Methow River Basin
Fish Habitat analysis
Using the Instream Flow
Incremental Methodology

August 1992
Publication No. 92-82

Q:." printed on recycled paper



Department of Ecology

Methow River Basin
Fish Habitat Analysis Using the
Instream Flow Incremental Methodology

By

Brad Caldwell
And Dave Atterson

Water Resources Program
Department of Ecology
Mail Stop 7600
Olympia, Washington 98504-7600

August, 1992

92-82



TABLE OF CONTENTS

Page

ABSTRACT ..ottt ettt b bt b e e Re Rt e Rt e s et e be e e Re R e Reeneen et e it e reereenes vii
ACKNOWLEDGEMENTS ...ttt sb bbb bbb viii
LIST OF FIGURES. .......coiiiiiiiit ettt ettt s et s ettt e st atenbeaneenens iX
LIST OF TABLES ...t bbb bbbttt bbb X
LIST OF ACRONYMS ... oottt sb et be b e s e s et e e e tesbenbeaneareaneaneens Xi
1. PROJECT BACKGROUNDS........cct ittt sttt st 1
SEUAY ODJECTIVES ...ttt e e e st e e saesneesreennesreenreeneens 1
PAITICIPANTS ...ttt ettt e bt s e b bt et bt et e et e eneenbe et e nre e 1

RIVEr Basin DESCIIPLION ......ovieieiieieece ettt e te et e snaenneeneeere e 1

[ 170 1 (0] (o] ) PSPPSR 1
Hydraulic Continuity Between Ground Water and Surface Water ..............ccco....... 3

Dry River Reaches During the Fall in Drought Years .........ccccoceveiiiiininiieiecnn 9

Dry Reaches and Icing During Winter In Drought Years..........ccccoevveveiiverecnenne. 11

Summary of Timing and Location of River Reaches That Go Dry .........c..cc........ 11

Quantifying Total Irrigation DIVEISIONS.........cccvereiieriere e 11

Relationship of Irrigation Canal Flows to the Methow River...........cccccevvinnne. 12

Fish Runs, Hatcheries, Fish Management Plans, Spawning TimMes ..........ccccoeveveiiveinenns 14
History and Status of Fish Production.............ccccooiiiiiiinnieicce e 14

EXIStING FISH RUNS ... 14

Hatchery INfOrmation ..o 14

Natural Summer SteelNAd.........c.coviiiiiie e 15

Hatchery Summer Steelhead ..........cccooiviiiiie e 15

SPrNG ChINOOK ..o e 16

SUMMET ChINOOK ... 17

Fall ChINOOK ... .ottt 21

SOCKBYE ...ttt bbbttt b e neen e 21

The Methow Subbasin Salmon and Steelhead Production Plan .............cccceee.... 22

Northwest Power Planning Council Protected Areas..........ccccovvvieereneneenieseenne. 22

. METHOW STUDY ...ttt st te st sbesbesbennaaneas 22
Description of the Instream Flow Incremental Methodology .........cccccovvveveiiiiiivcieciens 23
Interagency Participation in SCOPE-0f-WOrK..........coooviiiiiiiiiiicee e 25

Study Site and TranSeCt SEIECTION .........c.oiveiiiie e 25

FIEI PrOCEAUIES ... .eitieieeiee ettt b e sbe et e nbeenee s 26

Site Descriptions and Conditions During Measurements ..........cccocvevvevveseeseereeseeseennenns 33

Walsh Site on the MethOw RIVET .........cooiiiiiiiie e 33

KOA Site 0n the Methow RIVET .........c.cociiiiiiiiiccee e, 33

Weeman Site on the Methow RIVEN .........coiiiiiiiiiiie e 33

Chokecherry Site on the Methow RIVET ..........cccoviiiiieiecc e 33

TWISP RIVEE ST ...ttt ettt 34

CheWUCH RIVEE SHE.......oiiiiiieeee e 34

Early WINters Creek SIte.......voiiiiiiieieiie et 34



TABLE OF CONTENTS (Continued)

. HYDRAULIC MODEL ....coviiiiiiii sttt ettt naanes 34
Calibration PhilOSOPNY .....c..oiiiiiee e 34
INdicators Of MOTEl ACCUIACY .......couiiiiiiiiiiiie et 35
OptioNS IN TFGA IMOEN ..o 36
Site SPECITIC CaliDratioN........ccuiiiiiiei e e 36

Walsh Site on the MethOW RIVET .........coeiiiiiiicece e 36
KOA Site 0n the MethOW RIVET ........ccoeiiiiiieiecce et 36
Weeman Site on the MethOW RIVEF .........coviiiiieiicie e 36
Chokecherry Site on the Methow RIVET ..o 36
TWISP RIVEE SIE...uiiiiiiiicic ettt te e e s e 37
ChewWUCN RIVEE SHE......viiiie it 37
Early WiInters Creek SIte......cuiiveieiieie e 37
TranSECt WERIGNTING ..ottt nne e 37
Agency and Tribal Approval of the Hydraulic Model ..., 38

IV.  HABITAT-USE MODEL (HABTAT) ..ottt 38
OPtioNS USEd IN HABT AT ...ttt sttt st 38
Selection and Approval of Habitat-USe CUIVES ..........ccecviieiieie e 38

V. RESULTS AND DISCUSSION ....cciiiiiiiieiiiie sttt 39
Factors to Consider When Developing a FIOW RegimMe.........cccovveveiiieiicie e 39

APPENDICES:

A WUA-VS.-FLOW GRAPHS ..ot 42
Area vs. Discharge on Methow River at the Walsh Site...........ccccoooeiiiiniiiennen, 43
Steelhead Habitat on Methow River at the Walsh Site..........c.ccccooeviiiiiivececenn, 44
Chinook Salmon Habitat on Methow River at the Walsh Site.............ccocveienee. 45
Bull Trout Habitat on Methow River at the Walsh Site...........cccccceevvieiiviicinennn. 46
Area vs. Discharge on Methow river at the KOA Site.........ccooovvieiinieiienininas 47
Steelhead habitat on Methow River at the KOA Site.........cccooevviviiviiciieiecn, 48
Chinook salmon on the Methow River at the KOA Site........cccoeviiiiiiiieiiennnn, 49
Bull trout habitat on the Methow River at the KOA Site.........cccccevvviveiiecceinennn. 50
Area vs. Discharge on Methow River at the Weeman Site............ccoccvvverviienenn, 51
Steelhead habitat on Methow River at the Weeman Site..........cccoocvveiiiniennne 52
Chinook salmon habitat on Methow River at the Weeman Site ..............cccceveee. 53
Bull trout habitat on Methow river at the Weeman Site ..........ccccccevenveiiencinene. 54
Area vs. Discharge on Methow River at the Chokeberry Site .........cccccovviienenee. 55
Steelhead habitat on Methow River at the Chokeberry Site .......c.ccooiiiiiiiinnee. 56
Chinook salmon habitat on Methow River at the Chokeberry Site..................... 5
Bull trout habitat on Methow river at the Chokeberry Site............cc.cccocvvivinenns 58




TABLE OF CONTENTS (Continued)

Area vs. Discharge on Methow River at the Twisp River Site ...........ccccccoeuvennn. 59
Steelhead habitat on Methow River at the Twisp River Site ............cccccooevvvvinnnn 60
Chinook salmon habitat on Methow River at the Twisp River Site...................... 6]
Bull trout habitat on Methow river at the Twisp River Site............ccccccocvvvenennen, 62
Area vs. Discharge on Methow River at the Chewuch River Site........................ 6

Steelhead habitat on Methow River at the Chewuch River Site..........c..cccvvee.. 64
Chinook salmon habitat on Methow River at the Chewuch River Site ................ 65
Bull trout habitat on Methow river at the Chewuch River Site...........cc.ccccvveee... 66
Area vs. Discharge on Methow River at the Early Winters Creek Site................. 6

Steelhead habitat on Methow River at the Early Winters Creek Site.................... 68
Chinook salmon habitat on Methow River at the Early Winters Creek Site......... 69
Bull trout habitat on Methow river at the Early Winters Creek Site..................... 70
WAVLSH SITE CALIBRATION INFORMATION .......oooovviiiiiiiiiiiiiciici 7

BL IFEGA INDUE FIIE ..ttt ean e s 72
B2 Summary of Calibration DetailS.............ocuviiiiiiiiiiiiiiiiiicicseeei 77
B3 Data CRANOES ....cociieiiiiecciieeeeiii ettt s et eeeesseieereeseateesessnbessessnressessnns 7

B4 Velocity AdJUSTMENt FACIOIS ..........c.ooveiiiieiieic e 79
KOA SITE CALIBRATION INFORMATION........ooooviiiiiiiiiiiiiiiciccecsi 8

CL TEGA INDUE FTIE ittt e s eea e e et eaeessbeeseeaans 81
C2 Summary of Calibration DetailS............cocovviiiiiiiiiiiiiiiiiicceceeei 86
C3 DaAta CRANOES ....eveiieiiieceiiie ettt e et aeeseabeeeesaaseesessesseesessasreneesan 8

C4  Velocity AdJUSTMENT FACIOIS .........cveivieiecieiiecececee e 88
WEEMAN SITE CALIBRATION INFORMATION .....ccoooovouviiiiiiiiiccinesnn 89
D1 IFEGA INPUE FIE ..o 90
D2 Summary of Calibration DetailS ...........ccoovvuiiiiiiiiiiiiiiiiiicciiieecciie e 97
D3 DAta CRANGES .....eiieiiiiiiiiitie ittt e st e e esbeesssreesessessssessseesssreeas 99
D4 Velocity AdJuStMent FACIOrS .........couvviiieiiiieiiecceceees e 100
CHOKEBERRY SITE CALIBRATION INFORMATION........cccocoovveenen. 101]
E1 IFEGA INDUL FIIE oo 102
F2  Summary of Calibration DetailS ............ooovviiiiiiiiiiiiiiiiiiiiciiciscieeseien 108
F3 Data ChANGES ....vvviieviiiiiiicieiee ettt e s e e s enresesnreesreessseeessnes 109
F4  Velocity AdJuStMent FACIOrS .........ccvivviieiiiiiiecceees e 110
TWISP RIVER SITE CALIBRATION INFORMATION .........cooovviiviiiinnnnnnn, 117}
F1  IFEGA INDUE FIIE et een e 112
FF2  Summary of Calibration DetailS.........c.ccoccvviiiiiiiiiiiiiiiiieecces 117
3 Data CRANOES ...ttt e e st e e e eeabeeeessaseeeessasseeseas 11

4 Velocity AdJustment FaCtOrS ..........cuoueiveieiieiieecee e 119
CHEWUCH RIVER SITE CALIBRATION INFORMATION.............ccuv.e... 120
G1 IFEGA INDUL FIIE .ottt 121]
(52 Summary of Calibration DetailS............cooovvviiiiiiiiiiiiiiiieeee 126
(53 Data CRANGES ..ottt eetee e e s ebeeeesaatessesenbessessseesessa 127
(G4 Velocity AdJuStMENt FACIOrS ..........cvcveiieiiiieiiecccie e 128




TABLE OF CONTENTS (Continued)

FARLY WINTERS SITE CALIBRATION INFORMATION............cccuuu......... 129
H1 IFEGA INDUL FIIE ..o 130
H2 Summary of Calibration DetailS............ccoviviiiiiiiiiiiiiiiiiiiciicsceiieeseiiieea 139
H3  Datad ChANGES .....eoiivviiiiiiiiiieeiiee et e e s e e eseeesssseesseesesseeeasses 141]
H4  Velocity AdJuStment FaCtOrS .........ccuoviieiiiieiiecceeeees e 142
TRANSECT WEIGHTING .....ooovovveveoeeeeeeeeeeeeeeeeseeeeenvseseen e 143
FISH HABITAT-USE CURVES AND SUBSTRATE CODE............cccuuu....... 145
J1  Depth and velocity habitat-USE CUNVES ..........cocuvviiiiiiiiiiiiiiisiiecie e 144
J2  SUDSErAte/COVEr COUB ... .vviiiiieiiie e 155
IRRIGATION CANAL FLOWS AND RIVER FLOWS.......cc.cccccoovvvnviinnnnn, 156
K1 Flows measured by Hosey and assoc. in Methow River, 1990 ................... 157
K2 Flows Measured by Ecology in Methow basin in 1991 ...........ccccvveiennnnn. 163
K3 Flows measured by USGS gages in Methow basin, 1991, 1992.................. 167
K4 Flows Measured by Ecology in Methow basin Irrigation ditches in 1991.. 170
K5 Flow Statistics for Exceedence-Frequency Hydrographs.............c.ccc........ 177

INSTREAM FLOWS IN THE METHOW RIVER BASIN, CH.173-548 WAC182

BNORKELLING OBSERVATIONS OF FISH IN THE METHOW BASIN.... 184

LITERATURE CITED ..o eeeeeeneeenneenesennnesnneannen 192

ECOLOGY’S MISSION STATEMENT .....o.oovoverreeeereeeeeesveneeeeenvsenenan 195

Vi



ABSTRACT

The Washington State Department of Ecology (Ecology), Water Resources Program studied the
relationship between fish habitat and stream flow in the Methow River basin using the Instream
Flow Incremental Methodology (IFIM).

Measurement sites included four sites on the Methow River, involving 32 transects, to represent
60 miles of the Methow River. Three study sites, involving 20 transects, were chosen to
represent the lower miles of the Twisp River, Chewuch River, and Early Winters Creek.

Fish habitat is defined in this study as water depth, velocity, substrate, and cover. Habitat
measurements encompassed three to four different flows for each of the seven study sites.

At the Walsh Site on the Methow River (River Mile (RM) 31.5) the highest quantity of fish
habitat occurs at a flow of 1000 cubic feet per second (cfs) for spawning steelhead, at 1050 cfs
for spawning chinook, at 1050 cfs for juvenile steelhead rearing, at 600 cfs for juvenile chinook
rearing, at 1400 cfs for juvenile bull trout rearing, and at 2000 cfs for adult holding chinook.

At the KOA Site on the Methow River (RM 49) the highest quantity of fish habitat occurs at a
flow of 800 cfs for spawning steelhead, at 650 cfs for spawning chinook, at 650 cfs for juvenile
steelhead rearing, at 200 cfs for juvenile chinook rearing, at 1000 cfs for juvenile bull trout
rearing, and at 1300 cfs for adult holding chinook.

At the Weeman Site on the Methow River (RM 59) the highest quantity of fish habitat occurs at
a flow of 650 cfs for spawning steelhead, at 600 cfs for spawning chinook, at 350 cfs for
spawning bull trout, at 425 cfs for juvenile steelhead rearing, at 85 cfs for juvenile chinook
rearing, at 700 cfs for juvenile bull trout rearing, and at 800 cfs for adult holding chinook.

At the Chokecherry Site on the Methow River (RM 66.5) the highest quantity of fish habitat
occurs at a flow of 500 cfs for spawning steelhead, at a flow of 400 cfs for spawning chinook, at
75 cfs for spawning bull trout, at 500 cfs for juvenile steelhead rearing, at 250 cfs for juvenile
chinook rearing, at 600 cfs for juvenile bull trout rearing, and at 850 cfs for adult holding
chinook.

At the Twisp River (RM 1.8) the highest quantity of fish habitat occurs at a flow of 250 cfs for
spawning steelhead, at 150 cfs for spawning chinook, at 50 cfs for spawning bull trout, at 200 cfs
for juvenile steelhead rearing, at 80 cfs for juvenile chinook rearing, and at 225 cfs for juvenile
bull trout rearing.

At the Chewuch River (RM 1.3) the highest quantity of fish habitat occurs at a flow of 425 cfs
for spawning steelhead, at 275 cfs for spawning chinook, at 175 cfs for spawning bull trout, at
400 cfs for juvenile steelhead rearing, at 150 cfs for juvenile chinook rearing, and at 400 cfs for
juvenile bull trout rearing.
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At Early Winters Creek (RM 1-0) the highest quantity of fish habitat occurs at a flow of 475 cfs
for spawning steelhead, at 325 cfs for spawning chinook, at 575+ cfs for spawning bull trout, at
150 cfs for juvenile steelhead rearing, at 50 cfs for juvenile chinook rearing, and at 175 cfs for
juvenile bull trout rearing.

Future determination of a satisfactory minimum instream flow for a stream in the Methow River
basin will employ choices as to the relative importance of the river reaches, fish species, and
lifestages, and the peak weighted-usable- area (WUA) flows listed above. Different fish species
and lifestages exist simultaneously in the river and each has a different flow requirement.
Providing an optimum flow for one lifestage will usually result in habitat degradation for another
lifestage.

In addition, minimum instream flows must include flows necessary for incubation of fish eggs,
smolt out-migration, fish passage to spawning grounds, and prevention of stranding of fry and
juveniles. Other variables which have to be considered include water temperature, water quality,
and sediment load. The flows needed for these variables were not calculated in

this study, but must be determined by knowledgable biologists.

No attempt was made in this report to derive a final optimum flow regime for the Methow River
since a consensus on the effect of the environmental variables listed above on the river and
fishery management objectives is needed from the state and federal resource agencies and the
tribes.
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PROJECT BACKGROUND

Study Objectives

Since 1983, the Washington State Department of Ecology (Ecology) has conducted Instream Flow
Incremental Methodology (IFIM) studies throughout Washington for use in determining minimum
instream flows. This study serves two objectives:

1. To provide Ecology with instream flow information that can be used to review the minimum
instream flows for the Methow basin adopted by Ecology in 1976 (See Appendix Q, and

2. To provide Ecology with instream flow information to determine the impact of new water right
appropriations on fish habitat.

Participants

Project participants included the Washington State Department of Fisheries (WDF), Washington State
Department of Wildlife (WDW), the Yakima Indian Nation (YIN), Colville Confederated Tribes (CCT),
Okanogan County, and U.S. Fish and Wildlife Service (USFWS).

River Basin Description

The Methow River is located in north central Washington and drains southward for more than 80 miles
through western Okanogan county before emptying into the Columbia River near the town of Pateros.
Mean annual runoff per unit of watershed area decreases dramatically from 60 inches at the headwaters
(elevation 6000 feet) to only one inch near Pateros (elevation 779 feet; Richardson, 1976).

About 85% of the Methow basin is national forest or wilderness and 15% is under private ownership.

From Pateros to Carlton (River Mile (RM) 0.0 to 27.2) most of the irrigated land is in fruit production.
Between Carlton and Twisp (RM 27.2 to 40), land use is half orchards and half field crops. From Twisp
to Early Winters Creek (RM 40 to 67.3), most of the irrigated lands are in alfalfa with some grain. See
Table 1 for an index to the river miles.

Hydrology

The Methow River is fed by snow melt, rain, and ground water. High flows are mostly snowmelt and
occur from mid-April until the end of July with a peak around the first of June. The Methow River
experiences low streamflow from the end of August until the end of March. Upstream of Winthrop, low
flows during winter can freeze solid down to the river bed in certain reaches, although substantial
volumes of water continue to flow down valley underground.



Table 1. River Mile Index for the-Methow River

Methow River River Mile
Mouth of Methow 0.0
Head of pool from Well's Dam 2.0
USGS gage at Pateros 6.7
Town of Methow 12.4
Gold Creek confluence 21.8
Carlton highway bridge 27.2
Walsh IFIM site 31.5
Twisp highway bridge 39.4
USGS gage at Twisp 40.0
Town of Twisp 40.0
Twisp River confluence 40.2
KOA IFIM site 49.0
Winthrop highway bridge 49.8
USGS gage at Winthrop 49.8
Town of Winthrop 50.0
Chewuch River confluence 50.1
Winthrop National Fish Hatchery 50.4
Wolf Creek confluence 52.8
Weeman IFIM site 59.0
Weeman bridge 59.7
USGS gage near Mazama 63.8
Mazama bridge 65.4
Chokecherry IFIM site 66.5
Early Winters Creek confluence 67.3
Gate Creek Campground 69.8
Lost River confluence 73.0
Robinson Creek confluence 74.0



Flows have been gaged by the United States Geological Survey (USGS) in the Methow basin for the last
33 years at Pateros (RM 6.7), for 43 years ending in 1962 at Twisp (RM 40), for 2 years (1912 and
1972) at Winthrop (RM 49.8), and for 4 years ending in 1979 on the Twisp River (RM 1.6). Sixteen
years ago, Milhous, Sorlie, and Richardson (1976) recognized that the streamflow data available for
Methow River upstream of Twisp (RM 40) were not adequate for standard statistical measures (means,
statistical frequencies).

Ecology and USGS reactivated three gages, and installed two new gages in the basin. Flows have been
measured daily by USGS on the Methow River at Pateros (RM 6.7) since April, 1959; at Twisp (RM 40)
since April, 1991; at Winthrop (RM 49.8) since November, 1989; near Mazama (RM 63.8) since April,
1991; on the Twisp River (RM 1.6) since October, 1989; and on the Chewuch River since November
1991.

The hydrographs in figures 1 to 5 portray the exceedence-frequencies for 10- day intervals for USGS
gages with adequate data. The plotted numbers are in tables in Appendix K5. Unfortunately, not enough
data yet exists to synthesize hydrographs with any degree of reliability for Early Winters Creek or for
the Methow River at Mazama.

The 50-percent-exceedence flow is the median flow and gives the closest approximation to the "normal™
expected flow. The 90 percent exceedence flow is equaled or exceeded 90 percent of the time. This can
be thought of as a 1- in-10-year low flow. These hydrographs are based on 10-day averages to eliminate
some of the variation from using daily flows.

These hydrographs do not include water diverted for irrigation and used consumptively. The
consumptive amount of the diversions would have to be added in to arrive at what was the original or
natural flow. Most of the diversion quantities are discussed later in this document. Ten of the largest
irrigation diversions were built between 1898 to 1914 and pre-date any flow measurements.

Hydraulic Continuity Between Ground Water and Surface Water

The following background information on the relationships between ground water and surface water was
added to assist in reviewing the minimum instream flows in the Methow basin. These water
relationships are complex because the surface water in the Methow River can disappear and reappear in
different reaches as it flows downstream; the ground water can reverse its direction of flow as the water
level drops in the Methow River; and it is uncertain as to where all the water goes when the irrigation
diversions cease. Surface water measurements and well levels are discussed in the following paragraphs
to provide up-to-date information as to how a minimum instream flow at a USGS gage relates to surface
water upstream and downstream of the gage.

Sands and gravels deposited by past melted glaciers are the principal Methow Valley aquifer. Along the
Methow River and its tributaries, these sands and gravels are so porous and permeable that a high degree
of hydraulic continuity is virtually guaranteed as the ground water and surface water exchange rapidly
under certain conditions (Peterson and Larson, 1991).
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Snowmelt in the spring creates high flow levels in the Methow River which causes water levels in wells
in the Early Winters area to rise 10 to 25 feet in a one to two week period (colder Associates, 1991).

This high degree of hydraulic continuity is also demonstrated when certain reaches of the mainstem
Methow River upstream of the Weeman bridge (RM 59.7) go dry during drought years from August
through October and freeze solid from December through February. This is because the upper level of
the ground water aquifer is the same as the surface water level in the Methow River. If the water depth
of the Methow River is one foot and the ground water aquifer drops one foot due to ‘,pumping of wells,
then the Methow River is dry even though a large quantity of water is flowing downstream through the
gravels under the bed of the Methow River.

A significant amount of Methow River surface flow goes into the ground water around the Lost River
confluence (RM 73). However, this underground flow is channeled back onto the surface downstream
between the Weeman and Winthrop bridges (RM 59.7 to 49.8). On August 25, 1988, the flow in the
Methow River was 213 cfs at the Manama bridge (RM 65.4) and 218 cfs at the Winthrop bridge (RM
49.8): an increase of only 5 cfs. But 41 days later, the flow was 13 cfs at the Manama bridge and 190 cfs
at the Winthrop bridge: an increase of 177 cfs (Kohn, 1988). This clearly showed how the surface flow
at Manama could drop 200 cfs with a corresponding drop of only 28 cfs at Winthrop. ' The ground water
at Manama became surface water by the time it reached Winthrop.

Dry River Reaches During the Fall in Drought Years

Identifying specific reaches that go dry is important in establishing minimum instream flows to ensure
that fish eggs and juveniles are not dried up unknowingly. Dry reaches have been identified in the
Methow Subbasin Plan, the tribal spawning surveys, and by Ecology.

Three reaches of the Methow River where the surface flow dries up during droughts have been identified
in the Methow and Okanogan Rivers Subbasin Salmon and Steelhead Production Plan (WDF, YIN,
CCT, and WDF, 1989). These dry riverbeds in the Methow Rive total 8 miles and include:

1) 1.5 miles from RM 60.7 to 62.2 (in between the Weeman bridge and the Manama bridge),

2) 5.5 miles from RM 67.5 to 73.0 (just upstream of Early Winters Creek up to the Lost River
confluence),

3) 1.0 mile from RM 73.0 to 74.0 (from the confluence of the Lost River to the confluence of
Robinson Creek).

Salmon spawning surveys by Kohn in 1987 for the YIN found dry riverbeds occurred in:
1) the Lost River from RM 7.1 to 11.7 (Monument Creek to Drake Creek),

2) the Twisp River at Poplar Flats campground (RM 23.4),
3) the mouth of Wolf Creek.



These reaches that go dry during low flow years in the Methow River basin expand in length during
extreme drought years such as in 1987 and 1988. The Methow River was dry October 27, 1987, for 7.5
miles from the Manama bridge up to the Lost River confluence (RM 65.4 to 72.9) (Kohn, 1987). Only a
hundred-yard reach below Early Winters Creek confluence had any water. Normally, fall rains cause the
river to start rising around mid-October. However, when the Methow was surveyed downstream of the
Manama bridge on November 12 Kohn found the river dry until about RM 62.6. In summary, the
spawning surveys done in 1987 and 1988 indicted that the total dry reach on the Methow River in 1987
was from RM 62.6 to around RM 77.0 (assuming the four-mile reach upstream of Lost River confluence
was dry as found 'in 1988) for a total of 14.4 miles with only a pool at RM 73 (Lost River confluence)
and RM 67.3 (Early Winters Creek confluence).

During the drought of 1988 many parts of the Methow River in September went dry from RM 62.7 to
RM 77.0 (Kohn, 1988). It is surprising that the Methow River only went dry downstream to RM 62.6
during the extreme droughts in 1987 and 1988 since the Methow River Subbasin Plan stated that the
river goes dry down to RM 60.7 during low flow years.

No dry reaches in the Methow River and its tributaries were noted during the same extensive salmon
spawning surveys in 1989 through 1991 (Kohn, 1989; Edson, 1990; Langness, 1990; and Meekin,
1991). However, these surveys failed to note the one reach on the Methow River that dried up: RM 69.8
to 68.3 (Gate Creek reach). This reach went dry in 1990 and 1991 contained some of the highest
densities of spring Chinook juveniles and redds in the basin (See snorkeling observations in Appendix
M). In 1990, Methow River flow measured at six gages from the Lost River confluence down to USGS'
gage near Manama by Hosey and Associates showed that only downstream of Gate Creek from RM 69.8
to' 68.3 went dry from September 20 until October 5 in 1990. At the same time, flows at RM 63.8 (next
to USGS gage) were as high as 34 cfs while the Gate Creek reach was dry. These flows by Hosey and
Associates are in Appendix K1. Ecology's flow measurements in 1991 (Appendix K2) and Hosey's data
in 1990 found that a reach of about 1.5 miles below Gate Creek was the only reach to go dry in the
Methow River in the fall of 1990 and 1991.

The following Ecology and USGS numbers show how the flows upstream and downstream
corresponded to the Gate Creek reach flows in the Methow River in 1991

REACH SEPTEMBER 26 OCTOBER 23
Lost River confluence RM 73 60 cfs 40 cfs
Below Gate Creek RM 69.7 5.5 cfs 0 cfs
USGS gage near Manama RM 63.8 29 cfs 7.1cfs

The flows by Ecology are in Appendix K2 and the flows measured by USGS are in Appendix K3. 'If
you assume the flow at the USGS gage near Manama would drop 5.5 cfs when the flow below Gate
Creek drops 5.5 cfs, then the USGS gage near Manama would have read about 24 cfs when the Gate
Creek reach went dry. This would have occurred on September 30 in 1991.
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These Hosey and Ecology flow observations indicate that the Methow River reach downstream of Gate
Creek at RM 69.7 will be dry when the USGS gage near Mazama at RM 63.8 reads around 24 to 34 cfs.

Dry Reaches and Icing During Winter in Drought Years

During 1991, the Methow River received no rain from mid-summer until November 12 except for a very
light amount on October 14th and 28th. Because of sustained cold temperatures, precipitation fell only
as snow after mid-November in the area upstream of Winthrop.

The USGS gage on the Methow River near Mazama at RM 63.8 indicated zero flow for the period from
December 12, 1991 until February 15, 1992 (Appendix K3). To investigate whether the river was truly
dry as indicated by the gage, we surveyed the Methow River on January 30, 1992. Two to three feet of
snow covered the ground upstream of Winthrop. At the gage, we confirmed that the flow was indeed
zero but also noted one foot of ice covering the streambed for at least 0.5 miles upstream and
downstream. Also, we estimated flows at other locations on January 30, 1992, as follows:

REACH FLOW

Weeman IFIM site RM 59.0 16 cfs with no ice
Weeman bridge RM 59.7 16 cfs with no ice

USGS gage near Mazama RM 63.8 0 cfs with one foot of ice
Mazama bridge RM 65.4 17 cfs with no ice

Gate Creek reach RM 69.7 0 cfs with ice

Lost River confluence RM 72.9 12 cfs with no ice

Lost River bridge RM 0.5 40 cfs with no ice

Summary of Timing and Location of River Reaches That Go Dry

During drought years, several reaches on the Methow River go dry in September/October and ice over in
December/January/February. The reaches go dry in the following order: 1) downstream of Gate Creek
(RM 69.7), 2) the Mazama gage reach (RM 63.8), 3) the reach upstream of the Lost River confluence
(RM 73.1), and 4) the reach upstream of Gate Creek (RM 70.8).

Quantifying Total Irrigation Diversions

The number of diversions and quantity of water diverted in the Methow basin is not known for certain.
However, three estimates of irrigation diversions have been compiled and are similar: 248, 201, and 215
cfs.

The Pacific Northwest River Basin Commission (1977) estimated that in 1971 irrigators diverted 5.8 cfs
from Gold and Libby Creeks, an unknown amount from Beaver Creek, 61.5 cfs from four ditches from
the Twisp River and from one ditch from the nearby Methow River (around RM 40), 93.8 cfs from six
ditches on the Methow River above Winthrop (RM 50), and 87.1 cfs from the Chewuch
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River. These diversions from the Methow River and its tributaries total 248.2 cfs.

Willms and Kendra (1990) estimated that recorded surface water rights for diversions from the Methow
River along the reach from Pateros to Carlton (RM 0 to 27.2) amount to 67 cfs. Between Carlton and
Twisp (RM 27.2 to 40) water rights for diversions total 11 cfs with an additional 60 cfs diverted by the
Methow Valley Irrigation District (MVID) from the Methow and Twisp Rivers above Twisp. From
Twisp to Winthrop (RM 40 to 50) water rights for irrigation diversions (excluding MVID) amount to 63
cfs. These diversions from the Methow River total 201 cfs.

Larson and Peterson (1991) measured flows in 18 of the largest irrigation ditches in the Methow basin
(Appendix K4). These flows were measured downstream of the fish screens and did not include excess
ditch water diverted back to the river. These ditches probably contained at least 90$ of the total quantity
of water diverted by irrigation diversions in the Methow River basin. Miscellaneous information
gathered on another 26 irrigation diversions in the basin revealed that their total cfs diverted was small
compared to the 18 diversions measured in 1991. These measurements revealed that from July through
October irrigation diversions from ditches decreased as the river levels decreased except for the MVID
canal. Irrigation diversions on August 27-29 were: 68 cfs from the MVID (30 cfs from the Twisp River
and 38 cfs from the Methow River at RM 44.8), 12.2 cfs from three ditches on the Twisp River, 44.3 cfs
from five ditches on the Methow River from RM 48.3 to 61.4, 75.6 cfs from four ditches on the
Chewuch River, and 15.1 cfs from two ditches on Early Winters Creek. Two other ditches were dry.
These diversions total 215.2 cfs.

The following list shows how total irrigation diversions in 1991 changed month-by-month in the
Methow River basin in the 18 measured ditches:

DATE TOTAL OF IRRIGATION DIVERSIONS
July 18-19 222 cfs

August 27-29 215 cfs

September 24-27 174 cfs

October 22-24 12 cfs

Relationship of Irrigation Canal Flows to the Methow River

These flow relationships are unknown, but the 1991 USGS daily flow measurements and Larson and
Peterson ditch measurements give indications. See Appendices K3 and K4 for full dates and flows.

Larson and Peterson (1991) measured 174 cfs in irrigation diversions upstream from the USGS gage on
the Methow river at Twisp on September 24-27, 1991. The gage was reading about 272 cfs at this time
and slowly, but steadily dropping. According to the exceedence reports presented earlier in this report,
272 cfs was the median flow for that time of year. If all the measured diverted irrigation water was used
consumptively, then the historic median flow would
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have been 446 cfs (174 plus 272 cfs) at the end of September at Twisp.

The flow at Twisp went from 258 cfs on September 30, 1991, to 325 cfs on October 2, 1991. The flow
increased 67 cfs because diversions ended; no rain occurred. The flow did not increase 174 cfs (total of
the upstream irrigation diversions). It was most likely that the missing flow went into the streambanks as
bank storage. The sudden rise in water level in the river would have caused the river level to be higher
than the nearby ground water level in the streambanks. The high degree of hydraulic continuity in the
area would allow the river water to rapidly .go into the ground water. Once the bank storage is filled (the
ground water level in the streambanks equals the level of the water in the river), then the river flow
would begin to steadily drop again if no rain occurred. This bank storage could be verified by
monitoring the water level in the wells along the river.

Evidence for reversal of the direction of ground water flow is in a report that investigated ground water
in 1989 for a possible hatchery near Winthrop (GeoEngineers, 1990). The well was 650 feet south of the
Methow River. The ground water was flowing northeast toward the river. They found near Winthrop
that, ""Site measurements during September and October, 1989 indicated that the Methow River was
gaining water from the aquifer beneath the site. Site measurements during August 1988 indicated that
the Methow River was losing water into the aquifer beneath the site.” The Methow River flow was still
high in August, but dropped to a low level in September and October. With a high river flow and high
water level in August the river was flowing into the ground water at Winthrop in a southerly direction,
but during the low river flow and low water level in September and October the ground water reversed
its direction and flowed northeast .into the Methow river since the ground water level was now higher
than river level. This rise in the ground water level can occur very rapidly. Golder Associates (1991)
found well levels rose 10 to 25 feet in a one to two week period from an increase in river flow.

At other sites (besides Twisp) in the Methow basin on the same dates (September 30 and October 2) the
flow upstream at Winthrop went from 228 to 229 cfs for an increase of 1 cfs. Only six days earlier the
Chewuch canals were diverting 64.2 cfs. It is unknown when the canals stopped diverting, except that
the canals were all dry on October 22. The highest reading at Winthrop in October before the 22nd was
245 cfs on October 12 which was an increase of 17 cfs. The lack of a large increase in river flow in
October is puzzling. Monitoring well levels along the river would provide the answer..

On the same dates (September 30 and October 2) the flow in the Twisp River at the USGS gage went
from 37 to 58 cfs for an increase of 21 cfs. Five days earlier the irrigation canals were diverting 37 cfs
out of the Twisp River upstream of the gage.

Significantly, when most irrigation diversion ended October 1 upstream of Twisp, a minimum of 39
percent of the previously diverted water showed up immediately at the gage on the Methow at Twisp. In
the Twisp River a minimum of 57 percent of previously diverted water showed up immediately at the
Twisp River gage.
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Fish Runs. Hatcheries. Fish Management Plans and Timing of Spawning

The following background information on fish is provided to assist when interpreting the fish habitat
versus flow relationships at the end of this document. This requires knowledge of what and when fish
species are present.

Most of the following fish information comes from the Methow and Okanogan Rivers Subbasin Salmon
and Steelhead Production Plan done by WDW, WDF, Yakima Indian Nation, and Colville Indian
Reservation in 1989. Details on timing and location of spawning salmon are from the spring and
summer Chinook spawning ground survey reports done by M. Kohn, S. Edson, T. Meekin, and 0.
Langness for the Yakima and Colville Indian Reservations from 1987 until 1991. Observations of actual
fish use and distribution in 1991 are in Appendix M.

History and Status of Fish Production

The natural (not spawned and reared in a hatchery) anadromous fish populations are at depressed levels.
The largest of many factors limiting restoration of the salmonid runs is poor fish passage caused by the
nine mainstem Columbia River dams the fish have to pass on their way to and returning from the ocean.
Fish passage into the Methow River was completely blocked from 1912 until the 1930's by a
hydroelectric dam built across the river at Pateros. This dam was removed in the 1930's, but the coho
salmon run became extinct and perhaps the other original salmonid runs. Some salmonids were trucked
above the dam but it is doubted that any survived. After the dam was removed, hatchery salmonids were
planted into the river and strays from downriver entered the river. Over the past decades, many different
trap-and-release and hatchery projects have resulted in significant runs of hatchery fish with some
restoration of natural runs. In addition, fish runs suffer from miles of the upper Methow River being
dewatered naturally and from irrigation withdrawals during the low flow times in the fall and winter.

Existing Fish Runs

The Methow River has anadromous fish runs of summer steelhead, spring Chinook, summer Chinook,
fall Chinook, and sockeye salmon. The Methow River has resident fish populations of rainbow,
cutthroat, brook, and dolly warden or bull trout along with whitefish, suckers, and squawfish. A
recreational fishery exists for summer steelhead, whitefish, and resident rainbow and cutthroat trout.
Recreational fishing is closed for salmon, and all dolly warden or bull trout and natural steelhead must
be released. The only commercial fishery is a small tribal fishery on steelhead.

Hatchery Information

The Winthrop National Fish Hatchery at Winthrop is operated by the United States Fish and Wildlife
Service and raises spring Chinook for stocking the Methow River. An average of 986,187 spring
Chinook smolts were planted into the Methow River each year from 1980-1987.

The Wells Salmon and Steelhead Hatchery is at Wells Dam on the Columbia River and has raised
summer steelhead and summer Chinook for stocking into the
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Methow River since 1967. An average of 370,664 steelhead smolts were stocked each year into the
Methow, Twisp, and Chewuch Rivers from 1981-87. Additionally, the hatchery goal is to plant 400,000
summer Chinook subyearlings in the Methow River each year. However, this summer Chinook stocking
has only occurred in 1987 when 212,732 were stocked.

Expected Hatchery Development and Production

The Wells Dam Settlement Agreement will try to promote natural spawners by stocking 450,000 spring
Chinook smolts each year in acclimation ponds along the Chewuch and Methow Rivers. In addition,
150,000 summer Chinook yearlings and 260,000 subyearlings will be stocked each year into the
Methow River.

The Rock Island Settlement Agreement will supplement natural spawners by stocking 100,000 spring
Chinook smolts each year in an acclimation pond along the Twisp River and stocking 400,000 summer
Chinook yearlings each year into the Methow River. The Methow River subbasin production plan
proposes to increase spring Chinook smolt production to 1.4 million per year from the Winthrop
National Fish Hatchery.

Natural Summer Steelhead

POPULATION SIZE- The natural summer steelhead run size from 1982-1986 averaged 201 with a sport
catch of 103 and a tribal catch of 5 leaving 93 to escape to spawn in the Methow watershed. The natural
steelhead run makes up only 3 percent of the total steelhead run in the Methow watershed.

FISH PRODUCTION LIMITATIONS- The lack of natural adults for spawning is caused primarily by
over-harvest of adults before they can return to the Methow River and poor fish passage through nine
dams on the Columbia River. Significant mortalities are believed to occur from winter icing in the
Methow watershed.

MANAGEMENT GOAL- The goal of fish agencies in the Methow watershed for natural steelhead is to
maintain genetic integrity and rebuild the natural run of steelhead to achieve a spawning escapement of
3,200 adults. The recent Methow River salmon and steelhead production plan proposes no harvest of
natural steelhead, but allows harvest of 10,000 hatchery steelhead along with inventoring and restoring
fish habitat.

LIFE HISTORY- Adults enter the Methow River in mid-July with the numbers peaking by
mid-September and October. However, during winter the adults will leave the Methow river and return
to the warmer Columbia River. The adults will return to Methow River and beginning spawning in the
lower mainstem in mid-March and continue through May. Spawning in the upper mainstem and
tributaries occurs from April 1 to May 31. The fry emerge in summer with the juveniles rearing from
two to three years before outmigration during the spring.

Hatchery Summer Steelhead

POPULATION SIZE- The hatchery summer steelhead run size from 1983-1986 averaged 15,015 with a
sport catch of 7,804 and a tribal catch of 388 leaving
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6,823 to escape to spawn in the Methow watershed. Hatchery steelhead make up 97 percent of the total
steelhead run in Methow watershed.

FISH PRODUCTION LIMITATIONS- The primary limitation to production are the mortalities caused
by having to pass upstream and downstream through the nine dams on the Columbia River.

MANAGEMENT GOAL- The goal of the fish agencies is to achieve 10,000 hatchery steelhead for sport
and tribal harvest. Since this goal has been met in recent years, enhancement of the hatchery stock is not
desired.

LIFE HISTORY - Hatchery steelhead spawn naturally in the lower mainstem from March 1 to May 15,
and in the upper mainstem and tributaries from March 15 until May 31. After nearly 14 months of
rearing in a hatchery, the smolts are stocked for outmigration beginning around April 20 until mid-May.
Almost 10 percent of these hatchery smolts spend an additional year in fresh water before migrating out
to salt water.

Spring Chinook

POPULATION SIZE- The natural spring Chinook escapement for spawning in the watershed averaged
2,161 from 1982-1985. No sport or tribal fishing for salmon is allowed in the Methow River. No one
knows how many hatchery fish spawn naturally in the Methow River.

FISH PRODUCTION LIMITATIONS- The greatest limitation is from smolt and adult mortalities due to
passing the nine Columbia River dams. Fish losses are also due to 1) unscreened diversion structures, 2)
loss of instream flows from irrigation diversions, 3) natural low flows, 4) loss of riparian habitat from
streamside development, 5) and possible loss of juvenile fish during winter icing. Dewatering causes
fish mortalities in the Methow River from Weeman Bridge on upstream past Mazama, past Early
Winters confluence, and even past the Lost River confluence. Dewatering also occurs in the Lost River
and the Chewack River.

MANAGEMENT GOAL- An escapement goal has not been set, but the goal of the fish agencies is to
achieve 2,000 spring Chinook for sport and tribal harvest. A higher priority is to increase the
productivity while maintaining the unique biological characteristics of the stock, including the existing
balance of spawners in the tributaries.

LIFE HISTORY- The adult spring Chinook migrate into the Methow River in May and June. Overall,
spawning begins at the end of July, peaks August 20 until September 1, and ends by September 11. In
the Methow River in 1987 spawning started August 7, peaked August 28-September 4, and ended
September 11. In the Chewuch River spawning in the lower reach started August 18, peaked September
1, and ended September 8. But in the upper Chewuch River spawning peaked August 1. In the Twisp
River spawning started late July and peaked August 19-26. In the Lost River spawning peaked August
20-27 and, ended September 3. In Early Winters Creek spawning started in late July, peaked August 9,
and ended August 13.
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The largest densities of redds occur in the Methow River from Winthrop to Lost River (especially from
RM 57.7 until 65.4), the lower Lost River, the middle and upper Twisp River, and the middle and upper
Chewuch River (See Figure 6). They have been seen since 1987 spawning in Early Winters Creek, Lake
Creek, and Gold Creek. However, the fish and redd counts have dropped dramatically and steadily from
1987 to 1991.. In 1991, no spring Chinook redds were counted in Early Winters Creek, Gold Creek, or
Lake Creek and the count of spring Chinook that migrate over Wells Dam (their last dam obstacle) was
the lowest on record (since 1967). Almost no spring Chinook spawning occurs in the Methow River
downstream of the town of Winthrop.

Juvenile spring Chinook rear for a year in the river. Snorkelling observations by Ecology and Hosey and
Assoc. in 1990 and 1991 found high densities of juveniles in the deep pools by the Gate Creek area in
the upper Methow. Unfortunately, that reach dried up completely in 1990 and 1991 in October and all
juveniles are believed to have been killed in that area. High densities of juvenile spring Chinook were
also found by Ecology in 1991 in the large pools fed by springs that emerge one mile downstream of
Weeman bridge (Appendix M). These springs and pools remained cold (48 degrees F) and flowing even
when the Methow River dropped to a low flow and air temperatures were in the high 90's. We also
found high densities of juveniles in 1991 in the lower Twisp River in August, but they were not visible
in September. Juvenile salmonids begin disappearing under cobble out of view around mid-September in
drainages along the eastern Cascade Mountains.

Summer Chinook

POPULATION SIZE- The natural summer Chinook escapement for spawning in the watershed
averaged 674 from 1982-1985. No sport or tribal fishing for salmon is allowed in the Methow River. No
one knows how many hatchery ,fish spawn naturally in the Methow River.

FISH PRODUCTION LIMITATIONS- The greatest limitation is from smolt and adult mortalities due to
passing the nine Columbia River dams. Fish losses are also due to 1) unscreened diversion structures, 2)
loss of instream flows from irrigation diversions, 3) natural low flows, and 4) loss of riparian habitat
from streamside development.

MANAGEMENT GOAL- An escapement goal has not been set, but the goal of the fish agencies is to
achieve 3,000 summer Chinook for sport and tribal harvest. A higher priority is to increase the
productivity while maintaining the unique biological characteristics of the stock, including the existing
balance of spawners in the tributaries.

LIFE HISTORY- The adult summer Chinook migrate into the Methow River in late August. Spawning
usually begins September 16, peaks October 13-20, and is complete by October 31. Chinook that spawn
after October 31 are considered to be fall Chinook. No summer Chinook spawning occurs in the
tributaries. Summer Chinook spawn in the Methow River from Winthrop downstream to just below
Methow (See Figures 7 and 8). Emergence timing is unknown, but is likely January until April.
Juveniles may rear from a few months to a year before migrating out.
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Fall Chinook

POPULATION SIZE- The fall chinook escapement for spawning in the watershed is unknown A
redd count in 1987 found 160 redds on November 13. Fall chinook counts It Wells Dam (the
nearest dam on the Columbia River downstream from the Methow River) have increased from
477 in 1980 to 2,822 in 1987. This increase in fall chinook at Wells Dam may be from increased
straying from the increased production in the Hanford Reach on the Columbia River or from the
same improved river conditions that helped the Hanford Reach fish. No sport or tribal fishing for
salmon is allowed in the Methow River.

FISH PRODUCTION LIMITATIONS- The greatest limitation is from smolt and adult
mortalities due to passing the nine Columbia River dams.

MANAGEMENT GOAL- There is. no management plan for this run due to a lack of
information.

LIFE HISTORY- Little is known of the life history of fall chinook in the Methow River. The
adult fall chinook migrate into the Methow River in late October. Spawning begins November 1,
peaks from November 7-13, and ends at an unknown time. No fall chinook spawning occurs in
the tributaries (See Figure 8). In 1988, fall chinook spawned in the lower 5 miles of the Methow
River from the town of Methow downstream to the mouth of the Methow River, but in later
years have spawned up to RM 10.4. Emergence in unknown, but fall chinook in other watersheds
usually emerge in early spring and migrate out in 90 days',,

Sockeye

| POPULATION SIZE- The sockeye escapement for spawning in the watershed is unknown. A
redd count in 1987 found a total of 56 redds.

FISH PRODUCTION LIMITATIONS- The greatest limitation is from smolt and adult
mortalities due to passing the nine Columbia River dams.

MANAGEMT GOAL- There is no management plan for this run due to a lack of informal ion.

LIFE HISTORY- Little is known of the life history of sockeye in the Methow River. The adult
sockeye migrate into the Methow River in early September. The spawning reaches are about the
same as summer chinook with redds found only in the mainstem Methow River downstream
from Winthrop, at Twisp, and downstream to Gold Creek (See Figure 8). Some, have spawned in
the Twisp River, some were seen spawning just upstream of Winthrop in 1990, and Ecology
found six spawning one mile downstream of Weeman bridge in September, 1991. Spawning
begins in early September, peaking in mid-September in the upper reach and peaking in the first
week in October in the middle reach. Fry emergence and juvenile rearing areas and timing is
unknown.
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The Methow Subbasin Salmon and Steelhead Production Plan

The following goals and proposals are in the final 1990 proposal plan given to the Northwest
Power Planning Council. These goals are from the WDF, WDW, Yakima Indian Reservation,
and the Colville Indian Reservation. The Council will decide whether to fund the proposals in
1992.

Methow Summer Steelhead- The goal is for a harvest of no natural steelhead but allows a harvest
of 10,000 hatchery steelhead. The plan proposes to supplement natural production using natural
brood stock for their hatchery programs. Unscreened diversions should be inventoried and
corrected with screens. Water temperatures and riparian zones should be measured. Improve
water quality and stream habitat by seeking legislation to eliminate additional water withdrawals
and replace existing withdrawals.

Methow Spring Chinook- The goal is to provide a harvest of 2,000 spring chinook. The plan
proposes that unscreened diversions should be inventoried and corrected with screens. Water
temperatures and riparian zones should be measured. Improve water quality and stream habitat
by seeking legislation to eliminate additional water withdrawals and replace existing
withdrawals. Increase streamflows in fall and winter by converting to sprinkler irrigation, lining
earthen ditches, and converting from surface water ditches to wells for irrigation conveyance.
Build ten groundwater spawning channels in the upper Methow River. Use natural broodstock to
supplement natural production and construct the hatcheries in the Rock Island and Wells Dam
settlement agreements to grow 550,000 smolts. Improve survival at the Winthrop National Fish
Hatchery and increase production to 1.4 million smolts.

Methow Summer Chinook- The goal is to provide a harvest of 3,000 fish. The plan proposes to
improve water quality by reducing sedimentation. Inventory and correct unscreened diversions
and diversion structures that are causing mortalities. Supplement natural production with
400,000 yearlings and 400,000 fingerlings as per the Rock Island and Wells Dam settlement
agreements.

Northwest Power Planning Council Protected Areas

The Northwest Power Planning Council (NWPPC) has the Methow River basin designated as an
area to be protected from future hydroelectric development. This designation is used to protect
streams used by anadromous fish and to protect high quality habitat in streams used by resident
fish and wildlife. Any hydroelectric power generated by a new facility in the Methow basin
would be unable to sell its power to Bonneville Power Authority and the NWPPC would argue
that no new facility should be licensed by Federal Energy Regulatory Commission.

I[l. METHODS OF STUDY

IFIM was selected by the local, state, and federal agencies and the tribes for this study as the best
available methodology for predicting how fish habitat responds to incremental changes in
streamflow.
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Description of the Instream Flow Incremental Methodology

IFIM, as described by Bovee (1982),was developed by the U.S. Fish and Wildlife Service's
Instream Flow Group in the late 1970's. Their main achievement was advancing the
state-of-the-art in calculating fish- habitat-versus-flow relationships for multiple flows. Previous
methods often used only a single transect to describe depths and velocities along a cross section
of a river and lacked the ability to extrapolate the results to higher or lower flows of interest.

PHABSIM (Physical Habitat Simulation) is a collection of computer models used in IFIM
(Milhous et al, 1989). The most commonly used hydraulic model in PHABSIM is IFG4. IFG4
uses multiple transects to predict the depths and velocities in a river over a range of flows
(Figure S). IFG4 creates a cell for each measured point along the transect or cross section. Each
cell has an average water depth and water velocity associated with a type of substrate or cover
for a particular flow. The cell's area is measured in square feet. Fish habitat is defined in the
computer model by the variables of velocity, depth, substrate, and/or cover. These are important
habitat variables that can be measured, quantified, and predicted.

The IFIM is used nationwide and is accepted by most resource managers as the best available
tool for determining fish habitat versus flow relationships. However, the methodology only uses
four variables in hydraulic simulation, and at certain flows, such as extreme low flows, other
variables such as fish passage, food supply (aquatic insects), competition between fish species,
and predation (birds, larger fish, etc.) may be of overriding importance. The IFIM approach
encompasses more than just the PHABSIM model, it includes reviewing water quality, sediment,
channel stability, temperature, hydrology, and other variables that affect a river's fish production.
These additional variables are not analyzed in this report.

After the hydraulic model (IFG4) is calibrated and run, a computer model called HABTAT
combines IFG4 output with a biological model. The biological model is composed of fish
preference curves describing the preference each fish species has for each of the four variables
(depth, velocity, substrate, and cover). The fish species are defined further by particular
lifestages: adult spawning, juvenile rearing, and adult holding.

Weighted Usable Area (WUA) is an index of fish habitat. The preference factor for each variable
at a cell is multiplied by the other variables to arrive at a composite, weighted preference factor
for that cell. For example, a velocity preference of 1.0 multiplied by a depth preference of 0.9
multiplied by a substrate preference of 0.8 equals a composite-preference factor of 0.72 for that
cell. This composite-preference factor is multiplied by the number of square feet of area in that
cell. This gives the number of square feet of habitat in that cell. A summation of all the transects'
cell areas gives the total number of square feet of preferred habitat at a specified flow. This total
square feet of habitat is normalized to 1,000 feet of stream. The final model result is a listing of
fish habitat values called WUA in units of square feet per 1,000 feet of stream. WUA s listed
with its corresponding flow or discharge in cfs.
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Figure 9. Top view looking down on placement of transect? and neasuremnent
verticals used to define the distributien of aquatic nabitat
in an IFIM site (from Bovesz, 1982).
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Interagency Participation in Scope-of-Work

On February 7, 1991, representatives from Okanogan County, the Yakima and Colville tribes,
and the Departments of Ecology and Wildlife met to discuss what studies would be needed to
review Ecology's 1977 Methow basin plan. Those present at the Yakima Indian Nation council
chambers in Toppenish were: Mary Meloy (Okanogan County), Gerritt Rosenthal
(Sweet-Edwards consultant representing Okanogan County), Jack Fiander (Yakima Nation),
Lynn Hatcher (Yakima Nation), David Lind (Yakima Nation), Mike Kohn (Yakima Nation),
Olaf Langness (Colville Tribe), Hal Beecher (Wildlife), Darlene Frye (Ecology), Art Larson
(Ecology), and Brad Caldwell (Ecology).

Everyone present agreed that an IFIM study was needed for the purpose of reviewing the
minimum instream flows in the Methow basin. They also agreed that an IFIM scoping meeting
on picking IFIM measurement sites should be held immediately at the end of the meeting.

Those present at the technical IFIM scoping meeting later in the day (everyone was invited from
the earlier meeting) discussed their knowledge about fish habitat, fish distribution, and flows in
the Methow basin. Those with technical knowledge included Gerritt Rosenthal, Olaf Langness,
Hal Beecher, and Mike Kohn.

Brad Caldwell agreed that he would seek out those throughout the agencies, tribes, and
consultants who could provide additional technical expertise on fish habitat, fish distribution, and
flows in the Methow basin. On February 27 and 28, 1991, he met and discussed these subjects
with Jim Mullen (USFWS), Ken Williams (WDW), Bob Steele (WDW), Bill Zook (WDF),
Charles Gowan (Harza Inc.), Richard Grost (Harza Inc.), Max Judd, and Lee Bernheisel. On
March 14, 1991, he met with Mike Kohn (YIN) and Larry Wasserman (YIN). On March 27,
1991, Mike Kohn (YIN) accompanied him throughout the Methow basin pointing out specific
chinook salmon spawning areas, the river reaches he has seen dry up, and problem areas for
upriver migration. The YIN has done detailed spawning ground surveys in the Methow basin for
the last five years.

Okanogan County Public Works Department volunteered Ernie Buchanan from their office to be
a member of the IFIM field crew. Additionally, Ecology's Brad Caldwell, Dave Catterson, Ann
Butler, Maryrose Livingston, and Steve Hirschey were on the field crew.

Site and Transect Selection

Preliminary study sites were selected for the IFIM study by reviewing topographic maps. Actual
site selection was done during field visits.

At the February 7, 1991, scoping meeting the rationale for these sites was to break the rivers into
reaches based on significant changes in flow, critical spawning and rearing areas for fish, and
areas where intense water diversions may or are occurring. We also wanted sites whose
hydrology we could relate to Ecology's existing four control points on the Methow River and our
three control points on the Chewack River, Twisp River, and Early Winters Creek.
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These criteria overlapped well, and we picked the following seven reaches for IFIM sites for
Ecology to measure in 1991:

1) The Methow River from Carlton upriver to the town of Twisp.
This is represented by the Walsh site at RM 31.5.

2) The Methow River from the Diversion Bridge upriver to Winthrop.
This is represented by the KOA site at RM 49.0.

3) The Methow River from Winthrop upriver to the Weeman Bridge.
This is represented by the Weeman site at RM 59.0.

4) The Methow River from Weeman Bridge upriver to Early Winters Creek.
This is represented by the Chokecherry site. at RM 66.5.

5) The lower reach of the Chewuch River.
This is represented by the Chewuch site at RM 1.3.

6) The lower reach of the Twisp River.
This is represented by the Twisp site at RM 1.8.

7) The lower reach of Early Winters Creek.
This is represented by the Early Winters site at RM 1.0.

The IFIM sites are located on a basin-wide map in Figure 10. Individual IFIM site locations on
maps in Figures 11 to 14.

Brad Caldwell (Ecology) arranged two tours of the Methow Basin to get technical approval of
the sites and transects to be used in the IFIM study. The state and federal agencies, the tribes,
Okanogan County, and other interested people were invited.

On March 29, 1991, he led a tour with Art Larson (Ecology), Jim Peterson (Ecology), Hal
Beecher (Wildlife), and Olaf Langness (Colville Tribe). They all agreed that the sites and
transects would adequately represent fish habitat in the seven reaches listed previously.

On April 4, 1991, he led a second tour of the Methow basin with Bill Zook (Fisheries), Larry
Wasserman (Yakima Nation), Paul Waller (Okanogan County Public Works), Frank Gaffney
(Northwest Renewable Resource Center), John Hayes (developer), Mike Fort (head of
Groundwater Management Committee). Those with technical expertise on fish agreed that the
sites and transects would adequately represent fish habitat in the seven reaches listed previously.

For background information at both of these tours, Brad Caldwell handed out a packet of
information containing a work plan with the measurement dates and people needed to collect the
data, maps from the Yakima tribe's Methow basin salmon surveys showing critical spawning
areas, a Bureau of Reclamation list of major diversion canals and the flows diverted, and a
hydrograph of the Methow River at Twisp to show the expected pattern and quantity of flow
in-the river. Additionally, he explained in detail what information an IFIM study would provide:
fish habitat versus flow relationships for each lifestage and species for each river reach selected.
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Figure 14. Site map of Early Winters IFIM site,
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Field Procedures

IFIM measurements were collected in July, August, and September at the seven IFIM sites. The
field work was delayed until almost August due to high sustained flows in the river. After the
river began to drop at the end of July, we were able to collect field measurements over an
excellent range of flows for calibrating the hydraulic computer models. We measured three
different flows on the Methow River at the Walsh (RM 31.5) and KOA (RM 49) IFIM sites, but
were able to gather an additional fourth flow at each of the other IFIM sites: Weeman (RM 59),
Chokecherry (66.5), Chewuch River (RM 1.3), Twisp River (RM 1.8),.and Early Winters Creek
(RM 1.0).

Measurements of water depth, water velocity, substrate composition, and cover were made at
various intervals along each transect. A temporary gage at each site was used to verify that
streamflow at each transect remained steady during measurement. Transects were marked using
fence posts and or survey hubs and flagging. Water velocity was measured using standard USGS
methods with a calibrated Swoffer velocity meter mounted on a top-set wading rod.

Water-surface elevations and stream-bank profiles were surveyed with a survey level and stadia
rod. These points were referenced to an arbitrary, fixed benchmark. Substrate composition and
cover were assessed by visually estimating the percent of the two main particle size classes and
type of cover according to a scale recommended by WDF and WDW (Appendix J2). Any
reference to a right or left bank in this report is determined by looking downstream.

Additionally, snorkel surveys of all the IFIM sites were conducted in August and September for

presence of fish species, relative fish densities, and habitat use. All IFIM sites were videotaped at
all flows except for the first measured flow.
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Site Descriptions and Conditions During Measurement

Walsh Site on the Methow River

The Walsh site at RM 31.5 at a medium-low flow of 600 cfs has a wetted width of about 158
feet. Most of the habitat is glide/riffle with some deep pools over a substrate of mostly small and
large cobble with large boulders in some of the riffles. Eight transects were measured at flows of
1437 cfs on 8-0191, 589 cfs on 8-28-91, and 311 cfs on 9-24-91. The three flows were well
spaced for calibrating the hydraulic model. The flows were steady during measurement. No
observable bed shifts occurred between flow measurements on the eight transects.

KOA Site on the Methow River

The KOA site at RM 49.0 at a medium-low flow of 450 cfs has a wetted width of about 144 feet.
Most of the habitat is. glide/riffle with no pools over a substrate of mostly gravel and cobble.
Eight transects were measured at flows of 1135 cfs on 8-02-91, 457 cfs on 8-29-91, and 229 cfs
on 9-25-91. The three flows were well spaced for calibrating the hydraulic model. The flows
were steady during measurement. No observable bed shifts occurred between flow measurements
on the eight transects.

Weeman Site on the Methow River

The Weeman site at RM 49.0 at a medium-low flow of 240 cfs has a wetted width of about 111
feet. Most of the habitat is glide/riffle with a small amount of pool habitat over a substrate of
mostly gravel and cobble. Small side channels are present with several fairly constant springs
flowing into the Methow River. Eight transects were measured at flows of 658 cfs on 8-03-91,
380 cfs on 8-16-91, 238 cfs on 8-27-91, and 79 cfs on 9-26-91. The four flows were well spaced
for calibrating the hydraulic model. The flows were steady during measurement. No observable
bed shifts occurred between flow measurements on the eight transects.

Chokecherry Site on the Methow River

The Chokecherry site at RM 66.5 at a medium-low flow of 210 cfs has a wetted width of about
121 feet. Most of the habitat is glide/riffle with little pool habitat over a substrate of mostly
gravel and cobble. Eight transects were measured at flows of 640 cfs on 8-04-91, 349 cfs on
8-16-91, 207 cfs on 8-2791, and 41 cfs on 9-26-91. The four flows were well spaced for
calibrating the hydraulic model. The flows were steady during measurement. No observable bed
shifts occurred between flow measurements on the eight transects.
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Twisp River Site

The Twisp River site at RM 1.8 at a medium-low flow of 90 cfs has a wetted width of about 58
feet. Most of the habitat is cascade/riffle with no pool habitat over a substrate of mostly cobble
and boulder. Eight transects were measured at flows of 308 cfs on 8-05-91, 166 cfs on 8-17-91,
90 cfs on 8-2991, and 35 cfs on 9-25-91. The four flows were well spaced for calibrating the
hydraulic model. The flows were steady during measurement. No observable bed shifts occurred
between flow measurements on the eight transects.

Chewuch River Site

The Chewuch River site at RM 1.8 at a medium-low flow of 120 cfs has a wetted width of about
85 feet. Most of the habitat is a fast glide/riffle with almost no pool habitat over a substrate of
exposed bedrock with large cobble and small boulders. Seven transects were measured at flows
of 290 cfs on 731-91, 236 cfs on 8-15-91, 121 cfs on 8-26-91, and 60 cfs on 9-23-91. The four
flows were well spaced for calibrating the hydraulic model. The flows were steady during
measurement. No observable bed shifts occurred between flow measurements on the seven
transects.

Early Winters Creek Site

The Early Winters site at RM 1.0 at a medium-low flow of 80 cfs has a wetted width of about 52
feet. Most of the habitat is cascade with small pools over a substrate of mostly large cobble and
boulder. One of the transects has 5 channels. Six transects were measured at flows of 227 cfs on
8-05-91, 132 cfs on 8-17-91, 78 cfs on 8-30-91, and 37 cfs on 9-27-91. The four flows were well
spaced for calibrating the hydraulic model. The flows were steady during measurement. No
observable bed shifts occurred between flow measurements on the six transects.

111. Hydraulic Model

Calibration Philosophy

Calibration of the hydraulic model involved checking the velocities and depths predicted by the
model against velocities and depths measured in the field. This included examining indicators of
the model's accuracy such as mean error and Velocity Adjustment Factor (VAF).

The calibration philosophy was to change data or to manipulate data using a computer calibration
option only when doing so would improve the model's ability to extrapolate without reducing the
accuracy of predicted depths and velocities at the measured calibration flows. Calibration of the
IFG4 model was done cell by cell for each transect to decide whether the predicted cell velocities
adequately represented measured velocities. Generally, if the predicted cell velocity at the
calibration flow was within 0.2 feet per second (fps) of the measured cell velocity, the predicted
velocity was considered
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adequate. Any change to a calibration velocity was limited to a change of 0.2 fps. The 0.2 fps
was thought to be reasonable considering the normal range of velocity measurement error. All
cell velocities were reviewed at the highest and lowest extrapolated flows to ensure that extreme
cell velocities were not predicted.

Indicators of Model Accuracy

Two indicators of the IFG4 model's accuracy in predicting depths and velocities are the mean
error and the Velocity Adjustment Factor (VAF). See Appendices B to H for mean errors and
VAFS for each transect.

The mean error is the ratio of the calculated discharge (from depths and velocities at the
measured flows) to the predicted discharge (from depth and velocity regressions). As a rule of
thumb, the mean error for the calculated discharge should be less than 10 percent.

The Velocity Adjustment Factor (VAF) for a three-flow IFG4 hydraulic model indicates whether
the flow predicted from the velocity/discharge regressions matches the- flow predicted from the
stage/discharge regressions. The velocities predicted from the velocity/discharge regressions for
a transect are all multiplied by the same VAF to achieve the flow predicted from the
stage/discharge regression. Calculating and comparing the flows predicted from two different
regressions gives an indication as to whether or not some of the model's assumptions are being
met.

A range in the VAF value of 0.9 to 1.1 is considered good, 0.85t0 0.9 and 1.1 to 1.15 fair, 0.8 to
0.85 and 1.15 to 1.20 marginal, and less than 0.8 and more than 1.2 poor (Milhous, et al., 1984).
The standard extrapolation range is 0.4 times the low calibration flow and 2.5 times the high
calibration flow. The extrapolation range of the model is usually limited when two or more
transects have VAFs which fall below 0.8 or above 1.2.

The VAFs for the one-flow IFG4 model do not have the same meaning as the three-flow IFG4
model. In a one-flow model the cell velocities are predicted from Manning's equation. All
velocities on a transect are multiplied by the same VAF to achieve the flow predicted from the
stage/discharge regression. The VAF range listed above does not apply to one-flow model VAFs.
Instead of predicting velocities from a velocity/discharge regression (three-flow IFG4), the
velocities are predicted from Manning's equation using a constant roughness factor (N). The
bottom roughness factor is highest at low flow and becomes progressively lower as flow
increases. Because the N value calculated by the computer is constant, the N value used to
predict higher flow velocities is usually too high. The VAF corrects this problem by changing the
velocities predicted to arrive at the flow on the stage/discharge regression. The VAF will be
nearly one at the measured flow, usually less than one at lower flows, and more than one at
higher flows.

Normal empirical values for bottom roughness do not apply to these Manning's Ns. These Ns are
used only for calibrating velocities in the IFG4 hydraulic model.
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Options in IFG4 Model

Several options are available in the IFG4 hydraulic model (see Milhous et al, 1989). Ecology's
standard method is to set all the options to zero except for option 8 which is set at 2, and option
13 to 1 to get a summary of the velocity adjustment factors. The standard options were used for
all models except for the KOA and Chewuch sites where option 22 was set at 1 to allow the
model to run even though one cell had a regression slope greater than 3. The cell in each model
correctly predicted velocities even though it was a steep regression.

Site Specific Calibration

Walsh Site on the Methow River

A three-flow IFG4 model was run for this site. The IFG4 input file, a summary of the calibration
details, data changes, and the VAFS are included as Appendix B. The mean errors of the
stage/discharge regressions range from 0.92 to 7.49 percent, all less than the 10 percent rule of
thumb. Overall, the IFG4 model. is adequate for the standard extrapolation range of 124 to 3590
cfs.

KOA Site on the Methow River

A three-flow IFG4 model was run for this site. The IFG4 input file, a summary
of the calibration details, data changes, and VAFS are in Appendix C. The
mean errors of the stage/discharge relationships range from 0.29 to 4.33
percent. The model is adequate for the standard extrapolation range of 92 to
2838 cfs.

Weeman Site on the Methow River

A four-flow IFG4 model was run for this site. The IFG4 input file, a summary of calibration
details, and VAFS are in Appendix D. The mean errors of the stage/discharge relationships range
from 1.07 to 5.06 percent and are all less than the 10 percent guideline. The model is adequate
for the standard extrapolation range of 45 to 1300 cfs.

A separate three-flow model was run for a side channel on the right side of transects 1 to 4. The
side channel was fed by river flow. The side channel's mean errors were high, but insignificant
and no calibration was needed. The E errors were from 0.1 to 0.4 cfs in predicting total flow. The
measured flows ranged from 0.3 to 4.9 cfs. A small error at such small flows creates a large
percentage error that is not significant.

A spring-fed side channel ran along the left side of transects 3 to 8, but it was not included since
its flow was essentially constant even as the river dropped from 658 to 79 cfs.
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Chokecherry Site on the Methow River

A four-flow IFG4 model was run for this site. The IFG4 input file, a summary of calibration
details, and VAFS are in Appendix E. The mean errors of the stage/discharge relationship range
from 1.06 to 8.91 percent and all are .less than the 10 percent guideline. The model is adequate
for the standard extrapolation range of 16 to 1600 cfs.

Twisp River Site

A four-flow IFG4 model was run for this site. The IFG4 input file, a summary of calibration
details, and VAFS are in Appendix F. The mean errors of the stage/discharge relationships range
from 2.15 to 7.64 percent and all are less than the 10 percent guideline. The model is adequate
for the standard extrapolation range of 13 to 750 cfs.

Chewuch River Site

A four-flow IFG4 model was run for this site. The IFG4 input file, a summary of calibration
details, and VAFS are in Appendix G. The mean errors of the stage/discharge relationships range
from 1.27 to 9.50 percent and all are less than the 10 percent guideline. The model is adequate
for the standard extrapolation range of 25 to 725 cfs.

Early Winters Creek Site

A four-flow IFG4 model was run for this site for transects 3 to 7. The IFG4 input file, a summary
of calibration details, and VAFS are in Appendix H. The mean errors of the stage/discharge
relationships range from 2.39 to 10.88.

Transect 8 consisted of 5 channels. Channels 1 and 4 were run as four-flow IFG4 models.
Channel 3 was run as a three-flow IFG4 model. Channels 2 and 5 were run as one-flow IFG4
models using the highest flow depths and velocities with four stage/discharges.

The overall model is adequate for the standard extrapolation range of 15 to 575 cfs.

Transect Weighting

Appendix | lists the percent weighting each transect received relative to the whole site. Transect
weighting is determined one of two ways; either the model automatically determines weighting
for each transect by using the distance between the transects or transect weight is set to
predetermined levels by specifying distances between transects (this is composite weighing).
Composite weighing is done when the transects are located far apart and the distances between
the transects would create incorrect weighing, or the researcher wants to increase the weight of a
particular type of fish habitat
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for that site. Transect weighting for the Methow basin IFIM sites was done using distances
between transects, with only a few transects requiring composite weighting because of an
unusually large spread between transects that would have given one transect far too much
weight.

Agency and Tribal Approval of the Hydraulic Model

A meeting was held May 1, 1992 by Ecology to discuss and achieve a consensus on the
adequacy of the Methow basin hydraulic models. Those in attendance were Dale Bambrick
(YIN), Hal Beecher (WDW), and Brad Caldwell (Ecology). Also invited to the meeting were the
WDF, USFWS, NMFS, and Jon Hansen (CCT). Consensus was achieved that the hydraulic
models were calibrated adequately. Agreement was reached that there was no problem using a
normal extrapolation range of 0.4 times the low calibration flow and 2.5 times the high
calibration flow. Attendees also agreed to natural transect weighting with some composite
weighting for the sites.

IV. HABITAT-USE MODEL (HABTAT)

Options Used in HABTAT

The HABTAT program combines the depths and velocities predicted from the IFG4 hydraulic
model with the depths, velocities, cover, and substrate preferences from the habitat-use curves.
The HABTAT program calculates WUA for each flow modeled. The 10C options used in
HABTAT were 10000001010000.

Selection and Approval of Habitat-Use Curves Used in HABTAT

A meeting was held May 1, 1992 by Ecology to discuss and achieve a consensus on the
habitat-use curves to be used with the hydraulic models. Those in attendance were Dale
Bambrick (YIN), Hal Beecher (WDW), and Brad Caldwell (Ecology). Also invited to the
meeting were the WDF, USFWS, NMFS, and Jon Hansen (CCT).

Consensus was achieved to use WDF's and Ecology's standard set of river and stream curves for
Chinook salmon and WDW's standard curves for steelhead and bull trout (See Appendix J1). The
Chinook curves matched closely the preference curves created by M. Stempel in 1984 from
Yakima River spring Chinook since his data was given heavy weighting when the standard set of
river curves were created. The trout curves were recently modified by Hal Beecher (WDW)
using data from nearby basins.

For the Methow River sites, Walsh and KOA, habitat-use river curves were run for steelhead
(spawning and juvenile), Chinook (spawning, rearing, and holding), and bull trout (rearing).

For the Methow River sites, Weeman and Chokecherry, habitat-use river curves were run for

steelhead (spawning and juvenile), Chinook (spawning, rearing, and holding), and bull trout
(spawning and rearing).
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For the Chewuch, Twisp, and Early Winters Creek sites habitat-use stream curves were run for
steelhead (spawning and rearing), Chinook (spawning and rearing), and bull trout (spawning and
rearing).

The depth and velocity habitat-use curves and the substrate/cover codes used are in Appendices
J1 and J2, respectively.

V. RESULTS AND DISCUSSION

The habitat versus flow results are presented in Appendix A. The figures are grouped by site:
first the Walsh site, then the KOA site, Weeman site, Chokecherry site, Twisp River site,
Chewuch River site, and finally the Early Winters Creek site. The figures are ordered by area,
and then by fish species: steelhead, Chinook, and bull trout.

The flows that provide peak habitat values for each lifestage at each IFIM site are given in Table
2.

Each IFIM site and the corresponding minimum instream flow established by Ecology in 1976 is
given in Table 3.

Factors To Consider When Developing A Flow Regime

Determining a minimum instream flow for a river or stream in the Methow basin requires more
thought than choosing the peak WUA flow for one lifestage of one species at one reach from the
IFIM study. For multiple lifestages existing simultaneously in a river, there is no one flow that
will provide an optimum flow for all lifestages and species. Setting a minimum instream flow for
a river or stream in the basin requires ranking the importance of each fish species and lifestage.
This ranking requires a consensus on long-range management plans for the fishery resources
from the state and federal natural resource agencies, and the Colville and Yakima Indian Nations.

In addition, minimum instream flows must include flows necessary for incubation of fish eggs,
smolt out-migration, fish passage to spawning grounds, and prevention of stranding of fry and
juveniles. These are variables not measured in an IFIM study. These variables require using your
best professional judgement. Other variables which have to be considered include water
temperature, water quality, and sediment load.
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Table 2. The 1976 Adopted Minimum Instream Flows for the Methow River Basin.

Base Flows for Methow River (from WAC.173-148)
All figures in cfs

LOWER MIDDLE UPPER METHOW EARLY CHEWACK
METHOW METHOW METHOW HEADWATERS WINTERS CR. RIVER TWISP RIVER
(Pateros to Twisp) (Twisp to Winthrop) (Winthrop to (All above Measured near  Gauge at RM 8.7 Gauge at RM 6.7
Gauge at RM 40.0 Little Boulder Cr.) Little Boulder Cr.) mouth
Gauge at RM 50.2 Measured at RM 65.3
DATE
Jan. 1 350 260 120 42 10 56 34
Jan. 15 350 260 120 42 10 56 34
Feb. 1 350 260 120 42 10 56 34
Feb. 15 350 260 120 42 10 56 34
Mar. 1 350 260 120 42 10 56 34
Mar. 15 350 260 120 42 10 56 34
Apr. 1 590 430 199 64 14 90 60
Apr. 15 860 650 300 90 23 140 100
May1l 1300 1000 480 130 32 215 170
May 15 1940 1500 690 430 108 290 300
June 1 2220 1500 790 1160 290 320 440
June 15 2220 1500 790 1160 290 320 440
July 1 2150 1500 694 500 125 292 390
July Is 800 500 240 180 45 110 130
Aug.1 480 325 153 75 20 70 58
Aug. 15 300 220 100 32 8 47 27
Sep. 1 300 220 100 32 8 47 27
Sep. 15 300 220 100 32 8 47 27
Oct. 1 360 260 122 45 11 56 35
Oct. 15 425 320 150 60 15 68 45
Nov. 1 425 320 150 60 15 68 45
Nov. 15 425 320 150 60 15 68 45
Dec. 1 390 290 135 51 12 62 39
Dec. 15 350 260 120 42 10 56 34
Represented Walsh Site KOA Site Weeman Chokecherry Early Winters Chewuch River Twisp River
in this study by RM 31.5 RM 49.0 Site - RM 59.0 Site - RM 66.5 Cr. Site - RM 1.0 Site - RM 1.3 Site - RM 1.8
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Table 3. Flows that provide maximum habitat from WUA vs. Flow results.

Flow in cfs
SITE STEELHEAD BULL TROUT CHINOOK SALMON
JUVENILE JUVENILE JUVENIL ADULT
SPAWNING REARING SPAWNING REARING SPAWNING REARING HOLDING
WALSH 1000 1050 * 1400 1050 600 2000
(RM 31.5)
KOA 800 650 * 1000 650 200 1300
(RM 49)
WEEMAN (RM 650 425 350 700 600 85 800
59)
CHOCKECHERRY 500 500 75 600 400 250 850
(RM 66.5)
TWISP RIVER 250 200 50 225 150 80 **
(RM 1.8)
CHEWUCH 425 400 175 400 275 150 kel
RIVER (RM 1.3)
EARLY WINTERS 475 150 575+ 175 325 50 **
CREEK (RM 1.0)

* Bull Trout are not likely to spawn this low in the river system.
**Chinook adults are not likely to hold in the smaller tributary streams.
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Appendix A

WUA VS FLOW GRAPHS

43



144

AREA VS. DISCHARGE

IEASURED: METHOW RIVER, WALSH SITE, RM 31.5
437cls  08/01/91
s89 cls  08/28/91 180000
3ticls 09/24/91 I
FLOW AFE.;- ".l./I‘fIf'
125 11297 - .

150 119048 = 170000

200 136030 -

250 142472 c

300 146772 -

350 150269 o 1600004

400 152854 5

as0 155225

500 156193 m

550 157057 o

600 157865 S 150000

B50 158766 -

700 159590 im

BOO 161032 b

900 162033 |

as0 162512 [ 140000

1000 162957 w

1050 163387 T

1100 163801

1150 164202 & 130000-

1200 164775 o

1300 165678 =

e e B

16 i

1800 169263 < 1200001

2000 170157

2400 171695

2800 172796

3200 173780 110000

SRS 0 500 1000 1500 2000 2500 3000 3500 4000

DISCHARGE (CFS)



1%

STEELHEAD HABITAT

JEASURED: METHOW RIVER, WALSH SITE, AM 31,5
1437 cfs  0B/01/91
580 cls  DB/28/81 50000
11 cfs  09/24/91
FLOW SPAWNING  JUVENILE 4SUUU'
125 5531 14914
180 7375 16701
200 13329 19719 40000-
250 17928 22434
300 JN5ET 24753
350 FIsge 273z 35000-

400 26343 29979
450 27988 32197
s00 29065 34377
550 30077 36418
GO0 31068 38343
650 31745 - 40132
FO0 32466 41554
Bon 33681 44168
800 34350 46414
a0 34585 47059

30000- KMHWMM
25000-
20000- ™

1050 34540 4TGEI3

WUA (SQUARE FT. PER 1000 FT. OF STREAM)

i i e 3 15000

1200 33418 470N

la 31190  adeer 10000- N

1600 27505 38229

1800 22631 34918

s Em B 50001% e o wewwwe] || T

2800 7210 23108

2200 s0as 21282 u

300 08 18090 0 500 1000 1500 2000 2500 3000 3500 4000

DISCHARGE (CFS)




174

1437 cf 08/01/91
580 cfs 08/28/M1
J1cls 09/24/N
FLOW  SPAWHNING
125 247
150 12550
200 18891
250 25736
300 31650
350 36605
400 41281
450 45618
500 49577
550 52004
&00 55792
650 57588
700 59194
BOO B3098
a00 66380
850 B7126
1000 BTGE3
1050 67768
1100 G6T415
1150 66862
1200 66149
1300 64039
1400 61681
1600 55069
1800 44547
2000 32951
2400 17856
2800 10579
3200 7138
3600 Gra8

31098

27268
24944

21873
19966
17446
15979
15047
13421

11203
10539

CHINOOK SALMON HABITAT

METHOW RIVER, WALSH SITE, AM 31.5

70000
= 60000
:
w 50000
o
I
S 400001
- 000-
E 30000
§ 20000- \*H*H e
. —+
2 10000 . .
- SPAWNING —— JUVENILE REARING —#— ADULT HOLDING j
0

0 500 1000 1500 2000 2500 3000 3500 4000
DISCHARGE (CFS)



Ly

BULL TROUT HABITAT

METHOW RIVER, WALSH SITE, AM 31.5

MEASURED: 90000
1437 efs  0OB/O1/91
580cfs  0B/28/91
411 cfs  DO/24M1
g 80000+
FLCAW JANENILE
125 19366 o
150 22402 i
200 30055 E 70000
250 36670
00 42205 ]
350 47784 .
w0 sz £ 60000 \
500  G0679 =
- =
650 69136 & 50000+ \\
700 70820 o
soo0 73915 £ -
ﬁ ;E;g w 400001
s =
5
:::Eg ;gg gr Bmﬂn_ -3 JUVEHNILE REARING
1200  B0GO1 <
1300  B0523 5
F- |
i A = 20000
1800 77433
2000 74513
20 sie 10000
3200 48562 0 500 1000 1500 2000 2500 3000 3500 4000

3600 42518 DISCHARGE (CFS)



8y

MEASURED:
1135cfs  08/02/91
457 cfs  08/29/91
229 cfs  09/25/91
FLOW AREA
90 111879
150 118167
200 123216
250 128008
300 132696
350 136286
400 139351
450 142791
500 144330
550 145355
600 146061
625 146412
650 146762
675 147102
700 147434
750 148060
800 148595
850 149109
900 149604
1000 150534
1100 151275
1200 151928
1300 152459
1400 152964
1600 153880
1800 154645
2000 155383
2200 156043
2400 156626
2800 158607

AREA (SQUARE FT PER 1000 FT OF STREAM)

AREA VS. DISCHARGE

METHOW RIVER, KOA SITE, RM 49.0

160000
155000+
150000+
145000
140000+
135000+
130000+
125000
120000-
115000+

/

110000
0

500

1000 = 1500 2000 2500
DISCHARGE (CFS)

3000



514

T2
13406
17654
21521
24243
26333
27782
29100

ao0aT9
oGy
31072
31039
30990
0773
an4m
30064
29722
28999
28032
25028
25037
24514
21097
18117
16098
14695
14007

MEASURED:
1135 cfs  DB02/91
457 cfs  08/29/91
sogefs D925
FLOW SPAWNING JUWVENILE
a0 3655
150 10155
200 14761
250 18648
ano 21941
350 24754
400 27207
450 29221
S0 30709
550 316402
600 2253
625 A2461
G50 32628
675 2778
700 32052
750 X3286
B0 a33at
B&0 33319
a0a 33075
1000 32278
1100 30757
1200 28912
1300 26086
1400 24THEE
1600 20533
1800 16410
2000 12631
2200 0533
2400 7402
SR00 4680

13191

WUA (SQUARE FT. PER 1000 FT. OF STREAM)

STEELHEAD HABITAT

METHOW RIVER, KOA SITE, RM 49.0

35000

30000+

25000

20000+

15000-

10000-

- EPAWNING

== JLUVE REARING mi“‘mh1.

500

{000 1500 2000 2500
DISCHARGE (CFS)

3000



05
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95000+

90000+

85000

80000

75000+

70000-

65000

100

200

300 400 500 600
DISCHARGE (CFS)

700

800



99

MEASURED:
290cls 0731
236 cls 081591
121 cfs  0B/26/M

60cfs 0O9/23/91
FLIW  SPAWNING
25 141
a0 244
40 533
80 Baz
60 1161
Ta 1572
B0 1584
a0 2354
100 27
125 3555
150 4393
175 5095
200 5837
225 G541
250 7iar
275 7542
200 TG
325 Bisz
350 8383
ars B525
400 BEOS
425 BE11
450 B569
475 B429
500 B262
625 BOT4
550 7925
600 7713
650 7564

7174

JUVENILE

1906
2564
3169
3729
4274
4509
S0
5857
ETTE
7735
B536

gg22
10276
10670
10940
11218
11449
11667
11656
11585
11420
11220
11056
10852
10722
10400
10151

2885

WUA (SQUARE FT. PER 1000 FT. OF STREAM)

STEELHEAD HABITAT

CHEWUCH RIVER, AM 1.3

12000

10000+

8000+

6000+

4000+

2000+

gﬁjf*H“*wH%%h*ﬂxaa

- SPAWNING

—— JUVENILE REARING

100

200

300 400 500 600 700
DISCHARGE (CFS)

800



99

MEASURED:
290 cls O7/31/91
236 cfs 0B/15/9
121 cfs 0B/26/91
G0cls 09/23/91
FLOW SPAWNING
25 1953
an 23953
40 3260
50 4115
&0 5033
TO 5882
an B679T
an 7153
100 8709
125 10813
150 12133
175 12853
200 13347
225 13656
250 13806
275 13856
300 13805
325 13662
350 13375
375 13092
400 12824
425 12563
450 12325
475 12064
500 11837
525 11555
550 11198
&00 10564
650 10041

T2h

g341

JUWVEHILE

G238
T262
B329
BA15
8545
10244
10645
10785
11167
11245
11038
10835
10388
10072
9853

B558
B196
7B95
TEN
7306
7120
6949
6795
6717
G614

6548

WUA (SQUARE FT. PER 1000 FT. OF STREAM)

CHINOOK SALMON HABITAT

CHEWLUCH RIVER, AM 1.3

14000

12000

10000-

8000

6000-

4000-

2000-

- SPAWNING —+— JUVENILE REARING

0 100 200 300 400 500 600 700

DISCHARGE (CFS)

800



L9

MEASLUIRED:
290 cfs  O7/31/91
236 cfs  08/15/91
121 ¢fs 082691
B0 cle  09/23/91
FLOW  SPRWNING
£5 4180
an 4569
40 5134
50 5525
B0 s508
70 EG2S
80 EGE
a0 GR8E
100 5743
125 5860
150 BaED
175 5664
200 EATE
225 5742
2ED EEGE
276 G482
a00 5385
a2s 5260
as0 5084
a76 4880
400 4706
425 4550
450 4405
475 4270
500 4148
525 4034
ES0 3015
600 3674
] 3435
725 3148

JUNEHILE
2822
3roa
55360
7585
4085

12450
14487
16255
17890
21935
24687
26160
2re1g
28727
20707
Ao
30737
3108
31463
1739
31841
21740
31563
31354
31147
J0B6E
30586
29875
20057
27461

WUA (SQUARE FT. PER 1000 FT. OF STREAM)

BULL TROUT HABITAT

CHEWUCH RIVER, AM 1.3

35000

30000

25000+

20000

15000

10000+

2000+

MM"‘H&

-i- SPAWNING

—+— JUVENILE REARING

100

200

300 400 500 600 700
DISCHARGE (CFS)

800



89

MEASLRED:
227 cfs
132 cfs

78 cl=z
a7 ci=

FLOW
15
20
40
40
0
i
Fi
B
a0

1040
110
125
150
1Ts
200
225
250
275
300
325
350
375
400

450
475
500
25
550
&5

08/05a1
a1 e
0Aa/30/91
ogfEvia

AREA
29706
30761
35674
43041
46935
409555
07T
E2016
E2TER
53455
54361
BE4TE
57761
EQATH
B1604
B4034
65261
66107
GET10
67306
67840
BE343
GATAT
60186
GO546
BOAT2
70158
70436
70702
70959

AREA (SQUARE FT PER 1000 FT OF STREAM)

AREA VS. FLOW

EARLY WINTERS CREEK, RM 1.0

75000
70000
65000+
60000
55000+
50000+
45000-
40000-
35000+

30000+

25000
0

100

200

300
DISCHARGE (CFS)

400

500

600



69

STEELHEAD HABITAT

EARLY WINTERS CREEK, RM 1.0

14000
MEASURED-
227 cls  OE/05MN
132 cis wi |
78 cls 1 — i
arcls 09/27/01 E 12000
FLOW SPAWNING JUVENLE C |
a0 13 2499 . 10000
a0 45 3077 O -"'1"“'-1‘-..4_
40 66 5401 .
50 B8 GB30 ik
B0 127 8159
70 163 9636 § 8000+
80 o275 10722 =
80 o8 11613 o
100 364 12365 n
110 440 13083 i
125 55E 13732 n 6000
150 736 13864
175 oGO0 13289 %
200 1050 12683 =
295 1214 12129 S 4000-
250 1360 11713 (8]
275 1442 11315 w
300 1519 11032 <
328 1588 10885 -
a50 1638 10820 = 20001
3758 1670 10712
400 1692 10545
425 1711 10346 1—-— SPAWNING —+— JUVENILE REARING
450 1718 10168 r . I
475 1720 10006 0+ f ¥ J J
500 1713 o872 0 100 200 300 400 500 600
525 1708 9733
80 bk 2670 DISCHARGE (CFS)
575 1685 0440




0.

MEASURED:

227 cfs  DEOSET
132cls 0BT
T&cls  0B/20/H
A7 cls  08/2TIN
FLOW SPAWHMING
15 TG
20 156
an 309
40 360
50 508

60 TO4

70 810

B0 1083

a0 11T
100 1225
110 1263
125 1314
150 1428
175 1540
200 1617
225 1668
250 1731
275 1750
a00 1775
325 1783
as0 1779
ars 1772
400 1752
4725 1735
450 1705
475 1678
500 1661
525 1652
550 1625
ETS 1584

JUNEMILE
8072

o468 |

11833
13405
14028
13882
13860
13244
12384
11670
11388
10G30
ooh4
BES1
8258
8083
BO1S
7911
7915
7475
8059
B035
T900
7947
7858
7795
7793
T84
778D
7786

WUA (SQUARE FT. PER 1000 FT. OF STREAM)

CHINOOK SALMON HABITAT

EARLY WINTERS CREEK, AM 1.0

16000

14000-

12000+

10000+

8000-

6000+

4000+

2000

- SPAWNING

—— JUVENILE REARING

100

200

|
300
DISCHARGE (CFS)




1.

MEASLIRED:
227 cfs  08/05/91
132cfs 087/
78 cfs  DB30/91
a7 cle D279
FLOW SPAWRMING JUVEMNILE
15 338 5489
20 29 ¥5a5
30 s 12136
40 405 15363
&0 472 18258
B0 495 206649
0 510 22310
B0 510 236594
o0 498 25208
100 483 26456
110 496 27258
126 5459 27970
150 621 20062
178 545 29562
200 661 29554
225 685 29393
250 Fiirg 29182
275 Tz 28484
300 ToE 27483
325 To9 26323
350 B21 25246
ars Bag 24213
400 2649 23288
425 ao2 2247T
450 923 21678
475 D44 21046
] 10089 20525
525 1088 20180
550 1155 19827
575 1218 19754

WUA (SQUARE FT. PER 1000 FT. OF STREAM)

30000

25000-

20000-

15000-

10000

5000

0

BULL TROUT HABITAT

EARLY WINTERS CREEK, RM 1.0

-

0

/’*

RN

-#- SPAWNING

—+— JUVENILE REARING

_W_

100

200 30
DISCHARGE (CFS)

400

500

600



APPENDIX b

WALSH SITE CALIBRATION INFORMATION
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Appendix B1

IFG4 Input File, Walsh Site

METHOW RIVER - WALSH SITE - River Mile 31.5, WRIA 48

Measured on 8/1/91- 1437 cfs, 8/28- 589 cfs, 9/24- 311 cfs

10C 0000000200000000000000

QARD3590.0

QARD1437.0

QARD 589.0

QARD 311.0

QARD 124.0

XSEC 1.0  0.0.50 88.80 .00250
1.0-13.01005 00  96.010.0 94.4 14.0 93.9 15.0
1.025.0 93.730.0 93.235.0 93.1 40.0 92.7 450
1.055.0 91.8 600 91.365.0 91.5 70.0 91.4 75.0
1.0850 91.7 900 91.495.0 91.3100.0 91.0105.0
1.0115.0 91.6120.0 92.0125.0 92.1130.0 92.0135.0
1.0146.5 91.4151.5 91.7156.5 92.1161.5 91.9166.5
1.0176.5 90.0181.5 89.8186.5 89.1191.5 89.4196.5
1.0206.5 89.7211.5 89.8216.5 90.1221.5 90.2226.5
1.0233.293.85236.196.48245.1100.5

NS 1.0 80 .80 67.60 67.60 67.60 67.60

NS 1.0 6760 8750 8750 87.80 87.80 86.50

NS 1.0 8650 8650 8650 87.60 86.60 86.50

NS 1.0 8750 68.60 6860 6860 87.80 86.60

NS 1.0 8760 87.60 87.70 87.70 87.70 87.70

NS 1.0 8780 8770 87.90 8770 87.70 87.80

NS 1.0 8780 87.80 87.80 87.80 87.90 87.80

NS 1.0 8780 87.80 87.90 87.90 8890 88.90

NS 1.0 8890 .80 .80

CALI 1.0 93.85 1437.00

VELI 1.0 000 0.0 1.27 .73 2.65 2.07 2.81

VELI 1.0 2.634.03 1.532.963.07 3.41 1.76 3.17 3.66 1.30 2.50 3.39

VEL1 1.0 1.461.71 1.142.392.81 1.81 3.07 .08 1.97 .44 1.12 1.38

VELI 1.0 3.404.78 3.52 4.494.98 5.02 5.90 5.08 3.80 4.05 3.04 .24

VEL1 1.0

CAL2 1.0 92.87 589.00

VEL2 1.0 48 53 76

VEL2 1.0 1.17 2.00 1.39 .21 151 2.12 1.72 1.25 2.83 .22 1.46 1.65

VEL2 1.0 .17 44 69..86 .70 .19 65 .18 .24 50 .45 .17

VEL2 1.0 1.48 3.10 3.12 2.16 3.19 3.60 4.55 3.75 2.94 .32 1.54 0.00

VEL2 1.0

CAL3 1.0 9244 311.00

VEL3 1.0 20 0.00

VEL3 1.0 .45 1.19 1.03 .49 1.06 .63 .54 .72 2.23 .08 2.02 1.35

VEL3 1.0 50 .57 1.01 50- 01 52 .39 .35 61 .23

VEL3 1.0 1.26 1.68 1.80 1.42 1.40 1.27 2.10 2.98 1.64 .74 .37

VEL3 1.0

XSEC 2.0 1940 50 88.80 .00250

2.0-12.0100.5 0.097.08 10.094.58 13.594.39 15.0 94.220.0 94.1
2.025.0 93.8 30.093.5 35.0 93.440.0 93.2 45.0 93.050.0 92.8
2.055.0 924 60.091.8 65.0 91.470.0 91.1 75.0 90.6 80.0 89.7
2.0 85.0 89.3 90.089.0 95.0 88.6100.0 88.5105.0 88.4110.0 87.5
2.0115.0 87.7120.0 87.8125.0 87.3130.0 87.6135.0 88.0140.0 87.8
2.0146.5 87.8151.5 88.7156.5 89.0161.5 90.5166.5 92.2168.894.39

73

93.8 20.0
92.6 50.0
92.2 80.0
91.4110.0
92.5140.0
91.7171.5
89.6201.5
91.7231.5

94.0
925
91.9
91.6
921
91.3
88.8
93.0



Appendix Bl - IFG4 Input File, Walsh Site (continued)

2.0173.595.08182.5100.5

NS 2.0 .80 80 7790 76.60 76.60 65.70

NS 20 65.70 65.70 6570 65.70 65.70 65.70

NS 20 65.70 6570 6570 65.80 65.70 65.80

NS 20 6580 6580 6760 76.60 76.60 79.80

NS 20 79.70 8890 8890 88.90 88.90 88.90

NS 20 88.90 88.90 8890 88.90 88.90 88.90

NS 2.0 .80 .80

CAL1 2.0 94.391437.00

VELI 2.0 0.00. 681.211.571.721.85 1.98 2.05

VELI 2.0 1.972.03 2.202.152.06 1.651.72 1.37 1.431.51 1.491.62

VELI 2.0 1.391.40 2.973.413.071.821.851.821.41 1.28 0.00 0.00

VELI 20

CAL2 2.0 9331 589.00

VEL2 20 52 .47 .68

VEL2 20 .70 .77 .87 .59 112 95145151 1611.78 1.881.84

VEL2 20 126189 190193 1.081.25 150 .92 56 .43 .28

VEL2 2.0

CAL3 2.0 9275 311.00

VEL3 2.0

VEL3 20 0.00 .24 .29 .39 .37 54 53.69 .871.06 .941.19

VEL3 20 119135 1.271.18 .96 .83 .57.42 46 .25 21

VEL3 2.0

XSEC 3.0 113.0.50 88.80 .00250
3.0-18.0100.5 0.097.28 10.095.58 16.594.47 20.093.1 25.0 92.8
3.0 30.092.5 35.092.040.0 91.545.0 91.5 50.091.5 55.0 91.2
3.0 60.091.0 65.091.070.0 91.075.0 91.0 80.090.9 85.0 90.7
3.0 90.090.3 95.089.3100.0 88.3105.0 87.5110.0 86.9115.0 86.1
3.0120.0 85.0125.0 83.0130.0 84.6135.0 85.5140.0 86.8146.5 89.3
3.0151.5 90.4156.5 93.2160.394.47162.497.18171.4100.5

NS 3.0 .80 7850 7850 76.80 46.80 46.80

NS 30 6470 6560 6560 76.70 76.70 76.60

NS 30 6580 6580 6590 6590 65.70 65.60

NS 30 6570 76.60 76.60 76.60 76.60 76.60

NS 30 76.60 76.60 8890 8890 8890 88.90

NS 3.0 8890 88.90 88.90 .80 .80

CAU 3.0 94.47 1437.00

VELI 3.0 .32 .87 1.011.33 1.871.96 2.452.52

VELI 3.02.542.79 3.053.08 3.293.49 3.573.44 3.373.26 3.413.54

VELI 3.03.64205 149 .73 .75 39 .15 -21

CAL2 3.0 93.34 589.00

VEL2 3.0 0.000.00 .31 45 .72 71 .90 91

VEL2 3.0 .98 1.13 1.311.44 1451.36 1.371.63 1.912.08 2.28 2.36

VEL2 3.02.06 1.08 .55 .18 .03 -.20 -.20 -.36

CAL3 3.0 92,78  311.00

VEL3 3.0 0.00 0.00 .10 .41 .25 .41 .48

VEL3 30 .60 .67 .68.77 .89 .88 .97 .861.161.59 1.541.41

VEL3 3.0 95. 65 .12 .12-19-09 -.01

XSEC 4.0 172.0.50 90.70 .00250

4.0-25.0103.2  0.099.31 10.097.01 16.096.36 20.0 94.9 25.0 94.8
4.030.0 945 35.0 94.240.0 94.045.0 93.950.0 94.2 55.0 93.9
4.060.0 93.2 65.093.8 70.0 93.7 75.0 93.180.092.9 85.0 92.6

74



Appendix Bl - IFG4 Input File, Walsh Site (continued)

4.090.0 92.4 95.0 92.2100.0 91.9105.0 91.1110.0 90.3115.0 89.4
4.0120.0 88.6125.0 87.0130.0 86.2135.0 86.7140.0 87.7146.5 91.2
4.0151.591.9156.5 94.2161.596.36164.597.91175.0103.2

NS 4.0 .80 .80 8750 56.70 56.70 56.80

NS 40 56.70 56.80 65.60 65.70 86.90 65.70

NS 40 79.80 6560 6570 56.70 65.60 56.70

NS 40 6570 56.70 56.70 65.70 76.70 76.70

NS 40 79.70 79.70 79.60 79.60 87.90 87.90

NS 40 8790 8790 87.90 .80 .80

CAL1 4.0 96.36 1437.00

VELI 4.0 16 .94 1.201.651.992.16 2.00 2.27

VELI 4.01.4162.22 1.952.082.633.16 3.09 3.64 3.49 3.33 3.432.97

VEL1 4.02.88 198 204261276181 .50 .540.00

CAL2 40 95.18  589.00

VEL2 40 0.00 .16 .28 .50 .69 .83 .981.10

VEL2 4.0 98 .28 1.22.80 1.141.30 1.361.921.67 1.901.932.10

VEL2 40185182 1561.801.36 .38 .120.00

CAL3 4.0 9458  311.00

VEL3 4.0 0.00 .17 .34 .34 47 .35

VEL3 40 62 .90 .65.85 .92 .79 1.05 .941.00 .981.41 1.53

VEL3 40133108 1.26.98 .66 .26 0.00

XSEC 5.0 203.0 .50 91.60 .00250
5.0-17.0103.2 0.098.21 7.096.4510.0 95.7 15.0 95.0 20.0 94.7
5.0 25.094.5 30.094.435.094.140.0 94.245.0 94.050.0 93.8
5.0 55.093.8 60.093.865.093.7 70.093.575.0 93.480.0 93.1
5.0 85.092.8 90.092.6 95.0 92.5100.0 92.6105.0 93.0110.0 93.1
5.0115.0 93.2120.0 93.0125.0 92.6130.0 92.4135.0 92.0140.0 91.6
5.0146.591.8151.591.7156.5 91.9161.5 92.5166.5 93.3171.5 95.0
5.0176.5 96.3176.896.45185.5102.8

NS 5.0 .80 80 7270 7270 87.70 65.70

NS 50 56.60 56.80 65.70 6560 56.70 56.60

NS 50 56.60 56.70 65.60 6560 65.70 65.80

NS 50 65.70 65.70 65.60 86.90 87.80 87.80

NS 50 86.70 65.70 65.70 6580 56.80 65.70

NS 50 87.90 87.70 87.70 8270 76.60 87.80

NS 50 87.70 88.90 .80

CAL1 5.0 96.45 1437.00

VELI 5.0 .55 .862.42 2.832.602.222.95 2.87 3.07

VELI 5.03.173.26 2.71 3.453.23 3.53 3.332.88 2.50 2.51 3.77 2.96

VEL1 5.03.042.842.843.002.722.90 3.122.893.072.781.111.26

VELI 5.00.00

CAL2 50 95.23 589.00

VEL2 5.0 0.00 .651.13 .99 146191 181

VEL2 50191194 2.111.992.092.46 2.432.262.64 2.512.30 2.06

VEL2 50182156 1.771821.68199 141197192 .64 .20 0.00

VEL2 5.0

CAL1 50 9461 311.00

VEL3 5.0 31109 64 .78 .871.06

VEL3 50 94 90 1.061.071.671.78 1.802.132.31 2.382.211.91

VEL3 50125125 117121139147 90126103 .30 .11

VEL3 5.0

XSEC 6.0 176.0 .50 91.60 .00250
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Appendix B1 - IFG4 Input File, Walsh Site (continued)

6.0-7.0103.2 0.0100.0 1.896.59 5.0 94.6 10.0 94.3 15.0 93.6
93.4 40.0 93.6 45.0 93.5
93.4 70.0 93.5 75.0 93.5
93.7100.0 93.8105.0 93.8
94.2130.0 94.3135.0 94.4
93.5161.5 92.4164.0 91.9
94.6181.596.59186.0100.0

6.020.0 93.325.0 93.4 30.0 93.2 35.0
6.050.0 93.555.0 93.4 60.0 93.5 65.0
6.080.0 93.485.0 93.6 90.0 93.5 95.0
6.0110.0 93.7115.0 93.9120.0 93.9125.0
6.0140.0 94.6146.5 94.2151.5 93.9156.5
6.0166.5 91.7169.0 91.6171.592.3176.5

87.70
65.70
65.50
76.50
56.50
76.50
87.70

87.70  87.50
65.70  65.70
65.50 65.50
76.50 67.60
56.50  76.50
76.50 76.50
87.70 .80

1.291.511.49 2.292.40 2.892.96 3.152.69
6.0 3.854.07 3.934.09 3.98 3.72 3.90 3.98 3.56 3.78 3.20 3.25
6.02.96 2.733.09 3.02 3.29 2.96 3.022.66 2.77 2.72 2.20 2.20

.62 14 1.581.53 1.712.20 1.711.70
6.0 .172593.053.12 3.24 3.17 2.86 2.97 2.56 2.70 2.422.24
6.02.081.362.04 2.061.931.96 1.751.44 1.241.41 1.221.82

22120 .341.26 1.201.14 1.521.47
6.0 1.721.952.36 2.61 2.492.31 2.562.26 2.18 2.08 2.03 1.60
6.0 1.50 .671.321.33 1.301.05 1.46 .93 .43 .00 .941.26

5.0 93.3 10.0 93.1 15.0 91.5

87.90
65.70
56.60
65.70
52.70
87.70

92.0 40.0 92,5 45.0 92.8
93.2 70.0 93.2 75.0 93.3
93.5100.0 93.6105.0 93.6
93.4130.0 93.2135.0 93.0
93.2159.895.85162.598.18

87.90 87.90
65.70  56.60
45.60 67.70
65.60 56.60
65.70  65.70
87.70 .80

1.802.322.56 4.024.76 5.414.67 4.905.30
7.04.864.67 4.53 4.833.81 3.22 3.403.00 2.943.36 2.832.91

6.0192.0103.2

NS 6.0 .80 .80 .10

NS 6.0 76.60 76.60 76.60

NS 6.0 6570 65.70 65.70

NS 6.0 6550 6550 65.50

NS 6.0 67.60 87.50 76.50

NS 6.0 6550 76.50 76.50

NS 6.0 76,50 .78.60 88.90

NS 6.0 .80

CAL1 6.0 96.59 1437.00

VELI 6.0

VELI

VEL1

VELI 6.01.96157 .83 .14

CAL2 6.0 9537 589.00

VEL2 6.0 21

VEL2

VEL2

VEL2 6.0 89135 .50 .14

CAL3 6.0 94.80 311.00

VEL3 6.0 10

VEL3

VEL3

VEL3 6.0 1.67197175 .91

XSEC 7.0 221.0.50 91.00 .00250
7.0-10.0102.3 0.098.48 2.095.85
7.0 20.0 91.0 25.091.7 30.0 919 35.0
7.0 50.0 92.8 55.093.7 60.0 93.1 65.0
7.0 0.0 93.5 85.093.6 90.0 93.5 95.0
7.0110.0 93.8115.0 93.6120.0 93.4125.0
7.0140.0 93.0146.5 92.8151.5 92.6156.5
7.0170.0102.3

NS 7.0 .80 .80 .80

NS 70 8790 76.60 76.60

NS 70 56.70 56.60 56.50

NS 70 6780 67.50 67.50

NS 70 56.70 64.60 52.60

NS 70 6560 65.60 87.70

NS 7.0 .80

CAU 7.0 95.85 1437.00

VELI 7.0

VELI

VEL1 7.02.572.692.322522.27243 2.322.28 1.690.00

VELI 7.0

CAL2 .7-0 9465 589.00
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Appendix Bl - IFG4 Input File, Walsh Site (continued)

VEL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3
VEL3

XSEC

NS
NS
NS
NS
NS
CAL1
VELI
VELI
VELI
CAL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3
ENDJ

7.0 . 55 1.301.80 3.39 3.98 4.63 4.034.093.11
7.02.872.97290221 2.081.68 1.62 1.52 1.31 1.251.03 .76
70 79 92 78 86 .841.09 1.32 .92 .55 0.00

7.0

7.0 9410 311.00

7.0 21 51145 2,69 3.143.68 3.232.782.51
7.02121881.741.41 1431.04 1.31 1.33 .63 .62 .74 .94
70 .77 52 26 33 .30 .23 .31 .33 .23 0.00

7.0

80 261.0 .50 9350 .00250

8.0-4.0102.3 0.0100.5 3.396.41 10.0 95.2 20.0 93.9 30.0 93.5
8.040.093.6 50.093.6 60.093.7 65.0 93.8 70.0 93.8 75.0 93.9
8.080.093.7 85.093.9 90.094.0 95.0 94.0100.0 94.2110.0 94.3
8.0120.0 94.4130.0 94.7140.0 94.8151.5 95.2161.5 95.0171.6 95.3
8.0181.594.8191.5 95.2197.8 96.4203.097.98212.0102.3

8.0 .80 .80 10 8280 68.80 65.70

80 6560 6580 6570 56.70 56.70 56.70

80 56.60 6570 56.80 56.60 6580 65.70

80 6560 56.80 65.60 65.60 6560 65.60

80 76.80 87.80 87.80 .80 .80
8.0 96.41 437.00
8.0 1.70 2.984.06 4.92 4.865.125.35 4.975.02

8.04.695.47 5.075.10 442 4.15 4.15 3.983.572.70 2.572.72
8.02.811.37

8.0 9554 589.00

8.0 .50 1.723.00 2.89 3.784.123.92 3.52 3.55
8.03.233.273.353.52 2.693.07 254 2561.74 .20 1.711.23
8.01.08 .11

80 9512 311.00

8.0 1.341.12 2.91 3.232.402.95 2.802.91
8.02923.112922472252.07 1.68 .59 .49 .20 0.00

8.0 .29 .20
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Appendix B2 - Summary of Calibration Details, Walsh Site

Transect Number

METHOW RIVER - WALSH SITE
Calibration Information for Calculated Discharge

1 2 3 4 5 6
Discharge
1605 1181 1592 1499 1483 1494
614 653 613 649 582 588
295 343 309 360 308 313
Stage
9385 9439 9447 96.36 96.45 96.59
9287 93.31 93.34 95-18 95.23 95.37
9244 9275 9278 9458 94.61 94.80
Plotting Stage
505 559 567 566 485 4.99
407 451 454 448 363 3.77
364 395 398 388 301 320
Ratio of measured versus predicted discharge
0.966 0958 0.982 0.989 0.995 0.987
1105 1120 1.051 1.031 1014 1.036
0936 0932 0969 0.982 0.992 0.978

Mean error of stage/discharge relationship for calculated Q

6.60

7.49

3.30

2.00

092 235

Mean error of stage/discharge relationship for given Q

4.98

2.36

3.00

242

1.65 3.19

Stage/discharge relationship (S vs Q) S=A*Q**B+SZF

A=0.1172 0.7258 0.1135 0.8070 0.5261

3.00

3.46

7 8

1497
557
283

1562
621
323

95.85 96.41
94.65 95.54
9410 95.12

485 291
3.65 2.04
3.10

1.62

0.984 0.991
1.046 1.023
0.972 0.986

1.49

1.58

0.6148 0.6671 0.1874

B=0.1970 0.2868 0.2176 0.2659 0.3040 0.2860 0.2707 0.3725
SZF=88.8 88.80 88.80

90.70 91.60

91.60

Beta coefficient log/log discharge/stage relationship

5.07

3.49

4.60

3.76

3.29 3.50
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Appendix B3 - Data Changes for Calibration, Walsh Site

TRANSECT VERTICAL VEL

OO ~NNNNNOODODOODOOOODOOOOOOOUITURAANNNERP,RERREPERE

10
18
36
42
42
11
34
35
9
7
34
5
7
33
34
35
35
36
37
38
39
29
30
31
32
33
20
20
22
25
26

WWWWEFRPR WWWWWWWwwWwWwWwRPRWWWwWwWwwWwwwwwwrkrwww

CHANGE
0.00t0 0.20
0.43t0 0.63
0.031t00.23
5.22105.02
1.07to 1.27
0.00t0 0.20
0.05t0 0.25
0.01t0 0.21
0.141t00.34
0.11t00.31
0.10t0 0.30
0.021t0 0.22
0.141t00.34
0.231t00.43
0.2310 0.00
24010 2.20
0.74t0 0.94
1.06to 1.26
1.47 10 1.67
1.771t01.97
1.55t01.75
0.10t0 0.30
0.03t00.23
0.11t0 0.31
0.131t00.33
0.03t00.23
4.18 t0 3.98
0.391t00.59
0.00t0 0.20
0.09t0 0.29
0.00t0 0.20
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Appendix B4 Velocity Adjustment Factors, Walsh Site

Transect Discharge VAF
1.00 3590.0 0.938
1.00 1437.0 1.022
1.00 589.0 1.024
1.00 311.0 1.006
1.00 124.0 0.960
2.00 3590.0 0.777
2.00 1437.0 0.990
2.00 589.0 1.046
2.00 311.0 0.989
2.00 124.0 0.833
3.00 3590.0 0.927
3.00 1437.0 0.994
3.00 589.0 1.006
3.00 311.0 1.005
3.00 124.0 1.106
4.00 3590.0 0.872
4.00 1437.0 1.000
4.00 589.0 1.024
4.00 311.0 0.984
4.00 124.0 0.860
5.00 3590.0 0.945
5.00 1437.0 0.996
5.00 589.0 1.005
5.00 311.0 0.997
5.00 124.0 0.977
6.00 3590.0 1.014
6.00 1437.0 1.002
6.00 589.0 0.988
6.00 311.0 1.019
6.00 124.0 1.233
7.00 3590.0 0.883
7.00 1437.0 0.992
7.00 589.0 1.014
7.00 311.0 0.994
7.00 124.0 0.930
8.00 3590.0 0.855
8.00 1437.0 0.992
8.00 589.0 1.018
8.00 311.0 1.005

8.00 124.0 0.941
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APPENDIX C

KOA SITE CALIBRATION INFORMATION
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Appendix Cl  IFG4 Input File, KOA Site

METHOW RIVER KOA SITE at river mile 49.0 WRIA 48

measured on 8/2/1991-1135 cfs, 8/29-457 cfs, 9/25-229 cfs

10C 0000000200000000000000

QARD 92.0

QARD 229.0

QARD 457.0

QARD 1135.0

QARD 2838.0

XSEC 1.00.0.50 9250 .00250
1.0 -7.0101.8 0.097.85 3.396.09 5.0 93.410.0 93.415.093.1
1.0 20.0 92.525.0 92.6 30.0 92.8 35.0 92.9 40.0 92.9 45.0 93.0
1.050.0 93.0 55.0 93.3 60.0 93.3 65.0 93.6 70.0 93.7 75.0 93.9
1.0 80.0 94.0 85.0 94.2 90.0 94.4 95.0 94.7100.0 94.7105.0 94.6
1.0110.0 94.7115.0 94.7120.0 94.9125.0 94.9130.0 94.9135.0 95.
11.0140.0 95.1146.5 95.0151.5 95.2156.5 95.2161.5 95.3165.096.09
1.0168.396.45175.3101.8

NS 1.0 .80 .80 10 78.60 68.60 87.70

NS 1.0 87.70 87.50 76.50 67.80 67.80 78.60

NS 1.0 76.50 57.60 75.60 75.50 65.50 87.50

NS 1.0 76.60 76.70 86 .50 78.70 78.60 68.60

NS 1.0 87.60 67.60 76.60 76.60 76.60 68.50

NS 1.0 87.50 87.50 87.50 87.70 87.70 87.70

NS 1.0 .80 .80

CAL1 1.0 96.091135.00

VEL1 1.0 1.492.97 3.373.205.03 5.435.14 5.165.20

VELI 1.04.834.424.41 449 3.043.492.882.752.70 2.07 2.22 2.32

VEL1 1.02.021.952.051.721.711.751.671.531.671.411.41

VELI 1.0

CAL2 1.0 95.25 457.00

VEL2 1.0 .98 2.05 2.54 2.01 3.00 3.01 3.02 2.74 2.63
VEL2 1.02.222.563.002.591.891.761.341.521.561.351.13 .98
VEL2 1.0 .90 .67 .41 .38 .52 .36 .530.00

VEL2 1.0

CAL 1.0 94.72 229.00

VEL3 1.0 .811.571.651.951.852.40 2.17 2.431.90

VEL3 1.01.892002191411301.05 .72 .31 .33 0.00 0.00

VEL3 1.00.000.000.00

VEL3 1.0

XSEC 2.0 470.0.50 93.10 .00250
2.0-5.0101.8 0.098.95 3.596.73 5.0 95.910.0 95.515.093.8
2.0 20.093.825.093.130.093.235.093.240.093.345.0 93.5
2.0 50.093.855.093.860.094.165.094.170.094.475.0 945
2.0 80.094.585.094.7 90.0 94.9 95.0 95.0100.0 95.1105.0 95.2
2.0110.0 95.0115.0 95.7120.0 95.3125.0 95.5130.0 95.5135.0 95.7
2.0140.0 95.7146.5 95.8151.5 96.6151.796.73164.499.65169.4101.8

NS 2.0 .80 .80 7870 87.80 87.70 87.70

NS 20 8770 7680 7680 76.80 76.80 76.70

NS 20 76.70 76.70 76.70 76.70 67.70 67.70

NS 20 67.70 76.80 67.70 76.80 76.80 76.80

NS 20 7680 76.80 7680 67.70 67.70 76.80

NS 20 76.70 67.70 6260 62.60 80 .80

CAL1 2.0 96.73 1135.00
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Appendix C1 - IFG4 Input File, KOA Site (continued)

VELI 2.0 0.00 1.20 2.254.26 4.98 4.33 4.88 4.39 4.96
VELI 2.04.864.13 3.70 3.68 3.473.28 2.91 2.792.52 2.77 2.42 2.84
VELI 2.02.672.38 2.312.04 161132131 .780.00

CAL2 20 95.82  457.00

VEL2 20 0.001.422.72 3.413.093.37 2.76 3.19
VEL2 20341275 269245 2382321.28 1.361.181.131.29 .95
VEL2 20 .65 .80 .87 .61 .240.000.00

CAL3 2.0 9524 229.00

VEL3 2.0 2.062.76 2.54 3.37 2.96 2.98 2.46
VEL3 20214204 179143 1.30 .80 .68 .44 .240.00 .360.00
VEL3 20 .33

XSEC 3.0 352.0 .50 9520 .00250
3.0-6.098.75 0.098.753.697.895.0 96.410.095.6 15.095.3
3.020.095.2 25.095.830.096.2 35.0 96.040.096.2 45.0 96.3
3.050.096.2 55.096.1 60.096.2 65.0 96.2 70.096.0 75.0 96.0
3.080.095.7 85.095.5 90.0 95.595.0 95.7100.0 95.6105.0 95.5
3.0110.0 95.6115.0 95.5120.0 95.4125.0 95.4130.0 95.5135.0 95.6
3.0140.0 95.7146.5 95.8151.5 95.8156.5 96.3161.5 96.6166.5 96.9
3.0168.097.89168.798.35178.7101.8

NS 3.0 .80 .80 .80 87.60 87.80 .50

NS 30 7670 76.70 6570 65.70 65.60 65.60

NS 30 6770 6770 6560 6560 78.80 76.80

NS 30 7680 7680 76.70 76.70 76.80 76.80

NS 30 7670 76.60 76.70 76.80 67.70 67.80

NS 30 6770 6780 76.60 7870 87.60 87.70

NS 30 .30 .80 .80
CAU 3.0 97.89 1135.00
VELI 3.0 1.13 .97 .43 3.003.24 3.393.31 2.903.19

VELI 3.03.07 2.63 3.253.42 3.484.01 4.05 3.714.104.43 4.28 3.94
VELI 3.03.773.89 3.513.70 3,403.733.60 3.58 3.00 3.15 3.14 1.07

VELI 3.0
CAL23.0 97.14 457.00
VEL2 3.0 .74 81153219 1.971.841571.631.74

VEL2 3.01.802.09 2.17 2.58 2.36 2.70 2.23 2.80 1.99 3.11 3.18 2.62
VEL2 3.02.31259 3.052.56 245251276 251248 .561.13 .18

VEL2 3.0
CAL33.0 96.73 229.00
VEL3 3.0 19 .32 .98 .62 .77 .95 .801.90

VEL3 3.01.651.62 1.531.46 2.261.871.71 2.201.04 2.21 2.90 2.26

VEL3 3.02.532.13 2.432.11 2.151.682.23 1.931.16 .200.00

VEL3 3.0 XSEC 4.0 498.0.50 93.70 .00250
4.0-8.0104.8 0.098.24 3.596.455.0 96.010.094.5 150 94.0
4.020.094.0 25.094.030.093.935.0 93.740.093.7 450 93.7
4.050.093.9 55.093.9 60.094.065.0 94.370.094.3 75.0 94.4
4.080.094.3 85.094.5 90.0 94.395.0 94.4100.0 94.5105.0 94.6
4.0110.0 94.4115.0 94.5120.0 94.4125.0 94.7130.0 94.6135.0 94.7
4.0140.0 94.7146.594.6151.5 94.4156.5 94.5161.5 94.6166.5 94.8
4.0172.997.84186.9104.8

NS 4.0 .80 80 87.60 87.60 87.60 87.60

NS 40 7850 6570 6570 8650 76.60 76.60

NS 40 7650 7650 76.60 76.70 76.50 76.50
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Appendix Cl - IFG4 Input File, KOA Site (continued)

NS 40 7560 7560 78.60 5750 67.50 67.50
NS 40 6760 6750 6750 6850 68.50 68.50
NS 40 6850 7660 78.60 78.60 78.60 78.60
NS 4.0 .10 .80
CAL1 4.0 96.45 1135.00

VELI 4.0 47 1.76 3.76 4.033.894.775.01 4.29 4.54

VELI 4.04.603.74 4533.97 3.973.63 3.283.753.15 2.58 3.39 3.02

VELI 4.02.332.67 2.432.38 2.622.42 2.582.382.02 2.102.04 1.38

VELI 4.0

CAL2 4.0 95.65 457.00

VEL2 4.0 1.00 2.33 2.913.033.43 2.822.82 2.90

VEL2 4.03.243.35 2.852.85 2.162.15 2.261.961.96 1.881.91 1.79

VEL2 40182137 1.141.17 1.211.00 95 99 .97 .66 .81 .14

VEL2 4.0

CAL3 40 95.26 229.00

VEL3 4.0 74175 2.352.112.37 2.322.06 2.36

VEL3 4.02.272.19 1.76 1.97 1.70 1.54 1.56 1.521.43 1.52 .83 1.45

VEL3 4.0 99108 .69 .81 .77 .26 .58 .51 57 .30 .35 .05

VEL3 4.0

XSEC 5.0 253.0 .50 93.70 .00250
5.0-7.0104.8 0.099.64 3.396.855.0 95.210.0 94.21.0 94.0
5.020.093.5 25.093.130.092.732.5 92.335.0 92.237.5 92.3
5.040.092.4 42.592.7 45.092.8 50.0 93.255.0 93.560.0 93.8
5.065.094.0 70.094.0 75.094.1 80.0 94.3 85.0 94.490.0 94.5
5.0 95.0 94.6100.0 94.7105.0 94.6110.0 94.9115.0 95.0120.0 95.2
5.0125.0,95.4130.0 95.5135.0 95.6140.0 95.6146.5 95.8151.5 96.1
5.0152.796.85155.598.24190.5104.8

NS 50 .80 80 87.80 8780 8760 87.60

NS 50 8760 8780 8780 87.80 87.60 67.60

NS 50 6760 6760 8760 7650 76.50 75.70

NS 50 7570 7570 7570 8560 68.60 86.60

NS 50 86.60 8650 8650 78.60 78.60 78.60

NS 50 7860 7860 7860 78.60 78.60 78.60

NS 5.0 78.60 .80 .80
CAU 50 96.85 1135.00
VELI 5.0 .66 1.47 2.69 2.97 3.67 3.78 4.134.19 3.90

VEL15.03.584.14 4.143.854.16 3.86 3.60 3.04 2.90 2.87 3.00 2.19
VELI 5.02.522.62 2.301.892.372.30 2.271.96 1.481971.73 .69

VELI 5.0
CAL25.0 96.01 457.00
VEL2 5.0 0.00 .691.49 1.751.87 2.252.932.32 2.40

VEL2 5.02.652.37 2.312.28 2.072.31 2251.38 1.711.851.60 1.44
VEL2 50125144 129 94110 .48 .62 54 50 .51 .47
VEL2 5.0
CAL3 5.0 9552 229.00
VEL3 5.0 0.00 .74 .71 1.041.50 1.581.751.54 151
VEL3 5.01.641.41 1.661.45 1.201.37 1.171.14 1.29 .64 .97 .96
VEL3 50 .61 .89 .37 30 .38 0.00 0.00
VEL3 5.0
XSEC 6.0 290.0 .50 93.70 .00250
6.0-9.0104.8 0.098.742.0 97.13.0 940 5.093.510.0 928
6.012.592.8 15.092.817.5 93.120.0 93.2 22.593.1 25.0 93.1
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Appendix Cl - IFG4 Input File, KOA Site (continued)

NS
NS
NS
NS
NS
NS
NS
CAL1
VELI
VELI
VEL1
VELI
CAL2
VEL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3
VEL3

6.027.5 92.930.0 92.935.093.7 40.0 92.8 45.092.9 50.0 93.3
6.055.0 93.560.0 93.565.093.6 70.0 93.8 75.094.2 80.0 94.1
6.0 85.0 94.390.0 94 .4 95.0 940100.0 94.8105.0 95.0110.0 95.4
6.0115.0 95.8120.0 95.9125.0 96.3130.0 97.0130.2 97.1136.197.94
6.0150.1104.8

6.0 .80 .80 7870 7870 7870 87.70

6.0 8760 8770 8780 8780 87.80 87.80

60 8780 8780 8780 8780 87.80 87.80

6.0 8760 8760 86.70 86.70 67.70 67.70

6.0 68.60 68.60 68.60 68.60 67.70 76.70

6.0 7860 7860 76.70 7270 72.70 .80

6.0 .80

6.0 97.10 1135.00

6.0 .20 .652.72 3.323.07 3.193.35 3.393.02

6.0 3.653.78 3.87 3.833.87 4.203.954.43 4.043.30 3.19251
6.0 2.801.84 2.272.021.47 1.621.561.13 .510.00

6.0
6.0 96.20 457.00
6.0 0.00 .36 .951.601.85 1.571.94 1.421.66

6.0 1.721.891.982.042.12 2.202.512.57 2.061.81 1.731.71
6.0 1.36 .821.14 95 .85 .32 .28 0.00

6.0
6.0 95.64 229.00
6.0 18 .19 66 .91 .73 1.00 .89 1.09 .90

6.0 1.241.27 1.181.371.13 1.581.681.59 1.291.15 1.26 1.18
6.0 54 51 51 .50 .27 0.00
6.0

XSEC7.0 231.0 .50 90.10 .00250

NS
NS
NS
NS
NS
NS
CAL1
VELI
VEL1
VELI
CAL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3

7.0 -5.0100.0 0.097.03.893.625.0 93.4 10.092.0 15.091.4
7.0 20.090.9 25.090.8 30.0 90.6 35.0 90.8 40.090.5 45.090.1
7.0 50.090.1 55.090.160.090.165.0 90.2 70.090.5 75.090.4
7.0 80.090.3 85.090.790.090.995.0 91.1100.0 91.7105.0 91.5
7.0110.0 92.7115.0 92.9120.0 93.1125.0 93.4128.093.62138.8 95.5
7.0163.8100.0
7.0 .80 .80 78.60 87.60 87.70 78.60
70 8780 8780 7880 7870 87.60 87.60
70 7680 8760 8770 7680 76.80 76.70
70 8760 76.60 6870 7870 76.60 67.70
70 8780 8770 87.70 8760 78.70 .80
7.0 .80

70 9362 1135.00

7.0 1.011.052.20 2.143.79 4.475.04 4.53 4.44
7.0 4.895.30 5.395.455.343.83 2.652.87 1.582.33 2.251.94
7.0 1.96 1.40 .44 .14

7.0 92.60 457.00

7.0 0.00 .79 1.152.08 2.21 3.34 2.88 3.27
7.0 2463.64 3.313.833.692.19 1.531.03 .71 .74 .62 .38
7.0 0.00

7.0 9206 229.00

7.0 0.00 .201.01 .791.71 2.211.79
7.0 167174 312192282 137115 60 .55 .42 .320.00
7.0
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Appendix C1 - IFG4 Input File, KOA Site (continued)

XSEC 8.0 443.0.50 9250 .00250

8.0-7.0100.0 0.0 97.1 .195.46 5.0 94.110.093.215.092.5
8.020.092.725.0 92.530.092.835.0 92.840.0 92.8 45.0 92.7
8.050.092.6 55.0 92.7 60.0 92.6 65.0  92.6 70.0 92.7 75.0 92.8
8.080.092.985.0 93.090.093.295.0  93.1100.0 93.2105.0 93.3
8.0110.0 93.2115.0 93.3120.0 93.7125.0 93.6130.0 93.8135.0 94.0
8.0140.0 94.2145.0 94.3150.0 94.4155.0 94.7160.0 94.8165.095.46
8.0168.2 94.9175.2100.0

NS 8.0 .80 .80 10 76.80 86.70 87.60

NS 80 7670 87.60 87.70 78.70 67.70 76.70

NS 80 7680 76.70 76.70 76.70 67.70 67.70

NS 80 6770 76.70 76.70 67.80 67.80 67.80

NS 80 7680 6770 67.70 67.70 67.70 68.70

NS 80 7670 76.70 76.70 67.80 67.80 27.80

NS 80 .80 .80

CALI 8.0 9546 1135.00

VELI 8.0 1.532.652.44 2.843.65 3*823.61 3.27 3.29
VELI 8.03.583.65 3.633.482.91 3.433.17 2.892.943.26 2.84 3.22
VELI 8.03.782.70 3.532.972.70 2.602.97 2.472.101.58 .45

VELI 8.0
CAL2 8.0 94.66 457.00
VEL2 8.0 521.01 90 1.82 2.431.87 2.21 2.121.85

VEL2 8.02.402.39 2.272.431.99 2.252.44 1.952.39 1.98 1.831.84
VEL2 8.02.091.92 2.031.671.32 .95 .58 0.000.00 0.00

VEL2 8.0
CAL3 8.0 94.25 229.00
VEL3 8.0 0.00 .67 .811.46 1.751.631.64 1.761.46

VEL3 8.01.781.62 1.651.641.69 1.881.85 1.661.851.64 1.00 .98
VEL3 8.01.121.02 .84 .57 .39 0.00 0.00

VEL3 8.0

ENDJ
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Appendix C2 - Summary of Calibration Details, KOA Site

METHOW RIVER - KOA SITE
Calibration Information for Calculated Discharge

Transect Number

1 2 3 4 5 6
Discharge

1141 1054 1093 1146 1160 1177

420 420 474 453 461 453

217 233 236 235 224 219
Stage

96.09 96.73 97.89 96.45 96.85 97.10

95.25 9582 97.14 95.65 96.01 96.20

94.72 95.24  96.73 95.26 95.52 95.64

Plotting Stage

3.59 3.63 2.69 275 315 340

2.75 2.72 1.94 195 231 250

2.22 2.14 1.53 156 182 1.94
Ratio of measured-versus predicted discharge

1.023 1.030 0.986 0.991 0.998 1.010

0.949 0.938 1.034 1.023 1.004 0.978

1.029 1.036 0.981 0.986 0.998 1.013

Mean error of stage/discharge relationship for calculated Q
3.48 4.33 2.23 1.05 029 152

Mean error of stage/discharge relationship for given 0
0.98 1.58 0.77 266 021 144

Stage/discharge relationship (S vs Q) S=A*Q**B+SZF

A=0.4736 0.3225 0.2013 0.2192 0.2984 0.3226
B=0.2887 0.3493 0.3697 0.3586 0.3339 0.3336
SZF=925 9310 9520 93.70 93.70 93.70

Beta coefficient log/log discharge/stage relationship
3.46 2.86 2.71 279  2.99 3.00
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1106
425
194

93.62
92.60
92.06

3.52
2.50
1.96

0.983
1.041
0.977

2.68

1.13

0.3287
0.3379
90.10

2.96

1080
428
232

95.46
94.66
94.25

2.96
2.16
1.75

1.002
0.996
1.003

0.30

2.18

0.2714
0.3422
92.50

2.92



Appendix C3 - Data Changes for Calibration, KOA Site

TRANSECT VERTICAL VEL

N~NOTOTWWNDNN PP

24
31
23
24
25
34
34
34
35

9

9

WEFEPDNMNMNNPEPWWLWWLWwNDW

CHANGE

0.03 TO 0.00
0.16 TO 0.36
0.16 TO 0.36
0.05TO 0.00
0.13TO0.33
3.15TO 2.95
0.56 TO 0.76
0.31TOO0.51
0.27 TO 0.47
447 TO4.27
0.59 TO 0.79
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Appendix C4 Velocity Adjustment Factors, KOA Site

Transect Discharge  VAF

1.00 92.0 0.934
1.00 229.0 0.996
1.00 457.0 1.017
1.00 1135.0 0.988
1.00 2838.0 0.898
2.00 92.0 0.895
2.00 229.0 0.996
2.00 457.0 1.031
2.00 1135.0 0.975
2.00 2838.0 0.813
3.00 92.0 1.050
3.00 229.0 1.004
3.00 457.0 1.004
3.00 1135.0 1.000
3.00 2838.0 0.942
4.00 92.0 1.014
4.00 229.0 1.000
4.00 457.0 1.004
4.00 1135.0 0.999
4.00 2838.0 0.948
5.00 92.0 0.910
5.00 229.0 0.991
5.00 457.0 1.019
5.00 1135.0 0.989
5.00 2838.0 0.865
6.00 92.0 0.955
6.00 229.0 0.997
6.00 457.0 1.011
6.00 1135.0 0.994
6.00 2838.0 0.922
7.00 92.0 0.932
7.00 229.0 0.993
7.00 457.0 1.018
7.00 1135.0 0.990
7.00 2838.0 0.888
8.00 92.0 0.953
8.00 229.0 0.992
8.00 457.0 1.010
8.00 1135.0 0.992
8.00 2838.0 0.922
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APPENDIX D

WEMAN SITE CALIBRATION INFORMATION
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Appendix DI - IFG4 Input Files, Weeman Site

METHOW RIVER - WEEMAN SITE at river mile 59.0 WRIA 48

measured on 8/3/91 - 658 cfs, 8/16 - 380 cfs, 8/27- 238 cfs, 9/26-79 cfs

I0C 0000000200001000000000

QARD 45.0

QARD 80.0

QARD 250.0

QARD 400.0

QARD 650.0

QARD 1300.0

XSEC 1.0 0.0 .50 91.10 .00250
1.0-99.0100.7 -3.5100.7 0.0 975 55948975 94.210.0 93.1
1.012.5 92.4 15.092.0 17.5 91.220.0 91.022.5 91.125.0 91.0
1.027.5 91.1 30.091.3 325 91.535.0 91.640.0 92.245.0 92.5
1.0 50.092.9 55.093.1 60.0 93.365.0 93.470.0 93.575.0 93.7
1.0 80.093.9 85.094.0 90.0 94.295.0 94.3100.0 94.4105.0 94.4
1.0110.0 94.5115.0 94.6120.0 94.4125.0 94.4130.0 94.7135.0 94.7
1.0140.0 94.8146.594.8169.2 96.5269.2 96.5

NS 1.0 .80 .80 52.70 87.60 87.60 76.80

NS 10 7680 76.80 76.80 76.70  67.70  65.70

NS 1.0 6570 65.60 65.60 65.70 65.80 65.80

NS 1.0 6570 6570 65.60 65.70 65.80 76.60

NS 10 7680 76.80 76.80 76.80 76.80 76.80

NS 10 76.70 76.60 66.90 66.90- 65.800.1 76.50

NS 1.0 6580 56.80 2290 26.50

CAL1 1.0 9489 658.00

VELI 1.0 11252 2.633.25 497 5.165.60 5.07

VELI 1.04.684.51 4.204.09 3.69 3.053.182.93 3.20 2.752.73 2.28
VELI 10240183 129128 .41 .64 .30 .26 0.00 .20 .72 0.00
VEL1 1.0 0.00 0.00

CAL2 10 9434 .380.00

VEL2 1.0 37 1.271.62 3.074.09 4.46 4.80 4.65
VEL2 1.04.18 3.81 3.613.33 2.78 2.322.19 198224 1.981.60 1.28
VEL2 10126 .73 0.000.00

VEL2 1.0
CAL3 1.0 93.84  238.00
VEL3 1.0 74 1.69 2.203.04 4.224.47 3.77

VEL3 1.03.193.33 3.322.68 2.281.45 1.34 .99 .83 .77 .70 0.00
VEL3 1.00.00

VEL3 1.0

CAL4 10 9311 79.00

VEL4 1.0 1.101.57 1.902.02 1.73

VEIA 1.01.781.98 1.621.631.04 .44 .33

VEIA 1.0

VEIA 1.0

XSEC 2.0 3280 .50 9220 .00250
2.0-50.097.4 0.097.25 3.895.54 50 94.010.0 92.3125 92.2
2.015.092.2 17592.220.092.222.5 92525.0 92.827.5 93.1
2.030.093.3 32.593.6 35.093.8 37.5 93.840.0 93.945.0 93.9
2.050.093.9 55.093.8 60.093.7 65.0 93.770.0 94.075.0 94.0
2.080.094.2 85.094.5 90.094.6 95.0 94.5100.0 94.3105.0 94.2
2.0110.0 93.9115.0 93.5117.593.2120.0 93.1122.5 93.2125.0 93.4
2.0130.0 94.3135.0 95.1152.7 97.3202.7 97.3252.7 97.4
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Appendix D1 - IFG4 Input Files, Weeman Site (continued)f

NS
NS
NS
NS
NS
NS
NS
CAL1
VEL1
VEL1
VEL1
VEL1
CAL2
VEL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3
VEL3
CAl4
VEL4
VELA
VEL4
VELA
XSEC

NS
NS
NS
NS
NS
CAL1
VELI
VEL1
VEL1
CAL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3
CAL4
VEL4

2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
3.0

3.0
3.0

.80 .80 .10 72.70 76.90
76.90 77.90 77.90 77.90 77.90
77.90 77.90 77.90 77.90 77.90
77.90 77.90 77.90 .77.90 77.90
77.90 77.90 77.90 77.90 77.90
77.90 77.90 77.90 77.90 77.90
77.90 77.90 77.90 72.30 62.50
95.54 658.00
19 1.38 3.54 3.48 4.56 3.86 4.02

4.51 3.60 4.18 3.65 4.08 3.04 3.66 3.05 3.442.76
2.98 2.82 2.491.77 212171 2.181.95 1.90 2.00
.96 .72
95.04 380.00

1.752.70 3.112.86 3.08 3.51
3.013.61 3.172.73 3.28 2.85 2.96 3.08 3.32231
1.76 1.65 1.57 .73 1.23 .92 1.181.48 1.07 1.48
1.51.
94.66 238.00

1.202.43 3.153.18 3.383.24
3.222.83 2.853.00 2.87 3.00 2.182.90 2.36 2.47

1.85 .82 .75 .40 2.05.32 .34 .90 117141
.78
94.03 79.00

.80 2.89 2.632.83 2.732.19
1.211.35 1.001.44 .99 1.68 1.141.42 1.891.15

0.00 45 .20 .17 .28 .19
239.0 .50 93.90 .00250
3.0 0.0 98.6 20.0 98.0 40.0 98.0 52.596.5

65.0 95.7 70.095.5 75.095.0 80.094.9 85.094.6
95.0 94.2100.0 93.9105.0 93.9110.0 93.9115.0 93.9120.0 94.1 9'1

3.0125.0 94.9130.0 94.8135.0 95.2140.0 95.6145.0 96.3150.0 96.5
3.0187.0 97.5212.4 98.0237.4100.0

3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0

52.80 65.60 65.50 65.70 65.70
76.60 76.60 76.60 65.50 65.50
76.70 78.60 87.60 87.60 76.80
78.50 78.50 78.50 78.50 78.50
.80 .80
96.52 658.00

.16 1.08 1.65 2.944.15

5.025.21 4.995.67 5.40 4.98 4.98 4.02 258121

96.21 380.00
.58 1.28 1.272.78
4.16 3.95 3.96 4.26 4.48 3.76 3.412.58 1.76 .72

95.89 238.00
0.00 .81 1.241.15
2.452.85 3.222.92 2.932.47 2.521.79 .99 42

95.36 79.00
.30 .51

92

76.90
77.90
77.90
77.90
77.90
77.90
62.50

4.393.95
2.97 3.44
1.821.67

3.043.20
3.10 2.52
1.391.45

3.36 3.96
2.08 2.39
1.36 1.20

1.76 2.63 E"f
88 .60 Iyf
:310.00

55.096.5
90.094.4;,

76.60
75.50
76.70
78.50

3.834.87
.66

2.98 3.56
0.00

211292

.98 1.48

60.0 96.4



Appendix D1 - IFG4 Input Files, Weeman Site (continued)

VEL4
VEL4
XSEC

NS
NS
NS
NS
NS
NS
NS
CAL1
VEL1
VEL1
VEL1
VEL1
CAL2
VEL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3
VEL3
CAL4
VEL4
VEL4
VEL4
VELA
XSEC

NS
NS
NS
NS
NS
NS
CAL1
VEL1

30 148 149 174165 152 176 1.33 .57 .33

3.0

4.0 235.0 .5091.70 .00250

4.0-99.0 958 0.096.010.0 94.420.6 94.2 25.0 93.7 30.093.7

40350 933 40.093.345.0 93.250.0 93.1 55.0 93.1 60.093.1
40650 93.0 70.093.075.0 93.180.0 93.0 85.0 92.9 90.093.2

4.095.0 92.9100.092.7105.0 92.6110.0 92.5112.5 92.3115.092.2

4.0117.5 91.9120.091.912.2.5 91.7125.0 92.1127.592.1130.091.9

4.0135.0 92.4140.092.4145.0 92.7150.0 93.1155.0 93.3160.0 93.5

4.0165.0 93.2170.093.1175.0 93.3178.9 94.2187.0 95.4262.0 95.4

4.0 26.50 26.50 67.70 76.50 76.50 76.50

4.0 87.50 87.50 87.50 87.50 67.50 67.50

4.0 67.50 67.70 67.70 67.70 67.70 67.70

4.0 65.80 65.60 65.50 65.50 65.50 65.50

4.0 65.50 76.60 67.60 67.60 87.60 78.60

4.0 78.50 78.50 76.60 78.80 78.70 78.70

4.0 78.50 76.60 76.60 67.60 .80 .80

4.0 94.15 658.00

4.0 1.01 114237 220 245 349274273

40283 402 281211277 251326 4.24 419 4.815.034.89

4.04.33 525 5.364.834.66 4.645.14 544 3.40 1.953.57297

4.02.75 2,53 1.55

4.0 93.76 380.00

4.0 0.00 .98 1.09 1.23 2.11 2.40 2.45

4.02.29 2.26 2.65 2.07 1.80 1.55 2.37 3.22 2.59 3.03 4.08 3.82

4.04.33 5.25 5.36 4.83 4.66 4.64 5.14 5.44 3.40 1.95 3.57 2.97

40187 2.00 1.26

40 9344 238.00

4.0 44 56 1.02 .95 1.261.54

40224 158 901.441.07 2513.01 3.14 3.71 3.50 4.88 4.49

404.13 435 439339503 3.754.28 3.83 1.81 .69.82 .57

4.01.62 1.17 0.00

4.0 92.91 79.00

4.0

4.0 0.00 0.00 .61 166 211 1.652.152.56
4.0 275 3.36 3.143.352.63 218244 86 .50

4.0

5.0 207.0 .5091.70 .00250

5.0-60.0 955 0.095510.0 95.620.0 943 20.2 94.6 25.094.2
5.0 30.0 94.0 35.094.040.0 93.945.0 939 50.0 93.8 60.093.5
5.0 70.0 93.580.093.590.0 93.6100.0 93.6110.0 93.5120.0 93.3
5.0130.0 93.1135.0 92.6140.0 91.1142.5 90.8145.0 90.4147.590.4
5.0150.0 90.2152.590.3155.0 90.3157.5 90.5160.0 90.6162.5 90.9
5.0165.3 92.3167.9 94.6172.5 96.8178.5 99.8

50 .80 62.50 67.70 67.70 67.70 76.70

5.0 76.70 76.60 76.60 76.70 76.70 76.70

5.0 76.70 76.70 76.60 76.60 76.60 76.60

5.0 67.70 67.70 76.80 76.80 76.90 77.90

5.0 77.90 77.90 77.90 76.90 76.90 .50

50. 50 50 .80 .80

5.0 94.56 658.00

5.0 39. 98 109 1.28 147 1.801.58
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Appendix D1 — IFG4 Input Files, Weeman Site (continued)

VEL1
VEL1
CAL2
VEL2

VEL2 .

VEL2
CAL3
VEL3
VEL3
VEL3
VEL4
VEL4
VEL4
XSEC

NS
NS
NS
NS
NS
NS
CAL1
VEL1
VEL1
VEL1
CAL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3
CAL4
VEL4
VELA
VEL4
XSEC

NS

5.0 2.18 2.55 2,53 2.28 2.47 2.42 2.78 2.40 2.86 3.42 3.90 4.14
5.0 440 4.44 491 4.26 454 1.65 .05

5.0 9422  380.00

5.0 34 72 47 76 .70

5.0 1.501.361.531.701.90 2.14 2.03 1.79 2.04 2.87 3.12 3.29

5.0 3.62 3.604.024.06 3.49 .71 .03

5.0 93.92 238.00

5.0 0.00 0.00

50 .58 .67 .75 .97 .89125 124 138 141 221 239275
5.0 2.462.872.972.88 2.60 .57 0.00

5.0

5.0 0.00 0.00 0.20 .55 .77 1.45

5.0 143153 1.641.65 1.03 .41 0.00

6.0 98.0.50 92.00. .00250
6.0-60.095.59-40.095.99-20.096.69 0.096.49 10.095.99 20.095.39
6.0 32.094.98 35.094.8 40.094.7 45.0 94.5 50.0 94.3 55.094.1
6.0 60.093.9 65.093.7 70.093.5 75.0 93.4 80.0 93.3 85.093.4
6.0 90.093.1 95.093.3100.0 93.2105.0 93.1110.0 93.0115.092.9
6.0120.0 92.8125.0 93.0130.0 93.0135.0 93.0140.0 93.1145.0 92.7
6.0150.0 92.3155.0 92.2160.0 92.0165.0 92.4170.0 95.0176.096.49

6.0 2250 67.70 67.70 67.70

6.0 67.70 67.70 67.60 67.60

6.0 67.70 76.70 76.80 76.80

6.0 76.70 76.70 76.90 76.90

6.0 77.90 77.90 77.90 78.80

6.0 78.90 77.90 77.90 77.90

6.0 94.98 658.00

6.0 14 .34 1.40 1.382.00

6.0 2.071.97 249290 2.053.04 3.22 3.04 3.13 3.20 3.332.86
6.0 3.023.35 3.052.97 3.183.22 3.57 3.44 3.30 343i.4

6.0 94,55  380.00

6.0 0.00 .42 .72
6.0 1.131.27 1.481.80 1.962.04 2.41 2.39 2.29 2.53 2.28 2.47
6.0 1.892.32 2.092.10 2.172.25 2.66 2.36 2.74 2.55

6.0 9421 238.00

6.0 0.00
6.0 .63 1.051.33 1.241.77 1.12 1.77 1.62 2.06 2.04 2.09
6.0 1.711.66 1.781.50 2.042.06 1.97 2.23 2.28 2.69

6.0 93.53 79.00

6.0

6.0 0.000.00 .22 .56 .34 .85 .64 .60 .59 .79

6.0 .57.77 .78 .49 45146 1.70 1.81 2.11 2,55

7.0 247.0 .50 92.00 .00250

7.0-40.097.19-20.097.39 0.096.69 10.096.19 20.095.69 29.195.24
7.0 30.095.14 35.095.3 40.094.9 45.0 94.8 50.0 94.5 55.094.4
7.0 60.094.2 65.093.8 70.093.5 75.0 93.2 80.0 93.0 85.092.4
7.0 90.092.4 92.592.0 95.092.3 97.5 92.3100.0 92.4102.592.3
7.0105.0 92.2107.5 92.0110.0 91.8112.5 91.9115.0 92.0117.591.7
7.0120.0 91.5122.5 91.2125.0 91.6127.5 91.6130.0 92.3135.0 93.2
7.0140.0 94.2142.395.24147.299.49151.2101.7

7.0 .80 67.50 67.50 67.50 67.50 67.70
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67.70
67.60
76.80
76.90
78.80

.10

67.70
67.60
76.70
78.90
78.80
.80



Appendix D1 - IFG4 Input Files, Weeman Site (continued)

NS

NS

NS

NS

NS

NS
CAL1
VEL1
VEL1
VEL1
VEL1
CAL2
VEL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3
VEL3
CAL4
VELA
VEL4
VELA
VELA
XSEC

NS
NS
NS
NS
NS
NS
NS
CAL1
VEL1
VEL1
VEL1
VELI
CAL2
VELZ
VEL2
VEL2
VEL2
CAL3

7.0 67.70 76.70 76.80 76.90
7.0 76.90 76.80 76.80 78.70
7.0 77.90 77.90 77.90 77.90
7.0 77.90 77.90 77.90 77.90
7.0 87.90 87.80 78.70 77.90
7.0 78.80 78.70 .80 .80

7.0 95.24 658.00

7.0 0.00

7.0 2.132.27 2.602.77 3.754.24 4.585.10
7.0 4.27 3.38 3.904.11 4.043.18 2.311.88
7.0 A7

7.0 94.77 380.00

7.0

7.0 .82 1.30 1.972.14 2.49 3.01 2.203.10
7.0 2.752.46 2.242.18 211172 41 .23
7.0 21

7.0 94.39 238.00

7.0

7.0 .33.60 1.011.16 1.671.83 1.922.24
7.0 2.07 1.86 1.991.76 1.36 1.33 .91 .60
7.0 0.00

7.0 93.78 79.00

7.0

7.0 0.00 .23 .49 .93 1.06 1.07
7.0 91 .87 1.121.02 .67 .66 31.29
7.0

8.0 238.0 .50 92.20 .00250

8.0-30.098.79 0.098.69 10.098.49 20.098.19 30.097.59 40.096.59
8.0 47.595.99 50.0 95.955.0 95.8 60.0 95.6 65.0 95.6  70.095.5
8.0 75.095.5 80.0 95.4 85.0 95.3 90.0 95.1 95.0 94.9100.0 94.9

8.0105.0 94.7110.0 94.6115.0 94.4120.0 94.0125.0 93.4127.5 93.1
8.0130.0 93.3132.5 93.2135.0 93.0137.5 92.7140.0 92.8142.5 92.2
8.0145.0 93.0147.5 93.3150.0 93.6152.5 94.4155.0 95.2157.3 96.0

8.0160.3 97.9165.3101.7

8.0 27.50 27.50 27.50 27.50
8.0 76.70 76.70 75.70 76.80
8.0 65.70 65.70 76.80 76.80
8.0 76.80 76.80 76.70 76.60
8.0 76.90 76.90 87.60 87.60
8.0 87.70 87.70 87.60 87.80
8.0 88.90 88.90

8.0 95.99 658.00

8.0 0.00

8.0 1.881.26 2.42 251 2.822.89 3.58 4.04
8.0 5.926.71 6.425.13 5.533.61 4.752.79
8.0

8.0 95.46 380.00

8.

8.0 79 1.22 1.591.49 2.64 3.52
8.0 5.394.56 5.01 4.63 414321 3.771.97
8.0

8.0 95.06 238.00

95

76.90 76.90
78.70 77.90
77.90 77.90
77.90 87.90
78.80 78.80
.08 .58 .821.89
4.103.40 4.095.26
1.621.34 1.27 .99
0.00 .68
2.422.43 2.37 2.55
.80 .57 .91 .60
195181 1.471.74
.88 .47 .99.70
.90 1.05 .89 .81
.39 .36 77 .36
27.50 76.70
76.70 76.70
76.70 87.60
76.80 76.80
87.60 87.60
87.90 87.90
0.00 .53 43 .26
4.97 4.26 5.69 6.62
1.79 .63 18
3.924.294.79 4.86
.83 .26



Appendix D1 - IFG4 Input Files, Weeman

VEL3
VEL3
VEL3
VEL3
CAL4
VEL4
VELA
VELA
VELA
ENDJ

8.0

Site (continued)

8.0 0.00 .58 1.682.28 2.98 2.76 2.18 4.17
8.0 419458 4.193.85 3.873.25 3.031.44 .760.00

8.0
8.0 94.22 79.00
8.0
8.0

8.0 2.993.23 2.422.49 2.882.28 .94 .30

8.0

.54 2.031.97

METHOW RIVER - WEEMAN SITE (RM 59) SIDECHANNEL, RIGHT SIDE

Measured 5.4 cfs 8/3/91, 0.8 on 8/16, 0.3 on 8/27, 0.01 on 9/26

10C
QARD
QARD
QARD
QARD
QARD
XSEC

NS

NS

NS
NS
CAL1
VEL1
VEL1
CAL2
VEL2
VEL2
CAL3
VEL3
VEL3
XSEC

NS
NS
NS
NS
CAL1
VEL1
VEL1

0000000200000000000000
0.13

0.25

0.63

54

16.5

1.0 0.0 .50 95.40 .00250

1.0-10.097.49 0.096.99 2.596.58 5.095.9 7.095.4 9.0 95.4
1.0 11.095.5 13.095.5 15.095.5 17.095.7 19.095.8 21.0 958 F;"
1.0 23.095.9 25.095.9 27.096.0 29.096.2 31.096.1 33.0 95.9

1.0 34.296.6 35.6 96.8 45.6 96.8

1.0 .80 .80 .8022.9032.8032.70
1.0 32.70 32.60 23.60 23.60 23.70 23.90 i
1.0 23.90 23.90 23.90 22.90 22.90.22.90

1.0.80.80 .80

1.0 96.58 5.40

1.0 0.00.27 .18 .27 .33 .32 .34 .26 .26
1.0 .24 .11 .01 0.00 0.000.00 b
1.096.30 0.80

1.0 .02.09.08 .07 .13 .15.11 .15.10
1.0 .050.00 0.000.00 0.00 0.00
1.096.23 0.30

1.0 .01 .01.03 .03.05 .03.03 .02 .02
1.0 .02.01 0.000.00

2.0241.0 .50 96.10 .00250

2.0-25.097.99 0.097.79 5.297.24 6.096.7 7.097.1 8.096.9
2.0 9.096.8 10.096.5 10.596.4 11.096.3 11.596.2 12.0 96.2
2.0 12.596.1 13.096.2 14.096.4 15.096.7 16.097.1 16.3 97.2

2.0 17.797.7 37.799.5

20 5450 5450 43.80 43.80 43.80
20 3390 43.80 43.70 33.90 34.80
20 2370 2290 2290 22.90 22.90

20 12.80 12.80

20 97.24 540

2.0 0.00 .33 7
2.0 1.35 1.07 .26 .05 0.00

54.60
23.70
22.90

1.16 153 1.76 1.89 1.62



Appendix D1 - IFG4 Input Files, Weeman Site (continued)

CAL2
VEL2
VEL2
CAL3
VEL3
VEL3
XSEC

NS

NS

NS

NS

NS

CAL1
VEL1
VEL1
VEL1
CAL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3
XSEC

NS

NS

NS

NS

NS

CALL
VEL1
VEL1
VEL1
CAL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3
ENDJ

2.096.99 0.80

2.0 0.00 0.00 .20.51 .01 .63

2.0 0.00.05 0.00 0.00

2.096.90 0.30

20 .01 .32 .24.23 .29 42

2.0 .36.19.05 0.00

3.0 132.0 .50 96.70 .00250

3.0 -1.099.49 0.098.29 1.797.57 2.0 97.2 3.097.0 4.097.1
3.0 5.097.0 6.0 97.0 7.097.0 8.0 96.9 9.096.8 10.096.7
3.0 11.096.7 12.0 96.7 13.096.8 14.0 96.9 15.0 97.1 16.097.2
3.0 17.097.5 18.0 97.4 19.097.4 20.0 97.3 21.097.2 22.097.2
3.0 23.097.3 24.0 97.5 24.297.6 27.7 99.6

3.0.80 .8065.60 65.60 55.90 55.90

3.054.80 54.70 65.60 65.60 65.60 65.60

3.0 65.60 65.8065.70 65.70 65.70 54.60

3.044.90 44.90 45.90 .50 22.90 22.90

3.022.90 .80.80 .80

3.097.57 5.40

3.0 0.00.09.35.52 .69 .69.83.76.71

3.0 .48 .35.22 .41 .37 .04 .56 .31.27 .35 .18 .06

3.00.00 0.00

3.097.40 0.80

3.0 0.00 0.000.00 .12 .12 .11.20.16 0.00

3.0 .18.19 .13.14 0.000.00 0.000.00

3.0 0.00

3.097.33 0.30

3.0 0.00.01 .03 .03 .03.03.03.03

3.0 .03.02 .02 .02.02.01 .030.00

3.0.03

4.0227.0 .50 98.70 .00250

4.0-10.0101.0 0.0101.0 4.999.6 5.0 99.5 6.099.4 7.099.1
4.0 8.098.9 9.0 99.0 10.098.7 11.0 98.8 12.098.9 13.0 98.9
4.0 14.099.1 15.0 99.2 16.099.1 17.0 99.3 18.099.2 19.099.1
4.0 20.099.1 21.0 99.1 22.099.4 23.0 99.5 23.499.6 24.999.9
4.0 31.9101.0

4.0 .80 .8045.70 45.70 45.70 76.80

4.076.80 67.8067.80 76.80 76.80 66.90

4.0 66.90 66.90 66.90 66.90 66.90 67.90

4.0 65.60 76.60 76.70 76.70 76.70 76.50

4.0 76.50

4.0 99.56 5.40

4.0 0.00 .01.37 .91 1.02 .931.04 .85.59

4.0 52 .62 .44 .26 .12.20 .30.32 0.00 0.00

4.0

4.099.31 0.80

40 0.00 .16 .21 .23.30 .18.02

4.0 0.00.35.03 0.00 .02 0.00 .05 .39

4.0

4.099.16 0.30

4.0 0.00 .01 0.00.03 .01.01

4.0 0.00.01 .10 .68

4.0
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Appendix D2 - Summary of Calibration Details, Weeman Site

METHOW RIVER - WEEMAN SITE
Calibration Information for Calculated Discharge

Transect Number

1 2 3 4 5 6 7
Discharge
672 684 648 693 651 670 684 619
412 402 410 378 408 372 320 362
251 275 233 257 241 236 201 220
79 90 83 69 77 70 68 68
Stage
94.89 95.54 96.52 94.15 94.56 94.98 95.24 95.99
94.34 95.04 96.21 93.76 94.22 94.55 94.77 95.46
93.84 94.66 95.89 93.44 93.92 94.21 94.39 95.06
93.11 94.03 95.36 92.91 93.34 93.53 93.78 94.22
Plotting Stage
3.79 3.34 2.62 2.45 2.86 2.98 3.24 3.79
3.24 2.84 2.31 2.06 2.52 2.55 2.77 3.26
2.74 2.46 1.99 1.74 2.22 2.21 2.39 2.86
2.01 1.83 1.46 1.21 1.64 1.53 1.78 2.02
Ratio of measured versus predicted discharge
0.963 0.970 1.017 .0.990 0.997 1.033 1.076 1.013
1.002 0.984 1.002 0.945 1.017 0.967 0.9091.007"
1.077 1.090 0.965 1.107 0.982 0.988 0.995 0.968
0.962 0.961 1.016 0.965 1.004 1.013 1.028 1.013
Mean error of stage/discharge relationship for calculated
3.78 4.25 1.78 5.03 1.07 2.26 5.06 1.62
Mean error of stage/discharge relationship for given
2.75 2.06 291 1.19 2.79 2.88 2.142.67

Stage/discharge relationship (S vs Q) S=A*Q**B+SZF

A= 04746 04178  0.3223 0.5325 0.4313 0.5828 0.6101
0.5472

B= 02975 0.2843  0.3096 0.2594 0.2985 0.2658 0.2847
0.2955

SZF=  92.20 93.90 91.70 91.70 92.00 92.00 92.20
91.1
Beta coefficient log/log discharge/stage relationship
3.38 3.36 3.51 3.23 3.86 3.35 3.76 3.51

98



Appendix D2 - Summary of Calibration Details, Weeman Site (continued)

METHOW RIVER - WEEMAN SITE (Side Channel)
Calibration Information for Calculated Discharge

Transect Number

1 2 3 4
Discharge

4.87 6.44 4.77 4.96

1.28 0.52 0.74 0.62

0.32 0.71 0.14 0.05
Stage

96.58 97.24 97.57 99.56

96.30 96.99 97.40 99.31

96.23 96.90 97.33 99.16
Plotting Stage

1.18 1.14 0.87 0.86

0.90 0.89 0.70 0.61

0.83 0.80 0.63 0.46
Ratio of measured versus predicted discharge

0.898 1.202 0.899 0.865

1.592 0.542 1.384 1.380

0.699 1.530 0.803 0.838
Mean error of stage/discharge relationship for calculated Q

30.53 45.38 21.15 20.83
Mean error of stage/discharge relationship for given Q

12.63 4.65 1.59 14.76
Stage/discharge relationship (S vs Q) S=A*Q**B+SZF
A= 0.9286 0.8945 0.7432 0.6791
B= 0.1416 0.1444 0.9444 0.1352
SZF= 95.40 96.10 96.70 98.70
Beta coefficient log/log discharge/stage relationship

7.06 6.92 10.59 7.40
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Appendix D3 Data Changes for Calibration, Weeman Site

TRANSECT VERTICA VEL CHANGE

cOoooOoOoO OO uToToToTorTonoT ol bR PRRWOWNMNNRERPPRE

L

7

19
23
31
36

9

16
17
32
36
36
36
11
12
20
21
22
26
27
28
11
12
13
29
15
15
16
16
32
34

ArBAANFEPNMNMNRPRPPPODMNMDNEDAEEARDMMPPORPONPEEARRREERRDdOEAD

0.15TO 0.00
0.13TO0.33
0.50 TO0.70
0.00 TO 0.20
0.04 TO 0.00
0.10 TO 0.30
0.05TO 0.00
0.03 TO 0.00
0.66 TO 0.86
3.17TO 2.97
0.41TO0.61
0.37 TO0.57
0.21 TO 0.00
0.22TO 0.00
0.00 TO 0.20
0.23TO 0.00
0.35TO 0.55
1.73TO 1.53
1.84TO 1.64
1.85TO 1.65
0.22TO 0.42
0.52TOO0.72
0.11 TO 0.00
0.25TO0.45
2.62TO 2.42
0.59TOO0.79
271 TO 251
1.02TO 1.22
0.10 TO 0.30
0.03TO 0.00
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Appendix D4 — Velocity Adjustment Factors, Weeman Site

Transect Discharge VAF
1.00 45.0 0.887
1.00 80.0 0.957
1.00 250.0 1.046
1.00 400.0 1.029
1.00 650.0 0.957
1.00 1300.0 0.787
2.00 45.0 0.937
2.00 80.0 1.017
2.00 250.0 1.016
2.00 400.0 1.005
2.00 650.0 0.982
2.00 1300.0 0.918
3.00 45.0 0.985
3.00 80.0 0.998
3.00 250.0 1.008
3.00 400.0 1.005
3.00 650.0 0.994
3.00 1300.0 0.958
4.00 45.0 0.914
4.00 80.0 0.999
4.00 250.0 1.038
4.00 400.0 1.016
4.00 650.0 0.970
4.00 1300.0 0.843
5.00 45.0 0.792
5.00 80.0 0.918
5.00 250.0 1.045
5.00 400.0 1.019
5.00 650.0 0.950
5.00 1300.0 0.786
6.00 45.0 0.961
6.00 80.0 1.011
6.00 250.0 1.034
6.00 400.0 1.009
6.00 650.0 0.959
6.00 1300.0 0.844
7.00 45.0 0.962
7.00 80.0 0.994
7.00 250.0 1.021
7.00 400.0 1.015
7.00 650.0 0.992
7.00 1300.0 0.935
8.00 45.0 0.927
8.00 80.0 0.990
8.00 250.0 1.041
8.00 400.0 1.021
8.00 650.0 0.959
8.00 1300.0 0.812
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APPENDIX E

CHOKECHERRY SITE CALIBRATION INFORMATION

101



Appendix E1 — IFG4 Input File, Chokecherry Site

METHOW RIVER - CHOKECHERRY SITE at river mile 66.5 WRIA 48
measured on 8/4/1991-640 cfs, 8/16-349 cfs, 8/27-207 cfs, 9/26-41 cfs

10c 0000000200000000000000

QARD 16.0

QARD 50.0

QARD 200.0

QARD 250.0

QARD 350.0

QARD 650.0

QARD1600.0

XSEC 1.0 0.0 .50 92.50 .00250
1.0-40.098.65 0.096.35 17.794.94 20.0 95.0 25.0 94.5 30.0 94.5
1.0 35.094.140.0 93.8 45.0 93.8 50.0 93.6 55.0 93.8 60.0 93.8
1.0 65.093.6 70.0 93.4 75.0 93.3 80.0 93.0 85.0 92.9 90.0 92.7
1.0 95.092.6100.0 92.5105.0 93.0110.0 93.0115.0 92.9120.0 92.8
1.0125.0 93.4130.0 93.4135.0 93.5140.0 94.2143.7 95.0152.897.95
1.0352.

NS 1.0 66.90 .80 28.80 78.90 78.80 78.90

NS 1.0 78.70 78.80 78.70 78.60 78.60 76.80

NS 1.0 76.70 78.80 76.70 76.80 7660  78.80

NS 1.0 78.80 78.70 78.70 78.80 77.90 77.90

NS 1.0 78.80 78.80 78.80 78.80 78.80 .80

NS 1.0 .80

CAL1 1.0 94.94 640.00

VEL1 1.0 . 84 .42 257 2902.50 3.21 2.98 4.24

VEL1 1.0 3.393.40 3.75 2.91 4.58 4.97 5.35 457 2.52 3.59 3.74 2.82

VEL1 1.0 2.962.38 2.25 1.58

CAL2 1.0 9449  349.00

VEL2 1.0 1.031.66 1.353.052.82 2.74

VEL2 1.02.61 3.03 2.87 2.68 4.02 3.85 4.83 2.88 3.38 3.59 2.95 1.55

VEL2 10234184188 .70

CAL3 109421 207.00

VEL3 1.0 0.00 93 901.701.982.18

VEL3 1.01.592.071.751.993.843.553.982.81 .872.822.011.72

VEL3 1.01.791.44 94

CAL4 1.0 9347 41.00

VEL4 1.0

VEL4 1.0 .76 .87 2.18 2.50 2.07 2.21 1.90 .60 1.42 1.43 .73

VEL4 1.0.75

XSEC 2.0 293.0 .50 94.30 .00250
2.0-5.0101.8 0.0100.3 26.097.31 30.0 97.1 35.0 97.0 40.0 96.8
2.045.096.6 50.0 96.4 55.0 96.1 60.0 96.1 65.0 96.2 70.0 96.2
2.075.095.8 80.0 95.6 85.0 95.7 90.0 95.7 95.0 95.9100.0 95.6
2.0105.0 95.6110.0 96.0115.0 95.8120.0 95.8125..0 96.0130.0 96.1
2.0135.0 96.2140.0 96.1145.0 96.2150.0 96.1155.0 96.2160.0 96.6
2.0165.0 96.8170.0 96.5175.0 96.0180.0 94.8185.0 93.5190.0 94.3
2.0195.0 96.8196.497.31209.799.65229.7100.3

NS 2.0 .80 .80 77.90 76.80  76.80 76.80

NS 2.0 76.60 76.60 78.70 76.80  78.70 87.80

NS 2.0 78.90 87.70 88.90 78.80  87.80 77.90

NS 2.0 87.90 76.70 76.60 77.90  87.80 76.80

NS 2.0 78.80 87.60 87.70 78.70  78.80 78.80
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Appendix E1 - IFG4 Input File, Chokecherry Site (continued)

NS

NS

CAL1
VEL1
VEL1
VEL1
VEL1
CAL2
VEL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3
VEL3
CAL4
VEL4
VEL4
VEL4
VEL4
XSEC

NS

NS

NS

NS

NS

NS

CAL1
VEL1
VEL1
VEL1
CAL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3
CAL4
VEL4
VEL4
VEL4
XSEC

2.0 78.80 77.90 77.90 77.90 78.70
2.0 78.90 78.90 .80 .80

2.0 97.31 640.00

2.0 0.00.401.47 1.653.283.462.704.29 3.52

203472.714.164.21 4634.31 2.833.932.333.023.912.48
2.02.853.142.313.05 2922.69 1.941.48. 54 49 .131.01
2.0.72

2.0 97.14 349.00

2.0 0.00 .52 .841.921.662.182.783.19
2.02.162.713.133.603.532.731.343.321.292.43 .582.74
201962.361.222322.132.03 13 .05 .04 21 .20 51
2.0.27

2.0 96.82  207.00

2.0 .521.59 1.86 1.38 2.20 2.37
20 .422.063.033.073.353.121.842.861.181.99 .771.30
20196199 .401.721.402.041.04 .85 .03 0.30.000.00
2.0

2.0 96.48 41.00

2.0 0.00 42 .131.011.40
20 221192301212521.11 19136118 .89 .60 .75
20 30 .51 .15 48 .25

2.0

3.0 2220 50 9430 .00250

3.0-8.099.27 0.096.67 10.096.35 15.0 95.6 20.0 94.7 25.0 95.1
3.030.094.735.094.540.094.945.094.450.0 94.355.094.6
3.060.094.365.094.470.094.575.094.480.0 94.485.094.4
3.0 90.0 94.595.0 94.4100.0 94.6105.0 94.6110.0 94.8115.0 94.7
3.0120.0 94.9125.0 94.7130.0 94.7135.0 94.5140.0 95.0145.0 94.9
3.0150.0 94.7155.0 95.6158.496.35161.796.87164.799.87

3.0 .80 .80 87.60 87.70 78.80
3.0 76.70 76.70 87.70 76.70 76.70
3.0 87.60 77.90 76.70 76.70 76.70
3.0 76.80 87.60 76.60 76.70 77.90
3.0 78.90 77.90 76.70 78.70 77.90
3.0 76.70 77.90 45.80 12.50 .80
3.0 96.35 640.00

3.0 .16 1.312.02 2.49 2.50 3.10 2.68 3.01 1.67

3.02.512.422.432542.721.912512.602.432.262.96 2.28
3.02.682.862.442.612191.161.31 .55

3.0 95.98 349.00

3.0 0.001.132.321.821.752.50 1.79 2.00 1.62
3.01.822.072.332412.181.571.531.971.641.462511.76
3.02171.772.071.461581.23 .92 44

3.0 95.71 207.00

3.0 0.001.111.651.211.402.041.981.511.18
3.01271661541.991.28 .991.111.121.101.361.591.24
3.01931.271541.06 .90 .60 .740.00

3.0 96.48 41.00

3.0 25 .49 57 .491.06 .42 .81.35

30 .85.62.85.71 .38 .09 .30.76 .15.52.40.84

3.0 .51.39.25.500.000.000.00

4.0 176.0 .50 94.50 .00250
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Appendix E1 - IFG4 Input File, Chokecherry Site (continued

NS
NS
NS
NS
NS
NS
CAL1
VEL1
VEL1
VEL1
VELI
CAL2
VEL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3
VEL3
CAL4
VEL4
VELA
VELA
VELA
XSEC

NS
NS
NS
NS
NS
NS
NS
CAL1
VEL1
VEL1

4.0-13.0101.2 0.098.57 12.595.24 15.0 97.0 20.0 97.0 25.0 96.3 95.3 50.0

4.0 30.0 96.4 35.0 95.6 40.0 95.5 45.0 95.355.095.1

4.0 60.0 94.9 65.094.970.094.8 75.0 94.580.094.4 85.0 94.7

4.090.094.2 95.0 94.2 97.5 94.2100.0 94.2102.5 94.0105.0 93.9
4.0107.593.9110.0 93.7112.5 93.6115.0  93.7117.5 93.3120.0 93.2
4.0122.593.1125.0 93.1127.5 93.0130.0  93.6132.5 93.8135.0 94.2

4.0137.295.24141.497.77148.4101.2

4.0 .80 .80 87.50 87.50 87.70
4.0 87.70 87.70 87.70 87.70 87.70
4.0 87.50 87.50 86.50 86.50 86.50
4.0 86.50 87.50 87.50 87.50 87.50
4.0 87.50 87.36 87.60 87.60 87.60
4.0 87.60 87.60 87.60 87.60 87.60
4.0 .10 .80 .80

4.0 96.67 640.00

4.0 54 44 361.431.501.562.21
4.02.602.582.622.232.812.822.562.742.842.203.152.76
4.03.183.213.033.74 3.353.11 3.95 2.68 3.38 3.66 2.50 1.85

4.0

4.0 96.20 349.00

4.0 33 .741.00 .791.35
4.01.611.791.601.381.582.091.821.991.74 1.622.23 2.04
4.02.282.202.312.702.072.512.791.66 1.82 2.54 1.38 .98

4.0

4.0 95.88 207.00

4.0 .00 .19 .00.56
4.0.90.801.20 .96 .82 1.331.251.26 1.26 1.06 1.73
401.761.751.652.161.541.882.151.341.531.79 .72

4.0

4.0 95.24 41.00

4.0 0.00

4.00.000.00.00.11 .22 .36 .37 .35 .34 .43 .44 42

40 .52 .57.54.75.51.54.70 .35 .67 .64 .06 0.00

4.0

5.0 158.0 .50 94.50 .00250

5.0-7.0101.2 0.099.77 16.2 96.9 20.0 96.5 25.0 96.3 30.0 95.7

5.0 35.0 95.6 40.0 95.6 45.0 95.1 50.0 95.2 55.0 95.1 60.0 95.2
5.065.094.970.0 94.9 75.0 95.0 80.0 95.0 85.0 94.9 90.0 94.9
5.092.594.9 95.0 94.9 97.5 94.9100.0 95.0102.5 94.9105.0 94.8
5.0107.594.8110.0 94.8112.5 94.7115.0 94.8117.5 94.8120.0 94.6
5.0122.594.5125.0 94.5127.5 94.6130.0 94.8132.5135.0 95.6
5.0137.196.92142.999.27146.9101.2

5.0 .80 22.90 22.90 22.90 87.50
5.0 87.50 86.50 86.50 86.70 78.70
5.0 78.70 78.70 68.50 76.50 76.50
5.0 76.50 76.60 76.50 76.50 76.60
5.0 78.70 78.70 78.70 78.60 78.50
5.0 78.50 78.50 78.50 78.50 78.50
5.0 .10 .80 .80

5.0 96.92 640.00

5.0 0.00 .41 .102.08 2.63 2.68 2.82 3.04 2.90

5.03.02 3.24 3.65 3.66 3.47 3.29 3.38 3.26 3.53 3.43 3.49 3.61
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Appendix E1 - IFG4 Input File, Chokecherry Site (continued)

VEL1 5.03.323.633.47 3.253.27 3.13 .88 2.09 1.86 1.95 .83 1.29

VEL1 5.0
CAL2 50 96.50 349.00
VEL2 5.0 0.00 .07 1.411.662.12 2.30 2.44 2.07

VEL2 5.02.002.422.74 2.89 2.80 2.60 2.93 2.31 2.76 2.50 2.89 3.14
VEL2 5.02.472.60 3.06 2.88 2.48 3.13 .37 2.62 2.20 1.63 1.16 .73

VEL2 5.0
CAL3 5.0 96.14 207.00
VEL3 5.0 .01.921.261.481.76 2.24 2.01

VEL3 5.01.622.342.061.992.341.872.072.162.21 1.93 2.30 2.36
VEL3 5.02.132.082.29 2.50 2.20 2.96 .24 .53 1.83 1.48 1.05 .42

VEL3 5.0

CAM 5.0 95.50 41.00

VEM 5.0 .54 .68 .97 1.15

VELA  5.0.981.45 .49 .431581.04.741.31 .831.351.301.41
VEM 5.01.531.19.861.74 1.69 1.30 .56 .24 1.01 .80

VEM 5.0

XSEC 6.0 189.0 .50 94.50 .00250 -

6.0 -1.0101.2 0.099.37 7.297.25 10.0 96.6 15.0 95.2 20.0 94.9
6.0 25.0 94.7 30.0 94.7 35.0 94.9 40.0 94.8 45.0 95.0 50.0 94.8
6.0 55.0 95.1 60.0 95.1 65.0 95.1 67.595.0 70.0 94.9 72.5 94.9
6.0 75.094.977.594.6 80.0 94.4 82.5 94.3 85.0 94.3 87.5 94.0
6.0 90.0 93.8 92.5 93.6 95.0 93.8 97.5 93.8100.0 93.9102.5 94.3
6.0105.0 95.6107.5 95.9110.397.25110.6100.3111.6101.2

NS 6.0 .80 .80 27.60 27.90 78.80 71.90
NS 6.0 71.90 76.90 78.90 78.90 78.90 76.90
NS 6.0 56.60 56.70 56.70 56.50 56.60 65.60
NS 6.0 57.50 57.50 57.50 56.50 56.50 57.60
NS 6.0 78.60 78.50 87.60 87.70 87.70 87.70
NS 6.0 87.80 87.80 88.90 .80 .80

CAL1 6.0 97.25 640.00

VEL1 6.0 .03.461.311.291.131.881.792.352.97

VEL1 6.03.14 3.30 3.68 3.41 3.49 3.98 3.66 4.02 4.40 4.27 3.44 4.30

VEL1 6.04.623.471.762.261.911.22 .10 .46

CAL2  6.096.66 349.00

VEL2 6.0 01 22 45 44 72 941.271.661.75

VEL2 6.02.27 2.552.43 3.07 3.10 3.153.51 3.653.99 3.18 3.16 3.74

VEL2 6.03.311.641.381.07 .47 .05-43-20

CAL3 6.0 96.33 207.00

VEL3 6.0 09 .31 29 .47 .79 .781.081.32

VEL3 6.01.56 1.82 2.38 2.44 2.37 2.57 3.03 3.33 3.11 2.86 3.25 3.06

VEL3 6.02421.08 .71 .32 .05-21-.280.00

CAM 6.0 9566 41.00

VEL4 6.0 0.00 0.00 0.00 0.00 0.00 0.00 .23 0.00

VEL4 6.0 42.69.77.681.00.761.111531.411.181.421.17

VEL4 6.01.16 .26 .12 .01 .01 -01 0.00

XSEC 7.0 125.0.50 94.50 .00250
7.0-1.0101.2 0.099.77 7.197.35 10.0 96.7 15.0 96.5 20.0 96.3
7.0 25.096.6 30.0 96.6 35.0 96.5 40.0 96.6 45.0 96.2 50.0 96.5
7.0 55.095.960.0 96.3 65.0 95.8 70.0 95.9 75.0 95.8 80.0 95.8
7.0 82.595.785.095.487.595.490.095.392.595.295.0 95.1
7.0 97.595.1100.0 95.0102.5 94.7105.0 94.5107.5 94.3110.0 94.1
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Appendix E1 - IFG4 Input File, Chokecherry Site (continued)

7.0112.594.0115.0 95.2117.5 95.5120.0 95.4122.5 95.9125.0 96.8
7.0126.397.35127.699.97128.6101.2

NS 7.0 12.50 12.50 22.90 22.90 57.60 75.90
NS 7.0 78.80 77.90 77.90 77.90 77.90 77.90
NS 7.0 78.60 78.60 78.60 67.60 67.60 79.60
NS 7.0 78.70 78.70 77.90 75.50 75.05 57.70
NS 7.0 65.70 65.70 65.70 65.70 87.70 87.70
NS 7.0 88.90 88.90 88.90 88.90 88.90 88.90
NS 7.0 .30 .80 .80

CAL1 70 97.35 640.00

VEL1 7.0 471531.181.822.46 2.86 3.89 2.79 2.69

VEL1 7.0 2.69 3.402.94 3.80 3.20 3.99 3.61 3.804.19 4.16 4.22 4.21
VEL1 7.04.114.704.47 4.68 5.094.90 4.755.41 3.99 2.63 2.85 .86

VEL1 7.0
CAL2 7.0 96.89 349.00
VEL2 7.0 0.00 49 .76 .68 .901.012.231.512.61

VEL2 7.02.033.012.01 2.232.43 3.12 2.95 2.95 3.47 2.92 3.30 3.58
VEL2 7.0 3.39 3.88 3.56 4.06 3.67 3.033.86 2.71 .33 3.14 1.830.00

VEL2 7.0
CAL3 7.0 96.58 207.00
VEL3 7.0 0.00 .400.000.00 .50 1.211.361.35

VEL3 7.01512162.121.091.762.112.142.432.472.761.923.31
VEL3 7.0 3.09 3.80 3.36 4.08 3.86 3.36 3.48 1.88 0.53 1.13 1.89

VEL3 7.0

CAL4 7.0 9576 41.00

VEL4 7.0

VEL4 7.0 95 .77 .20 .43 72 71.55.76
VEL4 7.01.171.932.381.812.601.57.89 .39 .20 .80

VEL4 7.0

XSEC 8.0 191.0 .50 96.50 .00250

8.0-1.0101.2 0.099.57 9.298.45 10.098.4 15.0 97.520.0 97.3
8.0 25.097.0 30.0 96.7 35.0 96.5 40.0 96.7 45.0 97.0 50.0 96.6
8.0 55.097.060.0 96.8 65.0 96.7 70.0 96.5 75.0 96.8 80.0 96.8
8.0 85.096.8 90.0 96.8 95.0 97.0100.0 96.9105.0 96.9110.0 96.9
8.0115.0 96.6120.0 96.6125.0 97.1130.0 97.5135.0 97.7140.0 97.9
8.0145.0 98.3150.0 98.5152.598.45161.999.67181.9101.2

NS 8.0 21.50 21.50 22.90 22.90 45.80 67.70
NS 8.0 87.60 87.80 78.80 78.80 87.70 87.70
NS 8.0 87.80 87.60 87.60 78.70 78.70 78.70
NS 8.0 78.80 87.70 77.90 76.80 76.80 76.70
NS 8.0 67.70 87.70 87.60 87.70 87.70 77.90
NS 8.0 76.80 66.90 66.90 22.90 22.90

CAL1 80 98.45 640.00

VEL1 8.0 0.001.37 .691.883.252.103.223.853.11

VEL1 8.0 3.404.334.56 3.88 3.94 3.29 2.77 3.67 3.49 3.44 3.15 3.52
VEL1 8.03.253.383.592.181.461.33 .99 .22

CAL2 8.0 98.12 349.00

VEL2 8.0 .65 .451.212.191.87 2.462.90 2.40
VEL2 8.0 3.40 2.65 3.26 2.96 2.60 2.29 2.10 2.77 2.56 3.03 2.70 2.64
VEL2 8.02.833.012.491.18 .83 .49

CAL3 80 97.85 207.00

VEL3 8.0 .58 .20 1.202.111.09 2.01 1.21 2.02
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Appendix E1 - IFG4 Input File, Chokecherry Site (continued)

VEL3
VEL3
CAL4
VELA
VELA
VELA
ENDJ

8.02.292.052.122.59 2.122.62 2.23 2.62 1.51 1.92 2.02 2.49
8.0232225272131 .52

80 9735 41.00

8.0 0.00.22 .60 .15 .881.00 .38
8.0 .831.18.501.421.311.13.781.221.31 .590.00 1.03
8.0 1.03 0.00 .49 0.00
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Appendix E2 - Summary of Calibration Details, Chokecherry Site

METHOW RIVER - CHOKECHERRY SITE

Calibration Information for Calculated Discharge

Transect Number
1 2 3 4 5 6
Discharge
621 556 555 630 586 622
371 326 338 338 365 333
220 191 199 195 221 212
50 58 34 37 53 42
Stage
9494 9731 96.35 96.67 96.92 97.25
9449 97.14 95.98 96.20 96.50 96.66
9421  96.82 95.71 95.88 96.14 96.33
93.47  96.48 95.12 95.24 95.50 95.66
Plotting Stage
2.44 3.01 2.05 2.17 2.42 2.75
1.99 2.84 1.68 1.70 2.00 2.16
1.71- 2.52 141 1.38 1.64 1.83
0.97 2.18 0.82 0.74 1.00 1.16
Ratio of measured versus predicted discharge
1.002 1.027 0.929 0.986 0.965 0.910
1.046  0.890 1.049 1.010 1.011 1.046
0940 1.165 1.063 1.011 1.050 1.124
1.014  0.939 0.965 0.993 0.977 0.935
Mean error of stage/discharge relationship for calculated 0
3.09 8.91 5.45 1.06 2.95 8.06
Mean error of stage/discharge relationship for given Q
2.65 14.59 0.37 1.06 3.17 8.04
Stage/discharge relationship (S vs Q) S=A*Q**B+SZF
A=0.2327 0.1182 0.2614 0.1891 0.2305 0.3472
B=0.3655 0.1486 0.3220 0.3770 0.3669 0.3171
SZF=925 94.30 94.30 94.50 94.50 94.50

Beta coefficient log/log discharge/stage relationship
2.74 6.73 3.10 2.65 2.73 3.15
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645
340
224

42

97.35
96.89
96.58
95.76

2.85
2.39
2.08
1.26

1.020
0.967
1.010
1.003
1.67
241
0.4110

0.3002
94.50

3.33

616
368
232

45

98.45
98.12
97.85
97.35

1.95
1.62
1.35
0.85

0.931
1.004
1.130
0.946
6.25
3.18
0.2533

0.3142
96.50

3.18



Appendix E3 - Data Changes for Calibration, Chokecherry Site

TRANSECTVERTICAL VEL

OO ~N~N~N~N~N~N~NDAARANMDMRNRMNONR

7
6
25
10
15
17
29
30
31
32
8
9
28
29
30
33
33
15
23
30

109

whbhrbhbbhbhowpb~,rpr~rdbpbowoRLrrrrrrprrbdbdboOoP~bwOPR

CHANGE
2.77TO 2.57
0.32TO 0.52
0.10TO0.30
0.16 TO 0.00
0.12TO 0.00
0.02TO 0.22
0.71TOO0.51
0.74TO 0.54
0.90TOO0.70
0.55TO 0.35
0.10 TO 0.00
0.30 TO 0.50
201TO 181
2.80 TO 2.60
1.77 TO 1.57
0.33TO 0.53
0.00 TO0.20
0.30 TO 0.50
0.11TO0.00
0.29 TO 0.49



Appendix E4 - Velocity Adjustment Factors, Chokecherry Site

Transect DischargeVAF

1.00 1600.0 0.916
1.00 640.0 0.995
1.00 349.0 1.010
1.00 207.0 1.014
1.00 41.0 0.998
1.00 16.0 0.982
2.00 1600.0 0.926
2.00 640.0 0.998
2.00 349.0 1.013
2.00 207.0 1.014
2.00 41.0 1.018
2.00 16.0 1.073
3.00 1600.0 0.992
3.00 640.0 1.003
3.00 349.0 0.999
3.00 207.0 0.994
3.00 41.0 0.999
3.00 16.0 1:156
4.00 1600.0 0.826
4.00 640.0 0.960
4.00 349.0 1.010
4.00 207.0 1.026
4.00 41.0 0.936
4.00 16.0 0.803
5.00 1600.0 0.996
5.00 640.0 1.005
5.00 349.0 1.000
5.00 207.0 0.993
5.00 41.0 1.020
5.00 16.0 1.104
6.00 1600.0 0.859
6.00 640.0 0.989
6.00 349.0 1.017
6.00 207.0 1.017
6.00 41.0 0.937
6.00 16.-0 0.861
7.00 1600.0 0.811
7.00 640.0 0.967
7.00 349.0 1.027
7.00 207.0 1.063
7.00 41.0 0.963
7.00 16.0 0.769
8.00 1600.0 1.002
8.00 640.0 1.018
8.00 349.0 0.999
8.00 207.0 0.975
8.00 41.0 0.912
8.00 16.0 0.913
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APPENDIX F
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Appendix F1 - IFG4 Input File, Twisp River Site

TWISP RIVER at river mile 1.8 - WRIA 48
measured on 8/5/91- 300 cfs, 8/17- 163 cfs, 8/29- 92 cfs, 9/25- 33 cfs

10C
QARD
QARD
QARD
QARD
QARD
QARD
XSEC

NS
NS
NS
NS
NS
NS
CAL1
VEL1
VEL1
VEL1
CAL2
VEL2
VEL2
VEL2
CAM
VEL3
VEL3
VEL3
CAL4
VELA
VEL4
VEL4
XSEC

NS
NS
NS
NS
NS
CAL1
VEL1
VEL1

0000000200000000000000
13.0
30.0
90.0
175.0
300.0
750.0
1.0 0.0 .50 91.75 .00250
1.0-50.099.66 0.097.66 10.193.93 12.592.88 15.092.52 17.592.46
1.0 20.092.49 22.5 92.5 25.092.93 27.5 92.3 30.092.08 32.592.52
1.0 35.092.05 37.591.89 40.091.75 42.591.86 45.0 92.0 47.592.84
1.050.0 92.1 52.592.17 55.092.02 57.592.35 60.092.35 62.592.32
1.0 65.092.46 67.592.16 70.092.34 75.092.52 80.092.31 85.092.55
1.0 90.092.61.95.092.98100.093.93107.794.36147.7101.9

1.0 .80 .80 77.90 16.80
1.0 87.70 87.70 87.80 87.90
1.0 87.70 87.70 87.70 87.70
1.0 87.60 87.80 87.80 87.80
1.0 87.80 87.70 87.80 67.70
1.0 87.60 87.60 28.90 .80
1.0 93.93 300.00

1.0 .822.192.102.00 1.97 2.90 2.33 2.59 3.46

1.03.151.992.56 3.192.903.192421.92 .97 443.402.94
1.02.801.892.251.442.232.711.61 .17

1.0 93.69 162.70

1.0 0.001.171.251.281.591.44 1.32 1.32 2.06
1.02.541.12 931.741.271.341.67 1.68 2.332.57 .301.89
1.01.031.161.381.68 1.46 1.80 1.39 .29

1.0 93.41 91.90

1.0 .05 86 98 .811.02 .56 .68 .891.56
1.01.49 55 551.381.251.16 .97 .571.04 .68 .301.72
1.01.281.721.481.341.221.67 1.47 .13

1.0 93.12 33.00

1.0 0.00 .29 .09 .34 .280.00 .18 .32 .72

1.0 .61 .20 .07 54 .12 .68 .63 .51 .25 .15 .211.10

1.0 64 48 .51 .59 .63 1.661.61

2.0151.0.5091.90 .00250

2.00.0101.0 14.494.35 15.0 94.3 17.593.39 20.092.92 22.592.23
2.0 25.092.87 27.592.57 30.091.96 32.592.12 35.091.88 37.592.4
2.0 40.092.23 42.592.13 45.092.08 47.592.47 50.0 92.4 52.592.87
2.0 55.092.86 57.5 92.7 60.092.93 62.5 92.4 65.0 93.2 67.5 93.4
2.070.094.072.593.9 75.0 94.1 78.394.35 88.095.66123.0101.7

2.0 .80 87.90 87.90 87.90
2.0 87.80 87.80 87.80 86.70
2.0 86.80 86.80 87.70 86.70
2.0 76.80 76.70 87.70 87.70
2.0 87.70 87.80 87.90 87.90
2.0 94.35 300.00

2.0 0.001.00 2.452.422.89 3.93 3.17 4.19 4.72 4.47

2.05453.713.693.76 3.253.21 3.132.54 2.78 1.751.60 .89
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67.70
87.80
87.70
78.70
86.80

.80

87.90
87.90
86.70
76.80

.80

67.70
87.80
87.70
87.80
86.70

87.90
87.70
87.70
76.80
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Appendix F1 - IFG4 Input File, Twisp River Site (continued)

VEL1
CAL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3
CAL4
VEL4
VEL4
VELA
XSEC

NS
NS
NS
NS
NS
NS
CAL1
VEL1
VEL1
VEL1
CAL2
VEL2
VEL2.
VEL2
CAL3
VEL3
VEL3
VEL3
CAL4
VEL4
VEL4
VEL4
XSEC

NS
NS
NS

2.0 .71 .31 0.000

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0 93.26 33.00

2.0 0.00.20.471.131.291.37 1.56 1.79

2.02.04 .16 .341.21 0.00 .38 0.00 .22 .47

2.0

3.0 219.0 .50 95.60 .00250
3.0-50.0102.9 0.098.76 6.097.42 10.0 96.0 12.5 96.5 15.0 95.7
3.017.596.220.0 95.6 22.595.7 25.0 96.0 27.5 95.7 30.0 95.6
3.032.595.835.0 96.0 37.595.8 40.0 95.8 42.5 96.3 45.0 96.7
3.047.596.850.0 96.352.596.1 55.0 96.5 57.5 96.8 60.0 96.3
3.065.096.1 70.0 96.3 75.0 96.7 80.0 96.9 85.0 96.1 87.897.42
3.0 89.099.76114.0103.3

3.0 .80 .80 .80 87.60
3.0 87.80 87.80 87.70 87.70
3.0 87.90 97.90 86.50 87.70
3.0 87.80 87.70 87.60 87.70
3.0 87.70 87.70 87.70 87.70
3.0 .80 .80

3.0 97.42 300.00

3.0 3.354.47 4.28 4.87 5.86 1.13 4.60 3.80 3.98

3.01.604.703.112.814.554.512.351.50 4.13 3.84 4.11 3.95
3.01.822.931.46 3.26 2.30

3.0 9714 16270

3.0 2.784.123.96 3.724.55 534.153.70 3.15
3.02.683.832.46 .442.354.011.301.183.152.62 2.94 3.43
3.01611.29 .851.661.83

30 96.83 9190

3.0 2.352.77 3.12 3.22 2.98 .56 4.00 2.24 2.15
3.02623252.06.321.23 .71 75220123 2.00
3.01.610.40 .66.20 .66

3.0 96.46 33.00

3.0 1.62 2.61 .82
3.0.272.811.60 19 46 1.00 .52
3.0.690.20 .20.09

4.0 92.0 .50 93.20 .00250

4.0-20.099.690.096.69 10.795.33 12.5 94.7 15.0 94.0 20.0 93.9
4.0 25.093.927.593.830.093.832.593.7 35.093.7 37.593.6
4.0 40.094.042.594.045.093.847.593.850.093.352.593.3
4.0 55.093.357.593.360.093.7 62.5 93.3 65.0 93.4 67.5 93.5
4.0 70.093.872.593.275.093.477.593.480.094.2 82.594.4
4.0 83.495.3387.297.09 95.2100.1

4.0 .80 .80 87.80 86.70
4.0 76.80 76.90 76.70 87.70
4.0 87.80 76.60 86.70 87.80
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87.70
87.70
87.70

.07 2.45
.55

76.80
87.60
78.70

0.00

87.50
87.70
87.80
87.70

.10

99151
.52 .43

87.60
87.60
78.70



Appendix F1 - IFG4 Input File, Twisp River Site (continued)

NS
NS
NS
CAL1
VELI
VEL1
VEL1
CAL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3
CAL4
VEL4
VEL4
VEL4
XSEC

NS

NS

NS

NS

NS

CALL
VEL1
VEL1
VEL1
CAL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3
CAL4
VEL4
VEL4
VEL4
XSEC

4.0 76.80 86.60 87.80 87.80 87.70
4.0 87.90 87.80 87.80 78.70 78.70
4.0 .10 .80 .80

4.0 95.33 300.00

4.0 .782.212.113.104.07 2.88 2.57 3.13 3.99

4.03.76 2.74 2.99 2.67 2.64 2.53 2.45 2.00 2.15 2.15 3.06 2.91
4.0 2442272872172.051.31

4.0 95.12 162.70

4.0 .371.031.181.773.122.192.011.89 2.51
4.02181.742321.77 1.321.962.082.02 .97 .941.401.67
4.02031.841911.691.51.90

40 9473  91.90

4.0 0.00.551.331.531.761.711.71 .82 .96
4.01.081.211211.19.861.401.341.14 53 .211.02.90
4.01.691.451.141.36 1.08 .62

4.0 94.38 33.00

4.0 0.00 .23 .60 0.00 1.28 1.31 .87.80
4.0 .43 .28 .53 .69 .29 1.02 .86 0.00 .46 .13 1.20 .53

4.0.91:98 .35 .67 .48 -.01

5.0 79.0 .50 93.30 .00250
5.0-22.099.59 0.097.09 8.595.79 10.0 95.5 15.0 94.8 20.0 94.4
5.025.094.0 30.0 94.0 32.593.8 35.0 93.9 37.5 94.0 40.0 94.0
5.042.593.845.093.947.593.7 50.0 93.4 52.5 93.5 55.0 93.7
5.057.593.560.0 93.6 62.5 93.7 65.0 93.3 67.5 93.5 70.0 95.3
5.0 72.594.4 73.295.79 78.298.89 85.2100.5

5.0 .80 .80 88.90 87.80 87.80
5.0 87.80 87.60 86.60 86.60 87.60
5.0 86.70 86'.80 86.90 86.90 87.90
5.0 87.90 87.90 87.90 87.90 87.90
5.0 87.90 87.90 .80 .80

5.0 95.79 300.00

5.0 1:152.652.52 2.55 3.02 3.51 4.38 4.16 3.81
504.434102.451.88 .644.162.252.472501.68 .12 .35

5.00.00

5.0 95.48 162.70

5.0 0.001.531.641.422572.472703.143.84
504.023.181.64 .86 .222192391691.721.36 .15 .13

5.0 -.01

50 95.02 9190

5.0 .581.281.30 1.52 2.21 2.53 1.23 2.46
5.03.132.831.69 91 281.432.001.471.16 .88 .09

5.00.00

50 946 33.00

5.0 .00 .22 .75 .941.131.96 .00 2.02
5.02.841.701.360.00.01 .422.29 .461.36 .98 .01

5.0

6.0 123.0 .50 93.30 .00250

6.0-25.0100.1 0.097.49 5.796.24 7.5 96.0 10.095.412.594.8
6.0 15.094.717.594.520.094.1 22.593.9 25.0 94.0 27.593.8
6.0 30.0 93.9 32.593.4 35.0 93.3 37.593.5 40.0 93.6 42.5 93.6
6.0 45.0 93.7 47.593.9 50.0 94.0 52.5 94.4 55.0 95.0 57.5 95.0
6.0 60.0 95.6 62.396.24 65.697.89 75.6102.9
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Appendix F1 - IFG4 Input File, Twisp River Site (continued)

NS
NS
NS
NS
NS
CALL
VEL1
VEL1
VEL1~
CAL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3
CAL4
VEL4
VEL4
VEL4
XSEC

NS
NS
NS
NS
NS
CAL1
VEL1
VEL1
VELI
CAL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3
CAL4
VEL4
VEL4
VEL4
XSEC

6.0 .80 .80 87.80 87.80
6.0 87.80 87.70 87.70 86.50
6.0 87.80 87.70 87.70 87.70
6.0 87.80 87.90 87.90 87.90
6.0 87.90 87.90 .80 .80
6.0 96.24 300.00

6.0 .052.341.882.642.78 3.37 3.89 3.38 4.01
6.0 4.303.29 3.62 3.06 1.85 2.80 3.89 3.68 1.89 2.11 .96 .05
6.0 0.00

6.0 95.88 162.70

6.0 .64 .11 1.62 2.43 2.65 2.67 2.82 3.42
6.03.462.453.092.011.011.342.21 .271.451.27 .62 .07
6.0.01

6.0 95.41 91.90

6.0.00.011.161.251.421.66 1.99 2.73
6.02.58 2.27 2.56 1.26.96 1.10 .92 .93 .21 .13 .38 0.00

6.0

6.0 94.96 33.00

6.0 .20.010.00 .00 .391.051.561.79
6.01.711.321.36 .46 .44 91 .59-.010.00 .04

6.0

7.0 120.0.50 94.70 .00250

7.0-30.099.89 0.098.89 5.097.01 7.5 95.4 10.0 95.1 12.5 94.9

7.015.094.8 17.594.8 20.0 94.9 22.5 95.0 25.0 95.0 27.5 94.9
7.030.094.7 32.594.8 35.0 95.1 37.595.4 40.0 95.2 42.5 95.7
7.045.096.147.595.950.0 96.2 52.5 96.5 55.0 96.5 57.5 96.3
7.0 60.0 96.6 62.5 96.7 64.897.01 66.997.39 71.9102.9

7.0 .80 .80 87.70 87.70
7.0 87.60 87.70 87.80 87.70
7.0 87.80 87:60 87.90 87.90
7.0 87.80 87.70 87.60 87.70
7.0 87.80 82.80 82.80 .80
97.01 300.00

7.0 1.02 3.58 3.63 3.55 3.67 3.02 4.56 3.17 4.32

7.04.46 4.035.02 4.39 3.28 4.234.472.791.431.14 .96 .05
7.0-.10 0.00

7.0 96.70 162.70

7.0 .392.433.112.87 2.38 3.01 3.98 1.17 3.57
7.02.553.084.543.752.872.30259 .201.54 .53 .300.00
7.0

7.0 96.27 91.90

7.0 1.832.262.351.72 2.653.28 .42 2.53
7.02.062.031.922.401.891.021.39 250.00

7.0

7.0 9586 33.00

7.0 911.431501.471.491.90.19.74
7.0 78 1.331.24 .67 1.48 .79 0.00

7.0

8.0 379.0.50 99.00 .00250

8.0 -7.5102.9 0.0100.9 11.4100.9 15.0 99.9 17.5 99.4 20.0 99.3
8.0 22.599.325.099.6 27.599.230.099.2 32.599.2 35.0 99.2
8.0 37.599.2 40.0 99.0 42.599.245.099.147.599.150.0 99.2
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Appendix F1 - IFG4 Input File, Twisp River Site (continued)

NS
NS
NS
NS
NS
NS
CAL1
VEL1
VEL1
VEL1
CAL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3
CAL4
VEL4
VELA
VELA
ENDJ

8.052.599.255.099.357.599.460.0 99.4 62.5 99.3 65.0 99.0
8.067.599.370.099.472.599.9 75.0 99.9 77.5101.0 79.3100.9

8.0 83.7101.8 87.2102.9

8.0 .80 .80 .80 78.70
8.0 78.80 87.80 78.80 87.80
8.0 87.60 87:80 87.60 78.80
8.0 76.80 76.80 87.90 87.90
8.0 78.70 87.80 87.80 78.70
8.0 .80 .80

8.0 100.92 300.00

8.0 .60 .983.314.26 2.98 3.12 3.87 3.32 3.36

8.02.793.193.39 2.49 3.67 3.35 3.45 3.50 4.15 3.28 3.64 2.51
8.02.572.05 .73 .45

8.0 100.63 162.70

8.0 27 .652.182.361.722.48 2.89 .28 2.53
8.01.602.342.721.762.942.422.332.472.352.472.221.41
8.01651.550.00 .28

8.0 100.24 91.90

8.0 0.00 .261.76 2.521.532.09 2.61 .201.90
8.02.032.111.781.472.291.57 1.832.68 2.04 1.79 1.30 1.37
8.01.03 .930.000.00

80 99.89 33.00

8.0 0.00 .65 .75 .751.461.70 .19 .34
80106 .732.04119149 .001501.42 .77 .33 .83 .55
8.0 .931.050.00
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Appendix F2 - Summary of Calibration Details, Twisp River Site

TWISP RIVER SITE
Calibration Information for Calculated Discharge

Transect Number

1 2 3 4 5 6 7 8
Discharge

292 309 313 303 290 313 298

162 138 186 174 173 174 182

94 89 91 83 93 92 91

32 31 22 29 41 36 34

Stage
93.93 94.35 97.42 9533 9579 96.24 97.01
93.69 93.94 97.14 95.12 9548 95.88 96.70
93.41 93.64 96.83 94.73 95.02 9541 96.27
93.12 93.26 96.46 9438 94.64 9496 95.86
Plotting Stage

2.18 2.45 1.82 2.13 2.49 2.94 2.31
1.94 2.04 1.54 1.92 2.18 2.58 2.00
1.66 1.74 1.23 1.53 1.72 211 1.57
1.37 1.36 .0.86 1.18 1.34 1.66 1.16

Ratio of measured versus predicted discharge
0.991 1.020 0947 1.062 1041 1.035 1.011
0.946 0.920 1.015 0909 0931 0.932 0.969
1.131 1.093 1.095 1042 1.039 1048 1.032
0.943 0.974 0951 0.994 0.992 0.989 0.989
Mean error of stage/discharge relationship for calculated Q

6.05 5.46 5.25 511 3.97 4.08 2.15
Mean error of stage/discharge relationship for given Q

4.97 4.37 3.72 8.75 8.22 6.18 6.34
Stage/discharge relationship (S vs Q) S=A*Q**B+SZF
A=0.6434 0.5512 0.3510 0.4895 0.3397 0.6322  0.3758
B=10.2146 0.2610 2837 0.2601 0.3249 0.2691  0.3193
SZF=91.7 91.90 95.60 93.20 93.30  93.30 94.70

Beta coefficient log/log discharge/stage relationship
4.66 3.83 3.52 3.84 3.08 3.72 3.13
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Appendix F3 - Data Changes for Calibration - Twisp River Site

TRANSECT VERTICAL  VEL CHANGE

1 23 4 0.01TO0.21
1 23 3 0.10TO0.30
2 6 3 0.16 TO 0.36
2 6 4 0.00TO0.20
2 17 3 0.08 TO 0.00
3 10 4 2.65TO 245
3 14 4 3.01TO281
3 15 4 1.80TO 1.60
3 17 1 4.75TO 4.55
3 17 4 0.26 TO 0.46
3 21 4 0.35TO 0.55
3 26 3 0.20TO 0.40
3 26 4 0.00TO0.20
3 28 3 0.00TO0.20
3 28 4 0.00TO0.20
4 4 2 0.17TO0.37
4 8 4 0.23TO 0.00
4 13 4 0.23T0O0.43
5 11 1 436 TO 4.16
5 11 3 1.030T 1.23
5 11 4 0.14 TO 0.00
6 5 1 2.54TO 2.34
6 5 2 0.44TOO0.64
6 5 4 0.00TO0.20
6 8 4 0.08 TO 0.00
7 16 4 0.47TO 0.67
7 19 3 1.19TO1.39
7 22 1 0.33TO0.53
8 12 4 0.14TO0.34
8 18 4 0.08 TO 0.00
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Appendix F4 - Velocity Adjustment Factors, Twisp River Site

Transect Discharge VAF
1.00 13.0 1.017
1.00 33.0 1.010
1.00 92.0 1.043
1.00 163.0 1.039
1.00 300.0 0.999
1.00 750.0 0.848
2.00 13.0 0.849
2.00 33.0 0.924
2.00 92.0 0.990
2.00 163.0 1.013
2.00 300.0 1.007
2.00 750.0 0.916
3.00 13.0 0.790
3.00 33.0 0.927
3.00 92.0 1.003
3.00 163.0 1.022
3.00 300.0 1.016
3.00 750.0 0.929
4.00 13.0 0.884
4.00 33.0 0.930
4.00 92.0 0.985
4.00 163.0 1.005
4.00 300.0 1.013
4.00 750.0 0.988
5.00 13.0 0.917
5.00 33.0 0.966
5.00 92.0 1.016
5.00 163.0 1.017
5.00 300.0 0.972
5.00 750.0 0.827
6.00 13.0 1.069
6.00 33.0 0.986
6.00 92.0 0.999
6.00 163.0 1.014
6.00 300.0 1.002
6.00 750.0 0.858
7.00 13.0 0.939
7.00 33.0 0.988
7.00 92.0 1.022
7.00 163.0 1.020
7.00 300.0 0.994
7.00 750.0 0.858
8.00 13.0 0.966
8.00 33.0 0.981
8.00 92.0 1.001
8.00 163.0 1.006
8.00 300.0 0.998
8.00 750.0 0.947
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APPENDIX G

CHEWUCH RIVER SITE CALIBRATION INFORMATION
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Appendix G1 - IFG4 Input File, Chewuch River Site

CHEWUCH RIVER at river mile 1.3 WRIA 48
measured on 7/31/91- 290 cfs, 8/15- 236 cfs, 8/26- 121 cfs, 9/23- 60 cfs

10c
QARD
QARD
QARD
QARD
QARD
QARD
XSEC

NS
NS
NS
NS
NS
NS
CAL1
VEL1
VEL1
VEL1
CAL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3
CAL4
VEL4
VEL4
VELA
XSEC

NS
NS
NS
NS
NS
NS
CAL1

0000000200000000000000

25.0

60.0
125.0
250.0
300.0
725.0
1.0 0.0.50 89.70 .00250
1.0-12.098.22 0.094.82 9.192.81 13.0 92.4 17.091.7 21.0 91.6
1.0 25.091.629.091.233.091.6 37.091.541.091.6 45.0 91.0
1.0 49.091.153.091.057.090.7 61.0 90.7 65.0 90.5 67.0 90.4
1.0 69.090.5 71.090.4 73.0 90.0 75.0 89.9 77.0 89.8 79.0 90.4
1.0 81.091.083.089.7 85.0 90.0 87.0 90.7 89.0 89:9 92.0 90.7
1.0 95.090.9 98.0 91.2101.0 92.2102.092.81

1.0 .80 .80 27.90 27.90
1.0 76.80 67.60 76.80 65.50
1.0 76.80 67.70 67.90 67.90
1.0 65.80 76.70 76.90 65.60
1.0 99.90 99.90 99.90 99.90
1.0 27.60 29.60 92.90 97.70
1.0 92.81 290.00

1.0 29 42 66 .71 49117 89 .211.45

101461.151.431551.781.76 2.06 2.18 2.91 3.17 3.03 3.63
1.02.953.55 3.41 2.57 2.07 .89 .67

1.0 92.62 236.00

1.0 16 .13 44 21 34110 .65 .331.19
1.01.36 .971.331.431.981.762.052.372.913.023.113.43
1.03.512992742241.80 .34 .46 .75 0.00

1.0 9225 121.00

1.0 06 .17 .22 10 .66 .46 .32 .77

1.0 .73 .661.03 .951.341.211.651.902.322.47 2.252.45
1.02572211.981581.06 .31 .28 .200.00

1.0 9192 60.00

1.0 0.00.07 .080.000.00 .22 .30
1.0 .29 .33. 45 .641.00 .80 .84 1.231.351.66 1.55 1.53
1.01.691.421.39 .93 .95 .29 .10 0.00 0.00

2.0 71.0.50 89.70 .00250
2.0-15.098.32 0.093.62 6.092.93 10.0 92.6 14.0 92.1 18.0 92.0
2.022.091.7 26.091.8 30.0 91.6 34.0 91.4 38.0 91.3 42.091.9
2.046.091.950.0 92.2 54.0 92.0 58.0 92.0 62.0 92.1 66.0 91.6
2.070.090.9 74.0 90.8 78.0 90.5 82.0 90.9 86.0 90.2 89.0 89.9
2.092.089.995.0 89.3 98.0 89.4101.0 89.6104.0 90.4107.0 91.5
2.0110.0 92.4111.292.93113.993.82119.096.62121.098.32

2.0 .80 .80 28.60 28.60
2.0 86.70 67.70 78.70 67.60
2.0 87.60 87.70 67.60 87.70
2.0 62.70 26.80 78.60 87.60
2.0 67.70 67.70 67.70 76.80
2.0 65.60 28.50 28.50 28.50
2.0 92.93 290.00

121

72.70
67.70
65.60
69.90
99.90

65.60
67.80
76.80
76.70
65.70
28.50

76.60
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65.90
99.90
96.80



Appendix G1 - IFG4 Input File, Chewuch River Site (continued)

VEL1
VEL1
VEL1
CAL2
VEL2
VEL2
VEL2
CAD

VEL3
VEL3
VEL3
CAL4
VEL4
VEL4
VEL4
XSEC

2.0 .10 .37 .301.392.26 2.451.85 1.24 1.83
201751.841.150.00 .74 .34 .43 .73 1.381.631.96 2.16
2.03.072.772.81 2.99 1.42 .40 0.00

20 92.78 236.00

2.0 07 .19 25130193 .881.50 .982.21
20154152 .43 02 .110.00 .27 .231.001.271.532.01
2.02592.94 262315147 .27

20 9236 121.00

2.0.10.371.37 .58 1.53 .27 1.55

2.02.221.87.39.16 .16 0.00 -.03 -.14 .40 .58.94 1.33
2.01.762.311.73 2.60 1.07 .12

20 92.09 60.00

2.0 0.00 .01 .14 43 1.19 491.20

2.01.64 0.00 .05 .02 .21 .46 .66
2.01.372.201.26 .50 .12 .08

3.0 127 .50 091.20 .00250
3.0-20.098.32-15.097.62 0.093.923.093.47.092.611.092.4
3.0 15.092.219.091.723.091.7 27.091.8 31.092.1 35.0 91.8
3.0 39.091.543.091.547.091.951.091.755.091.559.091.7
3.0 63.091.767.091.969.091.371.091.773.091.6 75.091.4
3.0 77.091.579.091.581.091.383.091.285.091.389.091.6

3.0 93.091.6 97.0 91.8101.0 92.1104.793.37

NS

NS

NS

NS

NS

NS

CAL1
VEL1
VEL1
VEL1
CAL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3
CAL4
VE14
VEL4
VEL4
XSEC

3.0 .80 .80 .80 26.80
3.0 76.80 86.70 86.70 68.90
3.0 69.60 69.60 98.60 98.80
3.0 98.60 89.80 97.70 98.70
3.0 97.70 97.70 96.70 96.70
3.0 96.70 96.70 96.60 26.90
3.0 93.37 290.00
3.0 0.00 .12 .761.49 .931.091.551.231.63

3.01.722.222.031.982.171.682.282.061.58 1.53 1.71 1.97
3.02.392.272.59 2,59 2.07 2.131.94 1.48 1.06

3.0 9319 236.00

3.0 10 82117 911.762.011.691.30
301461911371.711941851951.491.391.181.561.70
3.02.182.192.132.953.121.882.16 1.44 .93

3.0 9291 121.00

3.0 0.00 .32 .67 .61 .981.351.64 .91
3.01.041.101.45 36 .991331491271.311.271.161.48
3.01591.811.562261.051.642.201.10 .69

3.0 9267 60.00

3.0 0.00 .52 48 .19 51 .73 52
3.0 .19 86 .60 .29 .49 .61 .65 .71 .791.05 .391.04
3.01.011.401.571.341.601.73 .59 .56

4.0 99.0 .50 91.20 .00250
4.0-90.098.3-8.098.30.095.12.893.66.0924 9.0 921
4.012.092.115.091.818.092.1 21.092.224.091.7 27.091.8
4.030.092.133.091.536.091.6 39.091.542.091.445.091.6
4.048.090.951.090.954.091.4 57.091.7 60.0 92.1 63.0 91.9
4.066.091.969.091.6 72.092.3 75.092.1 78.0 92.3 81.0 91.9
4.084.092.887.092.4 90.0 92.8 93.0 92.8 96.2 93.6 99.4 95.0
4.0102.497.22
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Appendix G1 - IFG4 Input File, Chewuch River Site (continued)

NS 4.0 .80 .80 .80 26.70 26.70 62.60
NS 4.0 62.60 96.80 96.70 96.80 96.70 96.80
NS 4.0 96.90 96.70 96.80 99.90 99.90 99.90
NS 4.0 96.70 96.70 96.80 99.90 99.90 99.90
NS 4.0 99.90 99.90 96.70 99.90 99.90 99.90
NS 4.0 99.90 99.90 99.90 99.90 96.90 96.90
NS 4.0 99.90

CAL1 4.0 93.64 290.00

VEL1L 4.0 .501.311.411.371.821.751.57 2.10

VEL1 4.02192482562.152.241.621.882.291.321.521.992.15
VEL1 401.741521.892.081.321.461.871.181.16 .85

VEL1L 4.0
CAL2 4.0 93.48 236.00
VEL2 4.0 .26 .691.06 .771.291.171.201.59

VEL2 401891.731.961.85 .191.171.952.27 .781.821.631.82
VEL2 4.01361.081.601.391.12 .711.16 .54 .60 .40

VEL2 40
CAL3 40 9311 121.00
VEL3 4.0 21 62 63 .76 .91 .991.091.20

VEL3 401.631.181.601.74 .161.191.701.871.421.271.591.01
VEL3 4.0 .79 .70 97 .73 .72 18 .72 .18 .44 14

VEL3 40

CAL4 40 9282 60.00

VEL4 40 .05 .30 .44 59 .63 .75 .75 .87
VELA 40119 92103123114 97123132 .90 .47 .65 .64
VEL4 40 .29 .27 .37 .31 .12 .10 .04

VELA 40

XSEC 5.0 101.0 .50 91.60 .00250

5.0-80.0100.8 -9.0100.8 -2.0 9.8 0.0 96.9 14.993.74 16.0 93.5
5.019.093.422.093.3 25.092.928.092.7 31.0 92.5 34.0 91.8
5.037.092.040.0 92.243.092.4 46.0 92.4 49.0 92.3 52.0 92.3
5.055.092.258.092.561.092.7 64.091.6 67.0 91.8 70.0 92.3
5.073.092.276.092.379.092.3 82.091.985.0 92.2 88.0 92.7
5.091.092.6 94.0 92.2 97.0 92.6100.0 93.0103.0 93.3106.193.74
5.0110.7 96.0114.7 99.6

NS 5.0 .80 .80 28.50 28.50 76.60 76.60
NS 5.0 76.80 89.50 56.70 69.70 99.90 96.60
NS 5.0 96.50 99.90 99.90 96.80 96.70 96.74
NS 5.0 96.80 96.90 99.90 96.80 96.70 99.90
NS 5.0 96.80 99.90 99.90 96.60 97.60 97.60
NS 5.0 96.80 99.90 99.90 99.90 99.90 99.90
NS 5.0 .80 99.90

CAL1 50 93.74 290.00

VEL1 5.0 .20 1,55 3.13 3.99 3.82 3.50 2.28

VEL1 5.02.884.103.002.613.132.612.392.813.672.822.413.29
VEL1 5.03212441801491.751.17 481.111.122.03 .69

VEL1 5.0
CAL2 5.0 93.61 236.00
VEL2 5.0 43 .512.691.891.653.64 2.98

VEL2 5.02282.392.872793.132.992.082432.752.672.313.32
VEL2 5.03261.841161491.081.34 .62 .47 .911.26
VEL25 .0
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Appendix G1 - IFG4 Input File, Chewuch River Site (continued)

CAL3 50 93.33 121.00

VEL3 5.0 30 .712.262.70 3.10 2.46
VEL3 50256 .711.961.792.612.131.861.611.011.191.512.51
VEL3 5.02.05 57116135110 .60 .701.10 .80

VEL3 5.0
CAL4 50 93.01 60.00
VELA 5.0 0.00-.03 .74 2.05

VEL4 5.01.962912.16 .511.521.23 .87 .98 .66 1.441.85

VEL4 50208 .62 .19.96 .701.60 .38 .19 .10

VELA 5.0

XSEC 6.0 122.0 .50 92.50 .00250
6.0-75.0101.1-5.0101.1 0.0 96.9 18.594.28 22.0 93.6 26.0 93.6
6.0 30.092.8 34.092.938.093.042.092.9 46.092.6 49.0 92.5
6.0 52.092.8 55.0 92.8 58.0 92.7 61.0 92.7 64.092.7 67.0 92.9
6.070.093.073.093.077.093.481.093.5 84.093.988.094.5
6.0 90.0 94.2 93.594.28 99.494.28103.0 93.8106.0 93.8110.0 93.8
6.0113.594.28118.4 96.1121.4100.3

‘NS 6.0 .80 .80 24.70 82.50 87.50 82.50
NS 6.0 87.50 87.50 78.70 78.70 78.80 78.80
NS 6.0 78.50 78.50 78.70 78.80 97.60 79.60
NS 6.0 79.80 79.80 76.80 78.70 78.70 78.80
NS 6.0 78.80 78.80 78.80 78.90 79.60 79.60
NS 6.0 79.60 .80 .80

CAL1 6.0 94.28 290.00

VEL1 6.0 .16 .091.39 2.31 3.38 3.42 4.55 4.87

VEL1 6.04.995.245.085.245.49 3.824.753.733.921.15 .27

VEL1 6.0 .22 0.000.00 .03

CAL2 6.0 94.15 236.00

VEL2 6.0 22 .07 1.472.943.353.313.953.77

VEL2 6.05.174.574.214963.904.374404.123.03 .32 .17

VEL2 6.0 0.00 0.00 0.00

CAM 6.0 93.89 121.00

VEL3 6.0 0.00 .01 .762.301.942.462.521.64

VEL3 6.04.484.212.953582.654.132.952.141.10 .36

VEL3 6.0

CAL4 6.0 93.64 60.00

VEL4 6.0 10 151.111.231.871.66 2.07

VEL4 6.02.162.321.282.131.231.811.881.531.78 .33

VEL4 6.0

XSEC 7.0 127.0 .50 92.90 .00250

7.0-80.0101.5-5.0101.5 0.0 99.7 23.095.61 26.0 95.1 29.0 95.4
7.032.094.6 35.0 94.338.0 94.1 41.0 93.8 44.0 93.8 47.0 93.4
7.050.0 93.7 53.0 93.9 56.0 93.8 59.0 93.7 62.0 93.5 64.0 93.0

7.0 66.0 93.168.0 93.0 70.0 92.9 72.0 93.1 74.0 92.9 76.0 93.6
7.079.0 93.8 82.0 94.3 85.0 94.5 88.0 94.7 91.0 95.1 94.0 95.2

7.0 97.0 95.3100.0 95.5103.0 95.8106.0 95.5106.5 95.6126.0 95.6
7.0127.0 95.4129.0 95.2131.0 95.3132.4 95.6136.9 97.3142.0100.4

NS 7.0 .80 .80 .80 87.70 98.70 98.80
NS 7.0 99.50 98.90 99.90 98.80 98.90 98.50
NS 7.0 87.70 87.70 97.60 78.50 78.50 99.50
NS 7.0 99.50 99.50 99.50 97.90 98.90 98.80
NS 7.0 78.70 78.70 78.70 78.50 78.50 78.50
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Appendix G1 - IFG4 Input File, Chewuch River Site (continued)

NS 7.0 78.50 7.850 78.50 78.50 78.50
NS 7.0 97.50 97.50 97.50 99.00 99.00
CAL1 7.0 95.61 290.00

VEL1 7.0 .451.451.93 2.62 2.82 1.88 2.66 2.67

VELI 7.02.76 3.11 3.852.88 2.87 2.09 2.51 3.07 2.77 2.70 1.97 2.76
VEL1 7.01.862.261.731.511.03 .27 0.000.00 0.00

VEL1 7.00.00 .220.00

CAL2 7.0 9543 2.36

VEL2 7.0 411.281.612.392.361.822.362.13
VEL2 7.02.78 3.03 3.03 2.69 1.452.23 2.13 2.57 2.49 2.24 1.63 2.20
VEL2 7.01.731.81127114 51 .210.00

VEL2 7.0 0.00 0.00 0.00

CAL3 7.0 9510 121.00

VEL3 7.0 .671591471491.231.73
VEL3 7.01.692.192.972.081.381.271.602.391.801.901.19 1.94
VEL3 7.01.151.52 .80

VEL3 7.0
CAL4 70 9475 60.00
VEL4 7.0 0.00 .62 .65 .90 .94 .99

VEL4 7.0 .881.751.411.361.19 451.291.561.211.35 .68 1.32
VEL4 7.0 77 .63 .22

VEL4 7.0

ENDJ
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Appendix G2 - Summary of Calibration Details, Chewuch River Site

CHEWUCH RIVER SITE
Calibration Information for Calculated Discharge

Transect Number

1 2 3 4 5 6 7
Discharge
275 284 275 273 288 297 281
232 224 238 184 222 248 215
135 121 137 114 127 138 129
68 57 63 61 61 63 61
Stage
92.81 92.93 93.37 93.64 93.74 94.28 95.61
92.62 92.78 93.19 93.48 93.61 94.15 95.43
92.25 92.36 92.91 93.11 93.33 93.89 95.10
91.92 92.09 92.67 92.82 93.01 93.64 94.75
Plotting Stage
3.11 3.23 2.17 2.44 2.14 1.78 2.71
2.92 3.08 1.99 2.28 2.01 1.65 2.53
2.55 2.66 1.71 1.91 1.73 1.39 2.20
2.22 2.39 1.47 1.62 1.41 1.14 1.85
Ratio of measured versus predicted discharge
0.946 0.973 0.900 1.064 1.016 0.950 0.986
1.037 0.982 1.083 0.908 0.990 1.036 0.996
1.067 1.127 1.116 1.047 0.984 1.051 1.039
0.956 0.929 0.919 0.989 1.010 0.967 0.980
Mean error of stage/discharge relationship for calculated Q
5.05 5.87 9.50 5.43 1.27 4.27 1.91
Mean error of stage/discharge relationship for given Q
3.42 4.68 5.70.3.03 2.96 1.96 2.84 2.84
Stage/discharge relationship (S vs Q) S=A*Q**B+SZF
A=0.8034 0.1073  0.4864 0.4945  0.4665 0.3478 0.6597
B=0.2386 0.1941  0.2613 0.2876  0.2698 0.2482 0.2500
SZF=89.7 89.70 91.20 91.20 91.60 92.50 92.90
Beta coefficient log/log discharge/stage relationship
4.19 5.15 3.83 3.48 3.71 3.52 4.00
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Appendix G3 - Data Changes for Calibration, Chewuch River Site

TRANSECT VERTICAL VEL CHANGE
2 21 4 0.30 TO 0.50
7 1 1.75TO 1.55
5 7 2 0.31TO0.51
5 7 3 0.10TO0.30
5 8 2 3.33T03.13
5 8 3 051TO0.71
5 11 2 3.70TO 3.50
5 11 4 0.54TO0.74
5 16 4 0.21TO0.00
5 17 4 0.31TO0.51
5 34 3 0.15TO 0.00
5 35 2 0.20 TO 0.00
7 28 3 0.14 TO 0.00

127



Appendix G4 Velocity Adjustment Factors, Chewuch River Site

Transect  Discharge VAF

1.00 25.0 0.964
1.00 60.0 0.985
1.00 125.0 1.003
1.00 300. 1.001
1.00 725.0 0.921
2.00 250 0.916
2.00 60.0 1.007
2.00 125.0 1.017
2.00 225.0 1.004
2.00 325.0 0.970
2.00 725.0 0.805
3.00 25.0 0.860
3.00 60.0 0.948
3.00 125.0 0.997
3.00 225.0 1.008
3.00 300.0 1.002
3.00 725.0 0.928
4.00 250 0.923
4.00 60.0 1.011
4.00 125.0 1.042
4.00 225.0 1.024
4.00 300.0 0.997
4.00 725.0 0.830
5.00 25.0 0.963
5.00 60.0 1.001
5.00 125.0 1.025
5.00 225.0 1.015
5.00 300.0 0.996
5.00 725.0 0.846
6.00 250 1.049
6.00 60.0 1.009
6.00 70.0 1.006
6.00 125.0 1.004
6.00 225.0 1.003
6.00 300.0 1.001
6.00 725.0 0.971
7.00 25.0 0.977
7.00 60.0 0.998
7.00 125.0 1.012
7.00 225.0 1.002
7.00 300.0 0.989
7.00 725.0 0.888
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APPENDIX H

EARLY WINTERS SITE CALIBRATION INFORMATION
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Appendix H1 - IFG4 Input Files, Early Winters Creek Site

EARLY WINTERS CREEK at river mile 1.0 WRIA 48

measured on 8/5/91- 227 cfs, 8/17- 132 cfs, 8/30- 78 cfs, 9/27- 37 cfs

10C 000000020000000000000

QARD 15.0

QARD 40.0

QARD 80.0

QARD 125.0

QARD 225.0

QARD 575.0

XSEC 3.00.0.7591.60.00250
3.0-10.099.7 0.096.6 2.194.6 5.093.5 7.593.810.0 94.0
3.0 12592.415.093.417.592.1 20.0 92.8 22.592.7.25.0 92.6
3.0 27.592.7 30.0 92.6 32.592.2 35.0 92.1 37.592.540.0 91.6
3.0 42.592.145.0 93.7 47.594.8 50.0 94.8 52.5 94.4 55.0 94.5
3.0 56.394.6 59.8 98.3 69.8 99.7

NS 3.0 .80 88.90 87.60 87.70 87.80 88.90

NS 3.0 88.90 8890 8890 88.90 87.90 76.90

NS 3.0 87.80 87.80 88.90 88.90 88.90 88.90

NS 3.0 88.90 8890 8890 8270 82.80 82.80

NS 3.0 88.90 .80 .80

CAL1 3.094.69227.00

VEL1 3.0 1.45.203.271.003.87 2.78 3.76 1.93 1.22
VEL1 3.0 .613.563.441.52.722.285.20 .44 0.000.00
VELI 3.0

CAL2 3.094.52132.00

VEL2 3.0 .63 .36 .391.083.64 2.46 3.241.90 1.20
VEL2 3.0 .464.452.86 .46 .28 1.111.67 .51 0.00-.01
VEL2 3.0

CAL3 3.09 420 78.00

VEL3 3.0 -20.62 .39 .111.911.592.121.22.66
VEL3 3.01.512.60 .88 .15 .25 .981.891.08

VEL3 3.0

CAL4 30 93.71 37.00

VEL4 3.0 0.00 .12 .60 1.721.38.67 1.00

VEL4 3.01.831.15 .26 .501.81 -.14 0.00

VEL4 3.0

XSEC 4.045.0.5093.20 .00250
4.0-12.096.70.094.92.594.6 5.0 94.8 7.5 94.9 10.0 94.9
4.012.594.215.094.417.593.4 20.0 93.6 22.5 93.5 25.0 93.2
4.027.593.330.093.832.594.0 35.093.7 37.5 93.6 40.0 93.3
4.042.593.345.093.447.593.6 50.0 95.552.595.455.0 95.8
4.0 57.395.7 65.0 99.3 75.0101.6
NS 4.0 .80 10 2770 2770 68.70 78.80
NS 4.0 82.80 8890 88.90 8890 88.90 88.90
NS 4.0 88.90 8890 88.90 8890 88.90 88.90
NS 4.0 88.90 87.80 87.90 8890 88.90 87.80
NS 4.0 78.70 .80 .80
CAL1 4.0 95.74 227.00

VEL1 4.0 45 .082.44194 .992513.435574.121.74
VEL1 4.01.361.992355.234.892.852.011.84 .371.12 .65
VEL1 4.0

CAL2 4.0 9541 132.00
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Appendix H1 - IFG4 Input Files, Early Winters Creek Site (continued)

VEL2 4.0 0.00 .131.341.70 .602372.724.834.10.34
VEL2 4.0 .331551.123.924.883.481.532.15 .23 .47

VEL2 4.0

CAL3 4.0 9512 78.00

VEL3 4.0 18 .06 .951.25 .12 1.621.694.68 3.43 .36
VEL3 4.0 .27 .66 .543.293.242.191.831.44 .33 18
VEL3 4.0

CAL4 4.0 9465 37.00

VEL4 40. 06 18 .48 .902.62 254 .46
VEL4 4.0 .64 .30 2.612.113.29 .951.31.16

VEL4 4.0

XSEC 5.0 440 .50 93.60 .00250
5.0-4.0101.6-1.597.50.096.4 2.594.85.094.7 7.5 94.8
5.010.094.6 12.594.8 15.095.6 17.594.3 20.0 94.1 22.5 93.5
5.025.093.527.593.230.094.0 32.593.4 35.0 94.2 37.594.7
5.040.094.542.594.8 45.095.2 47.595.550.0 95.6 52.5 95.8
5.054.296.4 62.6101.4
NS 5.0 .80 .10 10 8280 8280 78.70
NS 5.0 78.80 87.80 88.90 8890 88.90 88.90
NS 5.0 88.90 8890 88.90 8890 88.90 88.90
NS 5.0 8280 8280 8280 2880 78.70 78.70
NS 5.0 78.80 .80
CAL1 5.096.40227.00

VEL1 5.0 .501.531.501.464.324.011.79 2.87 3.40
VEL1 5.04.722.443.581.422.381.83 .60 .03-.03-.160.00 0.00
VEL1 5.0

CAL2 5.096.11 132.00

VEL2 5.0 .60 1.50 1.531.57 2.72 2.96 .33 2.94 2.26
VEL2 5.03.70.383.051.152.092.02.530.00 -.03-.01 0.00 .01
VEL2 5.0

CAM 5.095.83 78.00

VEL3 5.0 .26 .961.301.091922.84 .551.941.95
VEL3 5.03.071.012.06.991.721.581.390.00 .12 0.00 0.00
VEL3 5.0

CAL4 5.0 9541 37.00

VEL4 5.0 0.00 41 .45 .89 13 .701.01
VEL4 5.01.92 .171.26 .68 .36 .53 .50 0.00 0.00

VEL4 5.0

XSEC 6.029.0 5093.60.00250
6.0-10.0100.90.098.0 1.1 96.6 2.5 96.4 5.0 96.1 7.5 95.8
6.010.095.512.595.6 15.0 94.317.594.3 20.0 94.2 22.593.9
6.025.093.527.593.930.093.432.594.2 35.0 94.6 37.593.6
6.0 40.095.6 42.5 95.6 43.8 96.6 48.4 98.7 58.4101.6

NS 6.0 .80 30 8280 28.60 23.60 78.70

NS 6.0 87.80 87.80 88.90 8890 82.90 88.90

NS 6.0 88.90 8890 88.90 8890 8290 82.90

NS 6.0 82.90 8290 8290 .80 .80

CAL1 6.0 96.56 227.00

VEL1 6.0 .09 .04 .38 1.18 2.173.883.554.353.36

VEL1 6.03.464.153.903.732.721.27 .25 -.08

CAL2 6.0 96.22 132.00

VEL2 6.0 0.00 .26 .761.323.022.923 .122.55
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Appendix H1 - IFG4 Input Files, Early Winters Creek Site (continued)

VEL2 6.01.943.442.293.042.29 .78 .18

CAL3 6.0 9592 78.00

VEL3 6.0 .04 .56 92 29 42132125

VEL3 6.02.792.971.522.371.87 .24

CAL4 6.0 9544 37.00

VEL4 6.0 .50 .36 1.17

VEL4 6.0 .331.641.061.111.13 .45

XSEC 7.0 51.0 50 93.90 .00250
7.0-8.0101.60.098.52.597.0 5.096.6 7.595.4 10.0 95.1
7.012.595.215.095.217.594.120.093.922.594.125.094.3
7.027.594.330.094.532.594.835.094.6 37.595.1 40.0 95.5
7.0 42.596.6 44.5100.4 45.5101.6

NS 7.0 .80 30 8890 8890 78.70 87.80

NS 7.0 87.70 8890 8890 88.90 88.90 88.90

NS 7.0 88.90 8890 8890 88.90 82.80 82.80

NS 7.0 88.90 .30 .80

CAL1 7.0 96.80 227.00

VEL1 7.0 .372.043.612.434.024.052.71 3.16 2.35

VEL1 7.02654.195.133.13 .65 .84 .83

CAL2 7.0 96.43 132.00

VEL2 7.0 2.202.903.09 2.76 3.31 2.85 1.96 3.03

VEL2 7.02.072022441.76 .18 .31

CAL3 7.0 96.09 78.00

VEL3 7.0 1.49 .962.331.851.563.312.731.10

VEL3 7.01.57 .541.62 1.34 0.00 0.00

CAL4 7.0 9561 37.00

VELA 7.0 .881.201.891.291.78 2.68 3.28
VEL4 7.02.032.121.43 .520.00
ENDJ

EARLY WINTERS CREEK - T8 CHANNEL 1
measured on 8/5/91 - 104.5 cfs, 8/17 - 54.5 cfs, 8/30 - 32 cfs, 9/27 -9.5 cfs

I0C 0000000200000000000000

QARD 4.0 QARD 10.0

QARD 33.0

QARD 52.0

QARD 104.0

QARD 285.0

XSEC 81.00.0.5093.62 .00250
81.0-10.0101.0 0.096.62 3.2 95.5 5.0 96.0 6.0 94.8 7.0 95.0
81.08.095.29.095.110.095.012.0 94.8 14.0 94.3 16.0 94.3
81.017.093.518.093.519.093.720.093.4 21.0 92.3 22.0 92.4
81.024.092.2 25.092.5 26.0 93.8 27.0 94.2 29.0 94.5 31.0 94.9
81.033.094.335.094.237.094.239.094.2 41.095.043.095.1
81.0 43.595.5 50.295.52 60.297.12

NS 81.0 .80 .80 88.90 88.90 8290 22.90

NS 81.0 2290 2290 2290 2290 27.70 7290
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Appendix H1 - IFG4 Input Files, Early Winters Creek Site (continued)

NS
NS
NS
NS
CAL1
VEL1
VEL1
VEL1
CAL2
VEL2
VEL2
VEL2
CAD
VEL3
VEL3
VEL3
CAL4
VEL4
VELA
VELA
XSEC

NS
NS
NS
NS
NS
NS
CAL1
VEL1
VEL1
VEL1
CAL2
VEL2
VEL2
VEL2
CAL3
VEL3
VEL3
VEL3
CAL4
VEL4
VELA
VEL4
ENDJ

81.0 7290 87.80 8890 88.90 78.70 78.70
81.0 87.80 8890 8890 88.90 88.90 88.90
81.0 78.70 8780 7790 87.80 87.90 87.90
81.0 87.70 7550 .80

81.0 95.50 104.50

81.0 .010.000.00 0.000.00 .18 .28 .18
81.0 .02 .123.323.443.113.423.203.213.324.832.52 3.34
81.02.06 .34 .13 .110.000.00

81.0 9530 54.50

81.0 0.00 0.00 0.00 0.00 0.00 .06 .17 0.00
81.00.00.102.522.452.032.511.912.11 2.09 3.20 .91 1.85
81.01.35.47 .02 .040.000.00

81.0 9510 32.00

81.0 0.00 .07.02.01
81.00.000.001.651.581.421.611.271.341.732.21 .35
81.0 .40 .20 .020.00

81.0 94.74 9.50

81.0.01.01

81.00.000.00 .39 .61 .71 .71 .48 .341.03 .85 .04

81.0 .060.000.000.00

82.0 500 50 93.62 .00250

82.0-10.0101.0 0.096.62 3.2 95.5 5.0 96.0 6.0 94.8 7.0 95.0
82.08.095.29.095.110.095.012.0 94.8 14.0 94.3 16.0 94.3
82.017.093.518.093.519.093.720.093.421.092.322.092.4
82.024.092.2 25.092.526.0 93.8 27.0 94.2 29.0 94.5 31.0 94.9
82.033.094.335.094.237.094.239.094.2 41.095.043.095.1
82.043.595.5 50.295.52 60.297.12

82.0 .80 .80 88.90 88.90 8290 22.90
82.0 2290 2290 2290 2290 27.70 7290
82.0 7290 8780 8890 8890 78.70 78.70
82.0 87.80 8890 88.90 8890 88.90 88.90
82.0 78.70 8780 77.90 8780 87.90 87.90
82.0 87.70  75.50 .80

82.0 95.50 104.50

82.0 .010.000.000.000.00 .18 .28 .18
82.0 .02.123.323.443.113.42 3.20 3.21 3.32 4.83 2.52 3.34
82.02.06 34 .13 .11 0.000.00

82.0 9530 5450

82.0 0.00 0.00 0.00 0.00 0.00 .06 .17 0.00
82.00.00 .102.522.452.032.511.912.11 2.09 3.20 .91 1.85
82.01.35 .47 .02 .040.000.00

820 9510 32.00

82.0 0.00 .07 .02 .01
82.00.000.001.651.581.421.611.271.341.732.21.35
82.0 .40 .20 .020.00

820 94.74 9.50

82.0 .01.01
82.00.000.00 .39 .61.71.71.48.341.03 .85 .04

82.0 .06 0.000.000.00
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Appendix H1 - IFG4 Input Files, Early Winters Creek Site (continued)

EARLY WINTERS CREEK - T8 CHANNEL 2
measured, on 8/5/91 - 16 cfs, 8/17 - 6.7 cfs, 8/30 - 4.1 cfs, 9/27 - 0.5

cfs

10C 0000000200000000000000

QARD 0.8

QARD 4.2

QARD 6.4

QARD 15.7

QARD 49.3

XSEC 82 .0 0.0 .50 97.00 .00250
82.0-10.098.36 0.0 98.0 .998.17 1.0 98.1 3.0 98.0 5.0 97.9
82.07.097.99.097.811.098.1 13.098.1 15.098.0 17.097.7
82.018.097.7 19.0 97.520.0 97.2 21.0 97.1 22.0 97.0 23.0 97.2
82.024.097.4 25.0 97.8 26.0 98.0 27.0 98.0 27.798.17 29.698.36
82.0 34.698.76

NS 82.0 21:50 2150 13.70 13.70 13.70 13.70

NS 82.0 13.70 13.70 13.70 .30 .30 .30

NS 82.0 6290 6290 6270 62.70 62.60 26.60

NS 82.0 13.70 13.70 13.80 13.80 13.80 20.50

NS 82.0 20.50

CAL1 82.0 98.17 16.00 16.0

VEL1 82.0 501.131.511.561.42 2275

VEL1 82.0 .591.001.481.882.462.121.471.821.08.21

VEL1 82.0

CAL2 820 979 6.70 6.7

VEL2 82.0

VEL2 82.0

VEL2 82.0

CAM 820 9780 410 41

VEL3 82.0

VEL3 82.0

VEL3 82.0

CAL4 820 9752 50 5

VEL4 82.0

VEL4 82.0

VEL4 82.0

XSEC 83.0 50.0.50 97.00 .00250
83.0-10.098.36 0.0 98.0 .998.17 1.0 98.1 3.0 98.0 5.0 97.9
83.07.097.99.097.8 11.098.1 13.0 98.1 15.0 98.0 17.0 97.7
83.018.097.7 19.097.520.0 97.2 21.0 97.1 22.0 97.0 23.0 97.2
83.024.097.4 25.0 97.8 26.0 98.0 27.0 98.0 27.798.17 29..698.36
83.0 34.698.76

NS 83.0 2150 2150 13.70 13.70 13.70 13.70

NS 83.0 13.70 13.70 13.70 .30 .30 .30

NS 83.0 62.90 6290 62.70 6270 62.60 26.60

NS 83.0 13.70 13.70 13.80 13.80 13.80 20.50

NS 83.0 20.50

CAL1 83.0 98.17 16.00 16.0

VEL1 83.0 .501.131.511.561.42 22 .75
VEL1 83.0 .591.001.481.882.462.12-1.47 1.82 1.08.21
VEL1 83.0

CAL283.0 97.96 6.70 6.7
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VEL2 83.0

Appendix H1 - IFG4 Input File, Early Winters Creek Site, (continued)
VEL2 83.0

VEL2 83.0

CAM 83.0 9780 410 4.1
VEL3 83.0

VEL3 83.0

VEL3 83.0

CAL4 830 9752 50 5
VEL4 83.0

VEL4 83.0

VEL4 83.0

ENDJ

EARLY WINTERS CREEK - T8 CHANNEL 3

measured on 8/5/91 - 16.8 cfs, 8/17 - 9.1 cfs, 8/30 - 2.9 cfs, 9/27 -0.01 cfs

10C 0000000200000000000000

QARD 0.2

QARD 3.0

QARD 8.3

QARD 16.5

QARD 446

XSEC 83.0 0.0.50 98.21 .00250
83.0 -5.098.76 0.099.36 4.098.73 5.0 98.5 7.0 98.2 9.098.0
83.011.097.313.097.4 15.0 98.3 17.0 98.518.898.73 19.998.86
83.0 24.998.56

NS 83.0 1250 1250 13.80 13.80 13.80 13.70

NS 83.0 13.70 13.70 13.70 13.80 13.90 12.50

NS 83.0 12.50

CAL1 83.0 98.73 16.80

VEL1 83.0 1.652.492.342.77 .09 1.57.03
VEL1 83.0

CAL283.0 98.60 9.10

VEL2 83.0 .50 1.54 .50 2.34 .07 1.650.00
VEL2 83.0

CAL383.0 98.50 2.90

VEL3 83.0 1.04.291.21.-.25 .32
VEL3 83.0

XSEC 84.0 50.0.50 98.21 .00250
84.0-5.098.76 0.099.36 4.098.73 5.0 98.5 7.0 98.2 9.0 98.0
84.011.097.313.097.415.0 98.3 17.0 98.5 18.898.73 19.998.86
84.0 24.998.56

NS 84.0 1250 1250 13.80 13.80 13.80 13.70

NS 84.0 13.70 1370 13.70 13.80 1390 12.5-0

NS 84.0 12.50

CAL1 84.0 98.73 16.80

VEL1 84.0 1.652.492.342.77 .09 1.57.03

VEL1 84.0

CAL2 84.0 98.60 9.10
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Appendix H1 - IFG4 Input Files, Early Winters Creek Site (continued)

VEL2
VEL2
CAM
VEL3
VEL3
ENDJ

84.0 .50 1.54 .50 2.34.07 1.65 0.00
84.0

84:0 98.50 2.90

84.0 1.04.291.21-.25 .32

84.0

EARLY WINTERS CREEK - T8 CHANNEL 4
Measured on 8/5 - 50.9 cfs, 8/17-37.8 cfs, 8/30-20.1 cfs, 9/27-8 cfs.
10C 0000000200000000000000

QARD
QARD
QARD
QARD
QARD
QARD
XSEC

NS

NS

NS

NS
CAL1
VEL1
VEL1
CAL2
VEL2
VEL2
CAL3
VEL3
VEL3
CAL4
VELA
VELA
XSEC

NS
NS
NS
NS
CAL1
VEL1
VEL1
CAL2

3.0

7.0

21.0

40.0

51.0

98.0

84.0 0.0.50 95.66 .00250

84.0-10.097.96 0.097..66 4.696.69 6.0 96.3 8.0 96.1 10.0 96.3
84.012.0 96.1 14.0 95.6 16.0 95.1 18.0 94.7 20.0 94.9 22.0 95.0
84.024.0 94.9 26.0 95.5 28.0 96.1 30.0 96.6 32.0 96.6 34.0 96.1
84.0 35.396.69 36.498.86

84.0 1250 1250 13.60 40.70 6580 67.60
84.0 76.70 73.80 7270 7280 7280 72.80
84.0 78.80 78.80 7280 3280 32.80 32.80
84.0 32.80 .30

84.0 96.69 50.90

84.0 252,72 .291.341.502.432.592.712.53
84.01.57 .41 .11 .05 0.00 .17

84.0 96.63 37.80

84.0 1.051.581.401.301.381.982.01 1.90 1.57
84.0 .90 .46 .08 0.00 0.00 -.49

84.0 9655 20.10

84.0 .891.981.22 .62 .751.25 .471.201.08
84.0.72 .17 0.00 -.21

84.0 96.37 8.00

84.0 1.93.20.13 .29 .51 .64 .41 .55

84.0 .33 0.00 0.00

85.0 50.0 .50 95.66 .00250

85.0-10.097.96 0.097.66 4.696.69 6.0 96.3 8:0 96.1 10.0 96.3
85.012.096.1 14.0 95.6 16.0 95.1 18.0 94.7 20.0 94.9 22.0 95.0
85.0-24.0 94.9 26.0 95.5 28.0 96.1 30.0 96.6 32.0 96.6 34.0 96.1
85.0 35.396.69 36.498.86

85.0 1250 1250 13.60 40.70 6580 67.60
85.0 76.70 73.80 7270 7280 7280 72.80
85.0 78.80 7880 7280 3280 3280 32.80
85.0 32.80 .30

85.0 96.69 50.90

85.0 252,72 .291.341.502.432.59 2.71 2.53
85.01.57 .41 .11 .050.00.17

85.0 96.63 37.80
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Appendix H1 - IFG4 Input Files, Early Winters Creek Site (continued)

VEL2 85.0 1.051.581.401.30 1.38 1.98 2.01 1.90 1.57
VEL2 85.0 .90 .46 .08 0.00 0.00 -.49
CAL3 85.0 96.55 20.10

VEL3 85.0. 891.98 1.22 .62 .75 1.25 .47 1.20 1.08
VEL3 85.0.72.170.00 -21

CAL4 85.0 96.37 8.00

VEL4 85.0 1.93.20.13 .29 .51 .64 .41 .55
VEL4 85.0 .330.000.00

ENDJ

EARLY WINTERS CREEK - T8 CHANNEL 5

measured on 8/5/91 - 45.1 cfs, 8/17 - 36.1 cfs, 8/30 - 25.1 cfs, 9/27 - 13 cfs

10C 0000000200000000000000

QARD 5.0

QARD 13.0

QARD 25.0

QARD 37.0

QARD 45.0

QARD 75.0

XSEC 85.0 0.0.50 94.76 .00250
85.0 -.396.23 0.096.26 1.0 95.4 2.0 95.2 3.0 95.0 4.0 94.8
85.05.094.6.6.094.57.094.38.094.1 9.0 93.9 10.093.9
85.011.093.912.093.913.0 94.9 14.0 95.3 15.0 95.4 16.096.23
85.0 16.796.23 16.897.86

NS 85.0 .30 30 23.80 2290 2290 22.90

NS 85.0 23.80 37.70 3760 73.60 78.60 73.60

NS 85.0 72.60 30 .30 .30 .30 .30

NS 85.0 .30 .30
CAL1 85.0 96.23 45.10. 45.10
VEL1 85.0 0.000.000.00 .05 .37 1.84 2.36 3.50 4.44 3.18

VEL1 85.02.781.70 41 .10 .05

CAL2 85.0 96.06 36.10 36.10

VEL2 85.0

VEL2 85.0

CAM 85.0 95.90 25.10 25.10

VEL3 85.0

VEL3 85.0

CAL4 85.0 95.64 13.00 13.00

VEL4 85.0

VEL4 85.0

XSEC 86.0 50.0.50 94.76 .00250
86.0-.396.23 0.096.26 1.0 95.4 2.0 95.2 3.0 95.0 4.0 94.8
86.05.094.66.094.57.094.38.094.19.093.910.093.9
86.011.093.912.093.9 13.0 94.9 14.0 95.3 15.0 95.4 16.096.23
86.0 16.796.23 16.897.86

NS 86.0 .30 30 2380 2290 2290 22.90

NS 86.0 23.80 37.70 3760 73.60 78.60 .73.60

NS 86.0 72.60 .30 .30 .30 .30 .30

NS 86.0 .30 .30
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Appendix HI - IFG4 Input Files, Early Winters Creek Site (continued)

CAL1 86.0 96.23 45.10 45.10
VEL1 86.0 0.00 0.00 0.00 .05 .37 1.84 2.36 3.50 4.44 3.18
VEL1 86.02.781.70 .41 .10 .05
CAL2 86.0 96.06 36.10 36.10
VEL2 86.0

VEL2 86.0

CAL3 86.0 9590 25.10 25.10
VEL3 86.0

VEL3 86.0

CAL4 86.0 95.64 13.00 13.00
VELA 86.0

VEL4 86.0

ENDJ
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Appendix H2 - Summary of Calibration Details, Early Winters Creek Site

EARLY WINTERS CREEK SITE

Calibration Information for Calculated Discharge

Transect Number

3 4 5 6
Discharge
189 233 209 227
126 159 137 142
69 101 98 77
33 52 32 28
Stage
94.69 95.74 96.40 96.56
94.52 95.41 96.11 96.22
94.20 95.12 95.83 95.92
93.71 94.65 95.41 95.44
Plotting Stage
3.09 2.54 2.80 2.96
2.92 2.21 2.51 2.62
2.60 1.92 2.23 2.32
2.11 1.45 1.81 1.84
Ratio of measured versus predicted discharge
1.117 1.021 0.941 0.977
0.955 1.014 0.981 1.049
0.878 0.940 1.170 0.976
1.068 1.028 0.926 1.000
Mean error of stage/discharge relationship for calculated Q
8.85 3.12 7.69 2.39
Mean error of stage/discharge relationship for given Q
12.04 6.32 5.17 5.36
Stage/discharge relationship (S vs Q) S=A*Q**B+SZF
A= 0.9754 0.3389 0.7933 0.867
B= 0.2247 0.3709 0.2333. 2251
SZF= 91.60 93.20 93.60 93.60

Beta coefficient log/log discharge/stage relationship
4.45 2.70 4.29 4.44
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219
136
77
54

96.80
96.43
96.09
95.61

2.90
2.53
2.19
1.71

1.108
0.987
0.819
1.116

10.88

4.39

0.3972
0.3761
93.90

2.66



Appendix H2 - Summary of Calibration Details, Early Winters Creek Site (cont.)

EARLY WINTERS CREEK SITE (Transect 8 Channels)
Calibration Information for Calculated Discharge

Transect Number

8-1 8-2 8-3 8-4 8-5
Discharge
97.3 14.6 16.2 50.2 44.2
56.7 6.7 8.9 36.3 36.1
31.2 4.1 3.1 19.7 25.1
9.8 0.5 8.1 13.0
Stage
95.50 98.17 98.73 96.69 96.23
95.30 97.96 98.60 96.63 96.06
95.10 97.80 98.50 96.55 95.90
94.70 97.52 96.37 95.64

Plotting Stage

1.88 1.17 0.52 1.03 1.47
1.68 0.96 0.39 0.97 1.30
1.48 0.80 0.29 0.89 1.14
1.12 0.52 0.71 0.88
Ratio of measured versus predicted discharge
1.030 0.918 0.933 1.069 0.956
0.990 0.958 1.147 1.035 1.054
0.952 1.249 0.935 0.855 1.009
1.025 0.910 1.058 0.983
Mean error ofstage/dischargerelationship for calculatedQ
2.98 10.78 9.01 8.05 3.10
Mean error of stage/dischargerelationship for given Q
4.82 9.82 11.01 7.82 2.48
Stage/dischargerelationship (S vs Q)S=A*Q**B+SZF
A= 0.6706 0.6008 0.1882 0.4672 0.3052
B= 0.2269 0.2409 0.3562 0..2053 0.4101
SZF=  93.62 97.00 98.21 95.66 94.76

Betacoefficient log/logdischarge/stagerelationship
4.41 4.15 2.81 4.87 2.44
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Appendix H3 - Data Changes for Calibration, Early Winters Creek Site

TRANSECT

N~N~NNIN NN Ooo oM~ PPOWWWW

VERTICAL
8
8
15
15
8
15
15
5
11
13

~No o~

VEL

AP DPRPWORPRDRDORAWDRDWAPR

B Ll S

141

CHANGE

4.07 TO3.87
0.40 TO 0.60
0.68 TO 0.88
0.22 TO 0.00
0.28TO0.48
0.34TO 0.54
0.16 TO 0.00
0.76 TO 0.96
0.15TO 0.00
0.13TO 0.33
3.81TO3.61
0.76 TO 0.96
4.25TO 4.05
1.09TO 1.29
5.33TO5.13
1.23TO 1.43

0.13TO 0.00
0.30 TO 0.50
0.09 TO 0.29
0.00TO0.20
0.07TO 0.13



Appendix H4 - Velocity Adjustment Factors, Early Winters Creek Site

Transect Discharge VAF

3.00 15.0 1.011
3.00 40.0 0.989
3.00 80.0 1.028
3.00 125.0 1.029
3.00 225.0 0.988
3.00 575.0 0.805
4.00 15.0 0.913
4.00 40.0 1.007
4.00 80.0 1.033
4.00 125.0 1.029
4.00 225.0 0.982
4.00. 575.0 0.809
5.00 15.0 0.902
5.00 40.0 0.998
5.00 80.0 0.991
5.00 125.0 1.011
5.00 225.0 1.026
5.00 575.0 1.012
6.00 15.0 0.857
6.00 40.0 0.995
6.00 80.0 1.033
6.00 125.0 1.040
6.00 225.0 1.014
6.00 575.0 0.882
7.00 15.0 0.967
7.00 40.0 1.046
7.00 80.0 1.059
7.00 125.0 1.042
7.00 225.0 0.979

7.00 575.0 0.798
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APPENDIX |

TRANSECT WEIGHTING

143



Appendix | Transect Weighting .

Site

Walsh

KOA
Weeman
Chokecherry
Twisp
Chewuch
Early Winters

Transect Weighting as a Percent of the Total Site

1
7.2
9.3

10.3
10.8
6.5
5.5

2
115
16.2
17.8
19.0
15.9
15.3

Transect Number

3
10.6
16.8
14.9
14.7
134
17.5
17.0
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4
14.0
14.8
13.9
12.3

7.3
155
16.7

S)
141
10.7

9.6
12.8
8.7
17.2
18.4

6
14.8
10.3
10.8
11.6
10.5
19.2
20.1

7
18.0
13.3
15.2
11.7
21.5

9.8
12.8

8
9.7
8.7
7.5
7.0

16.3

15.0



APPENDIXJ

FISH HABITAT-USE CURVES AND SUBSTRATE CODE
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Appendixz J1 Depth and Velocity Habitat-Use Curves
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PREFEREMCE YALUE

PREFERENCE VALLE

Appendix J1 Depth and Velocity Habitat-Use Curves

STEELHEAD - JUVENILE

(continued})
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Appendix J1 Depth and Velocity Habitat-Use Curves ({continued)

CHINOOK SALMON - SPAWNING, RIVERS
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PREFEREMCE VALUE

PREFERENCE WALLUE

Appendix J1

Depth and Velocity Habitat-Use Curves

CHINOOK SALMON - JUVENILES, RIVERS

(continued)
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PREFERENCE WALUE

Appendix 21

Depth and Velocity Habitat=Use Curves

{continued)

CHINOOK SALMON - ADULT HOLDING, RIVERS
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Appendix J1

Depth and Velocity Habitat-Use Curves [continued)

CHINOOK SALMON - SPAWNING, STREAMS
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FREFEREMCE VALUE

PREFERENCE VALLIE

Appendix J1

Depth and Velocity Habitat-Use Curves

(continued)
CHINOOK SALMON - JUVENILES, STREAMS
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Appendix J1 Depth and Velocity Habitat-Use Curves ({continued)

BULL TROUT - SPAWNING
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Appendix J1 Depth and Velocity Habitat-Use Curves ({continued)
BULL TROUT - JUVENILE
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Appendix JS Substrate/Cover Code

DEPARTMENT OF FISHERIES & WILDLIFE
INSTREAM FLOW STUDIES SUBSTRATE AND COVER CODE APPLICATION 11/23/87

The three-digit code used describes the dominant substrate (the first number), the subdominant substrate (the second number), and the percent of only the dominant
substrate (the third number). The percent of the subdominant substrate can be determined by subtraction. Dominant substrate is determined by the largest quantity of a
certain substrate, not be the size of the substrate. The sum of the percent dominant and the percent subdominant will total 100 percent. The coding will not allow the
dominant percent to be less than 50 percent, or greater than 90 percent. All other preference values are determined by using weighted averages. The value of the dominant
substrate is multiplied by the percent of the dominant substrate, and the product is added to the product of the subdominant substrate times the percent of subdominant
substrate. The sum of all the codes observed times their preference value will be a value between 0.0 and 1.0. The coding should also give a preference value of zero for
the entire substrate observation when the code is class zero, one, or two, and is 50 percent of more of the observation. Where there is a situation where addition of two
values could equal more than 1.0, the value will default the 1.0. Overhanging vegetation should be counted as cover if it is within 3 to 4 feet of the water surface. Cover
values should be incorporated with the substrate values for both salmon and steelhead juvenile life stages and for chinook and steelhead adult holding.

LIFE STAGE AND VALUE OF SUBSTRATE

SALMON STEELHEAD & TROUT
CODE _grzlzzsitr?tienches ‘IJ:{%\;er?rl]lge Spawning Adult Holding Steelhead Trout Ju‘f:{;‘llllet" & Steelhead Adult
0 Detritus 1 0 ! 0 0 1 1
1 Silt, Clay ! 0 1 0 0 1 !
2 Sand 1 0 ! 0 0 1 1
3 Small Gravel 1-0.5 ! .3 ! 5 1 1 1
4. Medium Gravel .5-1.5 3 1 .3 1.0 1 3 3
5 Large Gravel 1.5-3.0 3 1 3 1.0 1 3 3
6 Small Cobble 3.0-6.0 5 1 3 1.0 5 5 3
7 Large Cobble 6.0-12.0 7 3 3 3 0 7 3
8 Boulder 1.0 0 1.0 0 0 1.0 1.0
9 Bedrock 3 0 .3 0 0 3 3
0.1 Undercut Bank 1.0 0 1.0 0 0 1.0 1.0
0.2 Overhanging Vegetation 1.0 0 1.0 0 0 1.0 1.0
0.3 Root Wad 1.0 0 1.0 0 0 1.0 1.0
0.4 Log Jam 1.0 0 1.0 0 0 1.0 1.0
0.5 Log Instream .8 0 .8 0 0 .8 3
0.6 Submerged Vegetation 1.0 0 .8 0 0 1.0 .8
0.8 Grass/Bushes Up on Bank 1 0 ! 0 0 ! 1
0.9 Fine Organic Substrate ! 0 ! 0 0 ! !

(* 0.6 for chinook Spawing can be used, depending on river size)
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APPENDIX K

IRRIGATION CANAL FLOWS AND RIVER FLOWS
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Appendix K1 Flows Measured by Hosey and Assoc. in Methow River in 1990 (continued)

Early Winters Staff Gauge Data. ''"PRELIMINARY !l 13NOV90

1990
Methow Above Lost Methow R. Below Methow R. Above
Month Day Gagel River RM 73.1 Gage2 Lost R. RM 72.9 Gage 3 Gate Cr. RM 708
Staff Ql Staff Q2 Staff Q3

Jul 20-Jul 2.90 111 2.86 370 2.80 335

21-Jul

27-Jul 2.62 72 2.68 300 2.66 2.80
Aug 3-Aug 2.37 44 2.29 177

4-Aug 2.24 152

7-Aug 2.29 36 2.19 151 2.10 121

10-Aug 2.20 28 2.10 1.31 1.98 98

15-Aug 2.06 18 2.00 110 1.87 80

17-Aug 2.12 22 1.95 100 1.79 68

18-Aug

19-Aug 2.07 124

20-Aug 1.90 84

22-Aug 2.60 69 2.40 207 2.36 183

24-Aug 2.37 44 2.17 147 2.09 119

25-Aug

27-Aug 2.26 33

28-Aug

29-Aug

30-Aug 2.00 110 1.86 78
Sep 4-Sep 2.12 22 1.92 94 1.71 58

5-Sep

6-Sep

7-Sep

8-Sep

11-Sep 2.07 15 1.77 69 1.47 33

12-Sep 1.74 65 1.45 32

13-Sep

14-Sep

15-Sep 1.96 12 1.70 59 1.36 25

16-Sep

17-Sep 1.34 24

18-Sep 1.67 55

19-Sep

20-Sep 1.92 10 1.63 50 1.28 20

21-Sep 1.17 14

22-Sep

23-Sep 1.85 7 1.57 43 1.14 13

24-Sep 1.56 42 1.10 11

25-Sep 1.85 7 1.57 43 1.10 11

27-Sep 1.82 5 1.563 39 0.97 7
Oct 1-Oct

2-Oct 1.82 5 1.48 34 0.77 3

3-Oct

4-Oct 2.44 51 1.97 104 1.72 59

5-Oct 2.42 49 195 100 1.71 58

6-Oct

7-Oct

158




Methow Above Lost

Methow R. Below

Methow R. Above

Month Day Gagel River RM 73.1 Gage2 Lost R. RM 72.9 Gage 3 Gate Cr. RM 708
Staff Q1 Staff Q2 Staff Q3

8-Oct
9-Oct 2.19 27 1.73 64 1.42 29
12-Oct 2.19 27 1.72 62 1.40 28
16-Oct 2.19 27 1.68 57 1.36 25
22-Oct
31-Oct 2.37 44 1.84 81 1.58 43

Nov 9-Nov 2.85 103 2.27 171 1.97 96
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Appendix K1 Flows Measured by Hosey and Assoc. in Methow River in 1990 (continued)

Early Winters Staff Gauge Data. ''"PRELIMINARY !l 13NOV90
1990

Methow Below

Methow R. Below

Methow R. Below Mazama

Month Day Gage4 Gate c. RM 69.3 | Gage7 Early Winters RM66.8 | Gage 6 Rm 63.8 same as USGS
Staff Q1 Staff Q2 Staff Q3
Jul 20-Jul 3.60 335
21-Jul 2.41 450 3.10 495
27-Jul 3.42 251 2.30 400 2.98 424
Aug 3-Aug 1.86 234 259 233
4-Aug 3.09 133
7-Aug 3.00 109 1.67 1.78
10-Aug 2.87 79 1.50 136 2.30 129
15-Aug 2.75 56 1.40 114 2.22 106
17-Aug 2.77 60 1.32 98 2.17 93
18-Aug 1.66 176
19-Aug 2.86 77
20-Aug
22-Aug 3.22 174 1.95 264 2.70 281
24-Aug 2.98 104 1.65 173 2.46 182
25-Aug 2.44 175
27-Aug
28-Aug
29-Aug
30-Aug 2.79 63 1.50 1.36
Sep 4-Sep 2.61 35 1.30 95 2.14 85
5-Sep 2.59 33
6-Sep 2.52 25
7-Sep 2.49 22 1.18 74 2.06 67
8-Sep 1.17 73
11-Sep 2.35 11 1.05 55 1.95 45
12-Sep
13-Sep 2.24 5 1.02 51
14-Sep 1.00 49
15-Sep 2.18 3 0.91 38 1.84 28
16-Sep 2.23 5 0.92 40
17-Sep 2.17 3
18-Sep 2.05 1 0.88 35
19-Sep
20-Sep 1.74 0 0.84 31 1.67 10
21-Sep 1.04 0 0.82 30
22-Sep
23-Sep 0.29 0 0.80 28 1.71 13
24-Sep 0.11 0
25-Sep -0.14 0 0.79 27 1.68 11
27-Sep -0.84 0 0.76 24 1.65 9
Oct 1-Oct 1.58 4
2-Oct -2.34 0 0.70 20 1.59 5
3-Oct 0.71 21
4-Oct -2.76 0 1.01 50 1.88 34
5-Oct 2.485 21 1.09 61 1.95 45
6-Oct 2.32 9
7-Oct 2.27 7
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Appendix K1 Flows Measured by Hosey and Assoc. in Methow River in 1990 (continued)

Early Winters Staff Gauge Data. ''"PRELIMINARY !l 13NOV90
1990

Early Winters Gage 9

Month Day Gage8 Creek RM 1.2 MetBr EWDIV Lower Diversion

Staff Q8 Staff QMetbr Staff QEW(div

Jul 20-Jul

27-Jul 20.80 STAGE STAGE

Aug 3-Aug 21.15 vs. Q vs. Q

4-Aug RELATIONSHIP RELATIONS

7-Aug 21.40 NOT NOT

10-Aug 21.60 YET YET

15-Aug 21.60 COMPLETED COMPLETED

17-Aug 21.60

22-Aug 21.37

24-Aug 21.95

28-Aug 1.56 60

Sep 4-Sep 1.47 47

7-Sep 1.40 39 21.75 1.03

8-Sep 1.37 35 21.90 0.97

14-Sep 1.35 33

15-Sep 1.32 30

20-Sep 1.29 28 22.05 0.99

23-Sep 1.27 26 22.00 0.93

25-Sep 1.27 26 22.10

27-Sep 1.25 24 22.16

Oct 1-Oct

2-Oct 1.22 22 22.20

4-Oct 1.60 66 21.83

5-Oct 1.65 75 21.90
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Early Winters

Gage 9

Month Day Gage8 Creek RM 1.2 MetBr EWDIV Lower Diversion
Staff Q8 Staff QMetbr Staff QEW(div
8-Oct
9-Oct 1.45 44 21.90
12-Oct 1.44 43 21.90
16-Oct 1.42 41 21.90
22-Oct
31-Oct 1.58 63
Nov 9-Nov 2.15 218

162




Appendix K2 Flows Measured by Ecology in Methow Basin in 1991

Miscellaneous measurements of discharge in the Methow River basin during 1991. Original
notes are on file in the WRIA 48 folders of the Water Resources Program Library. IFIM site

measurements made by Brad Caldwell and crew, others by Art Larson

Walsh IFIM site at Methow River Mile 31.5

Date Time Discharge (cfs)
08/01/91 1700 1437
08/28/91 1000 589
09/24/91 1500 311

KOA IFIM site at Methow River mile 49.0

Date Time Discharge (cfs)
08/02/91 1300 1135
08/29/91 1000 457
09/25/91 1100 229

Weeman IFIM site at Methow River mile 59.0

Date Time Discharge (cfs)
08/03/91 1300 658
08/16/91 1100 380
08/27/91 1600 238
09/26/91 1100 79

Chokecherry IFIM site at Methow River mile 66.5

Date Time Discharge (cfs)
08/04/91 1000 640
08/16/91 1600 349
08/27/91 1000 207
09/26/91 1400 41
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Appendix K2 Flows Measured by Ecology in Methow Basin in 1991 (continued)

Methow River above Early Winter cr. at Methow River mile 67.5

Date Time Discharge (cfs)
08/27/91 1330 122
09/26/91 1550 11
10/23/91 1245 2.1

Methow River below Gate Creek at Methow River mile 69.7

Date Time Discharge (cfs)
08/27/91 1100 117
09/26/91 1445 55
10/23/91 1200 dry

Methow River below Lost River at Methow River mile 72.9

Date Time Discharge (cfs)
08/27/91 1000 149
09/26/91 1410 45
10/23/91 1045 20

Twisp River near Highway bridge at Twisp River mile 0.3

Date Time Discharge (cfs)

08/29/91 1345 85
Twisp IFIM site at Twisp River mile 1.8

Date Time Discharge (cfs)
08/05/91 0900 308
08/17/91 0900 166
08/29/91 1200 90
09/25/91 1500 35
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Appendix K2 Flows Measured by Ecology in Methow Basin in 1991 (continued)

Twisp River below Buttermilk Cr. at Twisp River mile 11.8

Date Time Discharge (cfs)
08/29/91 0945 111
09/25/91 1030 52

Chewack River at Highway bridge at Chewack River mile 0.2

Date Time Discharge (cfs)

08/28/91 1050 115
Chewack IFIM site at Chewack River mile 1.3

Date Time Discharge (cfs)
07/31/91 1500 290
08/15/91 1600 236
08/26/91 1500 121
09/23/91 1600 60

Chewack River near MacPherson bridge at Chewack River mile 7.9

Date

Time

Discharge (cfs)

0/4/25/91

1130

445
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Appendix K2 Flows Measured by Ecology in Methow Basin in 1991 (continued)

Early Winters Creek below bridge at Creek mile 0.2

Date Time Discharge (cfs)
07/18/91 1245 565*
08/27/91 1230 74
09/26/91 1640 23
10/23/91 1200 19

*USGS measurement at staff = 7.93

Early Winters IFIM site at Early Winters Creek mile 1.0

Date Time Discharge (cfs)
08/05/91 1600 227
08/17/91 1300 132
08/30/91 1000 78
09/27/91 1000 37

Lost River at bridg at Lost River mile 0.5

Date Time Discharge (cfs)
04/25/91 1630 494*
07/18/91 1100 565*
08/27/91 0900 116
09/26/91 1330 60
10/23/91 1000 40

*AT STAFF =175 FT
*USGS measurement
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Appendix K3 Flows Measured by USGS in Methow in 1991 and 1992

STATION MUMEER 1Z44T38E  MHETHOW RIVER ABOVE GOAT CR NEAR

FATAME. WA B 6D.8
DESCHARSE, CuMBIC FEET PER SECORD, YEAR HARCH L1881 TO FERAUARY 19§

DALLY HEAH VALUEER

EOURCE AGERCY LGRS
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Appendix K3 Flows Measured by USGS in Methow Basin in 1991 and 1992 {continued)
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Appendix K3 Flows Measured in Methow Basin in 1991 and 1992 {continued)
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Appendix K4 Flows Measured by Ecology in Methow Basin Irrigation Ditches in 1991

Miscellaneous measurements of irrigation canal discharge during the 1991 irrigation season.
Measurements by Art Larson and Jim Peterson. Original note son file in the WRIA 48 Folders of
the Water Resources Program Library

MVID Methow River canal (below fish screen)
Diversion from left bank at Methow River mile 44.8

Date Time Staff (ft.) Rt/Lt Discharge (CFS)
05/14/91 1550 36
07/19/91 0947 38
08/28/91 1600 0.65/0.68 38
09/25/91 1415 0.60/0.64 36
10/22/91 1200 dry

Barclay canal — Methow River (below fish screen)
Diversion from left bank at Methow River mile 48.3

Date Time Staff (ft.) Rt/Lt Discharge (CFS)
05/21/91 1630 12
07/19/91 1030 18
08/28/91 1530 15
09/25/91 1500 8.8
10/22/91 1000 dry
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Appendix K4 Flows Measured by Ecology in Methow Basin Irrigation Ditches in 1991

(continued)

Foghorn canal — Methow River (below fish screen at hatchery)

Diversion from right bank at Methow River mile 51.5

Date Time Staff (ft.) Rt/Lt Discharge (CFS)
05/14/91 1205 14
07/18/91 1610 15
08/28/91 1500 13
09/24/91 1330 10
10/23/91 1500 2.85

Rockview (heath) canal — Methow River (below fish screen)
Divesion from left bank at Methow River mile 59.6

Date Time Staff (ft.) Rt/Lt Discharge (CFS)
07/18/91 1436 39
08/28/91 1300 13
09/24/91 1245 4.2
10/23/91 1400 2.4

McKinney Mt. ditch — Methow River
Diversion from right bank at Methow River mile 60.7

Date Time Staff (ft.) Rt/Lt Discharge (CFS)
04/26/91 1000 4.8
05/15/91 1640 5.7
07/18/91 1355 2.4
08/27/91 1630 3.2
09.27/91 0900 0.8
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Appendix K4 Flows Measured by Ecology in Methow Basin Irrigation Ditches in

1991 (continued)

Kumm-Holloway ditch — Methow River (below fish screen
Diversion from right bank at Methow River mile 61.4

Date Time Staff (ft.) Rt/Lt Discharge (CFS)
04/26/91 1100 1.9
07/18/91 1317 0.6
08/27/91 1600 0.1
09/27/91 dry

Airey ditch — Twisp River (below fish screen)
Diversion from righ bank at Twisp River mile 0.4

Date Time Staff (ft.) Rt/Lt Discharge (CFS)
08/29/91 1300 1.8
10/21/91 1500 dry

MVID Twisp River canal (below fish screen)
Diversion from right bank at Twisp River mile 4.0

Date Time Staff (ft.) Rt/Lt Discharge (CFS)
05/14/91 1730 0.51 30
07/19/91 0824 22
08/29/91 1200 0.48/0.53 30
09/25/91 1330 0.47/0.53 29
10/24/91 1000 dry
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Appendix K4 Flows Measured by Ecology in Methow Basin Irrigation Ditches in 1991
(continued)

Brown-Gilliham dtich — Twisp River (below fish screen)
Diversion from left bank at Twisp River mile 4.6

Date Time Staff (ft.) Rt/Lt Discharge (CFS)
08/29/91 1130 dry
09/25/91 1300 dry

Twisp Powers canal — Twisp River (below fish screen)
Diversion from left bank at Twisp River mile 7.0

Date Time Staff (ft.) Rt/Lt Discharge (CFS)
08/29/91 1035 9.3
09/25/91 1145 7.9
10/24/91 1100 dry

Ray Libby ditch — Twisp River (below fish screen)
Diversion from left bank at Twisp River mile 11.6

Date Time Staff (ft.) Rt/Lt Discharge (CFS)
08/29/91 0900 1.1
09/25/91 1015 0.06
10/24/91 1130 dry
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Appendix K4 Flows Measured by Ecology in Methow Basin Irrigation Ditches in 1991
(continued)

Fulton canal — Chewack River (below fish screen)
Diversion from right bank at Chewack River mile 0.9

Date Time Staff (ft.) Rt/Lt Discharge (CFS)
04/25/91 1315 20
05/14/91 1050 27
07/18/91 1630 24
08/28/91 1200 23
09/24/91 1115 17
10/22/91 0900 dry

Chewack canal — Chewack River (below fish screen)
Diversion from left bank at Chewack River mile 8.1

Date Time Staff (ft.) Rt/Lt Discharge (CFS)
04/25/91 0935 17
05/14/91 0830 30
07/18/91 1654 29
08/28/91 1000 26
09/24/91 1030 25
10/22/91 1000 dry

Skyline canal — Chewack River (below fish screen and return)
Diversion from right bank at Chewack River mile 8.9

Date Time Staff (ft.) Rt/Lt Discharge (CFS)
05/14/91 0915 22
07/18/91 1730 17
08/28/91 0920 20
09/24/91 1000 15
10/22/91 1030 dry
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Appendix K4 Flows Measured by Ecology in Methow Basin Irrigation Ditches in 1991

(continued)

Eightmile ditch — Chewack River (below fish screen)

Diversion from right bank of Eightmile Creek at road bridge near Chewack River mile 11.5

Date Time Staff (ft.) Rt/Lt Discharge (CFS)
08/28/91 0845 6.6
09/24/91 0845 7.2
11/22/91 1100 dry

Early Winters canal — Early Winters Creek (below fish screen)
Diversion from right bank at Early Winters Creek mile 0.6

Date Time Staff (ft.) Rt/Lt Discharge (CFS)
05/15/91 1245 14
07/18/91 1230 15
08/27/91 1530 1.08 14
09/27/91 0945 1.07 13
10/23/91 1330 0.97 7

Willis ditch — Early Winters Creek (below fish screen)
Diversion from left bank at Early Winters Creek mile 1.0

Date Time Staff (ft.) Rt/Lt Discharge (CFS)
05/21/91 1400 dry
07/18/91 1200 2.4
08/27/91 1420 1.1
09/27/91 1030 0.2
10.23/91 1145 0.1
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Appendix K4 Flows Measured by Ecology in Methow Basin Irrigation Ditches in 1991
(continued)

Wolf Creek ditch — Wolf Creek (no fish screen)
Diversion from left bank at Wolf Creek mile 1.2

Date Time Staff (ft.) Rt/Lt Discharge (CFS)
08/28/91 dry
09/24/91 dry

evidence of early season use of canal
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Appendix K5 Flow Statistics for Exceedence-Frequency Hydrographs.
Chewuch statistics are 10-day averages synthesized from USGS Pateros gage on
Methow River and 1991 and 1992 USGS data from Chewuch River gage.

PATEROS CHEWUCH

1.0% 50% 90% CONVERSION 10% 50% 90%

706.4 375.7 248.7 0.182 128.6 68.4 453 JAN.
637.0 404.5 288.4 0.194 123.6 78.5 55.9

630.3 390.2 285.1 0.193 121.6 75.3 55.0

622.1 385.9 284.5 0.193 120.1 74.5 549 FEB.
605.6 390.3 285.2 0.194 117.5 75.7 55.3

633.8 404.4 284.4 0.193 122.3 78.0 54.9

745.9 412.3 290.9 0.186 138.7 76.7 541 MAR.
918.4 469.4 307.0 0.145 133.2 68.1 44.5
1266.4 616.4 342.2 0.150 190.0 925 51.3
1810.2 897.8 419.4 0.164 296.9 147.2 68.8 APR.
2295.1 141538 618.7 0.184 422.3 260.5. 113.8
3548.7 1866.5 927.0 0.194 688.4 362.1 179.8
5817.0 2800.6 1489.2 0.228 1326.3 638.5 3395 MAY
7864.0 4257.8 2052.0 0.250 1966.0 1064.5 513.0
10370.1 6149.4 3116.3 0.212 2198.5 1303.7 660.7
12258.5 6772.4 3518.8 0.172 2108.5 1164.9 605.2  JUN.
10609.3 5569.9 2872.2 0.180 1909.7 1002.6 517.0

8455.8 4022.4 1894.8 0.160 1352.9 643.6 303.2
5676.2 2756.6 1196.9 0.284 1612.0 782.9 339.9 JUL.
3792.4 1835.5 810.2 0.298 1130.1 547.0 241.4
2382.9 1154.6 560.0 0.211 502.8 243.6 118.2
1559.6  772.8 413.7 0.304 4741 234.9 1258 AUG.
11135 568.5 326.0 NO 0.0 0.0 0.0

891.3 483.4 276.0 DATA 0.0 0.0 0.0

740.7 435.7 263.0 FOR 0.0 0.0 0.0 SEP.
707.0 389.8 270.8 1992 0.0 0.0 0.0

675.1 381.2 288.9 & 1991 0.0 0.0 0.0

678.8 428.7 315.6 0.162 110.0 69.4 51.1 OCT.
687.0 427.8 342.1 0.181 124.3 774 61.9

730.5 435.1 364.2 0.200 146.1 87.0 72.8

761.6 457.6 343.6 0.209 159.2 95.6 71.8 NOV.
791.6 462.4 329.7 0.226 178.9 104.5 74.5

885.2 430.9 310.2 0.208 184.1 89.6 64.5

797.5 412.4 310.2 0.222 177.0 91.6 68.9 DEC.
698.6 393.1 290.6 0.175 122.3 68.8 50.9

708.4 385.5 278.0 0.205 145.2 79.0 57.0
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Appendix K5 Flow Statistics For Exceedence-Frequency Hydrographs.
Methow River at Winthrop statistics are 10-day averages synthesized from
USGS PATERO.gage and 1991 USGS gage data from Winthrop gage.

PATEROS

1.0% 50%
706.4 375.7
637.0 404.5
630.3 390.2
622.1 385.9
605.6 390.3
633.8 404.4
745.9 412.3
918.4 469.4
1266.4 616.4
1810.2 897.8
2295.1 1415.8
3548.7 1866.5
5817.0 2800.6
7864.0  4257.8
10370.1 61494
12258.5 67724
10609.3 5569.9
8455.8  4022.4
5676.2 2756.6
3792.4 1835.5
2382.9 1154.6
1559.6 772.8
1113.5 568.5
891.3 483.4
740.7 435.7
707.0 389.8
675.1 381.2
678.8 428.7
687.0 427.8
730.5 435.1
761.6 457.6
791.6 462.4
885.2 430.9
797.5 412.4
698.6 393.1
708.4 385.5

90%
248.7
288.4
285.1
284.5
285.2
284.4
290.9
307.0
342.2
419.4
618.7
927.0

1489.2
2052.0
3116.3
3518.8
2872.2
1894.8
1196.9
810.2
560.0
413.7
326.0
276.0
263.0
270.8
288.9
315.6
342.1
364.2
343.6
329.7
310.2
310.2
290.6
278.0

CONVERSION

0.600
0.598
0.604
0.633
0.707
0.707
0.686
0.681
0.712
0.762
0.760
0.768
0.764
0.760
0.743
0.776
0.738
0.762
0.726
0.671
0.671
0.674
0.688
0.694
0.684
0.662
0.644
0.619
0.661
0.654
0.654
0.668
0.647
0.671
0.599
0.679
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WINTHROP
10% 50%
423.8 225.4
380.9 241.9
380.7 235.7
393.8 244.3
428.2 275.9
448.1 285.9
511.7 282.8
625.4 319.7
901.7 438.9
1379.4 684.1
1744.3 1076.0
27254 14335
4444.2 2139.7
5976.6 3235.9
_7705.0 4569.0
9512.6 5255.4
7829.7 4110.6
6_443.3 306 5.1
4120.9 2001.3
2544.7 1231.6
1598.9 774.7
1051.2 520.9
766.1 391.1
618.6 335.5
506.6 298.0
468.0 258.0
434.8 2455
420.2 265.4
454.1 282.8
477.7 284.6
498.1 299.3
528.8 308.9
572.7 278.8
535.1 276.7
418.5 235.5
481.0 261.8

90%
149.2
1725
172.2
180.1
201.6
201.1
199.6
209.1
243.6
319.6
470.2
711.9

1137.7
1559.5
23154
2730.6
2119.7
1443.8
868.9
543.6
375.8
278.8
224.3

191.5
179.9
179.3
186.1
195.4
226.1
238.2
224.7
220.2
200.7
208.1
174.1
188.8

JAN.

FEB.

MAR.

APR.

MAY

JUN.

JUL.

AUG.

SEP.

OCT.

NOV.

DEC.
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FLOWS IN CFS ARE FOR 10, 50, 90 t EXCEEDENCE - (Log Pearson)
Statistics for streamflow data METHOW RIVER NR PATEROS, WASH.
Station ID code: 12449950

10% 50% 90%
January 1-10 706.4 375.7 248.7
11-20 637.0 404.5 288.4
21-31 630.3 390.2 285.1
February 1-10 622.1 385.9 284.5
11-20 605.6 390.3 285.2
21-29 633.8 404.4 284.4
March 1-10 745.9 412.3 290.9
11-20 918.4 469.4 307.0
21-31 1266.4 616.4 342.2
April 1-10 1810.2 897.8 419.4
11-20 2295.1 1415.8 618.7
21-30 3548.7 1866.5 927.0
May 1-10 5817.0 2800.6 1489.2
11-20 7864.0 4257.8 2052.0
21-31 10370.1 6149.4 3116.3
June 1-10 12258.5 6772.4 3518.8
11-20 10609.3 5569.9 2872.2
21-30 8455.8 4022.4 1894.8
July 1-10 5676.2 2756.6 1196.9
11-20 3792.4 1835.5 810.2
21-31 2382.9 1154.6 560.0
August 1-10 1559.6 772.8 413.7
11-20 1113.5 568.5 326.0
21-31 891.3 483.4 276.0
September 1-10 740.7 435.7 263.0
11-20 707.0 389.8 270.8
21-30 675.1 381.2 288.9
October 1-10 678.8 428.7 315.6
11-20 687.0 427.8 342.1
21-31 730.5 435.1 364.2
November 1-10 761.6 457.6 343.6
11-20 791.6 462.4 329.7
21-30 885.2 430.9 310.2
December 1-10 797.5 412.4 310.2
11-20 698.6 393.1 290.6
21-31 708.4 385.5 278.0

Period of Record = 1959 to 1992
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FLOWS IN CFS ARE FOR 10, 50,. 90 % EXCEEDENCE - (Log Pearson)
Statistics for streamflow data METHOW RIVER AT TWISP, WA
Station ID code: 12449500

10% 50% 90%
January 1-10 473.9 307.7 2135
11-20 447.6 289.4 207.5
21-31 454.1 278.5 200.4
February 1-10 471.5 279.0 2141
11-20 485.1 270.6 209.0
21-29 457.6 273.1 210.4
March 1-10 456.5 282.6 215.4
11-20 565.6 300.8 228.4
21-31 909.0 394.7 247.2
April 1-10 1647.1 647.8 296.5
11-20 3113.2 1191.8 407.4
21-30 4369.7 1936.4 625.0
May 1-10 5433.4 2818.7 1217.7
11-20 9137.0 4727.9 2182.0
21-31 10709.6 6013.8 2718.9
June 1-10 9313.7 5825.5 2879.0
11-20 8300.6 4802.2 2221.4
21-30 6542.9 3457.7 1522.1
July 1-10 4706.4 2226.2 965.3
11-20 31134 1416.8 580.5
21-31 1721.2 843.8 3775
August 1-10 1066.2 548.5 274.9
11-20 769.3 397.0 215.8
21-31 619.1 3145 185.7
September 1-10 507.3 280.1 170.1
11-20 495.6 255.5 167.0
21-30 490.6 252.3 176.3
October 1-10 622.2 323.8 204.5
11-20 722.2 351.4 220.8
21-31 773.3 393.6 250.4
November 1-10 781.3 418.0 265.2
11-20 713.6 403.7 263.8
21-30 774.3 379.9 242.2
December 1-10 716.7 363.0 228.9
11-20 654.0 353.5 223.6
21-31 554.4 325.3 218.6

Period of Record = 1919 to 1992
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FLOWS IN CFS ARE FOR 10, 50, 90 % EXCEEDENCE - (Log Pearson)
Statistics for streamflow data TWISP RIVER NEAR TWISP, WASH.
Station ID code: 12448998

10% 50% 90%
January 1-10 156.1 63.0 28.5
11-20 157.7 69.6 335
21-31 137.7 62.5 32.6
February 1-10 127.8 59.1 32.3
11-20 133.7 61.3 33.0
21-29 155.9 63.3 315
March 1-10 1447 63.0 38.1
11-20 143.1 77.8 43.3
21-31 291.9 127.4 48.1
April 1-10 483.0 200.9 61.9
11-20 637.1 260.5 81.3
21-30 696.5 362.1 172.6
May 1-10 852.2 567.6 313.6
11-20 1610.6 762.3 240.7
21-31 1334.3 861.9 311.7
June 1-10 2050.6 939.8 414.2
11-20 1716.4 875.2 321.9
21-30 1799.4 801.2 211.2
July 1-10 1826.5 630.6 117.3
11-20 1064.1 383.0 77.1
21-31 584.6 206.7 48.1
August 1-10 390.3 116.5 31.2
11-20 248.7 82.6 24.0
21-31 181.4 76.6 24.0
September 1-10 116.4 75.3 31.2
11-20 99.0 49.1 22.0
21-30 109.4 43.4 21.2
October 1-10 116.2 63.3 24.4
11-20 100.4 59.4 31.6
21-31 95.8 66.1 42.9
November 1-10 142.0 78.9 46.3
11-20 2449 95.5 40.1
21-30 305.3 80.4 46.9
December 1-10 302.9 105.7 48.4
11-20 284.4 108.6 48.5
21-31 170.4 78.4 43.4

Period of Record = 1975 to 1992
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Appendix L Instream Flows in the Methow River Basin, CH. 173-548 WAC

Chapter 173-548 WAC

WATER RESOURCES PROGRAM IN THE METHOW RIVER
BASIN, WRIA 48

WAL

173543010
173-&8-4121)
1 T3=34E=01)

General provisss.

Exzablivkment of base Tlran

Fetere allocatiens—B eervalon of surfacs waier fer
benelicin] e,

Pranrity of lubsrs wabsr rights during simes of siser
ilarage.

Siseams and lakes closed 10 (uriher comampive
s ppropriatcns.

Geroumd wwier.

Effect on prier righes

Enlonzmes.

Appeali

RegeiiLion reees,

WAC 1735480010 CGeneral These rales,
including any subsequest additions and amendments,
apply 1o waters within and contributing w the Methow
River basin, WRIA 48 (see WAC |73-500-040).
Chapter 173-500 WAC, the general rules of the depart-
ment of ecology for the implementation of the compre-
hessive water resources program, applics 1o this chapter
|73=548 WAC, [Order DE Te-37, § 173-545-010, lbed
12/28/76.]

17 32l -0
17554050

| T3- 548060
I T)-:48-0T0
17 3= Sl =00
173548000
17554100

WAC 173-548-020 Establishment of base Mlows, (1)
Base Mows are established for siream management wnils
with monitaring 1o take place at certain control poinis as
falbows:

STREAM MAMAGEMENT UNIT INFORMATION

Gieeam Maraprment  Conlrol Swiion AMesiad Siream

Lisir Mame, Comiral  Lozanion by River Reach (sbclides

Seawson Nams wed Mile, Section, b LA THES

“umiter Township, Bange

[T ]

Fde1hoew K. o, 6.7 M ethode Foreer

Pulerm 0=30-13E confluence with

[ 12449550 Wells Pool 1=
conluence with
Twiip River

e st b
el E_ or. il Peliciios Eiver Irom

Twisp 17-33=22E ensflisefce with

L2485 0 Twisp River 12
canfluencs with
Charwack Firecr.

w

WMimhow E. ar g sdgthow Biver from

Wirskiny 1 M-3lE contiatred it

(I2.44T1.89) Chewseh Rives 1o

conllugnie with
Limle Bowlder

Cresk and insluding
Likile Roslider Crech.
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Siream Management  Comrel Station A Terted Sieam
Unii Mame, Comeoel  Locavien by River Rewth |irciudes
Simiion Mame and Wiz, Secten, ik anes )

P ey Towmhip, Rasge

bdcihow Headw
Mcihew K. 0 LER]

Lictle Boekder Cr

1536 19E conilecace wilh
(1244 7385) Litlle Bisubdes
Creek 1o
hend wRlErs.
Ei#ly '¥in
wiem I1-3=1%E Easly Wintsn
mear flarama Creek frem
con s with
Pellpilow Rives 10
headwaieri

Ek River
k B wmr. E7

Chewath River

Boalder Crece 1%36-21E cenlluenoe with
{1 24T §.00) Mihos Riser bz
eadwater
ey o Tewisp Rivar from
Twisg T-33%-2FE conflsencs wilk
{1 44d9.53) Wenhos Biver o
leadwaien.

(2} Base NMows established for the sircam management
units in WAC 17334802001 are as lollows: ’

Base Flows im ihe Methow River
(Al Figures in Cubic Fezt Per Secomd)

[CODIFICATION HOTE: The graphis pressntation of thi salle
has been varied alightly i ceder thal it woeld [all wathin the
printmg wpecificatien for tae Washingion Admissirwiv Code
The folkewing wable =as ioo wiss 1o b pooommadated in the
widih of the WAL colema. The 1sble &3 oodified han been divided
AL 1w bl with Parl | omering the Lower Melbhow, Middle
Meihow and Upper Methow ped wilh Pam I civering the
Maihow Hesdwiters, Esfly Winiers Creek, Chewack Reear and
Towiap Riser.|

FART 1
Loy Wuddle LUipper
5 ex b W b L [
ioeth Day {13 440, 500 | 14455 00 (| La4T889)
Man. 1 150 bi-t] |
5 Lk ] b1 | 30
Feh | 550 | 129
-3 il Lk (-2,
PFellar, [ ] EL 2} (1]
15 a0 20l 120
Apr. i kL] ER] 1949
1% Al &350 )
May | 1,400 1.0 N
I3 1,540 1500 ]



173548020

PERT |
Lirast Pellidd I Lipft
Fderhora W ethaw Pelie1 Byivas
Manth Dy N2 AR 500 | 24855000 (124471 E%)
Jun I 111 1500 Ta
L5 13M 1,300 T
Jul. 1 215 1,500 e
15 L1L] p ] a4
Aug. [ ] EE 1] 12% 15}
k3 3] 130 B
Szp 1 R 0 10
13 W m 1041
(s i 160 o 122
PE] 423 LE] 130
B v | 438 i | 4
14 425 im | 53
[z, 1 =0 190 133
1% 3% 160 -]
PART 2
bt b Esily Chrwack Twisp
Hendwiters  Wimery Rives Riwer
blenth Day (12447380 Creek (1248750 [1244E9.59)
Jan ] 41 [[4] 56 H
15 i3 (L] 5B 4
Feh. 1 43 8] L] 3
1% 41 o 1 J&
Pellar, | al Ll 4 14
[} 41 10 b 14
Ape. | i 14 ) B
3 Ml 2] 140 (§1 =]
My 1 130 i 1] ]
15 au 106 30 M
Jun 1 118 ] 10 &dn
14 (WE- i 1] 31 (1]
Jul 1 300 15 9 k]
15 & & [ | 33
LT | EE] rosl ™ ]
15 12 | &7 T
Sep i ¥ ] i a7
1% n E 47 av
Okt | [ Bl s} 15
[I] [ k] Edl 43
Piw 1 1] LE] | A5
15 &0 15 43 45
Deet. i | 1 [H bl
1% 41 n 56 i

(1) Base Now hydrographs, as represented in Figure |
in the document entitled “water resounces managemerl
program, Methow River basin® dated 1976, shall be
used Tar definition of base Mows on those days oL spe-
cifically identified in WAC 173-548-0200Z) and 173
S4E-030.

{4y All rights hereafier established shall b= subject 1o
the base flaws established 15 WAC I TA=54B—0HN 1 )
through (3, except as provided under WAL | T1-548~
030 herein.

{5} Futwre appropriations of waier which wesld <an-
flict with base [ows shall be authosized, by the difeciar,
paly th those situations when it is chear that overriding
comsiderations of ihe public interesi will be served, [Or-
der DB 76=37, § 173-5408-020, filed 1238 76|

[ T8 WA T 3
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Sdethow River Basin—WRIA 48

WAL 173545030 Futwre albocafions—Reservation
of surface water for beseficial mees. (1) The depariment
determimes that there are surface waters available for
appropriation (rom the siream management wnits speci-
fied in the amount specilied in cubic feel per second
icfs) during the time specified as follows:

{a] Maximum sarface water available for futare allo-
cation [Fam the indicated reach is as Follows:

Sl g Eaily

Leswar  Huddie L Heid - Wines Chwasct Twap
hiiialh Meibers Mribes Meilore  wawn Lk Emer R
et a3 0 - [}] m [ i
B 114 i L] ) H 13 (5]
[ ink w Ll 17 ko] 1] (E]
lan 0 p1 18 i [E] [ o] e
Feb. Eh] i il 1] L] o3 n
TR it 1 L] = 1 14 1%
e agh ) 13 i tH] 1) 4K
3 L I F Ti4 &2 w1l (1] Tk
Jan allé  LESE LT LeR L - ] il
Jdul. (1] 41 bt ] L] 18% digk o |
Al 214 5] 3 1" L] ] ]
. 1 ) % 1n & b5 1%

AT Fgure in cubse Forl ger decoed.

{b) The comtrol station for each reach is defined in
WAl 173-548-020.

{2} The appropriation limil is se1 forth to be an
amaunt equal 1o the one in two year natural reach dis-
charge om 3 monthly basis for all management reaches
except Early Winters Creek. The appropriation limit for
Early Winters Creek is set forth 1o be an amount equal
to the estimated natoral mean monthly streamflow for
that stream,

{2} The amounis of water referred 1o in WAL 171-
£45-030¢ 1) above are allocated for beneficial wses in the
funare as followi:

(a) Allocation of swurface waiers by use calegory
(April through September;

L [scraptun Apr.  May Jun.  Jul  Aug  Sep
Lerwer Methgw

Single Damesiic T T T T T & N
amd Sinck Lise

Baps Flow &3 L0 23M0 B0 OO B0
Pubiic Waier Supply, Pemainmg =ibers up 10 the

Irragation, and a uaon el aek forkh if

Dnhier L WAL |71 SE-0M (1)

Middie hdcthon

Single Domastic Pl o 1D 10 i

Baze Flow E 0] 1, 500 L3 M) 21 10
Poblic Water Supply. Femaming walers op b2 the
lerigatiog. aid iwlion limi st forih in
Dkesr Llsez WAL | T3=S4E=000 LV0eh
P iborw
Swght Damate 1o am 10 o 8 0
el Sk Lo
Rawe Flow 4 &% 1 141 | 1H1
Fubls W aier Supply, Remaipng waicn upio ke
Irngatezn, and peroprulion kmil wt forth i
CHher Lgea WAL | T1=SAE=000 [10C)

[NEF L]
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Lise Dhscription Apr. May  Jun.  Jul.  Aug  Sep
Pl eiBarwe H.u.dlun]

Sinpie Do 20 2 i 10 1.0 20
and Seock Lisg

Base Flow a0 aMF  Lled 180 32 i
Fublic Waler Sepply. Remainieg welers up 1o the

Ermigavien, and appropriatsan limi set Torh in

Usher Lises WAL | TI-348-000 (11ic)

Early Wimery Eﬂ

Singie Domesnc 1 I T R L0 L
aad Seack s

Eiane Floss 23 I M 45 LX) 1.0
Public Water Supply, Remaining wators up io the

Irmgaion, and speropraatsan lima st forsh in

Cither Lines WAL | TI=548-000 (1))

Chewwck Bives

Susgle Domesic iQ e 1} 0 i 20
ard Siock Lse

Badie: Florw |40 ot 120 (A1) 47 41
Public Water Supply. Remainisg wilers up to the

Irvigation, & s liret sel Feoth in

Dlier Lhes AL 1 T3=548=000 [ 1))

Siaghe Domemie wed 20 30 L0 20 20 o
ard Siock Use

Base Flow oy W0 440 130 2T 01
Pelblic Waler Supply. Reomainmg waiers up to the

Irrigation, esd sppropnation limie st foek in

Char Liyes WAL | TI-54E-080 {1)1g)

Al fgares in cubie feet per decond

(b} Allocation of surface waters by use category [Oce
tober through March):

Lise Diescraptaon Oci. Pow. Dee.  Jan.  Feb  Mar.
Liaser Mlethiow

Single Domesiic and 2.0 In il i] s ] o 0
Suack Lde

Basz Flow LRk ] 43% 150 L 50 1
Public Water Supply, Remaming watem up bo the

Frrigatsan, and apprapEiklios bmit st ferih =

ks Llscn W 173580030 § | e}

Hﬂh ﬁl'.':hu'-

Siegle Demesticand 20 30 28 10 10
Siock Lse

Base Flow I MM M0 W0 1S0D 36D
Public Waler Supgly. Remaining wwuiesrs up 1o the

Irrigaticn, aed approgriation limil sex farth in

CHher L WAL | TI-543-000 [ 1)ic)

Lipper Mesbow

singhe Domeaig ad 20 20 20 10 0 1]
Sinck L

Baae Floa 1% 1% §j3 @ 120 1
Public Waer Supgly, Remaining waiers up 1o the

Irrigaticn, aed & twan limet nei Torth in

Dihgr L A | TI-548-0030 | 1))

[LERE L]
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Lk Descriplion ki,  Wow, Dec.  Jan.  Feb  Mar.
Methow Hesswilen
Single Dumewticand 20 20 20 20 18I0
Sueck Lhc
Base Flow &0 L1} 42 a7 41 42
Puhlic Waler Supsly, Remuming waters wp oo 1he
Irngazion. asd appfopriniion bmii sei forih in
(ither Liaza WAL 1735803 | hjch

W Creek
Singhe Domesic and 200 1 20 20 p 0
Srock L
Base Flow (1] 1% 1] [+] L1} 1]
Public Waler Supply. Ramaining waven dp o the
Lreiganssd, iad sppropristion limit s ferh =
Onber Lises WAL | 71-54-030 {1 He)
Chewach River
Single Domeatsc aad 20 20 X0 LD o
Sk Lise
a Flow BE B 55 it L) 4%
Public Waier Sapply, Remaining wwins up io the
Irrigation. and ippropralasn limil set forh in

Lisax WAC | TI-548-030 [1)()
Twisp River
Sirgle Domeatic b T T I R T -1
and Siock Lhe
Baie Flow 'L L] 14 34 LT 14
Public Waser Supply, Remainmag waicrs up i the
Ierigation. and Appropnalion liss set larih in
Ohier Ll W 1 TA-SAE-000 110}

Al fgures in cubic (we per seomd

(e} Allccarions presented in this ssction do nol limat
the utilization of waters stored for Later release, provided
such storage does nod infrings wpon existing rights or
base Mow and i duly permitted wnder RCW 90003.290
and SL0O3, 3150,

(d} As the amount of water allocated for each cate-
gory of use approachss the amoant available for Future
allocation set forth in WALD [73-548-030(1), the de.
partment shall review Lhe program io determine whether
there is & need for propram revasson. [Order DE 76-17,
§ 173-548-030, filed 1328, 76.]

WAL 173-548-040 Priority of futere waler rights
during times of waler shortmge. (1) As beiween rights
established in the future pertaining 1o waters allocaied
in WAC I7T3-345-03 (I){a) and (b), all rights sabject
te this program shall be regulated in descending arder of
use calsgory prionty regardbess of the daie of the priar-
ity af right.

(2} As betwesn rights established in the Future within
u single use catepory allocation of WAC 173-540-030,
Lthe date of prioricy shall control with an earlier dated
ripght bBeing supericr to thase rights with later daies.
[Order DE 76-37, § 173-548-044, fled 122876

WALC IT3-54R-0%0 Sireams and lakes closed i
Turther consumptive appropriations. The depariment,

[Ch 173-548 WAC—p 3]



173-548-050

having determined based on existing informatkon that
there are ne waters available for further appropomation
ihraugh the esiablishment of rights 1o use water can-
sumptively, closes the streams and lakes listed in (2] and
ibl, and grownd water hydraulically comnecied with
these surface waters 1o further consumptive appropria-
wan[.] This includes rights to use waler consumptively
established through permil procederes and ground water
withdrawals otherwise exempied from permil under
ROW 90,44.050, Specific sitmatsons in which well con-
siruction may be approved are identified,

Mo wells shall be constructed for amy purposes. in-
cluding these sxempt from perminting under RCW 50
A4.050, wnless ome of more of the fallowing conditioss
have been met and constrsction of the well has been ap-
proved im writing by the depariment priof 10 the begin-
ning of well comstruction:

{1) The proponent has = valid water right permit rec-
ognized by the departmest. For an existing community
domestic use, 8 water right permit must be beld by #
purvevor of am approved sysiem. (For the purposes of
this chapter, an approved water system is ane in compli-
anct with the state drinking water regulations, chapter
246300 WAC and the state surface and ground waler
codes, chapters 90,03 and %044 RCW); ar

{2) The proponent has obtaimed a valid state surface
ar ground water right through a transfer approved by
the depariment under the statutory autharity of chapter
90,01 or 90.44 RCW, or

(1) The proponent is replacing or modifying an exist-
ing well developed under the exemption from permit
clause of RCW 90,44,050 and this has been approved in
writing by the deparimest; ar,

{4} If the ground water being sowght far withdrawal
has been defermaned by fhe depariment mol to be by
draulically connected with surface waters listed as
closed, the depariment may approve 3 withdrawal.
When imsufficient evidence is available o the depart-
ment 1o make a determination that ground and surface
waters are not hydraulically conmecied, the department
shall not approve the withdrawal af ground water unless
the person proposing 1o withdraw the ground water pro-
vides additinaal information sufficient for the depart-
menl 1o determing that hydraulic continoity does mal
exisi and that water is available

[all STREAM CLOSURES

The following streams are closed all year. incleding all
ground waters bydraalically connected 1o (hese strcams,

Soream Mams
{ rchades Tribasares )

Wiglll Creelie
Bear Cresk

i Dwei Lake]
Thompssn Cresk
Beaver Cresk
A kder Creek
Beassn ek
Tenas Creck
RLibley Creek
Cigwe Crps
Gold Cregh
MiaFariand Creek

[, 173548 WAl —p 4]
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Siream Myma
| Insiudes. Tribulsne'

Sguae Creek
Bk Canyan Crech
French Creek

|b) LAKE CLOSURES
The following lakes are closed all year, including all
ground waiers hwdraulically comnected to these lakes;

Mame Location

Alta Lake 1 mei. BW of Pateras
Black Lake 25 mi. N of Winthrop
Black Pine Lake 9 mi. 5W of Twisp
Crater Lake 10 i, W of Carlton
Dravis Lake Bear Creek Drainage
Eaghe Lake 11 . 5% of Carlton
French Creek Sec, X, T.3IM., R.23E.
Libby Lake 10 mi. W of Carltan
Louls Lake 20 mi. W al ‘Winthrop
Middle Orval Laks 16 mi. W of Carlton
Mosth Laks 20 mi, W of Winthrop
Pattersan Lake SecB, T.MN, RIIE
Pearrygin Lake Sec, 36, T.15M_, R2IE
Slate Lake 14 mi. W of Winthrop
Sumrise Lake 16 mr W al Methow
Lpper Eagle Lake 12 mi. W af Carltoa
West Orval Lake 1& mi. W of Carlton

[Statuiory Autkority: Chapters 34,05, 9054, 18,104,
003 and 9044 BOW. 90-23-093 (Order 91-270, §
173-548=050, filed 11,1991, effective 12/20/91; Order
DE 7637, & 1 Ti=548-050, filed 12 IE,"'.'&.'I

WAL 1T3-548-060 GCrousd water. [ it is deter-
maned that a future development of grownd saler mea-
surably affects surface waters subject to the provisians
of chapter 173-548 WAC, then rights to said ground
water shall be subject 1o the same conditions as affected
surface waters. [Order DE 76-37. § 173-548-060, filed
12/28,76.)

WALC 173-548-07T0 Effect on prior rights. Maothing
in this chapter shall be construed 1o lessen, enlarge, of
modify existing rights acgaired by appropriation ar
otherwise, apd legally vested prior 1o the effective date
af this chapter. [Order DE 76-37. § 173-548-070, filed
|2/ 28)Th.)

WAC 173-548-080 Enforcement. In enforcement of
this chapter, the deparimeni of ecology may impose swch
sanclions as are appropriate under authorities wested in
it. inclwding but not limited o the mimance of regulatory
orders snder ROW 43,274,190 ard civil penalties wnder
ROW 9003600, [Statutory Authority; Chapiers 43-
274, 90.22 and 90,54 RCW. 88-13-017 [Drder 88=110),
§ 173-545-080, filed &/9 /58]

WAL ITE-S48-080 Appeals. All Tinal written deci-

gions al the department of ecology pertaining Lo permits,
regulatory orders, and related decisions made pursuant

IR T
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1o this chapier shall be subject o review by the pollution
coniral hearings board in accordamce with chapler 21
218 RCW, [Statotory Authority: Chapiers 43,274, 90-
(12 and 90.54 ROW. 88-13-037 (Order BE=11), § 173-
54800, filed &/9/88.]

WAC 173-548-100 Regulathon review. The depart-
ment of ecology shall imitiate a review of the rules es
tablisked in this chapier whenever mew information,
changing conditions, or statutory madifications make it
necessary 1o consider revisions, [Statutery Authosiny:
Chapters #3.27A, %022 and 90.54 RCW, BE-13-037
{Chrder B8-11), § 173-548-100, filed 6/9/58.]

FanirRian
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Appendix M Snorkelling Observations of Fish in the Methow Basin

The IFIM sites and other selected sites were surveyed by Brad Caldwell and Dave Catterson
snorkelling on August 18, 1991, and by Caldwell and Catterson with Hal Beecher on September
16 and 17, 1991. The purpose was to gather some general observations on the existing fish
distribution and abundance at the IFIM sites.

Snorkelling Observations on August 18. 1991

Methow River - Walsh Site - RM 31.5 - We surveyed from transect 6 to 1 (858 feet) and saw 30
suckers (6-8 Ibs.), 1 juvenile rainbow trout (3 in.), 8 rainbow trout (8-17 in.), and many whitefish
(10-15in.). No salmon seen.

Methow River.- Deep hole where side road meets Methow River about 1 mile downstream of the
town of Twisp - about RM 39 - We surveyed the deep pool and found 12 suckers (6-8 1bs.), 1
juvenile chinook (4in.), 2 bright adult chinook (20-25 Ibs.), 4 rainbow trout (8-12 in.), and 20
whitefish (10-17 in.).

Methow River - KOA Site - RM 49 - We surveyed 1122 feet (transect 3 to 200 feet downstream
of corner logjam) and found 7 chinook juveniles (3.5 in.), 4 rainbow trout (12 in.), 2 cutthroat
trout (12-13.in.), and 64 whitefish (7 to 24 in.). No suckers, adult salmon or steelhead, nor bull
trout were seen. The water temperature was 57 degrees F at 1:30 PM.

Methow River - Weeman Site - RM 59 - From Weeman bridge down to transect 8 (3696 feet) we
saw 12 chinook juveniles, 4 rainbow trout (6-8 in.), and 3 whitefish. The water temperature was
58 degrees F at 4 PM in the mainstem Methow River.

In the spring-fed side channel along transects 3-7 (787 feet long) on the Weeman site we found
69 brook trout (6-13 in.) and 132 chinook juveniles (3.5 in.). The water temperature was 51
degrees F at 4 PM in the side channel.

In the mainstem Methow River at the Weeman site from transect 7 down to transect 1 (1354 feet)
we found 4 brook trout (10-11 in.), 82 chinook juveniles (3.5 in.), 1 adult chinook (20 Ibs.), 5
rainbow trout (6-7 in.), and 2 whitefish.

Methow River - Chokecherry Site - RM 66.5 - We surveyed from transect 7 to 2 (870 feet) and
found 32 chinook juveniles (3.5 in.) and 1 whitefish (10 in.). No adult chinook, steelhead, bull
trout, brook trout, or cutthroat trout were seen. Water temperature was 57 degrees F at 6 PM.

Twisp River - RM 1.8 - We surveyed from transect 7 to 1 (784 feet) and found 36 chinook
juveniles (3.5-4 in.), 40 rainbow trout (6-12 in.), and 3 whitefish (6-7 in.). Water temperature
was 58 degrees F at 12 PM.

Chewuch River - RM 1.3 - We surveyed from transect 7 to 1 (697 feet) and found 40 chinook

juveniles, 8 rainbow trout (6-11 in.), and 1 whitefish (6 in.). Water temperature was 65 degrees F
at 2:30 PM.
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Early Winters Creek - RM 1.0 - We surveyed from transect 8 to 3 (269 feet) and found 33
chinook juveniles (3.5-5 in.) and 12 rainbows (4-15 in.). The water temperature was 54 degrees F
at 6:30 PM.

Snorkelling Observations on September 16 and 17, 1991

Methow River - Walsh Site - RM 31.5 - We surveyed from transect 8 to 1 (1340 feet) and found
30 suckers (8-10 Ibs.), 1 juvenile chinook (4 in.), 5 bright and 1 dark adult chinook (7-30 Ibs.), 2
rainbow trout (15-17 in.), and 75 whitefish (5-24 in.). Water temperature was 55 degrees F at
RM 49 at 2 PM.

Methow River - Deep hole where side road meets Methow River about 1 mile downstream of the
town of Twisp - about RM 39 - We surveyed the deep pool and found 2 adult sockeye, 30 bright
adult chinook (15-35 Ibs.), 5 rainbow trout (6-12 in.), 2 adult steelhead (12 Ibs), 1 bull trout (10
in.), 1 cutthroat trout (10 in.), and 40 adult whitefish. Water temperature was 55 degrees F at RM
49 at 2 PM.

Methow River - KOA Site - RM 49 - We surveyed from transect 8 down to corner logjam (2837
feet) and found 1 chinook juvenile (5 in.), 18 bright adult chinook (15-30 Ibs.), 2 rainbow trout
(8-17 in.), 1 steelhead (12 Ibs.), 2

bull trout (16-17 in.), 3 cutthroat trout (10-16 in.), and 100 whitefish (6-20 in.). The water
temperature was 55 degres F at 2 PM.

Methow River - Weeman Site - RM 59 - We surveyed from the spring-fed side channel along
transects 3-7 (787 feet long) and found 60 brook trout (3-13

in.) and 150 chinook juveniles (3-5 in.). Water temperature was 48 degrees F.

In the maninstem Methow River at the Weeman site we surveyed from transect 7 down to
transect 1 (1354 feet) we found 2 brook trout (6-8 in.), 44 chinook juveniles (3-5 in.), 1 adult
chinook (20 Ibs.), 3 rainbow trout (8-15 in.), and 36 adult whitefish. Just 100 feet downstream of
transect 1 were 14 spawning chinook. While at the same spawning area one week later
(September 26) we videotaped 6 sockeye spawning in the same area. No other spawning surveys
have ever recorded sockeye spawning this far upstream in the Methow River and tribal spawning
surveys in 1991 did not find any sockeye in the Methow basin.

The water temperature on September 26 was 58 degrees F at 1 PM at the Chokecherry Site but
was 52 degrees F at the same time 7.5 miles downstream. This was due to large inflow of 48
degrees F ground water mixing with the 58 degrees F surface water by the time the surface water
reached the Weeman Site.

Methow River - Chokecherry Site - RM 66.5 - We surveyed from transect 8 to 1 (1353 feet) and
found no fish. Water temperature was 54 degrees F at 2 PM. In an isolated side channel just
upstream of transect 8 we saw 15 chinook juveniles and 3 rainbow trout.

Methow River - Gate Creek Campground - RM 69.8 - We surveyed 300 feet and found 75
chinook juveniles (3-5 in.), 1 dead adult chinook (8 Ibs.), and 2 rainbow trout (9-10 in.). On a
spot survey a month later Art Larson found that the 8-foot deep pools had dried up completely.
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Twisp River - RM 1.8 - We surveyed from transect 8 to 1 (1163 feet) and found no chinook
juveniles, 3 rainbow trout (3-10 in.), and 2 whitefish (14 in.). Water temperature was 55 degrees
Fat 11:30 AM.

Chewuch River - RM 1.3 - We surveyed from transect 7 to 1 (697 feet) and found 3 chinook
juveniles (3-5 in.), 4 rainbow trout (3-8 in.), and 2 whitefish (3-9 in.). Water temperature was 56
degrees F at 1 PM.

Early Winters Creek - RM 1.0 - We surveyed from transect 8 to 3 (269 feet) and found 30
chinook juveniles (3-5 in.) and 20 rainbow trout (2-8 in.), and 2 bull trout juveniles (2.5-6).
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Appendix 0 Ecology's Mission Statement

OUR MISSION

I: aecomplish this

mission, Ecology will;

B FRecognite iLs most
valuabhle assel is its
dedicated and commited
emplovess and it will
pravide necessary
Supporl. TFRIRIRE and
professional
development

B Fromowe prevention and
conservalion as the mast
effective wavs to
PreseTve aur naturzl
rescirees and protect 1he
EnVIranment

B Enforce environmental
laws and regulations in a
{Bir and firm manner

B Provide pablic edocation
FrOETAME 10 promdte
wise wse of our natwral
resources and encourage
environmenial
PrOTe{THEN

k I

.

WASHINGTON STATE DEPARTMEN

T OF ECOLOGY

he mission of
the Depariment

of Ecology is to
prolect, preserve
and enhance
Washinglon's
environment and
promoie the wise
management of
our air, land and
waler for the
benefit of current
and fulure

| FEnFTallons.

B Offer information.

wechmnical and financial
asaistance 10 help the
pablic, governmenis,
buzinesees and
industries eomply with
environmental laws and
regulations

B Fremote 1the recognithon

that compliance with
environmental laws and
repulations is compartible
with a sound economy.
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Promote meantngiul
FI'J.:\-.!:II:' invelvement in ithe
development af rules
regalations and new
tratatives

Provide leadership in
addressing emerging
problems and strive 1o
bring public spencies and
diverss INeFresT FTOUTE
tagether to address
environmenial iFFues

Use an integrated
prroach to resolve
enviranmental lesaes,

Place special smphasis
of educating and
working with veuth 1o
CTEALE & FIFDNE
envirenmental ethic

Help state agencies set
an example in
enviranmental
proiection.

Work with the executive
and legizlative branches
to promote Soumd
enviranmental paliey
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