How Low Should
We G0?

2 April 2013

David Johnson
Matthew Parrish
USACE Vicksburg District

BUILDING STRONGg,




Methods to determine low flow

Hydrologic or Historic
-Hydraulic

-Habitat

Holistic

Water Quality

Other

B

BUILDING STRONGg,




Hydrologic Methods

Quick and easy
Tennant (Montana Method)

» 10% MAF (Mean Annual Flow)- minimum for fish

» 30% MAF - adequate for fish
» 60% MAF - good for fish

7Q10
90% Exceedence
95% Exceedence
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Hydraulic Methods

Based on cross sections

More data required

Often based on Manning’s Equation
Depth

Width

Wetted Area

B
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Habitat Methods

* Two elements — hydraulic and fish habitat
models

* |[FIM — Instream Flow Incremental Methodology
PHABSIM-physical habitat simulation
RHABSIM-river habitat simulation

RHYHABSIM-river hydraulic habitat simulation

» RCHARC — Riverine Community Habitat
Assessment & Restoration Concept
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Holistic Methods

Arthington (1991) Holistic approach
» Low flows
» First major wet-season flood
» Medium floods
» Very large flood
Range of Variability — 32 parameters

Building Block Methodology- health of all components of riverine
system- habitat integrity, social use, ecological importance,
hydrology, hydraulics, geomorphology, water quality, vegetation,
aquatic invertebrates, fish, and groundwater
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Holistic methods — flow effects

Valley or Channel Forming Flow ?:»5;1*3* ‘e_,

“": a.i""‘_-

Riparian Maintenance

f)

Channel Maintenance

Habitat Flow
Flushing Fluw

L
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Water Quality Methods

* Temperature - maximum
» Dissolved oxygen — minimum
= Total dissolved solids

B
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Other Methods

* Float a boat
= 0.5 cfs/ square mile of drainage area
* Minimum depth for a fish to swim upstream

B
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BIG HOLE RIVER: - MELROSE - DISCHARGE
BASED OM DATAFROM 10/01/1823 TO 09/30/2012

({The values less than ar equal to zero are set to 0.01)
100000

Big Hole River
at Melrose, ==
1923 to 2012
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L=
— Daily Minimum — Daily Maximurm — Daily Median

Low-Flow 7Q10 for Calendar Year (Jan-Dec) (127.05 CFS)

DIECHARGE {CFS)

A.008 1

- YELLOW (LOWER) BAMD = 5- TO 10-PERCENTILE

400 | = GREEMN (MIDDLE) BAND = 25- TO 75-PERCEMTILE

2,000 { <BLUE (UPPER) BAMD = 90- TO 95-PERCEMNTILE

2000 |

1500 | cfs cfs/sgmi % Dur cfs cfs/sqmi
%n  Eb Mx  Ax iy ™ Y Ay Sep  Det hew Dot Mean 1106 0.45 10% 255 0.10

— Dy Mirwmam — Dy Masirmurn. — Dualy Mecian Medlan 470 019 25% 330 013

Lerw-Flow TQL0 for Chmatic Year [Apr-Mar) (126.28 CFS)

ol ey Minimum 49 0.02 75% 1030  0.42
- GREEN (MICOLE BATO = 25 TO 75 FERCENTAE Maximum 13800 557 90% 2920 118

B 7Q10 126 0.05Tennant 3318 013 o
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Clarksfork of
Yellowstone River
at Belfry, MT
1921 to 2012
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CLARKS FORK YELLOWST - EDGAR - DISCHARGE
BASED OMN DATAFROM 07/28/1921 TO 09/30/2012

(The values less than ar equal to zero are setto 0.01)
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CLARKSFORK_YELL - BELFRY - DISCHARGE &
RASED 0N DATA FROM OROTN 521 TO CRraorog 2
1
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< 7.008 0.01
%-: Jan Feb Mar Apr May i Jul ALg Sep oct Maw Dec
(0]
B — Daily Minimum — Daily Maximum — Daily Median
B s Low-Flow 7Q10 for Calendar Year (Jan-Dec) (65.47 CFS)
e YELLOW (LOWER) BAND = 5- TO 10-PERCENTILE
e = GREEM (MIDDLE) BAMD = 25- TO 75-PERCENTILE
1000 < BLLE (LUPPER) BAND = 90- TO 95-PERCENTILE
- 7\
= 1 e cfs cfs/sqmi % Dur  cfs cfs/sqmi
S PG T Mean 925 0.80 10% 170 0.15
= Dy MrwTen — Dy Marmem — Daly Mockn .
Low-Florey 7010 for Clenatic Year (Apr-Mar) (78.55 CFS) Med|an 297 026 25% 220 019
YELLOWY (LOWER] BAND = 5- TO 10-PERCENTILE . 0
Vs i Sl ol Mlnl.mum 33 0.03 75% 793 0.69
BLLE (LFPER) BAND = 90 TO SSFERCENTILE Maximum 12300  10.66 90% 2840 2.46 M
7Q10 78.55 0.07 Tennant 277.5 0.24 =
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GALLATIM RIVER - GATEWAY - DISCHARGE
BASED OM DATAFROM 01/01/1880 TO 0973012012

(The values less than or equal to zero are setto 0.01)
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Gallatin River, at
Gateway, MT
1890-2012
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DISCHARGE (CFS)

GALLATIN RVER - GATEWAY - DIECHARGE
BASED QM DATA FROM D1/011 890 T0 DEENI0E
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1an Feb Mar Apy May n ul AL Sap oct how Dec

Doy Mrwmurn = Dy Mawmum = Daly Medan
Liow-Flaw 7000 for Chmatls vear (Apr-tar) (20467 OFS)
YELLCW [LC'WER ) BAND = 5. TO 10-PERCEMTILE
= GREEN [MIDOLE ] BAMND = 25. TO 75.PERCENTILE
“BLLIE (LIFPER) BAMD = 90- TO 95.PERCENTILE

Feb Mar Apr May Jun Jul Aug Sep oct Moy Dec

— Daily Minimum — Daily Maximum — Daily Median
Low-Flow 7010 for Calendar Year (Jan-Dec) (204,42 CFS)
YELLOW (LOWER) BAMD = 5- TO 10-PERCEMTILE
= GREEM (MIDOLE) BAND = 25- TO 75-PERCEMTILE
4 BLLE (UPPER] BAMND = 90- TO 95-PERCENTILE

cfs cfs/sgmi % Dur cfs cfs/sqmi
Mean 1192 1.44 10% 263 0.32
Median 414 0.50 25% 310 0.38
Minimum 153 0.19 75% 727 0.88

Maximum 8970 10.87 90% 2000 2.42 M
7010 204 0.25 Tennant 357.6 0.43
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Big Sunflower at
Sunflower, 1936-

FLOWICFS)
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20070 - BIG ELINFLOWER- ELINFLOWER - FLOW
BAEED QN DATA FROM 01011 9368 TO 12312008

Fréy Ay May n e

= Drally Minimum — Dy Maximum — Daily Median
Liow-Flonw 700 fior Chmatic Year [Apr-Mar) (26,41 CF5)
VELLOW (LOWER ) BAND = 5= TO MMPERCEMTILE (VERYT DREY COMDITIONS)
= GREEN (MIDDLE] BAND = 25 TO PSFERCENTILE (MORMAL CONDITIONS)
SRLLIE (LPFRR ) BAND = G- TO SSPRRCENTILR (VERY WET CORIITIONS)

FLOW (CFS)

BASED UM DATAFROM U101 936 10 1203172004
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(The values less than or equal to zero are set to 0.01)
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— Daily Minimum — Daily Maximum — Daily Median
Low-Flow 7Q10 for Climatic Year (&pr-Mar) (46,41 CFS)
YELLOW (LOWER) BAND = 5- TO 10-PERCENTILE (VERY DRY COMDITIONS)
= GREEM (MIDDLE) BAMD = 25- TO 75-PERCENTILE (NORMAL COMDITIONS)
<BLLE (UPPER) BAMD = 90- TO 95-PERCEMTILE (WVERY WET COMDITIONS)

Mean
Median
Minimum
Maximum
7Q10

cfs
1071
386
10
15000
46.41

cfs/sgmi % Dur cfs cfs/sqmi
1.40 10% 118 0.15
0.50 25% 190 0.25
0.01 75% 1260 1.64
19.56 90% 3140 4.09
0.06 Tennant 321.3 0.42
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Quiver River at
Doddsville,
1938-1958

QUNER - DODDEVILLE - DIECHARGE
BASED OM DATAFROM D11011 938 TO 1 5/311 858

DISCHARGE (CF3)

10000

1000

100

10

0.1

QUIVER - DODDSVILLE - DISCHARGE
BASED OM DATAFROM 01/01/1938 TO 12/31/1959

(The values less than or equal to zero are setto 0.01)

e Jan Feb Mar Apr May Jun Jul ALg Sep Oct Moy Dec
2 — Daily Minimum — Daily Maximum — Daily Median
E o Low-Flow 7Q10 for Climatic Year (Apr-Mar) (1.79 CFS)
E 2800 YELLOW (LOWER) BAMD = 5- TO 10-PERCEMTILE
o 2z = GREEN (MIDDLE) BAMD = 25- T 75-PERCENTILE
S a5 3 <+ BLUE (UPPER) BAMND = 90- TO 95-PERCEMTILE
1,750
1200
1250
1820 cfs cfs/sqmi % Dur cfs cfs/sqmi
a0 ]
. . Mean 477 1.63 10% 6.8 0.02
. - ' Median 94 0.32 25% 15 0.05
K, — 2= — .
B Feb My A My dm M Awg Sep Ot Nov D Minimum 0.3 0.001 75% 771 2.64
AR NERTEEN G D MRSTLINGS DI Maximum 3920 13.42 90% 1550 5.31
Low-Flow 7010 for Chmatic Year (Ape-Mar) {179 CFS)
YELLOWY [LOWER) BAND = 5- TG 10-PERCENTILE 7Q10 1.79 0.01 Tennant 143.1 0.49

= GREEN (MIDCLE) BAMD = 25- TO 75.PERCEMTILE
“BLLIE (LIFPER ) BAMD = S0- TO 95.PERCEMTILE
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FLOWICFS)

Quiver River
at
Doddsville,
1960-1998

CUNER - DODDEVILLE - FLOW
BRAEED QN DATA FROM 0110111580 TO 12011 9%

FLOW (CFS)

QUIVER - DODDSVILLE - FLOW
BASED OM DATAFROM 01/01/1960 TO 12/01/1998

{The values less than or equal to zero are set to 0.01)
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‘:’:‘_’“': Jan Feb Mar Apr May Jun Jul Aug Sep ot Moy Dec
;;:; — Daily Mirirmurm — Daily Maxirmum — Daily Median
J_'*:: Low-Flow 7010 for Climatic Year (&pr-Mar) (29,09 CFS)
21800 YELLOWY (LOWER) BAND = 5- TO 10-PERCEMTILE (VERY DRY COMDITICNS)
:ﬁ + GREEM (MIDDLE) BAMD = 25- TO 75-PERCEMTILE (MORMAL COMDITIONS)
1“;:'; 4+BLLE (LUPPER) BAMD = 90- TO 95-PERCEMNTILE (VERY WET COMDITIONS)
hosiss [ i
s 1 . cfs cfs/sqmi % Dur  cfs cfs/sqmi
pr A Y Mean 582 1.99 10% 45 0.15
e e A e "3 &u3 Sep oot Mev  Dec Median 136 0.47 25% 63.8 0.22
Dy MM — Baly Maimum — Daly Madan Minimum 20.6 0.07 75% 570 1.95
LAC oy S i (o e ) Maximum 6000 2055 ~ 90% 1731  5.93
YELLIOWY I:I [OWER ) BAME = 5= TO MMPERCENTILE I:'-'I-H'n' CRY COMDITIX NH:I . )
- GREEN (MIDOLE) BAND = Z5- TO 75-FERCENTILE [NORMAL CONDITIONS) 7Q10 29 0.10 Tennant 174.6 0.60

SHLUE [LPPER) HAMND = 90 TO 95-PERCENTILE (VERY WET CORNDITIONS)

-
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FLOW (CFS)

Tallahatchie
River at Swan
Lake, 1956 to

30420 - SWAM LAKE - FLOW
BASED OMN DATA FROM 01/01/1956 TO 12/31/2008

(The values less than or equal to zero are setto 0.01)
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30420 - SWAN LAKE - FLOW
BASED ON DATA FROM 01/01/1856 TO 12/31/2008 1000 -
45,000 ]
42,500
40,000
37,500
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100
27 500 Jan
25,000
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— Daily Mirimurm — Daily Maximurm — Daily Median
Low-Flow 7Q10 for Climatic Year (Apr-Mar) (642,79 CFS)
YELLOW (LOWER) BAMD = 5- TO 10-PERCENTILE (VERY DRY COMDITIONS)
= GREEM (MIDDLE) BAND = 25- TO 75-PERCENTILE (NORMAL COMDITIONS)
< BLUE (UPPER) BAND = 90- TO 95-PERCEMTILE (VERY WET COMDITIONS)

Feb Mar Apr May Jun Jul Aug Sep oct
— Daily Minirmurn — Daily Maximum — Daily Median
Low-Flow 7010 for Calendar Year (Jan-Dec) (671.95 CFS)
YELLOW (LOWER) BAND = 5- TO 10-PERCENTILE (WVERY DRY CONDITIONS)
= GREEM (MIDDLE) BAND = 25- TO 75-PERCENTILE (MORMAL CONDITIONS)
4 BLUE (UPPER) BAMD = 90- TO 95-PERCEMTILE (VERY WET CONDITIONS)
cfs cfs/sqmi % Dur cfs cfs/sqmi
Mean 7688 1.50 10% 2040 0.40
Median 6910 1.35 25% 4080 0.80
Minimum 270 0.05 75% 10300 2.01
Maximum 34000 6.63 90% 14700 2.87
7Q10 642.79 0.13Tennant 2306.4 0.45

Mow Dec
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Conclusions

Tennant method works for Montana mountain
streams

Tennant method does not work well for
Mississippi Delta streams

Massachusetts Method (.5 cfs/sq mi) does work
In either Montana or Mississippi

Methods to determine adequate low flows
should be developed regionally
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