Long-term changes in channel morphology
and flow regime of the Apalachicola River
with an emphasis on mussel habitats

Helen Light
USGS retired

January 30, 2017 Habitat stabilization
Channel alterations by willows
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All flows in this presentation are
/ discharges at Chattahoochee gage
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Water-level decline caused by channel changes
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Water-level decline caused by channel changes
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Channel widening
Change in treeline width by river mile from 1941 to 2004
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Channel width was measured at treeline
(not at outer edge of sandbar)

Treeline width is
independent of flow
at time of photo
because tree tops
are always visible
regardless of flow,
=" whereas sand pointbars
are much larger at low
flow than high flows.




Mile 35.2-37.3

Heavily engineered reach
had greatest widening
(reach average 61% wider)

1. Mechanical redistribution 1990-1999
Spoil pushed into river with bulldozers
caused large expansion of point bar and

opposite bank erosion; channel doubled in
width.

2. Corley Slough bend easing 1969
Channel width more than doubled from
subsequent erosion of “Sand Mountain”.

3. Virginia Cut bend easing 1969

Erosion at upper end caused widening.
10



Treeline width
by reach in
relation to

time
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Development of “hooks and bays” in relation to time

Increase in area of bays behind hooks 1941-2004

Mile 4 -46.7 2004 (based on treeline measurements)
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Unpublished USGS data, 2005 12



Largest concentration (in size and number) of hooks and bays
are in 4.5-mile reach immediately upstream of Wewa gage

Mile 44.5-46.7 2004
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Mile 41.4 - 43.7 2004
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at Gaskin Park




Annual average stage at Wewa,(ft) on days when
flow at Chatt was between 9,500 & 10,500 cfs

Changes in water level over time at a constant flow (~10,000 cfs)
caused by channel changes at Wewahitchka gage
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Changes in water level over time at a constant flow (~10,000 cfs)
caused by channel changes at Wewahitchka gage
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Increase in hooks and bays 4.5 miles upstream of Wewa gage may be
related to post-1980 increase in water levels from channel changes at gage,
which likely caused a decrease in slope and velocity immediately upstream.

Lower slope & velocity can increase deposition.
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Channel deepening

Mean bed elevation by river mile in 1960 and 2001

4@ 7

UPPER

35
30
25
20
15
0 Bed elevations

highly variable due
to riffles and pools

5 ]
0

_5_:

Mean bed elevation, in feet above mean sea level

MIDDLE

NONTIDAL
LOWER

—a— 1960
-10§ —=— 2001 PROVISIONAL DATA
-15 ] . T T T T T . T T T T
110 100 90 80 70 60 50 40 30
Figure 4 in Price et al. 2006 River mile

20

16



Channel deepening
Change in bed elevation by river mile from 1960 to 2004
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Long-term changes in flow regime in low-flow years

Average of five lowest years in earliest and latest 33 years
Ranked by mean annual growing season flow

Discharge at Chatt, FL (cfs)
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20,000 - 37% less flow |
April - August |

15,000 -
10,000 J\/\J

5,000 -

Growing season
O | |

18




Individual hydrographs for 5 lowest years in earliest period
Ranked by mean annual growing season flow in earliest 33 years (1923-1955)
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Individual hydrographs for 5 lowest years in latest period
Ranked by mean annual growing season flow in latest 33 years (1984-2016)
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USFWS Workshop for Alternatives to Reservoir Operations in ACF State of Florida Presentation Eufaula, Alabama, November 29, 2012

Summer Depletions (June-Sept) in Drought Years
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Note: 1965, 1970, and 1975 were not drought years; however,

dry- and normal-year demand data prior to 1980 were similar. 21



No obvious change in flow regime in high-flow years

Average of 5 highest years in earliest and latest 33 years, ranked by mean annual growing season flow
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Lower low years and no change in high years
means biota is subjected to more extremes
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Willow growth stabilizes sand on point bars

Helen Light 1979

e SCIIIX nigra
Blae£k willow

“Stream geomorphic and substrate stability is especially crucial for the
maintenance of diverse, viable mussel beds.” USFWS Recovery Plan (7 mussels)



Willow recruitment
and growth

Germination is best in wet sandy soil
not covered by water.

Seedlings and cuttings must have high
soil moisture but cannot survive deep
inundation.

Rapid height growth is essential --
seedlings and saplings can’t be
overtopped by floods for too long in
growing season.

Adult trees do not need wet soils; they
are highly tolerant of both wet and dry
extremes.

24
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Floodplain trees, elevations, and soils mapped at Mile 41.9 in 1976

From Figure 7 and Table 3 of Leitman 1978 master’s thesis, except forest type names above graph which were revised for
this presentation. “First slope” was formerly a willow bar 17 years earlier based on 1959 aerial photo (see next slide).

Elevation above sea level (feet)

| |
i Low bottomland i Willow bar
Swamp | hardwoods . Former Current
Pure . Mixed | (Low BLH) | 1959 willow bar |
I I | transitioned to low | 100% black
Tupeloandcypress | Swamp and | Water hickory, overcup oak,and | g1y o willow
. | . | | y 1976 with | o
dominant : low BLH species : green ash dominant : 219% black willow, : in 1976
| | | % ri i |
25 : : : 10% river birch :
. | | | |
23 - | | — |
. | | | |
21 - | | | |
1 | | | |
| | | i
19 | | |
4 | I : :
17 - | | | |
. | | Next 3 slides: Willow bar colonized
15 - E i rapidly growing point bar
13 - Community names used: in Leitman 1978: : : :
7 Back slough : Lower backslope : Upper backslope High levee i First slope : Willow bar
11 | | |
T T T T T T T S R
1000 900 800 700 600 500 400 300 200 100 0

Distance from main river channel (feet) .



irst slope on 1959 aerial photo (17 yrs before study)

Boundary of Leitman thesis transect (in white) digitized and projected on aerial photos in Fig 5 of Darst and Light 2008.
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Willow bar and first slope on 1979 aerial photo (3 yrs after study)

Boundary of Leitman thesis transect (in white) digitized and projected on aerial photos in Fig 5 of Darst and Light 2008.
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Forest types, elevations, and flows

“Recent” stage-discharge relations (as opposed to “pre-dam”) were used to determine flows
because 1976 water levels at Wewa were very similar to those in recent period.

Low bottomland

| |
| |
| | °
Swamp i hardwoods i Willow bar
Pure  Mixed | (Low BLH) i Former | Current
Tupelo and cyoress | Swamp and | : | 1959 willow bar | 100% black
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| | | |
25 ; : | |
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g 197 Zeswamp - +-181600 cfs : \J
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From Fig. 7, Table 3 of Leitman 1978
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Particle size Pure swamp Low BLH Willow bar
distribution, Sand | Silt | Clay Sand | Silt | Clay Sand* Silt | Clay
in percent: 0-6" 4 19 76 0-2" 5 30 64 0-12" 86 0 18

6-18" 2 21 77 2-11" 3 32 65 15-50"| 68 16 17
0,
10-30% 18-24"| 2 23 76 11-20"| 7 41 52 50-60" 69 16 16
30-50% [24-36"| 1 22 77 20-32"| 16 39 45 *9Q9; ofsand in willow
S50% 36-60" 1 | 26 | 73 32-48"| 4 33 | 63 bar is fine and very fine
. |48-60"| 14 | 38 | 49 .
| |
Swamp | Low bottomland | Willow bar
. Pure i Mixed | Hardwoods (Low BLH) i Former ' Current
| | | !
T . : I I |
L 23 | | —.| +~51,500 cfs
T o1 | | | J ewsth 32,000 cfs
> 21 - ks | 32,
< { Pure — ; /'JB:;;OO cfs g_ j \ | /%. \
© i Q 1 | 5] | : =
g 19 7 swamp 5 w181600 cfs |2 : '\ Iz
e g, e | 3 ' SR -
g 17 1 S 15,000 ¢fs ) | I v
© | A | | | i
c 15 - ! | ! !
S 1 : 10,000 cfs : .
z | : 7,000 cf : i
2 - I ! AS L 5,000 fs ) i
11 T T I T . T T |I T [T I
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Distance from main river channel (feet)
From Fig. 7, Table 3, Table 7 of Leitman 1978
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Mussels on unstable habitat
at Kentucky Landing (Mi 43.7)

High mortality occurred when
flows dropped below 6,000 cfs

C O S e .

s

© 7-12-2006
6,100 cfs

_ Looking upstream

Greg Zimmerman, EnviroScience



2004 N\~

4/4/2004

11,800 cfs

Mussel beds at
Kentucky Landing
on outside of bend

Photo location of
previous slide

Scenes on next slide




2004

4/4/2004
11,800 cfs

2015

10/16/2015

9,400 cfs

ﬁ !

Dense willow growth in 10
years at Kentucky Landing,
Mi 43.7

Outlined areas had no trees
in 2004, thick growth of

willows in 2015




Young willows at Mile 71.4 (Poloway Cutoff) April 11, 2002
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P —— " Method of determining flows:
-~ - . 1 Blountstown gage on that day = 32.9’ (13,200 cfs Chatt)
| ~ 2.13,200 cfs at Mi 71.4 = 30.44’ elevation of water surface
. 3. Subtract 0.5’ for willows rooted 6” below water surface:
30.44’ - 0.5 = 29.94’ (12,300 cfs Chatt) S
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Young willows at Mile 30 (Douglas feeder slough) Sept. 12, 2001
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Young willows at Mile 30 (Douglas feeder slough) Sept. 12, 2001

| --Height growth rates
8 First two months 1.6’ (saturated), 1.2" (control).!

gt First year >4’; five years 32’; ten years 49’. 2
--Complete submergence of seedlings
No mortality at 20 days, 13% mortality at 30 days, and
no height growth while submerged (in lllinois).3
2Pitcher and McKnight 1990 3Hosner 1960

1Hosner & Boyce 1962

R i L R L

Helen Light
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Discharge (cfs) at Chattahoochee, FL

Chattahoochee flows in relation to photo date

30,000

25,000
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5,000

|

previous slide

Photo on

i 13,300 cfs N
mp U] 7,400 cfs U \
V Y

<— 2000 growing season —> <— 2001 growing season —>
Cc QO — = > C 0 O + > O cC O - = > C = oo o + > o
T3 2323802838388 232280248

Seedlings likely germinated May 2000, and survived 2 months of complete
submergence in March-April 2001 when temperatures were still low. Remaining

floods in summer 2001 were less than 3 weeks, and 2002 had little flooding.3s
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Some point bars have been

resistant to willow recruitment
Example: Louisa Bend at Mile 38.7

T Before 1999
No spoil disposal for

at least 22 years or longer

(no records prior to 1977).

After 1999 __

Spoil disposal only once in 2001. | 2015
9,400 cfs

Isolated willows finally taking hold. Because dredging stopped in 2002 ?
Or antecedent flows and soil characteristics right for recruitment?
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Example Instructions

How to use nonstandard stage-discharge relations in
Light et al. 2006 to estimate Chattahoochee flows for
different elevations at downstream locations.

Nonstandard stage-discharge relations for every 0.1 mile can be
obtained from the following site:
https://pubs.usgs.gov/sir/2006/5173/

Click on:
Digital files of stage-discharge relations at streamgages and
between-gage sites

Then click on:
Excel formatted files.xls



https://pubs.usgs.gov/sir/2006/5173/
https://pubs.usgs.gov/sir/2006/5173/executable_files
https://pubs.usgs.gov/sir/2006/5173/executable_files
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https://pubs.usgs.gov/sir/2006/5173/executable_files
https://pubs.usgs.gov/sir/2006/5173/executable_files
https://pubs.usgs.gov/sir/2006/5173/executable_files
https://pubs.usgs.gov/sir/2006/5173/executable_files
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Estimating flows for base and top of willows in Mi 30 photo:

1) Get mean daily stage at closest gage on date of photo (9-12-2001).
Closest gage at the time was Mile 35 gage, which was 6.48 ft on that day.

2). Select tab for “Recent” stage for lowest reach (Lower2).

4.95 4,92 4.92 4,59 4.52 4.5 4.16 4.14
5.04 5.01 4.98 4.95 4.91 4.87 4.84 4.80
5.10 5.07 5.04 5.01 4.97 4.93 4.89 4.86
5.16 5.13 5.10 5.06 5.03 4.99 4.95 4.91
5.22 5.19 5.16 5.12 08 5.05 5.01 4.97
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Estimating flows for base and top of willows in Mi 30 photo:

. A B C D E
3) Click on cell B5 and freeze panes, | ocENT lower? reach - RM 35.3 to 20.6 (RM
then scroll over to the Mile 35.3
column ; RM 32 gage
. 4 105.7(C_ 353 ) 352  35.1 35
o , , , 23 6300 558 556 551 5.49
This is the river mile location of the 24 6400 567 5 65 5 59 5 58
former Corps “Mile 35” gage, which is 25 6500/  5.75 5.73 5.68 5.66
discontinued 26 6600 584 582 576 574
now daiscontinued. 27 6700 592 590 585 583
28 6800 600 598 593 5091
4). Read off flow corresponding 29 6900/ 609 607  6.01 5.99
30 7000, 617 615 609  6.07
to a stage of 6.48 ft. 31 625 623 617  6.15
633  6.31 625  6.23
7,400 cfs is the flow associated with S 64 6.30 6.32 6.30
the water surface on day of photo. (649 D 646 640 638
556 6.54 648  6.46
36 7600| 664 662 655  6.53
37 7700 6.71 669 663 6.6
38 7800, 679 677 670 668
39 7900 686 684 678 675
40 8000| 694 692 685 6583
41 8100 7.01 699 692  6.90
42 8200 708 706 699  6.97
43 8300, 716 713 706  7.04
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Estimating flows for base and top of willows in Mi 30 photo:

A BC BD BE BF
RECENT

1
2
3 ChattQ
4

1057.5C 30 D) 209 208 29

5). Scroll over to column for

) ) — 17 5700 T1T 410 4.09 40

photo location at Mile 30. 18 5800 418 4.17 4.16 41
19 5900 4.25 4.24 4.23 42

20 6000 432 4.31 4.30 4.2

21 6100 4.39 4.38 4.37 43

22 6200 4.46 4.45 4.44 4.4

23 6300 453 452 4.51 45

24 6400 4.60 4.59 4.58 45

6). Read off stage corresponding 25 6500 4.67 4.66 4.64 4.6
26 6600 4.74 4.72 4.71 47

to a flow of 7,400 cfs. 6700 4.80 4.79 4.78 47
_ _ , 6800 4.87 4.85 4.84 48

525_ft IS the EIevatlon Where WI”OWS 6900 4 93 492 4 91 48

7000 5.00 4.98 4.97 4.9

5.06 5.05 5.03 5.0

are rooted at the water surface.

32 5.11 5.10 5.0
33 5.17 5.16 5.1
34 5.24 5.22 5.2
35 5.30 5.28 5.2
36 5.36 5.34 5.3
37 5.42 5.40 5.3

20 E A9 E AR E A



Estimating flows for base and top of willows in Mi 30 photo:

7). Add 3 ft for the height of the
willow seedlings.

5.25 ft at water surface plus 3 ft to

top of willow seedlings equals 8.25 ft.

8). Read off flow in the Mi 30
column that corresponds to 8.25
ft stage.

13,300 cfs is the flow associated with
top of willow seedlings. They would
be overtopped above this flow.

A BC BD BE BF
1 RECENT
2
3 ChattQ
4 105.7| ( 30 ) 299 20.8 29.
783  7.80 7.78 7.7
7.87 7.85 7.82 7.8
7.89 7.87 7.8
7.94 7.91 7.8
7.98 7.95 7.9
8.02 8.00 7.9
8.07 8.04 8.0
8.11 8.08 8.0
8.15 8.13 8.1
8.20 8.17 8.1
8.24 8.21 8.1
8.28 8.25 8.2
8.32 8.30 8.2
8.36 8.34 8.3
8.40 8.38 8.3
8.45 8.42 8.3
8.49 8.46 8.4
8.53 8.50 8.4
8.57 8.54 8.5
8.61 8.58 8.5
8.65 8.62 8.5
8.69 8.66 8.6
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