcn  high  in  carbonates 
results  in alkaline drainage that ncutralizes  the  acids  formed by the oxidation of pyrite  in  coal  (Upper 
Colorado  Region  State-Fcdcral  Inter-Agcncy  Group 1971. New  Mcxico  Governor's  Energy  Taskforce 
1975, Gemard  et  al. 1983). Alkaline  conditions,  though, may enhance  the transport of contaminants  such 
as molybdcnunl,  fluorine,  boron,  arscnic,  sclenium,  sulfate,  cadmium,  and  mercury. 
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2. 
1. 

3. 
4. 
5. 
6. 
7. 
8. 

A Permitted or Under ReelematiQg 

Black Diamond (Baroid Drilling Fluids, Inc.) 
Mentmom (Carbon  Coal  Company) 
Fence Lake No. 1 (Salt River Pro jec t )  
Carbon No. 2 (Carbon Coal Company) 
Burnham (Connolidation Coal  Company) 
De-Na-Zin (Yampa hfining Company) 
Gateway Wampa Mining Company) 
York Canyon Underpound (pittaburg & Midway Coal Mining Co.) 

1. 
2. 
3. 
4. 
6. 
6. 7. 
8. 

1. 
2. 

O A a h H i W a  
York Canyon Surface (Pithburg 8 Midway  Coal Mining Co.) 

Navqio (BHP Miner&) 
Lee Ranch (Santa Fe Padfie Coal Corporation) 
MeKinloy (Pittabtug & Midway  Coal Mining Co.) 
cimarmn Underground Bittaburg & Midway  Coal Mining Co.) 
La plats (Sari Juan Coal  Company - BHP Mineralr) 
An& Surface (Pithburg & Midway  Coal hfining Co.) 

8an J ~ a n  (6an J ~ a n  Coal  Company - BHP Mhm&) 

H Permit Revoked 

Arroyo No. 1 (Arroyo Mhiug Co., Inc.) 
Trer  Hennanos (Caeku Industries) 

Figure 47. Map Of coal mines  and  major coal fields in New Mexico. (Taken from New  Mexico  Energy, 
Minerals, and Natural  Resources  Department 1992) 
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Table 97: Coal  production, in tons, by mine in New  Mexico, 1986-1  991 
County  Mine 1986  1987  1988  1989  1990  1991 

Catron 
Colfax 
Colfax 

Colfax 
McKinley 
McKinley 
McKinley 

San Juan 
San Juan 
San Juan 
San  Juan 

p3 
VI 
P San Juan 

Fence  Lake #1 
York  Canyon  Surface 
Cimarron  (Upper  York 

Exploration) * * 
York  Canyon # 1 *  * 
McKinley 
Mentmore 
Lee  Ranch 
Navajo 
San Juan 
De-Na-Zin 
Gateway 
La Plata 

NP 
928,574* 
570,436" 

193,983" 
4,798,744 
401,399" 
1,525,615 
6,841,000 
5,215,966 

3 1,378 
188,168 
594,643 

100,036 
920,617* 
604,807 * 

NP 
3,563,360 

Closed 
1,972,971 
7,343,000 
3,128,220 

51 ,I 85 
172,324 

1,628,034 

Closed 
621,030* 
221,81 O* 

NP 
5,092,179 

Closed 
2,107,104 
9,087,000 
2,847,000 
106,l  13 
1 1  6,485 

1,538,133 

Closed 
454,922* 
45,036* 

NP 
5,841,496 

Closed 
2,341,709 
8,874,000 
4,737,379 

Closed 
Closed 

1,467,309 

Closed 
579,931 * 
72,961 * 

NP 
5,738,231 

Closed 
2,704,889 
8,670,000 
4,572,231 

Closed 
Closed 

1,908,093 

Closed 
790,267* 
25,056* 

NP 
5,234,896 

Closed 
4,116,702 
7,385,000 
2,920,611 

Closed 
Closed 

1,054,097 

NP = No productlon 

Tons  remalning  after  washing 
* Underground mines 

Taken  from  New Mexlco Energy,  Mlnerals.  and  Natural  Resources  Department 1992 



4.12.8 Coal-fired  Powerplants 

Unlike  acidity,  high TDS concentrations  arc a significant  problem  in  San  Juan  basin  coal  mine 
drainage.  Studies  of  Navajo  Mine  suggest  that  spoils  runo€I  is  particularly  high in sodium  and  chloride, 
and high TDS concentrations  recorded  in  Shumway  Arroyo haw been  attributed  in part to drainage  from 
the San Juan  Minc  (Mcwhorter et al. 1975, Mclancon ct al. 1979).  Sediment  loads  in  mine  drainage also 
tend to  be elevated  and  can  be as much as 1000 times  grcater  than  in  undisturbed  areas  (Gernard et al. 
1983). 

Strip mining,  which  predominates  in  the San Juan  basin,  must  necessarily disturb large  areas 
of  kmd, resulting  in  high rates of  erosion.  Strippable  coal  deposits  arc  normally those at least 0.9  meters 
thick with less  than  76  meters of overburden  and  dipping  less  than  8  (Kelley 198 1). The process o€strip 
mining  includes  the  clearing  of  vcgetation  and then the  cutting of a trench  through  the  overburden to expose 
the  coal.  Nex-,  the  overburden  is  placed nest to the  trench to €orm a spoil b‘ank. Aftcr the  coal is extracted 
from thc first trench, a second  trench is cut  and  its  overburden is dumped in the first trench.  The  final 
result is a high spoil bank, a series of ridges,  and an open  trench  at  the  end  (New  Mexico  Governor’s 
Energy Task Force  1975). State and  Fcderal  regulations  require that strip mines  in  semiarid  landscapes 
be restored to prcdesignated  conditions  in  order to rcduce  erosion  and  sediment  yicld  from  the  areas, but 
even properly  reclaimed  land may produce nmoffwith extremely  high  sediment  loads  (Wells  and  Rose 
1981, Gernard et al. 1983). 

Water is  used €or a variety of purposcs  in  coal  mining. Strip mining  requires  approximately 
54.2-61.8  thousand  liters  of  water  per  kilogram of coal  mined  (Mclancon et al. 1979). The  irrigation of 
reclaimed  lands  is  also amajor water  user;  more  than  2,000  acre-€ect (2.5 million 111’) of  water a year  had 
been used at  the Navajo Mine  by  1983 for this  purpose.  Water  is also used for washing  coal  and 
controlling dust on  mine  roads  (Stone et al. 1983). 

Limited  data  exists  for  the  erfects of San  Juan  basin  coal  mines  on  basin  surface  water  quality. 
As part of an  Environrncntal  Impact  Statement  prepared  by  the BLM for cod leasing  alternatives  in  the 
New Mcxico  portion of the  basin,  surface runoff from reclamation  plots at the  San Juan and Navajo Mines 
was collected immediately  downslope €rom the  plots.  The  data  show that the  concentrations  of  most 
chcmical  constituents were within the range  found  in  streamflows,  with  pH  values  slightly  lower  and  some 
trace elemcnt conccntrations  slightly  higher in streamflows  (Appendix  253) (U.S. Bureau  of  Land 
Managemcnt 1984). Further  data  also  suggest  that  the  reclamation OF mined tracts has succeeded  in 
decreasing  sediment  yicld (Appcndis 25b) (U.S. Bureau  of  Land  Managcment 1984). 

Goetz  et al. (1987)  attcmpted to dctermine  the  effects of coal  mine  and  power  generation  effects 
on  water  quality  in  the San Juan  basin  above  Shiprock.  Sur€ace runoff €rom the San Juan  Mine  and runoff 
from  part or the  Navajo  Mine  drain to the  San  Juan  River,  and  the  Chaco  River  receives  the  remainder  and 
m7jority ofrunoff lion1 the  Navajo  Mine.  Becausc  coal  mining  began in the  study  area  in 1963, Goetz et 
al. divided  historic  data  into  pre-  and post-1963 pcriods. Rune€€ samples  were  collected  from  mine- 
reclamation  plots  at  both  the  San  Juan  and  Navajo  Mincs as wcll as at the  San  Juan  River.  The  available 
data did  not  permit  the  researchers lo scparale the  el’rccts of the  coal  mincs  from those of urbanization, 
agriculture,  and  othcr  basin  dcvelopments. 

Scverson  and  Gough (198 1) compiled  similar but more  detailed  data  than  Goetz et al. (1987) 
for reclaimed  plots  at  thc San Juan  Minc  (Appendix  26). The  data  indicate  that  mine  spoil  had  extractable 
coppcr,  iron,  lead,  and  zinc  lcvels  3-5  times  grcater  than  those of the  associated  topsoil. The combination 
of runoff and  shallow  groundwater  affected by  lcachate  has  potcntially  increased  concentrations  of  these 
elements in the  San  Juan  River  (Goctz et al. 1987). 

4.12.8 COAL-FIRED POWERPLANTS 
Until  thc 1 9 6 0 ~ ~  the  San  Juan  basin  contained  littlc  industrial  activity  outside oimining. With 

the  developrncnt of the  Four  Corners and San Juan powerplants  and  their  associated  coal  mines,  energy- 
related  business  grew  dramatically  (Joseph  and  Sinning  1977).  The  two  powerplants  are  cxtremely  large: 
the  Four  Corners  plant  has a gcnerating  capacity of 2,269 mcgamtts, and  the  San Juan plant has a capacity 
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4.12.8 Coal-fired Powerplants 

of 1,710  megawatts  (New  Mexico  Energy,  Minerals,  andNatura1  Resources  Department 1992). Fossil fucl 
combustion is the largest energy-related source of trace clement  emissions to the atmosphere,  and  thcse 
elements may contaminate surface water  through \ret or dry deposition  (Hunn et al. 1987). Coal is 
enriched in selenium  and  arscnic,  and the two  San  Juan  powerplants  may  be  adding  these  elements  and 
others to the basin’s  water.  Moreover,  blowdown  water  from the Four  Comer  Powerplant’s  cooling 
reservoir is released to the San  Juan  River  via  Chaco  Wash  and is fi-u-ther adding contaminants to the 
system (National Fisheries  Contaminant  Research  Center  et al. 1991). 

The  Four  Corners plant and  thc  Navajo  Mine  together  make  up  the  world’s largest contiguous 
coal mine and  electrical  power  generating  complex (Stone et al. 1983). The  plant,  located  near  Fruitland, 
began  operation in 1963 and utili7~s pulverized  coal for its generating  units  (Wiersma  and  Crockett 1978, 
Melancon et al. 1979). The plant has relativcly short stacks; two are 76  mctcrs  high  and  two  are 91 m 
(Wiersma  and  Crockctt1978).  The  only  study  conductcd  on  tracc  element  soil  concentrations  around  the 
plant  measurcd for zinc,  lead,  copper,  and  cadmium  (Wicrsma  and  Crockett 1978). Comparing the Four 
Comers soil concentrations to thosc of  othcr  powerplants, the study  concluded that only  cadmium was 
elevated. However, the study did not compare thc soil  concentrations  to  background  concentrations 
elsewhere in the  San  Juan  basin,  nor  did it measure  for  trace  clcmcnts  of  special  concern  such as selenium, 
arsenic,  and  mercury. 

The  Four  Corners  plant  \vithdraws  29,000 acrc-€kt (35.7  million m’) or water per ycar  from the 
San Juan  River  and  returns  about  12,000  acre-feet  (14.8  million m’) of water (U.S. Bureau  of  Reclamation 
1993).  Water  is  uscd largel>J for  boiler  feed  and for supplying  Morgan  Lake, a 1,200  acre  man-made  lake 
that  serves as the Four Corners plant cooling  reservoir  (New  Mexico  Water  Quality  Control  Commission 
1976,  Stonc  et al. 1983). When  TDS  concentrations  in the lakc  reach  1100-1200 mgA, the lake is blown 
down; this blow  down rcsults in a return to the San  Juan  River  of approsimatcly 7,300 acre-feet (9.0 
million m’) of water per year (U.S. Bureau  of  Reclamation 1976, New  Mexico  Water  Quality  Control 
Commission 1976). The lake is blown  down approsimately every  three  monlhs  (Melancon ct al.  1979). 

Constituents in plant efflucnt discharged to Morgan  Lake  include,  among others, lime,  alum, 
salt, sulfuric  acid,  and  sodium  hydroxide  (Melancon et  al. 1979). A fair amount  of  data has been  compiled 
on  the  lake’s  water  quality.  The U.S. Bureau of Reclamation (1976) has compiled trace element  data for 
the lake ecosystem  compartments  (Tablc 98), for  the  water  quality olscepage from  Morgan  Lake (Table 
99),  and  for  lllc  water  quality  of surfacc runoff from  the  facility (Table 100). Morsan  Lakc  fish  have  been 
found to contain  high  levels of mercury  in  their flesh, which  may  be a rcsult or high  mcrcury  emissions 
from the plant’s stacks. In 1971, thc  plant  released  approximately 1,900 kg or mercury to the  air 
(Melancon et nl. 1979). 

The  Four  Corncrs  facility  includes  fivc  ash  settling  ponds  that  are  used to eliminate particulates 
fiom  ash  eMuents  but  which also may  contain  thickeners  and  hydrobins.  Seepage  and  decant  water  €rom 
the ponds  flow  through the ground or are  dischargcd  directly to Chaco  Wash. On average,  Chaco  Wash 
receives about  140-200  acre-feet (173,000-247,000 111’) per  month of fly ash  pond  decant  water ( U . S .  
Burcau of Reclamation 1976, New  Mexico  Water  Quality  Control  Commission 1976). 

The  watcr that the plant withdraws  from  the  San  Juan  River has a TDS  conccnlration of about 
350 mg/l,  while  the  water that is returned to thc river has a concentration or about  720  mg/l. Estimates 
o€ the increase in TDS  levels in the San  Juan  River  at  Shiprock as a result  of  the  powerplant  range €rom 
5-54 mg/l (U.S. Bureau  oiRcclamalion 1976, New  Mexico  Water  Quality  Control  Commission 1976, 
Mclancon et al. 1979). The EPA has waived  the  powerplant  from  meeting  xcro-dischargc standards 
because the rcturn flow water qualit37 is apparently  acccptable  and  because it would be  impractical to 
contain thc return flows (U.S. Bureau oiRcclamation 1993). 

The  Chaco  River is naturally  ephemeral, but as a result oIFour Corners  Powerplant  discharges 
there is now  perennial  flow  in the last 12.5 miles  of the river  (Myers  and  Villanueva 1986, Goetz ct al. 
1987, Liebcrmann et al. 1989). The  base flow in the rivcr is maintained at 15 ft’hec.  Occasional,  intcnse 
rainfall  supplies  additional flow. The  mcan  annual  dissolved  solids  conccntration  in  the  river  is 801 mg/I 
(Liebermann  et al. 1989). Upstrcam  from  the  powerplant  Chaco  River  water is dominated  by  sodium 
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Table 98: Selected  trace  element  concentrations in ppm in Morgan Lake  ecosystem 
"Intake" 

lake Net Aquatic  Largemouth  bass  Bluegill  sunfish  Channel catfish Tilapia 
Element water Plankton  plants  liver flesh liver flesh liver  flesh  liver flesh Sediment 

Arsenic 
Antimony 
Aluminum 
Beryllium 
Boron 
Bismuth 
Barium 
Cadmium 
Chromium 
Copper 
Calcium 
Cobalt 
Fluoride 

Lead 
Manganese 
Magnesium 
Mercury 
Silicon 
Selnium 
Tin 
Titanium 
Vanadium 
Zinc 
Zirconium 

rd 
Ln 
4 Iron 

< 0.01 
0.007 
0.35 
<0.1 

2 
<0.1 
<3 

< 0.001 
< 0.02 
0.1 
93 
< I  
2.3 

<0.1 
<0.001 

<0.1 
43 

< 0.001 
4 

0.001 
<0.1 
<0.1 
<0.1 

< I  
<0.1 

0.57 
< 60 

> 2,000 
7 
60 

<IO 
300 
< 60 
40 
35 

> 1,000 
15 
24 

> 1,000 
50 
100 

4,000 
1.4 

> 1,000 
3.4 

> 20 
> 1,000 

60 
150 
200 

1.8 
< 20 

> 1,000 
1 
30 

< 10 
80 

< 20 
60 
70 

> 1,000 

21 
> 1,000 

25 
200 

> 5,000 
0.04 

> 1,000 
11.3 
< 20 

> 1,000 
25 
50 
80 

< 0.06 
<3 
20 

<0.1 
8 

<I 
< 10 

< 3  
<2 
15 
200 
<I 
10 

230 
0.5 
4 

1 50 
0.39 
40 
0.4 
< I  

1 
10 
8 

< I  

< 0.03 
< 3  
21 

<0.1 
2 

< I  
< 10 
<3 
<2 
2 

500 
<I 
1.7 
13 
0.5 
0.6 
300 
0.1 8 
55 
0.4 
<I 
< I  

<0.5 
8 
3 

0.09 

20 

~ 0 . 3  
< 0.3 
< 10 

90 

940 

7.7 
20 
2.2 
2 
2 

22 

0.08 
<3 
3 

<0.1 
C0.3 
< 0.3 
< 10 
<3 
<2 
3 

> 500 
<I 
7.7 
4 

1.5 
1.5 
600 
0.1 8 
30 
0.3 
<I 
2 

< 0.5 
7 
3 

1.1 <0.04 <3 
<3 <3 
10 

<0.1 < I  
4 

< I  
< 10 
<3 <3 
<2 2 
2 

> 500 
<I 

28 3.5 
13 940 
0.5 0.3 

1 0.5 
400 100 

0.6 ~0.02  ~0.2 
3% 

6.4 0.1 

2 
< I  2 

<0.5 8 
5 22 
10 

<3 
<3 
3 
< I  
0.3 
< 0.3 

1 
2 

6 
0.3 

< 0.5 
200 

20 

<I 
2 

< 0.3 
6 

2.7 

100,000 
< I  
160 
< 10 

105 
120 

> 50,000 
28 
65 

50,000 
16.9 
390 

10,000 
< 0.05 

1 00,000 
5.4 

< 30 
30,000 

65 
40 
300 

Taken  from US. Bureau of Reclamatlon 1976 



Table 99: Water quality  of seepage from Morgan Lake  and  ash ponds (including ash  pond 
effluent) 

Morgan  Lake 
Ash pond seepage Ash pond effluent** seepage 

Constituent 1971 # 1971 # 1973"  1971 ## 1972-73#  1973 

PH 
Ca 
Mg 
Na 
K 
F 
Sr 
Ba 
B 
Li 
Si 
Zn 
c u  
Pb 
Bi 
As 
c o  
Mn 
Fe 
Sb 
Cd 
Ni 
Mo 
Hg 
TDS 

8.3 
500 
1000 
21 00 
23 
1.4 
2.8 
0.04 
0.24 
0.64 
8.1 

< 22 
< 25 
<5 

<0.40 
<I20 
<I 
20 

1 60 
<I2 
< 25 
20 
6 

0.5 
13,300 

7.9 
430 
1100 
2200 
20 
0.7 

8.3 

0.0 
13,900 

7.9 
335 
1023 
3965 
91 
0.5 
4.7 
< I  
0.7 
0.57 
14 
103 
3.4 
0.89 
<0.5 
< 5  
< I  
443 
244 
<0.6 
0.42 

< I  
3.6 
< I  

9898 

11.3 
240 
0.1 
170 
6.6 
1 .o 
0.8 
0.12 

1 .o 
0.08 
14 

< 22 
<3 
<5 

< 0.4 
<I20 
<I 
<5 
60 

<I2 
< 25 

3 
30 
0.0 

1100 

8.47  7.7 
563  332 
102  2900 
294  9920 

115 
1.4 
7.3 
< I  

<o. 1 
0.93 

51 17 
60 
13 

< 0.25 
<0.5 
<5 
< I  
38 
115 
~ 0 . 6  
<0.1 

7 
12.5 
<I 

3248  20,345 

* Average of 4 samples 
* *  Average of 16 samples 
# Arizona  Public  Service  Company files 

## U.S. Geological  Survey,  Albuquerque, NM,  open files 

Taken  from U.S. Bureau of Reclamation 1976 
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Table 100: Water quality of runoff, impoundments,  and shallow 
wells upstream (south and  east) of powerplant, 1973 

Constituent Runoff * * Impoundment* * Shallow well# 

PH 
Ca 
Mg 
Na 
K 
F 
Sr 
Ba 
B 
Li 
Si 
Zn 
cu 
Pb 
Bi 
As 
co 
Mn 
Fe 
Sb 
Cd 
Ni 
Mo 
Hg 

388 
41 

1292 
80 

1 .I3 
2.9 
< 1  

0.04 
1 1  
86 
33 
30 
6.6 
< 5  
< I  
4.4 
71 

<0.6 
5.9 
3.8 
<3  
<I 

125 
14 

323 
69 
81 
0.4 
< I  

<0.1 
0.05 
12 
133 
18 

0.43 
2.4 
<5 
< 1  
20 
76 

<0.6 
1 

< 1  
3.5 
< I  

7.68 
153 
31 
63 1 
1 1  
1.8 
2.7 
< I  

eo. 1 
0.07 
14 
167 
4.8 
0.82 
0.94 
<5 
<1 
41 5 
100 
<0.6 
0.9 
4.6 
3.8 
<I 

2750## 1 1 OO## 2609 

* Average of surface runoff  of two samples of Chaco  River 
water,  one on a small  arroyo  and  one  in Cottonwood Arroyo 
during a flash  flood,  September 1973 

* * Average of three  small  imoundments  near the lease, 1973 
# Average of 17 dug wells in and  around the lease that represent 

base flow in the arroyos  and  Chaco  Wash 
## Estimated 

Taken  from  Bureau  of  Reclamatlon 1976 



4.12.8 Coal-fired  Powerplants 

bicarbonate and  sodium  sulfate;  downstream.  calcium sulfate and  sodium sulfate predominate  (Goetz et 
al. 1987). 

Due to operational  modifications,  the  San  Juan  Powcrplant,  located 7.5 km northwest of 
Farmington, poses fewer  water  quality  hazards than does the Four  Corners  plant. The San Juan plant 
began  operations in 1973 but only  recently  complied  with NPDES requirements  by  ceasing  discharges to 
the San Juan River (U.S. Bureau of Reclamation 1993). Prior to compliance,  plant  discharge to the  river 
crcated  aperennial  flow  in  the last five miles  of  Shumway  Arroyo  (Myers  and  Villanueva 1986, Goetz et 
al. 1987). As an indication of the powerpl'ant's e€fects, Erom 1974 to 1975 the  average TDS concentration 
in Shumway Arroyo was 5,576 mgA. Thc San Juan  Powerplant  diverts  water  from  the San Juan  River  and 
stores it in a reservoir  with a total  capacity of 1300 acre-feet (1.6 million m'). Most of the  water €or the 
plant is consumed; a large  portion o€ it evaporates  in  the  plant  cooling  tower,  and  small  amounts  of  water 
are  used to handle waste ash  (Melancon et al. 1979). 

With the  exception of thermal  pollution,  trace  clements  have  received the most  attcntion as 
potcntial pollutants from poweylants. There is no  direct  thcrmal  discharge  from  ejthcr  the San Juan or 
Four  Comers  powerplants,  although  the  decrease  in  water  volume  below  the  plants  would  necessarily  lead 
to more rapid  heating  during  the  day and cooling  during Lhe night  (Melancon ct al. 1979). Gemard el al. 
(1983) have suggested  a  ranking of the relative  potential  for  damage to aquatic  ecosystems  by trace 
elements  identified in powerplant  efluent:  Cd, Hg > As, Cry  Pb,  Sc, 2 > Ba, Cu, MII > Co, Mo, Ni.  Other 
researchers, however,  have  focused  on  selcnium as the  primary  element of concern €rom coal-fired 
powerplants (see SELENIUM section 4.7.1 for  further  information).  Selenium is concentrated in  coal  and 
a7en €urther  concentrated  in  thc  ash that remains  after  combustion;  furthermore,  selenium  readily  leaches 
out of solid wastes, leading to high  levcls of the  element i n  powerplant  disposal  waters  (Lemly 1985, 
Baumann  and  Gillespie 1986). 

Bclcws  Lake,  thc  North  Carolina  powerplant  cooling resenoir mentioned  previously,  provides 
perhaps the best  documented  case of selcnium  contamination  from a coal-ash  disposal basin. Effluent 
entering  Belews Lake from  the  disposal  basin  had  sclcnium  conccntrations of 100-200 pgll, but  the  lake 
water  averaged  only 10 pg/l. Biota in thc  basin,  though,  rapidly  accumulated  sclcnium, €rom 500 times 
the  waterbornc  concentration  in  pcriphyton to over 4000 times in fish  visceral  tissue.  Within two years 
only one  specics of fish, a mosquitofish,  maintaincd a rcproducing  population in  the lakc  (Baumann  and 
Gillespie 1986, Lemly 1985). Lcndy (1985) has rccommcnded  that  ash  be  pretreated for selenium  before 
disposal in order to eliminate  the  risk of sclenium  contamination. 

In the  San  Juan  basin,  the  only  evidcnce for selenium  contamination  from  powerplants  comes 
fiom watcr  data  collccted  at  Shumway  Arroyo  and  Chaco  Wash  near  Waterflow,  New  Mexico.  Each  of 
these  stations  registered  unusually  high  selcnium  concentrations  from 1978-1980, and  the  levels  have  bcen 
attributcd  to  the  dischargc of wastewater  from thc two major powerplants  (Keller-Bliesner  Engineering  and 
Ecosystcms  Research hstitutc 1991). 

Other  potcntial  contaminants  from  thc  powerplants  are  PAHs  and  biocides.  Coal-fired 
powerplants  gcnerally  emit  largcr  amounts of PAHs  than  do  gas or oil-fired  units (Ncff 1979). To date, 
there  have  apparcntly  bcen  no  investigations o€ San  Juan  or  Four  Corners  powerplant  PAH  contributions 
to basin surface  water.  Biocides,  including  chlorine  and  chlorarnincs,  are  uscd to control  fouling  on  the 
inside surfaces of powcrplants  and  can  be  toxic to aquatic  organisms at estremely low concentrations. 
Under some conditions  they  may also  cause thc  formation of chlorinated  hydrocarbons  (Gernard et al. 
1983). 

Goctz  and  Abcyta (1987) have round trcnds  in  watcr  quality  constituents  from  Octobcr 1973 
through  Scptember 1981 at 14 of 36 stations in thc Snn Juan  basin  upstream of Shiprock.  Five of the 14 
stations  are downstream  from  the  discharges of the  San  Juan  and  Four  Corners  powcrplants. It is 
suggested that the  trcnds may reflcct  changes in powcr  or  coal  production  rates  or  in  water-discharge 
practiccs.  As an example of thc  eKmt  of  thc  powerplants  on  water quality,  thc  authors  notc  that  thc largcst 
specific conductance  value  of 6,570 microsicmens  per  centimetcr (pS/cm) was from Shumwa~~ Arroyo 
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4.13 Point Source  Dischargers 

downstream from  the  San  Juan  plant,  while  upstream  from the plant  the  median  concentration  over  the 
study  period was 850 pSlcn1. 

4.13  POINT  SOURCE  DISCJMRGERS 
Within the San Juan  basin thc San  Juan  and  Four  Corners  powerplants  constitute the single 

largest point source  contributors,  but  thcre arc numerous  smaller  point  source  dischargers as well. 
Permitted  dischargers  include  wastcwatcr  treatment  plants,  animal  confincrnent  facilities,  Indian  boarding 
schools,  recreation  areas,  sand  and  gravel  operations,  trailer  parks,  laundries,  and  slaughter  houses. It is 
generally  agreed  that  the  smaller  point  source  dischargers  normally cause only  localized  changes  in  water 
quality;  thcse  changes  would  not  have  contributed to thc  overall  decline  of  native  fishes  in  the basin (New 
Mexico  Water  Quality  Control  Commission  1976,  Joseph  and  Sinning  1977).  Powerplants  and  wastewater 
treatmcnt plants, on h e  other  hand,  may  have  more  significant  effects.  An exact accounting of all 
pcrmitted  point  source  dischargers  in  the  basin  is  not  within  the  scopc of this documcnt. 

Each state has its own system of issuing  discharge  pcrmits.  New  Mexico  does  not  have  the 
authority to issue NPDES pcmits and these  are  instead  administercd  by the EPA  Region VI. In  Utah,  the 
EPA drafts major  industrial  permits  while  minor  industrial  permits  arc  drafted  by the State.  Colorado  has 
been given  full  authority to issue  NPDES  pennits ( U S .  Department of the  Interior 1987). In  general,  point 
source  discharges  must  meet  criteria  for  such  parameters as bio-chemical osygen demand  (BOD),  chemical 
oxygcn  dcmand  (COD),  and  fecal  coliform  bacteria,  nonc of which  necessarily  has  direct  bearing  on fish 
health. 

The New Mexico  Department of thc  Environment has conducted a number of intensive  water 
quality surveys of the San Juan  River  and  has  attcmpted to idcntify  the  effects of wastewater  treatment 
plants  along the river.  A  survey  conducted in Novcmber  1984 of 65  miles oithe San  Juan  River  in  New 
Mexico  found that total ammonia  levels  below  the  Farmington  wastewater  treatmcnt  plant  were 
approaching  lcvels  rcwmmended  for  the  protcction of aquatic  life  (Smolka 1985). The  author of the  study 
notcd that during  periods  of low streamflow  and low water  temperature,  ammonia le\als would  become 
critical to both  fish and invcrkbrates.  The  study  also  idcntificd  elevated total phosphorus,  total  ammonia, 
and total nitrate-nitrite  levels  bclow  the  Farmington  trcatnlent  plant. At the  timc  of  thc survey the 
Farnlington  plant  discharged  not  only  the most efllucnt  of  all  wastewater  treatment plants along  the  San 
Juan  Rivcr  but also the  wastewater  with  the  highest  nutrient  levels. Thc  author  suggcsted that river  oxygcn 
levels  were high and  constant  enough to handle  such  nutrient  loadings  (Smolka 1985). 

From  May  through  September  1991  the New Meslco  Dcpartmcnt  of  the  Environmcnt  conducted 
another s u r v q 7  ofthe San Juan  Rivcr and includcd thc Animas  River  near  its  confluencc  with the San  Juan. 
Lead  was at l a d s  above  detection in two or five  effluent  samples  taken  from  the  Bloomlield  wastewater 
treatmcnt plant and  from  two  of  thrcc  samples Trom the  Farmington  treatmcnt  plant.  All  lead 
concentrations were  below  New  Mexico's  acute  and  chronic  criteria. Sis of eight  samples  from  the 
Shiprock treatmcnt  plant  exceedcd  thc  acutc  ammonia  criterion  for  coldwater  fisheries (New Mcxico 
Dcpartment  of  the  Environment 1992). The  watcr  quality data collected by the  New  Mexico Departnxnt 
of the Environmcnt for 1984 and  1991, as well as €or a 1990 San Juan  River  survcy  and a survey of the 
Animas and La Plata rivers  in  1989, is found in the  appendices  (Appendices  7a-c,  8d-g,  9a-b,  and 10) 
(Smolka 1985, New  Mexico  Department  of  the  Environment 1990, 1991, 1992). 

Although  PAHs  have  bcen  identificd  in  sewage  treatment  plant  effluent (see section 4.10. I), 
there ham apparently  been  no  PAH  analyscs  conducted  on  eftluent  from plants in  the San Juan  basin. 
PAK concentrations  in  municipal  effluents vary, but a range of values for different  e€fluents is given for 
reference  (Table 10 1) (National  Research  Council of Canada 1983). 
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Table 101 : PAHs in municipal effluents  [in pg/lI 
Domestic  Sewage  Sewage 

Compound effluents Dry weather  Heavy  rain (high % industry) 

Fluoranthene 
Pyrene 
Benz[alanthracene 
Benzo[blfluoranthene 
Benzo[jlfluoranthene 
Benzo[klflouranthene 
Benzo[alpyrene 
Benzo[ghilperylene 
Indeno[l,2,3-cdlpyrene 

273-241  6 
1763 

167-3 1 9 
11  4-202 
37-205 
31  -1  93 
38-74 

40-2 1 9 
22-238 

352 
254 
25 
39 
57 
22 
1 
4 
17 

16,350 
16,050 
10,360 
9,910 
10,790 
4,180 
1,840 
3 , 840 
4,980 

2660-3420 
2560-31  20 
343- 1 360 
525-870 

1  100-1  740 
336-460 
100-368 
120-480 
476-930 

Terms  such as domestic  effluents,  sewage,  etc.  were  not  defmed In the  original  reference. 

It is  assumed  that  "domestic  effluents"  comprise all  solid  and  liquid  organic  wastes 

produced  by  residents  and  delived  to  a  treatement  facllity  and  that  "sewage" 

designates  a  combination  of  domestic  effluent  and  collected  surface  runoff. 

Taken  from  National  Research  Council of Canada 1983, after  Borneff  and  Kunte 1965 



4.14 Synopsis of Results 

4.14 SYNOPSIS OF RESULTS 
A  compilation of all  contaminants  and  water  quality  studies  conducted  in  the  basin,  arranged 

geographically, shows  significant data gaps  (Tables 102, 103 and 104). Blank boxes  in the tables 
represcnt areas kvhere research  has  not  been  conductcd for a particular  contaminant or source. Not all 
boxes  should be filled,  considering  that  each  contaminant  source is not  present  in all portions of thc basin; 
conversely, the extent  to which  the  tables  are l i l l c d  may  be mislcading  because  they  are  dominated  by a few 
investigations  covering  broad  study  arcas. 

When  examined  by  river  rcach  or  lake  (Table  103),  it is evident that the San Juan  River  from 
Navajo  Reservoir  to  the  conflucnce of the  Mancos  Rivcr  has  bcen  sampled  the  most  extensively.  Because 
of the Animas-La Plata Project,  the  Animas  and La Plata rivers  have  also  been  investigated  fairly 
thoroughly. This review  found  that  thc  Utah  portion of the basin  has  becn  largely  neglected,  with 110 
rescarch having been  conducted  in  Cottonwood  Wash,  Chinlc  Creek,  or  the  small  portion of the San Juan 
River  from Mexican Hat to the San Juan  arm  of  Lakc  Powell. In the San Juan  River  above  Navajo 
Reservoir; the Navajo  River;  the  Piedra  River;  Navajo  Reservoir; Los Pinos  River;  the  Florida  River; 
Chinde  Wash;  and  the  San  Juan  River  from  Cottonwood  Wash to Mcxican  Hat,  only  one  study  cach  has 
been  conducted.  Almost  without esccption,  sites  other than those  on  the San Juan River  or its tributaries 
(Table 104) are  each  reprcscnted  by a single  study  or a serics of studics  performed  by a singIe  agency. 

Examination of the  review  tables  by  contaminant  or  sourcc  illustratcs the typcs  of  rescarch  that 
have  not  yet  bcen  pcrformcd.  There was no  attempt to distinguish  between those contaminants  that  pose 
thc  most serious hazards,  such  as  PAHs, ‘and those that arc  probably of lesser  significance,  such as 
uranium. 

Trace  element  concentrations i n  water  have  been  investigated  most  widely, but research  in  all 
other categories has been  patchy  (Table 103). Since  the  prescnce  of  disease  is  highly  corrclated  with 
contamination,  disease  is  perhaps  one of the  more  important factors to be  investigated. The only  tributary 
to the San Juan that has been  studied for disease  is  the  Animas  River.  Three  studies  have  produced  data 
on pesticides and PCBs, one  of  which was conducted  nearly a decade ago Two  studies  have  analyzed 
PAHs,  and  one o i  the  two was conductcd  at a single  site.  A  modcrate  amount  of data has been  collected 
on  trace  elemcnt  concentrations  in fish, but fish have only bcen  samplcd  in  thc  Animas  and  La  Plata  rivcrs, 
Lake  Powell,  and  the  San Juan River  from  Navajo  Rescrvoir to the  Mancos  River. 

Whcn  considcring sites other  than  those  on  the  San  Juan  River  and  its  tributaries  (Table 104), 
it is more  informative to review  tllc  data  by  contaminants  and sources,  becausc  contaminants  nearly  always 
originate on  land  rather  than in rivers  and  streams  themselves.  Only  one  study,  conducted  on  the DOI- 
sponsored  irrigation  projects  in  New  Mexico,  cxamincd  pesticidcs and PCBs,  and two studies of limited 
scope examined  PAHs  on  basin  lands.  The  oil,  natural  gas,  metals  mining,  uranium,  coal  mining, 
powerplants,  and  point  sources  columns of thc  table  are  virtually  ctnpty,  and  there  have  apparently  becn 
no studies of grazing or logging  in  the  basin. 
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Table 102: Types  of  data  collected  at USGS gaging  stations in the  San  Juan  basin, 1991 and 1992 water  years 
Tvoes  of  data  collected 

Physical  Trace  Suspended  Radio-  Pesticide 
Station  No.  Station  name/location  chemical  element  sediment  isotope & PCB 

09355500 
09363500 
09364500 
09367500 
09365000 
09367500 
09368000 
0937101 0 
09352900 
09354500 
09355000 
0937 1 500 
09371  520 

09372000 

09378600 
09379500 

San  Juan  River  near  Archuleta, NM 
Animas  River  near  Cedar  Hill, N M  
Animas  River  at  Farmington, N M  
San  Juan  River  at  Farmington, N M  
La  Plata  River  near  Farmington, NM 
San  Juan  River  near  Fruitland, N M  
San  Juan  River  at  Shiprock, N M  
San  Juan  River  at  Four  Corners,  CO 
Vallecito  Creek  near  Bayfield,  CO 
Los Pinos  River  at  La Boca,  CO 
Spring  Creek  at La  Boca, CO 
McElmo  Creek  near  Cortez,  CO 
McElmo  Creek  above  Trail  Canyon 
near  Cortez,  CO 
McElmo  Creek  near  Colorado-Utah 
State Line, CO 
Montezuma  Creek  near  Bluff, UT 
San  Juan  River  near  Bluff, UT 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 
X 

X*  X 
X X 
X * *  X 
X" * X X 

X X X 

X X X 
X X 
X 

X 
X X 

X 

X 

* Trace  element  data do not  include  selenium 
* *  Trace  element  data do not  include  mercury 

Compiled  from  Borland  et at. 1992, Cruz  et at. 1992, ReMillard  et al. 1992, ReMillard  et at. 1993, Ugland  et al. 1992, Ugland  et al. 1993 



Table 103: Synopsis of investigations by river  reach  or  lake 

Does not  include USGS data. See Table 102 for USGS gaging  stations  where  data  were  collected. 

3roundwater 

rhorn 1993 

JSGS 1993a 

JSGS 1993a 



Table 103 (Cont.): Synopsis of investigations  by  river reach or lake 

River  reach or lake Groundwater Salinity+ Sediment* Temperature' Disease 

San Juan River from Shanks 1993 Thorn 1993 

Blanchard et al. 1993 to Shlprock 
- from Hogback down confluence with Animas Rlver 

Thorn 1993 

Herman 1991 a 

Chacd  River Thorn 1993 
Myers & Vlllanueva 1986 

Chlride Wash 

San Juan River frbm Shiprock 
Shanks 1993 to  confluence with Mancos 

Thorn 1993 Thorn 1993 Shanks 1993 

Rlver - secondary  channels 
Blanchard et al. 1993 
Herman 1991 a 

Mancos  River 

E 3  
3 
Dl 

San Juan River from 

Creek (Aneth) 
- secondary  channels to confluence with McElmo 

Shanks 1993 Cbnfluence wish Mencos River 
Shanks 1993 

McElmo  Creek & tnbutaries 

San Juan Rlver from 
Shanks 1993 confluence with McElmo  Creek 

Avery 1986 Shanks 1993 
Spangler 1992 

to conflueltce with Montezuma - secondary  channels 
USGS & UT DIV 011. Creek 
Klmball 1992 

Gas. & Mtntng 1993 

Montetuma Creek Avery 1986 
Spangler 1992 
Klmball 1992 
USGS & UT Ow 011. 

Gas, & Minlng 1993 

San Juan River from 

Cottonwood Wash (Bluff) 
- secondary  channels Creek to confluence with 

Shanks 1993 confluedce with Montezuma 
Shanks 1993 

* Does not include USGS data. See  Table 102 for USGS  gaging stations where  data  were  collected. 



N 
h 
4 

Table 103 (Cont.):  Synopsis of investigations  by  river  reach  or  lake 

River  reach or lake 

Shanks 1993 San  Juan  River from 

Cottonwood Wash 

Groundwater  Salinity* Sediment*  Temperature*  Disease 

confluence with Cottonwood 
Wash to Mexican Hat 

Chide Creek 

San Juan River from Mexican 
Hat  to Sdn Juan arm af Lake 
Powell 

San Juan arm of Lake  Powell Waddell & Wiens 1992 
and  Lake  Powell 

* Does  not  include USGS data. See  Table 102 for USGS gaging  statlons  where data were  collected. 



Table 103 (Cont.): Synopsis of investigations by river reach or lake 
Trace elements Trace elements Trace elements Trade elements 

River  reach or lake 

S. Ute Tribe 1993 $an 3uan River  above 

(vegetation) (soillsediment) (fish) (water)* Pesticides/PCBs* 

Navaja  Reservoir 

Navajo  River S Ute Tribe 1993 

Pfedra  River S Ute Tribe 1993 

Navajo  Reservoir 

Blanchard et al 1993 Blanchard et al. 1993 O'Brien 1986 Blanchard et al. 1993 O'Bnen 1986 San Juan River from Navajo 

NM Dept Env 1990 

Reservolr to confluence with Blanchard et al. 1993 BIA 1993 Blanchard et al. 1993 
Animas  River - Archuleta,Bloomfleld. 

Lee  Acres,  Flora 
Vlsta, Highway 371 
Bridge 

NM Dept Env 1991 
NM Dept Env 1992 
Srnolka 1986 

Los Pinos  Rwer S Ute Trhe  1993 

Canyon  Largo 

Florida  River 

BR 1993 BR 1992c Animas  River above 

S Ute Trtbe 1993 

confluence with Florida  River S Ute Trlbe 1993 

Animas  River below 

NM Dept Env 1992  NM Dept Env 1992 
NM Dept Env 1991 - NM confluence with Florida  River 

O'Brlen 1986 NM Dept Env 1990 O'Brlen 1986 

- Farmlngton Srnolka 1986 
S Ute Trlbe 1993 - 

La  Plata  River  and tributaries BR 1992b BIA 1993 
BR 1 9 9 2 ~  
NM Dept Env 1990 
NM Dept Env 1991 
NM Dept Env 1992 
Smolka 1986 
S Ute Trlbe 1993 

* Does not include USGS data.  See  Table 102 for USGS  gaging stations where  data  were  collected. 



Table 103 (Cont.):  Synopsis of investigations  by  river  reach  or  lake 
Trace elements Trace elements Trace dements Trace elemenle 

River  reach or lake (vegetation) (soillsediment)  (fish) (water)+ Pesticides/PCBs+ 

San J U ~ N  River from O'Brien 1986 

- Kirtland,  Hogback, to  Shipr6Ek 
Blanchard et al. 1993 BIA 1993 Blanchard et al. 1993 confluence with Animas River 

Blanchard et  al  1993 Blanchard et al 1993 O'Brien 1986 Blanchard et al. 1993 

Shlprock 
NM Dept Env 1991 

Chaw River  Keller-Bliesner & ERI 1991 
BIA 1993 

Chitlde  Wash Keller-Bliesner & ERI 1991 

San Juan River from Shiprock  Blanchard et al 1993 

River 
NM Dept Env 1992 to confluence with Mancow 

Blanchard et a1 1993 Blanchard et al 1993 Blanchard et a1 1993 Blanchard et al 1993 

Mancos  River 
BR 1992c 
BIA 1993 

Sat1 Juan River from 
w 
3 

to confluence with McElma a 
confluence with Mancos  River 

BIA 1993 
- Four  Corners, Aneth 

Creek  [Aneth) 

McElmo  Creek 61 tdbutades BIA 1993 

Sat1 Juan  River from 
cbnfluettce with McElmo  Creek 
to confluence with Monte2utna 
Creek 

Montezllrna  Creek BIA 1993 

San Juan  River from 
- Bluff confluence wlth Montezuma 

BIA 1993 

Cottonwood Wash IBluff) 
Creek to confluence with 

* Does not Include USGS data. See  Table 102 for USGS gaging stations where  data  were  collected. 



Table 103 (Cont.): Synopsis of investigations by river  reach or lake 
Trace elements Trace  elements  Trace elements Trace  elements 

River  reach or lake 

BIA 1993 San Juan River from 

Cottonwood Wash 

(vegetatian) 1soiIlsedimen.t) (fish) [water)* Pesticides/PCBs* 

confluence with Cottonwood - Mexlcan Hat 
Wash to Mexican Haf 

N 
0 
4 Chlnla  Creek 

San Juan River from Mexican 
Hat to San Juan arm of Lake 
Powell 

San Juan arm of Lake  Powell Kldd & Potter 1978 8ussey et al 1976 Kldd & Potter 1978 
Waddell & Wlens 1992 Lowe et al 1985 Waddell & Wlens 1992 and  Lake Powell 

Kldd & Potter 1978 

Schmltt & Brumbaugh 1990 
Waddell & Wlens 1992 

* Does not include USGS data. See  Table 102 for USGS gaging stations where data were  collected. 



Table 103 (Cont.):  Synopsis of investigations by river  reach or lake 

liver  reach or lake 

an  Juan River  above 

Uranium Metals mining PAHs Selenium * Mercury* 

avajo Resewok 

avajo  Riber 

iedra  River 

avajo  Reservoir 

an Juan Rlverfrom Navajo Blanchard et al 1993 Blanchard et al. 1993 Blanchard et al 1993 
eservoir to confluence with - fish 
nimus  River 

DS Pinos River 

anyon Largo 

lorida  Rlver 

nimas River above Anderson et al. 1963 FWS 1993 BR 1992a. BR 1992b. 
Dnfluence with Florida  River BR 1992c - no  prlmary  data - bottom orgs, flsh,  veg, 

- water water  (at Durango U mtll) 

nimas  River below 
- flsh at Bondad onfluence with Florida  River 

Japhet 1993 

~~~~~~~ ~~ ~ 

a Plata  River  end  tributaries BR 1992a. BR 1992b. 
BR 1992c 
- water 

* Does not include USGS data.  See  Table 102 for USGS gaging stations where data were collected. 



Table 103 (Cont.): Synopsis of investigations by river  reach or lake 

River  reach or lake Uranium Metals mining PAHs Selenium * Mercury' 

San Juan River from Blanchard et al 1993 

M Shiprock 
- fish confluencs with Anlmas fllver 

Blanchard et al. 1993 Blanchard et al. 1993 

Chaca  Rivet 

Chinde  Wash 

San  Juan  River frbm Shiprack Blanchard et al. 1993 

Rlver 
- fish to canfluence with Mancas 

Blanchard et al 1993 Blanchard et al 1993 

Mancos  River BR 1992% BR 1992b. CDOW 1991 
- flsh BR 19921, 

- water 

San  Juan  River from 
confluence with Mencos River 
to conflllence with McElmo 
Creek IAneth) 

McElmo  Creek & tributaries CDOW 1991 
- fish 

Sen Juan River from 
contluellbe with McEimo  Creek 
to confluencd with Mnntezuma 
Creek 

Montezuma  Creek 

San Juan River from 
confluence with Monfemma 
Creek ta confluehce with 
Cottanwood Wash, (Bluffl 

* Does not include USGS data.  See  Table 102 for USGS gaging stations where data were  collected. 



Table 103 (Cont.):  Synopsis of investigations by river  reach or lake 

San Juan River from Medcan 

ahd  Lake  Powell 

* Does  not  include  USGS data. See Table 102 for USGS gaging  stations  where  data  were  collected. 



Table 104: Synopsis of investigations by area other than river reach 
Trace elements 

(Soilkediment) (fish) (water) PesticidedPCBs Groundwater Other 
Trace elernehts Trace elements 

San Juan DO1 reccmwissqnce 

Kaller-Bliesner & ERI 1991 Blanchard  et  al. 1993 Blanchard e t  al 1993 NllP 

area 
Blanchard et al. 1993 Blanchard et al. 1993 Blanchard et al. 1993 

- 

Keller-Bhesner & ERI 1991 

Southern Ute Reservatbn Hutchinson & Brogden 1976 Hutchinson & Brogden 1976 
Southern Ute Tribe 1993 

Ute Mountain Ute Reasrvation 

Dolores Project 

BR 1992a. BR 1992b BR 1992a Animas-La Plata Project aCea 

Butler e t  al. 1991 Mancos Project are0 

Blanchard e t  al 1993 Hammond Project 

Butler et  al 1991 Butler et al 1991 

h) 
4 e 

Ridges  Basin  Reservoir 

BR 1992a Southern Ute Reservoir 

BR 1992a 

Narraguinnep  Reservoir 

McPhee  Reservoir 

Totten Reservoir 

Puett Reservoir 

Summit Reservoir 

Valleoito Reservoir 

Fout  Corners powerplant BR 1992a 





Table 104 (Cont.): Synopsis of investigations by area other than river reach 

I Other 
San Juan DO1 reconnaissance 
aten 

NllP 

t--- Southern Ute Reservation 

Hammond  Project 

Mancos  Project  area 

I Animas-La  Ptata  Project  area 

Ridges  Basin  Reservoir 

Southern Ute Reservoir 

Summit Reservoir 

Four Corners powerplant 

'race elements 
vegetation) PAHs GtazinglLogging Selenium Mercury 

lanchard et al. 1993 Blanchard et SI 1993 

I I I I 
I I I I I 
BR 1992b BR 1992a. BR 1992b. - soils BR 1992c 

- soils, water, flsh 

CDOW 1991 

CDOW 1991 

CDOW 1991 

CDOW 1991 

CDOW 1991 

BR 1976 I 



Table 104 (Cont.): Synopsis of investigations by area other than  river reach 

Uther PAHs GrazinglLogging Selenium Mercury (vegetation1 
Trace elements 

San Juan Mma 

Navajo Mine 

Lee Acres lahdfill 

Bloomfield refinery 

Dolores River * CDOW 1991 
- ftsh 

Natural gas fields at Archulets. Elcernan 1987 
Flora  Vista, 81 Aztec, NM - natural gas waste pits 

h) 

4 
4 Duncan Oil Field, NM Elcernan 1987 

Aneth Oil Field, UT 

Bloomfield WWTP outfall 

-. 

Farmington WWI'P outfall 

.- 
Shiprock W W T P  outfall 

Anec WWTP outfall 

* Because the Dolores River is not  within  the San Juan River  basin, a comprehensive literature search was not performed on it and the  information in this chart 
does not represent all that  is available for  the river. 



Table 104 (Cont.): Synopsis of investigations by area other than river reach 

Other Coal mining 

7 

San  Juan 1101 reconnaissance 
area 

NllP 

Southern Ute Reservation 

1 3  
4 
00 

- Durango  pumping  plant 

Four Corners  pbwefplant 



Table 104 (Cont.):  Synopsis of investigations by area  other  than  river  reach 

Other Coal mining Utanium Metals mining Natural gas Oil 

San Juan Mine BR 1984 
Severson & Gough 1981 

Navajo Mine 

McQudlan & Longmire 1986 Lee Acres landfill 

BA 1984 

Peter et al. 1987 
- groundwater 

Bloomfield kfinery Groundwater Tech 1993 
~ no data 

Dolores River * Valdez  et al. I992 

Natural gas fields at Archuleta.  Etcernan 1987 
Flora Vista. & Aztec, NM , ,  - natural gas waste pits 

h, 
4 
W 

Duncan Oil Field, NM 

Aneth Oil Field, UT 

Elcernan 1987 

Bloomfield W P  outfall 

Farmington WWTP outfall 

Shiprock bWVlP outfall 

Anec W W T P  outfall 

* Because the Dolores River is not  within  the San Juan River  basin, a comprehensive literature search was not performed on it and the  information in this  chart 
does not represent all that  is available for  the river. 
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Table 104 (Cont.): Synopsis of investigations by area other than river reach 

Other Point sources Powerplatlts 

San Juan DO1 recpnnaissanct 

NllP 

Southern Ute t%e.servation 

Ute Mountain Ute Reservation 

Dolores Project 

Hammond Project 



Table 104 (Cont.): Synopsis of investigations by area  other than river reach 

Other 

San Jclm Mine 

Point  soutces Powerplants 

Navajo Mine 

Lee Acres IahdfiU 

Bloomfield refinery 

I, Dolores River * 

Natural gas fields at Archulefa, 
Flora Vista, & Aztec, NM 

Duncan Oil Field, NM 

Aneth Oil Field, UT 

Bloomfield W W T P  outfall NM Dept Env 1991 
NM Dept Env 1992 
Smolka 1986 

Farmington W W T P  outfall 
NM Dept Env 1992 
NM Dept Env 1991 

Srnolka 1986 

Shiprock W P  outfall 
NM Dept Env 1992 
NM Dept Env 1991 

Srnolka 1986 

Aztec W P  otdttall NM Dept Env 1990 

* Because the Dolores River is  not  within  the San Juan River  basin, a comprehensive 
literature search was not performed on it and the  information in this chart does not 
represent all that is available for it. 



5.  Discussion 

5 .  DISCUSSION 
If water  quality  is  advcrscly  affectiig  San  Juan  basin  aquatic  ecosystems,  then  protection of the 

ecosystems and  their  native fish fauna  dcpcnds  upon  piecing  together  information  on  contaminants, 
SOLU-ces,  and  effects. This review  has  documented  an  imbalance  of  information  in  thcse three  areas.  There 
is a surplus of abiotic  data  idcntifying  potential  contaminants  and a dearth of biotic  data  linking those 
contaminants to fish health. This is  to  bc  expeclcd  because  it is Tar easier to identitjr  w~atcr  quality 
problems than to quanti@  their  effects  on fish hcalth,  particularly w7hcn the  erfccts  are  chronic rather than 
acute. 

A moderate  amount  of  research  has  bcen  conducted on contaminant  sources  in  the  basin.  The 
reconnaissance investigations of DOI-sponsored  irrigation  projects  have  bcen  among  the  most 
comprehensive  studies  and  have  succecded in idcntifying  many areas  of  contaminants  input.  Sources  other 
than irrigation,  though,  have  received little attcntion.  Oil, gas, and  coal  activities  are  widespread  and 
abundant  in  the basin, yet  there has been  no  recent  research  aimed at determining  their  effects  on  surface 
water  quality.  This  research  gap  is  particularly  significant  because elevated PAH levcls  havc  been  recordcd 
in basin fish, and fossil fuels  are  the  most  probable SOUTCCS of PAHs. Some studies have  €ocused  on  sites 
that are known to gencrate  contaminants,  such as mines  and  powerplants,  but  there  has  been no attcmpt 
to determine the effects of these contaminants on surface  watcr  quality.  Future  research  endeavors  must 
be coordinated so that connections  may  be  made  bctwecn  contaminants,  sourccs,  and  effects;  othcnvise, 
therc will be little basis on  which 10 make  informed  managclncnt  dccisions.  The  lollowing  discussion, 
which  rougldy  follows  thc  order of the RESULTS  scction,  offcrs  suggestions to help  guide future rcscarch 
efforts. 

Little is known regarding  the  extent to which San  Juan  basin  native fish species  are csposed to 
surface water  contaminants.  Contaminants  such as sclenium  and  PAHs  concentrate  in  backwatcrs,  which 
are used by  scveral  native taxa during  certain  ontogenctic stages; howevcr,  neithcr  specific  arcas of 
backwater  contanyimtion  nor the estent  orbachTvater  use by fish in the  basin  has  becn detennincd. Of  thc 
small amount of contaminants  research  conducted  on  Colorado squawfkh and  razorback  sucker,  none  has 
been  performed in thc  San  Juan basin. Furthermorc,  it  has not been  dctcrmincd  if  Colorado  squawfish, a 
top-level  predator, is accumulating  higher  lcvels of contaminants  than  other  fish  species. 

The  limited  disease  studies in the  basin  have  shown  an  apparently  high  incidcnce of stress- 
mediatcd disease in flannelmouth  sucker, as well as in common  carp  and  channel  catfish  in  some  instanccs. 
Because  flannelmouth  sucker  is  considered  rare  in  other  portions of the  Colorado  Rivcr basin and  has  becn 
classified as a Category 2 species  by  the FWS (U.S. Fish  and  Wildlife  Senlice 1991b), it is important to 
determine if the  spccies is in fact highly  diseased  and, if so: which contaminants  may  be  responsiblc for 
the outbrcaks. 

The EPA has established  standards for many contaminants in water  based  on  toxicity studies 
on  various  ficshwatcr fish tasa. Howevcr,  there  are  no  standards for PAH compounds.  Furthermore, no 
toxicity  data esist for any San  Juan  basin  native fish species.  While  EPA  standards  give an indication of 
toxic  concentrations,  toxicities may vary widely  among fish specics,  and  it  is  possiblc that San  Juan  basin 
natives  have  diffcrent  toleranccs for certain  contaminants. 

The EPA has  not  issued  slandards for  contaminant  mnccnb-ntions  in  soils,  sediment,  food  items, 
or  fish  tissue.  Currcntly,  levcls OP conccrn in thcse  mcdia  are  delermined  from  studies  conductcd  outside 
the basin.  For  fish  tissue,  values  found in thc  basin  arc often compared to NCBP  means and 851h 
pcrcentilc  concentrations; €or scdimcnt,  basin  values  are  compared to those  at  NIWQP  study  areas;  and 
for  soils,  wcstem states valucs  are  used  for  comparison.  Although no better  comparative  data cxist, they 
do  not  necessarily scwe as  good  indicators of contamination.  Thc  baselinc  valucs  have no corrclation to 
fish health  and may in fact rcprescnt  contaminated systems thcmselvcs.  Likewise,  thc  practice of 
determining contamination  by  counting  the  number of samples  escecding  detection  levels may be 
convcnicnt but is not  necessarily  valid  unless  the  detection  lcvcls  are sct with  regard to fish  toxicity data. 

Ofthe two reservoirs  that  are  on  thc  San  Juan  Rivcr,  Navajo  Reservoir is more  imporlant to fish 
health in the basin as it scrves as a potential  contaminants  source.  Far  more data, though,  have  been 
generated  on  contaminants in Lake  Powcll. The ongoing FWS study of Lake Powell  fish,  sediment,  and 
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5.  Discussion 

rmtm qu(?lity  should  provide a good  analysis of contaminants in the reservoir.  While data are  intermittently 
collected in Navajo Rcservoir,  there  are  no  comprehensive  studics  being  conducted  there. Pre- and post- 
reservoir  studies ofNavajo Reservoir  have  not  been  able to separate the  effects of the  reservoir  from  those 
of  concurrent  basin  developments. A study  that  determined  the  quality  of  inflow  and  outflow  water  might 
provide  useful  rcsults,  as  might a study  that  compared  outflow  water  quality to known fish tolerances. 

There  has  been  no  research  conductcd to determine if current  sediment  levels  in  the basin are 
adversely  affecting  the native fish fauna.  Due to historically  turbid  conditions, it has  been  suggcsted  that 
high  sediment  Ievcls  are  probably  not of major  concern to thc natives.  Sediment  may be more important 
as a transport  and  storage  mechanism for contaminants,  particularly  selenium,  PAHs,  and  possibly  some 
pesticides. 

A fair amount of effort by  the  Colorado  River  Salinity  Control  Forum has been  directed at 
locating  salinity  sources  in  the  basin,  but  thc  cffort  has  been  motivated  by  concerns for irrigation  water 
quality in  California  rather  than  for  fish  hcalth  Thc  studies  have  thus  resultcd in lnuch  information  on 
salinity sources and  loading but virtually  no  data  on  the  biotic  effects of salinity.  A  single  study has been 
conducted  on  thc  tolerance  of  Colorado  squawfish to salinity;  if  salinity data for basin surface  water  are 
to be useful,  similar  tolerance  data  must  be  dctcrmined €or thc  razorback  sucker  and  other rarc 
basin natives.  Howevcr,  until  salinity levels are show to al‘rect fish  hcalth, an investigation of specific 
trace elements  known to be at toxic  le\&  might  constitute a better  use of resources. 

Like salinity, groundwatcr in the  basin has been  invcstigated  fairly  extensively, but the 
implications of groundwzttcr  quality  on  surface  watcr quality  havc  not  been  detcrmincd. To protect  human 
health, studies havc  becn  promulgated  to  idcntifir  major  sources of groundwater  contamination 
and those aquifers  that  are  particularly  vulnerable.  There h a x  been  no  studics  that  have  attempted to 
detcrmine if contaminated  groundwater  poses a significant  hazard to the  San  Juan  River  and  its  tributaries, 
or if it acts  instead  as a minor  point  source  contributor. 

Only  two  studies  have  gencratcd  significant  data  on  pesticides  and  PCBs  in the basin. O’Brien 
(1987) concluded  that  chlorohydrocarbon  compounds  did  not pose a serious  hazard to basin fish. 
Blanchard et al. (1993), sampling  bottom  sediment  and fish over a decade  later,  detected  several 
chlorohydrocarbon  compounds.  Whilc  chlorohydrocarbons may pose  a  decreased  hazard  over  time,  other 
pesticides are still widely  used.  Considering  the  very  linliled  data  conccrning  pesticidcs  and  PCBs  in  the 
basin, an end  to inquiry at  this  point  would  perhaps be premature,  especially  because  no  toxicity data exist 
for pcsticides  in  basin fish. 

O’Brien’s (1987) investigation of trace  elements  in  the  Ncw  Mexico  portion  of  the  basin 
concluded  that  selenium,  chromium,  copper, and lead may hm7e posed a hazard to basin  fish.  Comparison 
toNCBP valws showed  selcnium  concentrations to be  the  most  elcvated,  but  because symergistic effccts 
may result  from  combinations  of  trace  elenlents  and  physical  conditions, future research  should  not 
discount  the  other  elements or concern 

With  thc  cxccption of the  recent  sampling  of  rescrvoir  and riwr fish by  the  CDOW (199 l), the 
emphasis of mcrcury  studies  has  largely  becn  on  human  hcalth. Future  studies  must  evaluatc  fish  mercury 
le.vcls  in  reference  to  toxic  concentrations  to  fish rathcr  than to humans.  Rcservoirs  have  rcceivcd  the  bulk 
of attention in mercury  studics. Ifrescrvoir walcr  is  found to have  clevatcd  mcrcury  levcls,  it  must  then 
be deternincd if the  mercury  poses  hazards  only  to  reservoir fish or if thc effects are further-reaching, 
affecting basin fish in river  and  strcam  reaches.  Finally,  mercuq’  sourccs  in  the  basin  should  be 
investigatcd  more fully. It is known  that  the  emissions from  coal-fircd  powerplants  contain a large  volume 
of mcrcury, but  the  contributions to basin  waters  by  the Four Corncrs  and  San  Juan  powerplants  havc  not 
been  quantified.  Furlhcrmorc,  thc  possibility  that  soil  mercury  lcvels  in  areas of gas  development  may  be 
elcvated  duc to lcaks from mcrcury-containing manometers should be explored. 

Selenium has been  studied  more Idly than  any  othcr  contaminant  in  the San Juan  basin. 
Selenium conlan1ination  has  becn  documcnted in all media  and  arcas of high  selenium  havc  been  identified. 
Additional ~70rk is needcd to detenninc  thc  efficts of various  lcvels of sclenim on the  basin’s  fishes.  Such 
data exist for razorback  sucker, but that  rescarch was conducted in the  Grcen  River  basin. For selcnium 
as well  as  most  other  contaminants,  chronic  toxicity  appears to pose  the  greatest  hazard to fish health. In 
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particular,  reproductive  impairment  may  be  a  factor  in  population  declines.  Several studies proposed  or 
underway will  attempt to determine  the  lcvels of selenium that cause  reproductive  impairment  in  basin 
natives. The results of this  research  will  dictate  the  direction  of  further  work. 

The San Juan DO1 Reconnaissance  Investigation  (Blanchard et al. 1993), as previously 
mentioncd, is a comprehensive  study of contaminants  in  the  basin. Now completed,  those  results  can  be 
used in thc  formulation or management  decisions.  The same applies to thc  additional  research  conducted 
on the NIIP. Areas of  high  selenium  have  bcen  located,  and  managemcnt  agencies  must  now  determine 
how to mitigate  currently high levels in biota,  soils,  scdiment,  and  water  on  the  project  areas  and  in  the San 
Juan River, Both the Reconnaissance  Investigation  and  the  NIIP  Biological  Assessment  (Keller-Bliesner 
Engineering  and  Ecosystems  Research  Institute 1991) noted that irrigation has the  potential to transport 
cont'minants from  oil  and gas activities  within  the  project  areas.  Neither  study  made  a  comprehensive 
investigation of  contamination  by  thc  by-products  of  fossil  fuel  extraction  and transport activities.  As 
irrigation rcturn flows serve to  move  contaminants to thc  San  Juan  River,  such  contamination  deserves 
further  attention. 

Because the reconnaissance  investigations for the Dolores  and Pine  River  projects  have not been 
released, it is difficult to make  suggestions  for future research. An important  question to be  answcrcd 
regarding  the  Dolores  Project  is  to  what estent contaminant  levels in thc  Dolores  River wi l l  affect  the  San 
Juan River  basin  as  a  result  of  transbasin  water  transport.  The  Pinc  River  Project  area is primarily  located 
on  the SouthemUte Rescrvation. The Southern  Ute  Tribe has recently  begun  rcgular  collections of water 
quality data on the  reservation,  and  these  data  scrve  as  the best source of inronllation for that  area  until  the 
reconnaissance  investigation is finalizcd. 

A large volurne of contaminants  data has bcen  collected Tor the  proposed  Animas-La  Plata 
Projcct,  and future data collection  efforts  are  planned to addrcss  concerns  raised  by  the FWS and  EPA. 
A substantial  amount or contaninants data ~ 1 1  evcntually  bc  generated, but  it  cannot  be  properly  evaluated 
without  adequate tosicity data for the fish specics  in  question. 

No studies  have  documcntcd the effecls of grazing or logging  on  basin  water  quality. The BLM 
has apparently  conducted its otvn studics to deternine the  quality of its  grazed  lands.  Results  from  these 
studies should  bc  used to determine if further  research  is  warrantcd.  Logging  may be lcss of a concern 
because  it OCCUTS Iargcly  in  the  higher  clevations  outside thc rangc  of  the  basin's  rare  native  fishes.  Because 
both logging and  grazing  result  in  increased  erosion  and  subsequcnt  sedimentation,  their  threat to fish 
health  cannot  be  Iully  evaluated  until  the  cffects  of  sediment  on  fish  are first determincd. 

There  arc  few  data  available  on  PAHs,  cven though thcy are  recognized as potentially  significant 
contaminants.  Until PAH toxicity  data  arc  determined for basin  fish,  it  will  be  difficult to evaluatc  any 
water, sediment,  or fish data. Currcntly,  the  rangc of values  associatcd w7ith effccts  in fish is  large, 
rendering a precise  evaluation  of data dirficult. PAH analyscs  arc espcnsive, so it  important that future 
research efforts be coordinated and studies be stratcgically  located. 

As previously  mcntioned,  very fen7 basin  studies  have  focused on surface  watcr  contamination 
caused  by  oil  and gas development.  This  may  represent the largest rcscach gap Tor contaminants  in  the 
basin. Statc agcncies  in  both  New  Mexico and Colorado  arc  attempting to take  strong  actions to protect 
both surface  and  groundwatcr  during estraction activities,  but  these  actions  nonnally  do  not  pertain to 
abandoned  wclls, of which  thcre are  thousands.  Futurc  research may  be best  dirccled at abandoned wclls, 
for active  wells  are  highly  regulated  and  may  pose  lcss of a  contaminant threat. 

The only  oil  relincry i n  the  basin  that has apparently  been  cited for contaminating  surface or 
groundwater is the  Bloomfield  Rcfincry,  which  has  bcen  working  with  the  EPA  to  mitigate  the 
conbunination.  Howcver,  neither  thc  refinery  nor  the EPA know if the  adjaccnt  San Ju'an River  has  been 
contaminatcd.  Considcnng  that  contaminants,  including  hydrocarbons, are likely to be in groundwater at 
the site, water  quality inputs to surface wcltcr  need to bc monitored  regularly to identify  and  terminate 
future  contamination  episodcs i f  they  occur. The same  suggestions apply to the  Lee  Acres  landfill,  where 
groundwater  contamination has bcen  documcnted but its  effccts, iT  any,  on the  San  Juan  River  have  not 
been  detcnnined. 
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No data exist Concerning natural  gas  processing  plants in the basin and  their  waste  disposal. 
Eicemm (1987) documented  contamination  of groundwater from  well disposal  pits,  and  Animas  Rivcr fish 
disease  observations  suggest  that  the surface water  has  bcen  contaminated  by natural gas wells.  Additional 
work is ncedcd to determine  where  natural  gas  activities  are  acting as contaminants  sources.  Hydrostatic 
testing  of natural gas  pipelines is probably  not a concern  because  in  recent  years  there has been an 
increased  awareness  concerning  thc  proper  disposal ofthe gencrated  liquids.  However,  Colorado  and  Utah 
have  not  promulgated  specific  standards  for  water  disposal  and  instead  make  decisions  on  a  case-by-case 
basis. 

Metals  mining  in  the  basin,  particularly in the  upper  Animas  basin, has eliminated fish lire  in 
several river and  stream  rcachcs.  Abandoned  mines  pose  pcrhaps  the  most  serious  problem,  because 
rehabilitation of sites is not easily  accomplishcd.  One  issue  that  should be addressed is whether the 
status quo o€contaminatcd  streams  in  Colorado  should  bc  maintained.  Thrce  stream  reaches  have not been 
classified as fisherics  bccause  their  fish fauna have  bcen  clinlinated  by  mines  contamination;  there is no 
mandate, therefore, to improve  the  water  quality,  despite  the  €act  that  the  reaches  once  supported 
fish. 

Thc  mining  and  milling  of  uranium  in the  basin may  havc  historically  caused  contamination  in 
the  basin,  but  the  magnitudc of the  present  thrcat  is  unclear No mining or millmg  currcntly  occur  in  the 
basin, but if  the  uranium  market  improves  contamination  could  once  again  become a problcm. 
Research is needcd to detcrmine  how  much  radionuclidc  contaminatlon  rcmains  in  the  basin  from  past 
activities.  Fish tosicity data  are also necded  €or radlonuclidcs, in order to give  meaning to any  data  that 
arc collected.  Finally, it is important  to  determine  thc  effcct  ofelevatcd  uranium  lcvels  in  the  Dolorcs  River 
on San  Juan  basin  water. 

Strip mining  is  one of the  most  destructive  activities to tcrrestrial  ecosystems,  yet its specific 
e€fect on the  basin's  watcr  quality is unhnown. It is  known that the  rcclamation  of  strip  mines  has  some 
effect  on  rcducing  erosion,  but  some  amount of erosion  and  contamination by trace  elcments  rcmains.  State 
and  federal  agencies  should  pcrhaps  work with coal  mines,  particularly  the San Juan and Navajo mines, 
to monitor  runoff  and to dcvclop  mitigation  strategics. 

Agencies  should also work with powcrplants to monitor the quality of cmissions  and  wastewater 
and to quantify  their  effects on the  San  Juan  and  Chaco  rivers.  Selcnium,  mercury,  and  PAHs  are  the 
contaminants of greatcst  concern.  The  Burcau of Reclamation (1976) measured  the  quality of effluent 
from  thc Four Corners  plant  and water in its  cooling rcscnoir, Morgan  Lake:  but no attempt was made to 
determine  the  eflects ofthe powerplant  on  thc  San  Juan  River.  Wicrsma  and  Crockett (1978), studicd  the 
cflixts o€emissions  from  thc  Four  Corners  plant and  compared  soil  around  the  plant to soil  around  othcr 
coal-fired powcrplants, but not to soil in othcr parts or the  basin. It is not so important to h o w  whether 
the basin powcrplants  are  acting as inordinatc  polluters  comparcd to other  powerplants as it is to know 
whether  they  are  polluting at  all, and  if so, to what  extent. 

While  powcrplants  may  be the  most  significant  point  source  polluters in the  basin,  wastcwatcr 
treatment  plants may also posc  hazards of large  magnitude.  The  only  data  concerning  WWTP cflucnt is 
from  yearly  Ncw  Mexico  Dep'artmcnt or the Environment s~wcys.  The  results  from  these surveys should 
be examined  closely to dctennine  if  the  trcatment  plants  arc  consistently  meeting  currcnt  effluent  standards. 
Future  monitoring  cfforts  should also measure  for PAHs, as cfflucnt  elsewhere has been  found to contain 
significant  lcvcls of the  compounds. 

Thcre are  obviously  morc  rescarch  needs  than  resources  available to address  them, so 
priorities Inust be cstablishcd.  Dclermination of toxicities of various  contaminants to fish  species is 
crucial, yet it must be remembcred  that  contaminants  and  water  quality  parameters  can n70rk 
syncrgistically.  Contaminants  sources  are  difficult to trace, but until  they  are  idcntified  rnanagcment 
recornmcndations  cannot bc made.  Water  quality  is  thc  easiest to determine, but it  can  change 
temporally  and  spatially.  Furthermore,  contaminated  sediment and  food  items  may be as important as 
water  quality  to fish health. 

With so many  nceds,  researchers  should bc careful  not to duplicate  thcir  efforts.  All  future 
contaminants  rescarch in the  basin  should,  if  possiblc, usc the  same  tcchniques to produce data of 
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comparable units. Too many  previous  studies  cannot  be  compared to each  other  due to differcnt 
methodologies  and  detection  levcls. 

With the esception of the DO1 reconnaissance  investigations,  which  have  been  cooperative 
efforts between a number  of  federal  and state government  agencies,  contaminants  rescarch  in the San 
Juan basin  has  not  been  wcll  coordinated.  The  agencies  that are working to protect  and  revive basin fish 
populations  need,  together, to set  priorities  for htme work so that  sampling efforts compliment  each  other, 
providing as complete a picture of contaminants in the  basin as is possible. 



I 

REFERENCES  CITED 

Ainswolih, A.J. 1992. Fish  granulocytes:  morphology,  distribution,  and  function.  Annual  Review of 
Fish Diseases 2: 123-148. 

Andelman, J.B. and  M.J.  Suess. 1970. Polynuclear  aromatic  hydrocarbons  in the water  environment. 
World Heath Organization  43:  479-508.  (Not  available for review,  cited  by  Archer et al. 
1979) 

Anderson,  J.B.,  E.C.  Tsivoglou,  and  S.D.  Shearer. 1963. Effects of uranium  wastes on biological fauna 
of thc Animas  River  (Colorado-New  Mexico).  Pages 373-383 in V. Schultz  and  A.W. 
Klement,  Jr.,  editors.  Radioecology.  Reinholt  Publishing  Company  and  American Institute of 
Biological  Sciences,  New  York,  Ncw  York. 

Anonymous. 1991. Contaminant ResearchNccds - Selenium.  Photocopy. 

Archer,  S.R.,  T.R.  Blackwood,  and G.E. Wilkins.  1979. Status Assessment  of  Toxic  Chemicals: 
Polynuclear  Aromatic  Hydrocarbons.  EPA-600/2-79-2 I OL, Cincinnati,  Ohio. 

Avcry,  C. 1986. Bedrock  aquircrs of eastcm  San  Juan  County, Utah. Utah Department  of Natural 
Rcsources  Technical  Publication  No.  86,  Salt  Lake  City,  Utah. (Not available for review, 
cited  by  U.S.  Gcological  Survey  and Utah Division  of  Oil,  Gas,  and  Mining 1993) 

Baumann, P.C. 1990. Mcmorandum  18  Scptember 1990 re:  PAH  metabolite data. Photocopy. 

Baumann,  P.C.  and  R.B.  Gillespic. 1986. Selcnium  bioaccumulation  in  gonads of largemouth bass and 
bluegill  from b c e  power plant cooling  rcservoirs.  Environmcntal  Toxicology  and  Chemistry 
51695-701. 

Baumann, P.C., W.D.  Smith,  and M. Ribick. 1982. Hepatic  tumor rates and  polynuclear  aromatic 
hydrocarbon  levels  in  two  populations  oTbrown  bullhead (Icialurus nebulosus). Pages  93- 
102 zn M.W.  Cookc,  A.J.  Dennis,  and G.L. Fisher,  editors.  Polynuclear  aromatic 
hydrocarbons:  sixth  international  symposium on physical  and  biological  chemistry.  Battelle 
Press, Columbus,  Ohio. 

Bertram, P.E. and  A.S.  Brooks.  1986.  Kinetics of accumulation of selenium €tom food  and  water  by 
fathead minnows. Water  Rescarch  20:  877-884. 

Besser,  J.M.,  T.J.  Cantield,  and T.W. La Point. 1993. Bioaccumulation of organic  and  inorganic 
selenium in a laboratory €ood chain.  Environmental  Toxicology  and  Chemistry  12:  57-72. 

Besser, J.M., J.N.  Huckins, E.E. Little,  and  T.W.  La  Point. 1989. Distribution  and  bioaccumulation of 
sclenium in aquatic  environments.  Environmcntal  Pollution 62: 1-12. 

Black, T. and R.V. Bulkley.  1985.  Preferred  tcmperature of yearling  Colorado  squawfish. 
Southwcstern Naturalist 30: 95-100. 

Blanchard, P.J. 1990. 1991 Study plan amendment,  reconnaissance  investigation of irrigation  drainage 
in  the San Juan Kvcr area. U.S. Fish  and  Wildlife  Service,  Albuquerque,  New  Mexico. 
Photocopy. 



References Cited 

Blanchard, P.J., R.R. Roy,  and T.F. O'Brien. 1993. Rcconnaissance  investigation of water  quality, 
bottom scdiment,  and biota associated  with  irrigation  drainage in the San Juan River  arca, 
San Juan  County, northwesternNew Mcxico,  1990-1991.  U.S.  Geological  Survey  Water- 
Resources  Invcstigations  Report  93-4065.  U.S.  Geological  Survey,  Albuquerque,  New 
Mexico. 

Borland,  J.P., R.K. DeWees, R.L. McCracken,  R.L.  Lepp,  D.  Ortiz,  and  D.  Schaull. 1992. Water 
Resources Data. New  Mcxlco.  Watcr  Year 1991. U.S.  Geological  Survey  Water-Data 
Report NM-9 1-1,  Albuquerque, New  Mexico. 

BorneK,  J.  and A. Kunte. 1965. Carcinogenic  substanccs  in  water  and  soil. Part XVII.  Concerning the 
origin  and  estimation ol: the polycyclic  hydrocarbons  in  water.  Arch.  Hyg.  Bakt. 149: 226- 
243. (Not  available for review,  cited  by  National  Rescarch  Council  of  Canada 1983) 

Boyer, D.G. 1991. Mcmorandum 10 October 1991 rc: Santa Fe  River  sampling  results,  polynuclear 
aromatic  hydrocarbons.  Photocopy. 

Brown, K. Telcphone  conversation  with  author, 26 May  1992. 

Bulich,  A.A. 1979. USC of luminescent  bactcria for detcrrnining  toxicity in aquatic  environments.  Pages 
98-1 06 in L.L.  Marking  and  R.A.  Kimerlc,  Editors.  Aquatic  Toxicology, ASTM STP 667. 

Bulkley, R.V., C.R.  Berry,  R.  Pimentel,  and  T.  Black.  198  1.  Tolerance  and  preferences of Colorado 
Rivcr  endangcred fishes to selected habitat parametcrs. Utah Cooperative  Fishery  Unit. 
USFWS,  Completion  Rcport,  Contract 14-16-0008-1061 A-2,  Logan,  Utah.  (Not  available 
for revicw,  citcd  by  Wick et al.  1982) 

Bussey, R.E., D.E.  Kidd,  and  L.D.  Potter. 1976. The  concentTations orten heavy  metals in some 
sclectcd  Lake  Powell ganx fishcs.  Lake  Powell  Research  Project  Bulletin 34. Univcrsity 01 
New  Mexico,  Albuquerque,  New  Mexico. 

Butler,  D.L.  Telcphonc  conversation  with  author, 5 August  1993. 

Butler,  D.L.,  A.L.  Thompson, E Jenscn,  and  J.  Cawley.  1991.  Review  of  water  quality,  sediment,  and 
biota  associated  with  the  Dolorcs  Project  and thc Ute  Mountain Ute Irrigation  Project, San 
Juan  River  basin,  Colorado  and  Utah.  U.S.  Gcological  Survey,  Grand  Junction,  Colorado. 

Chcnoweth,  W.L. 1989. Dcvelopmenls  in  uranium  in  1988.  American  Association  of  Petroleum 
Gcologists  Bullctin 73: 385-391. 

Chcno~7etl1,  W.L. 1990. Dcvelopments  in  uranium  in  1989.  American  Association  of  Petroleum 
Geologists  Bulletin 74: 380-386. 

Chmowcth,  W.L. 1991. Thc geology 'and production  histoly  of  uranium-vanadium deposits in 
Monumcnt  Valley,  San  Juan  County,  Utah.  Utah  Geological  and  Mineral  Survey  Contract 
Rcport  91-4, Salt Lake  City,  Utah. 

Chcnoweth,  W.L 1992. The state of  the  Unites Slates uranium  industry  in 1992. American 
Association of Pctrolcum  Geologists  Bullctin  76:  1451-1476. 

288 



References Cited 

Colorado  Division  of  Mines. 1993. Monthly  coal  production report for period OM993 thru 04/1993. 
Colorado  Division of Mines,  Denver.  Available from Colorado  Division of Mines  upon 
request. 

Colorado  Division of WildliTe. 199 1. Mercury  levcls  in  fish  taken  from  southwest  Colorado  waters. 
Colorado  Division  of  Wildlife,  Durango,  Colorado.  Unpublished  data. 

Colorado  Mined  Land  Reclamation  Board.  1991a.  Colorado  Mincd  Land  Reclamation  Act.  Colorado 
Department  of  Natural  Rcsourccs,  Denver,  Colorado. 

Colorado  Mincd  Land  Rcclamation  Board. 199lb. Mineral  rules  and  regulations.  Colorado  Department 
of Natural Resources,  Denver,  Colorado. 

Colorado  Oil  and Gas Conservation  Commission.  1992. 1991 Oil  and gas statistics. Colorado  Oil  and 
Gas  Conscrvation  Commission,  Denvcr,  Colorado. 

Colorado  Oil  and  Gas  Conservation  Commission.  1993.  Rulcs  and  regulations, rules of  practice  and 
procedure, and Oil  and Gas Conservation  Act (as amended).  Colorado  Dcpartment of 
Natural  Resources,  Denvcr,  Colorado. 

Colorado  River  Basin  Salinity  Control  Forum.  1990.  Report  on the 1990 review:  watcr  quality 
standards [or salinity,  Colorado  Rivcr  system.  The  Forum:  Bountiful, Utah. 

Colorado  Rivcr  Fishes  Rccovcry  Team.  1991.  Colorado  squawfish  recovery  plan. U.S. Fish and 
Wildlife  Service,  Denver,  Colorado. 

Colorado  Water  Quality  Control  Conlmission.  1993a.  Thc  basic  standards  and  methodologies for 
surface  water.  Colorado  Department of Health,  Denver,  Colorado. 

Colorado  Water  Quality  Control  Commission. 1993b. Classifications  and  numeric standards for San 
Juan  River  and  Dolorcs R~ver basins. Colorado  Department of Health,  Denver,  Colorado. 

Colorado  Water  Quality  Control  Division. 1992. Water  quality in Colorado.  Colorado  Dcpartment of 
Health,  Denvcr,  Colorado. 

Crist, C. Telcphonc  conversation  with  author,  9  August 1993. 

Cruz,  R.R , R.K.  DcWees, D.E. Funderburg, R.L. Lepp, D. Ortiz,  and  D.  Shaull. 1993. Water 
Resources Data. New  Mexico.  Water  Year  1992. U.S. Geological  Survey  Water-Data 
Report  NM-92- 1, Albuquerque,  New  Mexico. 

Dials, G.E., editor. 1975. Coal  surface  mining  in New  Mexico. NCW Mexico  Governor’s  Energy  Task 
Forcc, Santa Fc,  New  Mexico. 

Eiccman, G.A. 1987. Hazardous  organic  wastcs  from  natural  gas  products  processing  and  distribution: 
environmental fates. New  Mexico  Watcr  Resources  Research Institute Report  No.  227,  Las 
Cruces:  Ncw  Mexico. 

Eiceman, G.A., B. Davani,  and J.A. Dodson. 1984. Discharge  water  from  hydrostatic  testing of natural 
gas  pipclines as source 01 polycyclic  aromatic  hydrocarbon  loading  into aquatic 
cnvironments.  International  Journal of Environmental  Analytical  Chemistry  19:  27-39. 

289 



I 

Refcrences Cited 

Eiceman,  G.A., B. Davani,  M.E.  Wilcox,  J.L  Gardea,  and J.A. Dodson.  1985.  High  molecular  weight 
hydrocarbons  including  polycyclic  aromatic  hydrocarbons  in  natural gas from consumer 
distribution  pipclines  and in pipeline  rcsiduc.  Environmental  Science  and  Technology 19: 
603-608. 

Eicenlan,  G.A.,  C.S.  Leasure,  and B.D. Baker.  1983.  Characterization  of  discharge  water  from 
hydrostatic  testing of natural  gas  pipelines  using high resolution gas chromatography/mass 
spectromctry.  Intcrnational  Journal of Analytical  Chemistry  16: 149-160. 

Eider, R. 1985a. Cadmium  hazards to fish,  wildlife  and  invertebratcs:  a  synoptic  review.  Contaminant 
Hazard  Revicws  Report  No.  2. USFWS Biological  Report 85( 1.2),  Washington,  D.C. 

Eider, R. 1985b. Mcrcury  hazards to fish,  wildlife  and  invcrtebrates:  a  synoptic  review.  Contaminant 
Hazard  Revicws Report No. 10. USFWS  Biological  Report  85(1.10),  Washington,  D.C. 

Eislcr,  R. 1986. Chromium  hazards to fish, wildlife  and  invcrtebrates:  a  synoptic  rcview.  Contaminant 
Hazard  Reviews  Report  No.  6.  USFWS  Biological  Report 85( 1 A),  Washington,  D.C. 

European  Inland  Fisherics  Advisory  Commission.  1969.  Water  quality  criteria for Europcan  freshwater 
fish - estremc pH valucs  and  inland  fisheries.  Water  Rescarch  3: 593-61 1. 

Fowler-Propst,  J.  Personal  communication  with  the  author,  22  November  1993. 

Fulton,  L.R. 1993. Mcmorandum 8 January 1993 re:  noti@ing  refuge  managcrs  about possible mercury 
contamination. 

Gallaher, B.M. and M.S. Goad. 1981. Water-quality  aspects of uranium  mining  and  milling  in  New 
Mexico.  Pages 85-91 In S.G Wclls  and W. Lambert,  editors.  Environmental  gcology  and 
hydrology  in  New  Mexico.  New Mexxo Geological  Society  Special  Publication 10. New 
Mexico  Gcological  Society,  Albuquerque,  New  Mexico. 

Gellis,  A. 1992. Decrcasing  trends  of  suspendcd  scdimcnt  concentrations at selected s t r e d o w  
stations in  New  Mexico.  Pages 77-93 in C.T.  Orlcga  Klctt,  editor.  Proceedings 36th annual 
Ncw  Mexico  water  confcrencc:  agencics  and  scicnce  working for the futurc.  New  Mexico 
Watcr Resources  Research Institute Report No. 265, Las Cruccs, Ncw  Mexico. 

Geochcmical  and Enviromcntal Research  Group.  1990.  GERG  standard  operating  proccdurcs - 
aromatic  hydrocarbon  metabolites  in  bile.  Texas  A&M  University,  College  Station,  Texas. 
Photocopy. 

Gernard, J., J.J. Messcr,  F.J. Post, andV.A. Lamarra.  1983. Assessingthc effects of coal  mining  and 
rclatcd  encrgy  devclopment  on  aquatic  environmcntal  quality  in  the  Colorado  River  basin. 
Pages 383-397 in V.D. Adams  and  V.A.  Lamarra,  editors.  Aquatic  resources  managcment 
of the Colorado  River  ecosystcrn. Ann  Arbor  Scicnce  Publishers,  Ann  Arbor,  Michigan. 

Goctz,  C.L. 198 1.  Preliminary  analysis of historical  streamflow  and  watcr-quality  rccords for the San 
Juan River  basin,  New  Mexico  and  Colorado.  Pages  21-25 in S.G.  Wells  and W.  Lambert. 
Environmcntal  geology  and  hydrology  in Ncw  Mcuico.  New  Mexico  Geological  Society 
Spccial  Publication 10. Ncw  Mexico  Gcological  Society,  Albuquerque,  New  Mexico. 

290 



References Cited 

Go&,  C.L.  and  C.G.  Abeyta.  1987.  Adequacy ofNASQAN data to describe the areal  and  temporal 
variability  of  water  quality  of  the San Juan River  drainage  basin  upstream from Shiprock, 
Ncw  Mexico.  U.S.  Geological  Survcy  Water-Resources  Investigations  Rcport  85-4043, 
Albuquerque,  New  Mexico. 

Goetz,  C.L., C.G. Abeyta,  and  E.V.  Thomas. 1987. Application of techniqucs to identify  coal-minc  and 
powcr-gcneration  effects on surface-watcr  quality. U.S. Geological Survey Water-Resources 
Investigations  Report  86-4076,  Albuquerque,  New  Mexico. 

Gosz,  J.R. 1980. The influence  ol-reduced  streamflows on watcr  quality.  Pages 3-48 in W.O.  Spofford, 
Jr.,  A.L.  Parker,  and  A.V.  Kneese,  editors.  Energy  devclopmcnt in the southwest:  problems 
of water, fish and  wildlife  in  the  Upper  Colorado  River basin. Vol. 11. Resources for the 
Future,  Inc.,  Washington,  D.C. 

Groundwater  Tcchnology,  Inc. 1993. htcrim measures  work  plan  Bloomfield  Refining  Company. 
Groundwater  Tcchnology,  Inc.,  Albuqucrque,  New  Mexico. 

Grubaugh-Littig, P. Telephonc  conversation  with  the  author, 19 May 1993. 

Hamilton,  S.J.  and B. Waddell. In prcss. Significancc  of  sclenium  in  eggs  and  milt  of  razorback  suckers 
in  the  Middle  Grccn  River. U.S. Fish  and  Wildlife  Service, Salt Lake  City,  Utah. 

Harrison,  R.M., R Perry,  and  R.A.  Wellings.  1975.  Polynuclear  aromatic  hydrocarbons  in  raw, 
potable,  and  wastc  waters.  Water  Rescarch  9:  33 1-346. 

Harvey, J. Telephone  convcrsation with the  author,  10  March  1993. 

Hawley, C. Tclephone  conversation  with  the  author, 29 June 1993. 

Hayncs,  C.M., R.T. Muth,  and  T.P.  Nessler. 1985. Identification orhabitat requirements  and  limiting 
factors for Colorado  squawfish  and  humpback  chub.  Colorado  Division  of  Wildlife,  Federal 
Aid  Final  Rcport  SE-3-4, Fort Collins,  Colorado. 

Herman, R.L. 1991a. [Letter to Richard  Roy, USFWS]. 24 May 1991. 

Herman, R.L. 1991b.  [Lettcr to Richard  Roy,  USFWS].  9  October 1991. 

Hermanutz, R.O., K.N. Allcn, T.H. Roush,  and S.F. Hcdtke.  1992.  Effects of elevated  selenium 
concentrations  on  bluegills (Lepomu rnacrochiru.~) in  outdoor  experimental  streams. 
Enviro~mental Toxicology  and  Chenlistry  1 1 : 217-224. 

Holdcn, P.B. 1979.  Ecology of riverine  fishes in regulated  stream  systcms  with  cmphasis on the 
Colorado  River.  Pages  57-74 m J.V.  Ward  and  J.A.  Stanford.  The  ecology  of  regulated 
streams.  Plenum  Press,  New  York,  New  York. 

Holdcn,  P.B. 1980. The  impacts of habitat altcrations on  the endangered  and  threatcned  fishes of the 
Upper Colorado  River  basin.  Pages  217-223 in W.O. Spofford, Jr., A.L.  Parkcr,  and  A.V. 
Kneese,  editors.  Energy  development  in  thc  southwest:  problems of water, fish and  wildlife 
in  the Upper Colorado  River  basin  Resources  for the Future,  lnc.,  Washington,  D.C. 

29 1 



I 

References Cited 

Holden, P.B. and  C.B.  Stalnaker. 1975. Distribution  and  abundance of mainstream fishes of the  middle 
and  uppcr  Colorado  River  basins,  1967-73.  Transactions of thc  American  Fisheries  Society 
104: 217-301. 

Hunn,  J.B., S.J. Hamilton,  and  D.R.  Bucklcr. 1987. Toxicity of sodium  selenite to rainbow trout fry. 
Water Research 21: 233-238. 

Hutchinson,  E.C.  and  R.E.  Brogden. 1976. Watcr-quality data for the  Southern Ute Indian  Reservation, 
southucstern Colorado. U.S. Geological  Survey  Open  File  Report  76-16,  Lakewood, 
Colorado. 

International  Agcncy lor Research  on  Cancer.  1973.  Monograph on the cvaluation of carcinogenic  risk 
of the chemical to man: certain  polycyclic  aromatic  hydrocarbons  and  hetcrocyclic 
compounds.  Volume 3.  World  Health  Organization,  Geneva,  Switzerland. (Not available for 
revicw,  cited  by  Archer ct al. 1979) 

Iorns, W.V., C.H. Hembree,  and G.L. Oakland. 1965. Water  resourccs of the Upper Colorado  River 
basin - technical  report. U.S. Geological  Survey Prokssional Papcr 44 1. U.S. Government 
Printing  Office,  Washington,  D.C. 

Invin, R.J. 1988. Impacts of toxic  chemicals  on  Trinity  River fish and uildlifc. U.S. Fish and  Wildlife 
Service, Fort Worth,  Texas. (Not available for review,  cited  by  Blanchard et al. 1993) 

Japhct, M. 1993. [Letter to La Plata County  Conunissioners] 19 February 1993. 

Jercinovic,  D.E. 1982. Assessment of rcrined  petroleum-product  contamination  problems  in  surface 
and  ground  waters of New  Mcxico.  Ncw  Mexico  Environmental  Improvement  Division, 
EIDNPC-82-5, Santa Fe,  New  Mexico. 

Jercinovic,  D.E. 1985. Petroleum  product  contamination of soil  and  water  in  New  Mexico.  Ncw 
Mexico  Environmental  Improvement  Division,  EID/GWH - 84/4, Santa Fe,  New  Mexico. 

Joseph,  T.W., J.A. Sinning, R.J. Behnke,  and  P.B.  Holdcn.  1977. An evaluation  of the status, life 
history,  and habitat requirements of endangered and threatened  fishcs of the  upper  Colorado 
River  system.  USFWS,  FWS/OBS-77/62, Fort Collins,  Colorado. 

Josephson, J. 198 1.  Polynuclear  aromatic  hydrocarbons.  Environmental  Science  and  Technology  15: 
20-22. 

Kaeding,  L.R.  and  D.B.  Osmundson. 1988. Intcraction of slow growth  and  incrcased  carly-life 
mortality: an hypothesis  on the decline or Colorado  squawfish  in  the  upstream  regions of its 
historic  range.  Environmental  Biology  of  Fishes 22. 287-298. 

Keller-Bliesncr  Engineering  and  Ecosystems  Research Institute. 1991. Navajo Indian  Irrigation  Project 
blocks 1-8. Biological  assessment.  Water  quality  analysis  section.  Keller-Blicsner 
Engineering  and  Ecosystems  Research  Tnstitute,  Logan, Utah. 

Kclly, M. Telcphone  conversation  with  author,  2  November  1993. 

292 



I 

References Cited 

Kelly, T.E. 1981. Hydrology  of strippable coal  dcposits  in  the  San  Juan  basin.  Pages 55-62 in S.G. 
Wells  and W. Lambert,  editors.  Environmental  Gcology  and  Hydrology  in  New  Mexico. 
New  Mcxico  Geological  Society  Special  Publication 10. New  Mexico  Geological  Society, 
Albuquerque,  New  Mexico. 

Kemp, H.T., V.L. Holman,  and R.L. Darby. 1973. Water  quality  criteria data book: efirects of 
chemicals  on  aquatic  life.  Vol. 5. EPA 18050. (Not  available for review,  cited  by  National 
Fisheries  Contaminant  Research  Centcr  et  al. 1991) 

Kidd, D.E. and  L.D. Potter. 1978. Analysis of metallic  cations  in  the  Lake Pow11 ecosystem  and 
tributarics. Lake  Powell  Rcsearch  Projcct  Bulletin  No. 63. University of New  Mexico, 
Albuquerquc,  New  Mexico. 

Kimball,  B.A. 1992. Geochemical  indicators  used to determine  source oisaline water  in  mesozoic 
aquifcrs,  Montezuma  Canyon  area,  Utah.  Pages 89-106 in S. Subitzkc.  Selected papers in 
the  Hydrologic  Scicnces 1988-92. USGS  Water  Supply  Paper 2340, Salt Lake  City,  Utah. 

Kunkler,  J.L. 1979. A  reconnaissance  study o i  selected  environmcntal  impacts  on  watcr  resources  due 
to the cxploration,  mining,  and  milling  of  uraniferous  ores  in the Grants Mineral  Belt, 
northwestern  New  Mexico.  San  Juan  Basin  Regional  Uranium  Study  Working Paper No. 22, 
Albuquerquc,  New Mesico. 

Lcmly,  D.A. 1985. Ecological  basis for regulating  aquatic  emissions  from the power  industry: the case 
with  selenium.  Rcgulatory Toxicolo~~ and  Pharmacology 5 :  465-486. 

Lcmly,  D.A.  In  prcss.  Guidelines for evaluating  selenium  data from aquatic monitoring  and  assessment 
studies. U.S. Forest  Scrvicc,  Blacksburg,  Virginia. 

Lemly,  D.A.  and G.J. Smith. 1987. Aquatic  cycling of sclenium - implications for fish and wildlife. 
USFWS  Leaflet 12, Washington, D.C. 

Liebermann,  T.D., D K. Mucller, J.E. Kircher,  and  A.F.  Choquette. 1989. Characteristics  and  trends  of 
streamflow  and  dissolved  solids  in the Upper  Colorado  River  Basin,  Arizona,  Colorado, 
New  Mexico,  Utah,  and  Wyoming. U.S. Gcological  Survcy  Watcr-Supply Papcr 2358, 
Washington,  D.C. 

Lockwood,  G.O. 1990. [Letter to USFWS,  Region 21 30 October 1990. 

Lowe,  T.P.,  T.W  May, W.G. Brumbaugh,  and  D.A.  Kanc. 1985. National  contaminant  biomonitoring 
program:  concentrations  of  seven  elements  in  fieshwater  fish, 1978-198 1. Archives of 
Environmental  Conlamination  and  Toxicology 14: 363-388. 

Lusby,  G.C. 1970. Hydrologic  and  biotic  cffects or grazing  vcrses  non-grazing  near  Grand  Junction, 
Colorado.  Journal of Range  Managemcnt 23:  256-260. 

Lyssy, G. 1993. Factsheet:  Bloomfield  Rciining  Company.  EPA,  Dallas,  Texas.  Photocopy in 
appcndix 0fU.S. Bureau of Rcclamation (1993). 

Lyssy, G.  Telcphonc  convcrsation  with the author, 1 July 1993. 

293 



I 

References Cited 

Marsh, P.C. 1985. Effcct o l  incubation  tcmpcratures  on  survival  of  embryos  of  native  Colorado  River 
fishes. SouthwcsternNaturalist 30: 129-140. 

McDonald, S. 1992. [Letter to Kirk  Lashmett] 14 September 1992 

McQuillan, D. and  P.  Longmire. 1986. Water  qualily  investigations at the Lee  Acres  landfill  and 
vicinity, San Juan  County,  New  Mexico.  Ncw  Mexico  Environmental  Improvement 
Division,  EID/GWH-86/1,  Santa  Fc,  New  Mcxico. 

McVeety,  B.D. and R.A.  Hites.  1988.  Atmospheric  deposition of polycyclic  aromatic  hydrocarbons to 
water  surfaces:  a mass balance  approach.  Atmospheric  Environment  22: 5 11-536. 

McWhorler,  D.B., R.K. Skogerboe,  and  G.V.  Skogerboe.  1975.  Water  quality  control  in  mine  spoils, 
Upper Colorado  River  basin.  EPA 670/2-75-948, Cincinnati, Ohio. (Not  availablc for 
review,  cited  by  Liebermann et al. 1989) 

Melancon,  S.M.,  T.S.  Michaud,  and  R.W.  Thomas. 1979. Assessment of encrgy  resource  development 
impact on water  quality: thc San  Juan  River  basin.  Interagency  Energy-Environment 
Rcsearch  and  Dcvelopment  Program  Report.  EPA 600/7-79-235, Las Vegas,  Nevada. 

Mencely,  S.C., S.L. Duzan,  and S.D. Schcmnitz.  1979.  Impacts  of  uranium  mining  and  milling  upon 
fish and  wildlifc  resources of thc  New  Mexico  San  Juan  basin  region. U.S. Fish and  Wildlife 
Service,  FWS/OBS-80/56, Las Cruccs,  Ncw  Mcxico. 

Mcnzie,  C.A.,  B.B.  Potocki,  and J. Santodonato.  1992.  Exposure to carcinogenic PAHs in  the 
Environment.  Environmcntal  Science  and  Technology  26: 1278-1284. 

Miller,  W.H., J. J. Valentine, D.L. Archer, H.M. Tyus,  R.A  Valdez,  and  L.  Kaeding. 1982. Colorado 
River  fishery  project,  final  report.  Part  I. U.S. Fish  and  Wildlife  Service, Salt Lake  City, 
Utah. (Not  available for review,  cited  by  National  Fishcries  Contaminant  Research  Ccnter et 
al. 1991) 

Moellmer, B. Telephone  conversation  with  the  author, 28 June 1993. 

Morris,  C.,  cditor. 1992. Academic  Press  Dictionary of Scicnce  and  Technology.  Academic Press, San 
Diego,  California. 

Muncy,  R.J.:  G.J.  Atchison,  R.V.  Bulklcy,  B.W.  Menzel,  L.G.  Perry,  and  R.C.  Summerlelt. 1979. 
Elects of suspcnded  solids  and  sediment  on  reproduction  and  carly  life o€ warmwater fishes. 
Corvalis  Environmental  Rescarch  Laboratory,  EPA 600/3-79-042, Corvalis,  Oregon. 

Mycrs, R.G. and E.D. Villanueva. 1986. Geohydrology of the aquifers that may be aflccted  by  the 
surface  mining  of  coal in the  Fruitland  Formation  in  the  San Juan basin,  northwestern  New 
Mexico. U.S. Gcological Survey Watcr-Rcsourccs  Investigations Reporl85-425 1, 
Albuquerque,  Ncw  Mcxico. 

National  Fisherics  Contaminant  Research  Center,  New  Mexico  Ecological  Services OTfice, and U.S. 
Fish  and  Wildlile  Service-Denver. 199 1.  Assessment o l  dietaly  selcnium  cffects on 
reproduction  and  early liEc stages of  Colorado  squawfish (Plychocheilus lucius) and 
raxorback  suckcr (Xyruuchen texnnus). Dralt. Photocopy. 

2 04 



I 

References Cited 

National  Research  Council of Canada. 1983. Polycyclic  aromatic  hydrocarbons in the aquatic 
environment:  formation,  sourccs,  fate,  and  effects  on  aquatic  biota.  National  Research 
Council oE Canada,  Ottawa,  Canada. 

Neff,  J.M. 1979. Polycyclic  aromatic  hydrocarbons  in  the  aquatic  environment:  sourccs, fatcs, and 
biological eEects. Applied  Science  Publishers,  Ltd.,  London,  England. 

New  Mcxico  Energy,  Mincrals,  and  Natural  Resourccs  Department.  199 1. State energy  policy.  New 
Mexico  Energy,  Minerals,  and  Natural  Resources  Dcpartment, Santa Fey New  Mexico. 

New  Mexico  Energy,  Minerals,  and  Natural  Resources  Department. 1992. Annual  resources  report 
1992. New  Mexico  Energy,  Minerals,  and  Natural  Resources  Department, Santa Fey New 
Mexico. 

New  Mexico  Energy,  Minerals,  and  Natural  Resources  Department.  1993.  New  Mexico  mineral 
industrics, data 1992. New  Mexico  Energy,  Minerals,  and  Natural  Resources  Department, 
Santa Fey New  Mexico. 

New  Mexico  Department of the Environment. 1990. Iniensivc  watcr  quality  stream  surveys  and  lake 
water  quality  asscssment  surveys 1989. New  Mexico  Department of thc  Environment, 
EID/SWQ-90/2, Santa Fey Nc~7 Mcxico. 

New  Mcxico  Departmcnt d the Environmcnt. 1 99 1. Intensive watcr  quality  stream  surveys  and  lake 
water  quality  assessment  surveys  1990.  New  Mexico  Department of the Environment, 
EID/SWQ-91/1,  Santa  Fe,  New Mesico. 

New  Mexico  Department of the  Environment.  1992.  Intensive  water  quality  stream  surveys  and  lake 
watcr  quality  assessment s u r v e y s  1991. New Mesico Department  of  thc  Environmcnt, 
NMEDISWQ-9212,  Santa  Fc,  New  Mexico. 

Ncw  Mexico  Oil  Consen7ation  Commission. 1 993. In the  matter  of thc hearing  called  by the Oil 
conservation Commission for the purpose of considering: case 10436, Order  No.  R-7940-C. 
New  Mcxico  Energy,  Minerals,  and  Natural  Resources  Department, Santa Fey  Ncw  Mexico. 
Transcript or hearing 14 Januaq 1993 

Conservation  Commission ... Case No. 8224,  Order  No. R-7940. New  Mcxico  Energy  and 
Mincrals  Department,  Santa  Fc, New Mexico.  Transcript of hcaring 12 June 1985. 

New  Mcxico  Oil  Conservation  Division.  1985.  In the matter of the hearing  called by the Oil 

Ncw  Mexico  Oil  Conservation  Division. 1993. Unlined  surface  impoundment  closure  guidelines.  New 
Mcxico  Oil  Conservation  Division,  Santa  Fe, New  Mexico. 

New  Mexico State Engineer  Office. 1991. Annual  Report.  79th  Fiscal  Year.  July 1, 1990 to June  30, 
1991. Ncw Mesico Statc Engineer  OIficc, Santa Fe,  New  Mexico. 

New  Mexico  Water  Quality  Control  Commission. 1976. San Juan  River basin plan.  New  Mexico 
Water  Quality  Control  Commission,  Santa Fey Ncw Mcxico. 

Ncw  Mcxico  Watcr  Quality  Control  Commission. 199 1. Water  quality standards for interstate  and 
intrastate streams in New  Mexico.  Ncw  Mexico  Water  Quality  Control  Commission,  Santa 
Fc,  New  Mcxico. 

295 



Rcl'erences Cited 

New  Mexico  Water  Quality  Control  Commission.  1992.  Watcr  quality  and  water  pollution  control in 
New  Mexico 1992. New  Mcxico  Watcr  Quality  Control  Commission,  NMED/SWQ-92/1, 
Santa Fey New Mexico. 

Niimi,  A.J.  and V. Palazzo. 1986. Biological  half-lives of eight  polycyclic  aromatic  hydrocarbons 
(PAHs) in rainbow trout (Salmo garrdneri). Water  Research  20: 503-507. 

Nordlund,  B.D.  and  T.D.  Liebermann. 1990. Estimates of dissolved solids and  major  dissolved 
constituents for 70 streamflow-gaging stations in the  Upper  Colorado  River  basin,  Arizona, 
Colorado,  New  Mexico,  Utah,  and  Wyoming.  U.S.  Geological Survey Open-File  Report 87- 
547, Denver,  Colorado. 

O'Bricn, T.F. 1987. Organochlorine  and  hcavy  metal  contaminant  investigation  San Juan River  basin, 
New  Mexico, 1984. USFWS,  Ecological  Field  Scrvices  Officc,  Albuquerquc,  New  Mexico. 

O'Brien,  T.F. 1991. Department of the Interior  rcconnaissancc  investigation of irrigation  drainage of 
the San Juan Rivcr area, northwestcrn New Mexico, 1 990- 199 1. Attachmcnt to analytical 
catalog for samples  collected  from  the San Juan  Rivcr  basin,  San  Juan  County,  New  Mexico 
(Study ID 2501).  Photocopy. 

Office of the  Fcderal  Register. 1993. Watcr  Quality  Standards.  Code of Federal  Regulations,  Title  40, 
Part 131.  Office ofthc Fedcral  Rcgister,  National  Archives  and  Rccords  Administration, 
Washington,  D.C. 

Ohlcndor€,  H.M.,  D.J. Hofhan, M.K. Saiki,  and T.W. Aldrich.  1986.  Embryonic  mortality  and 
abnormalitm of aquatic  birds:  apparent  impacts of  selenium  from  irrigation  drain  water. 
The Science  of the Total  Environment 52: 49-63.  (Not  available for review,  cited  by  O'Brien 
1987). 

Olson, W.C. 1992. [Letter to Jennifer  Fowlcr-Propst]  15  April 1992. 

Petcr, K.D., R.A. Williams,  and K.W. King.  1987.  Hydrogeologic  characteristics of the Lee  Acres 
landfill  area,  San  Juan  County, New Mexico.  USGS  Water  Resources  lnvestigations  Report 
87-4246, Albuquerque,  New  Mexico. 

Petts, G.E. 1984. Impounded  rivers:  perspectivcs for ccological  management. John Wiley  and  Sons, 
Chichester,  England. 

Petty,  J.D., J.N. Huckins, D.E. Tillitt, S.J. Hamilton,  B.C.  Poulton, U.T. Jackson,  and  C.  Sanchez. 
1992. Prescnce  and  significance ofpolycyclic aromatic  hydrocarbon  (PAH)  residues  in  the 
San Juan River  basin.  Draft.  U.S  Fish  and  Wildlife  Scrvicc,  Yankton,  South  Dakota. 
Photocopy. 

Pimentcl, R. and R.V. Bulkley. 1983. Concentrations  of total dissolved  solids  preferred  or  avoided  by 
endangered  Colorado  River  fishes.  Transactions of thc  Amcrican  Fisherics  Socicty 112: 595- 
GOO. 

Platania,  S.P. 1990. Biological  summary of the  1987 to 1989 New  Mexico-Utah  ichth>/ofaunal  study of 
thc San Juan Rivcr.  University of New  Mexico,  Albuquerque,  New  Mexico. 

296 



References Cited 

Platania, S.P., K.R. Bestgen,  M.A.  Moretti,  D.L.  Propst,  and J.E. Brooks.  1991. Status of Colorado 
squawfish  and  razorback  sucker  in  the  San  Juan  River,  Colorado,  Ncw  Mcxico,  and  Utah. 
SouthwesternNaturalist 36: 147-150. 

Pott, S. Telephone  conversation  with  thc  author,  28  June  1993. 

Potter,  L.D.  and C.L. Drake.  1989.  Lake Pow7ell:  Virgin flow to dynamo.  University of New7 Mexico 
Press, Albuquerque,  New  Mexico. 

Pyron, M. and  T.L.  Beitenger.  1989. EfTect olselenium on  reproductive  behavior  and  fry of fathead 
minnows.  Bullctin of Environmcntal  Contamination  and  Toxicology  42:609-613. 

Ranney, H. Telephone  conversation  with  the  author, 29 Junc 1993. 

ReMillard,  M.D.,  L.R.  Herbert,  G.A.  Birdwcll,  and T.K. Loekncr. 1992. Walcr  Resources  Data.  Utah. 
Watcr  Year 1991. U.S. Gcological  Survey  Water-Data  Report  UT-91-1,  Salt  Lake  City, 
Utah. 

ReMillard,  M.D.,  L.R.  Herbcrt,  G.A.  Birdwell,  and T.K. Lockner.  1993.  Water  Resources  Data.  Utah. 
Watcr  Ycar 1991. U.S.  Gcological  Survey  Water-Data  Report  UT-92-1, Salt Lakc  City, 
Utah. 

Robison,  H.R.  and  T.M.  Buehanan.  1988.  Fishes of Arkansas.  University oT Arkansas Press, 
Fayctteville,  Arkansas. 

Roderick, D. 1991. [Letter to Max J. Stodolski,  Bureau of Reclamation] 3 June 1991. 

Roy,  R. 1990. Department  of  thc Tntcrior Reconnaissance  investigation of irrigation  drainage  of  the 
San Juan  River  area,  northwestern  New  Mexico.  Attachmcnt to analytical catalog for 
samples  collected  from  the  San  Juan  River  basin,  San Juan County, New  Mexico  (Study ID 
91-2-2252).  Photocopy. 

Roy, R. and S.J. Hamilton. 1992. Perspectives on San Juan  River  water  quality  issues.  Photocopy. 

Roybal, F.E. and  others.  1983.  Hydrology  of  Arca  60,  northern  Great  Plains,  and  Rocky  Mountain  coal 
provinces,  New  Mexico;  Colorado,  Utah,  and  Arizona.  USGS  Water  Resources 
Investigations  Open  File  Rcport  83-203,  Albuquerque,  New  Mcxico. 

San  Joaquin  Valley  Drainage  Program.  1990  Fish  and  Wildlife  Resources  and  Agricultural  Drainagc 
in  the San Joachin  Vallcy,  California. Vol. I.  (Not  available for review,  cited  by  Keller- 
Blicsner  Engineering  and  Ecosystems  Rescarch Institute 1991) 

San Juan Basin Regional  Uranium  Study.  1980.  Uranium  development  in the San Juan basin region:  a 
report on  environmental  issucs.  Final  Rcport.  San  Juan  Basin  Regional  Uranium  Study, 
Albuquerque,  New  Mexico. 

Schmitt,  C.J.  and  W.G.  Brumbaugh.  2990.  Natlonal  contaminant  biomonitoring  program: 
conccntrations of arsenic,  cadmium,  copper,  Icad,  mcrcury,  selenium,  and  zinc  in  U.S. 
Freshwatcr  Fish,  1976-1984.  Archives of Environmental  Contamination  and  Toxicology  19: 
73 1-747. 

297 



Refcrences Cited 

Schmitt,  C.J.,  J.L.  Zajicek,  and  M.A.  Robick. 1985. National  pcsticide  monitoring  program:  residues of 
organochlorine  chemicals in Ji-eshwatcr  fish, 1980-81. Archivcs of Environmcntd 
Contamination  and  Toxicology 14. 225-260. 

Schultz,  R.  and  R.  Hermanutz. 1990. Transfcr oE toxic  concentrations  of  sclenium from parent to 
progeny in the fathead  minnow (P~mepkrrles promelas). Bullctin o€ Environmental 
Contamination  and  Toxicology 45:  568-573. 

Seethaler, K. 1978. Life history  and ecology of h e  Colorado  squawfish (Ptychochehs lucius) in the 
Upper Colorado  River  basin.  Utah State University,  Logan,  Utah.  Thesis.  (Not  available for 
review,  cited  by  Menecly et al. 1979) 

Senate  Cornmittec  on  Environment  and  Publlc  Works. 1982. The  Clean  Water  Act,  as  amended 
through  December 1981. U.S.  Government  Printing  Office,  Washington,  D.C. 

Severson,  R.C.  and L.P. Gough. 1981. Geochemical  variability of natural  soils  and  rcclaimed  mine- 
spoil soils in the  San Juan basin, New  Mexico. U.S. Geoloacal Survey  Professional Paper 
1134-C, Waslungton,  D.C. 

Shacklette, H.T. and J.G. Boerngcn. 1984. Elemcnt  concentrations  in soils and  other  surficial  materials 
of thc conterminous  United  States:  U.S.  Geological  Survey  Professional  Paper 1270. 

Shanks,  C. 1993a. Memorandum 14 June 1993 rc:  San  Juan  River - discase  diagnosis.  Photocopy. 

Shanks, C. 1993b. San Juan  River  fish  disease  data. U.S. Fish and  Wildlife  Scrvice,  Pinctop,  Arizona. 
Unpublished  data. 

Shomo, L.S. and  S.P.  Hamilton-McLcan. 1992. Invcstigation  of  gill  tissue  condition  and  uptake of 
polycyclic  aromatic  hydrocarbons  in  flrannelmouth  suckcrs  during  open-cut  trenching in the 
San Juan River.  U.S. Fish and  Wildlife  Scrvicc,  Albuqucrque,  New  Mexico.  Photocopy. 

Smolka,  L.R. 1985. Water  quality  survey of the San  Juan  River  from  Blanco to Shiprock,  New  Mexico, 
November 12-14, 1984. New  Mexico  Dcpartment of the  Environmcnt,  EID/SWQ-85/5, 
Santa Fe,  New  Mexico. 

Sorensen,  E.M.B.,  P.M.  Cumbie,  T.L.  Bauer,  J.S.  Bell,  and C.W. Harlan 1984. Histopathological, 
hcrnatological,  condition-factor,  and orgran weight  changes  associated with  selcnium 
concentration  oCBelews  Lakc,  North  Carolina.  Archivcs of Environmental  Contamination 
and  Toxicology 13: 153-162. 

Southern Ute Indian  Tribe. 1993. Southern Ute Indian  Tribe,  Ignacio,  Colorado.  Unpublished data. 

Spangler, L.E. 1992. Rccords  of  wells in sandstone  and  alluvial  aquifers  and  chemical data for water 
€om sclectcd  wclls  in  the  Navajo  Aquifcr  in  the  vicinity  of  thc  Grcater  Aneth  Oil  Field,  San 
Juan County,  Utah. Utah Hydrologic-Data  Report 47, USGS  Open-File  Rcport 92-124, Salt 
Lake  City. 

Standiford, D.L., L.D. Pottcr,  and  D.E.  Kidd. 1973. Mercury  in the Lake  Powcll  Ecosystem.  Lake 
Powell Rcsearch  Project  Bulletin No. 1. University of Ncw  Mcxlco,  Albuquerque,  New 
Mexico. 

298 



Re€erences Cited 

Stone,  W.J.,  F.P.  Lyford, P.F. Frenzcl,  N.H.  Mizell,  and  E.T.  Padgett. 1983. Hydrogeology  and  water 
resources o€ San Juan basin,  New  Mexico.  Hydrologic  Report 6. New  Mcxico  Bureau of 
Mines  and  Mincral  Resources,  Socorro,  New  Mcxico. 

Thompson, K.R. and J.C. Mundorfi: 1982. Charactcristics  of  suspendcd  sediment in the San  Juan 
River ncar Bldf, Utah. USGS,  Water-Resources  Investigations  Rcport 82-4104, Salt  Lake 
City,  Utah. 

Thorn,  C.R. 1993. Water-quality data from  the  San  Juan  and  Chaco  Rivers  and  selected  alluvial 
aquifers, San Juan  County,  New  Mexico.  USGS  Opcn-File  Report 93-84, Albuquerque, 
Ncw  Mcxico. 

Toole,  T.W. 1992. State of Utah 1992 State  Water  Quality  Assessment (305 (b) Report). Utah 
Division of Water  Quality,  Department of Environrncntal  Quality,  Salt  Lake  City,  Utah. 

Tyus, H.M. 1987. Distribution,  reproduction,  and  habitat use of the razorback  sucker  in  the  Green 
River, Utah, 1979-1986. Transactions of thc  Amcrican  Fisherics  Society 116: 11  1-116. 

Tyus, H.M. 1990. Potamodromy  and  rcproduction of Colorado  squawfish Pfychocheilus lucius. 
Transactions oithe American  Fisherics  Socicty 119-1035-1047. 

Tyus,  H.M. 1991. Movcments  and  habitat usc of young  Colorado  squawfish in the Green  River,  Utah. 
Journal oiFreshwater Ecology 6:43-5 1. 

Tyus, H.M.,  B.D.  Burdick,  R.A.  Valdez,  C.M.  Haynes,  T.A.  Lytle,  and C.R. Berry. 1982. Fishes of the 
Upper  Colorado  River  basin:  distribution,  abundance,  and status. Pages 12-70 in W.H. 
Miller, H.M. Tys ,  and  C.A.  Carlson,  editors.  Fishes ofthe Upper  Colorado  River  system: 
prcsent  and iuture. American  Fisheries  Society,  Westcrn  Division,  Bethesda,  Maryland. 

Tyus,  H.M.  and  C.A. Karp. 1989. Habitat usc and  streamflow  needs of rare  and  endangered fishes, 
Yampa  Rivcr,  Colorado  U.S.  Fish  and  Wildlife  Service  Biological  Report 89(14). 

Ugland,  R.C.,  B.J.  Cochran,  M.M.  Hincr,  E.A.  Wilson,  J.D.  Bcnnett,  and  R.A.  Jenkins. 1992. Water 
Resources  Data.  Colorado.  Water  Year 1991. Vol. 2. U.S. Geological  Survcy  Water-Data 
Report CO-91-2, Denver,  Colorado. 

Ugland,  R.C.,  B.J.  Cochran, M.M. Hiner,  E.A.  Wilson,  J.D.  Bennett,  and  R.A.  Jcnkins. 1993. Water 
Resourccs  Data.  Colorado.  Watcr  Ycar 1991. Vol. 2. U.S. Gcological  Survey  Water-Data 
Report CO-92-2,  Denver,  Colorado. 

Upper Colorado  Rcgion  State-Federal  Intcr-Agency  Group. 197 1. Uppcr  Colorado Region 
Cornprehcnsive  Frarncwork  Study.  Appcndlx X V :  Water  quality,  pollution  control,  and 
health factors. The Group,  Ogdcn,  Utah. 

U.S.  Bureau  of Tndian Affairs. 1976. Navajo  Indian Imgation Project.  Final  Environmental  Statement 
INTFES 76-52. U.S. Department  oEthc Tnterior, Washington,  D.C.  (Not  available for 
review,  cited  by  Mclancon  et al. 1979) 

U.S. Bureau of lndian  Affairs. 1993 Navajo  lndian  Irrigation  Project  watcr  quality  data.  Bureau of 
Indian  Affairs,  Farmington,  Ncw Mcsico. Unpublished data. 

299 



References Cikd 

U.S.  Bureau of Land  Managemcnt.  1984.  Final  San Juan River  Regional  Coal  Environmental  Impact 
Statcment.  Bureau of Land  Management,  Farmington,  New  Mexico. 

US. Bureau of RcclGamation. 1976. Proposed  modifications to the  Four  Corners  Powcrplant  and 
Navajo  Minc,  Ncw  Mexico.  Final  Environmental  Statement. Vols. 1 and 11. Bureau of 
Reclamation, INT FES 76-36. 

U.S. Burcau of Rcclamation. 1979. Animas-La  Plata  Projcct.  Dcfinite  plan  rcport.  Appendix B: Watcr 
supply.  Bureau of Reclamation, Salt Lake  City,  Utah. 

U.S.  Bureau of Reclamation. 1980. Final  cnvironmental  statcment.  Animas  La-Plata  Project.  Burcau of 
Reclamation,  Salt  Lake  City,  Utah. 

U.S. Bureau of Reclamation. 1992a. Animas-La Plata Projcct.  Draft  suppIement to the 1980 final 
environmental  staterncnt.  Bureau of Reclamation,  DES 92-4 1, Durango,  Colorado. 

U.S. Bureau of Reclamation. 1992b. Animas-La Plata Project.  Drart  supplement  report  on  water 
quality for thc draft supplement to final  cnvironmental  statement.  Bureau of Rcclamalion, 
Durango,  Colorado. 

U.S. Bureau of Reclamation.  1992c.  Animas-La  Plata  Project.  Trace  elemcnt  analysis report. A 
supplement to Appendix  C  project  land  and  drainage  definite  plan  report.  Bureau of 
Reclamation,  Durango,  Colorado. 

U.S. Bureau of Rcclamation. 1993a. Fish trace elcment  analysis  data.  Bureau of Reclamation, 
Durango,  Colorado.  Unpublishcd data. 

U.S. Bureau o€Reclamation. 1993b. San Juan River  Unit - Hammond  Project  portion,  New  Mexico. 
Preliminary tcam drafi. Draft planning repodenvironmental assessment.  Bureau of 
Reclamation, Salt Lake  City,  Utah. 

U.S. Burcau of Reclamation.  1993c.  Sedimcnt  trace  elcment  analysis data. Burcau of Reclamation, 
Durango,  Colorado.  Unpublished  data. 

U.S.  Bureau of Reclamation, U.S. Fish  and  Wildlife  Service,  New  Mexico  Department  of  Game  and 
Fish, Utah Division of Wildlifc  Resources,  and  Colorado  Division of Wildlife. 1992. San 
Juan  Rivcr  Scven  Year  Research  Plan  (Fiscal  Year  1992).  Bureau of Rcclamation, Salt Lake 
City,  Utah. 

U.S. Department of Commerce,  Bureau of thc  Census. 1992. 1990  Census of population  and  housing. 
Summaty Tapc File l-A, New  Mexico,  Colorado,  Utah,  CD-ROM. 

U.S.  Department of the  Interior. 1987. Quality of water  Colorado  River  Basin.  Progress  Report No. 13. 
Department of thc  Interior,  Salt  Lake  City,  Utah. 

U.S. Department or the  Intcrior.  1989.  Quality of water  Colorado  Rivcr  Basin.  Progress  Report No. 14. 
Department of the Interior,  Salt  Lakc  City,  Utah. 



Refcrences Cited 

U.S. Environmental  Protection  Agency. 1971. The  mineral  quality  problem in the  Colorado  River 
Basin.  Project  Report 5 .  In Proceedings  of  the  conference  in the matter olpollution  o€the 
interstatc watcrs of the Colorado  Rivcr  and its tributaries - Colorado,  New  Mexico,  Arizona, 
California,  Ncvada,  Wyoming,  Utah.  Volume 2, Seventh  Session. Las Vegas,  Nevada.  (Not 
available for review,  cited  by  Mclancon et al.  1979) 

U.S. Environmental  Protection  Agency. 1986. Quality  critcria for water 1986. EPA  Report  No. 44015- 
86-001, Washington,  D.C. 

U.S. Environmental  Protection  Agency.  1993.  Water  quality  standards.  Fcderal  Register  Code  of 
Federal  Regulations 40 CFR Ch. 1,  Part 131, U.S.  Government  Printing Ollice, Washington, 
D.C. 

U.S. Fish and  Wildlire  Scrvicc. 1987. Final  recovery  implcmentatlon  program for endangcred  fish 
species  in  the  Upper  Colorado  Rivcr  basin  USFWS,  Denvcr,  Colorado. 

U.S. Fish  and  Wildlife  Service. 1991a. Endangered  and  lhreatcned  wildlife  and  plants;  animal 
candidate  revicw for listing  as  cndangcred  or  threatened  species,  proposed  rule. 50 CFR Part 
17. Federal  Rcgister 5658804-58836. 

U.S. Fish and  Wildlife  Servicc. 1991b. Memorandum  re:  formal  Section  7  consultation:  biological 
opinion  and  confercnce  rcport €or thc NITP, Blocks  1  through 8. U.S. Fish and  Wildlifc 
Service,  Albuqucrque,  New  Mexico.  Photocopy. 

U.S. Fish and  Wildlifc  Service,  Colorado State Orfice  Ecological Services. 1993. Thc  Animas-La Plata 
Projcct,  Colorado  and NCW Mexico,  Fish  and  Wildlife  coordination  act  report.  USFWS, 
Goldcn,  Colorado. 

U.S. Fish and  Wildlifc  Service  andNationa1  Park  Service. 1991. Rcconnaissancc  study o€trace 
clemcnts  in  watcr,  scdimcnt,  and  biota  of  Lake  Powell.  Study  Plan. U.S. Fish and  Wildlife 
Service, Salt Lakc C~ty, Ut'ah. 

U.S. Geological  Survey. 1993a. Methanc-conccntration  and  methane-isotope  data for ground  water  and 
soil  gas in the Animas  River  Valley,  Colorado  and New Mcxico, 1990- 1991. Tnterim report. 
U.S. Geological  Sunley  Water-Resources  lnvestigations  Report 93-4007, Dcnver,  Colorado. 

U.S. Geological  Survey 1993b. Quarterly  progrcss  summary,  Ancth  salinity  project.  USGS, Salt Lake 
City, Utah. Photocopy. 

U.S. Geological  Survey  and  Utah  Division of Oil,  Gas  and  Mining,  Salt  Lake  City. 1993. Work plan 
for using multivariate statistics, pattern  recognition,  and  gcophysical  techniques to define 
possiblc migration  pathways  of  saline  water  into  fresh  ground  watcr,  Aneth  arca,  Utah. 
USGS, Salt Lake  City,  Utah.  Photocopy. 

U.S.  Water  and  Pomcr  Resourccs  Service (U.S. Bureau oiReclamation). 1981. Project  data. U.S. 
Govcrnmcnt  Printing Oficc, Denver,  Colorado. 

Utah Board of 011, Gas and  Mining.  1993a. 011 and  Gas  Conscrvation  Act.  Utah  Board of Oil,  Gas 
and  Mining,  Salt  Lakc  City,  Utah. 



References Cited 

Utah Board o i  Oil, Gas and  Mining.  1993b.  The  oil  and  gas  conservation  general  rules. Utah Board  of 
Oil, Gas and  Mining,  Salt  Lakc  City,  Utah. 

Utah  Department of Environmcntal  Quality,  Division of Watcr  Quality.  1992. Standards or quality for 
watcr of the state. Utah  Departmcnt olEnvironmental Quality, Salt Lakc  City,  Utah. 

Utah Deparlment  of  Environmcntal  Quality,  Division of Water  Quality. 1993. Exceedance  report. 
Utah Department of Environmental  Quality,  Salt  Lake  City,  Ut&  Unpublished data. 

Utah Division of Oil,  Gas,  and  Mining.  1992.  Amended  and new rules,  mincrals  rcclamation  program, 
R647-1 through  R647-5. Utah Dcpartmcnt of Natural  Resources, Salt Lake  City, Utah. 

Utah Division of Oil,  Gas  and  Mining.  1993a.  April 1993 oil  and  gas  production  reporl. Utah 
Departmcnt of Natural  Rcsources, Salt Lake  City,  Utah. 

Utah  Division oIOil, Gas,  and  Mining. 1993b. Permitted  uranium  mines in San Juan County,  Utah. 
Utah Department  of Natural Resources,  Salt  Lakc  City, Utah. Unpublished list. 

Valdez,  R  A.,  W.J.  Masslich,  and  A.  Wasowicz.  1992.  Dolores  Rivcr  native  fish habitat suitability 
study.  Rcport No. TR-272-02. BIONEST, Inc.,  Logan,  Utah. 

Vanicek,  C.D., RH. Kramer,  and  D.R.  Franklin. 1970. Distribution of Green  River  fishcs in Utah and 
Colorado  following  closure of Flaming  Gorgc  dam.  Southwestcm  Naturalist  14: 297-3 15. 

Waddell, B. Personal  communication  with  thc  author, 17 June  1993. 

Waddell, B. and  C.  Wiens. 1992. Rcconnaissance  study oltrace elemcnts in water,  sediment,  and biota 
olLake Powell.  Interim report. U.S. Fish and  Wildlife  Scrvice,  Salt  Lake  City,  Utah. 

Walkcr, P. 1992. [Letter to Mike  Japhet] 21 August  1992. 

Wall, J. 1992. A  proposal to study  hydrocarbon  contributions from public  land  activitics in the  San 
Juan  basin. U.S Bureau of Land  Managcrnent,  Albuquerque.  Photocopy. 

Walsh, D.F., B.L. Berger,  and  J.R.  Bcan.  1977.  Mercury,  arsenic,  lead,  cadmium,  and  selenium 
residues  in fish. 1971-1973 National  contaminant  biomonitoring  program.  Pcsticidcs 
Monitoring  Journal  11:5-34. 

Ward,  J.V.  and  J.A. Stanlord 1987. Ecology of regulated  streams: past accomplishments  and 
directions €or hture rcsearch.  Pages 391-409 In J.F.  Craig  and J.B. Kemper,  editors. 
Rcgulated  streams:  advances in  ecology.  Plenum Press,  New  York, Nen7 York. 

Watcnpmgh, D.E.  and  T.L.  Beitingcr. 1985. Absencc of sclenatc  avoidance  by  €athead  minnows 
(I)lmep}lalespromela.~~. Water  Research 19: 923-926 

Wells, S.G. and  D.E.  Rose. 1981. Applications ofgeomorphology to surfacc  coal-mining  reclamation, 
northwestcrnNcw Mcxico.  Pagcs 69-83 m S.G. WcIls  and  W  Lambcrt,  editors. 
Environmental  gcology  and  hydrology in New Mesico. Ncn7 Mcxico  Geological  Society 
Special  Publication  No.  10.  New  Mexico  Gcological  socicty,  Albuquerquc,  New  Mexico. 

3 02 



I 

References Cited 

Westin, D.T. 1974. Nitrate and  nitritc  toxicity  to  salmonid fishes. The Progressivc  Fish-Culturalist  36: 
86. 

Wick, E.J., C.W.  McAda,  and  R.V.  Bulkley. 1982. Life  history  and  prospects Tor recovery of the 
razorback  sucker.  Pages  120-126 in W.H. Miller, H.M. Tyus, and  C.A.  Carlson,  editors. 
Fishes o i  the  Upper  Colorado  Rivcr  system:  present and future.  American  Fisheries  Society, 
Western  Division,  Bethesda,  Maryland 

Wiersma,  G.B.  and  A.B.  Crockett.  1978.  Tracc  elements  in  soil  around the Four  Corners  Power  Plant. 
EPA  60013-78-079,  Las  Vegas,  Ncvada. 

Wilson, B.C. 1992.  Watcr  use  by  categories in  New  Mexico  counties  and  river  basins,  and  irrigated 
acreagc  in  1990.  New  Mexico  State  Engineer  Officc,  Technical  Report  47,  Santa  Fe,  New 
Mexico. 

Wilson, L. 1981.  Potential for ground-water  pollution in  Ncw  Mexico. Pages 47-54 zn S.G. Wells  and 
W.  Lambcrt,  editors.  Environmcntal  geology  and  hydrology in  New  Mexico.  New  Mexico 
Geological  Society  Special  Publication  No. 10. Ncw  Mcxico  Gcological  society, 
Albuquerque,  New  Mcxico. 

Wydoski, R.S. 1980.  Potential  impacts of alterations  in  strcamflow  and  water  quality on fish and 
macroinvertebratcs in the Upper  Colorado  River  basin.  Pagcs  77-147 ln W.O.  Spofford, Jr., 
A.L.  Parker,  and  A.V.  Kneese,  editors  Energy  development  in  thc  southwest:  problems  of 
watcr, fish and  wildlife  in  the  Upper  Colorado  River  basin.  Resources for the  Future,  Inc., 
Washington,  D.C. 

303 



APPENDICES 1-3 

304 



I . I  

GLOSSARY 

Appendix 1 

Absorption. Process  by  which  pesticides  are  takcn  into plant tissues by  roots  or  foliage  (Warc 1983). 
The penctration of one  substance  into  or  through  another  (Messcr  and Post 1982). 

Acid mine drainage. Any  acidic  water  draining  or  flowing on, or  having  drained  or  flowed off, any 
area or land  affected  by  mining  (Messer  and  Post  1982). 

Acute  toxicity. Thc  toxicity  of  a  matcrial  determined  at  the  end of 24 hours;  toxicity that causes injury 
or death  from  a  single  dose  or  exposure  (Warc 1983). 

Acre-foot. The  quantity oiwatcr needed to cover 1 acre to a  depth of 1 foot  (New  Mexico  Water 
Quality  Control  Commission 1976). 

Adsorption. Chemical  and/or  physical  attraction  of a substance to a  surface.  Refers to gases,  dissolved 
substances, or liquids  on the surface of solids  or  liquids  (Ware  1983). 

Aerosol. Colloidal  suspension  of  solids  or  liquids  in  air  (Ware 1983). A  suspension  of  liquid  or  solid 
particks (in  a gas) of such  size  that  thcy  tend to remain  suspended for an  indefinite  period 
(Mcsser  and Post 1982). 

Alkaline. The  condition of a  water  solution  having  a  pH  concentration  greater  than 7.0 and  having 
properties of a base  (Messcr  and  Post 1982). 

Alluvium. Matcrial  such  as  carth,  sand, gavel, or other  rock or mineral  materials  transported  by  and 
dcpositcd  by  flowing  water  (Messer  and Post 1982). 

Aquifer. A formation,  group of formations:  or part of  a  formation that contains  sufficient saturated 
pernleable  matcrial to yield  quantities of water to wells  and  springs  (Mcsser  and Post 1982). 

Aromatic  hydrocarbon. An  unsaturated  cyclic  hydrocarbon  containing  one or more six-carbon  rings 
(Mcsser  and Post 1982). 

Aromatics. Solvents  containing  bcnzene  or  compounds  derived from benzene  (Ware  1983). 

Ash. Thcoretically,  the  inorganic salts contained in coal;  practically, the solid  residue  remaining  after 
coal is burncd  (Mcsser  and  Post  1982). 

Base flow. Groundwater  inflow to the rivcr.  Porlion  of stream discharge  that is derived  from  natural 
storage (BR 1992a). 

Bioaccumulation. The  uptake  and  retcntion olnonfood substances  by  a  living  organism  from its 
environment, resulting in  a  build-up of the  substances in the  organism (BR 1992a). 

Bioassay. A detcrminntion of the  concenlration of a  givcn  material by comparison  with  a  standard 
preparation;  or thc determination of the  quantity  neccssary to affect  a test animal  under 
statcd laboratory  conditions  (Messer  and Post 1982). 
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Biochemical oxygen demand (BOD). A mcasurc of the living  and  non-living  organic  demand for 
oxygen  imposed  by  wastes of various  kinds. A high BOD may temporarily, or permanently, 
so deplete  oxygcn  in  water  as to kill  aquatic  life.  The  determination of BOD is perhaps most 
useful  in  cvaluating  impact of wastewater  on the rcceiving  water  bodies  (New  Mexico  Water 
Quality  Control  Commission 1976). 

Biological opinion. Documcnt  which states thc opinion of the U.S. Fish  and  WiIdMe  Service as to 
whether  a  Federal  action is likcly to jeopardize thc  continued csistence of a  thrcatened or 
endangercd  species  or  result in the  destruction  or  adverse  modification of critical habitat (BR 
1992). 

Biomagnification. Thc incrcase  in  conccntration of a pollutant  in  animals  as  related to their position  in 
a  food  chain,  usually  rcfcrring to the persistcnt,  organochlorine  insecticides  and  their 
rnctabolites  (Warc  1983).  The  cnhancernent  of a substance  (usually  a  contaminant)  in  a  food 
web  such that the organisms  cventually  contain  higher  concentrations of the substances than 
their  food  sourccs (BR 1992a). 

Biota. All  living  organisms of a  region  (Messcr  and Post 1982). 

Blowdown. The rcmoval of a  portion of poor  quality  watcr  and its replacement  with  an  cqual  volume 
of bctter quality  such that the quality of the final mixture of water  in the system  (cooling) 
remains  within thc requircd  limits (BR 1976). 

Bottom ash. Thc  solid  residuc left from  thc  combustion of a  fucl which falls to the  bottom of the 
combustion  chamber  (Messcr  and  Post 1982). 

Brine. Water saturated  with salt (Messer  and Post 1982). 

Carcinogen. A substance  that  causes  cancer  in  animal  tissue  (Ware 1983). 

Carnotite. Orc of uranium  and  vanadium  (Morris  1992). 

Cation. A  positively  charged  ion  (Mcsser  and Post 1982). 

Chemical oxygen demand (COD). A qulck  (and  only  approximate)  measure of loads of oxidizable 
mattcr in  water.  Results  cannot  be  used  interchangeably  with  BOD  values.  However,  COD 
can  quickly  idcntify  water  with  very  low  or  very  high  BOD  potential (NCW Mexico  Water 
Quality  Control  Commission 1976). 

Chronic toxicity. The  toxicity of a  material  determined  beyond 24 hours and  usually aCter several 
weeks of cxposurc  (Warc 1983). 

Coal. A solid,  combustible  material  consisting of amorphous  elemental  carbon  with  various  amounts 
of organic  and  inorganic  compounds  (Messer  and  Post  1982). 

Coal-fired. A  power  gcnerating  facility  using  bituminous  coal as a  source of cnergy (BR 1976). 

Condensate. Liquid  hydrocarbon  obtained by the  combustion  of  a  vapor  or  gas  produced  rrom  oil or 
gas wells  and  ordinarily  separated at a  ficld  separator  and run as  crude oil. Or  any liquid 
convcrted  from its gascous  phase  (Mcsser  and  Post  1982). 
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Contaminant. Any  agent or action that infects  or  makes  impure  by  introducing  foreign  or  undesirable 
material  (Morris 1992). In this rcview,  any  material  with  the  potential to impair fish health 
or  reproduction. 

Cubic  foot per second (ft3/s).  Thc rate of dschargc reprcsenting a volume of 1 cubic foot passing a 
given  point  during 1 second  and is approximately  equivalent to 7.48 gallons per second  or 
0.02832  cubic  metcrs pcr second  (Roybal et al.  1983). 

Curie. A  curie  measurcs the radioactivity l e d  of a  substance; i.e., it is a  measure of the  number of 
unstablc  nuclci that are  undergoing  transrormation  in the process orradioactive decay.  One 
curie  equals thc disintegration of 3.7  x10"  (37  billion)  nuclei per second,  which is 
approximately the ratc of dccay of one gram of radium  (San  Juan  Basin  Regional  Uranium 
Study 1980). 

Depletion. To permanently  remove  water €ion1 a  system €or a  specific  use (BR 1992a). 

Discharge. The  volume of watcr  (or  more  broadly,  volume oT fluid plus suspendcd  matcrial) that 
passes a  given  point  within  a  given  pcriod  oTtime  (Roybal et al. 1983). 

Dissolved oxygen.  The  amount or free (not  chemically  combined)  oxygen in water. It is  often  used  as 
an indicator of pollution by organic  wastes  (Upper  Colorado  Region  State-Federal  Inter- 
Agency  Group 197 1). 

Dissolved solids. Thcoretically,  the  anhydrous  residues of the  dissolved  constituents  in  water. 
Actually, it is the  difference  between  the  total  and  suspended solids in  watcr  (Messer and 
Post 1982) 

Diversion. A process  which,  having  return flow and  consurnptivc  use  elcments, turns water lrom a 
given path (BR  1992a). 

Edema. A swelling  oTcells,  tissucs, or body  cavities,  caused  by  an  abnormal  accumulation of fluid 
Worris 1992). 

Ephemeral creek. A creek that carries  water  only  during  and  immediately  after  precipitation (BR 
1992a). 

Erosion. The general  proccss or the  group of proccsses  whereby h e  materials or the Earh's crust are 
loosened,  dissolvcd, worn away,  and  simultaneously  moved  €rom  onc  place to another,  by 
nalural  agencies,  which  include  weathering,  solution,  corrosion,  and transportation (Roybal 
et al. 1983). 

Floodplain. A strip of  rclatively flat alluvium that borders  a  stream  and is subject to repeated  flooding 
(BLM 1984). 

Fly ash. All  solids,  ash,  cinders,  dust,  soot,  or  other  partially  incinerated  matter that is carried in or 
rcmoved  from a gas  stream.  Fly  ash is usually  associated  with  electric  generating plants 
(Messcr  and  Post  1982). 
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Full irrigation service land. Jrrigable  land  now  rcceiving,  or to receive, its sole  and  generally  adequate 
water  supply  through  facilities  which  have  been  or  are to be constructed  by,  rehabilitated  by, 
or  replaccd  by  the BR (BR 1992a). 

Furunculosis. A  serious skin disease  marked  by  boils  or  successive  crops of boils (Moms 1992). 

Groundwater. Phrcatic  watcr  or  subsurfacc  watcr  occupying the zone  of saturation (Messer  and Post 
1982). Subsurface  water,  cspecially  water In saturated  materials that exist below  the  water 
table  (Stone et al. 1983) 

Hydrocarbon. An  organic  compound consisting exclusively of the  elements  carbon  and  hydrogen.  The 
principal  types  are  aliphatic  (straight-chain)  and  cyclic  (closed  ring)  (Messer  and Post 1982). 

Infiltration. The downward  entry  of  water  into  the  soil (BLM 1984). 

Inflow. Water that flows into a  body of water (BR 1992a). 

LC,,,. Lethal  dose 50; the  amount  of  a  given  toxic  substance that will  elicit a lethal  response in 50% of 
thc test organisms  (Morris  1992) 

Leachate. Liquid that has pcrcolaled  through  a  medium  and  has  cxtracted  dissolved  or  suspended 
materials &om it (Mcsser  and Post 1982). 

Leaching. The  movemcnt o i  a substancc downward  through  soil  as  a  result dwatcr movement  (Ware 
1983).  Extraction of dissolved  or  suspended  materials  from  a  solid  by  a  liquid  (Messcr  and 
Post 1982). 

Lordosis. An abnormal  forward  curvaturc  of the lumbar  spine  (Morris 1992). 

Milling. Grinding  and  crushing  orc,  oftcn to rcmovc  waste  constituents  (Messer  and Post 1982). 

Mine drainage. Any watcr  discharged  from  a  mine-affected  arca,  including runoff? seepage,  and 
underground  minc  water  (Messer  and Post 1982). 

Mine-rnouth. A steam electric  power  plant  located wi.lthin a  short  distance  of an extraction  operation 
and to which  the  mineral is transported  from the mine  by a  conveyor  system,  slurry  pipeline, 
or truck (Messcr  and Post 1982). 

Mutagen. Substance  causing  genes in an  organism  to  mutate  or  change  (Ware  1983). 

National Pollutant Discharge Elimination System. Means the Federal  permitting  system  authorized 
under  scction 402 oEthc  Fedcral  Water  Pollution  Control  Act  including  any State or 
intcrstate progr<am  which  has  bcen  approvcd  by  the  Administrator pursuant to Section 402 of 
the Act (New  Mexico  Water  Quality  Control  Commission  1976). 

Natural gas. A natural  occurring  mixture of hydrocarbon  gases  found  in  porous  geologic  formations 
bcneath  the carth's surface,  often  in  association  with  pctroleum.  (The  principal  constituent  of 
natural gas is  methane)  (Messcr  and  Post  1982). 
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Necrosis. Localized  or  gcneral  death of plant  or  animal  tissue, oRcn characterized  by  a  brownish  or 
black  discoloration  (Messer  and Post 1982).  Death of tissue, plant or  animal  (Ware 1983). 

Nonpoint  source. Any  nonconfined  area €rom  which pollutants  are  dischargcd into a  body of water, 
i.e.,  agricultural  runoff,  urban  runorf:  and  sedimentation €rom construction sites (Messer  and 
Post 1982). 

Nuclide. Any  species of atom that exists for a measurable  length of time. A radionuclide  is the same  as 
a  radioactive  nuclide,  a  radioactive  isotope.  or a radioisotope  (San  Juan  Basin  Regional 
Uranium  Study 1980). 

Organochlorine insecticide. Insccticidc that contains  carbon,  chlorine,  and  hydrogen, for cxample, 
DDT, chlordane,  lindane  (Ware  1983). 

Organophosphate  pesticides. Insecticides  (also  onc or two herbicides  and  fungicidcs)  derived  from 
phosphoric  acid  esters  (Ware  1983). 

Overburden. Material  of  any  nature,  consolidated  or  unconsolidated, that ovcrlies  a  deposit of useful 
materials,  ores,  or  coal,  and  are  rcrnoved  in  surrace  mining  (Messer  and Post 1982). 

Oxidation. Originally  meant a rcaction  in  which  oxygen  combines  chemically  with  another  substance, 
but term  now  includes  any  reaction  in  which  electrons  are  transferred  (Messer  and Post 
1982). 

PAH. A  hydrocarbon  moleculc  with  two or morc hscd aromatic  rings;  acronym for polycyclic  aromatic 
hydrocarbon, synonynous with PNA (Morris 1992). 

Perennial creek. A crcck  wilh  continuous  streamflow in a channel  throughout  the  year  (Roybal et al. 
1983). 

PCB. Any oT a  group 01 toxic,  chlorinated  aromatic  hydrocarbons  used  in  a  variety of commercial 
applications,  including paints, inks,  adhesivcs,  electrical  condenscrs,  batteries,  and  lubricants 
(an acronym for polychlorinated  biphenyl) (Morris 1992) 

pH. Measure ofhydrogen-ion activity  in  solution.  Expressed  on a logarithmic scale 0 (highly  acidic) to 
14  (highly  basic),  with 7 neutral  (New  Mexico  Watcr  Quality  Control  Commission 1982). 

Picocurie (pic). A unit of radioactivity  equal to one-trillionth  of  a  curie.  One  curie is the  activity of a 
radionuclide  dccaying at thc rate 013.7 s 10"  disintegrations per second  (Morris  1992). 

PNA. A hydrocarbon  molecule  with two or  morc  fused  aromatic  rings;  acronynl for polynuclear 
aromatic  hydrocarbon,  synonymous  with  PAH (Morris 1992). 

Point source. A stationary  cmitting  point  of a pollutant,  e.g.,  a stack or  a  discharge  pipe; in contrast to 
a  nonpoint  source. 

Polynuclear. Chemically  polycyclic  cspecially  with  respect to the  benzene  ring,  used  chiefly of 
aromatic  hydrocarbons that are  important  as  pollutants  and  possibly  as  carcinogens  (Messer 
and Post 1982). 
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Pulverized coal. Coal that has becn  ground to a  powder,  usually of a size where  80% passes through  a 
#200 U.S.S. sievc  (Messer  and Post 1982). 

Pyrolysis. Thermal  decomposition of organic  compounds  in  the  absence o l  oxygen. As lor example  the 
cxtraction of kcrogcn  from  crushed  oil  shale  by  the  application of heat  (Messer  and Post 
1982). 

Recharge. Addition of water to an aquifer.  Occurs  naturally fiom infiltration of rain€all  and of water 
flowing  over earth matermls that allon7 water to infiltrate  below  land  surface  (New  Mexico 
Water  Quality  Control  Commission 1976). 

Reclamation. Thc proccss of converting  mincd  land to its former or other  productive  uscs;  includes 
backfilling,  grading,  highwall  reduction,  top-soiling,  planting,  revegetation  and  other  work to 
restore an  area  of  land  affected  by  mining  (Messcr  and  Post  1982). 

Reinjection. To return  a  flow, or portion of flow,  in a process  (Messcr  and Post 1982). 

Residue. Trace of a  pcsticidc  and its metabolites  remaining  on  and  in  a  crop, soil, or  watcr  (Ware 
1983). 

Runoff. All precipitation that docs  not soak into  the  ground,  evaporate  immediately,  or is used  by 
vegetation  bccomcs runoff. This flows down  slopcs  and  forms  streams  (Messer  and Post 
1982). The part of the precipitation  that  appears  in  surface  streams that arc not  regulated by 
dams  or  diversions  (Roybal ct al. 1983). 

Salinity. (1)  The relative  concentration o€salts, usually  sodium  chloride,  in  a  given  water. (2) A 
measure ol  the concentration  of  dissolved  mincral  substances  in  water  (Messer  and Post 
1982). 

Sediment. Solid  matcrial,  both  mineral  and  organic, that is in suspcnsion, is being  transported,  or  has 
been  nlovcd from its sitc of origin  by  air,  water,  gravity,  or  ice,  and  has  come to rest on the 
earth's surfacc  (Messer  and Post 1982). 

Sedimentary. Formed  by  deposition of scdinlent  (Stone et al.  1983). 

Seepage. Moverncnt of watcr  through soil without  forming  definite  channels. This term is often  used to 
rcfer to the liquid lost through  the  bottom of a  waste  pond  (Messer  and Post 1982). 

Sewage. Liquid-carricd  wastcs of II conmmnity  from  domestic,  service-industry,  and  industrial  sources 
(used  synonymously  with  wastewater  herein)  (Upper  Colorado  Region  State-Fcderal  Inter- 
Agency  Group 197 1 )  

Shale. Clastic sedirncntary  rock  composed  mainly olclay and  displaying  fissility  (Stone ct al. 1983). 

Siemens. Thc SI clectromagnctic  unit of  conductance.  One  siemens is the  conductancc at which  a 
potcntial of onc volt, Iorces  a  currcnt of one  ampere (Morr~s 1992) 

Silt. Finely  divided  particles of soil  or  rock  that  arc  often  carried in cloudy  suspension in water  and 
eventually  deposited  in  sediment  (Messcr  and  Post 1982). 
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Siltation. Small  sized  sedimentary  particles of soil carried  by  surface runoff into lo~7er levels  (Messer 
and Post 1982). 

Sorption. A  general  term for the  various  processes  by  which  one substance bins to another,  especially 
the  processes of absorption  or  adsorption  (Morris 1992). 

Specific conductance. A measurc  of  the  ability of a  water to conduct an electrical  currcnt. It is the 
reciprocal of thc  electrical  rcsistancc  in  ohms  measured  between opposite faces of a 
centimetcr  cube of an aqueous  solution at a  specific  temperalure. The standard  measurement 
1s expresscd in micromhos (smhos) per  centimeter  (cm)  at  25  degrees  Celsius.  Specific 
conductance is related to the  type and  concentration of ions  in  solution  and  can be used to 
approximatc  the  dissolvcd-solids  conccntration in water.  Estimates of the dissolved-solids 
concentration  in  milligrams per liter  (mg/l)  range  from 60 to 85% of the  specific- 
conductance  value in pmhos per cm at 25 dcgrees  Cclsius  (Roybal el al. 1983). 

Spoil.  All  overburden  material  removed,  disturbed,  or  displaced  from  over  the  coal by excavating 
equipment,  blasting,  augering,  or  any  other  means.  Spoil is the soil and  rock that has been 
removcd fiom its  original  location  (Messer  and Post 1982). 

Stack. A chimney  associated  with  a  power plant [or the  purpose of discharging  gases into the 
atmosphere (Mcsser  and  Post 1982). 

Strip mining. Rekrs to a procedure of mining that entails  the  complete  removal o i  all  matcrial fiom 
over  the  coal to bc  mined in a  series of rows  or strips; also  referrcd to as  open-cut,  open-pit, 
or  surface  mining  (Mcsser  and Post 1982). 

Suspended solids. Small  particles of solid  pollutants  that resist separation  by  conventional  means. 
Suspendcd  solids  (along  with BOD) is used  as  a  measurement of water  quality  and  an 
indicator o i  waste-treatment-plant eficicncy. 

Tailings. Waste  material  derivcd whcn the  raw  mincral  or  ore is processed to improve its quality or 
liberate  othcr  cornponcnts.  Tailings  are  usually  associated  with  hard  rock  mining  (Mcsser 
and Post 1982). 

Teratogen. Substancc that causes  physical  birth  defects  in  the offspring following  cxposurc of the 
pregnant  female  (Ware  1983). 

Total dissolved solids (TDS). The  amount or solids in both  solution  and  suspension  (Messer  and Post 
1982). TDS is used  as  a  measure of the  mincral  contcnt  or  salinity o i  water  (Upper  Colorado 
Region  Statc-Federal  Intcr-Agency  Group 197 1). 

Total  recoverable  concentration. The total conccntration of a  given  constituent  in  a  rcpresentative 
watcr-suspendcd  sediment  mixture. The total  conccntration is the sum of thc  dissolved 
concentration  and  the  concentration  rccovercd fiom the  suspcnded  sediment  by  a  prescribed 
partial, but not  completc,  chemical  digcstion  of  the  suspended  scdiment  (Roybal ct al. 1983). 

Total  suspended solids (TSS).  The  amount of solids,  both  organic  and  inorganic,  in  suspension  in the 
water. Tncludcs such  things  as  silt,  suspendcd  oil,  and  animal  wastes  (Messer  and Post 
1982). 
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Toxicant. A poisonous  substance,  such  as  the  active  ingredicnt  in  pesticide  formulations, that can 
injure or kill plants,  animals, or microorganisms  (Warc  1983). A substance that kills  or 
injures  living  organisms by its  chcmical  or  physical  actions,  or by altering  the  environmcnt 
of thc organisms  (Messer  and Post 1982). 

Trace elements. Chemical  clemenls  that  normally  are  present  in  minute  (trace)  quantities.  Includes 
metals  and  nonmetals @lesser and Post 1982). 

Turbidity. A mcasurc of water  clarity.  Light  penetration is reduccd  in  turbid  waters.  High  turbidity 
indicatcs  high  suspcnded  solids  (Messcr  and  Post  1982). 

Underground mining. Rcmoval of coal  being  mincd  without  the  disturbance  of the surface  (Messer 
and Post 1982). 

Volatilization. Vaporization  (Ware  1983). 

Wastewater. That water for which  disposal  is  more  economical  than  use  at  the  time  and  point d i t s  
occurrence  (Upper  Colorado  Rcgion  State-Fcderal Tnter-Agcncy Group 197 1). 

Wastewater treatment plant. Any  mechanical  or  non-mechanical plant used €or the purpose of 
treating,  stabilizing,  or  holding  watcrs  (Upper  Colorado  Region  State-Federal  Inter-Agency 
Group 1971). 

Young-of-the-year (YOY). A fish i n  its first growing  scason  belonging to thc age-group 0 which  has 
usually  rcached the fingerling stagc (Robison  and  Buchanan 1988). 

Zooplankton. The  animal  portion of the plankton.  Protozoa  and  other animal microorganisms  living 
unattached in water  (Messcr  and Post 1982). 



ABBREVIATIONS 

Append~x 2 

ANOVA. Analysis of variancc 

B(a)P. Benzo(a)pyrenc 

Bbls. Billion  barrels 

BIA. Bureau of Indian  Affairs, U.S. Department  of  the  Interior 

BLM. Bureau of Land  Management, U.S. Department of the  Interior 

BOD. Biological  Oxygcn  Demand 

BR. Bureau or Reclamation, U. S . Department of thc Interior 

"C. Degrees  Celsius 

COD. Chemical  Oxygen  Demand 

CRSP. Colorado  River  Storage  Project 

DO. Dissolved  oxygen 

DOE. Departmcnt  oTEnergy, U.S. Department of the Interior 

DOT. U.S. Department of thc  Interior 

DSFES. Draft  Supplemcnt to the  Final  Environmcntal  Statement 

EIS. Environmcntal  Impact  Statement 

EPA. Environmental  Protection  Agency, U.S. Dcpartmcnt of thc  Interior 

FES. Final  Environmental  Statement 

FWS. U.S. Fish and Wildlife  Servicc, U.S. Department of h e  Intcrior 

GERG. Geochemical  Environmental  Research  Group 

HPLC. High Perromance Liquid  Chromatography 

LC,,. Lcthal  concentration for 50% of a  population 

MCF. Thousand  cubic  fcet 

MFO. Mixed-Tinction  oxidase 
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MVIC. Montezunla  Vallcy  Irrigation  Company 

NASQAN. National  Strcam-Quality  Accounting  Nctwork 

NCBP. National contaminants Bionlonitoring  Program 

N I P .  Navajo Indian  Irrigation  Projcct 

NIWQP. National  Irrigation  Water-Quality  Program 

NORM. Naturally  Occurring  Radioactive  Matcrial 

NPDS. National Pollutant  Dischargc  Elimination  Syslcm 

NPS. U.S. National Park Scrvice, U.S. Department of the Interior 

NWQSS. National  Water  Quality  Surveillance  System 

OCD. Oil Conscrvation  Division,  New Memo 

PAH. Polycyclic  aromatic  hydrocarbon 

PCB. Polychlorinated  biphenyl 

pic. Picocuric 

PNA. Polynuclear  aromatic  hydrocarbon 

RCRA. Resourcc  Conservation and Recovcry  Act 

S .  Siemens, thc SI clectromagnetic  unit of conductance 

SPH. Separatc phase  hydrocarbon 

Tcf. Trillion  cubic leet 

TDS. Total dissolved  solids 

TSS. Total  suspcnded  solids 

UDWR. Utah Division of Wildlife  Resources 

UMTRA. Uraruum  Mill  Taulings  Remedial  Action 

UNM. University of New Mexico 

USGS. U.S. Geological  Survey, US. Department of the  Interior 
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VOC. Volatile organic compound 

YOY. Young-of-ycar 
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Appendix 3 

CONVERSION TABLE 
Units  Concentration 

Water: mgll ppm 
ugll PPb 
ngll 0.001 ppb or 1 ppt 

Usually  associated with  oil or  grease in sediments, etc. 

ABBREVIATIONS 

g = gram 
mg = milligram 
ug = microgram 
ng = nanogram 
kg = kilogram 
pg = picogram 

I = liter 
u = micro 

pic0 = one trillionth 
ppm = parts  per million 
ppb = parts  per billion 
ppt = parts  per trillion 
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