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‘1. ABSTRACT

Runoff from the uppennost 720 tm2 (1860 lcrnz) of the Tnmty River basm was
| impounded by Trinity Dam (and its re-regulating reservoir, Lewtston Dam) beginning in 1961, as

. © part of the US B;ureen- of Reclamation Central Valley project. Beginning in 1963, about 75

percent of the averdge natural.runoff from the upper basin has been exported from the Trinity

‘River basin to the Sacreniento River basin. One effect of the reduced flow regime has been

; encroachment of ﬁpari_an vegetaﬁon,wiﬂﬁn the pre-dam active channel. Once established, this |

) iregetaﬁon u'aps_.,f'me-.grainedsediment_ during high flow ei/ents;"cansing deposilion of steep

“banks along a narrow low flow channel, The width of much of the active channel of the Trinity
River is now 20 to 60% of its pre-dam condition along a 15 mile (24 km) reach downstream of -

: Lew1ston Dam. A second effect of the reduced flow regime of the river, in combination with

| : h1gh sediment y1e1ds from tributary watersheds, is the deposition of. tnbutary—denved sediment
within the stream channel which has filled pools, buried cobble substrate and infiltrated

_ spawmng gravels ‘Both the morphologle and sedimentologic changes in the post-dam channel -

" Tepresent a degraded aquauc habltat for anadromous salmomds, whtch were formerly abundant.

- .in this reach.

Slnee 197 5 the Tnmty River Basm Fish and Wﬂdhfe Task Force has been engagedina

Comprehenswe Acnon Plan to arrive at alternatives to restore fish habitat. Among these

R aenwnes are three trial flushing flow releases made in 1991, 1992, and 1993 with the purpose of

- evaluating the effecnveness of high flushing releases in Testoring: ﬁsh habitat. The Ob_]ﬁthVf:S of

th1s project are to document the effectiveness of these releases in removmg fine-grained
‘$ediments from the channel bed and to develop recomrnendatlons for future flushing releases to |
E lelean and ma.tntaln the potential spawning gravels on the Tnnlty Rwer below Lewiston Dam.
A-5.0 mi: (8 0 km) reach of the Trinity River was mvesngated The upstreamend is the
- confluence of Grass Valley Creek a tributary located 7.9 mi (12.7'km) downstream of Lewiston
Pam and the maJor source of the sedlment deposued w1th1n the bed of the Trinity River. The

‘downstream end of the study reaeh is an island (a rmd-channel bar in the pre-dam regime) just

R npstream of Steelbndge site of a recently discontinued USGS gaging station, located 12.9 mi

o (20.8 km): downstream of Lewiston Dam. Most of our work focused on two representative

reaches located. 9. 3 mi (15.0 km) and 12.9 mi (20.8 km) downstrearn of Lew1ston Dam. Both

‘study reaches contain spawning gravels representatlve of those requmng flushing, Qur goal at

both sites. is to determine the dlscharge necessary to entratn (1n1t1ate motion of) the spawning. .




o _gravels and permnit interstitial fine sedlment to be flushed from the hed ‘Because gravel

- : recru1tment is hrmted on the Trn‘utyr Rlver, such a sedlment mmntenance flow should involve

rmmmal downstream gravel transport but sufficient gravel movernent to permit flushing of

o subsurface fine material. Sucha release is also likely to minimize water use. Thus, one of the

o pnmary objectives of our work is to determine the magmtude of a release that will just mobilize

the gravel surface, thereby permitting subsurface flushing whlle rmmmlzmg gravel transport and

: water use, and maximizing sand transport at the two study sites.”

| | We measured the sed.unent bed before and after the releases and made direct

measurements of flow velocity ,and drscharge during the releases. The bed observations included
: pebble counts and visual obscrvaﬁohs of the bed size djstribution throughout both study reaches.

" Gravel rriotion was observed using IIacer‘ gravels and scoﬁr chdins placed in potential spawning

L . gravels along cross sections-at. both. study sites. The ﬂow observatlons permitted calculatlon of

- . total d130harge dunng each release and observations of local velomty acting dlrectly on the

R spawning gravels The combined observauons of local, ﬂow and gravel entrainment permit the

accuracy of our observattons to be evaluated in terms of general sedlment transport relations,

 thereby prowdmg a basis for estimating. entramment and’ ﬂuslnng at flows other than those we

- chrectly observed. Together w1th the measurement of dlscharge these resulis provide the basis

B for spec:lfymg the dlscharge magmtude and duranon that can produce ﬂushmg of the spawning

| o gravels

‘ Two tnal releases ata d.tscharge of roughly 2800 cfs (80 rn3/s) produced negligible

o entramment of the gravels. The ﬂushmg effeetweness of these dlscharges is limited to removal

- of sand from the: bed surface; the bed cannot be ﬂushed at any depth. A release of 5800 cfs
(164 m3fs) for 5. days in 1992 was just sufficient to moblhze the surface gravel layer and entrain
| underlying finer sediment. Although the gravel transport rate was qmte small, the gravel on the.
:bed surface was:almost completely entramed over the course of the five-day peak flow: the

- combination of ﬂow strength and durauon was just suffic:1ent to chslodge nearly all of the gravel

?, ;grams present on the bed surface, althou gh many of these grams moved only a small distance

© . downstream. Inthe presence of a sand concentration in the river bed that is much smaller than

‘presently found, such a release could prowde flushing to a depth of 15 cm to 20 ¢m within the
bed. : o

We find that the onset of gravel entrainment occurs at a va.lue of the dimensionless shear

stress T = 0. 040 and that entramment to an average depth of Lhe largest grain on the bed surface




~occurs at 0.05 < ©* < 0.065. These values are consistent:with those observed in. theoretical and
laboratory studies and provide mdependent support for: exuapolatm g our conclusmns to other

| locanons along the river. The values of bed shear sl:ress used to calculate ©* were obtained from

. local flow observauons over the spawmng gravels; values of shear stress calculated using

. section= or reach-averaged ﬂow dlffered substantially from the local stress values and also varied
' i-cons1derably between the two study sites. The fact that the local flow values of t* were similar
. ‘ for a similar degree of bed IIlOthIl at both study sites prov1des further support for the general
| appheablhty of our methods and results. .
| The entra.lnment and flow observauons lead us to’ recommend that a release of 6000 cfs
- 170 m3/s) for 5 days is a minimum for entraining the: bed gravels-of the Trinity. Rlver to achieve
'3 flushing below the bed surface. Other discharges may produce a similar degree of gravel

- mobilization, but-'will require a different release duration ?itoachieve the same result. Because the _

Lo frequency of grdvel entrainment increases very rapidly vﬁth discharge, larger discharges will

. . 1 mobilize the gravel more efﬁc1ently The most efficient release for gravel entrainment would be
'_ ' 3.the largest poss1b1e For example & discharge of 8500 cfs (240 r.n3/s) for one day would achieve
. the same degree of gravel: entra.mment as a discharge of 6000 cfs for ﬁve days, but would use
' ’tapprommately 7@% less water.: I-hgh discharges do not, however, prov1de an.optimum
- combination of max1mum sand removal and minimum gravel loss because the amount of gravel

g ransport is very, la.rge o ,
| The overall quantity of sand in the study reach i 1s large None of the trial releases
produced a substannal reduction in the proportion of fine matenals in the bed. In the presence of
ja high sand concentration, a d1scharge sufficient to entram the bed gravels and flush sand at
‘depth will not produce a markedly cleaner bed because sand will be redep051ted with the gravel

7 ETo achieve successful ﬂushmg at depth, the total volume of sand in: the reach must be reduced

~ The rate at which sand can be removed by a flushln g release may be increased by

~ dredging pools along the reach so that they act as sediment u:aps The pools act to decrease the
effective reach length from which sediment must be rernoved by the flow. . By increasing the

quantity of sand-that may be removed from the river with'a gwen volume of water, dredged pools
- offer the potennal of decreasmg both the water used ina ﬂushm 1g telease and the downstream

3loss of gravel.

- The efficiency of a ﬂushlng release.depends on the fate at wh1ch water is released or the

dlscharge, the volurne of water used and the extent of plool;dredgm g We evaluate the




-effCCthCHESS of different flushing options by calculatmg the sand removal and downstream

o | ,gravel transport for dlfferent combmattons of water volume, dJscharge, pool dredgmg To do

'11-' thls, we estunate the quantity of sand presentl:,r in the study reach and develop relations between

- ﬁwater drscharge and sand transport, gravel transport, and pool trapplng These are then used in a

sedrment routlng formulation to calculate sand removal as a function of water volurne, discharge,
! and pool dredgm g. The sand-removal efficiency can then be evaluated in terms of water use,

| gravel loss, and dredging volume

| : The opumum magmtude of a sand removal chscharge is a compromise: higher discharges

produce more efﬁc1ent sand transport but also reduce the trap efficiency of the pools and cause a

o - greater. loss of gravel. We find that a discharge between 5,000 cfs (142 m3/s) and 6,000 cfs

R (170 m3/s) prov1des the greatest. efﬁcrency in sand removal, while keeping gravel loss to the
‘minimum requrred to mobilize the bed. Dredged pools greatly increase the amount of sand that

! can be removed from the reach and do so at-a small cost relattve to that of the released water,

Two deferent concepts have been proposed to’ spec1fy the timing of releases: for sediment
_;--.mamtenance The ﬁrst is to time the release relative to periods of spawning, 1ncubatlon, and
m1gratton of the anadrornous salmonids. A release can be timed to: avold scouring active redds
during periods ° when salmomd eggs and alevin are resrdent in the. bed A release can also be

- trmed to assist the downstream migration of juveniles in May or Iune The second approach isto
‘ time reservoir releases to coincide with high flows on the tnbutanes which can provide a savings -
- in the water volume released and act to immediately ﬂush tnbutary derived sediments. Because
- tributary floods. typlcally occur during the winter months (January through March), such timed
| releases run the risk of scouring active redds. , :

' We find: that a further problem w1th such timed releases is- that they are likely to
| accelerate the deposmon of the steep, fine-grained banks that have. depos1ted within the former
actlve river channel - Although such banks are common. along alluvial rivers, they pose important
‘management problems for the Trnuty River. As the banks grow in height, flows are confined at

1 hlgher and hlgher dlscharges The result is concentranon of flow into a deeper channel with

‘ hlgher velocmes, provuhng few refugia from high flows for fish, especially juvenile salmonids.

| Analysis of the post-dam water and sediment dlscharge h1story of the Trinity River and
‘Grass Valley Creek suggests that these banks have beeu deposrted during relatively short periods
%(posmbly as short as two weeks) with combined high mrer stage and- large fine-grained sediment

'31nput from the tnbutanes Srrmlar rap1d deposition durmg tual releases would accelerate the



- l, bank buil dmg process and would also compctc against attempts to mechamcally restore the

- ‘channel banks to their pre-dam condition, (fxs a eonsequence, we do not recommend  that flushing
{;releases be timed to coincide with penods of tributary ﬂoodlng i

: thtle of the bank -forming fine-grained material i is; found in the river bed. This suggests

‘ :,that relanvely low: dlscharges are capable removing this ﬁne gmmed material from the river

o 7 ‘reach and: that controlled releases ‘are not necessary to remove the fine-grained bank-building

set:hment from the nver At the same time, we observe that hi gh dtscharges producing overbank
flow dunng penods of low tnbutary inflow do not have a high sediment concentration and,
therefore, do not contribute to bank—buﬂdmg The trial releases observed in this study were made

durmg penods of low trtbutary inflow." Because very little sediment finer than 1 2 mm is found

o :m the river bed, there was. almost no sediroent of that size present in the water column during the

- release. As aresult, the trial: releases did not produce- further deposition of the fine-grained banks
and future releases durmg penods of low tributary inflow will not contnbute te further bank

building. . : |

o Flushmg releases in: May or June can be scheduled in advance, are unlikély to coincide

with. trtbutary ﬂoods, assist the. downstream migration of Juvemle salmonids, and carry

jesscntlally no fine—grmned matenal that would contnbute to bank bmldmg In contrast, releases
-timed to colnmde w1th trtbutary floods prowde only a mmor potential savings in water, lrnpose

. iftddlttonztl costs and ‘safety concerns, ate hkely to scour mcubatmg eggs, will continue or

: j-aceelerate depos1t10n on-the channel banks and are not hkely to produce a net environmental
'}beneﬁt '
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. Rlver channels lmmed.lately downstream of reservoirs typlcally experience a decrease in
- flood magmtude, sediment transport capacity, and both the load and caliber of sediment supply.

| When ﬂow leCI'SlOIlS are made at the reservoir, the total dlscharge is also reduced. The

: adjustments of the downstream channel depend on the relative changes in these variables and on -,

| the rate at whlch unregulated water and sediment is introduced from tributaries downstream of

| the TeSEervoir.

A common case is one in which coarse sedlment is efﬁCIently trapped by the reservoir
and excluded from the nver downstream whereas fine sedlments are introduced to the
’ downstream channel either from the reservoir or from downstream tributaries. If the transport .
| capacity. of. the downstream channel is sut"f'lcmntl;s,r reduced ‘the: ﬁner sedlment may accumulate -
on the bed and banks of the nver This sediment may fill pools needed for rearing habltat bury
: cobble substrates needed by Juvemle salmomds for cover and mvertebrate food production, and
infiltrate into gravels requlred for spawnmg In the presence of reduced floods, vegetanon can
colomze higher elevatlons of the channel Deposition of fine sedlment along channel margins, -
often abetted by vegetatlon encroachment can reduce the hydrauhc capacity of the channel,
7 thereby 1ncreasmg flood hazard if uncontrolled spills. occur. Because of the various downstream
nnpacts of 1mpo.undment, cortrolled releases de51gned to mimic the action of natural floods in
_ ;'-removing accumhlated fine sediments from the channel, flushing flows, are commonly required
N by regulatory agencies (Milhons, 1982; Reiser et al.,- 1989). .. |
| Because channel gravels are an important component of the fluvial habitat, the
elimination of an upstream supply of coarse sediment by the Teservoir represents an important
constraint for. the ecology of the downstream channel and for ﬂushmg releases designed to.
mamtam that channel Reaches downstream of dams can become deficient in gravel when
. gravels are uansported from these reaches without replenishment from upstream. There is a
: danger that flushing flow releaees may exacerbate gravel supply problems by increasing gravel
- ransport. Thus, the potential loss of spawning gravels must be considered as a potential cost of

f flushing flows, together with lost power generanon and. ‘water supply Tevenues.

A variety of objectives may be addressed with ﬂushmg ﬂows These may be broadly

o separated into tw:o groups: one based on removing fine -s.e.dlments‘ from the surface or from



w1th.1n the channel bed and the second based on maintaining the channel size and shape in some

' desuable form (M1lhous 1990 Re1ser et al., 1989). We use the term: "ﬂushmg" in a general
o sense to descnbe any discharge demgned to move sedlments w1t111n a regulated channel. This is

¥ con31stent with 1ts generic meaning and does not require previous, confhctmg usages to be
: entlrely abandoned Different ﬂushmg objectives may be distinguished as either sediment
‘maintenance or channel mamtenance flushing flows, based on whether the objective is to modify
or maintain the channel sediment or. the channel geometry
_ The ob]ectwe of thlS pIQ]CCt is to specify flushing flows for sediment maintenance. In
| parncular the: objectwe is to develop recommendatlons for future ﬂushmg releases to clean and
= mamtam the potennal spawnmg gravels on the Trinity RIVGI‘ below Lewiston Dam.
| . Awide range of methods have been suggested for estimating flushing flows, as
comprehenswely reviewed by Reiser ez al. (1989). These methods can be classified based on
their data and field work requirements (Reiser et al., 1985). Flushl__rtg methods may also be
. classified 'according to their underlying assumptions' (Kotldolf et'?‘a'l‘ " 1987) One group of

o methods Spec:1fies flushmg ﬂows asa mscharge with a prescnbed frequency calculated from

‘ dsscharge records. A dlfferent approach is to specify a dlscharge that is observed or estlmated 1o
- produce weak gravel motion (as a surrogate for ﬂushlng)

K Flushmg methods based on an historical dlscharge frequency may be thought to mimic
‘the namral flow regnne in some-way that will permit adequate ﬂushm g with a minimum amount
—of water Examples of this approach include the dlscharge giving 200% of the mean annual flow
- (Tenna:nt 1976), the flow exceeded 17% of the time (Hoppe and Finnell 1970), and the flow with
; apre-regqlation :r:ecurrence‘ imerval of 1.5 years (Montaha Departrrient of Fish, Wildlife, and
Parks 1981). Fllis-hing,methods of this class depend oh a series of -assumptions. ‘First, it is
‘assumed that th_e,énatural ﬁver channel has developed a size and 'shape that is in a state of
adjustment to the hatural water and sediment regime. If it is.fortller assumed that the natural
range of water dijseharge may be represented by a particular value of "effective”, or "dominant”
discharge, then a;periodierelease of this discharge should mamtam the sediments in their natural
state. Water regﬁlation and/or consumption is achieved by ehrhinaﬁng all other high discharges
that formerly went through the channel. Finally, ita sirtgie effective discharge is observed to

' -produce adequate. ﬂushing on.'o'he river, it is assumed that a discharge of a similar frequency will
- produce sirnilar ﬂushmg on another river, because both nver channels will have adjusted their

f;channels to the same effectwe dlscharge




. sausfied on rivers in need of flushing. This is part1cular1y the case for channels downstream of -

The series of assumptions behind the discharge- frequency ﬂushing methods are often not

PR reservous that have been in place for a period of more than'a few- yea:s, as is the case on the

| Tnmty River. If suffic1ent time has elapsed that the river. channel has adjusted substanuall;,lr from

its natural state; a dlscharge that might have been effective in ﬂushmg the natural channel is

hkely to no longer be appropriate for the adjusted channel. . Because of substantial flow

: d1vers1ons from the basin, the present active channel of the Trinity River is considerably smaller
than the preregulahon channel. - Further, development down to a much lower, post-reservoir 100-
: year flood clevauon prohibits dlscharges more than one-half of the former two-year flood, so a
flushing flow based on prescnbed frequenc1es of the preregulal:lon discharge are no longer
lfeamble The absence ofa self—adjusted channel and the severe limits on discharge magnitude

| make a dlscharge -frequency ﬂushmg method mappropnate for the Tnmty River below Lewiston

‘Dam

Sedlment maintenance ﬂows based on the dlSChaIgC necessary to entrain the river-bed

f-gravel may be calculated from emstmg channel cond1t10ns Therefore, these estimates may be
imade mdependent of channel history. Iti is well estabhshed that ﬂushlng of interstitial fine

: '. ) sed1ment from- w1t1'un a gravel bed reqmres entramment of at least the surface layer of coarser |
. grains (Beschta and Jacl;son, 1979; Diplas and Parker, 1985).. Thus, a discharge that entrains the
surface gravels can be treated as _asun'ogatefor a sediment maintenance flushing flow. Bed

‘mobility for sediment-maintenance flushing has been predicted using computations of incipient

motion (Milhous and Bradley 1986, Milhous 1990), observattons of tracer movement (Hey
198 1), and computation of effective discharge from flow records and sediment rating curves

(0 Bnen 1987). The approach used in this study is s1m11ar we use direct observations of
| sedlment entra.mment local flow velocity, and d15charge durmg tnal releases to evaluate the

relation between ﬂushlng effectiveness and release dlscharge o

';2 2 The Trinity Rave .

The Tnmty Rlver drains 2,950 rm2 (7640 kmz) of rugged terra:m in the Klamath

lMountams of nonhwcstem Cahforma flowmg into the: Klamath Rlver near Weitchpec on the
Hoopa Indian Reservauon (F1gure 2. 2 1) The basin is mostly forested, although much of the
3basm has been clearcut since 1950. The Tnmty River h1stoncally supported important
janadromous salmomds 1nc1ud1ng chmook salmon (Oncarhynchus tschawa 5p), silver salmon (0.

| ‘keta) and: steelhead trout (O mykiss) Annual spawnmg runs of these fish historically provided'a




‘pnncrpal food source for the: Hoopa Indrans, and have: been responsrble for a srgmﬁcaut part of -

L ‘the commercial catch (Smith 1976)

“ Runoff from the uppermost 720 mi2 (1860 kmz) of the basrn was unpounded by Trinity
: Dam (and its re-regulating reservoir, Lewiston Dam) beginning in 1961, as part. of the US Bureau
" of Reclamation Central Valley pl'OjECt These dams eliminated access to important spawning and
| Juvemle rearing areas upstream. Begtnmng in 1963, about 75 percent of the average natural
- runoff from the upper basin of 1800 cfs (53 m3/s) has been exported from the Trinity River basin
| to the Sacramento River basm, where it is dlverted for irrigation, generatm g hydroelectric power
en routé.-In the reach dn'ectl},r belcw the reservou' and above major tributaries, floods have been
?vu'tually ehmmated The mean annual flood decreased from 18,500 cfs (525 m?/s) pre-dam
(1911-1960) to 2580 cfs (73 rn3/s) post-dam {1964- 1990), as measured at the US Geological
Survey:gage at Lewiston (Frgure 2.2.2). Flood frequency analysis for pre- and post-dam
COIIdlﬂOIlS shows that Q (the annual peak flood that occurs, on average, every two years) has
‘ decreased from 17 100 cfs (484 m3/s) to1 060 cfs (30 m3is) These reducuans in flow reglrne
- have resulted in substantlally decreased sediment transport capac1ty in the Trinity River in the

: ;reach 1rnmed1ate1y below Lewiston Dam, with the effects of ﬂew regulatlon decreasing with

B 5 dlstance downstream from the dam

One effect of the reduced flood reglme on the anuty River has been encroachment of
rr'ipanan vegetation ,and channel narromng (Frederiksen, Kamme, and Associates 1980). The
‘present channel is flanked with stands of alder (Alnus sp.) that have become established along
3 the low.ﬂow chaunel, within'the pre-dam active channel.: Aerial photographs show that these
;a'lders_, grew to maturity following closure ef Trinity Dam and its elimination of major floods.
| The-alders were able to resist washout by the J anuary 1974 spill, which reached a peak discharge
of 14,400 cfs (408 rn3/s) at the Lewiston gage and now -foi_'m a';na.rrow, dense band along the
~present channel (Figure 2.2.3)." This riparian vegetatiou stabilizes the banks of the former low-

. ﬂow channel (the present active channel) (Figure 2.2.4) and mduees deposmon of suspended
sediment within the vegetatlon (Pitlick 1992). '

Concurrent with the reduced flood and sedlment transpert capac1ty in the mainstem,
‘sediment yields from tributary watersheds increased.as a result of road construction and timber
j harvest. Most nqtable among these tributaries is Grass Valley Creek, which flows into the

- Trinity River about § mi (13 km) downstream of Lew’istdn-Dam., Grass Valley Creek drains a

- 38 miZ (98 km?). basin underlain principally by the "-S hasta Bally Batholith, which weathers to
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produce decornposed gramuc soﬂs that are readily eroded and produce large yields of sednnent

_ in the 1 mm to 8 mm size range Frem 1950 to 1960, 90 percent of the Grass Valley Creek basin

| was logged resulnng in sedrment y1elds esumated at 133, 0{)0 yd3 (102,000 rn3) annually in the '
'19703 (Fredenksen, Kannne and Assomates 1980). Tlns sediment (mostly decomposed granitic
j coarse sand and ﬁne gravel) filled the channel of Grass Valley Creek and entered the mainstem
Trtmty R1ver The reduced mainstem ﬂocd regime has been inadequate to transport these
tnbutary “derived sediments, which have filled pools, buned cobble substrate, and infiltrated
o spawnm g gravels (thure 22, 5) thereby degrading aquauc habltat for anadromous salmonids,
’ whrch were formerly abundant in this reach (Smith 1976) The combined effects of h1gh
' - tributary sediment yields and reduced mainstem flows dunng the large storm of December 1964
L resulted in deposmcn of large deltas at tributary conflugnces (Ritter 1968)
' ~ Since 1975 the Tnntty River Basm Fish and Wildlife Task Force has been engaged in a -
¥ Comprehenswe Acticn Plan to amve at alternatives to restore fish habitat. The Task force has
- undertaken periodic dredgmg of sand from several peols scarifying of gravel beds, importation

of gravel to the mamstem excavation of side channels, and installation of check dams, groins,

S and otheri 1nstream structures and made mal flushing ﬂow releases

: 2 3 Prevmus Werk

* Previous studres have recommended ﬂushmg flows rangmg from 800 to 10,000 cfs, as

- summanzed in Table 2.3.1 and discussed below

| e nk 2n. Kamine nd A 1 collected sediment samples on the Trnuty
. Rrver and trlbutanes, esumated annual sedrment ylelds, and estimated flows required to entraun
: gravel n nfﬂes and to transport accumulated sediments downstream They estimated that
‘ %dlscharges of 800 cfs to 1,200 cfs (23 to 34 m3/s) would "initiate movement of gravel-size
- rnaterial in riffle areas for purposes of cleanmg" (p.69)(Table 2.3.1). However, this prediction of.
- gravel m'ebility is inconsistent with the report's statement:that the 1974 flow, with 10 days of
- flow between 5,000 cfs (142 m3/s) and 14,000 cfs (396 m3/s) " had httle impact with respect to
‘rnovmg gravels and ccbbles from the [tnbutary] deltas™ (p 69).

They estnnated sednnent discharge from-the Tnmty River below Grass Valley Creek for

flushing releases. of d1fferent volume and duration; release magnitude was limited to 900 cfs

. {25 rn3/s) “...to minimize datnage to restored spawning areas" (p.67). They estimated the annual
‘sednnent yleld of Tnmty River below Grass Valley Creek was: 91 ,000 tons (83,000 tennes)
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‘Annual sedunent transport was assumed to be controlled by transport through the pools. .
| Sedlrnent transport with annual releases of 320,000 acre- feet (395 million r.u3) was estimated to -
U'ausport 1,800 to 22,200 tons. (1 600 to 22 200 tonnes)(p 67). The lower u'ansport rate was

| calculated assurmng pools were 6{)~ft (18-m) wide, the higher rate. for pools 30-ft (9-m) wide.

| Strand (1981) prepared an estimate of the magnitude and duration of flushing flows

; necessary to remiove accumulated sedrment from a 5.8-mile (9.2-km) reach of the Tnmty River

. from the couﬂuence of Grass Valley Creek to Steelbridge, which encompasses the study reach of
‘—thts pro;ect In hlS study, Strand used observed water surface elevations at low discharges to
callhrate @ hydraulic model, which was then used to extrapolate flow conditions to much higher

" drscharges Water surface elevauons were measured at 23 cross sections at 300 cfs (8.5 m3/s)

} and 600 cfs (17 m3/s) and at two cross sections at 2, 200 cfs (62 m3/s) Calibrated with these low
flows, the model was then run’ for drscharges of 4,000 cfs (1 13 m3/s), 6,000 cfs (170 m3/s), and
10, 000 cfs (280 m3/s).

Rather, estimates of transport rate

| Transport rates were not measured by Strand ( 198

- were made using the Modlfied Einstein Transport Method (Colby and Hembree 1955), whrch

| requ1rcs as input. est1n1ates of the mean channel hydrauhcs and the grain-size of the bed material
and suspended load These transport estimates were then treated as "measured"” values and used

to select a second_ transport model, the.Velocrty-Xl method (Pemherton 1672). The Velocity-Xi

"‘,method was used to estimate transport rates at higher flows, for which sediment samplcs needed

to use the modified E1nste1n method were ot available. The amount of sediment in the study

o I_reach to be ﬂushed was estlrnated at 63 ,700 tons (38, 0(]{) tonnes) from measurements of the

channel bed area; aud an esumated depth of sediment based upon field observations (Strand
" ‘ 1981) The extrapolated transport rates were used to estnnate the amount of sediment that would
‘be removed over time. Strand concluded that all three modeled flows would remove 50% of the
fﬁner sediment, but only the higher releases (6,000 cfs and 10 OOO ¢fs) could remove 90%.,
Several factors make the flushing estimates of Strand of limited use in specifying
controlled releases for ﬂushmg Because the flows observed by Strand were relatwely small, the
:ﬂushmg esumates were necessarily made for flows much larger than those observed, requiring
extrapolation of the hydraulic relations, as well as the transport rates computed from the
lhydrauhcs Uncahbrated estimates of sediment transport from observed hydraulics can be
_considered to prov1dc at best, order-of—magmtude accuracy (Vanom 1975 Gomez and Church
| : ?1989 Nakato 199{]) Strand’s transport estimates were bascd on hydrauhcs estimated by
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: extrapolanon to ﬂows ten trmes greater than observed at most cross sectrons and thus can be

- consrdered only qualitative. Transport rates were not measured at any ﬂow, and the relation used

_to extrapolate the transport rates at ﬂushmg flows was 1tse1f “callbrated" by companson with

results of another transport equauon |

Because the goal of a flushing ; ﬂow is to remove finer sediments while minimizing the

. frernoval of coarjsergrams, Strand calculated the transport removal for eight different size

- fractions;ﬁ These calculations do not account for the effect on fractional transport rates of the size

~of each fraction,relative to the rema.mder of the mixture. These relative size effects have been

‘ fsho‘wn to have a;ﬁrst-order effect on 'fractional transport rates in poorly sorted sediments such as

those found on the Trinity River (Parker er al. 1982, Wilcock and Southard 1988, 1989).

| l H_e@ngm{,_%l revrewed previous studies and apparently based on this review,

o concluded that a flow of 4000 cfs (117 m3/s) was " Iarge enough to simulate the historical peak
flows below Grass Valley Creek that are necessary to move large cobbles, to destroy the annual

. growth of bank vegetanon and to restore the approxrmate original channel configuration."

- T he wide range of flushing flow estimates and the lack of direct field observations of the :
ﬂushrng effectrveness of various drscharges contnbuted to the, motivation for a trial release
research program in whrch the potential flushing achieved by different controlled releases is

‘ exarmned This study and the work of Tnmty Restoranon Associates {1993) are part of this

3 effort The latter work was. an extensive field study of eleven sites within 35 miles downstream
of Lewrston Dam dunng the expenmental flushing flow releases of 1991°(3000 cfs or 85 m3!s)

‘ and 1992 (6000 cfs or 170 m3/s). The report concluded, "Clearly the 6000 cfs release mobrhzed

" the surface of most bar units, while the 3000 cfs flow d1d not. " (p 136)

‘;24 tudy. bec ves

: ‘The overall objective of this project is to recommend reservoir releases that will flush and
. .1 marntam spawning gravels in the reach of the Trinity River between Grass Valley Creek and
‘Steelbridge (the reach defined by Strand, 1981). Todo rhrs, we focus On two representative
‘r'eac-hes containing spawnin g gravels and examine the potential flushing produced by trial
releases in 1991,:1992, and 1993 Our goal at both sites is to determine the drscharge necessary

: to entrain the spawmng gravels and permit interstitial fine sedrment to be flushed from the bed.
Because. gravel recruitment is limited on the Trinity River, a sedlment maintenance flow should

. fmvolve nmnmal downstream gravel transport but sufﬁcrent gravel movement to permit flushing
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of subsurface fine material. Such a release is also likely to minimize water use. Thus, our

o .-objecuve was 16.determine the magmtude of arelease that wﬂl Just entrain the gravel surface,

| thereby penmttlng subsurface ﬂushmg while nnnnruzmg gravel transport and water use, and .
}.maxnmzmg sand transport at the two study sites. |

We observed bed condmons before and after the releases and made direct measurements
of ﬂow veloc1ty and dtscharge The bed observations mcluded pebble counts and visual
| observattons of the bed: size d:tstnbutmn throughout both study reaches. Gravel entrainment was
' 1'observed usmg tracer gravels and scour chains placed in potentta.l spawning gravels along cross
3 secttons at both study sites. The ﬂow observations: permrtted calculation of total discharge
; during each release and observauons of local velocity actm g dlrectly on the spawning gravels,
. a'The combined observations of local flow and gravel entramment permit the accuracy of our

J observattons to. be evaluated in terms of general sed.tment transport relations drawn from

o experu:nent and, theory, which prov1des a basis for esttmann g entramment and flushing at flows

' _other than those we dtrectly observed. Together with the measurement of discharge, these results
- prov1d.e the basis for spemfym g the drscharge magmtude and duratton that can produce flushing -

‘ of the spawnmg gravels

In this study, we focus en the dlscharge reqmred to ﬂush ﬁne sedlrnent from spawning
| gravels and our ﬁeld observations focus on flow and transport conditions at two representative
+ study sttes to develop a detailed understandmg of gravel flushmg on the Trinity River, A
ifconcurrent study, addressmg a broader ran ge of flushing ob_]ecuves was undertaken on behalf of
| the. Hoopa Valley Indian Tribe (Tnmty Restoration Assoclates 1993). This study 1nvolved a
1 larger study reach of 35 miles (56-km) and many more sites at Wthh channel change tracer
gravel movernent and riparian scour were observed before and after the releases, with limited
- observations of }yater surface elevatton made during the releases,. i
The overali quantity of sand in the 'study reaches is large- In the presence of a high sand
:concentratlon, a dlscharge sufficient to entrain the bed gravels and ﬂush sand at depth will not
' jproduce a markedly cleaner bed because sand can be redeposued with the gravel. To achieve
successful flushing, the total volume of sand in the reaches must be reduced. The discharge and
: ‘Water volume requ1red for sand removal will depend on the volume present in the study reach

and the rate at whtch 1t is transported by the release discharge..

To prov1de some guidance for selecting a dlscharge for sand removal on the Trinity .

" *;Rrver we mclude in this report an estimate of the volume of sand in the study reach and the rate
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| at thrs sand is transported at drfforent drscharges 'I'hrs mformatron is uscdm a calculatron of
-sand routing through the study reach to estimate the volume of sand that may be removed by
?drscharges of different magnitude and duratlon Because: pools rnajpr act as sand traps, we also
8 exarnrne changes in sand storage tlurmg tho trial releases i in tho pnmary pools in the study reach.
k E'Wo dovolop a relat.ron for pool trapping as a function of sand transport rate, pool geometry, and
| 'é'water dtschargo and use this relation with the sand routing: ‘algorithm to evaluate the additional
:sand removal that can be achrcvcd wnh pools. Because gravel recruitment on the study reach is
,-:largely eliminated by upstream darns we also develop a relatdon for gravel movement as a
. %functron of drscharge and use thrs rolatton to estimate the volume of gravel that may belostina
: Eﬂushrng flow. . - N |
5 ‘ The relatrons for sodlment transport and pool trapplng are used with the routing algorrthm
i to evaluatc the Lradeoffs among sand removal, gravel | loss pool dredging, and water use during a

} -ﬂushmg relcaso An opttmurn ﬂushlng release is one that maxrrmzos sand removal, while

'rmnmnzlng wator use and downstream loss of the. gravel rcsource Our analysis provides a

jstartmg point for 1dcnt1fy1ng such an ‘optimum flushing reloaso, although the analysis has several -
: limitations, Tho modeling results rnust be evaluated i in| the context of. tho simplifications and -
j assumptlons roqtured to compite sand and gravel rnovctnent throughout a large river reach,
~which limit the. accuracy with which the total sand and gravel removal can be estimated. - A more
fundamental limitation is that the selectron of an opt:rmum flushing. releasc depends on many
- factors and it is lrkely that no s1ngle rclcasc plan can sansfy all the. objectives that might be
" 1dent1fied Many of these factors were not considered m this srudy, including the value of the
. :watcr usc,d, the reservoir operatrng les, the legal obltgattons associated with the water, the
‘ ,\‘rariation in omo of both the supply and demand on the-reaervoir water, the cost of dredging, and
the environmental requirornents of the fishery. Because of the large number of factors and
objectives requiring consideration, and because some of the objecnves cannot be rnutually
¥ satrsﬁed itis. not likely that a smglc optimum flushing roloase can be identified. Rather, it is
- necessary to develop a rational basis for evaluating thc_tradeoffs ameng the different objectives,
- so that a compromise may be fountl that is acceptable to all ooncerned parties. Further work is
- needed to develop a decision-making tool that may be used to evaluate these tradeoffs in an

- . objective fashion. -
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o 3 DESCRIPTION OF STUDY SI’I‘ES

L , We selected our two detalled study sites in consultauon ‘with USFWS to provide
; representauve spawmng gravels, hydrauhc characteristics favorable for flow modeling, and good
.' ‘ access -Another consideration was the availability of hydraulic data at the sites from aquatic
| 'habttat studles by USFWS, data which permitted us to predrct water depths and velocities during
3 releases to plan study logtsttcs Our study sites were located downstream of the Grass Valley -
' | Creek conﬂuence and upstream of the next major tnbutary, Indian Creek..

;m_mmm , .

' - The Poker Bar study site is located about 9 mi (15 km) downstream of Lewiston Dam, 7

1 about 6 mi (10 km) southeast of Weaverville at latitude 40041 ’N and longitude 122053‘W

] (thure 2, 2 1. The overall study reach from Grass Valley Creek to Steelbridge is a sinuous

pool -and- riffle channel but at the Poker Bar study site the river flows in a stralght single-thread

' :channel for a dlstance of 2000 ft (600 m Figure 3.2.1).. Bankfull w1dth is 115 ft (35 m) and the

'average channel gradlent is 0. 3% We estabhshed 11 cross secuons over the 700-ft (200-m)

reach. The site contams a large gravel bar that accupies most of the w1dth of the channel. In

Cross section, the channel resembles a bOWllng alley along much of the reach, with the bar in the

jcenter ﬂanked by deep trenches on etther side. The trench running along the base of the nght

‘bank is the most pronounced; we des1gnated it the "gutter" A side channel exits the left bank

between Cross sections PB1B and PB2 and reenters the main channel between sections PB3A

. ::and PB4. The baseelevation of the secondary channel i is above the main- channel water level at

‘;dlscharges below 1000 cfs. At hlgher ﬂows the. side channel floods, but carries little discharge.
iThe primary study sectton PB2 crosses near the hlghest elevauon of the mid-channel bar and
;has a very deep gutter on the right side (Figure 3.2.2).

The stream gravels are derived prmc1pally from schtsts of various ages, mostly Paleozoic
and Mesozoic. Potential spawning gravels are most abundant between cross sections PB1B and
,PB2 A grain size distribution based-on 8 bulk samples taken from PR2 and ranging in size from

13510 280 kg (total sample Slzc 1776 kg) is presented in Figure 3. 2.3. The bed material is
weakly bimodal, witha pnmary mode between 16 mm to 64 mm and a secondary mode between
1 mrmn and 8 mm. Medlan gram size of the bed material is 22 mm 30% of the sediment is finer

P .than 8 mm, three- quarters of which falls between 1 mm and 8 mm Although a small amount of
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‘material finer than 8 mm would be found in the bed under natural condluons, to.a first
approxlmanon the material ﬁner than 8 mm represents the sedlment requiring flushing.
Flgure 324 presents the cumulattve gram-51ze msmbunons for the bed material segregated into

parts finer and coarser than 8 mm The median grain 51ze of the coarser pornon is 36 mm.

The channel is ﬂanked by lmear stands of alders typically 1-2 ft (0.3-0.6 m) in diameter. .
These alders have become estabhshed w1th1n the active. channel since flow diversions began in
1963 The formerly active gravel bar (Poker Bar) has now been filled and reworked by heavy
equtpment to create a level surface for housmg, whose development was encouraged by flood

protectlon offered by Trinity dam.

3 3 Steelbngige Stugg Site

- The Steelbndge study site is located 12 mi (20 km) downstream of Lewiston Dam and
about 10 mi (16 km) southeast of Weaverville at lantude 40040 N.and longitude 122°55'W
(Fl gure 2.2.1). The study site is located adj acentfoa Bureau of Land management (BLM)
campground about 0.25 mi (0 4. km) upstream of the remains of a bridge known as Steelbndge
. The Tnmty River in this reach is spht by an 1sland Our study srte is located on the 700-ft
(200- m) long nght channel, We estabhshed 10 cross secnons along this reach (Figures 3.3.1). .
' This 51de ehannel camed roughly. 30% of the total river dlscharge dunng the expenmental
releases Bankfull w1dth of the side channel is 65 ft (20 m) and the average gradlent 15 0.2%.
Spawmng gravels are heavtly used by fish in the downstream portion of the reach. Potential
spawnmg gravels are most abundant between cross sections SB3B and SB4 The pnmary study
sectron SB3C is 23 m wide and nearly rectangular in shape (Figure 3.3.2).

a A‘ grain size distribution based on 10 bulk samples taken from sections SB3C and SB3D

: and ranging in size from 112 to 228 kg (total sample size 1490 kg) is presented in Figure 3.2.3.

The gravels are Weakly bimodal with a predominant mode between 32 mm and 180 mm and a
rvekaer mode between 10 mmand 8 mm (Figure 3.2 3)" "The median grain size of the bed
matenal is 36 mm. .25% of the bed material is finer than 8 mm, three-quarters of which falls
between 1 mm and: 8 mm. The median grain size of the portion of the bed sediment coarser than

‘8 mm is 56 mm (Flgure 3.2.4). The gravels are coarser than but hthologteally similar to, those
at Poker Bar. ' ' '

The channel at this. study site has undergone substanual changes since closure of Trtmty

, . and Lew15ton Dams In 1960, the active channel extended across the full river w1dth and the
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island was a mid-channel bar. With’ Eﬁmination of scouﬁiig'ﬂoods‘ :‘vc getation established on the -

o 3bar, Brew to maturity, and can now survive virtually any hi gh dlscharge The vegetauon trapped

;ﬁne sedlment, building the 1sland especially along its downstream half, The island is flanked by
a nearly contmuous stand of alders. Most of the island's center is unvegetatcd {or sparsely
.colonized by xcnc plants) becausc thc water table is too low for npanan vegetation to estabhsh

- ‘m such coarse alluvmm
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4 METHODS

4.1 Trial Releass | | ‘.
L Previous estimate of ﬂushmg ﬂows on the Tnmty Rrver were based on observations at

‘ low flows, . To provide an opportumty 0 dlrectly observe the effect of higher discharges on

. sedlment mamtenance and aquatic habitat, controlled I'ugh-ﬂow releases were made from

Lew1ston Dam by the Bureau of Reclamation in 1991, 1992 and 1993. Each of the flows was
- j preceded and followed by several days of ramping (mtermedlate) ﬂows between the release
| d1scharge and the normal release of 300 cfs (8 m3/s). Frgure 4.1.1 and Table 4.1.1 present the
iy daily mean d.lscharge recorded at the USGS gage at Lewiston, just downstream of the Lewiston
“dam. D1scharge values for the entire period between April and Tune in each of the three years are
plotted i in. F1gure 4 1.1, The drscha.rge measured at Lewiston represents the release input into the
'ﬁ Rrver and is usually slightly. drfferent from the dlseharge values measured at our study sites,
b because of chscharge addltlons or subtractions between the US GS gage at Lewiston and our study
r 51tes , - ' L ‘
| 'Ihe 1991 release took place over six days from 28 May to. 2 June with 2 maximum
release. between 2, 600 cfs.and 2, 800 cfs (74 m3/s to 79 m3/s) for four days from 29 Mayto 1
June. A relauvely eonstant dlscharge of 2,670 cfs to 2, 685 cfs (75 6 m3/s to 76.0 m3/s) was
: observed at our study sites for three days from30Mayto1 June
. " The 1992 release took place over ten days from 10 June to 19 June, with a release in
: excess of 6, 000 cfs (170 m3/s) for five days from 121 une to 16 June. A relatively constant
o dlscharge of 5,800 cfs (164 m3/s) was observed at our: study sites for four days from 13 June to
. 16 lune ‘ ' '
. o ~The 1993 release took place over 22 days from 13 April to 4 May, wﬂ:h arelease close to
3 OOO cfs (85 m3/s) for 17 days from 14 April to 30 Apnl A relauvely constant discharge of
f2990 cfs (80 m3/s) was observed at our study sites on 27 Apnl and 28 Apnl
| | We were: able to make veloc1ty and transport observauons on almost every release day in
1991 and 1992, 1nclud1n g some ramping days, at both Poker Bar and Steelbridge study sites
(Table 4.1.1). Because the 1993 release discharge was nearly the same as-that in 1991, we

1111mted our dunng—release observations to two days, 27 Apnl and 28 April at the Poker Bar site

only
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Our field work cons1sted of (1) CToSs- -section surveys and bed sediment sampling before
:and after the expenmental releases and (2) water surface: elevanon, velocity, and flow depth

| iobservanons during the releases Some limited suspended-load and bed-load sampling was also

S conducted dunng the releases The pre- and post—release field work (described in later parts of

| this secnon) was conducted durmg releases of about 300 cfs (8.5 m3/s) when the channel could-
‘ ‘be easﬂy waded S |

: ~ Our measurements dunng the. releases required substantlal logistics. We requlred a
;platform from Whrch to lower current meters, sediment samplers and an acrylic box through
wh1ch we. could observe bed conditions. The channel was too wide to bu11d a temporary

footbrrdge, $0 we operated frorn catarafts and custom-desrgned rafts equipped with a crane and

o | ;reel for ra1s1ng and lowering the 170-1b (77—lcg) bed- load sampler

~ The rafts were held in position against the current and moved across the channel wrth a
network of climbing ropes (Flgure 4.2.1). We use climbing rope instead of the steel cables
traditionally used in flow measurement work because of the strength and flexibility of climbing
r;ope now available, because clirnbing rope is more visible than steel cable and because steel
‘poses a significant safety risk if i 1t fails, Climbing rope has been used for fishery studies

: elsewhere in California (Li and Holton 1986) and in the Tnmty Rwer by the USFWS Lewiston '
- ‘staff who prov1ded substantial ass1stance in logistical des1gn and execution,

Ateach eross section measured during the expenrnental releases, we established a main
‘hne extendlng across the channel and anchored to large trees on either bank (Figure 4.2.1). The
:raft was held agalnst the current by a bowhne extendmg through a pulley attached to the main

line. When the raft was near the center of the channel in stronger currents, it would tend to be

oL fdmplaeed farther downstream To compensate for this and thus keep the raft traversing a straight

-~ cross section, we. pulled the raft upstream by reeling in the bowline.

The cross-channel posruon of the raft was adjusted by lateral lmes passing through
spulleys on either bank. The arrangement of lateral lines at Poker Bar is shown on Figure 4.2.1.
At Steelbridge, our access was from the left bank instead of the right bank, so the arrangement of
lateral lines was reversed. We could move the raft towards the left bank by pulling the left bank
lateral line into the raft, thereby shortening this line (which passed:from our pulley on the

- rnainl'ine through:a pulley on the bank, thence to the raft; F1gure 4.2.1). The raft was moved
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- toward the nght ‘bank by a person on the nght bank pullmg in; the nght bank lateral line. This -
» i,avmdmg havmg too many lines on the faft and took advantage of human resources available on
- the right bank. When the raft was pulled towards one bank the opposite lateral line was

B loosened gradually to provide the needed slack To prevent the ta11 of the raft from swaying from
s1de—to-s1de, we tightened the réar stabthzmg line from the raft to the rear line. This line required
“frequent ad_]ustments to maintain a steady tension.

o We typ1cally tneasured two cross sections from each Tope set—up -After the upstream
B N secuon was measured we. loosened the bowhne (and Iateral lines} and allowed the raft to drop
o downstream to the second cross secuon, nghtemng the rear stab1hzer as we went.

43, Bydrauli ':15'7'? |
: The obJecuves of the ﬂow observatlons dunng each tnal release were to determine the

. l_mean water surface elevation. and slope throughout both study reaches and to determine the

";-d1smbutton of velocnty across the prlmary study sections and, in some cases, adjacent sections.
~ The water surface elevauons are used to calculate water surface slope, to prov1de a check on the
steadmess of the flow during velocity observations, and to prov1de calibration observations for -

: hydrauho modehng of the water surface elevations at dJ.scharges other than those used for the -
tmal releases. The velocity observauons are used to calculate total d1seharge, the lateral variation
; of velootty across a section, and to estimate the lateral variation. of bed shear stress acting on

‘ spawnmg gravels at each pntnary study section, This latter. 1nformat10n is then used. together ‘
| w1th the gravel mobtltzanon observations to assess the ﬂushm g capablhty of the trial releases.

‘ - Water surface elevatlons (W SEL) were measured using staff plates attached to trées or
stakes along one:bank of each study reach Staff plates: were installed on the right bank of all 11
j sections at Poker Bar covenng a downstream distance of 210 m. Staff plates were installed on
.the left bank of: all 10 sections along the Steelbndge study channel (i.e. the right channel passing
*.the island at the Steelbndge campground). In addition, two gages were located on the left bank
g of the main channel and a third gage was located on the right bank downstream of the island.
fThese three gages pen:tut calibration of WSEL modehng of the total discharge through both
| channels which prov1des a ba31s for extrapolating dtscharge -WSEL relations to flows in excess
. -jof 6,000 cfs, Wthh 1nundate the channel island. |
| Flow velocmes ‘were typteally small to negligible in the vicinity of the staff plates.

_}Surface waves were typlcally smaller than one or two cm and the mean water surface elevation -
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3 : jcould generally be read mthln 0.5 cm. All staﬂ" plates were read on a regular basis during

i _Qévelocny observauons at each study sue Tn addmon the staff plate for a particular section was
- ;j_read 1mrned1ately before and after each velocity traverse. . |

- A total of 477 vertical proﬁles of downstream velocrty were measured in conducting 38

' jtransects along etght dlfferent cross sections. The largest number of proﬁles and traverses were

- fmade at the two principal study sections: PB2 and SB3B. Velocity: transects were made at the

L flmmedtate adjacent sections at both study sites in 1992, and at the. Poker Bar study site in 1993.
3Table 4.3.1 provrdes a summary + of all velocity transects, 1nclud1ng the number of locations, or
' ‘stanons, in each fraverse, the typtcal and maximum spacing between stations, and the typical

: jnumber of individual velocity observattons taken in a vertical profile,

‘ Wrth the: excepnon of six transects at Poker Barin 1992, all velocrty observations were
fj:made w1th the current meters mounted on rigid rods, along whrch the meter could be moved in
. ;the vertlcal The rods permit more accurate reading of ﬂow depth than possible with cable-
| suspended meters, and permit the relative vertical dlstance between meter positions to be
7 ;deterrmned very: accurately Once in place at a station, the rods wére not moved until the vertical -
profile was .cornp:lete,.so tha_t the accuracy of relative placements of the meter was maintained.
'jUn-usually long wading rods 6-ft, 8-ft, and 10-ft (1.8-, 2'“4'2 and 3-rn) 1n length were used to
L iperrmt a maxrmum number of velocrty profiles to be made using rods.. In 1992, depths were too
| great to use the wadtng rods along six transects, so at these sites we deployed the current meters
‘fror,n a.crane- and-reel assembly installed on the raft.
i CAll veloclty observanons were made using Price AA current meters. The meters were
regularly mspected during each transect and were cleaned and testmg for free rotation before and' .
after each transect ‘Velocity observations at each point were conducted for a rmmmum of
40 seconds. In general the rotations was counted from audible clicks and the. sample duration
read from a stop . watch with an assistant on the boat to record the mformaﬂon In some cases, an

automated sarnple counter wasused. -

4.4 Substrate-Mod1ﬁcanon = _

| The goal'of our substrate observations was to characterize the sedirnent composition of
the streambed and evaluate changes as a result of the trial reservoir releases. This was |
accomplrshed using repeated cross section surveys to evaluate scour and deposmon

| 'charactensrng the bed surface visually and with pebble counts, and bulk sampling bed sediment. -
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‘ A series ef Cross secuons was established to momtor scour and deposmon and perform
hydrauhc modelmg at each of the two flushing study srtes (11 at Poker Bar, 10 at Steelbridge).
o :5- Cross sectmns were spaced one- half to one channel width apart and were oriented perpendicular
. %\to high flow (Flg 3.2.1and 3.3. 1) Existing U.S. and Fish and Wildlife transects were
- : mcorporated to use historical water surface data in our initial hydrauhc modeling. All cross
sections were monumented w1th elther rebar or spikes i 1n the base: of trees. All surveys were done

- wn‘.h an automatlc level The mammum spacing between stauons was one meter.

Tables 4 4 1 and 4.4.2 show the date each cross secnon was surveyed at Poker Bar and
‘Steelbridge, respecuvely E:ustmg U.S. Fish and Wildlife transects are designated by a single
: number (e £. PBl) and our new sections have an alphabencal sufﬁx (e.g., PBIA) All cross
B secuons were surveyed before and after the 1991 release Cross sections were later resurveyed .

o whenever we suspected that scour or depusmon may have occurred such as after the 1992

. release. Tf we were uncertain that a resurvey was necessary, we resurveyed the most critical
‘sections (over the spawning gravels). If those sections did net show scour or deposmon, we did

notr resurvey adrhtronal sect10ns

s 44b Visual Charactenzatlen of the Bed Surface

Visually substrate cha.ractenzauon is widely employed by : ﬁshenes biologists to quickly
descnbe substrate without disturbing the bed. Visual esumates are more subjective than the
;physmal sampling of sediment, but they permit rapid assessments over a wide area. Visual
g substrate estimates also hi ghhght the local variability wnhm a reach.

, Imually (1991), visual characterization was done primarily to estimate bed roughness
:\}ariatitms for hydraulic modeliug' and consisted of classifying the sediment as sand, gravel,
- cobbles, or boulders In 1992, we expanded our visual observations of the bed surface with the
goal of detecl:mg more subtle changes in bed texture, espec1ally with respect to the abundance of
" fine sediments on the bed surface. To that end, we estimated the proportion of the bed covered
,by fine sediments (%finer than 8 mm, hereafter refer're‘ditb as percent embedded), as well as the

‘ ;medran grain size (D50) and the grain size for which 90% of the sediment is finer (DgQ) for the

coarse proporuon of the bed (>8 mm), hereafter referred to as-the gravel fraction. Grain sizes

‘were esumated usmg phi size classes. The.phi size scale is a logarithmic scale commonly used in
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) earth science and engmeenng, where ph1 = -loggD where D is the graln 51ze in mm. A phi

e dlfference of one corresponds 1o a grain size difference; of a factor of two.

o  For standardlzauon, we, used the same operator (Barta) to make visual estimates at each
o f-survey po:nt before and after each trial release. Errors for each observatlon are estimated to be £
' 1'1 phi umt for. Dso and Dgg and #10% for percentage embedded When many observations are

: Laveraged over an area with smnlar bed texture, some mdrwdual errors are likely to cancel,
) r;yleld.mg cornposue errors on the order of *1/2 phi unit for Dso and Dgo and +5% for percentage
-_ embedded. .r _ ' - _
‘ - Tables 4.4.3 and 4.4.4 show the dates the substrate was v1sua11y descnbed at each cross
: _jsectlen for Poker Bar and Steelbridge, respecuvely In each case, we desoribed the substrate

‘ ,r§pnor to other work in the study reach, so that the visual. estimates would not be influenced by

T subsequent bed dlsturbance In total, over 2000 VISIlal observauons descnbmg the substrate were

""Imade over the course of thlS study.

44 _Pebble Counts

. The goal of our pebble counnng was to charactenze the surﬁc1a1 sediment in the flushing
jstudy reaches Pebble counts are performed by randomly selecnng rocks w1th1n a defined region
and: recordmg then- grain size. A sample size of at least 100 rocks is typlcally used. Pebble
;counts are: less sub_]ecuve than visual charactenzat:ons of the bed (Kondolf 1993). All of our

= ipebble counts were performed along estabhshed Cross secuons I the bed texture differed

- Iaterally across the cross section, the section was sub-divided into continuous regions of similar

bed texture Pebble size was determmed by passing each clast through a template with square
heles on 1/2 phi mtervals ‘Pebble size was then recorded as the 1/2 phi interval within which

each clast fell. Pebble counting is also known as Wolman sa.mphng (Wolman, 1954) and gnd—
by-number sampling (Kellerhals and Bray, 1971).

 An important constraint for pebble counting is that"a lower limit exists below which clast
size cannot be effectively sampled This limit is typlcally between 2 and 8§ mm (Church et al.,
1987) In our field work, clast sizes down to 2 mm were dlstlngmshed With this lower limit,
our sarnples include nearly all of the grain sizes present in the river bed, including the light-
colored decomposed granific sediments that have embedded the spawning gravels in the post-
dam period. o :
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 Kellerhals and Bray (1971) have shown, using geometric arguments and field data, that

'cornparable reselts with no conversion required. Controiled experimehts by Church and others

(1987) also suggest that grid hy number and bulk samples are dlrectly comparable

Tables 4.4.5 and 4.4.6 show the dates, locations, and number of particles measured for

Poker Bar and Steelbndge, respectlvely During 1991 we counted 100 particles per cross
3 secuon This was increased in 1992 and 1993 to 200 partlcles for most cross sections. In total,

- over ten thousand particles were measured over the course of this study

- 4.4.d Bulk Sednnent Sample

 Bulk sedlment samples pertmt the direct measurement. of the gram size distribution of the

. bed sedament. All bulk samples ‘were taken in the cross sections where spawning gravels were
| located After surveymg the bed elevation at the sample pomt a metal cylinder was inserted into
T the bed as deep as possible (similar to the method of McNeil and Ahnell, 1960). All sediment -
down to the bottom of the sampler was excavated and sieved. Three types of bulk samples were
taken 1) pre—release, 2) post-release at pre-release locations, and 3) new post—release samples

next to the original samples The pre and post-release samples at repeated locations were made
to determine the sed1ment composition before and after, the release, The additional post-release
| samples prov1ded a control on the effect of pre-release samphng on the post-release sediment

B composmon Tracer gravels were mstalled at all pre—release sample sites as described in section
45 - L

In 1991 we used a sampler w1th a diameter of 30 cm- and sample depths up to 30 cm,

: gwlng sample s1zes between 13 and 30 kg, All 1991 samples were «dried on a camp stove prior

to sieving. The coarse fractions (>8 mm) were sieved in their entirety. The finer fractions were

welghed and spht and a representative sample was sieved. In 1991 we took 15 samples at Poker

‘Bar and 18 sarnples at Steelbndge, with a total sample welght of 701 kg.

We enlarged our sample size in 1992 by using a sampler with a chameter of 59 cm and

‘sampling as deep as 40 cm. ‘This resulted in sample sizes between 112 and 281 kg. Samples
‘were wet-sieved on the river. Coarse partieles >8 rnm) were counted and converted to a mass
‘based upon the average mass for each particle size measured in 1991. The volume of the finer
‘parueles was measured and a volume-to-mass conversion was. made In 1992 we. took 8 samples

" at Poker Bar and 10 samples at Steelbndge with a total. sample we1ght of 3267 kg.
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Table 4.4.7 and 4.4.8 list. all bulk samples taken: at Poker Bar and Steelbndge,

:‘{ijrespectwely Bulk samples were not taken during 1993 because the 1993 drscharge was the same
L as the 1991 release, which produced ltttle gravel movement.. In total, nearly 4000 kg of sediment

O was bulk sampled over the course of this study.

4,5 . S gi;mgn; Mgvemgn;

Assessmg gravel movement dunng high flows is central to determining if gravels are

r rnobthzed sufﬁcrently to permit ﬂushtng ‘'We monitored the mobthty of gravels at Poker Bar and
Steelbndge usmg tracer gravels Adchttonally, because. the restoration of the Trtmty River
‘depends upon the removal of accumulated fine sedlments we conducted an auxiliary bed-load

‘ sarnplmg program to esttmate the sand and gravel lransport through the Poker Bar and

3 Steelbndge study sites. ‘ ’ '

: Momtonng gravel movement w1th tracer gravels has two advantages over measuring the

: bed-load transport dunng a high flow event. First, it prov1des a rhrect observation of the motion

: of the particular sediment of i 1nterest spawning gravels. Second 1t provrcles a direct |
imeasurement of the depth of scour, to which the degree of ﬂushmg 1s directly related. The depth
of scour or exchange depth dex, was estimated as the proportton of tracers removed over the .
flush multtphed times the installed depth of the tracers. Scour. depth was independently

' . 1:: estimated using scour chains, whrch are metal link ch.ams installed vertically in the streambed. If

o the bed scours, the chain bends downstream to indicate the maximum depth of scour,

iSubsequent deposmon over the chain may also be measured Repeat cross section surveys

jbefore angd after a release prov1ded a less precise measure: of bed scour over much larger portions
3of the bed

' The fracer gravels were installed after bulk sampling the sechment as previously described

‘(SCCHOII 4 4.d). Ateach sample location we replaced the sampled gravel with distinctly marked

‘tracer. gravels During the 1991 release we replaced the native sediment particles with pure white
quartz particles with similar sizes and shapes. During the 1992 release, we replaced the sampled
;sedlment with brightly painted sediment with similar sizes and shapes. No tracers were used

dunng the 1993 release because the intended mscharge had the same rnagmtude as the 1991

release After the trial releases we inspected the tracer gravels and recorded the distance traveled

= l_for d13p1aced partrcles and resampled the ongmal locatlon to determine the number and size of
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o .l‘:particles remauung in place. Tables 4 5 1 and 4.5, 2 EWE the locauons °f all tracer grevels

) J{:i—j,tnstalled at Poker Bar and Steelbndge respecuvely

LA Helley—Smlth sampler (Helley and Smith, 1971 Ernmett 1980) was used to estimate
the sedlment transport through the full-width study reach.at Poker Bar.  Helley-Smith samplers
have a square orifice and are placed on the bed to colleet the bed load in a mesh bag. This
fsample is then we1ghed and representatwe samples are saved for grain size analysis. Although
these samplers are des1gned to minimize the disturbance to the ﬂow and transport on the

streambed then' efﬁc1ency is hlghly vanable Common problerns 1nc1ude oversarnphng due to

o 5 scoopmg of the bed sediment- and undersamphng when' the sampler is lodged-on a large clast so

: that its bottom edge is above the surroundmg bed and substanual transport occurs below the

| 3 sampler To minimize these errors, we directly observed the placement of the samplers on the

streambed through a face mask Obwously unrepresentative samples were discarded. Table

: 4 5 3 hsts the detaﬂs of our Helley-Smith bedload samplmg at Poker Bar.

| Pnor the 1993 release, we buried five wooden boxes ﬂush w1th the streambed across °

: secuon PB2. The boxes ‘were 80 cm long by 12 cm wide. by 10. 5 cm deep and were located at
,Statlons 18.1, 23 5 27, 30, and 33, 3on cross section 2.’ The purpose of the boxes was to trap the

N ‘coarser portlon of the bedload. ‘During the release we were able to observe these boxes from our

measurement platform usmg a d1v1ng mask ora streamhned acryhc box. Addmonally,

: QUSFWS SCUBA diver 1nspected and photo graphed the: sedlment traps during the release.
Because the release proceeded for 14 days prior to-our observauons the amount and caliber of
;the sedmlent in the boxes was estlmated on the first day'of the ﬁeld work and the boxes were

.jthen cleaned outusing a garden hoe, so that two separate sample periods were achieved. The
Ipnmary sample pericd was taken to be that from the time the boxes were cleaned until the end of
:the 3000 cfs release "

- :4 6 Pool Survegs and Estunates of Surﬁc1a1 Fine Sediment

) | - With guidance from USFWS personnel we identified maJor pools in our study reach

N between Grass Valley Creek and Steelbndge (Figure 4. 6 1) We 1mt1a11y selected three pools in
1991. One of these was abandoned due to access problems, and three adchuonal pools with good

access for study were included in 1992. Surveys were conducted in 1991 1992 and 1993, as

' md1cated in Table 4 6.1. _Pools that were dredged before or dunn g the studyr perfod were of

S pamcular mterest for. thelr potential to act as sediment traps
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Of the six pools measured at least once, Montana Pool was abandoned after the first year
due to difficulties collecting data access problems, and, apparent lack of chan geinbed

; . morphology Neither maps nor analyses of storage changes in Montana Pool are 1nc1uded in this

report Of the remalmng ﬁve pools, two (Reo Stott and Society) were surveyed in all three study
; seasons (1991 1992 and 1993), while the other three were surveyed in 1992 and 1993 only. Of
; the five pools descnbed in thlS report, four were dredged either shortly before or during the
; studyr Tom Lang Pool and. SP/Ponderosa were added in 1992 because they had been dredged
‘ after the 1991 release

Edch- pool was surveyed before and after the trial releases Precisely the same points

. were surveyed each time using grid networks consisting either of parallel cross sections (for

” ‘z,strat ght pools such as Soc1ety Pool) or'multiple rays (u'ansects) extendmg from monumented

- pomts along the: banks (see Appendix A for typical survey gnds) Survey ropes were stretched

l.along each transect and depths were measured to the nearest 0.1 feet (0.025 m) w1th a ﬁberglass
3 survey rod at 5-ft (1.5-m) intervals. ‘The water surface along each pool was assumed to be

o cssentlall},r flat, a reasonable assumptlon at the low discharges when the surveys were made. In

. addition, surveys were made before each pool measurement to verify the water surface elevation

-and insure that i 1t 'was comparable to prewous surveys. Followmg ﬁeld measurements, water
:- depth was subtracted from the water surface elevation to obtam bed topography. Illustranve
t_transects are prcsented in Appendrx A In addition, at each survey pomt the substrate was

;quahtauvely 1dent1ﬁed (as sand gravel, cobbles, boulders, silt, aquatic vegetatlon) based on

: vrsual appearance and the feel of the rod as- it touched the bed.

The survey data were analyzed by determining x-y coordmates for all transect endpoints

‘ and convertmg 1nd1v1dua1 survey points into x-y-z coordmates These data files were input into
digital terram rnodel and earthworks software from Softdesk Inc. to produce contour maps of the
%bed before and after each release and to compute net change in sediment storage. These maps
-Lare presented in Appendix A.

To prov1dc a qualitative estimate of fine sediment: (< 8 mm) storage over the entire 5.8-
‘rmle (9-km) study reach we floated the reach at 300-cfs: (8 5 m3ls) in two rafts and estimated the
fpercentage of ﬁne sediment on the bed. Areas of uniformi fine sediment content were mapped

_onto enlarged aerial photographs (scale 1:1200) and later planimetered We made these

- 'fobservattons pnor to the 1992 release and 1mmed1ately followmg the 1993 release.. For

o ,icornputanon of sed.trnent storage between the pools, we. deﬁned soc subreaches between Grass .
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B Valley Creek an;:l the Steelbndge study site. The study reaches were typlcally separated by the

L ‘:major pools For each of these dmcrete subreaches, we, computed a welghted average fine

S :;f‘sedlment percentage from these visual-estimates. These subreaches are also used to compute the

RS }f—‘sedlment routing discussed i m Section 6 of this report.

e To compute fine sed.unent volumes in the study. reaches we assumed that the surface

| layer was' 0.25- ft (0.08-m) thick (approximately equal to one D90 of the bed framework gravel)
.-gand that the actwe bed (which presumably could be flushed) was 0.5- ft (0.15-m)} thlck For the

' ;;‘top 0.25:t, we used the visually estimated surficial fine sediment percentage; for the underlying

: 0.25 ft, we used a- constant value of 25%, based on the percent ﬁner than 8 mm in the Poker Bar

and Steelbridge bulk sediment sarnples The total volume of fine sediment within the study

‘Teach was estnnated to prowde a startmg value for the routing calculauons discussed in Secuon 6

. of thls report. -
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. 5.FIELD OBSERVATIONS

k M)mﬂ_cﬁ o
' - This sccuon presents the bas1c hydrauhc obscrvauons madc durmg thc three trial releases.
'?.Thc methods used are reported in Sectlon 4.3 and Table 4, 3.1 provides a summary of all velocity
abscrvattons made during the study. “The basic velomty observauons are presented in
: }Appendrx B. '

- 5 la Dlschargc and Water Surface Elevation
A valuf: of rlvcr discharge may be calculated from the results of each velocity traverse.
.ﬁThcse measuremcnts are a direct estimate of the dlschargc passing through the study sectu}ns, .
3 whereas mscharge values: rcponcd at Lewiston Dam or the USGS gaging station at Lewiston can -
“be somewhat different because of flow additions or subtractions between the dam and the study
' TSltES chce, our, local drscharge estimates are used in the later analys1s to evaluate the relatton
: }bctwecn drscharge and gravel entrainment at the study secnons Dtscharge calculations for

- ;consecuuve days:with similar water surfacc elevation (W SEL) also pcnmt an evaluation of the

o .fpre::lsmn of our ve10c1ty raeasurements.

" The dtschgrgc values calculated from each velocity trat(érsél are given in part a of

e Table 5.1.1. A tritran value of discharge (marked "estimat,é_d" on Table 5.1.1} was calculated

from all measurements made during periods when the river was at a.constant stage. This value of
chschargc is camed forward in the later analyses. Part b of Table 5.1. 1 presents the statistics
descnbm g the rangc in measured discharge for penods of: nearly constant stage In all cases, the
standard dev1at10n of the discharge measurements is less than 2. 5% of the mean discharge for
that penod suggcstmg that the dJschargc estimates, and the supporting velocity observations, are

accurate within a comparable range.

~ The chscharge through the Steelbridge study channel was observed to be a nearly constant
proporuon of the total river discharge. At a discharge of 2700 efs (76 m3/s) in 1991, the study |
channel carried just under 31% of the total discharge. At a dlscharge of 5800 cfs (164 m3/s) in
1992, the study channel camed 33% of the total drscharge _
On May 31 June 1, and June 2, 1991 velocity obscrvauons were made at only the
Stcelbndge study, site. An estimate of the total discharge on those three days is made from the
- gage hclght obscrvauons at the USGS gage at Limekiln, just downstream from the study reach.

A cempanson our total dlscharge observations at Poker Bar, three drscharge observations madc
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N B by USGS pcrsonncl at the L1mck:|ln gagc 1n 1991, and thc raung curve for the Lunelcﬂn gage

- show that the gage height readmgs may be used to estimate the total river dlscha.rgc with good .
' faccuracy (Figure 5.1, 1) - '

N . An important advantage of the ﬁcld prograrn was: that discharge was held constant during
j;:onods of obscrvaUOns This permits the velocity and enfrainment observations to be

| unatnblguously correlated with a river discharge. We momtored discharge throughout the study

periods by obsewmg WSEL at fixed stations. Figure 5: 1.2 prescnts a WSEL record during the
‘-observanon pcnods In 1991 and 1992, a staff plate was mamtamod at our base camp in the

1 Stcolbndge campground The trace of this record shows that only miner variations in stage (less
‘than 2 or 3 cm) occurred over the cnurc penod in which discharge was to be held constant, Most

of thc vanauon obscrved occurrcd at mght when no velocity observations were made.

. While veloc1ty observauons were made at a parncular study site, water levels were

| :“7':5"mon1tored on staff plates thron ghout the Stlld]f reach and thh grcatost frequency at the two

- fpnmary study secuons PB2 and SB3C A trace of WSEL at cach study section is given in

' jF1gure 5. 1 2. A summary of thc nnmmurn and maximum WSEL at the study sections for each
3da11y observatton pcnod is given in Table 5.1.2. The largcst WSEL dewanon for an observation
jpenod was 3 cm on 5/29/91 On two othcr days 6/14/92 and 4!27/93 a total WSEL variation of
:2 cm was obscrved over the petiod dunn g which measurements were made. All other variations,
:werc lcmor lcss, which is also approxlmatcly the accuracy with wh1ch we could read the staff
3p1ates Each of'the three days with a total WSEL vananon of 2 cm or 3 cm were followed by
ldays Wlth s1rn11ar stage and d1scharge and a smaller WSEL variation dunng obscrvattons B
Although all of thc variations in WSEL. are relatively small prcfcrcnce is given in the subsequent
| i»analyscs to days w1th a total WSEL variation of 1 cm or lcss

5.1 Veloc1 ervation | ‘

- Values of dcpm-avcragcd velocnty U were calculated from multiple observations of
Ivcloc1ty along a vcrucal proﬁle at each station along a cross- secuon Each value of U was
calculated by ﬁttmg a least—squares line of the form . ‘

| u=a+binz) (5.1)
to thc set of 1nd1v1dual observauons of point velocity u and elevation above the bed z at each
a lstauon The depth—averagcd veloc1ty is then calculated as
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(5.2)

L ~where hi 1s thc ﬂow depth and the clcvauon z=0is taken to b-c the: elcvanon where velocxt}f BOes

7' - to ZETO. For u defined by’ Eq 5.1, the resultmg relation: for Uis _ ‘ .
":" o : U=a+b ]n(h) b _ . (5.3)
: All values of U and h are given in Appendix B. | |
i Plots of U for the principal Poker Bar study section PBZ are given in Figure 5.1.3. Also
" shown on the plot is the. cross—secnon topography and. the ‘'WSEL at the different discharges.

f-Because of the largc number of vc10c1ty traverses made on PB X382, average values of the

- velocity observatlons for the peak flow in 1992, 164 m3/s, and the 1993 discharge, 80 m3/s, are .

‘given 1n F1gurc.5.1.3. The velocities contributing to these averages are shown in Figures 5. 14:
. %’and 5.1 3. The plot of velocny for 4/27/93 and 4/28/93, w1th Q = 80 m?3/s (Figure 5.1.4)
: dcmonstrates thc hlgh degree of precision with which veloclty observanons may be made from:
: wadmg rods Thc veloc1ty observanons made from a cable in 1992 (Q = 164 m3/s; Figure 5.1.5) |
' ?show more: vanabﬂlty, although the mean trend in U across the section may be reliably
;detemnncd R . |
| - - Plots of U for each Steclbndge cross section are given in Flgure 3.1.6. Alsoshownon
o ithc plot is the cross-section topography and the WSEL at the different discharges. The plot of
) ;veloc:lty for 5/31/91 and 6/1/91 with Q = 76 m3/s shows very htﬂc scatter The velocity
;observatlons in 1992 with Q= 164 m3/s show more vanablhty, although the mean trend in U
%across the section may be rehably determined. All veloc1ty obscrvanons at Steelbridge were
- ‘made Wlth the cu}':cnt meter mounted on a wading rod. _ .
: 7 The mam purpose of the velocity observations was to calculate the local bed shear stress
jacting on the bed: These calculations are discussed in Section 6.2.b.
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: 5 Substrate Modlficauon :

The goal of our. substrate observanons was to detenmne the effect of the trial reservoir

{;release on the streambed sedunent eomposmon in petennal spawnlng areas. In this section, we

| focus on, changes in the proportion of fine sediments on the bed surface. This is the sediment

| ‘that the reservcnr releases are mtended to flush. '. |

o Our observauons of substrate modification are summam:ed using two types of data plots.
;The ﬁrst isa long1tud1na1 profile of the study reach showing for each cross section the pre and -

| _ post release percent finer than'8 mm (from pebble counts) and the percent embedded (from an
;l- ,average of up to 30 visual observations along each section). The second plot, made for the 1992
~and 1993 releases is a cross secnonal view of the principal study section at each study reach and
presents the percent finer than 8 mm from visnal observatlons, pebble counts, and bulk samples

e before and after the release. - - o

% For the wsual observatlons and pebble counts, deferences of less than 10% between pre

- and post- release observauons at 1nd1v1dual locations fall within the error associated with this type
of s,ar_nplmg and:\:sh‘ould not be con51dered__51gmﬁcant. Differences of less than 10% for the
'aVerage'ef ‘multiple samples Inay be: niore'indicative, but should be censidered relatively weak

ev1dence fora tme change in the sand content of the bed.

D 5 2a Poker Bar

:"1991 Tnal Release. The 1991 trial release did not sngmﬁcantly modify the substrate at the Poker

. Bar study site. Tms is 1ndlcated by very small changes'in the proportion: of fine sediments on the

- bed surface. Fij gure 5.2.1 plots the proportion of fine sedlments from pebble counts versus )
distance downsn‘eam Observations were made along four cross secnons PBOA, PB1B, PB2, and
PB2A. The average decrease in the percent of sedlment ﬁner than 8 mm is 9%, almost all of
which was measured at PB2A (Table 5.2.1).

1992 Tnal Release. The 1992 trial release produced a reduction of fine sediment in the Poker

5 ,Barstudy; reach.- Every cross aection showed a decrease in surface fine sediments after the
release. Figure 5.2.2 plots the proportion of fine sediments versus distanice downstream before
and after the 1992 release. Pebble counts were not done downstreém of PB2A because the water

- was too deep. Reach averaged decreases (PBOA- 2A) were 12% for pebble count data and 15%

| " . for v1sual est1mates (Table 5.2. 1).




_ release The bed elevatton changed very httle across this’ sectton and at other cross sections,
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thure 5 2 3 summartzes all of the substrate observanons at Secnon PB2 for the 1992

i - clemonstratmg that large scale scour and deposition did not oceur in the. study reach dunng the

o 1992 release Changes in bed, elevatton are generally Iess than the diameter of one coarse Dgg

clast Both.the pebble counts and the visual observattons show a decrease in fine sediments on

g the bed surface at PB2. The mean proportion of sediments finer than 8 mm decreased from 27%
;to 13% from pebble counts- and decreased from 31% to 25% from visual observations.

. Fi gure 5. 2 3 also shows the changes in the proporuon of fine sedtments in the bulk

'sedlment sarnples taken before and after the release.. The post—release samples that incorporate
:pre-release samples show a slight i increase in the proportton of material finer than 8 mm after the

: Erelease However, the two nearby post-release samples (taken to control for resampling effects)

7 %had smaller values of percent finer than 8 mm, suggest:mg that the initial disturbance created by:
.collecttng pre-release samples may be responsible for a sli ght mcrease of fine sediment

-1nﬁltratton dunng the release, perhaps because the sampled. gravel has-a looser texture. Also -

shown on thure 5.2.3 are the locations and amount of scour produced at each of the three tracer

| gravel sites. 'Ilus 1nforrnat10n will be descnbed in Section 5.3 in the dtscusston of gravel

' rnovement

Because the bed surface samples suggest a decrease in matenal finer than 8 mm during

_— the 1992 release, whereas no decrease in fine material is ev1dent in the bulk samples, which
| mclude both surface and subsurface sechments it appears that the flushing provided by the 1992
| release at Poker Bar occurred primarily on the bed surface and that the release was not of |

sufﬁctent duration to permit detectable flushing at depth
‘ ,' 1993 Trial Release 'The 1993 trial release was of the same magnitude as the 1991 release,

; although its durattcn was cu::-nsulerabl},r longer. Both visual and pebble count measures at seven

sections. (Figure 5 2.4) and bulk samples at PB2 (Figure 5.2.5) show that no significant changes

in the proportton.of fine sediments on the bed surface was-cbser-ved as a result of this release.

5 2.b Steelbndg
991 Tnal Release The 1991 trial release did not produce 51gmf'1cant substrate changes at the

Steelbndge study:site. The pebble count observauons indicate a substantial decrease in material

. finer than 8 mm only at SB2, whtch 1S a narrow, cobhle-hedded‘ channel with relatively high
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. fveloctnes Essennally no. change in the propornon ﬁner than 8 mm is ewdent at the spawning

- i_}gravel sections between SB3B to SB4

e 2 Trial Relea

: . The 1992 trial release produced a reducnon of fine sediment through more

: j:of the Steelbndge study reach than the 1991 release, although little. reduction in fine materials.

| ioccurred in the spawnmg gravels at the downstream end of the reach. Nearly every cross section
-shows a decreasc in surface fine sedJments in the pebble counts; the visual observations show a

_ ;decrease in fine content. for the upstream seven sections (Flgure 5.2.7). The two methods show
onlya shght changes in fine content for sections SB3C—4 -with a sinall decrease indicated by the
:pebble counts and a small i mcrease md1cated by the \rlsual estimate (Figure 5.2.7). Reach
;averaged decreases (SB2-4) were 119 for. pebble count, data and 8% for visual estimates
(T able 5. 2. 1) These results are smnlar, but slightly smaller than those at Poker Bar.

~ The change in percent finer than 8 mm for both surface and bu]k 'samples at SB3C are

' §shown in Figure; 5 2.8. The v1sua1 observattons show a. shght increase in fine material, whereas

o ‘the point counts show a. shght decrease The bulk samples show negligible changes in the

';proportlon of fine material, suggesting that litile surface ﬂushmg occurred and that, as at Poker
iBar, little.or no ﬂushmg occurred at depth |

15 3 Gravel Movement ‘

Removal of fine sediment from belc:-w the bed surface requires entrainment of gravel

. ﬁ-clasts formmg the surface. Flushmg at depth is desn'able in- that a larger volume of sand may be
: i_retnoved from the reach. The assoc1ated gravel transport also represents a problem, however
because gravel recruitment to the study reach is severely hmlted so that downstream, gravel

5tra.nsport depletes the very resource that the flush is 1ntended to maintain. The frequency of

o gravel entramment 1s determined from the proportion of tracer gravels moved during a flush.

' 'The rate of gravel transport rates is deternnned from Helley-S mith sampling in 1992 and from
. gravel traps in 1993,

5 3.a Pol-:er Bar

Very little gravcl movement occurred at Poker Bar during the 1991 trial release.
Vntually all of the tracer gravels remained in place thronghout the flush (Table 5.3.1). The depth
of scour, calculated as the proportton of tracer gravels removed multiplied by the depth of tracer
_ gravel installation, was less than 4.0 cm for all five tracer gravel sites. This.depth corresponds

. 'rpug-hly. to'the median grain size, of the gravel fraction and represents only-slightmovement- of .
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3the finer clasts ori the bed surface. The combmauon of d.rscharge and duranon during the 1991

. .frelease is not sufﬁment to prov1de ﬂushmg at depth.

Substanually more. gravel entralnment occurred dunn E the 1992 trial release. Grains

from a]l gravel s1ze classes were entramed (Table 5. 3.2} Scour depths for the three tracer

1nstallatrons along PB2 were 10 to 13 cm, which corresponds to the largest few percent of the
o clasts found in the bed. Entrmnment to. this depth can permrt subsurface flushing to a depth of 15

to 20 crn

Gravel transport rates were measured during the: 1993 release using five boxes set into the
bed w1th the upper edge flush wrth the bed surface. 'I‘he boxes acted as efficient traps for grains
coarser than 8 mm, although the finer sand grains tended to be swept out of the box. Sediment
, accumulated in the traps from the start of the release. The volume and grain size of trapped
matenal was estu:nated after 336 hours and the boxes were then swept clean.” Sediment continued

to accumulate in the boxes untrl the end of the release, provrdmg a second sample with a duration

. of 68 hours The accumulated sechment was then removed by hand weighed and sieved. The

' second sample is more rehable because the quantity of sediment in the traps was directly

| 'measured The transpon rates for material coarser than 8 mm is very consistent for all traps and

| both sample pericds (Table 5.3. 3). The largest of the ten samples is three times the smallest. A
mean: gravel transport rate of 0.01 g/rns is used in the later analy31s to represent the gravel
transport rate at 80 m3/s.

- Transport rates were. measured during the 1992 release usmg a large Helley-Smith
sampler witha 6 1nch orifice. Because of the weight of the sampler and the greater depths and

velocities. dunng this release, the sampler was deployed on a crane-operated cable. These

o transport samples are not of the same quahty as the 1993 sedrment trap samples, because the

-cable deployrnent prevents precise control of the sample-location and visual observation of the
sarnpler was not possrble for some of the samples We focus here on the samples made across a
15 m portion of PB2 that incorporates the primary spawnmg gravels and covers the same range
as the trap samples n 1993, | ' '

The, 1992 samples show considerably more vanablhty in transport rate than the 1993
samples, although the range of observed rates is not unusual for field observahons of bedload,

: whlch vary substantlally In space and time, even under steady: flow conditions. Mean unit

o - transport rates were calculated for each station. Fora d1scharge of 103 m3/s on 11 June, the

- largest mean transport rate for a station was 30 times that of the smallest mean transport rate
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-(Table 5.3.4). For the larger number of samples made at a drscharge of 164 m?3/s, the range in
: ;mean transport rates is much smaller, Wlﬂ’l the largest rnean transport Tate for a station being 3.4
o itunes that of the smallest. The mean transport rate is 24. 2 g/ms for Q=103 rn3/s and 1106 g/ms
| :forQ 164 m¥/s. e 3
| Helley~Sm1th samplers may collect samples that are exther larger or smaller than the true
%transport rate. The former occurs when the sampler scoops immobile bed material; the latter
. when the basc of the sampler is not flush with the bed surface  As a crude correction for both
: jerrors, transport rates were calculated using only one-half of the samples, excluding the largest
525. % and s,mallest 25% of the ohser\_r_ed transport rates. These values are presented as “censored
transport rates” on Table 5.3.4. The censored mean for Q = 103 m¥s is 3.6 g/ms, which is
' i'roughly;se:yen, umes smaller than the.:nrean .calcalated using all samples. The censored mean for
Q=164 m3/s is 106.1 g/ms, which is very close to the mean calculated using all samples. Both
the total and censored mean transport rates are carried forward to the flushing analysis given in -
Sectlon 6 of this report. |

o 5..3 b_Steelbridge |
: Very httle gravel movement occurred at Steelbridge dllI‘lIl g the 1991 trial release. .
Vlrtually all of the tracer gravels remarned in place throu ghout the flush (Table 5.3.5). The depth

| of scour was less than 6 Ocm for all six tracer gravel sn:es 'I‘hrs depth corresponds roughly to
the medlan grain ; srze of the gravel fractton and represents. only sl1ght movement of the finer

‘ clasts on the bed. surface The combmatlon of d15charge and duration during the 1991 release is.
not sufﬁcrent to provide ﬂushmg at depth '

Substantlally more gravel entrainment occurred durmg the 1992 tnal release. Grains

: from all gravel size classes were entrained. (Table 5.3.6). Scour depths for three of the four tracer
installations along SB3C were 8 to 11 .cm, which corresponds to the roughly the 85th percentile
of the clasts found in the bed. Entrainment'to this depth can permit‘subsurface flushing to a
depth on the order of 15 cm. No cntramment was observed at the fourth tracer gravel locanon
because fresh gravel was. depos1ted on top.of the tracers dunng the flush. Although no
entrainment of the 1n1t1al marked grains occurred at this site, the depth of mobilized gravels at the

, end of the release was comparable to that at the other three installations.
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An evaluatton of the sand—removal efficiency of 3d1fferent sediment maintenance flow

_cpttons requ:res an estimate of the rate at which sand is’ transported at different d15charges We
. .rnade Helley-Smlth sampling transects at the Poker Bar study seenon at three different =
Vj"dtscharges The, sample locations, sampleduratton and,measured.untt transport rates are given in
Table 5.4, 1. Total sand discharge through the cross section was calculated using the point

, observanons of transport rate per unit width multtplted by the appropriate length of section
between samplmg locations. The resulting sand d1$charge rates, in tons per day, are 34,400 at
Q=80 m3/s 112,400 at Q = 103 m3ls, and 223,600 2t Q = 164 m3/s.

In a gravel-bed river, the sand transport rate will vary not cnlyr with dtscharge, but also

3W1th the proportton of sand present. on the bed. In general, the sand dlscharge ‘must be calculated

;as Qs PSQSC, where Qs is the actual sand discharge, P; is the proporuon of sand on the bed, and

Qe is the maxtmnm sand chscharge which occurs when the. bed i is entu‘ely covered by sand

N (P = 1).. The rate at which sand can be transported by a ﬂushtng release w111 decrease directly

: ?w1th the pr0portron of sand on the bed as the reach becomes ﬂushed of sand. During the 1992
srelease, some reducnon of sand occurred in the reach 1mmed1ater upstream of the section used:

- Jfor transport samphng Further variation in the propertion of sand on the bed retnalned within -

o ':our observanon capab:hhes during the 1993 flush. Thepr.opomon of sand on the bed in the

. ‘_rii.reach immediatc‘Iy upstream of the sampling section generaliy'falls within 10% and 30%
: ‘?(thures 5.2.2 through 5.2.5). In Sectton 6, we use a sand proportton of 22%to scale the .-

~ ‘observed transpﬂrt rates in developmg a sand discharge mtmg curve. - -

55 Pool Surveys

- Table 5. 5 1 provrdes a summary of the computed volume changes in and around each

: jpool for each flow year measured dunng the study. The summary includes cut and fill volumes,
' and net volume change for each pool. The maps deptcttng pool t0pography pre- and post-
release along with a contour map of net volume change are presented in Appendix A. The

‘longltudtnal patterns of cut-and-fill changes within each’ pool survey area. (shown in Figures 5.5.1

through. 5.5.5) clearly 111ustrate the filling of dredged reaches and su ggest other scour and fill

'events along the length of the pools

‘The followmg sections prov1de a summary of field observauons of the pools and the

reaches surveyed unmedlately upstream and downstream. In Sectton 6.4 of this- report the depth
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of fill and scour wuhm parucular pools 1s analyzed to devclop gtudclmcs for the dredging depths
- necded 1o cffoctwcly trap scdnucnt in the pools

S_MSE_@, Tlus study site consmts of two pools (thc SP and Pondcrosa pools) with an
- mtcrvemug Tun, and is located. at the first bend downstream. of the confluence of Grass Vallcy
. Creek (Figure 4.6.1) (see Appendlx A, p. A01 for locauon of the mdnudual transects). The reach

o is approxlmatcly 1100 feet (335 m) long in total, of which about 400 feet. (122 m) is occupied by

L thc run, scparatmg the two pools Bcdrock is exposed in placcs along the right bank in the run

= area, but i is.not a donunant fcature of the pools. The lowcr pool (Ponderosa Pool) was dredged
between thc 1991 and 1992 flow seasons. It is not known what volume of sediment was

: removed dunng the dredging operations. Changes observed following the 1992 release 1nc1udcd :

3 },.scour at two locauons in the SP pool area with some fill i 1n between, relatively minor changes in

I the run arca, and mgmficant filli in thc drcdgcd portion of Ponderosa pool (Figure 5.5.1,
Appendlx A, p. AOZ-ADS) In addluon visunal observauons of substratc change showed a

_ dramauc rcducdon in the amount.of “muck” and aquauc vcgctauon that had occupied areas along
thc left banlc (1n51de of the bcnd) in: thc run area, The overall computed netvolume change in
this study site- was a cut of s16 yd3 (395 m3 Table 5.5. 1). . In 1993, w1th a nominal release of

B 3000 ofs for 17 days, thc measurements showed a nct cut of 1095 yd3 (837 m3) In this case, the

volume changc was relatwcly cvcnly dlstnbuted over. the cnure s1te, w1th slightly more scour at
o thc two pool areas. ' N _ ‘
1 ' - Itwas clcar that while ovcra]l “ﬂushmg” of th1s site had occurrcd thc effects were limited
to those areas with: appropnate local hydrauhc condmons For example, in 1992, a sand bar -
| dcvelopcd along the left bank i in thc first 200 £t (60 m) of the site. This deposit was clearly
. rclated to the strong cddy present along thc left bank wh1ch devclops as the higher velocity ﬂow
7; _“moves towards the outside of the bend slightly downstrcam
" TomLangPool This pool lies about 500 ft (150 i) upstream of the Poker Bar detailed
‘study site (Figure 4.6.1). ‘This pool was dredged prior 0 the 1992 release; and was added to the
:: study in 1992 to obtain additional information on the rcsponsc of dredgcd' pools to ﬂushihg
;ﬂows The pool 1tsc1f is about 400 ft (120 m) long, whllc thc entire site is about 900 £t (275 m)
in length. The pool occupies a relatively straught reach of thc channcl with no prominent bedrock
‘exposurcs When the pool was dredged prior to the 1992 release, a clean gravel/cobble berm was
:gcrcatcd at thc downstrcam end of the pool. This fcaturc is cv1dcnt in the pre-1992 topography to
" ,-1 thc lcft of nuddlc of Appcndlx A, p.AQS, -



:- with fill of 1-4 ft: (O 3-1.2m)i in: the central portion of the polol the largest deposits just upstream
B of the gravel berm. The net volume change for the site in” 1992 was a fill of 885 yd3 {677 m3)
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The 1992 release causcd substanttal changes to the post-dredge geometry (Flgure 5.5.2),

. :Scour occuired at the upstream end of the dredged pool, at places along the pool margin, along
' the left bank downstream of the pool where the berm deflected high flows towards the opposite
ibanlt and at points along the thalweg in the lower portrons of the site. About 1300 yd3 (1000

m3) were deposued within the pool during the 5-day release in 1992. The 1993 release of lower

| .: magmtude but longer durat10n (17 days) caused a net cut of about 1038 yd3 (794 m3) in the
§overall survey area, although most of the net change occurred downstream of the pool.

Reo Stott Pool This pool is located about 2000 ft (610 m) downstream of the Poker Bar

3 study site (Fi gure 4.6. 1) A large bedrock obstruction is responsrble for this pool, which is small.
~in extent but whose depths exceed 20 ft (6 m)in places Flow entenng the pool passes overa _
o sharp ledge 1nto deep water, and is then directed towards bedrock along the left bank, creating
twWo large eddies'to either side (Appendut A, p. A07 -AID) Measurements in the :main portion of

- j the pool were made difficult by the comb1nat10n of current and -depth.

The 1991 release resulted 1n a volume change of 129 yd3 {99 m3) of net:scour.

;thure 5. 5 3 shows the longttudxnal mcremental volume change which mdrcates that net scour
. occurred 1n the deeper parts of the pool with a net fill along the nght bank near the downstream
‘end of the pool Thrs fill was sand deposited in a well- developed eddy along the right side of the

‘channel. Modest amounts of net scour also occurred downstream of the pool.

| An unlmown amount of material was dredged from the pool between the 1991 and 1992

‘? seasons In the absence of mgmﬁcant storm flows dunng the winter, the pre-1992 survey depicts

7 the topography followmg dredging operations. The 1992 release resulted in a net fill of 487 yd3

. (372 m3), almost all.of which was in the dredged area. Up to 7 ft (2 m) of fill was deposited in
the dredged area near the right bank agam in the locanon of the large eddy

The longer 1993 release caused 414 yd3 (317 m3) of net scour, most of which occurred at

the downstream end of the pool and in the run downstream. The thalwe g deepened as the
'ehannel shlfted toward the right bank. : |

gglegg ng ~This pool, also referred to as the Poker Bar Pool (U SFWS 1990), is located

;at the downst:ream end of Poker Bar adjacent to a number of riverside residences (Figure 4.6.1).

. iThe pool occuptes a strarght reach of the river, widenin g 511 ghtly as it continues downstream.
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USFWS personnel observed mgmfieant deposmon of sand in thxs pool between 1986 and 1990,
- ,3-w1th much of its ariginal volume filled with sand. The Tnmty River Restoration Program
dredged about 10, 780 yd3 (8243 m3) from this pool in 1990 (USFWS 1990), leaving a steep
o scarp about 7 ft (2 m) hrgh between the dredged pool and the riffle downstream (Appendix A,
L p A12) Thls pool was mapped- before ‘and after all three studyr flows. Itslinear nature allowed
. ;1ts geometry to be well defined w1th a s1mple grid of parallel transects perpendicular to the flow
, ;dlrecuon {Appendlx A,p. All).

“The 1991 release was. the first significant flow followmg pool dredgmg, and thus the pool

;had its hlghest trap efﬂetency ‘The 1991 release resulted in a number of changes to the pool
' 3(F1gure 5.5.4). The deepest dredged areas filled1to 4 ft (0 3-1.2 m) (Appendix A, p.A12)

creatm ga large un1fom1 surface between elevations 91 and 62 ft (arbitrary daturn) while the

it transmon to the, downsu'eam riffle degraded from 1 to 3.ft. (O 3 0.9 m) Much of the sand fill
- over the cobble. nfﬂe downstream was removed dunng the release. - Although there was net fill
- - within the pool the 1991 ﬂow resulted in a net cut of 160 yd?’ (122 rn3) over the entire survey
: iarea, because the downstream scour in. the casily moved. sand: exceeded the fill from sand moving
o downstream (Figure 5.5.4). |

In contrast, the 1992 flow produced a net cut of 1874 yd3 (1433 m3). All of the 1991

deposu was removed and cons1derab1y more of the bed and sides of the pool were scoured )
‘(Appendix A, p. A13) A deep area at. the downstream end of the pool that was not filled in 1991, -
filled i in-1992, desp1te net scour almost everywhere else, presumahly filled with sand scoured
;from upstream. ’ '

The 1993, study flow resulted in only mmor changes to the pool topography a net cut of

: 177 yd3 (59 m3) Net cut occurred in the upper pomons of the pool and in the transition to the
. fnfﬂe whﬂe net ﬁll occurred in, the central areas (Figure: 5 5:4):

~ Upper Steelbrtdge Pool Between Soc1ety Pool and Steelbndge there are no Jarge pools

‘and few pools in general. Access is difficult for most of the reach. Upper Steelbridge pool is

located at the upstream. end of the Steelbndge campground, and immediately upstream ﬁ'om the

Steelbridge study site. The pool was selected principally because it has good access, because it

was the last signlli_cant pool in the study reach, and because it‘is a natural (undredged) pool. Due

ol difficult cuxrertts m the upper part, only the lower two-thjrds of the pool were mapped, uSing _
 fifteen ray transeets (Appendix A, p.A15). The pool was tnapped in 1992 and 1993. .
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The 1992 .flow resultcdm anet rcmoval of 167 yd3 (128 m3) As shown in the

‘volumc change occurred in the lowcr third of the pool (Flgure 3.5 5) Appenchx A, p.Al6 shows

that 1 to 3 ft of cut occurred near the nght bank, while between 1 and 2 ft of fill was depos1ted in

5arcas along:the left side of the pool

In contrast, the 1993 flow of lowcr magnitude and longer duration, caused anetcutof

j551 yd?’ (421 m3) mosﬂyr towards the downstream end. of the pool (Figure 5.5.5). The

topographm mappmg indicates that a chanucl was scoured from the deepest part of the pool

' ﬁalong the left 51de and that the deepest-part of the pool (dcpths up to 10Tt or 3 m)) was enlarged

';m area.

fmmwm
Sa din the g;l_lanngl Qf Ihg Sgudx Rgmh. Esumates of ﬁne sedlmcnt w1th1n the study reach from '
. Grass Valley Crcek to Stcelbndgc Campground were madc pnor to.the 1992 study flow and
) ' jfollowmg the 1993 study ﬂow Rcach weighted values for the six sub -areas were computed by
o jcxprcssmg 1nd1v1dual areas as a. fracnon of the total reach. area: and ; sumrmng Prior to the 1992,
" 3jflow, we1ghtod reach values of perccntage coverage by f ﬁnc scd1mcnt (< & mm) varied from
© 13.6% t0 43.5%.- Rcach estimates following the 1993 relcasc showed a substantial reduction in
the reach we1ghtcd percentage fine sedlment coverage (Table 5.6. 1). In general, the reaches with
o flowcr amounts of ﬁne sediment pnor to the study flows showed less reduction of surficial fine-
sediment than- the areas with uutlally hlgh percentages of surﬁc1al fine sediment. This occurs
ibccausc the sand; dlscharge Tate at any section depends dn'ectly on the proportion of sand present

- '3 on the bed surface, so reaches w1th less sand will have a correspondmgly smaller sand dlscharge

- .. rate.

 The percéntagc of channel area falling within each class of estimated fine sediment

ipcrccntagc is plotted in Figure 5 6.1 for 1992 (pre-releasc) and 1993 (post-release). This plot
-‘-shows an increase in area of channel bed with only 10 pcrcent surﬁmal fine sediment, and a

reduction i in the area with 50 percent covered by ﬁno sediment.

The overall change can also be viewed on a plot of the cumulauve frequency of

occurrence (in areal cxtent) of various classes of fine sed1ment percentage (Figure 5.6.2). Note
jthat this is not a standard cumnulative size distribution plot in which coarser sediment mixtures

jwould plot to thc nght of finer sedlments On F:gure 5. 6 2 the 1992 data plot to the right of the
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i 1993 data, indicating that fora gwcn class of fine sednnent cove,rage (such as 30 percent fine
‘ sednncnt covcrage), more of the bed area was that clcan or cleancr in 1993, Another way to look

' atthe plot is to read the f'me sediment content assoclatcd Wlth a given percentile of bed area. For

- example, i in 1992 50% of:the bed had 20 percent or less fine sediment. The bed was cleaner in

: 1993 with 50 percent of the bed havmg 15 percent or less fine sedlment.
| : ﬂﬂlduﬂ_dgg_ An estimate. of the volume of sand in each subreach, before the 1992 release and
after the 1993 release is given in Table 5. 6.2. Also shown on the table are the net change in sand
R volume in both channels and pools for the same penod. ThlS sand ‘budget (computed for the
: penod from before the 1992 release to after the 1993 release) shows the net effect of both
. rcleases was removal of about 6300 cubic yards (9400 tons) from the study reach.
, Based on, the visual esumates of sand in the channels in the study reach, we est:lmate that
there was approxlmatcly 4 000 'yd® of sand in the surfacc laycr of thc bed. (assumed to be 0.25 ft.,

| cor 76 mm tthk ‘Table 3. 6 2} followmg the 1993 relcasc ‘This is the sand quantlty used in the

| | mvesugauon of sand routing devcloped in Scctlon 6.5 of this report For the purposes of

B 'deterrmmng a ﬂushlng release that wﬂl also remove sarid:frori the subsurface, a quantity of sand

in the: subsurfacc of the study re.ach must also be estnnatcd A mean value of 25% sand in the
; subsurface is assumed based on the bulk samples at Poker Bar Using a subsurfacc layer with a
thlclmess of 0.25 ft., (76 mm), g1v1ng a total flushing depth of 0.5 ft (152 mm), the volume of .

- sand in the subsurface is 4840 yd3 and the total quantity of sand requn‘mg flushing from the

| study reach of 8850 yds
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. 6. ANALYSTS -

, Trlal flushing flow releases on the Trinity River below Lewiston Dam were made in
. 1991, 1.9-Q2, and 1993 to evaluate the cffectiveness of high flows in restoring fish habitat. The -

. objectives.of this project were 1o document the effectiveness of these releases in removing fine-

: gramed sedlments from the channel bed and to develop recommendations for future flushing
- releases to clean, and maintain the potenual spawning gravels along a reach 13 mi (21 Jm) below
Lemston Dam. ‘
In this secnon of the report we present the analysrs leading to our recommendations for
| ﬂushm g releases To begin, it 1s useful to define the objectives as clearly as possible and to

present the drfferent options avaulable to achieve those objecnves

o Ob1ect1ve » | _ L
| The general objectwes of cleamng and mmntatmng potenttal spawnlng gravels in the

. - Trinity. R1ver may be deﬁned 1n terms of specific ob_]ectrves concerntng the fine and coarse
- . porttons of the sedlment bed

Sand Objectives: Maxnmze sand removal using the smallest amount of water. Fine-grained

sedJ.ment has deposrted within the river gravels under the decreased post-dam flow regime on the
= Truuty River. The ﬁne—gramed sedrment has a negative, 1mpact on salmonid spawning success,
o :_ prrmanly by blocklng the emergence of alevms from the bed. The sand objective of a flushing -
 release i 15 to use a portion of the avaﬂahle water to remove as. much sand as poss1ble from the
iver bed. Because of the value of the water used for flushing, a related objecttve is to use the -

smallest volume of water that will provide adequate cleanin g and maintenance of the gravels.

- Gravel Ob'ecttves Mobrhze the avel bed surface, while mmmnzrn - oravel transport.

| Mobthzatton of the gravels composrng the riverbed occurred on a régular basis under pre-dam
condmons, but occurs only rarely with post-dam regulated flow. Some mobilization of the
gravels on and below the river bed surface is desuable in order'to permit removal of sand from
below the bed surface and to maintain some looseness in the bed structure, which aids in the
spawnrng process ~One gravel objective, therefore, is to achieve a minimum threshold of gravel
: movement. At the same time, however, recruitment of new gravel to the river reach is largely
_ . o ehmmated through sedarnent trapprng in Trinity Lake. To avmd excessive loss of the gravel

resource, a ﬂushlng release should mvolve a minimum of downstrearn gravel transport, The net
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lresult is that the ﬂuslnng release for achieving the gravel ob_]ectlves is ttghtly defined: it should
‘be no larger than that j just sufficient to permit flushing. of sand from the bed subsurface and to
matntam the gravels in a loose state. |

th[l

The pnmary variables that can be managed to address the flushing objectives are (1) the

total volume of water used in ﬂushtng, (2) the discharge, or rate at which reservoir water is
: released and {3) the volume of sedtment that is dredged from pools (to act as sediment traps)

: along the river reach

| Release Volume It may be expected that the amount of sand that can be removed by a flushing
: ;'release w111 mcrease directly with the volume of water used The amount of water available for
. ﬂushmg depends on a number of issues beyond the scope of this Teport, and our goal here is to’
E primarily to 1dent1fy the. relat:tve volnmes of sand that can be removed at different dtscharges and

B to evaluate the efﬁc1ency wrth wluch different volumes of water should remove sand.

Release Dtschar The rate at which both sand and gravel are transported increases: strongly

o raptd gravel loss:: Our goal here is to mvesngate the trade-off between these two transport rates

) w1th dtscharge ngher d1scharges will remove sand more efﬁc:tently, but at the expense of more -

in the:context of ﬁndtng an opttmum combination giving: sufﬁt'.tent sand removal with a

3'm1n1mum of gravel loss and water use. o
o Dredged Pools. Removal of sedlment via a flushing release is. one -dimensional: removal occurs
only at the downstream end of a nver reach. The transport rate at this section Tepresents a
‘ bottleneck that hrmts the rite. at wh1ch sand can'be removed {rom a reach, By providing
3 tntermedlate lrap:s for transported sedtment, pools act to decrease the effective reach length from
_ which sediment -must be removed by the flow. If the pools are dredged: following a flushing
telease, multiple exits for the sand are introduced, there,by: increasing the quantity of sand that
‘ may be removed from the river with a given volume of \tiater. ‘By increasing the sand removal
‘ efﬁeiency, pools.offer the:potential of decreasing both the water used in a flushing release and
‘the downstream loss of gravels,assumingthat the gravels dredged from the pools are returned to
: the river ehannelf. The volume;of sand that may be removed through pool trapping and dredging
‘will depend on the number, depth, and plan area of the dredged pools. When dredged pools are

used to assist in sand removal, the river reach that will be the most dtfﬁcult to clean will typically

o be that w1th the greatest length between pools. By plaotng pools in the longest reaches currently
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w1thout pools the sand removal benefitof a volume of ﬂushmg water w111 be dlstnbuted most -
~-evenly. We evaluate the effecttveness of the number, depth -and placement of pools in providing

o addmonal sand removal fora gtven volume of water.

; Release anun g In addition to the water volume and d1scharge, the tumng of a release must be

B Approach

spec1ﬁed The tn:mng ofa ﬂushmg release has little effect on the relations among discharge, |
e gravel entramment and sand removal from the river bed, but may have important impacts on the -
R -f'.v1ab1l1ty of acuve Salmomd redds and on the continued deposmon of fine-grained banks along
: the river. The chotce ofa release penod is considered separately from the specification of a -

. dlSChaI'ge volume and magmtude and is based primarily on our analysis of the post-dam history

of water and sednnent discharge on the Trinity River and Grass Va]ley Creek.

- There are two basic tasks required to evaluate the dlfferent ﬂushmg options. ‘'The firstis

to determme the d15charge required to produce a mlmmum threshold of motion for typical
spawmng gravels in the study- reach Thts analysis is based pnmanly o our observations of
~ local ﬂow and entramment of: potentlal spawning gravels at'the detalled study. sites at Poker Bar
' .'jand Steelbndge These observations are compared wrth general empmeal and- theoreucal
l'relat1ons for gravel motion in developmg recommended values of d15charge to achieve a gravel
" ?IIlDtIOIl threshold The amount of gravel motion depends on both:the flow rate, or discharge, and .
- 'the duration of the release. Because the volume of released water arid the discharge deternnne
' jthe release duratton, the result of the analys1s is a recommended threshold for gravel motion as a

functton of dlscharge and water volume.

The second task is to calculate the sand removal and downstream gravel transport for
different comb1nat10ns of water volume, discharge, pool dredging. To do this, we divide the

study reach into subreaches and use & sand routing formulation to calculate sand removal as a

?fllIlCthIl of water volume, dmcharge and pool dredging., The sand-removal efficiency can then
' ;be evaluated in terms of water use, gravel loss, and dredging volume The starting point is the
:quantlty of sand presently in the study reach. Our estunat;e of this quantity is developed in
:S.ection 5 of thisteport. The routing al gorithm and subsequent evaluation require relations
ﬁamong bed sedJment composition, water discharge, sand and gravel transport rates, and sediment
. rapping by pools The transport and pool trapping relations are developed 1n separate sections,
ifollowf.:d by a presentauon of the sand routing model and results
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j ' The ﬂushmg obJecuves are stated exphculy 1n terms of two-part bed size distribution: a
. ;'rrelease is to remove fine- gramed sediment while just achtewng a threshold transport rate for
7 coarse—gramed sedtment in the nver bed. Calculation of sediment transport rates and evaluation
of the various ﬂushmg objectives requires a clear deﬁmtton of these sediment sizes. Further,
: because the size dtsmbutmn of the sedmlent in the nver bed is not, in reality, a mixture of two
- different grain 51zes, but rather. a continuocus dlSIIlblltan of sediments ranging in size from a
small fraction o_f.a.tmlltmeter to greater than 200 mm, it is necessary to consider the rationale and
: _feasibility of simplifyiag the bed seditnent into a two—component;disttibution.
: The definition used here divides the bed sediment at a grain size of 8 mm. Sediment finer
o than 8 mm is generally tht c'010re'd and derived from decomposed granitic terrain, particularly
| in the Grass Valley Creek watershed This material comprtses roughly 30% of the bed at Poker
‘ bar and 23% of the bed at Steelbndge The medlan grain size of this material is roughly 2 mm at
. both sites; approxtmately 75% of the fine-gramed sediment is in the 1 mm to 8 mum range and
= %0% of the fine-gramed material is coarser than 0.5 mm at both sites. The sediment coarser than ,
8 mmis predormna:ntly dark-colored tock fragments of - metamorphtc and volcanic origin. The

j mechan gram size of the coarse fractton is 36 mm at Poker Bar at PB and 56 min at Steelbndge

The two § 51ze fractions are distinct not only i in coler ‘but also in their roles in salmonid
. : spawntng success The coarser. grams are the gravels used by salmonids for spawning, while the .
| ly fine-grained sedments, when intruded-into the river bed, can pose two problems. A large
| eoncenntaﬁon of fine sediments within' the spawning gra\iels:ca.n decrease intragravel flow,
| thereby reduc'ingé t-fte retnoval of metabolic wastes and lowering dissolved oxygen within the
- gravels, causing the incubating eggs to suffocate. This problem is eomnionly associated with
-sediments finer than 1 mm. Fine sediments can also block the emergence of alevin from within
the spawning gravel beds. This problem is commonly aSSOCiated:,wiﬂt grains between 1-8mm.
 The relatively cdarse size distribution of the intruded sediment in the Trinity River suggests that
decreased salmonid spawmng success is due pnmanly to unpeded glevin emergence. This is
: supported by the observation of dead alevin, but no suffocated eggs, in excavated redds on the
- Trinity River, .

‘The fine and coarse grained sediments described here are described locally, and, on
' roccasmn in the ﬁshery ltterature, as sand and gravel, respecttvely For consistency, we will

ﬁmamta.m thlS usage when dtscussmg flushing object:wes ina general context. We will not,
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“however, use these deﬁnmons ‘when drscussmg detaﬂs of the transport processes, because the
. 'f,'sand gravel size: transmon is almost umversally taken to be 2 mm m the earth science and

. €n gmeermg eommunmes

The objective of removmg ﬁne-gramed sedlment frorn the tiver bed makes the purpose

‘ for d1v1dmg the sediment into two fractions clear. That such flushing may be feasible on the
‘ fI‘nmty R;ve.r is supported by the field observations at lower discharges, when measurable
: transport of sand occurs in the 1presence of no detectable movement of gravel. The feasibility of

3‘ flushing at: hlgher discharges, parneularly if gravel transport 1s to be minimized, is & functlon of
o the sand and gravel transport rating curves to be developed in: later sections. The feasibility of

~ flushing ﬁner fractions is also supported by laboratory observations.of incipient motion in

" sediments with avery wide' and birnoclal size distributions, which show that substantial transport
. : of the finer portions in the bed may- occur in the presence of ver_-,r httle transport of the coarser

fractions (Wilcock, 1992a, 1993).

Althou gh the motivation for treanng the bed sedtment as a two-part size distribution is

.clear, sorne consrderanon is needed of the autility of even: smaller d1v1srons of the bed sediment.:
| The actual grarns in the river bed fall along a continuous: seale from a tmy fraction of a .
) trnllm‘teter to greater than 200 mm. Grain-entrainment and lransport is known to vary strongly’
e ‘wrth grarn size. Tra.nsport modelmg in cases where drfferentlal transport rates are an objective,
‘ as in the ﬂushmg case, can be based on many srze fracttons (e g Stand, 1981) In this case,

i however, sueh an approach is netther practical nor necessary

Calcula.non of fracttonal nansport rates requires specrﬁcanon of the complete grain-size

| drstnbutlon on the bed surface and in the subsurface. Such grain- srze information is not
" available for nearly all of the reach under cons1deranon. The tnformanon available is visual

| io:bservations of:the proportion of the bed surface finer than 8mm throughout the reach and

. detailed grain-si-fze information at sample locations along:fouriparticular cross-sections. To

calculate fractldnal:transport rates the size distribuﬁons of sediments throughout the study reach

~ would have to be assumed-and the values chosen would have a strong influence on the results.

' The uncertainty assocnated w1th both the grmn—srze esnmates and the calculated transport rates
L increases with the number of fractions used. The most: rehable estimates are ltkely to be those

: that use the smallest useful number of fractions which, 111 this case, is two.

The transport rate of the fine materral may be consrdered to be supply limited: if the

. grayel matrlx of the bed is entrained only sporadrcally,‘:the transport rate of the fine material will
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? he controlled by the amount available for transport on the bed surface. The transport rate of the

S fine material is not parucularly sensitive to the details. of the srze-dtstnbunon of material finer

.than 8mm. At flows eapable of movmg the gravel, the bed shear stress is sufficient to produce

'- general motion of the finer fractlons and itis likely that all of the sand fractions.are transported at
eotnparable rates, when scaledtby their proportion on the.:bed surface. This is supported by the
ﬁlack of"ehange in the grain—siae distribution of the sand: fractions over the 1992 flush

o (F1gures 3.23 and 3 2.4), Itis also consistent with ﬂume and field observations of rmxed-s1ze

L tranSport wh1eh show that the proportion of sand in transport approaches its proportion on the
- bed surface for shear stresses equal to roughly twice that necessary to initiate motion (W ilcock

| and McArdell, 1993) If the transport rates of the finer sizes are comparable, the total transport

rate of the fine matenals can be eomputed based on their total proportion in the bed, allowing

'f:,dlrect evaluatlon of the ﬂushmg objecnve of removing : matenal finer than a cutoff size.

62 Hydraulics 3?7'

. 6 2.a Sta e—Dlschar eRelanon

- Water surface elevations were observed at both: study sites durm g the tnal releases to -
| pro‘tride a basis for predn:tmg the change in flow depth ; w1th discharge: (stage—dlscharge curves).

i Water surface elevauons were observed at 11 sections at Poker Bar during all three releases and

- -I-fat 10 sections at; Steelbndge durtng the 1991 and 1992 releases These data were then used to

S calibrate a one-dlmensmnal flow model for each study s1te 50 that water surface elevations could °

o B he predicted for thscharges other than those directly observed

The primary utlllty of the one-dimensional flow: modehn g arises frorn the fact that water
f surface elevations can be pred1eted with a hi gh degree of accuracy when callbratlon observauons
| are available over a wide range of flows. Predrcnons of the herght of the water surface provided
an interim benefit i in planning the loglsncs of the field work during each flush. More
51gmﬁcantly, they perm1t the correlation of observations. of local flow and transport with a
property. of the flow at a cross- -section, the depth, rather than with the total discharge. This is
used to develop rating curves for shear stress over the spawnmg gravels as a function of
dlscharge at the two primary study sites.
| One d1mensmna1 flow models were developed for both the Poker Bar and Steelbnd ge
; study s1tes using. HEC 2, the US Army Corps of Engmeers ‘Water Surface Profiles Model HEC-

G 2 is a computer program for calculaung water surface proﬁles for steady, gradually varied flow
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. jm natural or man made channels It was developed by the . S Army Corps of Engineers,

B 'Hydrologic Engineering Center i Davis, CA in 1964 an :has been continuously maintained and

| 3updated since that time. The cemputauonal method used by HEC 2 is based on the Standard
- Step Method In thlS method, water surface elevations and other pertulent hydrauhc parameters -
Lare calculated by iterative solutlon of the one-d1men31onal energy equations with friction losses
cevaluated by the Mannmg equatIon Complete documentanon on the use of HEC-2, including

B ;;mput data preparation and summary of modeling capabmues, is contained in the HEC--2 User's

Manual (Hydrologlc Engmeenn g Center, 1990). _

‘ * Runnin g HEC-2 reqmres preparation of a data set representatrve of the river reach under

exammanon The data set contains 1nformatton on the stream geometry, channel roughness, and
‘ j'flow conditions. After the data set is prepared, it can be cahbrated using known water surface -

L elevations:'to verffy that streamroughness and flow contli'tions lhave been properly evaluated

. ‘Preparatlon and cahbrat:ton of the HEC-2 Data sets for the Steelbnd ge and Poker Bar study sites
: 11s detmled in the appendix. ' '

“The Poker Bar flow model was cahbratecl using - observatmns for six different discharges -

b ""ldunng the three tnal releases (Table 6.2.1). A series of: HEC 2-Tuns was then made to estimate

o ) 5water surface profiles for dlscharges at regular mtervals up to 241 cms (8500 cfs). The resulting

o 'water surface proﬁles are deptcted in F1gure 6.2.1 and tabulated in Table 6.2.2.

Producmg rating curves for the: Steelbndge study srte was more complicated than the
Poker Bar site. At discharges above approximately 100, cms, the island at Steelbridge starts to
becorne inundated. During the peak flow of the 1992 release (164 cms), & majority of the island
was submerged At higher discharges, the 1sland becomes completely inindated and the
-assumptions used to assemble the HEC-2 data set for the Steelbridge site are no longer valid.
High flow projeeﬁons for the site were developed with -a'secontl data set, in which the main and
‘side channels were rﬁerged into one continuous channel, with' the island fortning a high point in
the stream Cross sections. This second data set, refetred to asthe "H1gh Flow" data set, was
cahbrated using observatlons made during the peak ﬂow of the 1992 release.

‘The Steelbridge flow model was calibrated using observations for five dlfferent
discharges during the 1991 and 1992 trial releases (Table 6.2.3). A series of HEC-2 runs was
then made using the original data set to estimate water surface profiles for discharges of 170 cms
= _ (6000 cfs) and less The I-I1gh Flow Data set was used to prcuect the water surface profiles for




50

' 170 cms (6000 cfs) and: greater d1scharges Both sets of water surface profiles are depicted in
f'Flgure, 6.2.2 and tabulated in Tablc 6.2.4.

‘_5 2.b lﬁalBedShear&reag

A pnnc1pa1 objective of our field work during thc flushing releases was to determine the

g bed shear stress acting on the spawnmg gravels at the two primary study sections. This
mformat.mn, together w1th our observanons of the transport of these gravels, provide the basis for
_extrapolating thc gravel cntramment observed during the tnal releascs to other discharges.

: Bccause the bed shca.r stress vanes widely across even a smgle river cross-section, and because
gravel transport is very sensmve to shear stress, pz:1.1't1c:111ar13.F at low values of transport rate, it is
i 1mportant to correlate the observed gravel entrainment with values of shear stress directly over
the spawning gravels This local coupling between stress and transport. also prowdes an
;— opportumty to compare our ﬁcld observations to similar obscrvauons in other rivers and in
| ﬂumcs which allows our relations for gravel cnlramment to be compared to general relations

- : : developed from expenment or theory “This corroboratlon prowdes support for our estimates of -

agravel entrainment at ﬂows other than those directly observed

The velocity obscrvatmns prcsented in Section'5 were used to dcten:mne values of local

s bed shear stress. Based on our evaluatlon of different methods for eshmatmg the local shear -
| }- strcss 1:0 1, We found that the most accurate estimate: could be obtained using the local flow depth
| -and local 1depﬂ1-avcraged velocity in a flow resistance formula, (‘Wll;:ock and others, 1994). This
. 1éxpression requifcs a'value for the hydraulic roughness;of the bed, which was determined by
‘minimizing the difference 'bétvs}ean the depth-averaged vdloc’ity estimates of Tg and estimates of
"i:o made from thé;'slope of the velocity profile in the portion of the flow. near the bed. The latter
- estimate is lcnown to be accurate, but tends to have rnuch hlgher scatter than that typically
| ‘obtained using thc depth-averaged ve10c1ty Further detaﬂ on the cornputatlon of Tol may be
found in Wﬂcock and others (1994)

Because it is the flow discharge, rather than the: Iocal ﬂow over the spawning gravels, that

3can be set independently, an expression relating flow dlscharge to-Tol and gravel entrainment is
;needed for the pulposc of evaluating different flushing alternanves A rating curve is developed
“here for 2 represcntatwe To] over the spawning gravelsasa funcuon of discharge. We use a two-

o },stcp proccss first relaung Tol to flow-depth over the spawning gravels, and then use the relation
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e between the water surface elevauon and discharge (the stage-dmcharge relanon) to substitute

: dlscharge for flow depth.

| The variation with drscharge of 1] is given in F1gures 6.2.3 and 6.2.4 for sections PB2

f -and SBSC respecnvely ‘The location of the spawning gravels is also shown in each figure Itis

: clear that the shear stress varies strongly across each secnon and that 1g] is substantially different
hthan the average value calculated for the entire section. The difference between T and the mean

' j'bed shear stress for the entire cross-section is also ev1dent in Figures 6.2.5.c and 6.2.6.c, which

: : show the. vananon with d1scharge of both Tg] and mean value of Tp calculated by HEC-2 for the

entire cross sectlon At Poker Bar, a systemanc drvergence is'evident at discharges greater than

about 75 m3/s (Flgure 6.2.5. c) At Steelbndge an inverse relation exists between discharge the
' HEC—2 esnrnate of bed shear stress and discharge (F1gure 6.2.6.c.) The controls of the overall .
' Lﬂow ﬁeld at the! downstream end of the Steelbridge Island are sufﬁc1ently cornplex that simple
, channel-averaged estimates of bed shear stress are clearly not usable The differences between
7 Tlocal and section-averaged values of shear stress are not unusual The total downstream shear
g stress. calculated from secuon—averaged flow depth and: vcloc1ty need not equal the mean shear-
: stress: calculated by inte gratmg Tol. across the section. It is also not: necessary that the rate of
| change of bed shear stress w1th d1$charge be' the same everywhere in the cross-section,
parncularly when bed shear. stress varies widely across the secnon
7 | The development of a To] Tating curve is g1ven in. F1gures 6.2.5 and 6 2.6 for Poker Bar - B
. and Steelbridge, respectwely For the flows observed at Poker Bar, the variation of 1:.;,1 W1th
| local flow depth is essennally linear (Figure 6.2.5.b), whereas the vanauon of tg] with discharge
1s weakly curved. To account for this curvature in developlng a To] rating curve, Tg] is related
first to the Jocal flow depth over the spawning gravels (Flgure 6.2.5.2) and the HEC-2 relation
‘between water surface elevanon and discharge (stage—dlscharge curve) is then used to relate To]
-to discharge. The relation between Tg] in Pa and local de_pth in mis given by the fitted line
(Figure 6.2.5.b) N o
o - To =154 (hgea) = 1.3~ 62.1)
‘The HEC-2 esnmates for water surface elevation as a functlon of discharge (Figure 6.2.5.a),

: together with the mean bed elevation of the spawning gravels, are then used to calculate local

i ‘ ﬂovs{r depth at deferent discharges. This depth was used in Elquanon 6.2.1 to calculate bed shear

5 ‘_ ; ::.l_s'.tress. The resulting relation between 'to 1and Qis marlced' as "extrapolated” on Figure 6.2.5.b.
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.+ For computanonal convenience in developmg the sedlment ratmg curves, a least-squares power
| functlon was fitted between To; and Q: ‘ o |
- | 1 =0.8704 Qﬂ ms (6.2.2)

'i'for Toy in Pa and Q in md/s. Equanon 6.221s 1nd13nngulshable from the curve marked
. Fextrapolated" on Flgure 6.2.5b.
_ A smnlar relatlon between o) and Q was developed for section SB3C (Figure 6.2.6).
‘ The relauon between Tol in Pa and local depth in m is (F1gure 6.2.6.b) '
f =62 (o) +21.7 (6.23)
f The I-IEC 2 estimates for water surface elevatlon asa funcnon of dlscharge (Figure 6.2.6.a) and
the | mean bed elevation of the spawning gravels were again used to calculate flow depth at higher
% diseharges Usinsc,:r this depth in Equ'ation 6.2.3 to calculate bed shear stress, the resulting relation -
' between 1:01 and Q is marked : as extrapolat "on Frgure 6. 2 6.b. '

. ;63 Sedlment Transport ‘

) 63.a Gravel Eniramment

A rmmmum flushing release is. one e that j just entrains the gravel on the surface of the bed

} thereby allowmg some flushing of the subsurface and a loosenln g of the gravel texture. The

- dlscharge that produces this mobilization depends on the gram size of the gravel the rate at

which gravel is transported by that d1scharge, and the duranon of the flushing release. The latter
: i.quantlty, together w1th the d13charge, is set by the volume of water released. In this section, we
develop arelation between water volume and discharge fo_r conditions that are just sufficient to’
| nroduce gravel mobilization. | I |
: .The tracer gravel observations provide our best measure of gravel entrainment at the
- study sections. To estimate the degree of gravel entrainment, we deﬁne the depth of entrainment
‘or exchange depth, dex as the total.depth of the tracer gravels mulnphed by the proportion of the
gravels entrained. Because gravel entrainment depends on grain size, which varies from site to-
Site, comparisons among different sites are facilitated by scahng dex by the grain size of the bed
g sediment.. We use Dgg of the bed surface for this grain size, so that gravel entrainment depth can
§be expressed relative to the thlckness of the bed surface: layer. Figure 6.3.1 shows the values of
e ,;,dﬁ,JDgg for tracer gravels at the two primary study sections for the 1991 and 1992 study releases.

| i P | Values of dex/Dgo close to one represent a minimum threshold for gravel entrainment in a
:_ | ﬂushmg flow. At this threshold essentially all of the grams on the bed surface are entrained,
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o allowing the surfacc laycr to be loosened and penmtung at Ieast sorne rcmoval of sand from

o ibeneath the bed surface

A predlctwe capability for de,/Dgo requires that the local shear stress Tol and bed grain
3;s1za be accounted for. - This may be done using the Sh1clds parameter, which expresses the ratio -
of the force causmg cntramment Tol, to the weight of the grains, which accounts for the force
, 'jres1stmg entramment The Shlelds parameter is defined as t* = 'to]/[(s-l)‘rD], where s is the
-‘relatwe density of the gravel g'rams taken to be 2.7, yis the spec:tﬁc weight of water, taken to be
9800 kgm2s2, and D is a representative grain size. Wa;fprm the Shlc_lds parameter using Tol
j,because the shear stress varies w1dcly across the sectionf, and a coherent relation between

- enu'ainment and flow can only bernade if the local flow prdducing the observed entrainment is

. iused We use the median size of the tracer gravels (D 50) as the representauvc grain size,

. because ithas. becn shown to represent the initial motion and transport rates of gravels well
* (Wilcock; 1992). B '
The relatmn bctween defogo and 1:*50 for the tracer gravel data is shown in Figure 6.3.2.

) _tAlthou gh a strarght line would appear to fit the data well 1t is ltkely that the true entrainment

R .'?functlon is strongl;s,r curved, with a threshold value of T* 50 &t whrch measurable entrainment

begins. At valucs of T°5 belcw this threshold, entrainment depth is essenually ZEr0.:

o ;Enu'amment dapth is likely to increase rapidly as t* 50 exceeds this threshold and to

;asymptohcally approach a limiting vatue of de./Dgg at Iargc values of ©¥s5. A function that -

-:prov1des a sunple representation of this trend is

a »c* o
‘ [3 for, -1:5-0.21:0 - ‘ (6.3.1)
%o % / |

_ where "*c is the value of T° at thrcshold of mcasurable entrainment, and Bi is thc value of de/Dgg

thatis approached asymptotically at large values of 1:*50 ’I’he tracer gravel results are fit well by
=0, 039 and p =2.8. The result that significant entramment begins around t = 0.040 is an
1mportant one. This value of Shields parameter falls within the range that has been found 1o
rcpresent mcrplant grain motion in many experimental studies over the past 60 years. This lends
- support to the general applicability of our field results and extends the gcneral empirical result to
_Spawning gravals Companson of the shear stress values shown in F1gures 6.2.3 through 6.2.6 -

‘ J‘shows that this result would not bc obtained using section; averagcd values of bed shear stress.
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Although the funcuon shown in thure 6.3.2 would appear to prov1de a strong basis for

S The grain motron glvmg rise 10 the observed entrainment is not continuous, but occurs
: sporadlcally over the entire durauon of the release. At the low. gravel transport rates desirable for
” rmnm:uzmg gravel Ioss, dlrect observatton of the bed surface. would reveal only occasional grain

- n_:ovements, giving the immediate impression that almost-no grains-were moving. The overall

tr'ansport results-:from the cumulative entrainment and motion of grains over the entire duration of

the flow. A very;short flow will produce less entrainment, and a sma]ler value of dex/Dyg, than a

* lon ger flow. To.account for the effect of flow duration on the depth of entrainment, the rate of

gravel transport must be con51dered

‘Because the gravel motlon preduced by the 1992 release produced a value of dey/Dygp = 1,

' whrch we Judge to bea nunlmum for-a flushing release, ‘we seek to- deﬁne the flow duration, or

. volume of water; reqmred to produee the same entramment at different discharges. To do this,

wwe assume that the entramment depth is proporticnal to.the volume of gravel transported. Based

"on this assumptton the gravel transport rate formula developed in Section 6.3.b (Eq. 6.3.2) may

be used to calculate the duration of flows necessary to produce a spec1ﬁed volume of gravel

transport and therefore comparable entramment depths; at chfferent discharges.

~The water volume requu'ed to produce the rmmmum gravel entrainment threshold is
shown on Flgure 6 3.3. Because the rate of gravel transport increases rapidly with i mcreasmg
discharge, a release at a higher dlscharge will require a smaller water volume to achieve the same
idegre‘e of entrainrnent. Based on the assumptions behind Figure 6.3.3, surface mobilization may
be accomphshed at a discharge of 8000 cfs with less than half of the water required at 6000 cfs,
and mobilization at 5000 cfs requires more than twice the water used at 6000 cfs. Although
gravel mobilization can ev1dently be accomplished wrth less water at higher discharges, the
choice of an optimum flushing discharge also.depends on'the volume of both sand and gravel
moved. The combined analyses of both sand and gravel obJecttves is deferred until Section 6.5,
after. the development of a sand routing algorithm and the. supporting transport formulas.

The estimates developed here of the flow duration necessary for surface mobilization do

not assume any partrcular relation between entrainment depth and transport volume: Sucha

s :frelatwn would be nonlinear and difficult to estimate lndependently Instead, it is assumed only

' ;-.il that a discharge that produces the same volume of gravel transport as the 1992 release will

L B -produce a comparable depth of entrainment. As dxscussed in the followmg section, a large
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degree of uncertamty is assoclated with any individual: calculated value of transport rate.
However more confidence may ‘be placed in the re!anve changes in gravel transport at different
dlscharges, because tlus depends only on the form of the transport relation (i.e. the rate with
*.which transport. mcreases w1th d150harge) and not on the parncular values of transport at any

part:rcular dlscharge

6 3] b Gravel Transport Rates - o

. Evaluatton of different flushing alternatives requn'es an estimate of the rate at which sand
and gravel are transported at different discharges. Because a ﬂushmg release should maximize
sand removal Whlle mmnmzmg gravel transport, separate transport relations are developed for
sand and gravel The gravel relation is developed in thlS sectron and the sand relation is

developed in the subsequent section.

~:The uansport observations made at the Poker Bar study site are-used to develop a gravel

: 'rating curve. The best of these observatlons were made dunng the 1993 release (Q=80 cms),

when five bedload traps were placed across section PB2 Gravel transport rates at higher
dlscharges (Q—103 and 164 cms) in 1992 were calculated frorn Helley-Srmth sampling. transects
along PB2. These samples are assumed to be less reliable than the gravel trap samples because
they are subject to error from both over and undersamphng The gravel transport rates at PB2. are
_given as a function of bed shear stress over the spawnlng gravels in Frgure 6.3.4. Also shown on
F1gure 6.3.4 are transport rates calculated for only the central 50% of the Helley-Smith samples

! (i.e. the mean transport rate was: calculated after dlscardmg the smallest 25% and the largest 25%
of the 1nd1v1dual samples) This was done to evaluate the possible : mﬂuence of a few extremely
~small or large samples due to either undersampling (e.g. when the sampler lands on top of a
cobble) or oversampling (frorn sampler scooping). The truncated sample is nearly the same as

" the total sample: at Q=164 cms; the truncated sample is nearly an order of magnitude smaller than

“the total sarnple at Q=103 cms.

- Because of the small amount of transport rate data available, it is preferable to develop a
relatron for predicting the gravel transport rate using a general transport relation that has been
found to work well for rivers similar to the Trinity. We use the 11m1ted observations of gravel
transport to set rhe particular values of the function. The: transport relation used for gravel is that
of Parker (1979) ‘which has been shown to hold for large gravel—bed rivers. The only fitted value

requn'ed is the shear stress producmg a small, specified transport rate, which serves as a
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B ‘surrogate for the stress at Whic'h,motion begins. The Parker r‘ransport-relation may be expressed

o 4S5

g = 00563115 1-085 % (6.3.2)
qbg =\ o .‘ l T - | it

-V
: _;ﬁhere qbg iis gra'\:rel'transport rate per unit channel width in kg/(ms), To is the bed shear stress in
: ﬁPa and. 'cl— is the shear stress correspondmg to a small reference transport rate. Only one
;parameter Tr: i§ needed to ﬁt Equal:lon 6. 3 2 to the transport observations. A value of
22 5Pa was used to fit Equatlon 6. 3.2 to the higher. quahty transport rate determined from
: jthe g'ravel trap in; 1993 Equatton 6.3.2.and Ty =22.5Pa also give a good fit to the Helley-Smith
rzgravel observatlons for higher drscharges at Poker Bar (Flgure 6.3.4). Because the transport rate
. “observed in the gravel trap is much smaller than the reference transport rate and because the
: Parker relation i 1s verg,r steep at small 1ran5port rates, the: value of Tt is constramed to be within a
.few percent of 22 5 Pa and still produce a calculated transport rate within an order of magnitude
i E .of the gravel trap observatlon ) I |
| . B | A value of T of 22.5 Pa corresponds to a Shields parameter value of 7 =0. 039 when T is
g formed usmg the D50 of the gravel portlon of the bed and t* =0. 060 when 7* is formed using -
o .D 50 of the entlre bed size d.tstnbuﬂon These values of Shlelds parameter fall within the range -
' observed to produce the reference. transport rate of the medlan grain size of a wide range of
- ;' muted-s1ze sednnents in laboratory and field observatlons (ercock 1993). This correspondence
prov1des mdependent support for the estimated value of Tr and appllcablhty of the overall form
of Equatron 6.3. 2 to the Poker Bar data. More importantly, thrs value of t* is consistent with the
onset of gravel mobthzatlon detemuned using tracer gravels at the same site, but in different

years (Figure 6.3.2).

Gravel Rating Curve. In order to calculate gravel transport rates as part of the evaluation of
flushing. alternatives, a rating curve is required that gives gravel transport directly as a function of

: 'drscharge The general form of the rating curve used is .

Q= (§ )(Q ch) 6.3.3)

o where B is the channel width in ft over which active graveI transport occurs, Qg is gravel
o . - i.';dtscharge in tonsper. day, Qcg is the discharge at the onset of substantial gravel transport, o and

L [3 are a fitted coefficient and exponent respectively, and both Q and Qcg are in units of cfs. Eq.




T variation of Qg with Q at low. transport rates.
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: (6 3.3) gives gravel transport as a power funotlon of. water'mscharge and penmts a nonloghnear

- Equanon 6 3 2 may be converted into a relauon'between Qg and Q by using the Poker Bar.
| shear stress raung curve to obta1n Q from 1 and by mulnplymg qbg by the active width of

gravel l:ransport to obtaln Q- The shear stress rating curve is Equauon 6.2.2

_ 0.8704 Qo'ns

;for Q in m3/s and To in Pa. An acuve transport width of 15 m (49 2 ft) is assumed. The ,
jresultmg gravel tran5port clrve 1s shown in Flgure 6:3.5. Equatlon 6.3.3 was fitted to the Parker |
icurve usmg ch = 2700 cfs, o0 = 4. Ox109 and B = 3 (Figure 6.3. 5). This simple: function is seen-
to fit the Parker relauon within +15% over the range of, dlscharge to be modeled in the routing

_ ;-study ‘ '

' 63c and Dlschar ‘ - .

SRR Sand transport rates at sechon PB2 are based on tbree sample transects using the Helley- :

Snnth sampler The d.tscharges at WhJCh sand transport was measured were Q=103 ¢cms and

8 Q—164 cms in 1992 and Q—SO cms in 1993 The sand transport data are shown in Figure 6.3.6.

3 The relatton between Water and sand discharge is snmlar in. general form to that' used for

- the gravel : S
| ‘”QS = P[(i/a) (Q-'ng]

- (6.3, 4)
| fwhere QS isin tons per day, Py is the proporuon of sand on the bed surface, aand b are the

;coefﬁcnent and exponent of the sand dlscharge rating curve, and chls the discharge, in cfs, at

whrch the sand transport goes to zero. The quantity in large brackets represents the transport that

o - would be. produced for abed covered euurely by sand, orthe transport capacity of the specified

;value of Q. The factor Ps reduces the calculated sand d.lscharge based on the amount of sand
available for transport on the bed surface, whlch is parttcularl_',,r important in the case where P

- fbecomes very small as a reach becomes ﬂushed of sand.

R The value of the. exponent b in Equation 6.3. 4is commonly observed to be on the order of
‘ 1 5 to 3.0 (Vanoni, 1975). In addmon to the exponent b in Equauon 6.3.4, a discharge at which

. :sand discharge effectively goes to zero is required. The. rating curve for sand discharge as a

Iéff—?functton of water discharge is given in Figure 6.3.6. Values ﬁtted by eye to the Helley-Smith

o .';?sand discharge observations at Poker Bar are Qc = 10{)0 cfs b=2, and a = 1.5x10% for Q in cfs
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| and Qg in tons per day. These values ‘Were set using Ps ‘—‘0.22 whlch 1s a typ1cal value for the
| Poker Bar sections. dunng t.he period of sand transport observauon '

6 34 Alternauve Sedunent Rating Curves ‘
: The pnmary goal of developmg sand and gravel n—ansport relauons is not to calculate
spec1ﬁc values of transport. rate at a glven discharge, to which a large degree of uncertainty must
- be attached, but to calculate relatrve changes in the gravel and sand transport rates for the
‘ purpose of evaluatmg the ablllty of dlfferent dlscharges to produce sufﬁment gravel entrainment
and an acceptable value of the transport of both sand and gravel. '
: Because of the large degree of uncertamty in the value of predicted transport rates,
altemauve sedn:nent rating curves were developed to evaluate the sensitivity of the flushing
calculauons to uncertamty in the esumated tranSport rates. Transport observations available for
; the USGS gage at L1mek:lln were. used in combmauon w1th the transport observanons at Poker -
_ Bar All transport observahons and sedlment rating curves are -shown in Flgure 6.3.7.

An alternate gravel rating curve that accounts for bed—load transport of material coarser

- than 8 mm at both the Poker Bar study site and the USGS Lnneklln Gulch gaging station uses the

§ followmg values: ch_ 2700 cfs, b = 2.5, a = 2x108 (Figure 6.3.7).

~An alternate sand ratmg curve that also accounts for bed load transport of material finer

o than 8 mm at the USGS leeklln Gulch gaging station (Flgure 6.3 7) uses the following values:

Q =0, b 4,a= 5x1011 forPs; =0.22, Qin cfs and Qs in tonsperday
L In: add1t10n to prov1d.1ng a fit to both the Poker Bar and Limekiln data, the alternate

: sednnent ratmg curves were selected to provide reasonable alternative relatlons that can be used

to test the sen51t1v1ty of the routing results to dtfferences in the estimated transport rates. Among

- .the four transport relanons a maximum difference in the ratlo of sand to gravel transport is

: obta.tned using the two Poker Bar curves and the two. altemate curves. In both cases, the ratio of

sand to gravel transport decreases with dtscharge (Flgure 6.3.8). The ratio of sand and gravel

o discharge using the Poker Bar ranng curves (for Pgs = (] 22 and B =15'm) equals one at

Q ‘5750 cfs and decreases to a value of 0.34 atQQ = 8500 cfs.; Using the alternative rating

| curves (and the same values of Pgg and B), sand dlscharge always exceeds gravel discharge aud
;thelr rat10 decreases toward a nearly constant value of 3.6 for Q 2 6400 cfs. Because the
opt;tmum ﬂushlng dlscharge is 11ke1y to be sensitive to relattve tnagmtude of sand to gravel

transport these two pair of sediment rating curves were selected for use in the routing algorithm.
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C 6.4 Sediment Trgpp g“ by Pools - s _
SR In order to evaluate the sand-removal effecnveness of drcdged pools, it is necessary to

' ;calculate the rate at wh1ch sand is trapped in the pools dunn g a flushing rélease. The sand-
}removal rate is con".fementlj,r represented by the trap efficlenc}r T, whloh is the proportion of the
sand entering the pools that is effectively trapped. For a volume V' of sand entering a peol, the
volume TV is trapped and the volume (1-T)¥ escapes to the channel downstream. Pool trap

3 efﬁc1ency depends on both water dlseharge and pool geometry, which determine the mean
jvelocny and transport capaclty of ﬂow throu gh the pools, as well as the rate at whleh sedlment is
ldellvered to the pool Fora glven pool an increase in dlscharge will decrease trap efﬁclency by
.mcreasm g the mean velocity and transport capacity of the flow in the pool. At a given discharge,

: .j,a pool w1th a larger cross-sectlonal area wﬂl have a lower velocny and transport capacity and

o %w111 therefore, trap sedlment more effic1ently

When a pool is trappmg sedJment deposition on, the pool bottom causes the pool bed to
o aggrade and the pool depth to decrease “When a pool bed degrades, more sediment is leaving the -
.pool than entermg and the trap efficiency is negative. If the sediment supphed to the. pool is just -
ibalanced by that transported out of the pool, the pool bed neither scours nor fills, and the trap
efficiency is zero We refer to pool depth at this condition as the stable depth, which we will use
~‘as a reference i 1n defimng the trap efficiency of pools dunng a flushing release The stable depth
}depends on the rate of sand del1very to the pool, as well.as. ‘the other factors (water discharge and
E ‘pool geometry) that determine the transport capacity of the pool
- : ‘The dredglng options we con31der in our evaluanon of sand removal are the depth to
‘wh1ch pools are dredged and the number of dredged pools We consider existing pools as well as
a combmanon of ex1st1ng and new pools. The existing pools vary in their geometry and the

geometry ¢ of new: pools is entirely unknown.

'I'he storage volume and trap effic1eney of each- pool must be specified in order to

- caleulate the sand removal that can be ach1eved by the dlfferent dredgmg opuons One approach

o 'would be to specify a constant dredgmg depth for all pools Because storage volume and trap

efﬁc1ency depend on channel width and pool width, in addmon to dredge depth, dredging all
pools toa constant depth (e.g. 10 feet below the 300 cfs water surface) will result in a variation

- l1n storage capacny and trap efficiency from pool to pool. For example, a narrow pool dredged to

) 10 ft depth may have no storage capacity and a negative’ l:rap efficiency at a particular dischar ge,

- --whereas the: stable depth for the same discharge in a very wide pool might be 8 ft., so that two
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- ,feet of. storage arc avallable A more cons1stent evaluauon of the: sand removal. potcnual of pool
| dredgmg can be acmevcd by spec1fy1ng dredging depth relatlvc to the stable depth for each pool
| ;, and dlscharge This permits a more direct evaluation of, for example, the relative benefitof
:'dredgmg an additional foot of sediment from all pools. ThlS is the approach we adopt in the
| ﬂushmg modeling developed in Section 6.5.
By spec1fymg the dredgmg depth relative to a stablc pool depth, we remove most of the
: bctween-pool vanabﬂlty from the. routmg problem and penmt direct companson among dredging

L 'sconanos ‘This' approach does not  however, eliminate the need to calculate the sediment

,trappmg in md1v1dua1 pools Rather, it uncouples the details of the trapping calculation from the

' routing problcm and adds the mdependent requirement that stable depth must be calculated for

5 1nd1v1dua1 pools: for each dlscha.rgc The next two. subsecuons develop a method for estimating

- stable pool depth and test the: mcthod against pool ohservauons made during . the trial releases.

" These sections are not necessary to- follow the development of our routing analys1s, exceptin that-

Y they dcmonstrate that a stable pool depth can be esnmated thereby demonstrating the fcasxbﬂlty |

:of spec1fy1ng dredgmg depths relative to a stable pool depth

' - B_ocause::llttle information is available on the flow. andlgoomeu'y of existing channelfpool
B zrc'aohes, ond beoéﬁéo the locationfand oonﬁguration of ncpr pools is completely iinknown, we

E calculate stable ,pooldeptl_l using a relative,lyr simple.modcl of pool flow and transport that
attoinpto to capture the dominajlnt' features of pool scdjrﬁehtaﬁoh ﬁithout requiring detailed

o "topographic informa'tion for each pool and channel segment. The model is evaluated against

| estimates of stable dcpth based on observations of pool.cut and fill during the three trial releases ‘

o ‘3,Est1mates of Stable Depth during the Trial Releases. Table 6.4.1 prescnts a summary of the poel -

cut and fill durmg the three trial releases. Of particular: 1nterest is the change in elevation of the

- pool bottom dun.ng.a release. If the pool elevation does not change apprec1ably- in the presence
of active transport, one may assume that thc.saﬁd input,a;id output is roughly balanced and the

“pool is close to éi stable depth for that releascj If a pool is dredged below this depth, it will trap

-sand until it fills: to the stable depth. If the pool bottom/is, above the stable depth, it will scour

‘ unt11 it Teaches the stable depth The stable depth may vary w1th discharge.

The time required. for a pool bottom to aggrade or dcgradc to the stable depth depends on
| the volume of sednnent that must be moved and the net rate of sand i Input or output from the

- pool. Ifa relcase is not sufﬁmcntly long to move this: amount of sediment, the post-release pool

depth w1ll not be the stable depth. To account for this in our field observations, a range of
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: f_poss1ble stable depths was estunated accordtng to whether the pool was fillmg or scouring during
ithe release. - Ifa pool was ﬁlhng, the stable depth was taken 10 fall ina range between the final -

o ,":idepth and a shallower depth. If a pool was scouring, the stable depth was assumed o fall in a

B Erange between the final depth and a greater depth.

j ' Stable depth estimates could be made from observauons on four pools. The clearest
iev1dence of a stable depth was found at Society pool, whrch was dredged pnor to the 1991
release tc a depth of approxlmately 10 ft below the 300 cfs water elevatton ‘Deposition during
the 1991 release caused the pool depth to deerease to 8-10 ft. During the. hlgher discharge of the
1992 release the pool scoured to a depth of approxrmately 10-12 ft. Stable. depth for Society '

| ,Pool was esumated to be in the range of 7-10 ft. fora dlscharge of 2800 cfs and in the range of

S 10 13 f1. for a d1scharge of 5600 cfs.,

Priorto the 1992 release Tcm Lang pool was dredged to 8- 13 ft. helow the 300 cfs water
o surface Deposmon durmg the 1992 release caused the pocl depth to decrease t07-9 ft. There.

" , was little change i n’ the pool depth dunng the 1993 re]ease, suggesting the pool was close to

' ,stable depth The reach upstream of Tom Lang pool has an unusually small proportion of sand,.
however, so there may not have been sufficient sand influx durin g the 1993 release to.allow the:

: pool tofill toa shallower stable depth. -Stable depth for Tcm Lang Pool was estimated to be in.
the range of 5-7 ft for a dlscharge of 2800 cfs and in the range of ‘?-9 ft.fora dlscharge of -

5600 cfs.

. Ponderosa pool was dredged to a depth of greater than 12 ft pnor to the 1992 release.
Th1s pool was surveyed only atits upstream end, so that only A very, approxlmate estimate of
stable depth is posmble The pool ﬁlled at the upstream ; end dunng the 1992 release, suggesting
effecuve sand u'appmg and a depth greater than the stable depth At the same time, the elevation
- of the pcol bottom remained essentially unchanged, suggestmg that the pcol elevation is below |
' the stable depth. . Stable depth for Ponderosa Pool was estimated to be in the range of 10-13 ft.

Ny for a dJscharge of 5600 cfs. No survey of the pool was made in 1991 or 1993.

L SP pool i 1s a natural pool with a depth of 8-9 ft. prtcr to the 1992 release. The upstream -

. -portron of the pcol was not surveyed so that only a very approxnnate estimate of stable depth is

possrble The surveyed portion. of the pool scoured stightly to a depth of 8-10 ft. during the 1992

e ' release and showed essentially no change during the 1993 release. Stable depth for SP Pool was

:‘ festunated to be in the range of 6 9 ft. for a discharge of 2800 cfs and in the range of 8-11 ft. for a
‘dlscha:rge of 5600 cfs. '
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Calculating Stable Depth i in Pools. The calculauon of stable depth is based on the requuement

‘that, for a pool at stable depth the sand transport rate is the same in both channel and pool. Flow
in the channel upstream and downstream of the poolis assumed to be steady and uniform.

" Because ﬂow durmg the releases is subcritical in both channel and pool, flow in the pool is a
gradually varymg backwater with the water surface elevation at the downstream end of the pool
set by normal depth in the downstream channel. The sand transport rate in the upstream channel

is determined by-the channellhydraﬁliqs and the proportion of sand present on the bed surface.
Continuity in sed'itnenttranspcrt,. tcgether with the proportion of sand on the pool bed surface, is
used to:set the bed shear stress in the pool so that the sand transport rates are the same in pool

‘and channel. A flow resistance relation is then used to determine the mean velocity in the pool
~ from the bcd sh'car.Stress ‘Water mass conservation is then used to determine the pool depth

- from the mean veloc1ty and the pool geometry. - _

| " To 31mp11fy the calculatlons ‘the channel and pools are assumed to have a rectangular
cross section, WhICh isa reasonable approximation for most of the channel/pool reaches.

Figure 6.4.1 prov1des deﬁmuon sketches of the various geometric parameters used in the
ldevelopment mcludm g the dredge depth Ah, which is taken to be the depth to which the Tiver
bed is dredged bclow the channel bed.

“To calculate the channel flow, dlscharge Q, bed slcpe Seos channel width B, and channel
hydrauhcjroughness n, must be specified.. Mean channel velocity Vc, hydraulic radius R, and

flow depth h, are then calculated from water continuity. -

Q = B.he Vc _ (6.4.1)

a ﬂow resistance. equatJon for which Manning's formula i is used |
' | RzB Slfz : c1s
Vems =5 — 642)

, ‘, c
and the definition of the hydraulic radius
B.h
R =0t 1 (643)
| ¢ B,+2h, -
' iThe bed shear stress T, is expressed as a shear velocity uy, where 1y = [To/p]1/2 and p is the fluid
density, and the channel shear velocity uyc is calculated using momentum conservation for

v, = JERS, | (6.4.4)

steady uniform flow
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3jwhcre gis the acceleranon of grawty o
| The requlrcment that the sand transport rate be equal in pool and channel is next used to
s set the value of shear velocity in the pool u4p. The sand transport rate (per unit channel width) in
1both channel qsc and pool gsp are assumed to be proportional to the cube of the shear velocity and

the propomon o__i;'. sand on the bed surface in the channel p. and pool py,

q, = Py (“*c)s'f : (6.4.5.a)

qsp‘Psp( =.1;.) - (6.4.5.b)
fSand transport varies with bed shear stress T, raised to thc 3/2 power in Equation 6.4.5. Thisis a
common value found in many transport relations for transport conditions well above the .
threshold shear stress for incipient sand motion. The.transport stage for sand in both channels -
- .and pools’is likely to be in this range. Assuming the width of active transport in pool and

h ‘channel are con:ipa:ablé, the two parts of Equation 6.4.5&133{ be eqUated and solved for uyp
' 1/3

Ps '
= [ : 4.6
Next, it iS‘:neceééﬁry- to relate uyp to the flow and geometry in the pool, so that the dredge depth
Ah may be deternined. Because the flow in the pool is gradually vrarying‘, it is not possible to
use a form of Equation 6.4.4 to-directly calculate the hydraulic radius of the pool R;,. For the
‘s'a'me reason, a flow. resistance. fclation cannot be used directly to relate uy to either the mean

velocuy Vpor ﬂow depth h; in the pool. Instead, we recast the Manning formula in the form of a

fncuon factor, or: drag, formula
P R il
V. T CD - 146 (6.4.7)

where .y is given by Equaticn 6.4.6 and the form of the drag coefficient Cp is taken from
Manning's formula ' The value of the roughness term ny, in Equanon 6.4.7 must be specified and
1s chosen below to fit the predicted stable depth to values of stable depth observed during the
tnal releases. Given specified values of Q, B, Bp, h, anq np, it is possible to calculate V, A,
‘Rp, and Ah from Equation 6.4.7, together with continuity

. Q=4aVy (6.4.8)
) R f -the definition of the hydrauhc radius of the pool L '
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S Bh+BAh o
e o 6.4.
Rp B +2 ¢, +Ah) e 649

‘and the dcﬁmuon of the pool cross-secuonal area

A, =Bh +B AL (6.4.10)
'The sequence of Eicj‘alculatiun,s- déSCribcd {0 this point is complete. The calculation of the value of
A giving the stable depth g is more directly obtained by solving Equation 6.4.10 for Ah, and
; using EquationsfﬁA.ﬁ, 6.4.7, and 6.4.8 to replace A,. After rearranging, this becomes
= = - - B h :
hy = 5 iy W\ e 6.4.11)

IEE

'Q where the subsututlon hg = Ah has been made to indicate: that the. value. of U has been given by

. Equauon 6 4.6, lBecause Ah is found i in Rp, Equations 6 4 9 and 6.4.11 must be solved iteratively
for Ry and h ‘,
Values of hs_calculatedu'sing Equation 6.4.11 were compared with observations of stable -
- depth dufing théitﬁjal releases to evaluate the utility of the simplified analysis is estimating stable
' depth. A‘ useful model is takcri to be one in which a crc‘diblé-‘va'lue‘ Or NaIrow rénge of values, of
1 pool roughness np is found to match observed and predicted stable depths. The value of channel
roughness was taken to be n; = 0. 03 which produces the observed stage- dlscha:gc modeling at
Poker Ba{, Obsg.rved values of Q, B, and B, were used i in the calculations. A bed slope of
0.003 LWas used Ai_,in'trhert;‘ralcula'tipns and the ratio psc/psp was taken to be 0.2, corresponding 1o a
 channel sand pr&?pq:rtidn of roughly 25% and a nearly cuulpletc sand coverage on the pool bed.
‘ | Figure 642 shows a cumparisun uf calculated and observed pool cross-sectional area. In
- the upper panel,; "ualues of np = .044 for Q = 80 m3/s and ny = 0.040 for Q = 164 m3/s were
: found to give a good fit between predicted and observed. In the lower panel, a constant value of

h =0.0415 is used for both flows and produces a fit that is still within the minimum and
| maximum estimates for obscrved stable depth, although the fit is not as good as the case with
variable n. Itis common to observe the Manning roughncss n to decrease slightly with
-increasing chscharge The pool roughness values are somcwhat greater than that for the channel,

“which is consistént with the fact that flow in the pools is a backwater, with the water surface

S clevatlon set by' normal depth in the downstream channel A large value of roughness produces a

| largcr pool ﬂow depth than would be obtained in steady, unlform flow in an infinite channel.
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F1gure 6 4 3 glVCS the vananon of calculated stable depth wnh channel width, pool width,

and water discharge Stable depth depends pnmanly on drscharge and pool width, and varies

B onlj,r weakly wrth ehannel width. An i mcrease in dlseharge and a decrease in pool width both act
3 to mcrease the mean velocity and the transport capacity.cf the pool flow, thereby requiring a

‘ larger depth for zero net transport. The weak influence of channel width on stable depth reflects
a rough balance between competing influences: mcreasmg channel wn:lth increases flow cross

: seetlonal area (thereby decreasmg flow velocity and permltnng a shallower stable depth), but
“also acts to decrease flow depth in the channel (decreasmg the water surface elevation in the
pooI requmng a deeper stable depth} and to decrease the bed shear velocity and transport rate in

| the upstream channel (thereby forcmg a deeper stable depth to provide a smaller shear velocity).

Figure 6.4.4 presents calculated stable depth in a. form usable for estimating stable depth

“ as a function of discharge, channel w1dth and pool width. Each panel represents a different

. ‘_ channel width and shows the variation of stable depth with discharge and pool width.

Estlmanng Pool Trap Efﬁmency The development presented above for estimating stable pool

-~ depth. can also be used to estimate the- trap efficiency of pools as a function of the depth of
- dredgm g below: stable depth. The trap efﬁmency T rnay be calculated as

g . q
S . L (6.4.12)
=T Q. - |

| Replacing the transport terms using Equation 6.4.5, Equ'ation 6.4.12 becomes

‘ | 3 |
T =1 (pSP)( p) o L (6.4.13)

' The channel shear velocity u4. may be found from Equanons 6.4.1 though 6.4.4 for specified
- valuesof Q, ,SD"'B‘” and ne. If Ah, By, and np, are also specified, the value of uyp may be found
‘ using Equations 6.4.7, 6.4.8, and 6.4.9 to solve for iy, Vp, and R With values of uyp and uy.,

T may be calculated from Equation 6.4. 13.

Figure 6.4.5 presents the variation of pool trap efﬁcrency as a function of dredge depth
below stable depth discharge, (szpsp) channel reughness N, pool roughness ny, and the

‘ exponent in the sand transport relation Equation 6.4.5. Trap efficiency generally decreases from
- ~values in the range 0.6 to 0.8 for dredge depths 2 m below h (Ah=h; + 2m) to zero at the stable

depth (Ah = hg). ;The estimate of T shows only a weak dependence on the choice of roughness
- yalues,'atnd shmiis less than a ﬁﬂ% variation with discharge and (pso/Psp) at large dredge depths.
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: The relatively small variation of T is a result of the fact that the primary influence of these

- .vanables has been accounted for in the computation of the stable depth

6 5_Sand Routing
| ‘Asand routmg algonthm has been developed to prowde a means of quantifying the rate

'at which sand and gravel are removed from the study reach. These results form the basis for

evaluatmg dlfferent ﬂushmg optmns, 1nc1ud1ng release volurne, release rate, or discharge, the
number of dredged pools., and the depth of dredging in pools

In general two optlons enst for increasing the efﬁc1ency with which sand may be

'removed from the. study reach with a glven ‘amount of water. One is to use the largest possible -

water dlscha.rge,_because sand is transported at a hlgher,,effic:lency at larger discharges. Even

though higher diecharges use water at a greater rate, the.increased. efficiency in transporting sand

' ,penmts shorter releases and a net savings in water volume The other optlon is to dredge sand

from pools along the study reach thereby shortenmg the. length over wh1ch sand must be
transported Because the sand- transported from the upstream end must pass through the entire -
reach shortenmg the reach by prowdmg intermediate smks results in a direct reduction in the

, water used. These two optlons—hlgher dlscharges and dredged pool%are, to some extent,

mcompatlble because higher discharges will make the pools trap. sand less efficiently. The

| problem is further comphcated by the fact that hi gher dmcharges wﬂl also increase the rate of

gravel transport whlch will increase the rate at which sand can be removed from the subsurface, -

thereby increasing the eff1c1ency of the flush, while alsosmcreas1ng;the amount of gravel

. deposited in the pools, thereby. decreasin g thelr storage cap'acity for sand.

Ihe routiit'g"exereise isfcharacterized by a high degree of uncertainty. The quantity of
sand requiring removal is only approximately known. The initial proportion of sand on the bed

surface is specified only as a spatial average estimated visually over large subreaches. The

. proportion of sand in the subsurface has been sampled at only‘a few cross-sections within the

entire study reach. ‘Sand discharge has been measured at. only. two cross sections and
considerable scatter ex1sts in these observations at one Ioeatlon Both the rate of gravel loss and
the sand removal ; rate depend on the gravel transport rate, whtch has been sampled at three

dlscharges at only One Cross-section. -

- The routmg efforts are also charactenzed by a hi gh degree of simplification. Channel

. geometry 1s known at only a few cross sections covenng a small pOI‘thIl of the reach. The study
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| l ;reach is divided into only six subreaches to calculate the sand routmg The variation with

‘ ;dlscharge of the sand and gravel. transport rates is assumed to be the same at the outlet for each
- subreach The sediment uappmg characteristics of the pools are assumed to be completely
represented by the depth dredged below stable depth.

The absence of local obscrvatlons and the:level of. 51mphﬁcat10n necessary for our
fanalysm of the Tnmty River are typical of many applications in fluvial sediment transport,
particularly those involving reaches tens of kms or more in length. Useof a detailed
:computational-model is difficult to justify in the absence of the required input of channel
‘geometry and sedirnent composition throughout the studyr reach and without local relations
‘between mscharge and sedimerit transport. The final computed result is likely to be sensitivity to
}the choice of initial values and local rating curves..

The, approach taken here is to use sunple formulauons mtended to capture the dominant
Physical processes occwTing in the studzi,r reach during a; ﬂushm g flow. The general
mathematical form used to represent each process is drawn from theory or general empirical
relations known to hold'for,gravel-bed rivers. In each case, the available data on transport, bed
“sediment, and pool rrapping are used to set particular values of the function. To make the
' ‘f;unctions directly applicable to the flushing question, they are formulated using river discharge
as.the inﬂependeﬁt—-vadable.': “ﬁecaus;e tfle results of the routin grcxercise may depend on the
general forrn and particular values of the functions used to represent‘the transport processjes
jalternate forms of the transport functions are used to explore the sensitivity of the flushing -

"‘conclusmns the models used to Tepresent transport.

| 5?6 5.a Processes Comrolhng the Rate of Sand Removal |

The rate at which sand and gravel are removed from a reach.of a gravel -bed river varies with
‘discharge in a complex and nonlinear fasmon. We incorporate the following four processes in
our sand routing algonthm | ‘

‘(1) The rate of sand discharge Qs depends on both the propornon of sand present on the bed
surface Pg (which may decrease during a flushing flow), and the rate at which the available sand
is transported by a given discharge Q. These two factors are represented by a sand rating curve -

of the form

Q= Ié[(ua) (Q-Qc)b]p
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, In general, the sand dlscharge rate mcreases linearly with Ps and nonhnearly with Q. The

: exponent bis larger than one meamng that larger Q will transport sand more efﬁcrently Two

dlfferent sand ratmg curves were developed in Section 6. 3 to allow an evaluatton of the

sensmwty of the routing result to uncertainty in the estimated transport rates.

(2) The efficiency with- whtch sand is trapped in dredged pools will depend on the depth and

cross-sectional area of the pool the water discharge, and the rate at which sand is delivered to the

pool We uncouple the details. of calculatmg pool trap efﬁelency from the routing problem by

spemfymg the dredging depth relatrve to a stable pool depth with 10 NEt SCOur or fill and, -

j therefore, zero trap efficiency. A method for calculating stable pool depth as a function of pool

| geometry, sand input, and. water discharge is developed in Secuon 6.4 of this report. In the
routmg exermse, we take the trap efficiency to be zero when the pool depth is at the stable depth.

For greater depths, implying available sand storage, pools may. still not trap sand with perfect

‘ efﬁcrency and tins efficiency can decrease with dlscharge, although we assume the main effect of

,‘ dlscharge on. trap efﬁc1ency is 1ncorporated in the calculated value of stable depth.

| (3) The gravel transport rate: 1ncreases ‘with water discharge. Srgmﬁcant gravel movement
.j begins at a higher d15charge than for sand but the rate of increase of. gravel transport, with
‘dlscharge is more rap1d than for sand, so that the gravel transport rate may exceed the sand
o tra.nsport rate for discharges within the ava_rlable range.- Dredged pools w111 trap essentially all of
;the transported gravel. - As discharge and gravel tranSport 1ncrease, a larger fraction of the pool
"storage volume will be filled with gravel, leaving less. storage for sand. Two different gravel
| ratmg curves were developed in Sectron 6.3 to allow an evaluation of the sensitivity of the

routtn g result to uncertainty in the estimated transport rates.

| ‘(.4) As dlscharge.mcreases, the coarse grains on the bed surface are entrained more frequently.
When surface grains are entraixied grains in the subsurface are exposed to the flow and may be
lentramed from the bed. Thus, the rate at which sand is supplied from the subsurface to the bed
surface will increase with discharge. By supplying sand to the bed surface this upward sand
transport supplenients Pg and the rate of sand discharge.

These flushing processes are evidently mterrelated ina complex and nonlinear fashion.

Two of them (the sand discharge rating curve and the rate of sand supply from the subsurface)

N cause sand removal efficiency to increase with water dlseharge whereas the other two (pool trap

1 efﬁmency and pool filling with gravel) cause the sand removal efficiency to decrease with
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1ncreasmg drscharge The sand routlng al gorithm is used to evaluate the balance between these
. "drfferent processes ' A

'.6 5.b. Routmg Algonthm e '
o To perfon.n the sand routmg, the entire study reach is divided into subreaches and a
snnple mass conservatlon model is used to route sand frurn one reach to the next. Sand present
7 1n the bed surface: layer and the immediate bed subsurface is treated separately. The nominal

L thlckness of these two layers is taken to 15 cm, which is roughly 1.5 Dgg for the Poker Bar study

o reach

The quantlty of sand present in the surface layer S s at the end of each time step is
detenmned as the startmg qua.ntlty of sand plus sand inputs from the upstream reach and the bed

.subsurface and mmus the sand. drscharge out of the reach :

Sy = S o
. ..*s,1+1

nrhere the‘Subscfrfiipt i refers to a;p_articullar time step. The output from each reach is calculated

- using the sand discharge rating curve : - |

_ OI-P()(QQG)M

' where P 1s the proportlon of sand on the bed surface, a and b are 2 spec1ﬁed coefficient and
"exponent respectrvely, Qc is the discharge at which the sand tran5port becomes neglrglble and
dt is the time step, which is taken to be 1 hrin all cases. P changes as the routing proceeds As

- reach becomes ﬂushed the value of Ps will decrease and the sand discharge will decrease

prepornonately -The value of P is calculated after each time step as

Ssm-l N -
P = - P ..
s5,+1 S . s,init
. samit

where the subscript i'm't refers to the initial conditions given in Table 6.5.1.

. The input'of sand to a reach is the sum of sand ou'tput.frcm the next reach upstream,
reduced by anysand trapped in an intervening pool, and the input of sand winnowed from the
bed subsurface when coarse surface grains are entrained. Reach input is calculated as

- | LA-T)+ Y,

‘ I1+1,_|

where T is the trap efﬁcrency of the pool, U is the quantity of sand supplied from the subsurface,

the subscript j reférs to reaches in increasing downstream.crderand, as before, the subscript {




70

refcrs to the time step. Input from Grass Valley Creek to the upstream rcach is unknown and is
| _taken to be one- quarter of the output from the upstream reach at each trrne Step.

. The pool. trap efﬁcmncy is defined in terms of a stable depth below which sand deposition
is possible. Trapefficiency is set to zero when the pool:dapﬂl is less than the stable depth. For
":g:reater depths, implying availaolo sand storage, trap ‘efﬁciency‘ is taken to equal 0.8 in most runs.
‘ | The upward movement of sand from the subsurface to the bed surface will depend on the
__concentranon of sand in both laycrs as'well as the rate at whlch gravel on the bed surface is
entrained, thereby exposing subsurface sand to the flow. The mass of sand that is moved from
thc subsurface to the surface i in tlme step At is calculated as:

- EEETm(&)

' wherc Pss is the. proporuon of sand in the subsurface, My, is the total mass of sand in the
subsurface ofa rcach 1ex 15 an exchange time that detenmncs the quantu:y of sand that can be

. moved in one time stcp Itis ta.kcn to-be the time rcqulred to-entrain all of the gravel clasts on
thc bed surface. The exchange time will vary with both:the rate and duration of gravol
entrainment and, therefore depe,nds on both the rate and durauon of water discharge. Onc value
of tex. was set usm—g the tracer gravcl observation that essentially the entire.bed surface was

‘ entramed over a 5 day perlod wrth Q = 5800 cfs during the 1992 tnal release. If the frequency of

: gravel entramment is taken to be proportional to the gravel transport rate, values of tey in days for
: other d1schargcs can be determined using a ratio of gravel transport rates

tex=5(-ﬁ;

whc.re the gravel rating curve is used to calculate qg, and qgg is the gravel transport rate at-

Q =5800 cfs. The variation of ftax with discharge is shown for the Poker Bar and alternate gravel
rating curves in Figure 6.5.1, which shows essentially the ,sa,mé information as Figure 6.3.3. The
exchange time is..:sf:én to vary inversely with the gravel transport rate and takes a value of five
days when Q = 5800 cfs. For a flow duration equal to the exchan ge_jtime, the value of U is seen

7 to vary with Pg and P; from a value of zero when the caﬁééﬁ&ason of sand in the subsurface and
surface is 1dcnnca1 P = P;, to a value of 1/2 Mg, wheu the. surface is entirely free of sand.

Thus the upward transport of sand over one exchange ume is glvcn as one-half the excess sand

rnass found in the subsurface.
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5 'I'he quanuty of sand prescnt m the bed subsurface layer S55 at the end of each time step is
; calculated as o PR
| 7 ., = S .- U
88,1+1 ssi 1

?Thg proportion of sand in the bed subsurface at the end.of each time step is calculated as

‘ Sss,i+1 ~

P = P ..
_.88,+1 S .. J ss,init
T ss,init /.

" The pool éstcuragc vdlﬁme-is réduced in each time step by ﬂrc sand and gravel deposition in

' the pool. The sand déposiﬁdn is -given ‘by (Gi-1) multip].icd by the pool trap efﬁciency A trap
efficiency of 100% is assumed for the gravel, so the gravel dcposmon in pools is given by the
gravel dlscharge calculatcd b}r the gravel rating curve.
| A large degrce of uncertmnty 1s assoc1atcd with each computed value of sand storage and
3dlscharge Somé of the pnnc1plc sources of this uncertamty are errors m the estimate of isand
| ;volume. in each reach, variation along .the reach in the sand and grayel rating curves, and the
" uncertainty in spgé‘ifying the _t[_‘ap'cfﬁciency of the pools. ‘A greater degree of reliability exists for
Tthe trends betwécn the variables and for the relative chanées- in sand storage and sediment
) :transport among dlfferent discharges. Fortunately, it is these relative differences that are needed :

to evaluate the relative merits of different flushing altematwes

| 3 6 S.c. Roul:mg result
" The quannty of sand requiring removal is taken to be that estimated to be in the surface

. g and subsurfacc of thc study rcach in the visual survey rnade after the 1993 release (Table 6.5.1).

‘Note that the last two reaches are not currently scparatcd by a pool.

:S and and Gravel Removal asa funcnon of O and Pool Degth

F1gure 6. 5 2 gives the amount of sand removed. (open symbols) using the existing pools
‘and a release of 100 000 acre-feet. The left panel uses the Polcer Bar sediment rating curves.
‘The nght panel uses the alternate sediment rating curves. Five cases are shown: no dredging
‘(sohd hnc, assumcs pools trap.no sediment), dredging to 1 ft., 2 ft., 3 ft,, and - ft. below stable
%depth An mﬁmte dredging depth is used as a reference for sand removal if the pools never fill.
1Also shown on Figure 6.5.2 is the rate at which gravel i is n'ansportcd past the downstream

fsectlon At the Iower discharges, the gravel transport goes to zero. As QQ increases, the relative

g ﬂ;rate of gravel transport increases and for the Poker Bar’ ratlng curves, surpasses the total sand

' -removal



72

“The. value of d1schargo that for 100,000 acre-foet of wator is Just sufﬁmont to mobilize
‘the bed surface i is 5185 cfs for tho Pokcr Bar sediment raung curvos and 5055 cfs for the alternate
ratm g curves. ThlS limit is shown on Figure 6.5.2 as a verucal dashed line. Discharges smaller
than this limit will not pro_vlde adequate mobilization of the bed sorfaco with 100,000 acre-ft of

‘water. A larger Q will gooorato more gravel transport than that needed to mobilize all the grains
- on the bed surface. The vallio of this minimum Q for full surface mobilization will decrease with

' 1ncroas1ng water volume, but the. volumo of water requlrcd for dlschargos less than 5,000 cfs

becomes very large (Figure 6.3.3).

“The ﬂushmg trade-offs that occur with i mcreasmg dlschargo may bc described by
followmg one of the sand removal curves on Figure 6.5.2 (e.g., the sand removal produced with

one ft of drodglng, represented by the open squares). Beginning at Q = 3000 cfs, the amount of
‘sand removed:iinoreaSos.fwith Q because sand is moved ﬁore efficiently by larger discharges.
The sand removal curve forono:ft of dredging begins to deviate from the other sand removal
;curves atQ = 4790. Itisat this Q that the sediment traﬁsport is 1a;g:c enough to begin to filling -
some of the pools. At higher Q, more of the pools fill and those that fill do so earlier in the
‘release.. ‘Once all pools are ﬁllod the pools trap no additional sodlment and sand removal occurs
' only at the downstroam end of the ontlre study reach. At this pomt the sand removal curves for
dredgcd pools asymptotmally approach a curve parallel to the no dredging case. The dlfforenco :
E botwoen the curves is-equal to- the total storage capac1ty of the d:edged pools Ani important
pomt is that, at rhscharges greater than that sufficient o fill Lhe pools, the amount of sand trapped

' in the pools does not remain-constant for any higher dlscharge but decreases with discharge,

‘because the rate of gravol transport relative to sand transport increases with Q so that the
proportion of gravol in the pools (taking up storage volumo) increases with Q. This point is

1Ilustrated by the plot of ‘percent sand in the pool doposus (reprosentod with an "X" on

F1gu1‘e652)

A 31m11ar decrease in sand removal efficiency is ev1dont with both sets of sediment rating
‘curves (shown in'the two panels of F1guro 6.5.2), although tho decroaso with discharge in sand
removal cfﬁmency is largor for the Poker Bar rating curves..

| ~ Figure 6.5.2 may be used to ovaluate the flushmg tradooffs “To minimize gravel loss, itis

dosuablo to use thc smallest possﬂalo Q. The minimum: valuc of Q to be used is that requlrod for

-full surface moblhzatlon, whmh is represented by the vemcal dashed line on the figure. If this

- deSGhElI'gﬂ produoos adequate sand removal for the water volumc used, the argumnent for .
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f jmmmnzmg gravel loss leads to the moblhzanon d1scharge as. the des1red result. :For a given
‘water volume, the amount of sand removal will then depend on: the nutnber and depth of pools.
;Our estimate of the total sand avmlable for removal in the reach is 13,275 tons. At Q=15185 cfs

:for the Poker Bar sediment rating curves, between 4000" and 5000 tons of sand are removed with
j‘10‘.') 000 ac-ft of water, depending on the dredge depth. At Q = 5055 cfs for the alternate

'jsechment rating curves ‘between 5000 and 5400 tons of sand are removed, depending on the

§dredge depth Because this sand removal represents roughly 40% of the sand available, a
jdlscharge of 5000 cfsto 6000 cfs accomplishes significant sand removal while also minimizing
the gravel loss. ‘

For water volumes less than 125 ,000 acre-feet, the: dlscharge threshold for gravel
Tmoblhzatlon is on- the order of 5 000 to 6, 000 cfs. Smaller dlscharges will not produce sufficient

,_fﬂnshmg at depth or gravel loosenmg Larger d.tscharges will mvolve a lower efficiency of sand
| _iremova.l because: pools will begm to fill and an increasing proportlon of the trapped sedlment is

gravel. Therefore, we recornmend using a discharge of 5,000 cfs to 6,000 cfs for release volumes

;comparable to those that have been used in the past.

Sand and Gravel Removal as a function of number and depth of pools and water volume.
‘Flgure 6.5.3 gwes the variation of total sand removed as a function of the number of dredged

7 'pools and the depth of dredgirig below stable depth. The pool sets examined are (1) the existing
set of pools, including dredgmg of both SP and Ponderosa, (2) addmg Montana pool, and.(3)
- addmg a third pool between Montana and Upper Steelbndge “The calculations are made for both -
- ‘sets of sediment ranng curves, for Q = 5 000 cfs and 6,000 cfs, and for water volume = 50,000,

100 000, 150 OOO a.nd 200 000 acre-ft.

For(Q = 5 000 cfs, there is little increase in sand removal for dredge depths greater than
two ft below: stable depth, bccause the pools do not fill, er fill only toward the end of the release.
At Q = 6,000 cfs, pools fill more rapidly, and dredging deeper than two ft provides an increase in

sand removal 'For all water volumes and both discharges, there is an increase in sand removal

and removal eff1c1ency achleved by dredging to a depth of two ft.

Dredgmg two additional pools provides an increase in total sand removal, although the

' ‘1ncrease is smaller than that prov1ded by dredging. The importance of dredging additional pools
. rests in the fact that the amount . of sand removal in an 1nd1v1dua1 subreach will depend on the

B .?total amount of sand in the reach and, therefore, its length A more even distribution of pools.

S ‘ throughout the study reach will produce a correspondmg distribution of sand removal. Tf the



B -.:}-j,habltat hrrutattons are set. hy the reach segment havmg the rnost sand a larger number of pools is

_ .:i needed to produce an even dlstnbunon of sand removal,

We conclude that pools mcrease the efficiency of sand removal directly and significantly.

| . 3'I‘he small cost of dredging relauve to the cost of water makes dredgmg a definite benefitin a

restorauon program For most values of water volume and a dtscharge in the range of 5,000 cfs

‘to 6,000 cfs, two feet of dredgmg is sufﬁcxent because the pools tend to not fill over the-flush, or
; fill only toward the end of the ﬂush Dredgmg deeper than two feet does not produce addtt;tonal

k sand removal, except at larger values of discharge and water volume.

The variation of sand removal w1th water volume is mere directly ev1dent in thure 6.5.4,

~which gives sand removal as a function of water volume for three of the pool options in.
, d13p1ayed in thure 6.5.3. The amount, of sand removed i increases with water volume, although
f the efﬁctency of sand removal’ (sand removed divided by water volurne used) decreases with

i " , water volume, as. shown in the lower panels of Figure 6.5. 3.

The chmce of the water volume to be used for a sedunent mamtenance releaseisa

_ tradeoff among a number of factors, some of which are not con51dered in this study. "These
include the period of time over which sand flushing should be’ accompltshed and, therefore, the
f‘ number of releases requn'ed the availability and cost of water and: thetr variation from year to
‘year and the cost of dredging. The sand routmg calculauons and Flgure 6.5.3 illustrate how the |
| volume of sand removed varies with the water volume and provide a reference for evaluating the

_ ;_effect of release volume on sediment maintenance.

‘ Dtstnbutton of Sand Removal Along the Study Reach. Flgures 6.5.5 and 6.5.6 show the
§proport10n of sand in the surface and subsurface of all subreaches for different dredging

‘combinations and water volumes. The results for Q = 5,000 cfs are given in Figure 6.5.5 and the

-results for Q = 6 OO{J cfs are given in Figure 6.5.6.

Sand reruoval occurs through the downstream end of areach, which acts as a bottleneck

t‘or reach cleaning. Dredged pools shorten the length of the reach and provide multiple exits

‘f:rom the system.’ The left panel of Figures 6.5.5 and 6.5.6 represents the case for no pool
:trapping, so that sand removal occurs only at the downsu'eant endo_f the entire study reach. The
‘bottleneck effeet'on sand removal is quite evident in these'ﬁgures which show a substantial
decrease in sand, remova.l (increase in percent sand) in the downstrearn direction. The middle

- 'jpanel of these figures represents the case where the extstmg dredged pools are dredged to a depth
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of two ft.. 'Ihese pools are. all in the ‘upper half of the study reach.’ The relative beneﬁt of
dredgmg these pools is ev1dent in that the decrease in sand content from a flushing release
g extends fIJIthcl' downstream than in the no-dredge case. “The proportion of sand remaining in the -
- lower half of the study reach, however remains large under this scenano To decrease the sand
content in the lower half of the study reach, it is necessary to dredge pools in this portion of the
-reach. The nght panel of F1gures 6.5.5 and 6.5.6 represents the case where two new pools are
‘ dredged In thisscenario, a reducnon of sand in the lower part of the study reach becomes _
possible. “There is still an general trend of increasing sand content with distance downstream, :
‘ wh1ch is related to the fact that the pools are not completely efficient in trappmg sediment, so
| that a weak bottleneck per51sts at the downstream end of the studsfr reach.

| A release using 100, 000 to 150,000 acre-feet of water w1ll prov1de substantial sand

o removal in onlyr the upstream portlon of the study reach if no pools:are dredged. The extent to

s which the release accomphshes sand removal further downstream depends directly on the
number of pools: dredged and the Iength of river reach between the pools. Without new pools in

. the downstream half of the study reach the sand removal that can: be accomphshed in this reach

o is lmted -and much larger volumes will be needed to elean the: bed sediment.

‘ ;'Evaluatlon ofa Two—part Release with a short large dJscharge followed by a long, lower

dlscharg A sed1ment mamtenance release need not use a constant d1$charge One alternattve is

- to usea short large discharge to efﬁc1ent1y accomplish full bed surface mobilization, followed -

| I;}by a longer release at a low mscharge 10 accomphsh addmonal sand removal with little

| addmonal gravel loss. ‘
Flgure 6.5.7 presents the sand and gravel removed usin g 100 000 acre-feet of water
divided between'a 36-hour, 8,000 cfs spike and a Ionger low dlscharge period. The spike is
L suffic:lent to fully mob1hze the bed surface. The analysas uses the Poker Bar rating curves, the
: ex1stmg pools, and.dredge depths of zero and 2 ft. below stable depth The post-spike discharge
is varied from 3,000 cfs to 6,000 cfs. Also shown on the ﬁgure are the sand and gravel removed
by arelease of 100 000 acre-ft at a constant discharge. The sand removal accomplished by the
: sptke Telease varies between values comparable to the constant discharge release and values
‘somewhat larger, The volume of gravel removed is, in all cases, greater with the spike release.
- For example, for a post-spike d1scharge of 3,500 cfs, the sptke release removes roughly 1,000
.‘ tons more sand than the constarit release but also removes nearly 3,000 tons more gravel. A

100 000 acre-ft release at 3,500 cfs is not sufficient to mol:nltze the gravel bed, so a constant
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;release atra dlseharge of 6, 000 cfs prowdes a more apt companson wuh the spike release using .
3,500 cfs. The constant rate release at 6,000 cfs removes. more sand than any of the spike
3re1eases together with a sma]ler loss of gravel. Of all the cases shown in Figure 6.5. 7, the most
» favorable eombmauon of large sand removal and minimum gravel loss is aecomphshed with a -
eonstant rate discharge of about 5,200 cfs, which cot_responds to the minimum discharge required .
0 fully mobilize the gravet'bed surface. Because spike releases do not remove significantly

‘more sand than constant releases, but move considerably more gravel, we do not recommend

e }thelr use for sediment mmntenance flows on the Trinity River. .Should short, high-discharge

Treleases be desirable for other purposes the analysis presented here ‘provides a basis for

‘evaluann g the related sediment impact. -

| Release Regulrements for Sedrment antenane Ifa release program is carried out that

‘ successfully decreases the amount of sand in the river bed a longer term sediment maintenance
release plan would then be requlred Tt is likely that the volume of water needed to maintain a
low sand concentration in the reach w111 be comparable.to that required to decrease the sand -
Lconcentratlon in:the reach, because the efficiency of sand removal decreases drrectl},r with the

3 _propor_uon of sand found in the river bed. More water is needed to remove a specified volume of
‘sand 'fronr a clean river bed relative to an embedded river.bed. A long-term sediment |
"3 maintenance ﬂow would also be indicated to maintain looseness of the bed material. A

. minimum maintenance flow would be that required to produee full mobilization of the bed
'jsurface as demonstrated in F1gures 6.3.3 and 6.5.1.

s 6 6 Channel Sedrmentatlon History and Release Timin

The pnmaly post-dam changes to the Trinity Rrver channel have resulted from deposrtlon
of_mbutary ~derived sediments within the pre—dam channel. This deposition cccurs in two places:
;—Within the channel bed-and on the steep,.ﬁneegrained banks- that line the present river channel.
‘Althou gh the sediments in both deposits come from the ‘satne u'ibutary source, there is little
‘overlap in their grain size: the fine sediment within the cbannel bed is predominantly 1 mm to
‘8 mm in size, whereas the bank sediments are predominantly finer than 1 mm. This is a common
sbrting process wherein finer grained sediments cannot =deposit in the swifter current over the

- jnver bed but are carried higher in the flow and deposrt in low velocity reglons along the channel

- ;margms
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. _‘ ' x 'The coarser gramed 1 mm 8 mm sediment found in the nver bed is charactenst1ca11y light
o ‘colored a.nd ongmates pnmarﬂy from the decomposed granmc sorls in the Grass Valley Creek
. ;basm Once dehvered to the Tnmty River, this sediment i is drspersed downstream by subsequent
: ‘high ﬂows on the main stem. L;ttle transport of this sediment occurs at discharges less than
3000 ofs and essentially 1no transport occurs at the typical post-dam in-stream minimum flows of
150 ofs 10 300 ofs. e |
Deposmon of the ﬁner-gramed (<1 mm) material on the banks of the Trinity River
‘follows a different pattern. Very little sediment finer than 1mm is found in the channel bed,
‘which suggests that miost, if not all, main-stem flows wrth hi gh sediment concentrations are
| capable of preventing deposition on the bed Deposition of this finer sediment within the study
- Teach reqmres the simultaneous occurrence of high nver stage and hi gh sedlment concentratlon
| so that sediment-laden water can deposit in low velocaty regrons above the banks on the channel
margm In contrast to the coarser 1 mm to 8 mm sediment found w1th1n the channel bed, the
. finer-grained matenal will not remain in the study reach if the marn—stem discharge is low.
- . ;;Therefore, deposmon of this sedlment within the study reach oceurs only in the overbank areas
e and reqmres an associated high stage on the Trinity Rrver '
: ' The post- -dam hlstory of water and sediment input to the Tnmty River provides m31ght
regardm g the controls and timing of fine sedlment deposmon that supports an evaluation of
c channel restoratmn alternatives. Because the post-dam ehannel change is primarily a result of
: ;sed1mentat10n on the bed and banks of the pre-dam channel the hlstory of channel change
o idepends not only-on the discharge on the main-stem Trinity R1ver but also on the water and
| ‘sedrment dehvered from lnbutanes downsfream of the dam, Of parttcular importance for the .
;_fine matenal in the channel bed i is the sediment input frorn Grass Valley Creek. The fine-grained
jmatenal in the channel banks likely derives from both Grass Valley Creek and Rush Creek, the
‘other pnnelpal tnbutary to the stud:.ir reach. , -
- Information on post-dam water discharge is avallable from three USGS gages (T rinity
River at Lewiston, Grass Valley Creek at Fawn Lodge, Trinity River below Limekiln Gulch). A
;eomplete post—darn disoharge record 1s available only for-thejLenriston gage. The periods of
fr:ecord for the gages are Lewiston' 1911 - present Fawnl Lodge: 1975 - present; Limekiln Gulch:
_ 11981 11991, Measurements of suspended sediment were, made at’ the Fawn Lodge and Limekiln
| . r_iGulch gages These samples are taken throughout the water depth and capture suspended

' -§sed1ment almost entxrely ﬁner than 2 mm. Insufficient measurements are available of the
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B ;itransport of coarser gramed matenal along the bed to establlsh 2 hrstory or rating curve for Grass
- %Valley Creek. It ma},r be- presumed that a positive correlatlon ex1sts between the transport rates of
'fthe coarser and finer grained sed1rnents, although the différent controls of bed-load and

' ;suspended-load u'ansport make a direct correlation not p0351b1e -
_ The la.rge reduction in river discharge from reservoir control and interbasin diversion is at -
| the root of the post-dam channel change. All post-dam floods are small compared to the pre-dam
floods For exarople, the 1argest single daﬂy discharge i i’ the 34-year post-dam period is

13,800 cfs (USGS gage, Tnmty River at Lewiston , 1/18/74), which i is less than both the mean
. -annual flood and the flood with a tonyear return period under pre-dam conditions. During this
‘same 34-year period, there have been only 10 days with: mscharge exceedlng 8500 cfs, which is
‘one-half the pre-dam 2 year ﬂood. ,

Because channel change requires enough water mscharge to transport serhment most of
the post-da.rn channel changes have occurred during the; remammg hrgh flow events. Figure
6.6.1 presents a record of all dlscharge greater than 3000 cfs entermg the upstteam endofthe
| ‘study reach (Le\crston gage). The most important observat_lon.thar may be made with these data

is that episodes of high flow are relatively rare in the post-dam period. All of the discharge

e greater than 3000 cfs occurred in eight of the 34 years; 76% of the discharge greater than
13000 cfs occurred 1n three years 1963, 1974, and 1983.. Dlscharge has exceeded 3,000 cfs for

215 days in the post-dam period. All of the discharge greater than 6000 cfs occurred in six of the
34 years; 71% of the discharge greater than 6000 cfs occurred in two years: 1963 and 1983.

o ;Drscharge has exceeded 6,000 cfs for 76 days in the post -dam penod.

| Because the records at Fawn Lodge and leeklln Gulch do not cover the entire post-dam

- period, this discussion focuses on the particular events involving a large sediment discharge from

7 Grass Valley Creek, rather than an accumulated, accouutihg:of the sediment moving through the

_ tworivers. duringji_the post-dam penod The period of record considered is 1975 10 1990 (15

]rvater years), which extends from the start of the Fawn Lodge record to the installation of a
jsedjmenr trap up;r.'u‘eamlof the Fawn Lodge gage in 1990. During this period, an estimated
493,000 tons of suspended sediment were delivered to the Trinity River from Grass Valley
Creek. 90% of -t.his sediment was delivered during three years; nearly all of it was delivered

- during winter storrns in January through March (Table 66 1).

S The fate of sedlment delivered to the Trinity Rwer by Grass Valley Creek depends on the

'*'?magmtude of water discharge in the Trinity River dunIlg and after the primary sedlment loadmg
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e '-7;F1gures 6. 6. 2 6.6. 6.6. 4 present the water and suspended sedlment records for the three main
"_;sed.unent dehvefy events in 1978 1983 and 1986, respectlvely 'I'he upper panel of each figure
§presents the water discharge for the Trinity River at Lewiston and Grass Valley Creek at Fawn
' SLodge The lower panel presents the estimated suspended sedlment discharge for Fawn Lodge

jand (for 1983 and 1986) the Trinity River at Limekiln Gulch.

: - M‘ h,1 (Flgure 6.6.2). 75,500 tons of suspended sediment is estimated to
%have been dellvered to the Tnmty River from Grass Valley Creek dunng January - March, 1978.
iTWO-ﬂ‘IJIdS of thlS sedlment was dehvered over five days Jan. 14 18. The. flow on the Trinity
River was con51stent1y low during thlS penod and in the following two years. The largest '

7 ‘subsequent daily mean d15charge (Lewmton gage) is 746 cfs for WY1978 and 628 cfs for

' -3;WY1979 The next larger discharges are 20 days with 2000 < Q < 2600 cfs in February and
March of 1980 and 11 days with 3 920.< Q < 4,490 ofs i in December 1981. Asaresult,itis
_;-hkely that most of the coarser-gramed sediment delivered du:nn g the 1978 event remained near

‘the mouth of Grass Valleyr Creek for a period of four to five years. Downstream dispersal of this-
jsedm:tent is not llkely to have occurred until 45 to 60 moriths followmg its introduction into the
anmty River. The finer-gramed sediment from the 1978 flocd on: Grass Valley Creek is likely to
3 '; have been removed from the study reach without substantial overbank deposition because river
- §stage was not h1gh enou gh to permit deposition in overbank areas.
| Janum <:April, 1983 (Flgure 6.6.3). 300,000 tons of suspended sediment is estimated to
| ;have been dehvered to the Trinity R1ver from Grass Valley Creek dunng hE: anuary - Apnl 1983..

o vaer 80% of thlS sedlrnent was delivered in seven days: J an, 26-27. and Feb. 28 - March 4. The

1983 sediment lead represents 62% of the estimated suspended sedlment discharge for the entire
: 15 year period até the Fawn Lodge gage. This very large sedlment.lead is accompanied by some
of the largest pofsft?dam water discharges on the Trinity River. Duringand following the |
sediment discharge events on Grass Valley Creek, the Tnmty River experienced 73 days with
: fdisch’arge greater than 3,000 cfs and 39 days with discharges in excess of 6,000 cfs. Given the

. ?magmtude and duratlon of very high flows following March 4, it seems unlikely that most of the
‘¢oarser- grained sedunent remained near the mouth of Grass Valley Creek, but was dispersed
-along the entire Tnmty River channel to its confluence with the North Fork. The amount

transported past the conﬂuence with the North Fork is unknown

SR It is also 11kely that the penod of January - March 1983 was. one of the primary eplsodes
jef bank bmldmg along the margms of the river. The comhmauen of a large influx of fine
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sedlment wnh roughly two rnonths of hlgh stage suggests that a large pomon of these banks may

. have been constructed at that time.

| Eebrum = March, 123@ (Flgure 6.6.4). 59,000 tons of suspended sed1ment is estimated

to have been dehvered to the Tnmty River from Grass Valley: Creek durin g February and March,

| -1986._ Th;ee—querters of this sediment was delivered over six days: Feb. 14-19. This sediment
‘load was: aecompaoied -by releti‘z:ely lsrge discharges on the Trinity;‘River During and following
the. sedlment dlscharge events on Grass Valley Creek, the Trinity River experienced 14 days with
dlscharge greater than 3,000 cfs and 9 days with discharges in excess of 6,000 cfs. D1scharges in

: the following years, however, were quite low. The next dlscharge greater than 1000 cfs occurred -

more than three years later (25 days with 1520< Q< 2000 cfs in May of 1989) and the next

. : dlscharge greater than 3 000 cfs did not oceur until 1992. - Thus, some dispersal of the 1986
- sedlment occurred in the month followm g its 1ntroductlon to the Tnmty River, but little

o : addmonal movement of the sedlment is Itkely to have occurred in the following, six years

The degree of bank buﬂdmg in 1986 is likely to be smaller than that in 1983, because less |

sedlment was mtt'oduced into the Tnmty River and because the subsequent stage on the main

E stem is lower. Th_e Hsedlment input was 1mmed1ate1y.followe,d by a one-day peak at 4,000 cfs, but
i - subsequeut discharges :greater 3000 cfs did not occur unt11 three weeks after the tributary
sediment input, Vdur‘ing?which'tirﬂe the finer sediment would heve-been largely removed from the

teach.

- Earlier ngh Flows. Wlth the eexception of one dat;s,r with Q>6000 cfs in 1970, the only

. hlgh ﬂow events' that precede the begmmng of the gagmg record at-Fawn lodge occurred in 1963
j and 1974 The amount of sedlment 1nput associated w1th these events is unknown. In
e ﬂeons1denng the fate of sediment delivered to the main stem dunng the 1960 to 1975 period, the

]chfferent transport pattern of sediments ﬁner and coarser than 1 mm is important,

3 Post Dam. Deposmon History

The coarser grained (1 inm to 8 mm) decomposed granitic sediment delivered to the main

stem by Grass Valley Creek tends to remains in the chantiel until removed by subsequent high .

~ flows. The 1963.and 1974 floods were quite large (15 days Q>6000 cfs in 1963; 9 days

: 1Q>6000 cfs in 1974) and likely carried much of the tributary-derived fine sediment through the

' Eentire study reach. At the same-time,, most of the sediment delivered by Grass Valley Creek over
‘- the 12 year period between 19dsrand'19.?4 would have remmned in the main stem until the 1974
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;fiood occurrcd "f'horcforc; it isllikoly that the onset of pors.'ist'ont ﬁne- gralned deposition in the
L -:.Tnmty River bed datos from Grass Valloy Creek sediment dehvery events following 1963.

: A large quannty of sed1mont was dehvered from Grass Valloy Creek in 1978. Because
thcro was negllglblc mmn—stem flow during and followmg this evont this sediment is likely to -
havo remained on the Tnmty River bed near the mouth of Grass Valley Creek for a period of
four to five years. The sedlment dehvorod by Grass Valley Creek in 1983 and 1986 was
aocomparned by largo dlscharges on the Trinity River. Despite the very large sedn:nont influx in
1983 the subsequent magmtudo and duration of very hlgh flows mako itunlikely that a large
deposit of sedlment remained near tho mouth of Grass Valley Creek at the end of the water year,
but 1nstead a largc portion of th13 sodlmont was dispersed down the: Tnmty Rlver and beyond the
3 -oonﬂuonce with the North Fork. . . s .

Doposmon of the finer- gralned (<1 mm) sedlmcnt forrmn g the steop banks of the present
day channel requlros both a hlgh stage and a high sedlment conoontratlon The very large floods
of 1963 and 1974 are likely to have had the necessary hlgh sodlmont concentrations during at
. .least a part of the, flood. Aerial photographs show establishment of some npranan vegetation by
' 1965.. Channel oross sections were surveyed in 1961 and 1965'by the USGS unfortunately, most -

L ’_‘of theso sections’ Were disturbed by bulldozers prior to the. resurvey. One undisturbed sections

o -‘7‘ about 1500 ft downstream of the Rush Creek confluence cloaarl:,r shows deposmon of a berm

' :along the nght bank of the low. flow channel and growth ofa profusmn of young willows ..

along the right bank“ was reported by Ritter (1968). |

L Bank deposmon during the 1963 flood may havo been hnnted howover because only.

| | threo yoars had passod since the dam was closed and vegetation. that had encroached i into the
 channel ‘would ha\_re been small and susceptible to removal by the 1963 flood, which had an
instantaneous peak discharge of 12,700 cfs. The low discharges in the subsequent 12 years, on
- the other hand, would have given the encroaching vegetation time to become well-established, so
that the 1974 flood was unable to.remove it. Becanse the iregetation produces a large resistance
to the flow along the channel margins, over bank veIooidos are %vory?low: and the fine-grained
sediment is able to settle out, théroby building the banks. Itis llikelly that the first major episode
of bank building on the Trinity River occurrod during the 1974 floed, although the growth of

L vegotanon within the former active channel over the precedmg 12 years was necessary to permit

| th1s bank bmldmg 1o occur- dunng the 1974 flood.



82

1 The only other occurrence of combined hlgh river stage and hrgh sediment concentration
. dunng the post-darn penod occurred during the early March flood of 1983. Thus, review of the

L "f?'-past dam water and sediment rhscharge history on the Trinity River Suggcsts that the steep, fine-

o gram banks lining the present channel may have been deposited durmg only two events: the

floods of January 1974:and March. 1983. Because the resrdence urne of fine-grained suspended
K sediment within, the study reach during such floods is well under one day, the duration of the
- ldeposmonal penods with the necessary sediment concenlratton and river stage is quite limited.
jTh1$ duratton in 1974 is unknown,. because there was no water and: sed1ment gage operating at
-that time. The peak sediment concentrauons in 1983 occurred overa penod of 5days (2/28 to
3/4). Lti 1s likely that the steep, ﬁne-grarned banks charactensuc of the present day channel of the

Trinity River were depos1ted in two events over a total duratton as short as two weeks.

iR_cIeaLTm_ng ,

| - Spemﬁeanon of flush ﬁrning mist include consideration of the periods of spawning,
lineubaﬁon, and irﬁgration of the‘anadromous salmonids. Releases in May or June will avoid the
- scour of active redds and can assist the downstream migration of Juvenrles A different timing
‘option is to release water su:nultaneousl},r with high flows ori the tributaries, which occur in

w1nter and spring, mostly in response to rain and ra1n—on-snow runoff. If the release is dmed and

S cal1brated to supplement the tributary inflow in order to bring the river discharge up to a

R jspect{-led value, a direct savings.in reservoir water is achJeved and a high discharge is provided to

- ilrnmedlately ﬂush the mbutary-denved sediment. Such a timed release also has the advantage

‘ -;—of permitting hlgh ﬂows during the winter season, g1v1ng a release plan: that more closely

B ‘ :approxrmates the nver § natural seasonal runoff pattern. -

" The hrmng of synchronous ﬂushrn g releases could be based on weather forecasts and a
srmple model of basin lag times, or determined more prec1se1y by gage data telemetered from
tmbutary gages .;

| There are several disadvantages to a timed release plan The first stems from the

 relatively small dlscharges that may be expected from the: iributaries. The drainage area of the

'mam stem is nearly 10 times greater than that of the tributaries draining into the reach

L 1rnmed1ately downstream of Lewision Dam. The typlcal flood d:lscharge from these tributaries is

~ much smaller than is required for flushing the main stem. _The median annual flood on the
largest tributary, Grass Valley Creek, is 357 cfs, using d'aily mean discharges (Table 6.6.2). The
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3med1an value of the largest daily mean d13charge for ﬁve consecutwe days, which is a more

«likely target for release t1m1ng 1s 193 cfs “Assuming that the rernamder of the mbutanes

- jcontnbute the. same amount of runoff at the same time, the result i is that one may expect the

;tnbutary supplement to the mam-stem flow to exceed 600 cfs i in only half the years.
_‘ Although substituting tnbutary water for reservoir water represents a savmgs itis a small
o propomon of the mscharge requued for flushing the main tnbutary This savings is partly

| . balanced by. the eqmpment and personnel costs of a timed release and the potential safety

elconcerns mvolved with releasmg a flood discharge on short notice. Requirements for gradual

- r;;‘.;%ramptng of release discharges pose an additional constraint on synchronous flushirig. Typical

| }ramptng schedules would have to begin considerably in: advance of the peak precipitation,

‘without reliable knowledge of the actual magmtude of tnbutary high flows.

| - A more severe dlsadvantage of the timed release opl:ton is that it is likely. to lead to
, ..::further deposmon on the steep, ﬁne—gramed bank along the channel margins. The banks

i . irepresent an important hab1tat constraint, because the river dlscharge is concentrated into a

7deeper channel with hlgher velocmes providing few refugla from high flows for fish, especially

L Juvemle salmomds This problem has been recognized along the Trinity River and these levees

L iwere mechanlcally removed at a number of sites in 1994.. Bank rernoval however, does not

'-rj,remove the problem of fine-gtamed deposition along the channel margm ‘The largest release

lichscharge cun'ently under dlscussmn 1s 8500 cfs, which i 1s roughly one half the mean annual

- _..-3ﬂood for the pre-dam channel If the banks are removed, restorin g the channel to its pre-dam

f?geometry, such 2 dlscha:ge is not llkely to prevent channel—margm recolonization of vegetation,
:wh1ch then stabﬂlzes the banks and- promotes further deposmon of ﬁne—gramed banks. The rate
of bank sedtmentatton wﬂl be accelerated if high flow releases commde with delivery of fine
sednnent from the tributaries, because this will allow sed1ment—laden water to overtop the banks,
flow into npranan vegetation, and deposit sediment on the banks ,

The hlstorlcal analysis above suggests that these banks have depos1l:ed over a very short
penod as little as two weeks over the entire post-dam penod We recommend that flushing
releases should not be timed to coincide with tributary ﬂoods, because the relatively minor

. savings in water are balanced by monitoring costs and safety constraints, and because timed

releases can accelerate the deposition of fine-grained banks, which are an important associated

) - sed1mentat10n problem caused by the post-dam alteratton of the Trinity River morphology
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Bank-buﬂdmg isa problem Only for ﬂushmg releascs tuned to comc1de with. tl‘lbutar}'

R -j-;dlscharges, because these are the only releases likely to contam largc concentrations of the -
"finccessary fine- gra.mcd sedlment. Flushmg flows releascd without coincident tributary flows
¥ contaln little. suspcndod sedlment. We collected suspendcd sedlmont samples during the
580{) cfs release in 1992 and found essentially no suspended load, although there was active
g near—bed transport of the coarse sand and fine gravel matenal found in the bed.

If a synchronous relcase is not used, the interim fate of the tributary-derived sediment and

f its effect on acnvo redds must be consulcred Here, it is important to differentiate the transport:
“and dcposmonal patterns of the: sediments: deposued in the river bed and on the channel banks.
There is almost no overlap in thelr grain’ s1ze the bank sedlments are predominantly finer than

- 1 mm, whereas the fine sed:lment w1th1n the channel bed is predominantly 1 mm to 8 mm. This

ciisa common sortmg process wherem finer gramed sediments cannot deposit in the swifter

cumsnt over the nver bed, are camed hi igher in the ﬂow and dep051t in low velocity regwns along

5,the channel margms

. The abscnce of sedlmcnt finor than 1 mm in theibed of r.hc river suggests that the

Sl dlschargcs natura.lly assoc1ated w1th the. influx of tributary- -derived sediments are sufficient to
' removc this fine- gramcd scdlment from the river system ¢ and that 1nﬁltranon of this sediment intc
redc_ls does not oc;cur. The potcnual ;mpact of this sedlmout on mc_ubatmg cggs is to reduce the
: . mtragravellﬂow‘ resulting in low levels of dissolved oxygen in redds. Low levels of dissolved
. - i-oxygen in redds. havc not bcen observed in measurements made by USFWS, nor have exhumed
redds contamed suffocated eggs. Thcsc observations further support the conclusmn that
' sediments finer than 1 mm are transported downmstream: by mbutary—denvcd flows and that their

: removal does not require augmentauon by releases from thc dam.

The coarser 1to & mm sechment delivered by tnbutary storms cannot be transported

3- through the mzun—stem channel w1th tributary inflows alone, and will be deposited near the
confluence unul a high dlschargc on the main-stem msperses the sediment downstream. These

: sedlments have an important impact on thc salmonid populatlon ~Although they are coarse

‘ onough permit adequate 1ntragravel,ﬂow (thereby mam'\camm g dlss_olvcd oxygen for incubation
and hatching),_tﬁese sediments,do fill gravel -intchticcs;audf prevent ‘alevrins from emerging from
“the bed. Redds exhumed in the Trinity River by USFWS“haVe contained successfully developed
| alevins that were unable to emergc due to'the presence of these sediments. During most tributary

1nﬂows a.nd w1thout a reservoir release, these se.chments pose a risk of infiltrating active redds



85

_i-'only in the 1mmed1atc v1c1n1ty of a conﬂuence A large: synchmnous ﬂushmg release can remove

RN some of the coarser fine scchments from the study reach, but at the. expensc of distributing the

1 sedlmcnt mﬂux throughout thc reach while redds are occupled while also increasing the risk of

g scounng actwc redds and acceleraung the rate at which fine sedlments are deposited on the river
banks. |- | |




ot 1991 1992 and 1993 with the purpose of evaluating the effecnveness of high flushing releases
' 1n restormg fish habltax The objecuves of this project were to, document the effectiveness of
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7 CONCLUSIQNS AND RECOMMENDATIONS

‘Three mal ﬂushmg ﬂow releases on the Trinity Rwer below Lewuston Dam were made in

| -'-j:these releases in: removmg ﬁne—gramed sediments from' the channel bed and to develop
- 'ﬁrecommendauons for future ﬂushmg releases to clean and mamtam the potential spawning

a ) gravels along areach 13 mi (21 km) below Lewiston Dam. .

The followmg obJecuves deﬁne an optimum sedlment mamtenance flushing flow:
| (1) .rnaxnmze removal of ﬁne- gr'cuned sediment ﬁom the: nverreach
(2) mrrumrze the water consumed in the ﬂushmg release

)] mmln:uze the downstream loss of gravels, whﬂe also providing sufﬁc1ent gravel

entrainment to perrmt flushing of the sediment bed at depth.

» .}Re,mevm -Sand from the River Bed

The bed of the study reach is composed of gravel and cobble clasts with up to 30% finer

' ;gralned rnatenal (graln s1ze less than 8 mm) embedded within the coarser grains. The fine-
- grained sed.unents ‘when mtmded into. ‘the river bed, can pose two problems for incubating

salmonid eggs and alevin.” A large concentration of fine sedrrnents within the spawning gravels-

can decrease intragravel flow, thereby reducing the removal‘ of metabohc wastes and lowering

dissolved oxygen within the gravels, causing the incuba:ﬁng' eggs to suffocate. This problem is -

- ‘6omrnonlj,v associated with sediments finer than | mm. Fine sediments can also block the
- ,emergence of alevm from within the- sPawmng gravel beds. This problem is commonly
assomated with grains between 1- Smm ‘Most of the: 1ntruded sediment i in the Trinity River falls

‘ between 1-8mm, which suggests that decreased salmonid spawnmg success is due primarily to

1mpeded alevin emergence. This is supported by the observation of dead alevin, but no

. suffocated eggs, in excavated redds on the Trinity River. A successful sediment maintenance

ﬂow on this portlon of the- Tnnlty River should remove most of the sediment in this size range.

A range of small dlscharges exists over which the finer. gramed sediment can be

transported over the bed surfaoe at a relatively small rate without any measurable transport of the

: -‘grav_el. Tlre volume of sediment that can be removed m:jsuch a flow is limited not only by the
_-_3so1aﬂ ‘transport rate, but also by the fact that no sediment-can be removed from beneath the bed
-.;sorface..- Two trial releases at a idischarge of roughly 2800 cfs (80 m3/s) produced negligible




. Removm y Sand from the Stud : Reach

87

entramment of the gravels. The ﬂushmg effectiveness of these drscharges is limited to removal
_.jof sand from the bed surface, the bed cannot be flushed at a.n:,lr depth

A release of 5800 cfs. (164 m3/s) for 5 days in 1992 was just sufﬁcrent to mobilize the

surface gravel layer and entram underlymg finer sediment: Although the gravel transport rate
: iwas quite small, the gravel on. the bed surface was almost completely entrained over the course
| %of the five-day pealc flow. Thts cornbmauon of flow strength and duration was just sufficient to
;_dlslodge nearly all of the- gravel grains present on the bed surface, although many of these grains
jrlzloved only a small distance downstream In the presence of a sand concentration in the river
fbed that is. much smaller than presently found, such a release could provide flushing to a depth of
. 15cm to 20 cm w1thtn the bed. '

;Recammendatxon The. entramment and flow observattons lead us to recommend that a release
of 6000 cfs (170 m3ls) for5 days is a minimum for entramtng the bed gravels of the Trinity

o ?Rwer to achleve ﬂushm g below the bed surface. Other dlscharges may produce a similar degree |
©of gravel mobrltzatton but will: reqmre a dlfferent release duratron to achieve the same result.
.3Because the frequency of gravel enu'arnment increases very. raprdly with discharge, larger

B ;drscharges will mobrhze the gravel more effic1ently The most efﬁcrent release for gravel
tientramment Would be the la.rgest possrble For example, a d.tscharge of 8500 cfs (240 m3/s) for
o ]-';one day would achieve the same degree of gravel entrainment as a drscharge of 6000 cfs for five

days, but would use approxlmately 70% less water. Htgh dlscharges do not, however, provide an

. optlrnum combtnauon of maxunum sand removal and mmrmum gravel loss because the amount

' -of gravel transported is very large

The overall quantity of sand in the study reach i 1s large Although the 1992 release

- reduced the proportion of sand on the bed surface in many places, it did not produce a substantial
- reducuon in the proportion of fine materials in the bed. In the presence of a high sand
.‘co'ncentration, a discharge sufficient to entrain the bed gravels and ﬂush sand at depth will not

o ,produee a markedly cleaner bed because sand will be redeposrted with the gravel. To achieve

successful ﬂushmg at depth, the total volume of sand in the reach-must be reduced.

: The rate at which- sand can be removed by a ﬂushmg release may be increased by

dredgmg pools to act as sedlment traps. Dredged pools decrease the effective reach length from

' ': : _whrch sedrment must be removed by the ﬂow Byi mcreasmg the quanttty of sand that may be
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- removed from the nver with a g1ven volume of water, dredged pools offer the potentlal of

. :{:.:'_decreasmg both the water used 1n a ﬂushlng release and the downstream loss of gravel.

The efficiency ofa ﬂushlng release depends on the chscharge and volume of water used,

¥ and the extent of pool dredging. We evaluate the effectiveness of different flushing options by

! calculaang the sand removal and downstream gravel transport for different combinations of

water volume, dJscharge pool dredging. To do this, we estlmate the quantity of sand presently
L 1n the study reach and develop: relations between water: discharge and sand transport, gravel

transport, ‘and pool trapping. . These are then used in a sediment routing formulation to calculate

sand removal’ as. a function of water volume, discharge, and pool dredging. The sand—removal

‘ efﬁc1ency of the; 'various ﬂushmg options can then be evaluated in terms of water use, gravel loss,

: and dredglng volume

The opnmum rnagmtude of a sand removal mscharge is a compromise. Larger discharges

.producemore efficient sand transport and allow ﬁner—graaned sediment to be entrained from
‘below the bed surface.: But'tlar‘:g'er releases also reduce the trap efficiency of the pools, increase.
o the transport rate and downstream loss of gravel and cause more of the pool storage volume to
“ be ﬁlled with gravel rather than sand We find thata dlscharge between 5,000 cfs (142 m3/s)
and 6 DOO cfs (170 m3/s) prowdes the greatest efficiency in sand removal, while keeping gravel

' .loss to- the minimum requlred to moblhze the bed.

Dredged pools greatly increase the. amount of sand that can-be removed from the reach

‘_ and dosoata small. cost relatlve to that of the released water The volume of sand that may be
: trapped bya pool fer a pa:meular dlscharge will depend on its width, length, and the depth 10
‘ whlch itis dredged Fora g1ven water discharge, 1nd1v1dua1 pools will have a stable depth at
.whlch the rate of sand input and output is roughly balanced Dredglng below this depth is
‘ necessa.ry to trap sand efﬁc1ent1y The stable depth depends on the rate of sand delivery to the
pool and on the water discharge and pool geometry, which: determme the transport capacny of
the pool. ‘We develop a method for estimating stable pool depth and test the method against pool
observatlons made durmg the trial releases. In the sand routlng analysis, we specify dredging |
f depth relative to .the stable pool depth in order to penmt a dJIect comparison among different
% dredging. opl:tons

For a dlscharge of 5,000 cfs to 6,000 cfs and a volume of released water less than
125 000 acre—feet Wthh mcludes those used in the trial releases, dredging pools to a depth of

two feet below stable depth prov1des sufﬁment storage to trap most of the sediment delivered to
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ﬁthe pools. Deeper dredging: depths would be requ1red te efﬁcrently trap the sediment delivered

lby the release of a larger volume of water.

The location of dredged pools w111 determine the spatlal drstnbuuon of sand removal. If

.aneven d15tr1buuon of sand removal is desired, pools must be lecated throughout the reach. The
"emsrmg dredged pools are all l_qcated in the upper half of the study reach. If these pools are
dredged, a release using 100, 000 ro 150 ,000 acre-feet of water can provide substantial sand -

}removal in upsu‘eam half of the study reach but much less sand removal further downstream.

Recommendanon A ﬂushmg drscharge between 5 000 cfs (142 m3/s) and 6,000 cfs

f(l'?O m3/s) prov1des the greatest efﬁc:1ency in sand removal whrle keeprng gravel loss to the
| irmmmum requrred to mobilize the bed. We recommend that pcols be dredged to act as sediment
3 ‘traps pross1ble, two add1t1onal pools should be added:to the downstream portion of the study
reach from Socrety Pool to Steelbndge This reach is the lon gest w1th no pools and has the
'%largest sand content. Without new: pools in the downstream half of the study reach, the sand

- removal that can be accomphshed in th1$ reach is limited and much larger volumes will be | ‘
S .ineeded to. clean the bed sediment. Wrth pool dredging, a dlscharge of 5, 000 cfs (142 m3/s) and
6 000 cfs €170 m3/s) givesa comhmatlon of sand discharge rate and pool trap efficrency that
e ;offers the largest sand removal for the smallest volume of water used while also limiting the

; ;f-downstream loss of gravels from the study reach.

: R_eMg

Specrﬁcauon of flush timing must 1nclude consrderatron of the periods of spawnmg,

-lncubanon, and nngratmn of the anadromous salmonids:” Releases in May or June will avoeid the

scour of acl:lve redds and can assrst the downstream m1grat10n of juveniles. A different timing

opuon is. to release water s1rnultaneously with high flows on the tributaries, whrch occur in
winter and. spnng, mostly in response to rain and ram—en—snow runoff. If the release is timed and

calrbrated to supplement the tributary inflow in order to bring the river discharge up to a

. spec1ﬁed value a direct savings in reservoir water is-achieved and-a high discharge is provided to
3 7 1mmed1ately ﬂush the tributary-derived sediment. Such a tlmed release also has the advantage -
o c-f permitting hrgh flows durlng the winter season, glvmg a release plan that more closely

'apprommates the river's natural seasonal runoff pattern.

The potential savings in water from synchronous‘ releases are likely to be small. The

o :‘, - drainage area of t:he..main stem ef the Trinity River is ne_:arly 10 times greater than that of the
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L f?-.l.nbutanes draining into the reach 1mmedlately downsneam of Lewiston Dam. The median

‘ ir'snnual flood (calculated usmg the largest daily mean thscharge for each year) on the largest

B tributary, Grass Valley. Creek 1s 357 ofs. The median value of the largest discharge for five

o §'consecunve days; which is 2 more hker target for release timing, is 193 cfs. Assuming that the

o remamder of the tributaries contnbute the same amount of runoff at the same time, one may

i :,expect the lnbutary supplement to the main-stem flow to exceed 600 cfs in one-half the years.

Althou gh substituting mbutary -water for reservoir water represents a savings, it is a small
I pmporuon of the dmcharge reqmred for flushing the main tnbutary This savings is partly
balanced by the equlpment and personnel costs of a timed release and the potential safety
concems involved with releasmg a flood discharge on short notice. Requirements for gradual
| rampmg of release chscharges pose an addmonal constramt on synchronous flushing. Typical
| ramping schedules would have to begln considerably in advance of the peak precipitation,

| 7 ;"w1thout rehable knowledge of the actual magnitude of lnbutary h1gh flows.

_ There are more: substantlal problems with a synchronous release plan. In most years, hrgh
| -;.ﬂows on the, tnbutanes occur between December and March Salmomd redds are occupied
dunng this time; so a’ synchronous release plan mtroduces the risk of scouring active redds.
A second important dlsadvantage of the. synchronous release option is that it is likely to
lead to further deposition on the steep, ﬁne-gralned banks aleng the channel margins. These
‘ banks together w1th the w1despread deposmon of fine- gramed sedlment within the channel bed,
c are the primary sedimentation problems produced by the altered flow regime of the Trinity River.
- ;;The ﬁne grained banks are buﬂt when the discharge exceeds the capac:ty of the smaller, post- -

| reservou channel causing the river stage to exceed the bank elevauon which allows slow

B rnowng sedlrnent-laden water to deposit fine-grained materral ‘within the alder band on the banks,

) Deposmon of these banks I'CC[I.III'CS a combination of hlgh river stage and a high concentration of
| ﬁne sednnent An analysis of the post-dam discharge. hlstory of the Trnnty River, together with
the record of sediment dlscharge from Grass Valley- Creek suggests that bank building is a very
: rapid process, occumng over a very short penod of time,. perhaps as small as two weeks in the

“period followmg the dam closure.

Although such banks, or levees, are common alon g alluwal rivers, they pose potential -

3' management problems for the anuty River. As the banks grow in hei ght, flows are confined at

T higher and higher discharges. The result is concentration of flow into a deeper channel with

Y hrgher velocities; providing fe\u refugia from high ﬂows for fish, especially juvenile salmonids.
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%Thrs problem has been recognlzed along the Tnmty Rlver and these banks were mechanically
T ;removed ata number of 51tes 1n 1994 ‘Bank removal, however does. not remove the problem of
" fine- gralned deposition along the channel margin. The largest release d1$charge currently under
‘-;éhseussmn is 8500 cfs, wh1ch is roughly one half the rnean ‘annual flood for the pre-dam channel.
If the banks are removed restonng the channel to its pre—dam geometry, a discharge of 8500 cfs
is not hkely 1o not prevent channel-margm reeolomzatton of vegetation, which then stabilizes the
' lbanks and promotes further deposmon of fine-grained sechment The rate of bank sedimentation
3 7 will be accelerated if high- ﬂow releases from the dam. c01ne1de w1th delivery of sediment from

. the tnbutanes because this w111 allow secl.tment—laden Water to overtop the banks, where it is

- slowed by the npanan vegetatlon and able: to deposit sediment. _

| Bank bulldmg isa problem only for flushing releases timed to coincide with tributary

: discharges,. because these are the only releases likely to contam significant concentrations of the
-fine-grained bank-forming material.” Flushm g flows released without coincident tributary flows .
contain little suspended sediment. .We_'collected suspended sedirnent 'sa'mples during the

5800 c'fs-release}in 1992 and found e:ssentially no suspended.load,'although there was active

o f.near bed transport of the coarse sand and ‘fine gravel'rnaterial'found in the bed. The absence of

- ithe fine- gra.tned bank fortmng material in the bed of the. river demonstrates that the discharges

;naturally assoc1ated with the 1nf1ux of trtbutary-denved sedlments are. sufficient to remove ttus

7 ?fme gramed sedlment from the river system.

- ;Recommendatzon Flushing releases should not be timed to colnmde with tributary floods,

' ‘because the relatwely minor savmgs in water are balanced by monttormg costs, safety
‘constraints, increased risk of scouring active redds, and aceelerated deposition of the:fine-grained
banks, whieh are:an important habitat limitation produced by the post-dam alteration of the
Trinity] Riirer hydrology Flushing releases in May orJ une can be scheduled in advance, are
‘unhkely to coincide with tnbutary floods avoid scour or sedlmentanon of active redds, assist the

' ‘downstream migration of _]uvemle salmomds and carry essennally no ﬁne-gramed material that
:Would contnbute to bank bulldlng ' h '

‘ ‘Further Work

The selection of a sedirn‘ent maintenance releaseplan depends on a large number of
‘factors, many of which are beyond the scope of this study. 'I‘hese 1nc1ude the value of the water

used, the reservoir operatmg rules, the legal obhganons assoc1ated with the water, the vanatlon
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in nme of both thc supply and demand on thc reservoir watcr, the: cost: of. drcdgmg and imported
.: gravel and the response of the fishery to changes in physu:al habItat Bccause of the large
o numbcr of factors and ohjccuves Tequiring conmderanon, and because some of the objectives
| -]_ ) cannot be mutually satisfied, it is-not 11kely thata smglc opumurn flushing release can be
-%1dcnt1fied Rathcr, itis neccssary to develop a rational basis for evaluating the tradeoffs among
: the d1ffercnt objccuves, so thata compromlse may be found that is. acceptable to all concerned
‘partles Further work is. nceded to develop a decision- malcmg tool that may be used to cvaluate

;thcsc u-adeoffs 1n an ob]ectlvc fashlon
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PE2 5/2851_

Q={357.
~STA k- | U n | osTA | h U n
fm) | ) | (mfsy | m) | () ) Cms) | | ]
© 300 103 | 031 |2 140 | 0.85 0.85 |14 - |MNotes:
60 | 125 | o.t [ 2 160 .1 08 | 092 |14} Q= water discharge (m"35s)
90 | 102 | 066 | 2 180. ] 0591 072 |13 " |STA = Location along cross-section
120 [ 062 [ 069 | 2 "200 | 085 | 083 |13 h=fMowdepth |
150 | 0383 | 082 |2 220.| 085 075 [13] U = depth-averaged velocity
180 |- 101 | 08 | 2| . 250 070 | 078 |12 " ' |n = number observations
21.0 | 1.08 089 | 2 280 | 076 | 090 |12] '| I n=1, reading 0.4h above bed
24.0 1.13 7] 090 |2 . 310 09t [ o091 |13} L
270 -] 110, 083 | 2 340°] L16 0.90 |13
1300 | 107 089 | 2 3700 | 122 | 092 |13
-330 | 113 ) 106 | 2 CADO: | 131 093 |6}
360 | 117 [ 105 | 2 430 1.68 094 | 7|
390 | 1.08 088 | 2| 460 210 | 091 | 7T
420. | Ll1 074 | 2 49.0 152 | 031 |2
. 450 | 0.76 021 | 2 1 - b
| PBDA 5/29/91 Q=[69.2 [PB2 5/20/01 Q=|67.1
"STA R | U o STA | h U n ‘
() } (m) | (mfs) | . m). | (m) } (mk)
“20 )12 | 027 f 2 8.0 | 0.76 017 |.2
30| 172 ] o046 | 2 100 .| 037 021 |2
60 | ‘1s8 | 089 |2 12.0. | 0.55 054 |2
90 | 142 | 092 |2 140 | 137 1,35 19
120 [ 111 | 1.01 {2 170 | 1.3 138 19|
150 | .37 116 |2 200 | 1.37 .52 |13
180 [ 148 | 128 | 2 20 | 1.3 1.15 |13
210 | 155 | 129 {2 240 | 1.17 1.19 - | I6
240 162 | 128 [ 2] 260° | 113 131 i3]
D290 | 160 | 126 |2 28,0 1.19 131 |13
300 1.54 [ 1,18 | 2 300 | 1.34 132 |13
33.0 1.58 [ 124 | 2 320 | 146 1.31 |14
360 | 1.63 125 | 2 . 350 1.65 122 |14
39,0 1.52 [ 118 |2 380 | 1.74 123 |15
420 1.60 |-'0.88 {2 41,0 1.89 1.22 |14
44,0 149 | 047 | 2 440 | 241 112 |11
' ! 470 253 0.8 |8
L B 49.0. | 2.07 028 | 2.
- [PBOA 5730491 , Q=[77.0 |PB2 5/30/91 Q=743
| 8TA | & U n | sTA | n U |[al
(m) | (m) | {m/s) m) | (m } (mi) | |
2.0 136 | 023 | 2 8.0 085 | 016 | 2
3.0 1.78 044 | 2 10.0 0.47 031 | 2
6.0 177 1077 | 2 120 | 061 | 067 | 2
9.0 152 | 098 | 2 14.0 1.46 1.07 | 8
120 | 122 f 105 | 2 17.0 146 1.17 | &
15.0 143 123 [ 2 20.0 1.46 116 | 8
18.0 155 | 138 | 2 23.0 1.37 125 | 8
21.0 165 [ 137 | 2] . 260 1.22 138 [ 38
240 | 169 - ‘137 | 2 280 . 128 | 139 |3
270 | 166 | 134 | 2 30.0 1.40 138 | 8
30.0 163 | ‘124 | 2 32.0 1.57 135 [ 8
.33.0 168 [ 131 | 2 35.0 1.74 123 | 9
36.0 172 [ 132 | 2 380 | 180 129 |9
39.0 162 [ 128 [ 2 41.0 198 | 129 |8
420 1 166 | 090 | 2 440 | 247 115 | 9
450 0.9 | 019 |1 470 -} 2.59 085 | 4
' - 4990 | 213 040 | 3

Table B.1 - Poker Bar Velocity Observations




TPB2 @52

103, |

I sta|  h~ U |
Sy |y b sy d ) ]
151 | 162 | 115 |3 [ . [Notes: |
18.1 1.86 124 | 3 __|Q=water discharge (m*3/s)
211 1.83 1.43 3 . |STA = Location along cross-section
25.1 146 | 146 [ 3| h=flowdepth |
20.1 | 1.65 168 | 1 ' |U = depth-averaged velocity
331 | 183 1.53 |1 7 |n = number observations
371 | 207 147 | 1 ~{If n=1, reading 0.4h ahove bed
L 41 2.26 140 | 1 - {For n = -6 or -5: reading taken
| 44,6 ] 290 1.5t |1 | & or § feet below water surface
: , | 478 ] o274 119 | 1]
PBI1B 6/13/92 Q=[165 - |PB2 6/13/02 Q=171
STA [ h U Ial STA | h U |[n
_ () m) | (s m) [ (m) fmfs) | |
7.0 165 | 034 .| 4 1L
925 | 247 | 082 |2 16.1 2,18 165 |4 {
120 | 244. ] 125 | 3 19.1 | 2.26 178 | 4
150 [ 235 | 152 | 3 221 2,23 193 | 4
{1765 ] 223 | 1713 [ 3 251-| 213 | 207 | 4
210 ) 22901 187 | 3 - 281 2.18 216 | 4
240 | 238 ) 195 | 3 311 2,30 217 | 4
270 [ 238 | 2:02 | 3 341 | 256 212 | 5
300 | 238 | 1787 3- "37.1 | 2.62 211 | 4
'330-| 250 | 197 | 3 401.. | . 2.72 200 | 4
360. [ 250 | 180 | 3 43.1 | 3.01 1.80 | 5|
390 | 274 | 169 | 3 461 | 3.30 140 |5
415 | =D 177 | -6 491 | 3.15 078 | 5§
450 1 »10 157 |61 [ . ,
PBOA 6114192 Q={150 |PB2 6/14/92. Q=164 .
-STA h | U n STA | h U |mn
m | @ | (mf {m) (m} | (mf) '
6.2 262 | 061 |3 16.1 2.23 1.54 | 4]
- 9.2 235 | 103 {3 19.1 2.26 172 | 3
122 | 213 134 { 3 22,1 2.21 .88 | 3|
152 238 | 149 {3 25.1 213 | 194 |3
182 256 | 154 {3l 221 | 217 194 [ 3]
212 | 268 | 171 (.3 31.1 2.28 201 |31
242 | 2747| 178 | 3 34.1 2.51 202 | 4
272 | 10 | 174 |-6 371 2.55 199 | 4
302 | »10.] 1.68 |- 40.1 272 195 [ 4
| 332 274 | 175 | 3 43.1- | 2.88 178 | 4
- 362 | =10 | 174 | -6 4617 | 334 154 | 4
39.2 274 1.68 |1 49.1 | 324 | 084 | 4
422 268 | 126 | 3 L
452 223 1| 069 | 2

Table B.1 Poker Bar VeIocity-Observations
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B3
: . o i | “[PB26/15/92 Q=(163 " |PB2A &/15/92 ' Q=|164
Lo I |~ 1TSstA ] n U |o| - }'sfA] & [ U [n
: — - . L o] o | m ey [ | G (m) | (m/s)
1 |Notes: | 156 ] 216 | 146 [ 4 1. 160 | 155 | 083 | 4
i "|Q = water discharge (mA3/s) T ] 219 ] 138 | 4 1T 100 | 221 | 160 | 4
'|STA = Location along cross-section | | 20.1 | 2.26 | 180 | 4 . 235 | 258 176 | 6
h=1flowdepth ~ .| 231 220 | 185 | 4 260 | 251 .83 | s
. |U = depth-averaged velocity ] 261 201 | 200 | 4 290 | 246 .88 {5
- ..+|n=number observations : 29.1 2.15 211 | 4 320 245 199 | 5
i1 |Ifn=1, reading D.4h above bed 321 2.34 205 | 5. | 350 2.58 201 | §
. |For n = -6 or -5: reading taken 351 | 258 ) 200 |5 1380 | 270 | 201 |5
6 or'5 fect below water surface | 381 | 255 1. 195 [5] 410 | 276 | 138 [ 3
S T 4.1 |- 280 | 197 |[5] 40 | 299 | 18 |5
441 | 299 | 189 |5} 470 | 322 | 154 |3
471 | 328 | 127 | 5 408 | 300 [ 103 | 4
501 | 3.03 047 | 5 . ‘i‘
PB2-(Side Channel) 6/16/92 | '(PB2A (Side Channel) 6/16/92
STA | ‘h U |[n} | STA h U |n
(m)- | (m) | fmfs) | - 1 (m) (m) | (mfs)
i 2.0 088 | 032 [.3
21-| 079 | 030 |3 3.0 | 098 004 | 2
31 | o088 | 017 |3 . 5.0 146 | 0680 |3}
. o 51 | 088 | 008 |2 | 0 140 | 030 |3
R N S ) ‘ 7.1 152 | 042 | 2 | so 1.10 009 |2
c | | 8.1 .65 | 061 | 1] - 9.0 104 | 019 |2
: o B g _ 9,1 146 | o010 [ 2] | o | o094 | 011 |2
R S BRI A | ] 103 ] 134 | 072 |3 | 1o | 115 | 014 [2
- R R 121- | 143 | o8 [3] 1-130 | 082 | 033 12
. R S ‘ § 150 | 1a1 | 062 13
cooo .7, |PBIBG¥92 | - |Q=[123 - |PB26/17/92 Q=[114 |PB2A 6/17/92 Q=117
STA || h | U }a | STA'| h U |nf ] sTA h | U |
cm) [ (m) | (mfs) L (m). | (m) ms | |- 1 (m) {m) (mis)
7.5 158 | o350 [3]" 171 | 178 | 148 [ 3] 202 | 134 | 160 |3
100 | 213 [ 102 |3 211 | 184 | 155 [ 3] 240 | 213 1.52 | 3
130 | 201 | 108 |3 251 166 | 175 | 3 28.8 197 1.6 | 3
170 | 177 142 | a 2010 | 172 | 168 |3 28 | 204 | 169 |3
210 | 17 | 153 {3 331 | 188 | 179 |3 %8 | 219 | 178 | 4
25.0 192 | 161 | 3 37.1 2.09 1.78 | 3 41.7 2.32 173 | 3
200 | 192 | 163 | 3 41,1 | 230 [ 169 | 3 450 | 256 | 1.66 | 3 |
330 | 198 | 175 [ 3 451 | 274 | 152 |4 477 | zn 123 [ 4] |
37.0 | 210 |- 166 |3 481 | 271 [ o8 | 4 500 | 184 | 117 [ 3 |
4.0 | 229 166 | 3 ‘
450 | ’>10 164 | -5 ‘
\

Table B.1 .Poker Bar Velocity Observations
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; +. - |PBIB4R7/93 | . [Q=[739 [PB2.4/27/93 Q=[s2.1_|PB2A 427/9
: . IstA & | U [a] - | STA ] n U |nl | STA[ n | U =
o m | om | mf ]m | m) | ) | ] (m) (m) | (mfs) |
140 | 149 | 111 [4] 7 [130 ] 087 | 096 [4| | 25 | 162 | 135 {4/ |
1o [ 131 |1 e 160 | 146 | 124 | 4 25.0 | 165 | 125 [ 4 |
200 | 125 | 124 [ 4 190 | 149 | 118 [ 4!} 3090 | 162 { 137 | 4 |
230 [ 134 | 138 [ 4 220 | 140 | 129 [ 4 355 | 180 | 139 | 4 |
260 | 143 [ 139 [ 4 250 | 128 | 131 [ 4] ‘ |
200 | 143 [ 139 [ 4 2801 125 | 145 [ 4]
320 146 [ 143 | 4 S 310 | 143 142 | 4|
350 | 158 | 148 | 4 340 | 165 | 140 [ 4]  |Notes:
380 | 165 [ 148 |4 370 | 17 | 145 [a ] Q = water discharge (m"3/s)
410 | 180 | 143 | 4 "1 400 | 1.83 144 | 4] STA. = Location along eross-section
40 1 219 | 153 [ 4 ] 430 [ 209 | 136 | 4 'th = flow depth |
470 |18 [ 054 | 4 430 | 210 | 137 [ 4 |U = depth-averaged velocity
- 46.0 2.50 139 |4} |n = namber observations
48.0 2.53 120. | 4 [If n=1, reading 0.4h above bed |
i . l'so0 [ 180 | o055 |4 | |
{PB1B'4/28/93 | Q=[80.3" |PB2 4/28/93 Q=[78.9 |PB2A 4/28/93 ' Q={79.9 |
STA.l b: [ U [n _ STA h U [n STA h U |1 |
{m) | (m) ) 1 | m mf) | | (m) (m) (m/s) ‘
80 | 128 | 052 | 4 1 80 | o84 | 040 | 4 | 50 058 | 039 |1 ‘
L el o1es ) o107 [ 4] { 90 | 0358 | 022 |2 6.0 052 | 021 |1 |
L o 40 T 185 s 4 105 | 043.] 045 [ 1 7.0 027 | 0.4 |3 |
: oo s [ |4 1.0 [ o | [ ¢ 8.5 0 |
R - 200 [ 125 135 | 4 1.5 | 0 K 16.0 [V ‘
o 2307 134 D1y [ A 120 | 049 ["021 {4 | 170 | 072 [ 020 |4 -
oo l2en [ 146 | 142 1 4 130 [ 076 | 088 |4 120 | 125 | 077 [ 4
A 1290 | 143 | 143 | 4 160 | 148 | 124 | 4 2.0 | 152 | 133 [ 4 ,
o |320 <[ 148 | 149 | 4 190 1 149 | 115 } 4| 240 | 177 | 126 [ 4
: 1350 158 | 152 |4 220 | 140 | 120 | 4 270 | 165 | 131 [ 4 |
| 380. | 165 [-143 | 4 250 | 125 132 | 4 30.0 1,58 130 [ 4
410 | 181 | 146 | 4 280 | 122 | 140 j 4 33.0 | 165 | 148 | 4 |
440 | 223 | 150 | 4 31.0 | 130 | 138 | 4 360 | 1830 | 141 [4 |
470 .| 1.81 | 054 [ 4 340 | 1.65 | 137 | 4 3.0 | 186 | 150 [ 4 |
T 370 | 165 | 1.44 | 4 420 | 195 | 147 | 4 |
400 | 1.8 | 1.4 [ 4 448 | 207 | 150 [ 4 |
430 | 207 | 134 [ 4 476 | 226 | 110 |4
460 253 | 135 [ 4 07 { 207 | o |4
400 | 223 [ 001 | 4

Table B.1  Poker Bar Velocity Observations
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Table B2  Steelbridge Velocity Observations

o= 3.4
STA | h U n | STA h U |n
S (my | @) | (k) : G | (m) o) |l
‘130 | 018 | 009 |1 | 40 088 | os57 &} [Notes:
140 | 030 | o060 | 2 60 | 101 | 130 y 8] - |Q = water discharge (mA3/5)
150 122 . 123 |2 80 0.94 143 | 8 _|STA =Location along eross-sectio
160 | 1.28 154 | 2 100 | 0.99 149 | 8 h=flowdepth |
170 | 128 | 172 |2 120 | 098 | 147 | 8 _|U = depth-averaged velocity
180 | 13| 172 |2 13.0 | 101 142 | & 1 = number observations
190 | 131 | 196 | 2 150 | 099 138 | 8
200 | 140 | 196 | 2 160 | 091 135 | 8 [
210 | 145 | 199 | 2] 180 | 091 .19 | &
220 | 140 ] 167 | 2 200 | 0.88 120 | 8
230 | 125 | 140 | 2 20 | 076 | 085 | 7
240 | L19. | 1.05 | 2 240 | 079 | 023 | 7
250 | 116 | 092 | 2 ‘
.26.0 L13 | 051 |2 :
270 | 038 .| 012 |1 N B
SB2 6/1/91 -. Q= 236 [SBAC &1/91 Q= 2.0 [SB3D&/1/91
STA | B | U |n "STA | h U |n STA’ h U |{n
Lo gm) ey ] (mis) ' (m) (m) | (mfsy | ~(m) (m) | (mfsy |~
ol 13e ol 08 ] 0as |1 40 | 0.87 | 060 | 8 7.0 099 | 129 |6
o] 140 | 034 | 066 | 2 60 | 0.4 123 | 8 g0..| 094 | 134 |6
- 150 | 1.19 125 | 2. 8.0 0.91 143 | 8 1.0 | 098 131 | 6
160 ] 130 152 [ 21" 10,0 | 094 145 | 8 12.0 | 098 126 | 6
1170 | 130 :f 113 | 2 120- [ 054 | 151 | 8 140 | 094 132 | 6
175 [ o131 ) w7 [ 2] 130 | 091 149 -1 8 E ‘
180 | 130 ) 168 | 2] 15.0 0.94 1.43. [ 8 |.
185 | 131 191 |2 - 16.0 | 098 135 | 8§
190 | 130 | 187 | 2 “18.0°| 093 .17 | 8§
19.5 137 | 200 | 2 200 | 0.8% .19 | 8
200 | 140 ) 201 |2 220 | 075 | 083 [ 7
205 4 140 | 207 L2 238 | 079 | 034 |7
. 21L0- ) 143 191 | 2 o ]
21.5 | :1.48 1.80 | 2
22,0 143 7] 157 | 2
225 L33 | 152 |2
230 | 128 134 | 2
240 | 120 1.09 | 2
250 | 116 094 | 2
26.0 1.14 | ‘054 | 2.
270 | 040 | 1

B5




B6

- [EBzeR T Jo-| 5 [sBac ezmi

| 121 |SB3D 6/2/91

. oo lstal n U} _L.STA | h U o[ ¢ JSTA ] h u
P S ol m {m/s) L m (tn) mi | e ) | (mis)
o o145 ] 067 | 070 140 | 056 | 060 oo |70 | 065 | L0
150 | 087 | 1.00 6.0 066 | L13 0.0 0.58 1.03
155 | 0.96 | 103 3.0 058 | 127 110 | 059 1.08
160 [ -0.96 1.13 - 100 | 062 | 117 120 | 063 | 0.83
165 | 096 1,26 J 120 1 o082 | 114 140 | 059 1.07
17.0 | 098 | 1.28 130 | 0.56 113 '
175 | 084 | 132 150 | 058 | L12
180 | 056 | 1.32 160 | 058 | 104
185 | 099 | 1.40 180 | 059 | 099
190 | 098 | 143 200 | 055 | 089
195 | 1M |- 139 220 | 046 | 031
200 | 104 ] 139 238 | 047 | 067
205 | 107 | 148 '
S 210 ] 107 1.53
| 215 113 1.33
220 | 113 1.10
225 | 101 | 093
- 230 | 096:] 097
235 | 054 | 036
240 | 094 | ‘078
245 | o084 | 075
250 1 079 | 066
255 | 073 | o080

| . ~ 260 | 079 | 047 |

=]
2 |-
H

o || ]on] o

IR IS I IE IR T - T IR TR R T

Notes:
Q = water discharge (m*3/5)
STA =Location along cross-section
h = flow depth

U = depth-averaged velocity
'|n:= number observations

Table B2  Steelbridge Velocity 'Qbservations




LT . B7
e R _|SB3C 6/11/92 L
i Lo ) | m) | s o
o 70 |- 1.19 Leg [i2]|" Notzs:
1 110 [-122 | 176 iz ] Q = water discharge {m*3/s)
- 130 | 120 182 |2 STA = Location along cross-section
150 | 113 | 175 |2 h = flow depth | ‘
190 | Lo7 | 154 [:2 U = depth-averaged velocity
I o n.= number observations
SB3C 6/14/92 GQ=| s40 |SB3D 6/14/92 __ Q=] 535
STA h U [n]| STA h U n
m) | (m) | (mh) () | fm) | (mfs)
50 | 174 | 066 | 4 . 5.0 1.83 | 095 [ 4
7.0 {177 133 [ 4 7.0 177 | 135 | 4
- 90 |83 173 |4 9.0 .30 | 1.63 | 4
1.0 | 186 | 1.87 [ 4 11.0 .83 | 1.76 | 4
T 130 | 1.83 197 |4 '13.0 1.83 | 1.88 | 4
150 | 180 | 200 | 4. 150 1.83 [ 191 | 4
170 | 1.77 173 | 4 1700 | 180 | 178 | 4
190 | 174 | 151 | 4 190 | 175 | 138 [ 4
210 | 1.68 128 {4 . 210 | 168 1.19 | 4
: 23.0 | 1.82 075 4] - '22.4 1.51 097 | 4
61602 | Q=] 534 |SB3C 6/16/92 1=l 552 (SB3D 6/16/92 Q=| 543
| n | U n}) . | STA | =1 U |n STA h U n
c L s |l b m) [ my | i) [ ‘ {m) {m) | (mfs)
| 061 |1 058 |20 40 | 169 § 042 [i4 4.0 1.80 | 0.67 | 4
" 079 |L036 | 2 TR EE 117 | 4 60 | 186 | 113 [ 4
079 |i032 [ 1| 8.0 | -1.86 151 |4 8.0 1.80 |- 1.58 | 4
110 [ odo | 2. - 100 | 192 | 165 [.4, 10.0 1.80 | 176 | 4
168|082 |3 120 | 189 | 184 |4 '12.0 .77 | 192 | 4
- 189 | 146 | 23 140 | 1.83 | 199 [ 4 14.0 183 | 198 | 4] «
195 | 165 | 3. 160 | 189 | 186 | 4 160. | 180 | 182 | 4
1198 | o183 |3 180 | 183 | 170 |4 180 | 1.80 1.75 | 4
195 |[T201 | 3 200 | 177 | 143 [ 4 200 | 177 138 | 4
- 195 ;| 193 | 3 220 | 1.8 116 | 4. 21.8 165 | 083 | 4
183 L1780 3 23.0 0 1.62 | 076 | 4 )
183 | 1,50 | 3 - IR
11174 |- 085 |2 T
C122 [Poos {1 - T ,
S " |SB3C: 6/17/92 [6=| 354 |SB3D /1792 Q=| 369
STA h U |[hn STA h U |n
{m) (m) | (mfs) | fm) ] (m) | (mis)
4.0 1,23 | 035 | 4 55 140 | 131 |3
60 | 130 | 130 |4 8.5 L34 | 159 [ 4 |
8.0 1.34 165 | 4. 120 1.37 175 | 4 |
100 | 1.34 .57 | 4. 150 | 123 162 | 4 |
120 | 137 163 | 4| 18.0 1.28 151 | 4
140 | 131 174 | 4 . 21.0 119 | 1.05 | 4
160 | 128 | 162 | 4 '
180 | 125 | 135 |4
200 | 126 | 130 | 4
22.0 1.4 092 |4
238 | 114 | o037 [.4:

Table B2  Steelbridge Velocity Observations
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Velocity Obs.

Date = - (cfs) (cms) "‘H_,,atStudy Sites
o 28-May-91 . 1230 T R
129-May-81 - 2,600 4 *
1 30-May-91 2,790 9 *
- 31-MayS1 . . - 2,770 78 *
1-Jun-91 T 24690 76 *
2-Jun-91 1,540 : 44 *
. 10-Jun-92 11,910 54
o 11un92 3670 104 . *
. 12-Jun92 6,050 1
C13-Jun-92 6,450 183 - *
14-Jun-92 6420 182 *
15-Tun-92 6,370 180 *
0 16-Tun92 6,250 177 *
C17-n92 4,620 131 *
o 18Tm92 . 2,390 .68
- 19-Jun-92 1,300 .37
e - 13-Apr93 2,280 65
. T - . 14-Apr93 3,040 86
L 15-Ape93 3,060 B
e L 16-Apr93 3,070 87
. 17-Apr-93 - 3,060 87
- 18-Apr-93 3,040 86
, 19-Apr93 . 3,040 86
20-Apr-93 . 3,020 - 86
L 21-Apr93 3010 85
22-Apr93 - 2,980 84
" 23-Apr-93 2,980 84
24-Apr93 2,980 84
|.25-Apr-93 2,990 85
. 26-Apr-93 2,990 85
* 27-Apr-93 2,990 ' 85
" 28-Apr93 - - 2,990 .85
© 29-Apr-93 2,980 84
S 30-Apr93 2,350 67
. 1-May-93 1,590 45
. 2-May-93 1,580 45
" 3-May-93 1,580 45
- 4-May-93 1,520 43

| ' L | Table 4.1.1. Daily mean discharge dunng tnal reservoir releases:
. PENRNRS : o Tnmtlever@ Lewiston. -




.. Cmss

| Discharge

Wéx-ter‘,-.,

Number of

Typlcal.-, :

Typical

[ Maximum Notes
1 (ms) Surface | Stations | No. Rl:admgs | Spacing |- Spacing®
- | Elevation | .- per - ‘Between ' | -Between
A R U “{m) - Stanon St.atmns(m) Stations (m}
1 iPBOA- | 572881 |- ‘354 31.059 15 2 S 3
o 5981 - 682 31.516 16 2 3 3
53081 1 75.6 31.595 - 16 2 3 3
I “5/14/92 I 164 32.461 M 3 3 3
"PB1B 1 .6/13892 | 164 32413 14 3 3. 3
L T Lhenwz I 117 31944 L 11 3 4 4
42793 30.0. 31513 12 4 3 3 left bank not
' ) aceessible
4128193 800 - | 31.523. - 14 4 3 3
“PRZ | 5R&P1Y [ 354 31015 14 11-13. 3 2
520091 | 682 | 3L469 15 14-16 3 2
5/30/91 75.6 31551 | .14 89. 3 3
61152 [ 103 3LB46 | 10 1,3 ¢ 4 . 4
61352 | - 164 | 32428 12 4,5 3 3 cable
6/14/92 b 164 32427 |7 12 3.4 3 3 cable
6£15/92 164 32.423 ~.13 4,5 3 3 cable
| 671692 164 32.453 B P 2 1,2 side channel
oefl1mr | 117 31.968 ) 3 4 4 cable
| 42703 | 800 | 31535 | 0 14 4 - 3 3
! | 42893 -} 80.0 31.534 17 4 .3 .3 incl. side channel
{PRIA 6115082 |  -164 32.423 .12 4,5 4 BE cable -
: 6/16/92 | 164 32455 . | - 10 2.3 2 1,2 side channel
617m2 | 117 31.935 i) 3,4 4 4 cable
42703 | 80.0 31.500 4 4 - - partial ransect
, 4/28/93 | 20.0 31.517 ‘.16 4 3 3 incl, side channel
- 8B2 54101 | 2347760 | 30,796 15 2 1 -1
‘ 6191 1234760 30796 | 22 2 1 0.5
B 6291 F125M15 1 30473 ] T 18 2 0.5 . 0.5
SB3R | /1692 1 5437164 | 31538 | . 14 3 2. 2
SB3C [ .58191 | 2347760 30589 12 7.8 R 2
1 6191 L23.476.0 | 30583 12 7.8 2 2 .
62191 | 12.5M1.5 | - 30.260 12 7 ta 2
671192 | n.af103 | - 30.898 5 2 4 2 partial transect
1611482 1 53.8/164 | 31491 10 4 2 2
61682 - 5437164 | 31500 11 4 2 2
B 61702 | 3540117 | 31022 11 4 2 .2
'SR3D 6/1/21 | 23.4776.0 30.580 -5 § - 2 2 partial fransect
62/ | 125415 | 30.244 5 6 2 2 partial fransect
6{14/92 | 53.8/164 | 31.491 10 4 2 2 '
6/16/92 | 54.3/164 | - 31.511 10 4 2 2
611702 | 354/117 | 31.034 6 4 E 3
N NOTES

All velocity readings made with Price AA current meters. Meters positioned using Lop-semng wading rods, except where noted at
sections PB2 and PB2A in 1992, when large flow depth and velocity required the use of cable-mounted meters with a 100 Ib.
sounding weight.

Two dxscha:ge values are gwen for the Steelbridge sections: r.he first is the dzscharge th.rcugh the study reach an the right side of the

1sIa.nd the second is the total discharge through both channels.

- Tibledsl

Summary of Velocity; Obsefvﬁtions




'Tahle 4 4 1 Poker Bar Cross. Sectmn Surveys S

;._,: i,cross;—_-f. Pre1991 ; Post 1991. | Pre1992 | ;;:P@'J'stj;1:9£§3;2-." . Pre 1993 Post 1993
 Section Release=' 1 Release _ Release | Rele_a=se _ | Releass | Release
oA | smim oo | esm | epsme : :
‘o8 | spim | esp : 602592 - -
1| smm 6/591 : 62792 - -
1a’ | spim 61551 .| emm - -
B | smm | e 652 | 601 : /693
2 | spamn 6/591 - 6/5/92 epake | 4773 5/6/93
o238 | spap ospi- | e/ | 6pim - 5/693
2B 513m1 g1 | - | emim : :
3 | smm 6551 : 62192 : :
- 3a 52301 6/5/91 - | ienem . :
4 5231 651 - 62692 - -

L Tahle 4.4, 2 Stee]hrldge nght

Chanel Cross Section Surveys '

Cross | Pre1991 | Post1991 | Pre 1992 Posl1992
Secuon ! Release‘ Release | Release :f,Release
2 soamt | enm ] ewm | epomr
o 57241 6391 | emm | epom
2B 525091 a9 | e | emsm
¢ spspl | eppt i 62892
oy | osnsm | epm | emme | epsm
_3a | spim 63p1 | e | epsm
3B 52691 6301 | 6u2 67892
ac 52591 639 | emm | anom
3D 52591 6391 61419 62892
4 51261 6391 6492 | _epspe




o Table 4.4.3 Poker Bar Visual f‘haractenzatmn of Bed Surface o

Tab]e 4.4, 4 Steelbnd ge nght Channel Vlsual Charactenzatmn of Bed Surface

Cross | " Pre1991 Post 1991 .| Pre1992 | Post1952.
‘ Secuon L Release Relegse | Release | Release
2 512491 63PL - 642 | 67052
oA 52491 gt | emma | epom
28 5p5/1 eapr | - e | emmm
ac 52591 6apl | ez | amsm
3 | sasmr | emmt | enmr | epwm
_3a ) spsen 641 | emme | ensm
3B 5/26191 6/491 61192 | . 6/2392
s 52591 6/491 64/92& | - 62092

| - 6/7/92 ;
3D 5/25/91 6/491 6/7/92 6728492
4 512691 6/4/91 m2_ | ensm

' thés: | B

1. The bed at cross secﬁon 3C was visually characterized twice prior to-the 1992 release.

| Cross Pre. 1991 | Post 1991° | Pre 1992 Post 1992 | Pre1993 Post 1993
i Section. - | Release Release .Release ReleaseH Release Release
_oa | smm | esm sz | e | 4mms 5893
~o | smm 65 | e | _epspr | 4nms 51893
1 | spm | esm 662 | e1m 4/6/93 5/893
1A | smm om1 | eme | emmr | 4603 57893
1B . | 50 6591 6592 | 612792 4/6/93 5/6/93
2 - | _smam g5 | esm | emam 47793 /693
N 512391 osp1 | e | emime | anms 5/6/93
B saam | e | em | emm : :
3 smamy | eser | esme | emim : :
38| smam | esm 6692 | 6n6m : :
s | 512;3&1 6/5/91"' 62 | 62652 - -
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. Cross

. Section

—
e

Station

' _Table 4.4.7 Poker Bar Bulk Sediment Samples

Date
- Samipled

 Pre.or Post

Release

e

) Mean Depth;

= - (cm)

. Mass
_(kg)

6/3/91

Post

30

11

17

—_
™

5/27/91

30

30

24

W

67191 |

30

19

29

i

27 -

6/8/91

30

15

[

29

‘ 5/2?/91

19

18

-
5

2

6791

%

13

20

w

31

30

21

43

6/3;91 .

.25

H-‘—‘-
W oW

__5/27/91

30
30

19

25

33

6/191

14

29,

_5/6091

30

11

19

30

_6/191
_6/891

30

16 .

2

6801 |

30

11

20

33

spapr |

3

14

28

33

6791 "

::5,7:5 30 |

15

26, -

6/3/92

59

~ 30e

271

26

62209

-

40

281

27

py |

s

32

214

285

3m |

3%

35

- 238

29;_5 -

" 6/23/92

9

37

251

2925

6/24/92

59

25

135

3:(.}

6/2/92

59

27

196

SO ST (I ISR (R IS ISR IO SO [SY (SO (SR R X

6/24/92

59

32

190

~ Notes:

1. The letter “e” after a quantity designates an estimated value.

A - - T
.- | e k.-




" @A Table4.43 Steelbridge Bulk Sediment Samples ‘ ‘
. Cross ;‘ : Stauon Datc | Proorpost Dmmetcr | MeanDepth:| - Mass
on | | sampl Release em) | em) __(kp)
cac o7 | spem | ee a0 | 3 22
3c |7 | emr | pw | 30 | 1 35
sco | o | esm | mw | 3 0 | 2
3¢ | 1 Joem | e | 3 24 26
e | s spspl | pre 30 5 15
e ) u _epam Post 30 13 2
e |16 | esm | e | 30 | a1 |
¢ | m spsl | Pre 30 7 13
S _6/4p1 Post 30 13 21
23 |6 | esm | P | 3 | 17 2
3 ] s | spem | e 30 | 14 22
3> |8 | emmi | pow | 3 o 15
3 9 | espt | pow 30 19 30

3‘- . 3 | 10 5726/91 Pre I 23
W) sp 4 16 6491 | Post 30 14 20

) N '3 oo | P | 30 2 2
> | 1 526/91 Pro R B 14
30 | o1 | emm Post "0 | ooum 17
3¢ | om | spow Pre 59 25 146
23 | om 6/20/%2 _Post L 59 25 154 |

sc | s spm | e s 20 2 _ |
_3c 25 | epim | o Pt 59 25 141 ‘
3 135 | 6pe | Pow % 1 % 140
cac | s 6192 Pre s | e 132
3¢ | us | epyee | b | s 29 186
3¢ |- 155 | 6pa92 Post 59 26 _ 228
3¢ | 165 spuoz_ | me | so 19 120
3c | 165 6222 |  Post _ 59 22 132

. Notes: -

- Section

o ' 1 :' The letter “e” after a quantity designates an estimated value.

iy
| ‘ :‘.'A-IE o




. - Tahle451 Summary ofPoker Bar Tracer Gravel Installatmn 7
e Eeai-_-f-”}f | Section . Statlon | SampleDepth (cm)w
o} "3725‘ 0
B 1991 - ";':113 ' 29 1

_1901 | [ 3 25

SEESU N TS 9
1001 2 33 _u

C192 | 3 2% 3

-
2

1992 285 35
1992 30 | 7

Table 4, 5 2 Summary of Steelbrld e Tracer Gravel Insta]]atmn

Year : Sectlon 1 Statlon : Sample Depth (cm)
-”.1991‘?3 R e 3

ﬁ ’ L1991 | 3¢ 14 s
- 191 | s ST v S I

w91} s | g | a4
1091 | sp | a0 | g
11 | a3 | 9
T R I B B 1t 25 .
1992 - o 3c 125 . 20
12 3 us | 2
e | ose | 1es 19




. [rabiea3s

Summary of Polcer Bar Sediment Transpcrt Obsewaunns (XS PB 2)

Date Dlscharge Stanon Number.of | * ~Sample

N {cms). i Samples || Duration Method
61192 03 ] 20.1 6 ~ | 2min 6" Helley-Smith
6/11/92 | 103! 25.1 5 " 2min _ | 6" Helley-Smith
6/11/92 | 103 31.1 6 '2:min 6" Helley-Smith
6/11/92 103 . 35.1 3 - 2'min 6" Helley-Smith
6/11/92 103 | 401 3 2 min 6" Helley-Smith
6/11/92 |7 103 [ 44.1 3 2min 6" Helley-Smith
6/12/92 164 | 2011 4 | 2min 6" Helley-Smith
~f 612092 164 - [ 25.1 2 2 min 6" Helley-Smith
161292 | 164 301 2 2 min 6" Helley-Smith
61292 | 164 . 351 2 2 min 6" Helley-Smith
612092 164 40.1 . 2 2min | 6" Helley-Smith
6/12/92 - 164 439 2 "2 min 6" Helley-Smith
C6/13/92 . 164 20.6 4 2'min 6" Helley-Smith
. 6/13/92 164 . 251 1l 2min | 6" Helley-Smith
O 6/13/92 | 164 - 301 ‘5. 2min | 6" Helley-Smith
C6/13/92.7 ] 164 [ 351 5 2 min 6" Helley-Smith
C6/13/92 i 164 | 401 5 2 min 6" Helley-Smith
 6/13/92 164 | 451 2 2 min 6" Helley-Smith
6/15/92" 164 | 200 4 2min .- | 6" Helley-Smith
- 6/15/92 164 251 4. 2min | 6" Helley-Smith
6/15/92 164 . 30.1 4 . 2min . | 6" Helley-Smith
 6/15/92 1 164 351 4 2min- | 6" Helley-Smith
- 6/16/92 164 - 30.1 20 2 min’ 6" Helley-Smith
- 6/16/92 164 35.1 4 2min | 6" Helley-Smith
6/16/92 164 | . 40.1 4 2min | 6" Helley-Smith
6/16/92 164 | 431 4 2 min 6" Helley-Smith
42993 |- 80 16 2 4'min 3" Helley-Smith
4/29/93 | - . 80 19 2. 4 min 3" Helley-Smith
4/29/93 .. . 80 22 2 2 min 3" Helley-Smith
4/29/93 =17 80 25 2. 2 min 3" Helley-Smith
4/28/93 ] 80 28 2 2 min 3" Helley-Smith
4/29/93 80 31,5 2 2 min 3" Helley-Smith
4/29/93 80 34 2. 2 min 3" Helley-Smith
4/29/93 80 37 2 2min. | 3" Helley-Smith
4/29/93 . 80 40 207 2 min 3" Helley-Smith
4/29/93 80 43 2 2 min 3" Helley-Smith
4/28/93 80 45.8 27 4 min 3" Helley-Smith
4/28/93 80 46.5 2 4 min 3" Helley-Smith
4/28/93 80 47 2 4 min 3" Helley-Smith
42893 30 . 475 2 4 min 3" Helley-Smith

- 4/30/93 80 18.1 1 68 hr Sed. Trap

- 4/30/93 80 235 1. 68 hr Sed. Trap

] 43093 [ T80 300 1. 63 hr Sed. Trap

o 43093 [ 80 . 333 1 68 hr Sed. Trap
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Date Time  WSEL-PB2 .
52891 - 1340 - 31.01
528/91 . 1940 . 3101
5/29/91  11:20 . 3146
5/29/91 0 1520 - . 31.49.
53001 -~ - 10:50 . 3155
53001 . 1450 . 3156 .
613927 12:30 0 7 3243
6/13/92 . 1725 . 3243
6/14/92 0 813 3242

L 6M14/92° 1528 . 3244
61502 . 1148 | . 3242

6/15/92 . 20:07 . 3243

6/17/92 © ~ 11:16 3197

e | ename 2004 0 3197

:‘- . e 4/27/93 © . 1000 . 3154 |
el 473 20020 3152 o
4893 922 3154 |
42893 . 1830 - - 3153 .

Date @ . Time - WSEL-SB3C
5/31/91 1520 . 3064 -
5/31/91 18:20 © . . 30.63
C6/1/91 T 11:05 . " 30.64
6/1/91 - . 19:00 30.64
6/2/91 - - 1448 0 3032
6/2/91 18:20 3032
" 6/14/96 920 3150
6/14/96 ~17:00 . 3150
6/16/96 S 920 3150
| 6/16/96 15:00 . .- 3151
 6/17/96 15.00 -~ 3103
6/17/96 19:00 31.02

o ‘Table.5.1.2  Variation of water surface elevation during velocity observation periods




B Tﬁﬁle 52.1 :Siln;marj%o_i' Pre and PoStLRéiéasé Sediment Prolggl-'tii)‘il:si <8mm - -

- Pebble Cdﬁnrs

Vistal Ei:sﬁma:tﬁ . K

% Reducﬁon

| Locationand | Cross | Pre-Release. Poit-Reloase | Pre-Release | Post-Release | Pebble Count]  Visual |

Release | Sections | _<8mm <8mm | Embedded | Embedded | <8mm i Embedded |
1991 PokerBar | 0A. 1824 26% | 17 o 5% -
1991 Stectbridgge} 2,384 | 179 | 1% - - 3% -
1992PckerBar | _0a2a | 8% 1 16% 2% 25% 12% 15%
1992 Steeleidgel 24 | 2% | ua 3% _ 23 % 11% 8%
1993 PokerBar | 124 7% | 12% R B 5% -
 loaza | . - 18% 9% | - 1%




e Table 5 3 1 1991 Poker Bar Tracer Gravel Observatlons

o ‘Locatlon

XS1B Sta, 33 -

. | XS1BSta.25 | XS 1B Sta. 29 _XS251.29 | XS2Sta 33
Pebble Count D5n (mm) PrejPosl: 42738 a8 | 48 45/45 45/45
o Pebble Count Dgo (mm) PrefPost | . 90/90 90/90 9090 100/100 100/100
. BulkSample 1350 (mm)Pre}Post 30735 33/29 23/15 5741 40/41
Bulk Sample Dg{) (mm) Pre.fPost 80/100. 72;98 i301130 _105/105 140/110
Largest Grain Moved (mn) ‘ o | 40 40 None
MaxunumGramDrspIacement (m) 3 15, _ 02 0.2 0
‘128 mmy Tracers | S | 7
installed/in place/ downstream oo | omp | e 0000 2200
90mmTracem ' , - - ‘
;“&nsraued/m place/ downsHM‘ IR 0/0/0 _0/0/0 22/0 330
o '?';.64mmTrazers | 3 _ ) ,
, | ; -:msta]]ed/m place! downslream‘ |- j":‘—*"fﬂfo 5/4/1 .. 5/5/0 : 6/6/0 9/9/0
|45 mmTracers o , - ‘ ‘ ,
) |installed/in placefdownstream e | wamis ] sonow 10/10/0 6/6/0
j32mmTracers ' . _
: 7=1nsta11edfm place/ downstre.am-— "538/37/'1.' 340277 -} 2791 1918/ 3072971
|22 mim Tracers | N - | |
: :‘msmued/m place/ downstream - | semss __72/680 23/18/0 54/43/1
. A Depth of Scour from Tracers (cm) | 0.6 3.8 . : 35 0.2 0.3
Gravel Movemcnt ' Negligible Partial . E Negligible Negligible Negligible




' Tahle 5.3.2. 1992 Poker Bar Tracer Gravel Observatmns

- Locar.lon

xszsn:a_sn-‘

' : XSZSIB.ZG XS 2 Sta, 285:
. .-Pebble CorlntDsg (mm)Pre/Post ‘, ‘ 3 31;27 . 3127 - ‘ 331127 ‘
Pebble Count Dgu (mm) Pre/Post B4/84 85/84 | . 85/84
| Bulk Sample Dso (mmy Pre/post | 2521 - z8 | zm
lBulk Sample Dog (mm) Pre/Post | 90778 e | sem
Maxrmum Gram Drsplacement (m} » $200 >200 >2OO ‘
128 mm Traeers L |
installedfm place/ downslream . 0R/0 oo | 0/0/0
9{) mm Tracers o | :
' mstalledfm placel downstream 2110 1/1/0 : ‘4/3/1
r&mmTrmem - :
_i—mstalledfm place/ downstream 5/2}'1-‘" ‘ 7/6/0 ‘ ‘7/6/‘1‘:‘3
, 45’ mm Tracers e “ |
ingtalled/in place; downstream ' g3 | sopsn 2201873
“12 mm Tracers . _ o " | . | | |
mstalled!m p]acef' downstream' ' 480364 - ; 65/52/1 65/47[6
‘22mm Tracers - 1 7 '
 installedin plaee/downesu‘eam s | omemos | dmmann |
f_lﬁlsmmTraeers- o S ‘ T o |
installed/in plce/ downstrearn 195710677 | 26401767 | - 396716673
Deprh of Scour from Tracers (cm)'r. - 12.9-‘"";' .11.9' ] _10.5
Gravel Movemenl: ' j.Genere‘li General | General :




A . Tab[e 533 Pdker Bar Gravel BédIOal:‘l"R'ates From Sedinsent Traps ‘

: Transport Rate

" Date " Discharge Station © | Number of Sample ‘

b (crms) -~ .| Samples Duration’ {g/ms) -
42793 [ 80 181 T 1 336 br 0.0101

- 42793 80 235 1 336 br 0.0112
42793 80 27 . 1 336 hr 0.0112
4427193 80 300 1 336 hr 0.0123
4/27/93 80 333 1 336hr . 0.0110
4/30/93 30 18.1 1 68hr 0.0082
4730/93 80 235 1 68 hr 0.0054
4/30/53 - 80 2T 1 44 hr- 0.0104
4/30/93 80 300 0 1 68hr 0.0161
4}‘30}93 1 68br. 0.0084

80

33|

Traps cleanad on 4/27/93;

First saniple duration is from start of release at Q = 80 cms to

4}27;

Second sample is frorn 4/27 to end of release at Q =80 cins

Trap at Sta. 27 was cleaned a second time on 4/27 -

- Tah1e534‘

Poker Bar Gravel Bedload Rates From Helley-Smith Sampler :
) ~ Total Total S Number Censored
Date Drscharge Statmn;._ B Number of Sample . Transport Rate | of Censored |Transport Rate
{cms) ; | Samples Duration (g/ms) Samples (g/ms)
-6}11/92 103 201 | - 6 12 min I XN 2 321 -
61192 103 - 251 - 10min . 4.0 3 ‘1.8
- 6/11/92 103 31 .6 12 min 21 w2 1.9
. . ‘ o Mean - 242 36
. 61292 164 201 12 24 min - 48.7 6 479
o 164 251 17 34 min - 724 9 41.1
6/16/92 164. - 30.1 31 62 min 165.9 15 168.4
o B 7 o Mean

1160 |

106.1

Censored Samples: Calculate mean transport rates after dropping the largest ons-iquar‘ter and -

smallest one-quarter of the samples

Gravel"fgaken to be all sedunent coarser than § mm




- ':'Table 535 1991 Steelbrlje Tracer Gravel Ohservatmns

XS 3C Sta.,

XS 3D Sta.

Negligible

Locauon Xs3C Sta. XS 3C Sta. XS 3D Sta. XS 3D Sta.
o . S A D' w | s | 1w 13
- Pahble Count Dsp (mm) PrefPost | s3us | s3us sy4s | eomr .| eam 62/47
Pebblo Count Dog (mm) PrefPost | 12096 | 12096 | 12096 | uionos | 11208 | 1127108
| Bulk Sample Dso (mmyPre/ost | 97102 | a6mo | soms | semo | swss | enms
| Bulk Sample Do (mm) Pro/Post | 1627162 | 114138 | 11on1s | soms | uasnas | usaio
Largest Grain Moved (mm) None | 55 66 | 130 93 125
| Maximum Grain Displacementm) | 0~ |* 11 8 12 o 16
128nunTracers - ‘ e |
installed/in place/ downstream v | oo | oom L oop | | oo
|90 mm Tracers | ' : ]
installed/in place/ downstréam 30 | o0 | amo | onn | won | 3pn
”‘64mmT1'aceIs , B |
msta]led/m place)’ downstream 3/3/0": 20 ‘ 2!1!1 8/413 8/3/5 47371
45 mm Tracers ' } 7 ‘ _ ‘ “ _
- mstalledjmplace/downstream L oomo | spn | o | wnas | oen | emn
132 mmTracers . ) N g |
: mstalied,implace/downsu‘eam 10190 | ainza | toen | aangs | o2apon | 177
_22mmTracers , |- - . h . '
installed/in place/ downstream 350190 | 34313 | 26n60 | 35p0n | 40189 | 28n16n
' 16mmTracers , ] N . o -
1nstalled/1n place/ downstream - 32/6/0 - - - -
| mepth of Scour from Tricers em | 02 08 06 5.3 55 33
 Gravel Moyement Pactial | Negligible | Portial | Partel | Partia




' Locauon

" Table 5.3.6. 1992 Stee]bndge Tracer Gravel ()bservahons

XS 3C Sta. 16.5

S XS 3CSta. 11| x83c Sta 115 ; XS, 3C Sta. 14.5
Pebble Count Do (mm) Pfelest' 36/54° 36/54 ‘ 36/54 36/54
Pebi:le Count Dgg (mmi Pre/Post | - 1007119 100119 ) 100/119 100/119
Bulk Sample Dsp (mm) Pre!Post 7 39/33 43{33; - 43/26 46/35
Bulk Sample Dog (mm) Pre/Post | 1407140 13y 140/126 147/125
Maxunum Gram Dlsplacement(m) | 42 | >100 " >100 0
128 mrn Tracers 7 ‘ , ‘ |

- msta]ledfm place/downstream - Y10 1/10 ~1/1/0 1/1/0
90 mm Tracers : - . i ‘
mstalle.dfin place/ downstream 3{2[1': 2 - L 31 3300
64mm Tracers . | oo |
installod/in place/downsnream‘ ] 330 - SAB 3172 3/3/0

: 45mmTracers N R | , L
insllec/n place/ downswream " 15/5710_ | _13/6/5. 15/5/4_ 99/
32 mm Tracers. :i 3 :jj " ‘ . , |
| insalledin place/ downsiream ayept | asmm | 23pam 232300
‘ 22 mm Tracers -

_ msta]led/m place/ déwnistream 6112 assno | an 52/52/0
16 mm ‘Tracers | | . _
installed/in place/ downstream 115/63/6 _ 07 | 109630 | 119/
Depih of Scour from Tracers (cm) | 1L0 104 8.8 0
Gravel Movement ‘ . Geneial; : Géneralli | General Negligible

(buried)




: . ~ |Table 5.4.1 "Poker Bar Sand Bedload Rates From Helley-Smith Sampler
S _Date | Discharge | Station Numbérof |~ Sample | Transport Rate
co E {cms) | s Samples {. Duration (g/ms)
6/11/92 103 | 201 6" "~ 12min 21.8
6/11/92 103 251 5 10 min 452
6/11/92 [ 103 31.1 6 12 min - 754
- 61192 | 103 35.1 3 6 min 35.1
- 6/11/92 103 40.1 3 6 min 29.2
6/11/92 | 103 441 3 6 min 31.8
R : Total Sanlescharge PBZatQ 103 cms: 112,400 kg/day
6/12/92 164 | 201 4 8min | 11.7
. 6/12/92 164 | 251 2 4min 425
6/12/92 164 | 301 2 - 4min 15
6/12/92 164 [ “351 2 4 min 0.1
L 61292 164 | 401 2 4 min 28.1
o 601292 164 439 2 4 min 4.6
6/13/92 164 20:6 -4 .8 min_ 26.8
6/13/92. 164 | 251 11 22 min 127.2
6/13/92 ] 164 | 301 57 10 niin 322.1
6/13/92 7| 164 35.1" 5, 10min 4572
o L 6N3/ | 164 40T 5 10 min 1314
S 6/13/92 - 164 451 2 4 min 225
. - 68592 164 | 201 4 8 min 91
6/15/92 .. 164 ] 251 4 "8 min’ 12.9
6/15/92 164 | "~ 30.1. 4 8min 45.8
6/15/92 | 164 | 351 4 8min 181.2 .
 6/16/92. 164 301 200 | 40min 66.0
6/16/92 164 | 351 4 ~ 8'min 187.2
6/16/92 164 401 4 8 min 50.7
6/16/92. 164 431 47 8 min 18.4
1 ‘ | | Total Sand Discharge PBZatQ 164 cms: 223,600 kg/day
42953 - 80 16 2 8 min 160
4429193 . 80 | 19 2 8 min 2.6
4/29/93 80 22 27 4 min 24.8
4/29/93 80 25 27 4 min 72
4/29/93 7| - 80 28 2 4 min 11.0
4/29/93 | 80 31.5° 2 4 min 24.9
- 4/29/93 80. 34 27 4min 6.5
4/29/93 80 - 37 2 4 min 3.9
4/29/93 80 40 2 4 min | 3.9
4/29/93 80 | 43 27 4 min 19,1
4/28/93 T 80 458 2 8 min 6.5
4/28/93 80 46.5 2 8 min 3.9
4/28/93 80 47 2 8 min 18.3
4/28/93 | 80 475 2 8 min 13.9
o ' o ~ Total Sand D]SChal'gE PBZatQ 80 cms: 34,403 kg/day
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Table 6.2.1 = HEC-2 Calibration

1991 Water Surface Elovations (m) —rms>

- 0,00

©. - Ervor

- Emor:

S May 28 * May29
* - Discharge: 41 cms (1460 ofs) Discharge; 76 crs (2680 cfs) -
" Surveyed HEC-2 . Error Surveyed HEC2
o oobi . 3.0 LI 0.04 £ T R T3
LlAS00i - 3L08 : aLs2 ] -
C 3000 L3106 3151 ns1
4585 - AL04 s N4
6295 302 - A6 G AT
B4 ! e A00 - 002 3147 S ) ¥ 7
. 9835 $30.99 ‘ 3143 i
11645 ) 30,58 T 43 a4
13575 3097 | 30.56 001 a13g . alag
17405 . L 20.95 o an38 .. A3
209457 | ‘4054 M - 31
11992 Water Surface Elevations (m} ——> - G ‘
Co June 11 ' . JTuge 12-16
" Dischiarge: .103 cms (3640 cfs) Discharge: 164 criis (5790 cfs)
" Surveysd HEC-2 Ervar Surveyed HEC-2
AL87 - 3188 . 0a1 3247 - 1 3249
ILE7 . 3L87 T 000 3248 3248
IR LA ) L O 1) 3248 3247
136 U ALBE .01 3247 3245
21.53 Carm 0.00 3242 3244
.35 C3LE3 - - 02 3244 3243
) It SR YW N ¥ B 3244 1242
3L81 3180 0L 3adz 3241
LT7 3174 . L 0m 233 L 3B
3L74 kS0 TR 1} 3233 3232
3170 13170 - 0.00 3229 3225
1993, Water Surface Elevations (m) ——> -
. May 24-25
Discharge: 80 cms (2820 cfs)
S;urveyed‘ HECZ -~ Emor~
000 - . 3160 3159 .01
1450:, - 31.57 13158 0.01
30.00 - 3158 T3S 001
4565 ' 3156 - 356 0.00
¢ooe2esi T 3ls . aim 002
. BLaD 3153 3154 0.01
98.35 3151 ‘13152 0.01
1645 .1 v 3151 3181 0.00
13575 3146 3146 0.00
174.05 .. 3145 13145 " 0.00
20945 CLoA142

'Results; Poker Bar

Enmor

Error

May 30
Discharge: 76 cons (2630 ofi)
Surveyed HEC-2
0.04 3160 1L.65
0.02 3560 as3
0.00 31.50 IL50
001 31.59 3158
001 - 3154 3155
003 31.55 315
0,01 3151 3L5
0,02 LSt 3150
0.01 3147 3146
-0.03 3144 a8
0.00 3Ll 1141
June 17
Discharge: 115 cms (4060 cfs) -
Surveyed =~ HEC-2 |
002 3200 3201
R T 3200 | 3200
£.01 3201 3199
002 3199 31.98
.02 3194 31.96
0.0 3Le7 3196
-0.02 3195 3194
-0.01 L4 3194
0.00 387 31.87
0.01 3186 AL.86
001 3183

31.83

0.05
0.03
0.00
-0.0%
0.01
-0.02
-0.01
-0.01
-0.01
-0.03
0.00

. 001

0.00

002

.01
0.02
0.01
-0.01
0.00
0.00

- 800

Q.00
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. Period

= GVC Suspended Sedifnqnt

-~ Discharge (tons) -

GVC Ecdlnad Discharge
(tons)

" January-March, 1978

75,500

n/a

300,000

34,000

Tanuary-April, 1983

6,600

" Febtuary-Maich, 1986 |

59000

o Table661 ':Majtéiirus_cdiment:_deli'i)cry events on Grass Vﬁﬂgy'&eek o
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42.1. ScI;ien’:atic diagrain of ‘rope network for méas_urementé at the Poker Bar study site.: :
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Figure 5.2.1: 1991 Poker Bar proportion of fine sediment vs. downstream distance. The
: ! -open symbols and dashed lines represent pre-release conditions and the closed

. symbols and solid lines represent post—release conditions. No definite trend is

-discernible in the pebble counts for:the reach as a whole except for a significant -
decreasc in fine sediments at cross sectmn 2A.
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Flgure 5 2.3 Summary of 1992 Bed and Sediment Changes for Poker Bar Cross Section 2.

Dashéd lines and open symbols denote pre release conditions; solid Jines and filled symbols denote post release
conditions. Pre and post felease bed elevations have been vertically exaggerated 5 times (items 1 & 2 in legend). Bed
,elevanon changes have been exaggerated 10 times (iten 3). Percent embedded ‘values (items 4 & 5) represent
... averages of visual estimates for same portion of cross section that pebble counts (items 6 & 7) were done. Percent less
© than & mm for all bulk samples are shown for 3 pre release samples and 5 post release samples (items 8 & 9). The
A ~ location of the tracer sites are shown with the percentage of tracers {by mass) which moved during the release (item
. 10). The depth of the gra.veI exchange Iayer (item 11) was estimated frﬂm the tracer results as described in the text,
© L The! scour depths from the scoir chains (item 12) have béen vertically exaggerated 10 times.
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F]gure 525 Summany of 1993 Bed and Sediment Changes for Poker- Bar Cross Sectjon 2.

i Dashed lines -and open symbols denote pre release conditions; solid hnes and filled symbols denote post ‘release.

;condmons ‘Pre and post release bed elevations have been vertically exaggerated 5 times (items 1 & 2 in legend). Bed

- : _€levation changes have been exagge:rated 10 tirnes (item 3). Percent embedded valies (items 4 & 5) represent
S e averages of visual estimates for same portlon of cross section that pebble coiints Gtems 6 & 7) were done. A reduction

. 'in fine scd:mcnt occun-ed between statlons 32 and 37 but the other momtcred pomons of the bed were cssentlally
- .,}unchanged
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F lglll‘e 5.2.8 Summary of 1992 Bed and Sediment Changes for Steelbndge Cross Section 3C.

Dashcd lines and opcn symbols denote pre release conditions; sohd lines and filled. symbols denote post release

" conditions. Preand post release bed elevations have been vertically exaggerated 5 times (items 1 & 2 in legend). Bed
~ elevation changes have! been exaggerated 10 times (itemn 3). Percent embedded values (items 4 & 5) represent averages
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- mmfor all bulk samples:are shown for 4 pre release samples and 6 post release samples (items 8 & 9). The location of
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