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INTRODUCTION

“This study was undertaken by the Alaska Department of Fish and Game

(ADF&G), as part of the ongoing Susitna River Basin Study (Estes and
Lehner-Welch 1980), to '

1. evaluate the feasibility of'applying the Incremental Method-

Instream Flow Group (IFG) to collect and analyze instream

flow** data from Willow and Deception Creeks (Figure 1); and

2. augment baseline fishery studies conducted on-Willow and
Deception Creeks by the ADF&G in 1978 (Watsjold and Engel
1978).

The 1978 studies provided preliminary information on fish species compo-
sition, areas of fish spawning and rearing, aquatic habitat characteris-
tics, and recreational angling. They did not, however, address instream

flow requirements of the fishery resources in these two systems.***

*"The Incremental Methodology is based on the premise that the suita-
bility of a species"habitat can be described by measuring selected
physical variables in the stream, making it possible to quantify the
changes in habitat suitability by quantifying the changes in these
instream var1ab1es" (IFG 1980a).

**An 1nstream f]ow is the quant1ty of flow occurring w1th1n a stream

regulation.

***[ discussion of the importance of instream flows to fish and wild-
life resources is presented in the ADF&G publication: A synthesis and
evaluation of fish and wildlife resources 1nformat1on for the Willow and

Talkeetna Sub- bas1n—_TEstes and Lehner-Welch 1980) .

-1-
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The ADF&G, with the assistance of thé U.S Department of Agriculture Soil
Conservation Service (SCS), U.S. Geological Survey (USGS), and Alaska
Department of Natural Resources (ADNR), initiated both portions of this
study in thevspring of 1979. 'The ADF&G, USGS, and ADNR continued col-
Tecting supplemental data through the fall of 1980. - Computer analysis
of the instream flow data collected from Wil]ow Creek was completed in

December 1980. Additional analysis, comparing computer ana]jsis tech-

~niques and the effects of integrating spawning habitat data collected by

other investigators (Watsjold and Engel 1978; AEIDC 1980) with the

Willow Creek h&drau]ic model, was completed in February 1981. Funding

for this study was provided by the SCS through the‘Interagency Cooperativé
Susitna River Basin Study, the ADF&G, and a Title III grant from the

U.S. Water Resourées Council administered by the Divisfon of Land and

Water Management of the ADNR.

Willow Creek is one of the major recreational waters within the Upper
Cook Inlet Drainage. It is located within 2 hours driving distance from
Anchorage, the major population center of Alaska, and receives extensive
angling effort by sport fishermen. The high productivity and variety of
fish species, and the high angler success rate make Willow Creek one of
the most important sport fisheries in the Tower Susitna Basin (Mills
1981). Willow Creek also serves as an access corridor to other fishing
and hunting areas within the Susitna River drainage and is used exten-

sive}y by boaters for thisrpprpose.

Major land use activities (e.g., mining and residential development) are



occurring in fhe Willow Cfeek drain#ée.. A portion of this afea hés been
selected as the futﬁre site for the new State Capital (Figure 1). This
report is an attempt to evaluate one of the tools for asséssing the
ability of the fishery resources to Qithstand these varied impacts. It
is intended a1sd to prbvide interested agehcies, planners, managers,
developers, and individuals with baseline fishery, hydraulic, and water

quality information. These data, with subsequent investigations, can be

used to evaluate the potential impacts of future developments proposed

for this area.

r’“ﬁ
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OBJECTIVES

Instream Flow Study

Six study objectives were established:

1. train personnel to collect and analyze instream flow data

" based on the IFG Incremental Methodology;

2. develop cross-sectional profiles in selected areas of Willow
and Deception Creeks and characterize the types and amounts of
salmon habitat available in terms of depth, velocity, and

substrate characteristics.

3. determine spawning habitat characteristics for pink (Oncorhynchus
gorbuscha),vand chinook (0. tshawytscha) salmon in selected

areas of Willow and Deception Creeks;*
4. determine characteristics of chinook salmon rearing habitats;

5. compute the availability of salmon habitat at various

streamflows using the IFG computer programs; and

*The selection of these species was based on their relative abundance.



6. evaluate the feasibiTity‘of applying the Incremenfa]

Methodology to Willow and Deception Creeks.

Supplemental Biological, Water Quantity and Quality Study

Objectives of these investigations were to:

1. didentify fish populations in Peters and Purches Creeks (tribu-

taries to Willow Creek);

2. identify water quantity and quality characteristics associated
with fish populations observed in Peters and Purches Creeks;

and

3. collect miscellanepus water quantity and quality data in the

upper Willow Creek drainage.




DESCRIPTION OF STUDY AREA




DESCRIPTION OF THE STUDY AREA

S Tﬁe studyuarea i§ Tocated within-the 214-square-m11e Willow Creek drain-
~ age (Figure 1) in the southwestern foothills of the Talkeetna Mountains.
Elevations in this area range from approximateTy.S,SOO feet mean sea

Tevel (MSL) in the upper portion of the watershed to 100 feet MSL at the

confluence of Willow Creek with the Susitna River.

Approximately 25 perceht‘of the study area is part of a. 100-square mile
7 site selected by Alaskan voters as the location for a new State Capital.
- . The remainder of the study area adjoins Willow. Creek both upstream and
downstream of its confluence with Deception Creek. The portion of the
study area that is contained within the proposed Capital site is owned

almost entirely by the State of Alaska and is virtually undeveloped.

¥
. Lands adjacent to Willow Creek, however, are in private or Borough

_é ownership and have been developed to a lTimited extent. In recent years,

. the Willow Creek drainage has become a focal point for incfeasing recrea-
= tional activities (e.g., fishing, hunting, boating, hiking, cross-

? country skiing, and snowmobiling) primarily because of the area's aesthetic
g qualities and its proximity to Anchorage. This increased recreational

r use, along with specu1ation on land in the Capital Site proximity, have

- Ted to tremendous increases in the rate of development, especially of

o | recreational lots in the w111ow.Creek area.

L.



"Instream~F1oW $tﬁdy Réaches'

Four reaches ‘were selected for the collection -of instream flow, water
quality, and supporting biological data (Figure 2; Table 1). Three of

these were located on Willow Creek and the. fourth on Deception Creek,'

' Table 1. Geographic locations of Willow/Deception Creeks
, Instream Flow. Study reaches (Figure 2).*

Reach ADF&G Geographic Location

Lower Willow . 19NO4WOGACD6
Middle Willow 19N04W02BBCA
Upper Willow T19NO4WO2ADC3
Deceptioﬁ : T9NO4WT1DAAL

*Refer to Methods section for a description of the ADF&G Geo-
graphic Location System..

Descriptions of study reaches follow:

1. The lower Willow Creek reach was Tocated at the Parks Highway

Bridge. Six transects were established within this reach which

*Refer to Methods section for a description of reach selection techniques.

3 3
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was channelized in 1963 to permit construction of the Pérks
Highway Bridge (Figures 3-9). Major pink salmon spawning areas

are Tocated throughout this reach.

The middle reach was Tocated 4.5 road miles upstream from the
Parks Highways Bridge. Four transects were established within
this reach (Figures 10-14). Both chinook and pink salmon use

© this area for spawning. - .

The upper Willow Creek reach was located 5.5 road miles
upstream ffom the Parks Highway bridge on a large bend of a
brdided pbrfian of Wi]féw Creek. This reatﬁ was éonfihed ﬁo
the southernmost channel adjacent to the left bank (1ook1ng :
downstream) and thus represents only a portion of the flow for
this stretch of Willow Creek. Three transects were established
within this reach (Figures 15-18). A USGS gaging station (No.
152940.05) was located approximately 1 mile upstream of this
braided stretch of river. Chinook salmon are the predominant

species which utilize this reach for spawning.

The Deception Creek reach was located immediately downstream of

a USGS gaging station (No. 152940.10). Four transects were

established within this reach (Figures 19-23). Coho (Oncorhynchus -

kisutch), chinook, and pink salmon spawn in this area.

-10-
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-Supp1ementa1 Biological, watér Quantity and Qua1ity Study Sites
Peters/Purches Creeks

Three index study areas were established to collect biological and physi-
ochemical data in the upper Willow Creek drainage on Purches Creek and
four on Peters Creek (Figure 24; Table 2).* Site descriptions were
recorded on stream survey forms (Appendix A). Within these index areas,
ten discharge sites (Q) and two water quality sites (W) were established

(Figure 24; Table 2).
" ADF&G/USGS Sites

Miscellaneous water quantity and quality measurements were collected at
seven sites on Willow and Deception Creeks (Figure 25; Table 3).* Site
descriptions are summarized in the USGS (1980) publication: Water

resources data for Alaska, water year 1979.

Fishery Resources**

Four of the five species of Pacific salmon (;hinook, pink, coho, and

chum, Oncorhynchus keta) are known to occur in Willow and Deception

*Refer to Methods section for a description of site selection techniques.

**Additional Willow Creek fishery data are presented in the ADF&G publica-
tion: New capital city environmental assessment program- phase I (Watsjold

and Engel 1978).
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Table 2. Geographic locations for Peters/Purches Creeks Supplemental Study
sites (Figure 24).*

PURCHES CREEK INDEX AREA BOUNDARIES

Index Area ADF&G Geographic Location
UPSTREAM DOWNSTREAM
I 20NOTWI1CBD to 20NOTWI7AAB
11 ' 20NOTWI7AAB to 20NO2W14BDD

II1 20NO2W14BDD to 20NO2W16DCD*

PETERS CREEK INDEX AREA BOUNDARIES

Index Area ADF&G Geographic Location
UPSTREAM ~ DOWNSTREAM
I '_ 2INOTW30ACC to 21NOTW34CAC
1 2INOIW34CAC to 20NOTHOSCEB
111 _ 20NOTWO5CBB  to 20NO2W16DCD**
IV 20NO2W16DCD**to  20NO3W36AAD***

PETERS/PURCHES GREEKS DISCHARGE MEASUREMENTS SITES

Site ADF&G Geographic Location Site ADF&G Geographic Location
Q1 21NOTW36BDC : Q6 20N0TWO9CCD
Q2 2TNOTW36BCA Q7 20NOZ2W16DCD
Q3 20N02W11CBB Q8 20NO2W16DCA
Q4 20NO2WO2DAA . Q9 _ 20NO2W13DBB
Q5 20NOTW16BBA Q10 20N02W19DDD

PETERS/PURCHES CREEKS WATER QUALITY MEASUREMENT SITES

- Site  ADF&G Geographic Location Site ADF&G Geographic lLocation

W1 20NOTWO5ADD W2 20N02W13ADA

* Refer to Methods section for a description of the ADF&G Geographic

Location system.
** Confluence of Peters Creek and Purches Creek.
**%* Confluence of Peters Creek and Willow Creek.
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Table 3. Geographic locations of ADF&G/USGS sampling sites (Figure 25).*

‘USGS ADF&G
Geographic Geographic -
Site 'Descrigtien Location Location .
A Willow Creek near NE 1/4 SE 1/4 20NO3W31DAA )
Willow Gage USGS# Sec 31 T 20N
152940.05 R 03W —
B Willow Creek at. NE 1/4 84 1/4 T19NO4WO6ACD -
Parks Hwy, Bridge Sec 06 T 19N -
USGS #152940.12 R 04W :
c Deception Creek NE 1/4 SW 1/4  19NO4WTICA )
near Willow USGS Sec 11 T 19N =
#152940.10 : R 04W .
D Deception Creek SE 1/4 NW 1/4 19NO3W358D8 .
ab.trib.nr. Houston Sec 35 T 19N :
USGS #152940.07 R O3W [ .
E Deception Creek SE 1/4 NW 1/4 19N03W35BDC
Trib. nr. Houston Sec 35 T 19N .
USGS #152940.08 R O3W -
F Unnamed Decep. Cr. NE 1/4 SW 1/4 T9NO4W1 2CAD
Trib. nr. Willow Sec 12 T 19N =~
USGS misc. site R 04W
G Peters Cr. below SE 1/4 SW 1/4 20NO3W16DCB .
Purch. Cr. nr. Willow Sec 16 T 20N -
USGS misc. site R O3W

* Refer to Methods section for a description of the ADF&G Geographic
Location system.
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Creeks (Figure 26). In addition, adult sockeye salmon (0. nerka) are

known to mill at the mouth of Willow Creek. Resident fish species

include Do]lyFVardén (Salvelinus malma), rainbow trout (Salmo gairdneri),

Arctic grayling (Thymallus arcticus) (Figure 27), and burbot (Lota lota).

Pink salmon are thevmost abundant salmon found in Willow and Deception

Creeks, with the largest runs occurring during even years. In 1978,

Willow Creek had the higheét'bihk salmon sporﬁ fish{ng harvest (19;000)

in Alaska (Mi11s 7980), and a pink salmon escapement estimated at 220,000
(Watsjold and Engel 1978). With the opening of a limited chinook sport
fishery in 1979 (chinook fishing had been prohibited since 1972), Willow
Creek now provides one of the four roadside fisheries for this species

in the Susitna Basin.
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SPECIES PERIODICITY CHART FOR WILLQW / DECEPTION CREEKS
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Figure 26. Anadromous fish species.
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SPECIES PERIODICITY CHART FOR WILLOW / DECEPT:ION CREEKS
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"' Figure 27. Resident tish species*
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MATERIALS

Project -equipment is listed below (TabTe 4).

Table 4. Equipment used in Instream Flow and Supplemental Studies.

Surveying Equipment

B Leitz B2-A level ~ Philadelphia rod
K&E AL-3 Tevel rod Tevel
E 100 ft fiberglass tape rebar

Flow Metering Equipment

.. Price AA meter o o stopwatch

Pygmy meter tagline

top setting wading rod 18"' Monarch boat with 25 hp
motor and jet foot

headphones
cantilevered boom and rail

beeper: box* flow suspension system on
bridge.

Water Quality Equipment

YSI** dissolved oxygen meter thermometer

YSI cdnductivity meter . Ryan thermograph

Beckman RB-III conductivity Cole-Parmer pH meter

meter

Biological Sampling Equipment

1/8-1inch mesh minnow traps salmon roe

dip nets Surber sampler

MS-222

*Substituted for flow meter headphones.

**Yellow Springs Instrument Company.

-40-






METHODS

Instream Flow Study*

Geographic Code Locations

In this report, locations of features such as reaches, sampling sites,
etc., were specffied by a code containing up to fourteen characters
(Figure 28). The first three characters identify the Township of the
samp]ing point; the next three, the Range; and, the next two, the

section number within the Township. Following these eight characters,
one to four letters are used to indicate the location of the sampling
point within the 640-acre section; Each Tetter progressively subdivides
the section into fourths, designating them A, B, C, and D in a counter-
c1o¢kwise direction. The first letter following the section number
therefore represents the location of the.éite within the quarter section
(160-acre tract); the next, the quarter-quarter section (40-acre tract);
the next, the quarter-quarter-quarter section (10-acre tract); etc.

When more than one site is sampled within the same subsection,.the number
of sites is added at the end of the code. For example, if two samples
were collected in Section 21, Township 9 North, Range 20 West, the geo-
graphic code would be Q9N20W21DAA2. The letters DAA indicate that the
samples were collected in the 10-acre NE gquarter-quarter-quarter section

of the 40-acre NE guarter-quarter section of the 160-acre SE quarter

*Analysis techniques are discussed in the Results section.
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section of Section 21. The number 2 fo]]owing the letters DAA indicates

there were two sampling locations in this 10-acre tract.

09N20W21DAA2

Figure 28. ADF&G geographic location system.

Training

Personnel involved with the field data collection completed the 1-week

IFG course: Instream Flow Data Collection Techniques prior to initiating

this study. Personnel involved in the computer analysis attended the 1-

- .week IFG course: Instream Flow Computer Analysis Techniques in August

1980.
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Reach Selection

Study reaches were selected with the assistance of Larry Engel and Dave
Watsjold, ADF&G Palmer Area Sport Fish Biologists.. A number of factors
were considered in choosing these reaches, including: presence of

spawning activity, accessibility, permission from landowners, physical

difficulties that could be encountered when surveying and/or obtaining

acceptable flow measurements (based on the hydraulic characteristics at
the site), the proximity of USGS gaging stations, and the availability
of personnel, equipmeht, and time. As a result, reaches which were
se]eéted dur1n§ this study do not exactly match the IFG's definitions
(Bovee and Milhous 1978) for "critical or representative reaches". Thus,
they should not be used to represent other reaches within Willow and

Deception Creeks without additional investigation.

‘Transects were selected withjn-eaéh_reaCh according to the procedures

outlined in the Montana Department of Fish, Wildlife, and Parks pubiica-

tion: Guidelines for using the Water Surface Profile program to deter-

mine instream flow needs for aquatic life (Spence 1975) and the IFG

publication: Hydraulic simulation in instream flow studies: theory and

techniques (Bovee and Milhous 1978).

Discharge

Three seasonal discharges were measured at transects within each study

reach by ADF&G Sport Fish Division Biologists with assistance from USGS,
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ADF&G Habitat Division, and ADNR personnel.  Measurements were timed. to
correspond to seasonal high, medium, and low flow periods because measure-
ments of these discharges are required for analysis by the IFG-4 computer

model (Bovee and Milhous 1978; Bovee 1980a).

Procedures for discharge measurements outlined by Spence (1975), the IFG
(Bovee and Mithous 1978), and the USGS (Buchanan and Somer 1973; Smoot
and Novak 1977) were followed. When depths and velocities were too large
to allow study personnel to wade the stream, measurements were cb]lected

from a boat.
Stage

Staff gages weré installed at each study reach to monitor stage/discharge
relationships. Gages were placed to accomodate both low and high stream
. flows. Stage readings were recorded on a daily basis unless other study
activities prevented an observation. Additional stage readings were re-
corded immediately before and after discharge measurementsrto determine

if and how much the discharge had fluctuated.
Substrate

Substrate data were collected along discharge measurement transects,

each time discharges were measured, to characterize hydraulic roughness.
Additional substrate data were collected at point velocity redd sites to
identify the physical characteristics of substrate types associated with

spawning sites (see Point Specific Spawning Habitat section below).
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Substrate was assessed by observing the stream bottom and recording the
percentages of predomihant substrate groups. The sizes and types of
substrate recorded were adapted from the Modified Wentworth Scale and

grouped into seven classes (Table 5).

Water Quality

Each time discharges were measured, data on dissolved oxygen (DO),
specific conductance, pH, and temperature were collected to determine
whether water quality variations corresponded to changeslin discharge.
Data were collected from each reach with the instruments listed in Table
4 following the procedures established by the respective manufacturers

and the USGS (1979).

Surface water temperatures of each reach were continuously monitored by
thermographé which were enclosed within minhow traps to protect them
from damage. The traps were weighted with stones and aftached to staff
gages with wire. The thermographs were inspected and calibrated on a
weekly basis. Calibration data (time, date, and temperature) were
recorded on therﬁograph charts.~ Charts were changed every 30 days. New
charts were rewound prior to installation to prevent jamming. The “Q"
ring seal of the thermograph casing was cleaned and greased with a thin

layer of silicone grease before resealing to prevent leakage.
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Table 5. Equiva]énce df Modified Wentworth and Willow/Deception
Creeks Study substrate scales.

MODIFIED WENTWORTH SCALE

Class Description*

WILLOW/DECEPTION CREEKS SCALE

Class Description*
1 plant detritus not considered
2 0.0001 - 0.0016 I mud
3 - 0.0016 - 0.0024 II sand
4 0.0024 - 0.079
III 0.25 - 1.00
5 0.07¢ - 2.5
IV 1.00 - 3.00
: ) 3.00 -~ 5.00
6 2.5 - 9.8
VI 5.00 - 10.00
7 greater. than 9.8 VII greater than 10

*Description numbers represent inches.
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Point Specific Spawning Habitat Data*

Water velocity, depth, and substrate characteristics, associated with
chinook salmon Eedds, were recorded to characterize spawning habitat

conditions in the study area. Visual‘observation of females actively
fanning redd sites proved to be the most reliable means of identifying

locations of redds. Because females were occasionally observed fanning

false redds, it was necessary to observe females fanning the same site a
number of times to‘verify active redd Tocations. Redds were located

also by noting the presence of Classes III and/or IV substrate, overturned
stones, and a characteristic mound deposited downstream of the redds

during their construction.

Affer redd sites were located, point specific data were collected in the
vertical plane at the upstream portion of the redds. When water was
less than 3 feet deep, an average point velocity was measured at: the
data collection site by placing the velocity meter at 0.6 of the total
depth measured from the surface of the water. When water depth was 3
feet or greater, two velocity readings were obtained, at positions 0.2
and 0.8 of the toﬁa] depth, and later averaged to calculate the mean
velocity. Substrate characteristics were classified and recorded,

according to substrate procedures outlined above.

*Point specific data characterize the range of étreamf]ow-dependent
characteristics which appear to be influencing the suitability of
various habitat types for the species and life stages of interest.
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. Benthic invertebrateS'

Aquatic larval insects were co]]e;ted from the stream bottom sﬁbstrate
using a Surber éamp]er to characterize the presence of benthic inverte-
brates. One square-foot of stream bottom was sampled at each study
reach on the first two discharge measurement dates. The insects were
preserved in isopropyl alcohol and returned to the laboratory where they

were enumerated and identified to taxonomic orders.

Supplemental Biological, Water Quantity and Quality Study

Peters/Purches Creeks
Site Selection

Streams were subdivided into reaches (1ndex areas) according to gradient,
channel geometry, pool-riffle ratio, substrate, and surrounding terrain

characteristics (Watsjold and Engel 1978).
Biological Data

One-eighth-inch mesh minnow traps were baited with one inch diameter
pieces of salmon roe which had been autoclaved for 45 minutes at 121°C
according to procedures outlined by Wadman (1979). Set traps were
checked after 24 *4 hours. Trap locations were noted, and number and
species of fish captured were recorded for each frap. Substrate charac-
teristics were also recorded at trap sites according to substrate proce-

dures discussed above.
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‘Water Quantity and Quality
Discharge, dissolved oxygen, pH, water and air temperature, and specific
conductance data were collected with the instruments listed in Table 4

according to procedures discussed above.

ADF&G/USGS Study

Site Selection

Sampling sites were established on major tributaries of Willow and
Deception Creeks. Site selections were based on availability of his-
torical data for particular sites (Scully 1978; McCoy 1978), accessi-
bility of sites by helicopter, and practicability of sampling all sites

in one day.
" Water Quéntft&

Discharge data were collected with the instruments listed in Tab]é 4
according to procedures discussed above. Flows were not measured when
the velocity of the water was too swift and/or the depth of the water
was too deep to permit wading. Measurements were timed to correspond
with seasonal high, medium, and lTow flow periods in an attempt to

monitor seasonal variability.
Water Quality

Water samples, dissolved oxygen, pH, temperature, and specific conduc-
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tance data were c011ected; eaﬁh fime flows were measﬁred, with the
instruments listed in Table 4 following procedures discussed above.
Water samples were processed for shipping to the USGS laboratory in.
Denver, Colorado for analysis. Procedures outlined by the USGS (1977)
were followed when collecting water samples. The parameters analyzed

are listed in Appendix B.

-50-




RESULTS:




1y

RESULTS

Instream Flow Study

Discharge

~ Willow Creek flows ranged from 1163 cubic feet,per second (cfs).on July

10, 1979 to 205 cfs on September 14, 1979 in the lower reach, from 991
cfs on July 11, 1979 to 175 cfs on September 14, 1979 in the middle
reach, and from 917 cfs on July 11, 1979 to 174 cfs on September 14,
1979 in the-upper reach (Table 6).  Flows were 5 percent higher in the
middle reach than in the upper reach and 10 percent higher in the lower"
reach than in the middle reach. The difference in flow between the
middle and lower Willow Creek keaches is higher than that between the
upper and middle reaches because of the flow contribution of Deception
Creek. Deception Creek flows ranged from 57 cfs on July 12, 1979 to 20
cfs on September 13, 1979. Discharge information recorded at nearby

USGS gaging stations is listed in Appendix B.

Stage

Daily stage data collected in Willow Creek indicate that the stage had

peaked at all Willow Creek sites in mid-July after which it gradually

‘declined until it increased abruptly in mid-September before falling

again (Appendix C, Figures 1-6). Deception Creek stage began to decline
in late July and peaked in mid-September before dropping again (Appendix
C, Figure 7).
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Table 6. Flow (cfs) summary for Willow/Deception Creeks Instream
' ' Flow Study reaches, 1979. :
SITE FLOW #1 FLOW #2 FLOW #3
LOWER WILLOW - €07/10/79) (08/08/79) (09/14/79)
Trangect No. 1 1225 674 201
Transect No. 2 1215 661 212
Transect No. 5 1050 662 202
AVERAGE FLOW 1163 652 205
MIDDLE WILLOW (07/11/79) (08/08/79) (09/14/79)
Transect No. 1 987 623 180
Transect No. 2 1025 620 155
Transect No. 3 929 - 571 165
Transect No. 4 1021 620 200
AVERAGE FLOW 991 598 175
UPPER WILLOW* (07/11/79) (08/08/79) (09/14/79)
Transect No. 1 493 240 42
Transect No. 2 470 262 45
Transect No. 3 466 234 50
AVERAGE FLOW 476 245 46
Above Forks 918 569 174
DECEPTION CREEK  (07/12/79) (08/09/79) (09/13/79)
Transect No. 1 53 27 16
Transect No. 2 62 38 24
Transect No. 3 57 30 19
AVERAGE FLOW 57 32 20
*Upper Willow reach flows represent the south fork of the mainstem of Willow Creek;:
Therefore, the total discharge for this portion of Willow Creek was measured on
the mainstem upstream of the braided section of the creek (Abovg Forks). )
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‘Substrate

. Predominant substrate classes ranged from Classes II to VII in Willow

B . Creek and from Classes II to IV in Deception Creek (Table 7).

Table 7. Range of predom1nant substrate classes observed in the W111ow/
“oowo-o----— ... ... Deception Creeks Study reaches, 1979.

= STUDY REACH SUBSTRATE CLASS RANGE
- Lower Willow Creek II - VI
’ Middle w{]1ow Creek - IIT - VII
: Upper Willow Creek. - . . Il - VI
; Deception Creek _ I - 1V

Water Quqlity

= Willow- and Deception Creek water temperatures, measured on an instane-
-ous basis, ranged from 9.0° to 12.0°C, DO from 8.3 parts per million
(ppm) to 11.5 ppm, pH from 7.0 to 7.6, and specific conductance from 30
to 90 pmhos/cm (Table 8). Continuously monitored water temperatures
ranged from 2.8° to 15.6°C in Willow Creek and from 3.3° to 14.3°C in

- Deception Creek (Appendix D).

I Point Specific Spawning Habitat Data

The most frequently measured water depth, at 33 chinook salmon redds,
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Flow Study reaches, 1979.

J-».Tébleﬂsbi‘waterAQua]ity Sdhmary for Willdw/Deceptjon_CreeksvInstreém;

Site Date Temp. ! D.0.2 pH Cond. :

LOWER WILLOW 07/10/79 09.0 10.3 7.4 37 [

08/08/79 1.1 08.3 7.1 31 B

09/14/79 10.0 10.9 7.1 70 ;

MIDDLE WILLOW 07/11/79 10.0 11.1 7.6 30 B
08/08/79 --4 -- -- -

09/14/79 - 10.5 11.3 7.3 60 E

UPPER WILLOW 07/11/79 12.0 10.5 7.6 31 [

08/08/79 - - - - - o

[_‘,:

09/14/79 10.0 11.5 7.1 60 B

DECEPTION 07/12/79 12.0 10.2 7.5 68 B
08/09/79 11.5 10.7 7.0 78

’ i

09/13/79 10.0 11.2 7.2 95 L;

—

1 Temp. = temperature in °C B

2 D.0. = dissolved oxygen in mg/1 |

3 Cond. = specific conductance in umhos/cm
4 -- = equipment malfunction —




. was 1.6 feet, with a kahgeuof'GQQS to 3.00 feet; most frequently meas-
ured average water column velocity was 2.25 feetvper second (ft/sec),
with a range from 0.28 to 4.75 ft/sec; and most frequently measured

substrate was Class III, with a range of II to IV (Table 9).

Because of insufficient resources to collect additional pdint specific

spawning habitat data, point specific chinook and pink salmon spawning

~+—-——————_habitat data collected in Willow Creek during 1978 by Watsjold and Engel —

(1978) are included in this report (Tables 10 and 11). The most fre-
quently measured chinook salmon spawning depth measured in Willow Creek
in 1978 was 1.65 feet, with a range of 1.0 to 2.2 feet; most frequently
measured average water column veTocity was 3.16 ft/sec, with a range of
1.571 to 4;75 ft/éec; and most frequently measured substrate was Class IV
"with a range of III to VI. Pink salmon spawning depth mostffrequént]y_
measured was 1.35 feet, with a range of 0.6 to 2.4 feet; average water
column velocity most frequently measured was 2.4 ft/sec, with a range of
1.01 to 4.01 ft/sec; and substrate most frequently measured was Class

111, with a range of II to IV.
Suitability Curves

Point specific spawning habitat data outlined above are presented as

suitability curves (Figures 29-37).* The curves were derived using

*Habitat suitability curves are developed to represent the ranges of
depth, velocity, and substrate types commonly occupied by a particular
species and life stage. The chinook and pink salmon curves presented
in this report are provided as illustrations and are not to be used to
develop specific flow regimes for Willow and Deception Creeks. The
curves were developed from a small number of observations, and ADF&G
biologists should be consulted for further interpretation of these
curves.
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-
' TaBIeV'Q Redd measurements for Chinook Salmon in. Willow Creeks Augus.t719.79: : ;
(ot recommended for application’to other watersheds
Substrate
Depth (ft.) - Velocity (ft./sec.) Classification -
1.10 1.920 v [
1.70 2.390 III-1V ¥
0.95 0.279 II
1.30 4,750 IT11-1V B
2.00 5.200 IT11-1V g
1.50 3.210 III —
1.60 1.290 III
1.40 2.340 —IV
3.00 4,280 111
2.70 2.500 I1I-1V [
2.10 2.800 111 -
2.20 0.993 111 -
1.60 0.993 111 :
1.10 0.837 I1I-1V -
2.00 2.100 111 -
2.40 2.990 II1 g
2.00 4.750 1V
1.50 2.440 v =
2.20 3.130 111
1.70 3.060 III -
1.40 3.280 III-1V [
2.00 2.690 111 =
2.50 3.210 111
2.60 3.280 111 =
1.80 2.990 II1 j
2.10 1.160 ITI-1V
2.00 2.200 I1I-1V ;
1.60 2.290 I1I 9
1.10 2.100 111
1.60 2.100 111 B
1.50 2.740 III-1V -
1.50 1.880 III .
1.70 3.800 111
| .
B
L
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~ Table 10." Redd measurements for Chinook SaTmon 1n Willow Creek, August 1978.
' (adapted from Watsjold and Engel 1978).*

Substrate
Depth (ft.) Velocity (ft./sec.) Substrate (in.) Classification**
1.7 3.72 2.0-6.0 Iy-y
1.3 3.06 2.0-6.0 1V-y
1.0 2.39 1.5-6.0 IV
1.3 3.28 2.0-7.0 Iv-y
1.9 1.54 2.0-6.0 V-V
1.8 1.76 1.5-7.0 IV
1.5 1.76 2.0-7.0 Iv-y
1.7 2.44 1.5-7.0 IV
1.4 4.46_ 1.5=7.0 .. V.
1.3 3.57 1.5-7.0 - 1V
2.2 3.21 2.0-7.0 Iv-y
1.8 2.61 2.0-6.0 IV-y
2.0 3.50 2.0-5.0 IV
1.4 3.80 2.0-6.0 IvV-v
2.1 3.43 3.0-6.0 v
1.4 3.28 1.0-5.0 ITI-1Vv
1.4 3.21 3.0-6.0 v
1.0 3.89 3.0-6.0 v
1.3 2.92 2.0-5.0 IV
1.4 2.50 2.0-4.0 IV
1.2 1.51 1.0-4.0 ITI-1IV
1.6 3.43 1.0-6.0 IT1-1V
1.2 3.80 2.0-6.0 V-V
2.0 3.37 3.0-7.0 v
1.6 2.29 1.5-4.0 ITI-1V
1.3 2.55 1.5-4.0 III-1V
1.8 2.99 2.0-5.0 IV
1.8 3.80 1.5-4.0 I11-1Vv
1.8 3.28 2.0-6.0 V-V
1.6 3.98 1.5-6.0 IV
1.7 2.55 3.0-6.0 A
1.3 1.58 1.5-3.0 III-1v
1.9 2.74 2.0-6.0 V-V
2.1 .2.50 - - - =
2.0 1.65 3.0-6.0 v
1.9 3.43 3.0-5.0 v
1.7 3.50 2.0-6.0 v~y
2.1 4.75 2.0-6.0 V-V
2.0 4.16 - - - -
2.2 3.56 - - - -

* 'Not recommended for application to other watersheds.

** Substrate data collected in 1978 and classified using the method
described in this report.
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" Table 10.. Canﬁﬁnued;

Substrate
Depth (ft.) Velocity (ft./sec.) Substrate (in.) Classification*

2.2 3.28 - - - -
1.8 4,37 1.5-4.0 III-1V
1.7 4.55 1.5-4.0 IV

1.7 3.80 2.0-6.0 Iv-v:
1.5 2.29 1.5-3.0 III-1V
1.9 2.92 1.5-4.0 III-1V
1.4 2.99 1.5-3.0 III-1IV
1.4 4.16 4.0-6.0 V-VI
1.7 4.07 3.0-5.0 v

1.5 - 3.89 2.0-5.0 v

* Substrate data collected in 1978 and classified using the method
described in this report.
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"QvTeble.ll Redd measurements for Pink. Salmon in W111ow Creek August 1978 (adapted
from Watsjold and Engel 1978).* ' _ .

o : ~ Substrate
Depth (ft.) Velocity (ft./sec.) Substrate (in.) Classification**
1.8 2.10 1.0-1.5 III-IV
1.8 2.29 1.0-2.0 III-1V
2.1 2.10 1.0-2.0 II1-1V
1.4 1.01 1.0-2.0 IIr-1v
2.1 1.17 1.0-2.0 I1I-1V
2.4 2.20 1.0-2.0 III-1v
1.9 1.51 1.0-1.5 III-1V
2.1 3.28 0.5-2.0 111
2.0 2.55 1.0-2.0 I1I-1V
0.9 1.92 1.5-2.0 I1I-1V
1.7 3.28 2.0-3.0 1V
1.8 3.50 2.0-5.0 Iv
1.4 1.76 1.0-1.5 IIT-1IV
2.3 2.74 1.5-2.0 ITI-1IV
1.6 2.00 1.0-2.0 ITI-IV
1.1 - 2.20 0.5-1.5 I
0.9 1.33 1.0-1.5 III-1V
0.6 1.25 0.5-1.0 I11
2.1 2.74 0.5-1.5 111
0.8 2.02 1.0-1.5 ITI-1V
0.9 3.72 1.5-2.0 III-1V
1.1 1.58 - 0.5-1.5- III
F.0 - 2.00 - 0.5-1.5" IIT
0.8 3.1 0.5-1.0 111
1.5 2.74 0.5-1.5 111
0.5 1.84 1.0-1.5 I1I-1V
0.8 2.44 1.0-1.5 I11-1V
1.5 3.28 1.5=3.0 III-IV
1.7 3.65 1.0-2.0 III-1V
0.6 1.25 1.0-1.5 " TII-1V
0.7 1.96 0.5-1.5 111
0.7 2.34 1.0-1.5 III-1IV
0.8 1.58 0.5-1.0 III
1.4 2.20 1.0-2.0 II1-1V
1.4 2.50 - - - -
0.7 2.50 1.0-2.0 III-1V
1.7 2.50 1.0-2.0 I11-1V
1.5 2.38 1.0-2.0 ITI-1V
0.7 1.96 0.5-1.5 111
1.5 2.55 1.0-1.5 ITI-1V

* Not recommended for application to other watersheds.
*%  Suybstrate data collected.in 1978 and classified using the method
described in this report.

-59-



- Table Tl Continued.
. Substrate
Depth (ft.) Velocity (ft./sec.) Substrate (in.) Classification*
1.5 2.10 0.50-1.50 ITI
1.7 2.29 1.00-1.50 ITI-1V
1.1 1.47 0.50-0.75 IT-111
1.7 1.92 0.50-1.00 111
1.8 2.29 0.50-1.50 111
2.0 2.74 1.00-2.00 I11-1V
1.8 2.55 0.50-1.00 111
0.6 1.35 0.50-1.00 I11
0.9 1.88 0.50-1.00 IIT -
1.5 2.20 1.00-1.50 III-1V
0.7 1.63 f**-0.75 11
1.3 1.96 "1.00-2.00 I1I-1V
1.5 2.99 1.00-2.00 I1I-1V
1.0 1.28 f**.2.00 I1I-111
1.2 2.20 1.00-2.00 III-1V
1.3 . 2.39 1.00-2.00 I11-1V
0.8 1.65 0.50-1.50 111
1.3 2.44 1.00-3.00 I11-1V
1.1 3.50 1.00-2.00 I1I1-1V
1.6 2.34 1..00-1.50 I111-1V
1.4 3.13 1.00-2.00 I11-1V
1.2 2.44 0.50-1.50 111
1.7 2.74 - 0.75-2.00 III
~ 1.5 - 2.55 - 0.50-1.50 11~
1.3 2.74 1.50-2.00 I11-1V
1.4 2.99 1.50-2.00 III-1V
1.1 2.61 0.50-1.50 ITI
1.1 2.29 1.00-2.00 I11-1V
1.3 3.37 1.00-1.50 III-1V
1.1 3.37 1.00-2.00 - III-1IV
0.9 2.05 1.00-1.50 - ITI-1V
1.7 2.10 f**.1.00 II-1I1
1.1 1.88 0.25-6.00 III
1.2 2.74 1.00-6.00 I11-1v
1.6 2.50 0.50-5.00 111
1.0 2.55 0.50-5.00 11
1.1 2.74 0.50-5.00 111
1.6 2.99 1.00-6.00 ITI-IV
2.0 4.01 1.00-6.00 ITI-1V
1.2 2.20 0.50-4.00 I1I

* Substrate data collected in 1978 and classified using the method
described in this report.
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‘Table 11. Continued. .

: Substrate
Depth (ft.) Velocity (ft./sec.) Substrate (in.) Classification*
1.9 2.74 0.50-5.0 111
1.6 3.80 1.00-4.0 ITI-1v -
2.1 2.39 1.00-4.0 IIT-1IV
1.0 3.21 0.75-5.0 111
1.2 2.72 0.50-3.0 111
1.5 2.98 1.00-6.0 I1I-1v
1.9 3.89 1.00-6.0 I1I-1V
0.9 2.05 f**.1.0 I1-111
1.1 -~ 2.05 0.50-3.0 III
1.6 3.13 1.00-6.0 III-1V
1.5 1.84 f**.3.0 II-I11
1.3 2.29 0.50-5.0 I1I
1.5 3.07 1.00-5.0 CIIT-1V
1.6 1.65 0.50-3.0 111
2.4 2.00 0.50-4.0 111
1.7 3.80 0.75-4.0 111
0.9 2.50 0.50-2.5 111
1.5 2.55 0.50-4.0 111
2.3 2.61 0.50-4.0 I1I
1.2 1.88 0.50-2.5 111
1.8 . 2.98 0.50-7.0 I11
1.0 2.68 0.75-3.0 111
1.6 3.24 0.50-3.0 III
1.0 1.62 0.50-2.5 111
1.2 2.10 0.50-3.0 111
0.6 1.84 0.50-4.0 IIT
1.3 1.65 0.50-3.0 111
1.4 2.15 0.50-2.5 111
0.9 1.92 0.50-3.0 IT1
1.5 2.44 0.75-4.0 111
1.7 2.61 1.00-5.0 I1I-1V
1.5 3.65 0.75-5.0 111
1.0 3.43 0.75-4.0 111
1.0 2.61 0.50-2.5 111

* Substrate data collected in 1978 and classified using the method
described in this report.

f** = fines
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PREFERENCE FACTOR

Figure 29.
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1.5 2.0 2.5 3.0
DEPTH (feet)

Depth suitability curve for spawning
chinook salmon in Willow Creek, Alaska,
Summer 1979 .  Not recommended for’
application to other watersheds. Consuit
ADF&G for further interpretation.
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Figure 30. Velocity suitability curve for spawning
chinook salmon in Willow Creevk. Al.asvka,
Summer 1979, Not recommended for
application to other wétersheds.» Consuit
ADF&G for further intrepretation.
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PREFERENCE FACTOR

Figure 31.
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1.0 2.

0 - 3.0 4.0 5.0 6.0
SUBSTRATE
Substrate suitability curve for spawning

chinook salmon in Willow Creek, Alaska,

Summe_r 1979. Not recommended for
application to other watersheds. Consult

ADF&G for further interpretation.

—

{




FACTOR -

PREFERENCE

1.04

®
1

.6+

.24

Figure 32.

1.0 1.5 2.0
DEPTH (feet)

~Depth suitability curve for spawning
chinook salmon in Willow Creek , Alaska,"

Summer 1978 {adapted from Watsjold
and Engel 1978); Not recommended for
application to other watersheds. Consuit
ADF&G for further interpretation.
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Velocity suitability curve for spawning

chinook salmon in Willow Creek, Alaska,

Summer 1978 (adapted from Watsjold

and Engel 1978). Not recommended for

application to other watersheds. Consult

ADF&QG for further intr
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Figure 34. . Substrate suitability curve for spawning

chinook salmon in Willow Creek, Alaska,
Summer 1978 (adapted from Watsjold

and Engel 1978). Not recommended for
‘application to other wastersheds. Consult

ADF&G for further intrepretation,



pink salmon in Willow Creek, Alaska,
Summer 1978 (adapted from Watsjold
and Engel 1978). Not recommended for
application to other watersheds. Consult
ADF&G for further interpretation.
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‘Figure 36.
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Velocity suitability curve for spawning
pink salmon in Willow Creek, Alaska,
Summer 1978 (adapted from Watsjoid
and Engel 1978). Not recommended for
application to other watersheds. Consult
ADF&G for further intrepretation.
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Figure 37. ‘Substrate suitability curve for spawning

pink salmon in Willow Creek, Alaska,
Summer 1978 (adapted from Watsjold
and Engel 1978). Consult ADF&G for
further interpretation. Not recommended
for.application to other watersheds.
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FreqUency ana]ysfé. Thié'was achmp]ished‘bdeiV1ding thé kangé of '

values obtained for each parameter (i.e., depth, velocity, or substrate),
ihto appropriate equal increménts, assigning each data point to the
proper increment, and clustering adjacent increments to reduce the
variance. The cluster pattern giving the least variance was plotted and
the increment containing the greatest number of observations was desig-

nated as the- optimum conditidn, receiving a preference value of 1.0.

The remaining clustered increments were assigned preference factors by
dividing the frequency of each increment by the frequency of the optimum.
Detailed instructions for developing these curves are outlined by Bovee

and Cochnauer (1977).

Velocity and depth curves were developed without data modifications.
Development of substrate curves, however, required some data conversions.

Substrate data, were aggregated for use in developing suitability curves.

.. The data.cp]{ection'methoq:u§ed;resu]ted.ﬁn.potentially‘un]imited combi-

nations of categgrie; for substrate classification (i.e.,, categories
could be based on any percentage of any or all of the seven substrate
classes). As a result, one site might include 50 subtrate categories while
another might contain 10. By limiting substrate categories which couid
be used at a particular site to three dominant particle size classes,
each of which had to comprise at least 10 percent of the substrate
particle sizesApresent, the number of categories was reduced to 275.

The 275 categories were then grouped into 10 categories according to
predominant substrate size. After data were organized according to this
system, frequency analysis of substrate categories was performed to

develop substrate curves. Substrate data, thus grouped, were easily
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converted to the modified Wentworth classification (Table 5).

Benthic Invertebrates

One-hundred-six individual benthic invertebrates collected from the .
Willow/Deception Creeks Study reaches were classified to taxonomic order ’f
(Table 12). Eleven percent were identified as Trichoptera, 25 percent N
as Plecoptera, 56 percent as Diptera, 7 percent as Ephemeroptera, and 1 [j
percent as representative of other orders. .
Computer Analysis -~
Financial and time limitations restricted computer analysis of hydraulic [
data to one reach. The middle Willow Creek reach was selected because k
: ™
it contained both pink and chinook salmon spawning habitat. B
. Discharge. and substrate.data were coded and computer analyzed with the. L
IFG-2 and IFG-4 programs* stored on the Boeing Computer Services System. E

Using the IFG-2 model, encoded data were calibrated to the highest

*The IFG-2 program is a modified version of the Water Surface Profile

(WSP) computer program designed by the IFG which uses one set of observed

stream flow data (depth, velocity, and substrate) to predict hydraulic
-parameters for a range of desired flow regimes. The hydraulic model s

calibrated to reproduce water surface elevations and velocity distributions

observed at selected stream flow conditions. Once properly calibrated,
the computer program will predict the water surface elevations and
respective ‘horizontal velocity distributions at each transect for a
range of desired discharges. ‘The IFG-4 hydraulic model, unlike the IFG-
2 model, requires at least two and preferably three sets of observed
stream flows at each transect to correlate flow versus velocity and
stage versus flow. Once calibrated, depths and velocities for flows of
interest can be predicted from the established correlations (IFG 1980b).
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Table 12. Benthic insects (no/ft.2), classified to order, collected from each of the

Willow/Deception Creek Instream Flow Study reaches, 1979.

Lower Willow

07/12 1 02

4

© 08/08 1 0]
Middle Willow
C 01

07/11 0

08/08 1 00
Middle Willow Slough A

07/1 0 -0l
Upper Willow

07/11 0 " 06

08/08 . 2 - 00
Deception Creek

07/12 2 13

08/09 5

02

SITE TRICHOPTERA  PLECOPTERA

DIPTERA . EPHEMEROPTERA OTHER
01 0 0
25 | 0 0

|
01 0 0
02 0 0
26 1 0
03 0 0
00 2 2
02 4 0
00 0 0




discharge (991 cfs) following the procedures outlined by the IFG (19805)
and Trihey (1980).* IFG-2 computer output data -for the middle reach of .
Willow Cneek‘are presented in Appendix E. Unstab]e chanhe] geometry and .
inability to obtain assistance of a hydraulic engineer prevented analysis | |
by the IFG-4 program which would have required further hydrau]ic*ana]yéis —
(Newcome 1980). -
Once calibrated, the hydraulic model was integrated with six different -
sets of point specific habitat suitability criteria for chinook and pink iz
salmon to calculate predicted hypothetical Weighted Usable Area (WUA).** .
WUA values were predicted at six different discharges by'each of the L
following IFG»(]QSOb) methods: | 8
-

1. Standard Calculation - "This is the calculation of the habitat

area w1th the Joint Preference Factor (JPF) equa] to (a x b x c),
where a, b and Qs equa] preference var1ab1es for velocity,
depth, and substrate. This technique implies synergistic

action; optimum habitat only exists if all variables are

optimum".

a. Standard Ca]culation With Three Matrices - "This is the

Standard Calculation in which depth/velocity, velocity/

*This was based on the assumption that streambed elevations measured at
this discharge level would be static for all predicted flows.

**The WUA represents the square feet (ftz) or percentage (%) of wetted
surface habitat area predicted to be available per 1000 linear feet of
stream reach at a given flow.
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substrate, or depth/substrate relationships are displayed

in a matrix".

Geometric Mean - "This is the calculation of the habitat area

with the JPF equal to (a x b x ¢)0.333, This technique implies
compensation effects; if two of the three variables are in the

optimum range, the value of the third variable has little

-~~~ -~ ~——¢ffectunless it iszero™

Lowest Limiting Parameter - "This is the calculation of the

habitat‘area with the JPF equal to the variable having the
lowest preference factor at a given discharge. In other
words, the optimum habitat will be based on the most Timiting
variable for a given discharge. This 1mp1fes a 1imit1ng
factor concept, or that the habitat is no betterithan its

least suitable factor".

The six sources of habitat suitability criteria used in the demonstra-

tion WUA analysis are Tisted below:

1980 depth, velocity, and substrate preliminary data on pink
séihon habitat from the Terror Lake Hydroé]ectricjfeaSiBiiity

study, Kodiak Island (AEIDC 1980);

1978 depth, velocity, and substrate data on pink salmon habitat
in Willow Creek (Watsjo1d and Engel 1978);

1979 depth, velocity, and substrate data on chinook salmon
habitat in Willow Creek;
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D. 1978 depth, velocity, and substrate data on chinook salmon

habitat in Willow Creek (Watsjold and Engel 1978);

E. 1978 depth and velocity data on chinook salmon habitat in
Willow Creek (Watsjold and Engel 1978), and 1979 substrate

data on chinook salmon habitat in Willow Creek; and
F. 1979 depth and velocity data on chinook salmon habitat in
Willow Creek; and 1973 :substrate data, on chinook salmon

habitat in Willow Creek (wa.tsjold and Engel 1978).

Descriptions of the calculation methods above suggest that the Lowest

Limiting Parameter calculation method would generate the most conserva-

tive* WUA value for a given discharge. However, results obtained by
each of the three methods -indicate that the Standard Ca]éuTation proce-
dure will generate the most canservative WUA values (Figure 38; fab]es
13, 14). This occurs because the sujtabi]ity values used to compute WUA

must always range between 0 and 1.

Results of the above demonstration calculations to predict WUA values
indicate that suitablility data collected from one stream system may not

necessarily apply to another (Figure 39; Tables 13, 14).** For example,

*Conservative WUA values, as defined in this report, represent the
Towest predicted WUA values for a given discharge when more than one
calculation method is applied.

**It should be noted that suitability data presented in this report were
derived from dissimilar samples in terms of the population size sampled
and location of the sampling. These factors may also have influenced
the results. '
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PERCENT OF 'GROSS AREA OF REACH AS WEIGHTED USABLE AREA
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L

by
Q
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1

Comparison of three methods for calculating weighted usable area.
(Demonstration analysis - consult ADF&G for further interpretation.)

>' 1979 Willow Creek chinook salmon spawning redd data.

=8 Geometric Mean
Om-—~0 LOowest Limiting Parameter

Oo=mwmmme® Standard Calculation

- v ~ - i .
500 1000 1500 2000
DISCHARGE (cfs)

Figure 38.
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Table13. Discharge vs. predicted available spawning habitat area (ftz) per
1000 feet of the Willow Creek Instream Flow Study middle reach
(Demonstration analysis - consult ADF&G for further interpretation).

DISCHARGE (cfs) PINK SALMON . CHINOOK SALMON

A B c D E F
Standard Calculations
2000 - 16051 0000 00463 00416 0042 02876
1500 18273 0041 00538 01371 0117 03839
0991 16132 0026 00897 02500 0234 05674
0598 19586 0995 01941 04423 1411 07677.
0175 25361, 0329 01552 05930 0751 09284
0050 - . 14315 0005 00255 01203 0112 01811
Geometric Mean
2000 45640 0000 - 02933 03853 1072 08044
1500 48735 0435 04999 06501 1633 13534
0991 J 39540 0508 08916 09633 3447 ‘19737
0598 42264 2210 11093 14997 7612 23430
0175 44018 1401 09726 19015 6923 20612
0050 29093 0127 02315 05750 2013 04792
Lowest Limiting Parameter
2000 21451 0000 1128 01070 | 0477 04631
1500 23819 0064 1735 02775 0551 07741
0991 21557 0096 3610 05513 1005 10916
0598 25112 1060 4678 08492 3074 . 13376
0175 28956 0709 3326 10095 2058 12521
0050 18719 0025 0905 02814 0620 03223
A Pink salmon 1980 Terror Lake depth, velocity, and substrate data (AEIDC 1980).
B Pink salmon 1978 Willow Creek depth, velocity, and substrate data (Watsjold
and Engel 1978).
C Chinook salmon 1979 Willow Creek depth, velocity, and substrate data.
" D Chinook salmon 1978 Willow Creek depth, velocity, and substrate data (Watsjold

and Engel 1978).
E Chinook salmon Willow Creek 1978 depth and velocity data (Watsjold and Engel 1978);
1979 substrate data. '
F Chinook salmon Willow Creek 1979 depth and velocity data; 1978 substrate
(Watsjold and Engel 1978).
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Table 14. Discharge vs. predicted available spawning habitat area (ft2) as a

ercentage of the Willow Creek Instream Flow Study middie reach
_ fbemonstrat1on ana]ysis - consult ADF&G for further interpretation).

DISCHARGE (cfs) PINK SALMON : CHINOOK SALMON

3=

A B c 3 E F
Standard Calculations
2000 | 10.73 0.00 00.31 00.28 00.03 01.92
1500 13.13 0.03 | 00.39 . 00.99 00.08 02.76
0991 16.18 0.03 00.90 02;51 00.23 05.69
0598 - 24.27 1.23 02.41 05.48 01.75 09.51
0175 39.52 0.51 02.42 09.24 01.17 14.47
0050 29.01 0.0 00.52  02.44  00.23  03.67
Geometric Mean

- 2000 30.50 0.00 01.96 02.57 00.72 05.38
1500 35.01 0.3 03.59  04.67  01.17  09.72
0991 39.66 0.51 , 08.94 09.66 03.46 19.80
0598 52.37 2.74 13.75 18.58 09.43 29.03
0175 68.59 2.18 15.15 29.63 10.79 32.11
0050 58.96 0.26 04.69 11.65 04.08 09.71

Lowest: Limiting Parameter - |

2000 | 14.33 ’0.00 00.75 00.71 00.32 03.09
1500 17.11 0.05 01.25 01.99 00.40 05.56
0991 21.62 O.iO 03.62 05.53 01.01 10.95
0598 31.12 1.31 05.80 10.52 ~ 03.81 16.57
0175 45.12 1.10 05.18 15.73 03.21 19.51
0050 - 37.94 0.05 01.83 05.70 01.26 06.53

Pink salmon 1980 Terror Lake depth, velocity, and substrate data (AEIDC 1980).

Pink salmon 1978 Willow Creek depth, velocity, and substrate data (Watsjold and

Engel 1978).

C Chinook salmon 1979 Willow Creek depth, velocity, and substrate data.
D Chinook salmon 1978 Willow Creek depth, velocity, and substrate data (Watsjold

and Engel 1978).
E Chinook salmon Willow Creek 1978 depth and velocity data (Watsjold and Engel
1978); 1979 substrate data. :
" F Chinook salmon Willow Creek 1979 depth and velocity data; 1978 substrate data
(Watsjold and Engel 1978). 79



40-

.Effects of applying-different h‘abitat‘s.uitability curves to the same hydraulic model:

(Demonstration analysis. -~ consuit ADF&G for further interpretation.),.

Figure 39.

1000
DISCHARGE
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" using the Standard Calculation, predicted WUA at a discharge of 175 cfs

(based on suitability criteria for pink salmon collected from differént
stream systems) ranged from 329 £t2 (0.51%) per 1000 feet to 25,361 2
(39.53%) per 1000 feet (Tables 13, 14).

Supplemental Bio]ogiqa], Water Quantity and Quality Study
Peters/Purches Creeks
Biological Data
One hundred twenty four Dolly Varden and 10 slimy sculpin (Cottus
cognatus) were captured in Peters Creek. Eighty Dolly Varden and 15
s1imy sculpin were captured in Purches Creek (Table 15).

Water Quantity

Flows ranged from 1 to 76 cfs on Peters Creek and 8 to 97 cfs on Purches

Creek (Table 16).
Substrate

Substrate classes ranged from II to VII in Peters Creek and from III to

VII in Purches Creek (Table 17).
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Table 15. Fish trapping results, Peters and Purches Creeks, 1979.

No. of Fish Catch/Trap

Date Index Area No. of Traps Dv* §S* Dv*  SS*

08/23 Peters 1II 200 33 5 1.65 0.25

08/24 Peters III 20 30 1.50 0.20

08/26 Purches II 20 35 9 1.75 0.45

08/27 Purches II 20 45 6 2.25 0.30

S 09/09  Peters IV .”méﬁ """"" 43 0 2.15 0.00
09/10 Peters IV 20 18 1 0.90 0.50

Table 16. Discharge measurements (Q) in cubic feet per second (cfs)
Peters and Purches Creeks, 1979. '

Date
08/23
08/23

 08/24
08/24

08/26

08/26
08/27
08/27
08/27
09/10

Index Area

Peters I

Map Location No.

Peters I

‘Petérél.III
Peters III
Purches I
Purches I
Purches III
Peters III
Purches II

Purches IV

*DV-Dolly Varden, SS-S1imy Scuipin.

Q1

Q2

03
!
Q5
Q6
Q7
08
Q9
Q0

Discharge (cfs)

01
43
73
13
08
32
61
76
10
97
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Table 17. Range of predominant substrate classes observed in Peters
' and Purches Creeks, 1979.

PETERS CREEK SUBSTRATE
INDEX AREA - CLASS RANGE
I v - VII
II IV - VII -
III IIT - VI

PURCHES. CREEK
INDEX AREA

I
II
III

- SUBSTRATE
CLASS RANGE

v - VII
ITIT - VI
IIT - VI

Water Quality

Water quaiity data were not collected because of instrument malfunction.

ADF&G/USGS Sites

... Water Quantity and Quality

Water quantity and quality data collected in the spring, summer, and

fall of 1979 are p}esented in Appendix B. Additional water quality data

collected in the winter of 1979-80 and $pring, summer, and fall 1980

will be included inbthe USGS publication: Water resources data for

Alaska, water year 1980.
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' DISCUSSION .

Instream Flow Study

The Willow/Deception Creeks Instream Flow Study constituted an initial‘
"hands-on" experijence at collecting and analyzing Alaskan instream flow
data for the ADF&G and cooperating agencies,'f011owing Incremental
Methodology procedures established by the IFG (1980a, b; Bovee 1980a;
Bovee and Milhous 1978; Bovee and Cochnauer 1977; Trihey 1980).. This
demonstration project enabled the participants to develop the capability
to perform this type of 1nstfeam flow fie]d data collection and analysis,
identify the limitations of the methodology, develop suggestions for its
improvement, and recommend a p]én of study for determining instream flow

values in Willow and Deception Creeks.*
Hydraulic Data Collection Limitations and Recommendations

Of the six individuals required to collect hydraulic data for this
project, only two were actually employed by the ADF&G to perform the
study. To compensate, volunteers were recruited from other ADF&G proj-
ects and from cooperating agenciés, Scheduling necessary to accommodate
changes in weather and to insure that one set of data was collected

during each period of seasonal high, medium, and lTow flows often prevented

*Additional recommendations and strategies for determining instream flow
values are presented in the publications: A synthesis and evaluation of
ADF&G fish and wildlife resources -information for the Willow and Talkeetna

- instream flows in Alaska (White 1981).

sub-basins (Estes and Lehner-Welch 1980) and Opportunities to protect
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the same volunteers from‘returhing to the project. As a result, substi-
tutes had to be recruited, and trained in the field, while collecting

data. This proved to be time consuming, and hampered efforts to insure

quality control and minimize data gaps and/or errors. Another disadvantage

was that a hydraulic engineer, familiar with instream flow investigations,
was not assigned to the project. Without this technical input, it was
difficult to determine whether site selection and related activities
associated with hydraulic data collection were properly executed. These
problems can be minimized in fufure studies if sufficient funding is
secured to employ adequate numbers of full-time experiénced personnel,

including at least one biologist and hydraulic engineer.

As would be expected in a first-time study, problems and'complications
arose in the data reduction and computer analysis portions of the project.
The following check list of procedures for field collection of hydraulic
data is recommended to jnsure tha;lfuture data wi]] be suitab]g for

analysis (Newcome 1980):

1. All initial cross-section data for each transect should be

collected with a rod and level;
2. Sufficient elevation data should be collected between the
water's edges and headpins to document the shape of the entire

streambed;

3. Headpin elevations should be measured both on the top of each

headpin and on the ground beside each headpin to document its-
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‘Stationing should begin downstream (i.e. the downstream-most

vertical positioningvand permit reinstallation in the event it

is removed or disturbed at a later date;

Magnetic bearings should be recorded, and/or diagonal distances
should be measured, between transects to facilitate scale

drawings of the study sites;

A

transect should be 0+00) to facilitate data reduction and
coding in preparation for computer analysis with the IFG

models;

Streambed elevations should be recorded from left bank to
right bank looking upstream to facilitate data reduction and

coding in preparation for computer analysis with the IFG

- models;

Water surface elevation should be recorded before and after

discharge is measured at a transect;

Distance from left bank headpin (LBHP) to right bank headpin
(RBHP) should be measured at each transect each time velocities
are measured. This measurement should be equal to (LBHP to
left edge of water) + (top width of stream) + (RBHP to right

edge of water) and should not change at different flows;
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10.

11.

12.

13.

14.

15.

Transects over islands or gravel bars should be "dog-legged"

to insure water surface elevations are equal on each side of

the island;

Level loops should be'clear1y documented with station, backsight,

height of instrument, foresight, and elevations in separate
columns. There should be no question as to how each reading
or calculation was obtained and the error of closure should be

no greater than (0.1 ft) x (\/Square miles);

Crew members should read Appendixes A and B of the IFG field
data collection procedures publication No. 5 (Bovee and

Milhous 1978) as part of their pre-field training;

When unusual measurements or readings are recorded, théy
should be footnoted with an explanation of the circumstances
to insure the daté will not be mistaken as being-in error;
At Teast one member of the field crew (preferably the leader)
should perform all the exercises in the manual: Field data

reduction and coding procedures for use with the IFG-2

and IFG-4 hydraulic simulation models (Trihey 1980);

Field data should be reconciled and reduced in the field

to identify and correct data gaps and/or errors;

Half-inch margins should be left on all borders of field forms
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| to permft photocopying without Toss of data resulting from

distortion.
Point Specific Habitat Data Collection Limitations and Recommendations
Presently, limited information exists concerning the specific spawning,

rearing, incubation, and passage streamfTow requirements of culturally

and economically important fish. These data are essential for wise

land-use planning and development (Estes and Lehner-Welch 1980). Bell

(1980), Bovee (1980 b), and Estes and Lehner-Welch (1980) recommend that
habitat requirements for a particular life phase of a fish species
should be determined by collecting and analyzing comprehensive stream-
specific data in addition td reviéwing all pertinent literature. Liter-
ature review alone is not usually adequate because data and findings

cited for one area are not likely to fully or accurately represent an-

other spetific location. As a result, it is recommended that paint

specific data collected for a particular life phaée of a particular fish
species in a specific geographic location not be applied to another
location unless careful analysis is completed to determine if such an

application is valid.

Point specific data collection for this study was limited to the spawning
phase of chinook salmon.* Developing an understanding of other chinook

life phases and the 1ife phases of other fish species in Willow and

*Funding, personnel, and time constraints prevented the execution of the
pink salmon spawning habitat portion of Objective 3 of the Instream Flow
Study and Objective 4, an evaluation of chinook salmon rearing habitat.
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Deception Creeks will require a considerable amount of work over all
‘seasons of the year (Watsjold and Engel 1978). It is recommended that
future instream flow studies assign at 1eastbtwo individuals to collect
point specific field data for species and 1life phases of interest. It is
also suggested that research be performed by a hydraulic engineer and
fishery biologist to evaluate the various techniques for collecting
point specific data. For example, the topic of whether to measure point
specific water velocity at the mean depth of the water column as opposed

to the actual depth of the fish shou]d be addressed.
Computer Analysis
Five man-months were expended in familiarizing personnel with methods of
IFG computer analysis and in analyzing the hydraulic data. Limitations
of and recommendations for improving computer analysis are discussed
below: |

Limitations.
Because of thefr familiarity with and déy to day use of their programs,
the IFG has inadvertently underestimated the limitations of user groups

who are inexperienced or use the models infrequently. As a result,

1. The IFG computer programs on the Boeing system require more

experience than is provided by the IFG computer analysis
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course, or require that users have access to a computer
programmer familiar with the IFG programs on the Boeing system

(Newcome 1980);

2. IFG computer analysis often requires the supplemental input of
a hydraulic engineer to insure hydraulic output is valid.

When field data are collected incorrectly or from complex
field situations and cannot be readily analyzed, a hydraulic
engineer is required to modify the data to develop stage,
velocity, and depth relationships, calibrate the model, and

interpret the output (Newcome 1980);

3. Some.of the recommended IFG procedures, as documented in the
draft version of the IFG computer manual (IFG 1980b), do not
work on the Boeing system. These errors are being corrected as
users notify the IFG, but the errors are very frustrating for

both novice and experienced users (Newcome 1980; Amos 1981);

4. Although there are less expensive methods for performing some
of the analytical computer operations on an~1nteractive* basis,
the IFG has not incorporated these procedures into their

manuals (e.g. running the programs in the batch** mode at a

*Interactive refers to computer programs which request immediate responses
from the user resulting in a "dialogue" between the user and the program.

**Batch refers to computer programs which contain all of the instructions

for performing a job and are submitted to the computer to be run at a
Tater time.
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" Tower priority or entering,data with the "Editor" (Néwcome

1980); and

Examples presented in the sections of the IFG computer manual
- (IFG 1980b), illustrating how to weigh the advantages and
disadvantages of’Variousﬁprbcedures, lack adequate documentation

(Newcome 1980). : _

Recommendations

To minimize these problems,

IFG publications should be revised to provide more detailed-
background information on the resources and training required

to collect and .analyze data;

The IFG computer manual.should be revised to include a variety
of sdmp]e problems with an explanation of the iterative process
for solving them. .Examples of outputs, interpretations of

results, and sample computing sessions should also be provided

(Newcome 1980);
The IFG should thoroughly test its computer programs and
procedures on all computer systems having the IFG software

(Newcome 1980) ;

IFG computer courses should be oriented towards use of all
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computEr systems capab]e'of‘using the IFG software (Newcome

1980); and

5.. The IFG should develop procedures for improving its capability
to communicate procedural changes to user groups (Newcome

1980; Amos 1981).

- Biological, Water Quantity and Quality Data

Instream flow related data on water chemistry, stage, and supplemental
biological conditions do not indicate the presence of any unusual con-
ditions in the study area. Additional analysis of these data are beyond
the scope of this study. Therefore, if additional funding can be secured
to evaluate the biological, physical, and chemical relationships which

are influenced by changes in disharge, it is recommended that:

1. = hydrographs illustrating average daily flows as a function of
time be developed for the Willow and Deception Creeks study

reaches;

2. water temperature and quality data as a function of time be

graphically illustrated;

3. graphics developed for (1) and (2) above be combined for the
same locations to illustrate the relationships between discharge,

water quality, stage, and temperature as a function of time;

4, fish species periodicity charts be combined with data from (3)
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above to illustrate the relationships between theAtimé of
occurrence of each life history phase of each fish species
present, and discharge, water quality, stage, and temperature;

and

5. éir temperature data be graphed and compared with water quality

data from (2) above.
WUA Calculations

The hypothetical WUA calculations for the middle Willow Creek reach
presented in thfs report demonstrate the variability which can resh]t
from applying habitat suitability data collected for different stocks of
the same fish species at different locations and times to the same sets
of hydraulic data. They demonstrate also that the use of a particular
calculation procedure will influence the WUA output. This variability
illustrates the comp]exity of data acquisition, analysis, and interpre-
tation, and emphasizes the importance of both understanding how to
select and interpret a particular calculation, as well as insuring that
habitat suitabi]ity data external to the project apply to the system

under question.

Supplemental Biological, Water Quantity and Quality Study

Biological, water quantity and quality data collected from the Peters/Purches

Creeks and ADF&G/USGS sites do not indicate the presence of any unusual
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“conditions in the study area. Ana]ySiS of these data is beyond'the

scope of this study.

-94-



CONCLUSIONS




o3 0 U

' CONCLUSIONS

Criticisms 1n‘this report.are intended to be constructive. Overall, the
authors believe the Incrementa],Methodology is the best approach available
for determining instream flow kequirements when sufficient resources‘to
collect and ana]yzé the required information are on hand. The IFG has

done a commendable job in developing this methodology, in light of their
present budgetary constraints and the 1afge number of user groups requesting
their assistance. Alaska and other states will continue to benefit from

the perpetuation of the IFG as a national clearinghouse for state-of-
the-art instream flow techniques and as a central information source '

for all instream flow related studies.

To insure that land-use activities are planned and implemented with

minimal degradation to the fish and wildlife resourcesvwithih the study

-area, the authors recommend that:

1. a follow-up comprehensive IFG Incremental Methodology instream

flow study be. conducted over a 2-year period to:

a) Dbetter define and/or identify seasonal life history
habitat requirements of selected fish species in

Willow and Deception Creeks; and

b) recommend and file for an instream flow reservation

to maintain the existing fishery values; and

2. alternative instream flow data collection and analysis techniques
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described by Ott and Tarbox 1977; Fraser 1975; Orsborn and
Allman 1976; Stalnaker and Arnette 1976; Smith. 1979; Tennant
71975; Orsborn and Watts 1980; and Orsborn 1981 be tested on
Willow and Deception Creeks to evaluate theﬁr advantages and
disadvantagés as alternative approaches to the IFG Incremental

Methodology approach for determining instream flows.
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Appendix A..

STREAM SURVEY FORM
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&<

at waler mw*\cef\ b\; a\am@-( droo Lo vore .

Surrounding Country Ome»\ 0\‘6(1&\ VQH'Q\I VJ/ hun\maoks Oi Y‘moé‘)

and enget ) 3" 3‘nm‘ns

. Spawning Area Wa'é &m*a ‘C(.ﬂr 'SCL\‘N\M\ \‘31- rata 5C .:5“?/-‘, vqurg\c :

Sq\as*\*a% sj2e, (€ iasx@ \

Disch_arge 4{3 O-S o Map Location Ahc\nqmm 0’7 AlNMaiwib B CP;

Pools and ,‘Shel».te.r

a.. Size 'qubﬂ '(‘ﬁf\@\fﬂf ‘.:CVO"Y\ ?"7/ \pldlcd-. 31.‘3‘/ dCt? -

b. Type__ Moot 0001 -Ccrwvr‘ N ack ot Jarce - Dogldere
’D\m«*{*{“\ f‘*«r*\_ "JV‘Y"’ ‘“‘(‘LLL

c. Frequency, (\ac) / hﬂ— Catios \/ 1o - \f‘\%@}\_ <hreana Bed

O\T"aA ?{\JC'

Bottom Type . L-c:m\e~ badf(ar&d u_;/ f‘aoics > )0 Mo/ Some  sg rv/ ?mm Oe}

Shade- ﬂr’ar pd < el w{ doorie. SYTVLIVA \)\/ b\QM\Ioocr\nmm\m\rm‘ka-\wc«g

Chemical- Analysis - l\// \Q»

Dissolved Oxygén

.. Temperature

Conductivity

rodes



Appendix: “ARc i, 7,

Stream: pdr’crs C\”‘an

STREAM SURVEY FORM

. vIndexr; Aréazgkr Cr _ﬂ: ) Date Y/QA‘&3/77

Average Stream Width 30

Y
~__Average: Stream Depth .0

’D/kb Scuera,f JMQU bCrm r"irrtmm\ mars Nes

Tributa_:ieAs‘ Present -‘f“Luoof A C;-ﬁ.b

Dams. and Obstructions No'da\ms (e 1a)

Immediate Shore S'}CED shave o I+\(\ Duer\\ahamg (_Ql//ow S}wm bs < Mms«mScf‘ Lo

\wsrrwfmw Crfe'fa|+‘n0w\r\ }\0,5 Same )am«: rOC}cs. ]

: \1\-\-€‘r‘m s(or{ mN-\f\ o\[‘nuﬂs :}-c('(:\"u) iC{Y\(( har‘s
Surrounding Country_{ éamc oper UQH@\/ w/ Co#anuoo(( a-cccafszgm \,gj;a»«g« Q{*;Q gg‘

Lo | f<«,f\.r!»f,-'}‘f? bof\ fo’a‘ i

{V wne rnc e \Dr'mnr VA S
1

Spawning Area LCL’/‘(\& S lOs\tm ( 71()” \ S Neoym e fon s %?!3'\,4.,{/”%”{‘:
nf.f\l_‘rr“;n 4o Clb{\.(\\.x‘wz* O[<F\Q(J)V\ e TS0,
. - - — — _ _
?
Discharge. D,/ / Q Map Location

Pools and Shelter

3 4o

| ’ |
8. Size S3caon |~ 3 m~deoba

widdin A 8]

b. Type__Fovened \3#4."fareée. 'ho@l({pnf in streana / Rends in veam

1/

)y Iy {
c. Frequency CQaj fpolile, (ovig s

Bottom Type_Lriree rocke (7{0”) d(,obh\cs ‘/0 ';_Sﬁ'/(saw,dsag\raueis_ 1 n Qools
shade_Sh ol ¥he <dfrora was S hoded Dv ouerhanains I ronhs o Shrchs.

A

Chemical Analysis

A N

Dissolved Oxygen 10.76 ™ i / i‘»-a(\:l; .
9°C

¢

pH

Temperature

N , o
Conductivity. AT enansslows
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Appendix A.

STREAM SURVEY FORM

Stream OC‘\'CV& CITQQL — | Index A:ea;x-DC*ff& Cr. ILT- __Date 8/ 33/ /7 ‘

Ave:age; Stream Width Lf OL\- — Average: Stream Depth ].5 -C'f

2 ' . .
Tributaries Present 5CVCY‘\ ™le Creew o DCUCTCJ émal } SPTINGS T 8C2ns Qrg\m,i‘ﬂa_ Fé}\ej v

Dams and Obstructions ot 6\)7'(16\{1‘1’ O\ PC‘HB thf_k,s ey ;-“)'%m\ Q,“\(C\o ,bou fc{t(rs

Imediate Shore L med by willow Shrulos svariwas sedses sargsses w/ splce stands
Wt u N T

@muc‘ hars woere euldendt o/ ]ow wu\—fr

Surrownding Country_ Orom outo a CJ\\qum Uqllu/ into o bfoed spuce

UQ\(t\-/ L,u._/ NUMNErows .\’Dcauer CIG*M\ Al ™a f"éhfé.

Spawning Area G‘(ﬁ& Sm%an Qc»r sO&u»V\mv\ W] a wtda [anac, c*[

Q\.&bﬁ‘("‘(d—g Q‘n/\ ) uf(c Q*fch

Discharge 7(ﬂ Cf—S _ _ , Map Locatlon‘ QV\C\Y\orac)c D-¢ B\ONOAWWDC_@Q

Poo'_ls,_ and Shelter

a. size_Qocls No w lder +\\aw.c\r~a ozl o wo do TE in depth

bs Type Fovnerl \"N Devds in e Streans cnd la‘fgt-{rdcft.s

S (‘\e_crcow m(‘a/'/m*f's

c. Frequency por)| {/\'L\L\L _quvs S0/ sn

Bottom Type_Y 1070 Cobhles (1-7™) d0h wands 10% 7'+ .
shade_d0% 6L Stream SVudal by 0vertnane $pfuce o= Shrubbery
. f ~ — -

Chemical Analysis

i MO

Dissolved Oxygen

Temperature

Conductivity
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Appendix A.

STREAM SURVEY FORM

Stream YeT ERS c?—€§ K . Index Area m _ Date 7//@/79
Average Stream Widg;}n “ 5 ‘,Qz'ﬁ ____Average: Stream Depth 2 Lot

Tributaries. Present A Qeu- Ve S‘MaH /L/CCJ Seen S O(!falwfnq OOQS
’ * 7 z

ﬁams and Obstruction-é /\} m S /’l«kw\ S -/’L—QA/W

Immediate Shore )’/V\e_qud/\/c\— L\\c\\/\. ‘OM\‘/S owu—)\ a vreart\ e dout

o M.Q.G\/v\cul\,\wq d/\ S‘\\/\QQ\M

Surrounding Countzry S@ Cvce a&,\,c) Ceiwwaoc} G\,\faujx»\,a\ oA Mcc,l—w\&‘Lty
L i i
_}.\_\\\x«\' Yecrein |
\
. !
Spawning Area /cn“aa ,\S‘U,O S‘rlff&d@ Qo MJC C‘pur\i SNL X .'-*’iuﬁ .

)
Qromckw\o\ lHo_ S DeLuN (s CIN I

Discharge L ‘77 O C-Cj Map Location 20802 w19 DDD

Pools and Shelter

- . ' oy |
a. Size 20 -235 $ea Wit | saed 3 ) ceer -CQQb

b. Tyﬁe”_ ’Jjo‘a"/,é ﬁwmed a‘l’ ba\,f:,L O’Q fc O'L‘Cfv\ L}Q'M 'Ad\ fév'téﬂ "

(ocXs o ab loends,

c. Frequency._ 2D =0 %y poasls
- F

Bottom Type .. /ana?ld ,océ's 7-/0" ocwnd boul ybafs . Sarno_ SMq\\er sobakbrate 1w

_ . Slomer ana«n awmol’ pa)o/s
shade____ Very il ' ' _
Chemical Analysis N / A

pH

Dissolved Oxygen

Temperature

Conductivity
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Appendix A.

STREAM SURVEY FORM-

Stream PC\Y‘CY‘OUVCY‘CE!C . ’ Index Aréa: p\t‘c‘naﬂcc!a I Date § jé Q'} 77

Average  Stream Width - 3«5- —C-\' Average Stream Depth _ l.3 -C-}

Tributaries Present V(SXUC\‘OQYT N C\(ﬁi\ﬁ\ Nurnerous MG lSPrine & dev s

Dams and Obstructionms __L_ cvee Douldrrs

Immediate Shore LC(P";C_, roﬁk} ;dc\(\ oY 5\\(‘(&\(}‘{\(1~\.{ W/Mojg & SI{C‘CS

Surrounding Country LU(A(' C:C{a UQ”*(\/ uo/ Vel *Cc’\.o ﬂDW_Cf, (Soc\:, \u/bwbtrr7

Oa\?(\ﬂfs o \nallirs =2 D\VCLD.S‘cS

Spawning Area \-Llou\({ \c\o‘f‘ \Oc,q\)cv:f 3god ﬂ@awhw\cﬂ C{rza \Dccauc, @-—

‘\T\(‘e, \C\\*d\?_, 3@(16"“(‘01'0 521:) C(V'\d O‘O&%&Q‘L‘nﬂ \f\ot.t/(f%s,

4Dis_char‘ge» . L'}O ef—g . : Map Location qv\c\ncrm\t D=7 3Nl wile BQ QQ

PooJ_.s and Shelter

a. Size S-104s e widin )'3‘&' 1n _C{CQ“A_\

b. . Type_FOfmed \y\; | l'arg{c: _' \Sau;l(‘fvs o ecbne end of q’\(wrt\ﬁ((»es;

c. Frequency pOQ(,/ rele ,‘Ca)&-{@ v \/ O

Bottom Type__ YN opsth, lorce (OCLS w/ gome. Stna ller cobble(l=5"!)  moss , Ssomme sand
i i v R i 7

. \ H
_Shade __ 20 fo b‘; aue e ains  SNCG ke v

—
Chem:.cal Analys is

s V/f

Dissoclved Oxygen

-Temperature

Conductivity
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Appendix A.

STREAM SURVEY FORM

Stream_TueeHES QQEEK. ____Index Area T Date ?/17 / 79

Average Stream Width uCH Qgi‘ Average Stream Depth /.5 {et

Tributaries Present np 16\'“\«(2 dribs  Seu ET"\\ S rm« // Creers a\\fawn;d,c‘ rmanshes.
F— =k CIEIEL-

Dams and Obstructions NQM‘L

Immediate Shore Sw /\\ql\ C\J{‘ /QAM!,J (-4 Cl-\ 4/\/1&1 Sene a v»uud\ !Oani

0"'\#“‘- W %A, _QA.V_'LL (‘L)fuﬁ‘l‘ SL°f+ b«mks WI‘H\ §LQF'\‘“ GU'ML\‘VP‘%M‘( b‘f\)&“\,

Surrounding Country Pcng! woack S gaa\ ac;wov_-n«a‘ Gro\/a__llg_gle(cl o
AMA Qm\u C\ * ‘

bl Voo ven o .w&Lu:

\

Spawning Area ?ossﬂo\-z. SDQ\A)V\M—G\ Gindon e lsuser nam*
J

Discharge boO :.Qs, .

Pools and Shelter

Map Location  Raew D-9 20M02 it DO 2

a. size___ /o' to steon. wable

2-= CL daop
l

b. Type_ r\»cs"-\k« C«Wﬁ’\ LQu \g_%cv\s ria C/\.QQQ;’\:‘ _ STre b.QLl:acJ
X beNIunn
c. Frequency = 4D Yo
Bottom Type ro\’s 37'( \/\HHR Sansoh & Q‘f“'\J—L\ kw ELLN-QQV\
Shade gm\—xa.\ <\ adg | 1N wseded anzah | J—-w apgan C,mQ£|SQ; A.lcoo'{'_

Chemical Analysis N ] )A\

pH

3 % @Q s{pqu‘wﬁi-k

Dissolved Oxygen

Teinperature

Conductivity
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Appendix A.

STREAM  SURVEY FORM ..

Stream (PU RLHES CQEEK Index Area I[: . Date. | ?‘/26/79

' Aﬁerage. Stream Width 2D Qiﬁ‘ . Average Stream Depth- 1.0 -(3{\
Tributaries Present M«m SM& ‘rucuLAmeS . ’0\6\9. (D¢ Cs\ ‘Uzlauwas
Dams and Obstructions \me on _vaean SLnec\/m, . Soemg o {a m. ‘L\f'ﬂu‘W\/u

Immediate Shore \ul)/o\u Shr&«\bsx OCCOblow‘\a_{'C{'rS; veluet i) bub °Y\d

Dcd(mssé r'ﬁosﬁ C_XTQ\SL’%

Surround:.ng Country G a,c—la.\ \r»\“.e\-z ‘\,\)‘\ \/\ Sj\aruu c\MA v LI \\ow ~“A\¢k¢LS

Soms bhras  oregent

\ \

Spawniﬁg Area C{Y‘C‘,’C( | \.(\.ch 6%‘*6»‘\_(\.\9 de!‘D:Mr\ It MX;% ‘LY‘Q.!*G’ = '['“!_\C‘L(t& [ar

_Q'

Discharge » , T\\//A . Map Location

& (}Ce \._L\r\(f\(b e .

N i

{

Pcols am_i Shelter

e
a. Size D¢ \N(((‘t_'(‘ \{’\(\a\(‘:‘x‘&t}troc,\;e Sdeeaon »xulc\.kl—\h \m\_c\v die ma:n\\_, A
) _ ) : :
Q=" in wodtn o =3 n ({?‘%P‘L\-ﬁ : _
“b.’ Type Qb\rn\o;o\ -\o\{ i @\/\o\{ _aMc,\' '\A?fqug" boO\Ae/‘S_ _Garod
Ok}Qf \'\O\Ma&.\\/\ﬁ oY N .
' S O .
c. Frequency 40 %/ nool - (D Ph 1 f[)c
%

_ ‘ - _ ——
‘Bottom Type :MG:‘;‘H\/ ¢ o..(’)\b{r’ =7 H L Some ,,amcr ?"Oclié S \hou}(}‘:/s present v/ ,S(z‘nC(]
{ ’ t ~ - 3 "

Shade

Chemcal Analysis

) . . .
?3 /o COLWN . Snynt QL\QOLL grow\ ou—u\\,\w/\ckw\a\ S ofUce éO\-eLbruS
\ : } - U 4\) : ‘, —

pH

N/%\

Dissolved Oxygen'
- -Temperature

Conductivity,
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Appendix B. -ADF&G/USES Site A

wa S . SOUTH-CENTRAL ALASKA
o . "5294bOS WILLOW CREEK'NEAR WILLOW . ’ e . P e
LOCATLON. --Lat 61°46'45", long 149° 57’44" in NE4SE% sec.3l, T.20' N., R.3 W., Matanuska-Susitna Borough, Hydrologic
Unit 1905000’, on left bank 0.7 mi (1.1 km). downstream from unnamed tributary, 5.7 mi (9.2 km) northeast of Willow,
and 6.9 mi (11.1 km) upstream from. Deceptlon Creek
DRAINAJF ARLA.--IGG mi? (430 rm?).
} WATER -DISCHARGE- RECORDS
PERIOD OF RECOR .--&une 1972 to current year;‘
GAGE.--Water-stage vecorder. Altitude of gage is-éSO ft (107 m), from topographic map.
REMARKS..--Water-discharge records gbdd.étcept those for Nov. 9 to Apr. 21, which are poor.
1979; gage height, 7.

EXTREMES FOR PERIOCD OF RECORD, -~-Maximum Jdischarge, 3,720 £ti/s (105 m’/s) Wa/ 28, 82 ft (2.384 m);

minimum daily, about 50 £t!/s (1.4 nd/s) Nov. 22- 25 1978.

EXTREMES FOR CURRENT YEAR. --Watxmum di scharge 3,720 £t3/s (105 m?/s) May 28, gage helght, 7.82 £t (2.384 m);
minimum daily, about 50. £t3/s (1.4 n?/s) Nov. 22-2S.

NTSCHARGE s IN CUBIC FEET PFR SECOND, WATER YEAR OCTORER 1978 TO SEPTEMRER 1979
. MEAM VALUFS

Sty ocT NOV DEC JAN FER MaR APR MAY- JuN due auG sEP
1 214 187 75 90 8 70 70 382 2530 8h4 200 222
2 26¢ 153 756 a0 78 7 66 434 2560 920 779 210
3 235 159 80 99" 74 6% 66 474 2020 1020 482 197
& 218 182 s0 90 76 68 85 484 1760 . -. 1080 610 196
S 226 190 100 LY 76 69 64’ S40 1R&0 . 1920 570 190
6 233 " 180 110 .90 76 . 49 64 585 2040 2140 620 185
7 224 168-. 120 90 76 A3 64 826 1540 1710 560 180
a 20 130 130 39 .78 AR hs 676 1670 1328 S60 179
s 225 190 135. 8s 74 68 64 595 1590, 1170 4R8 176
10 2146, 8S 130 AS 76 68 64 s0e 1760 1100 448 173
11 244 .75 130 85 76 65 a4 535 16an 1920 621 172
12 291 70 130 aS: 76 b6 64 560 1480 1250 393 170
13 272 85 130 &5 76 P 66 642 1320 1170 368 172
14 246 60 130 as 76 6 66 724 1150 1100 374 173
15 216 54 130 an 74 66 66 786 1100 1760 378 167
16 216 sh 120 1) 74 66 66 548 1020 1534 343 166
17 235 54 120 8n 13 69 68 A32 1000 1210 337 203
18 374 sa 120 ao’ 74 AR 12 ass 960 1280 327 485
is 283 + 82511200 - - 80 % DIESRE Y O > A 888 . 92R.: ‘1160 309 s10
20 258 52 120 A0 76 70 90 920 . ‘1000 SAs 294 912
21 239 52 115 an 72 75 110 1070 1020 1070 294 1100
22 2n sn- 110 RO 72 90 113 1110 984 993 267 758
23 185 50 110 a0 72 100 116 1140 1960 LEL) 255 676
2a 239 sa 100 80 72 100 129 1240 1970 840, 254 700
25 220 50 100 AQ 72 100 162 1390 1530 1240. 239 579
26 2i2 54 100 a0 70 as 157 1850 1980 1090 233 502
27 261 52 100 80 70 an 160 2310 1410 856 228 461
23 185 70 55 80 70 a5 180 3700 1160 7583 222 456
23 201 7% .95 30 — 82 23 2700 1010 730 728 409
™ 196, 74 ¥ 78 S 73 294 2140 - 880 633 255 378
n 179 —— as 78 - 75 -— 2160 ——— 920 233 —
TOTAL 7203 2726 3411 2586 208n 2374 2985 32693 4280 35772 12348 11047
MEAN . 237 90.9 110 83.4 . 74,3 75.0 99.5 1055 1430 1156 398 158
MAY 174 190 135 90 78 100 294 2700 2560 2140 800 1100
MiN 179 50 75 78 70 6 64 387 880 6RA 222 166
cFaM 1.40 .55 .65 50 .45 45 .50 Aa3b 8.61 A.95 2.0 2.22
IN. T 1.k P61 .75 +SA %7 .52 L67 7.33 9.61 8,07 2.77 2.92
AC-FT 14290 5410 6770 S130 4130 46190 5920 64350 AS040 70950 26490 . 21919
WTR Y@ 1379 TOTAL 15A067 MFEaN 433 MAX 2700  MTN S0 CFSM 2.61 IN 35.42  4C-FT 313500

NOTE. --Mo gage-height record Nov. 18 to Apr. 3.
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Appgndix B.

ADF&G/USGS Site A (cont.)»

. SOUTH-CENTRAL ALASXA .

15294005 WILLOW CREEK NEAR WILLOW--Continued

PERIdD OF RECORD.--Water year 1979.

PERIOD OF DAILY RECORD.--
: 'WATER TEMPERATURES:

WATER-QUALITY RECORDS

October 1978, April ta September 1979.

INSTRUMENTATION.--Temperature recorder since Oct. 5, 1978

REMARKS.--No record Oct. 10 to Apr. 4 and June 14-21 due to recorder or

clock malfunction.

EXTREMES FOR CURRENT YEAR.--

WATER TEMPERATURES: Maximum, 15.5°C July 3; minimum, 0.0°C

most days during winter period.

WATER QUALITY DATA, WATER YEAR OCTOSER 1978 TD SEPTEMBER 1979

STRED<

SPE= - CoLI~- coLI-
: CIFIC FORM. FORM: TOCOCCH HARD-
STREAM=  CON=- TOTAL. FECALy FECAL . HARD= MESS s
FLOW, BUCT=- OYXYGEN, IMMED, 0.7 KF aGa2 NESS NONCAR~
INSTAN=- ANCE PH TEMPFR- DIS-. (COLS. UM=uF (CoLs, (MG/L RONATE
TIME TANEOUS (MICRO- ATURE SALVED PER (COLS./ PER AS (4670
DATE (CFS) MHOS) (UNITS)  (DEG ) (MG/LY 100 ML) 100 ML} 100 ML) cacody CACOT
ocr I . . .
NSece 1700 238 75 6.7 5.0 2.6 Ké K6 <} 23 3
SOLINS
MAGNE -~ POTAS~ : CHLO=- FLUO- SILICA, SuM OF
CALCTUM SiuM. SQDIuM. SIuM, BICAR- SULFATE RIOF. RIDE, Bis- CONSTI-
DIS= D1S- RIS~ DIs- ROMATE Cat- DIS- 01s~ n1S- SNLVED  TUFNTS,
SBLVED™ SOLVED SOLVED SOLVED MG/ AONATF SOLVED SOLVED . SOLVED (MG/L NIs=
MG/ (MG/L (MG/L (MG/L AS [L V4R (MG/L (HG/L (MG/L AS SOLVED
DATE AS Ca) AS MG) AS' NA} AS K} HCO) 45 CO0Y  AS S04} AS CL) LR s102y (MG/L)
ocT
0Sces 7.0 1.6 4ot 7 25 " 2.8 649 o0 7.8 44
, NITRO- NITRO- HITRO- NITRO- NITRO- HITRO-
WITRO= GEN NITRO- GEN, NITRO=- GEN, GEMNeAMa  GEN.NHG  GEN,aM=
GF N NOZ2+NO3 . GENs AMMONTA GEMe NRGANIC  MONIA » + ORG. MONTA NITRO-
NQZ+M03 D1sS- AMMONT A DIS=  ORGANIC Nis~ ORGANIC SUSP. ORGANIC GEN,
TT0TAL SOLVED TOTAL SOLVEn TOTAL SOLVED TOTAL TOTAL NIS. TOTAL
(MG/L (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L {MG/L (MG/L {MG/L
DATE AS M) AS N} AsS N) AS N} AS ) AS N} AS N) AS N) AS N) AS My
ocT - . : . : .
05eee . . - 40T 0T 00 - 400 © «P9 Te28 - 7T W29 W0L: L oRA «36
. CHRO- - TRON.
NITRQ- : PHOS-  BARIUM. CADMIUM  MIUM, COPPER, IR0ON.. SUS=-
GENS PHOS- PHORUS « TOTAL TOTAL TOTAL TOTAL TOTAL PENDED IRON,
DIS~ PHORUS » DIS~ RECQOV- RECOV= RECOV= RECOV- RECOV~ RECOV=- NIsS~
SOLVED  TOTAL SOLVED  ERARLE ERARLE  ERABLE EFABLE EPABLE ERARLE = SOLVED
: (MG/Y, (MG/L (MG/L (UG/L (UG/L GHGAL (UG/L (UG/L UG/ (UG/L
DATE AS NI AS P) AS P} AS BAl AS €My . AS CR) AS Cu) AS FE) AS FF) AS FE)
ocy ) :
0Sess «35 00 +00 bt 1] 4] 3 149 &0 100
MANGA=-  MANGA- SFOI- '
LEAD. NESEs NESEs MANGA= MEQCURY SILVERs  ZINC, MENT
TOTAL TOTAL SUS=- MESE, TOTAL SELE- ToTAL TOTAL SENT~ nIS-
RECOV- RECOV= PENDED DI~ RECOV=- NTUMe RECOV- RECOV~ MENT o CHARGE o
ERAMLE FRAALE RECOV. SQLVED EQARLE ™TAL ERABLE ERARLE SUS- SUS~
(we/0L  (UG/L (UG/L (UG/L UG (UG/L (UG/L (UG/L RENDED BEMDED
DATE a5 PR) AS MM} AS MN} AS MN) 45 HSG) aS SE) AS AG) AS ZN) MG/ (T/DAY)
ncr
0Seen 2 0 a B! .0 o 0 10 2 1.3
K MON-IDEAL COLONY COUNT
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™

11
th

166

nay MaXx
1 ——
rd -
k) -———
& ——
S 1.0
P
7 1
R ]
9 1
1n 1
11 1.5
12 1e8
13 1.0
14 1.0
15 1.0
16 2o
17 2.
18 l.
19 2.
20 l.
21 1.
2?2 7.
23 2e
24 le
25 -
25 le0
2T ]
.28 2.0
29 1.5
3In 2el
3 -—
MOMNTH 240

YELR 15.5

‘Appendix. B.

MIM

APRIL

ADF8G/USGS Site A (cont.)

SOUTH-CENTRAL ALASKA

15294005 “WILLOW CREEK NEAR WILLOW--Continued

TEMPERATURE (DEG. C) OF WATER, OCTOBER. 1978

bAY

~ o

MAX . MIN. . DAY - . MAX MIN
5.0 - 4.5 8 5.0 4.5
4.5 g.00 9 5.0 4.0

TEMPERATURE (DEG. C) OF WATER, APRIL TO SEPTEMBER 1979

MAX

.

.
nasann

Sod P B W N o e

.
2ania

~oOTNE
e @ o

MAY

NNVNNNN NNNNN

« s u 8w
D2UD20D

WWWWwNw Ww N
o

MIN

TR )
SOUlNO

o

- —

¢ s e.0 @
DO 0WN

PR
=3 N RV /RV

DA G D

MAX T MIN T OMAX - MIM MaXx

JUNE JuLy
8.5 4,0 11.5 7.0 13.5
7en &0 14,5 8,0 14,5
7.5. 3.0 15.5 8.5 1S.0
2.0 4.0 15.0 9.0 15.0
9.0 4,0 11.5 . Al0 13.5
7.0 S a,0 7.0 12.0
7.5 4.5 10,5 7.0 11.5
8,5 5.0 10.5 7.0 13,0
11.0 4,5 11.5 R0 12.5
9.5 S.n 13,5 7.0 12.0
9,5 5.0 13.5 9.0 12.5
9.5 4.5 12.5 9.0 13.5
7.5 5.5 11.5 8.5 12.5
——- -—— 11.5 8.5 12.0
o ——— 9.5 3,0 11.0
-— ——— 10.0 8.0 1t.n
-— -— 1440 .0 12.5
-_— - 12.5 9.0 12.5
-— - 12.5 3.0 12.5
-— -—— 13.0 8.5 12.5
- —— 13,0 1020 13.0
13.5 6.0 11.5 9.0 14,0
11.5 6.5 11.5 8,5 15.0
1.0 6.5 11.0 9.5 15.0
9.5 6.5 1.0 9.5 14,5
Te0 . 8LS 12.0 . 7.5 14,9
7AS . . S.S 3.0 P RS I3.5
RS 6.0 13.0 9.0 13.5
10.0 6.0 13.0 9.5 1t.5
©12.5 6.0 13.0 1.5 10.5
V- -—- 11.5 9.5 in.s
11.5 3.0 15.5 7.0 15.0

iy
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NIN
auGHST

9.5
10,0
10.0

9.5
10.5

10.5
10,0
10.0
10.0
10.0

10.0
10.5
i0.0
10.5
10,0

10,0
10.0
11.0
10.5

DONVIdT JTND DO QUu2NS woIlo

MaX MIN
SEPTEMRER
10.5 7.
1.5 7.
1040 a.
10.0 7.
1.0 7.
10.0 7.
1.5 7.
11.5 8.
11.0 7.
11.0 n.
10.5 8.
1.5 9,
10.5 5.
10.5 9.
10,0 8.
9.5 7.
9.5 3.
A.5 7.
9.0 7.
8.0 7.
7.5 6.5
7.0 6.5
7.5 6.0
7.5 6.0
6.5 5.0
L 6uf 4.5
Al s.0
7.0 5.0
S.5 3.5
6.5 3.5
11.0 3.5
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ADR&G/USGS Site B

ANALYSES OF SAMPLES COLLECTED AT WATER-QUALITY PARTIAL-RECORD STATIONS

SOUTH-CENTRAL ALASKA--Continued

5294012 = WILLOW C AT PARKS HWY NR WILLOW ax

WATER QUALITY DaTAs WATER YEAR OCTNRFR- 1978 TO SFPTEMEER 1379

SPE~ CcoLI- STRERP-
’ . [~ {8 {4 FORMe T6COCCT HAAD=
STREAM=  CON= FECAL,  FECAL, . HARD= NESS
FLOWo DUCT- TEMPER- 0?7 XF AGAR  NESS NONC2R~
INSTAN=-  ANCE BH ATURE s TFMRER~  UM=MF {COLS. (MGsL,  RONATE
TIMNE TANEQUS . (MICRO- AR ATURE (COLS./ PER AS {MG/Y,
QATE {CFS) MHOS Y (UNITS? (DEG CY (NEG €3 100 ML3 100 ML) cacod) CACO3)
Jut, . .
FL YT 1850 1040 S& S0 1S.0 11.5 S3 K16 20 'S
MAGNE~ - POTAS= CMLO~ FLUD- STILICA.
CALCTIUN: SiuMe SODTUMe SiuMe AICAR- SULFATE RIDE,. IDE, NIS~-
BIS~ DiS~ 018~ 01S~- BONATE . (2R~ 015~ DS~ OIS~ SOLVED
SOLVED SOLVED . SOLVED SOLVED MG/ ANATE SOLVED SOLYED SOLVED (MG/Y,
(MG (MG/L {MGL MG/L AS (MG/L (MG, (MG/L MG/ AS
DATE. AS Ca) AS 4G) AS NA) A X) HCON as CO03)- A5 S04 AS CL2 AS F) . §102)
Juy .
28400 8.1 1.1 2.8 o 19 0 19 e «0 4,9
SOLINSs SOLIDSe MITRO= NITRO-
- RESTOUE - sums OF NITRG= . GENs NITAN- NITRO=" GENsAMo . PHOS=
AT 130 CONSTT= GENe NO2+NQ3 GEN« GEN. MONLA » NITRO=- PHOS~ PHORUS»
NEGe € TUENTSe NO2+NO) OIS~ AMMONTA. ORGANIC  ORGANIC GENs PHORYS . DIS=
01S= 015~ TATAL SOLVED  TOTaAL TOTAL TOTAL TOTAL TOTAL SOLVED
SOLVED  SOLVED - (MG/L (MGAL (NG, (MG/Y, (MG/Y (MG /L (MG NG/,
DATE AMGAL) (MG/L) as N) AS NY AS N) A N} AS N) AS N AS )  , as &)
ELE
Places 33 i3 o1l «13 «01 12 13 26 <Nt a1
CHRO~ IRONe MANG A~
AARTUMs CADMIUM MTlUMe CORPER, TRON, SUS= LEAN, NFSE.
TOTAL ™TAaL TOTAL ToTaL TOTAL PENDED IRON, TOTAL TOTAL
ARSENIC RECOV~ RFCOV- RECOV= RECOV~ OECOV- RECOV=- DIS=- RECOV~ RECOV=
™mrAL €RABLE E948LE ERABLE ERAARLE FRABLE ERABLE SOLVED ER4RLE FRABLF
tuG/L uG/L UG/t (UG/ZL UG/, (UG/L (UG/L (UG/L G/ (UG/L
. - OMTIE ‘88 4S)  -4S-BA)  as CO». a5 CR) A4S CID ' AS FE) . AS FE) ~ aS FE)  aS PAY | AS MN) |
e . .
2eee 2 ¢ 1 0 &2 260 1690 100 14 20
MANGA= SEDI-
NESE, MANGA= MERCURY SILVER.  ZINC. MENT
SUS~ NESE» TOTAL SELE- TOTAYL TOTAL SENl- . DIS=
PENDED OIS~ RECOV~ NIUM, RECOV=~ RECQv~- CYANIDE MENT, CHARGE »
RECOV. SOLVED ERABLE TOTAL FRABLE ~ ERAALE  TOTaL SUSe SyS=
(UG/L UG/ Gsa LG/ U/ tuG/L {NG/L, PENDED PENDED
SATE AS MN) AS NN) AS HG). AS SE) AS AG) AS ZN) Ag CNQ (MG/L)Y (T/DAYY
 2baoe [ 30 ol 0 0 &0 <00 & 17
611946151372600 - CAPPS . C NR TYONEKX Ax .
SEDL-
MENT
STOEAM= ~FOl= DIS-
FLOVS MENT CHARGE ,
INSTAN=  SUS- SUS~ -
TIME  TANEOUS  PENOED  PENDED
OATE {CFSY (MG/L)  (T/CAY)
ncT
16eae 1300 31 14 1e3 _
K NON-IDEAL COLONY COUNT .
*  LOW-FLOW PARTIAL-RECORD STATION

-111-.
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DRAINAGE AREA.--48.0 mi? (124.3 km?).

'PERIOD OF RECORD.--May 1578 to current year.

Appendix B. ADF&G7USGS. Site C

‘ SOUTH-CENTRAL ALASKA S 167
‘15294010 DECEPTION CREEX' NEAR WILLOW ° b '
LOCATION. - -Lat 61°44%52", long 149°55'59", in NEA4SEY sec.1l, T.19 N., R.4 W., Matanuska-Susitna Borough, Hydrologic

Unit 19050002, on right bank 0.5 mi (0.8 kam) downstream from unnamed tributary, 3.4 mi (5.5 km) east of Wiliow,
and 5.0 mi (8.0 km) upstream from mouth.

WATER-DISCHARGE RECORDS

GAGE.-—Wdter-stagé recorder. Altitude.of gageis 250 fr (76 m}, from topographic map..
REMARKS. - -Records good except those for period of no gage-height recerd, Feb. 9 to Mar. 28, which are poor.

EXTREMES FOR PERIQD OF RECORD.--Maximum discharge, 553 f£t3/s (15.7 m?/s) May 9, 1979, gage height, 6.22 ft (1.8296 m);
minimum, 14 ft3/s (0.48 m’/s) Sept. 10, 1979, gage height, 3.52 ft (1.073 mj. ’ -

EXTREMES FOR CURRENT YEAR.--Maximum-discharge, 553 £t¥/s (15.7 m*/s) May 9, gage height, 6.22 ft (1.896 =); minimum,
14 f£t3/s (0.40 m*/s) Sept. 10, gage height, 3.52 ft (1.073 m). .

DISCHARGE . IN CUBIC FEET PER SECOND. WATER YEAR OCTOBEd 1978 7O SEPTEMBER 1679
. MEAN VALUES

DAY ocy - NOV DEC JAN" - FER MAR APR uay JUN JuL aAUG SEP

1 27 34- 22 19 17 16 40 360 100 76 76 22
2 62 .35 26 19+ 17 16 4l 410 95 62 49 20
3 52 3s 27 19: 17 16 42 430 90 58, ss 19
4 40 a3 29 18 17 16 42 450 86 48 48 19
S 38 32 3n 18 17 16 42 440 84 129 &0 17
[ 37 31 k31 18 .16 .16 43 840 80 155 70 16
7 35 T30 31 18 16 14 43 450 75 145 55 16
L 40 28 39 18 16- 16 44 494. 749 95 58 16
9 40 26 30 18 16 16 44 S0l é8 {5 54 . 15
10 37 26 30 .18 B 18 18 46. 359 54 64 48 ) 1%
11 S6 22 30. . 187 16 15 48 347 60 53 45 15
12 1566 20 29 18 1A 15 - 48 359 s8 SS w2 15
i3 127 19 29 18 16 15 a7 361 55 T 40 16
S1s o7 17 29 17 16 15 Y 368 71 78 42 19
15 7 17 28 17 16 15 &7 385 56 319 g0 19
1A 52 16 27 17 16 15 47 354 50 288 4s 22
17 Se - 16 27 17 16 15 48 326 50 139 35 34
1R - 115 16 .26 17 16 1S 52 292 46 290 35 . 63
19 84 T 15 26 17 16 18 S4 274 44 234 32 79
20 646 15 25 17 16 17 58 268 6n 145 22 138
21. - = RIPRURER &2 - & S 16 . - N . 228. 67 106 19 264
22 -1 AR -1 .22 S 5 A (- T Y A 218 S3 C116 26 165
23 4A -15 22 17 16 50 78 219 42 132 26 .92
24 48 - 15 21 17 16 52° 88 242 36 a9 22 116
25 46 15 - 21 17 16 - S0 100 = 203 65 217 20 1le
26 44 17 21 17 i6 . %A 120 193 338 . 191 29 78
27 40 19 20 17 16 46 150 176 285 114 19 62
24 36. 20 .29 17 16 43 180 . 167 269 86 19 73
79 39 20 20 17 - 41 230 150 158 70 21 30
30 - 39 .21 29 17 - -— %0 300 130 108 62 29 63
31 33 -—- 19 17 -—- 40 ——— 110 —— 64 26 -——
YOTAL . 1730 653 7%0 543 453 781 2303 9701 2733 3853 1230 1651
ME AN S7.4 21.8 25.5 17.5 16,2 25.2 76.8 313 91.1 124 39,7 35.0
Max 166 35 n 19 - 17 52 300 501 + 338 310 - 76 244
MIN 27 15 19 17 16 15 - 40 110 36 48 19 14
CrSM 1.20 45 .53 <37 . 13 .53 1.60 - AJ52 1.90 2.58 .83 1.15
IN. 1.38 .51 .61 W42 T .35 61 1.78 7.52 2.12 2.99 .55 1.28
AC-FT 3530 1300 15790 1080 RQQ: - 1550 4570 19240 5429 7640 2440 3279
WTR YR 1979 TOTAL 26471  MEAN 72.5 MAX 501 MIN 14 CFSM 1,51  IN 20.51  aAC-FT 52510
-112-
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ADF&G/USGS S1te c (cont )

15294010

SOUTH CEVlRAL ALASKA .

WATER-QUALITY RECORDS

PERIQD OF RECGRD.--October 1978 to September 1979.

_PERIUD OF

WATER TEMPERATURES:
INSTRUMENTATION. - -Temperature recorder-since October 1,

REMARKS.--YNo record October 23 to May 6 and August 1-8,

DAILY RECORD.-- ’ :
October 1978 May to: September 1979, "

temperature at sensor within 0.5°C.

EXTREMES FOR CURRENT YEAR.--

WATER TEVPERATURES:

197&.'

due 'to. recorder malfunction.

DECEPTION CREEK NEAR WILLOW--Continued

WATER QUALTITY DATA., WATER YEAR OCTORED 1978 TO SEPTEMBER 1979

Maximum, 17.0°C July 3; minimum, 0.0°C on many days during winter period.

Records represent water

SPE- coLl- CoLI~ STREP-
CIFIC FORM, FORMs  TOCOCCI HAON-
STREAM=  CON- TOTAL, ~ FECALs FECAL. = HARD- NESSe
FLOw, pueT- TEMPER= OXYGENe  IMMED. 0.7 K7 AGAR  NESS NONCAR=
[MSTAN=. = ANCE PH ATURF+ TEMPER- nIS=  (COLS. UM=MF  (COLS. (MG/L.  BONATE
TIME  TANEDUS (MICRO- . AlR . ATURF SOLVER PER (COLS o/ PER a5 (MG /YL
DATE i~ MHOS)  {UMITS) (DEG C) (DEG €} (MG/L) 100 ML) 100 ML) 100 ML) CACO3)  CACNI)
ocT -
05.a. 1750 a0 -12% 648 -— 4.5 12.1 Klo X8 x? 36 3
Jut . .
26,04 0815 al aS 7.2 1440 11.0 19.2 -~ 120 x13 26, ]
SOLINS, SOLINS,
MAGNF - . . POTAS- RS CHLO- FLUO- SILICA. RESIDUE SuUM OF
CALCIUM SIUM.  SOOTUM. SIUMe - BICAR= SULFATE  RIDE, RIDE, DIS- AT 180  CONSTI-
0is- D1S- ols- N1S=  BONATE CAR~- n1s- 015~ DIS- SOLVED  DFG. € TUENTS.
SOLVED - SOLVED SOLVED SOLVED  (MG/L  RONATF SOLVED  SOLVED  SOLVED  (MG/L N1S- DIS-
(MG/L (MG/L (MG/L (MG /L AS. (MG/L MG/L (MG/L {MG/L AS SOLVED  SOLVED
DaTg AS CAY  AS MG)  AS NAY  AS K) HCO3) &S CN3) a5 §04) as CLy  AS F) S102) (MG /L) (MG/L)
ocT
G%a0s 11 2.1 19 l1en 40 0 2.3 8] el 11 A0 76
Jut
2haes 7.9 1.5 6.5 Y 32 n S.1 7.2 .0 10 63 55
NITHO- NITRO- NITRO=  NITRQ- NITRO- ALUM-
NITRO~ GEMy NITRO="  GEMe NITRO- GENe  GENyAMa  GENeaM=- PHOS= TNUM,
GEMy  NOPWNO3 GENe  AMMONIQ GENs  DRGANIC MNONTA ¢ MONLA »  NITRO= PHIS-  PHORUS.  TOTAL
NO2+803 NIS=- - AMMONIA NIS=~ ORGANIS  DIS- NPGANIC NRGANIC  GEN,  PHORUS.  NIS- RECOV~
~ TOTAL SOLVED  TOTaL SOLVED  TOTAL SOLVED  TATAL pisS.- TOTAL TOTaL SOLVED  ERABLE
- LAMGZL . MG/ LEMG/L. (MG/L. . (MG/L MG/ - (MG (MG/L - ©  (MG/L (MG /L (MG/1, (uG/L
DATE - AS.N) . T AS M) aS N) AS M) AS N)- AS N) a5 N) AS N) AS N} 45 °) aS Py’ AS ALY
ocT : i :
05... .05 09 .00 .03 .27 .27 .27 30 «32 W01 o1 RO
JuL :
Pheee .05 #01 .03 -— »28 - «31 - 35 .01 .01 -
CHRO= IRON. MANGA=  MANGA-
HARIUM, CADMIUM  MIUM,  CODPPFR,  [RON. SUS~ LEAD, NESE, NESF o
TOTAL TOTA4Y, TOTAL TOTAL TOTAL PENRED  IRON, TOTAL TOTAL SuUS-
RSENIC  RECOV~ RECOV-~  RFECOV-  RECOV-  PECOV~  RECOV~ DIS= RECOV—  RECOV-  PENDFD
TOTAL ERPARLE . ERAARLE  EPARALE  EPaRLE  ERAALE  ERARLE  SOLVFD  ERABLE  ERASLE  RECOV,
{UG/L tuG/L (uG/L neGse ts /L 6/ uG/L We/L . NG/L s/ NG/
DATE AS a5) A5 Ba)  aS €D) AT CP)  AS A1 a5 FF)  AS FE)  AS FEJ  AS PB) a5 W) AS MN)
ocT .
0Seed 1 o 0 0 3 © 3a4n - 210 0 SN R -
JUL : :
ELYNN 1 n 1 n 13 3”0 199 190 15 20 o
R . CarmoN, SENT~
PAMGS~  “EOCURY NICKEL. SILVERP,  7INC.,  CARSON, ORGANIC MENT
NESF T0TAL TOYAL SFLE~ TATAL TOTAL . ORGANIC  SUS- SENI- n1s-
nis- RECOV-  RECOV-  NIUM, RECOV-  RFECOV- DIS- PEMNED  CYANINE  MFNT,  [CHARGE.
SOLVED  ERABLE  FRAALE  TNTAL FQARLE  FRARLE  SOLVED ToTaL TOTaL SHS= 515
- (UG /L. . AUGAL (WAL .. . 0IG/L tuG /L 6L MG AL [V (MG 71, RENDED. . .RENNFD
nerg AS MM)  AS HG)  AS ND) as sf£) A5 aG)  AS 7a) AS C) AS ) A5 M) (45713 (T/DAY)
ngr .
05... 16 .0 1 [ 0 n [ 1.0 - 3 .32
I :
Zhens zo- a1 el 0 n 30 - - N . s 1.1
A NDN-IDEAL COLONY CDOUNT -113-
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DAY
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T MAX.
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Max
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- ADF&G/USGS Site C (cont.)

15294010 DECEPTION CREEX NEAR WILLOW--Continued
TEMPERATURE. (DEG. C) OF WATER, OCTOBER 13975

TEMPEﬁATURE (DEG. C) OF WATER, MAY TO

MAX:

R

) s 20 o @
2ouiaoun Qconua

.
usnun ounsoa

o .
=OW ONSNSNN PONIA U S WW

> ot
o 8 e 0

WPWWW WNNNN

MIN

)

DE@IRND ANV S
.
ool Tyuunnoo

—
.
(=]

coocoo  wmuowl

SOUTH-CENTRAL ALASKA.

DAY MAX
9 5.0
10 5.0

11 4.5

12 © 1.0

‘13 3.5

14 3.5

15 . -3.0

MAX MIN

JUNF.
10.5 3.5
in.5 9.5
10,0 8.0
11.0 9.5
12.0 9.5
12.0 10.5
10.5 9.5
11.0 3.5
17.0 9.0
120" 10.0
11.5 1040
11.5 9.0
11.5. 9.5
11.0 8.5
1.0 9.0
10.0 3.5
10.0 9.5
11.5 9.0
11.5 10.0
11.5 10.0
i3.0 9.5
14.5 10.0
14,5 11.0
13.5 11.0
11.5 ‘10.5 ¢
10.5 10.0
10.0 S.0
10.0 9.0
11.5 9.5
13.5 9.5
14.5 8.0
-114-

MIN

SRV R E RV R
rhounnooco

MAX

15.0
16.0
17.0

16.0
14.0

12,5
13.5

1440

14.5
15.5

16.0

- 15.5

13.5
13,5
12.0

12.0

l4.0
12.5

14,0

15.0

l14.0
12.5
12.5

12.5.
12.0°

12.5

13.0

13.5
13.0
13.0
12.5

17.0

SEPTEMBER 1979

MIN

TMAYX

MIN
AUGUST

-—
—
——

P e
ottt ot o
* e 0 s 8
ooooD

QOO VW
IR

e

bt b
Ao
.
usnoo

]
[«
.

vl

BT R G

cooouniun

MAX MIN
.5 . S1.5
0 2.5
.5 3.0
.5 3.5
.5 2.0
-0 2.0
.0 1.5

MAX: 9IN
SEPTEMRER
10.5 8.
16.0° 7.
9.5 8.
10.0 7.
10.0. 7.
9.5 7.0
9.5 7.0
10.0 7.5
10.0 7.0
10.5 3.0
10.0 3.9
8.5 8.0
9.5 3.5
10.0 9.0
1.0 9.0
3.5 3.0
3.5 9.0
5.5 9.0
9.5 8.5
9.5 9.0
9.9 8.5
9.0 8.0
3.0 8.0
8.5 3.0
RS 7.0
7.5 8.5
7.0 7.0
7.5 7.0
7:5 5.5
645 5.0
S.0

10,5
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Appendix B.

Discharﬁe measurements made at loﬁhflow-partial;recqrd stations during water year 1979--Continued

Station No. Station name
15241570 Ninilchik River
o tributary 3 near
Ninilchik
15241590 Ninilchik River

tributary 3 at
mouth near
Ninilchik

15242080 Crooked Creek
near Clam Gulch

#15242100 Crooked Creek
near Kasilof

-%15285000 Wasilla Creek
‘near Palmer

#15290200 Nancy Lake
tributary near
Willow

#15294002 Willow Creek at
Hatcher Pass
Road near Willow

EEZ{Fc:,_I>

- #15294007 Deception Creek
M above tributary
near Houston

Base flow.

0o ¥

ADF&G/USGS Site D

Location
" South-central Alaska--Continued

Lat 60°05'27", long 151°19°'44", in SW4
NW% sec.15, T.1 S., R.12 W., Kenai
Peninsula Borough, 100 ft downstream
from unnamed right bank tributary,
and 12 mi east of Ninilchik.

A}

Lat 60°03'26", long 151°32'48", in SW%
SE% sec.29, T.1 S., R.13 W., Kenai
Peninsula Borough, 300 ft upstream
from mouth, and 4.0 mi east of

- Ninilchik.

Lat 60°08°'16", long 151°10'30", in SE%
NW% sec.34, T.1 N., R.11 W., Kenai
Peninsula Borough, 500 ft downstream
from unnamed left bank tributary, and
9.8 mi southeast of Clam Gulch.

Lat 60°17'50", long 151°16°'20", in NE%
sec.1, T.2 N., R.1Z W., Kenai Penin-
sula Borough, 50 ft downstream from
culvert at 01d Sterling Highway, 1.8
mi upstream from mouth, and 6.5 mi
southeast of Kasilof.

Lat 61°38747", long 149°11'45", in SW%
sec.13, T.18 N., R.1 E., Matanuska-
Susitna Borough, 60 ft upstream from
culvert entrance on Wasilla Fishhook
Road and 4.1 mi northeast of Palmer.

Lat 61°41'17", long 149°S7'58", in SE4SE%

sec.34, T.19 N., R.4 W,, Matanuska-
Susitna Borough, 10 ft upstream from
_ culvert at Parks Highway, 0.3 mi up-

stream from mouth, and 4.5 mi southeast

of Willow.

Lat 61°45'49", long 149°40'54", in NEX%
SW% sec.5, T.19 N., R.2 W., Matanuska-
Susitna Borough, 0.2 mi downstream
from old bridge crossing, 2.5 mi up-
stream from Peters Creek, and 12 mi
east of Willow.

Lat 61°41'48", long 149°46'19", in SE%

NW4% sec.35, T.19 N., R.3 W., Matanuska-

Susitna Borough, 0.2 mi upstream.from
unnamed left bank tributary and 4.8 mi
northeast of Houston.

See analyses of samples cplleqtéd at miscellaneous sites.
Also crest-<stage partial-record station, .
Published in miscellaneous measurements table.

-115-

Drainage Period
area of
(mi?)  record

22.7 1978-79

56.8 1978-79

21.9 1978-79

53.8  al951-52,
a1973-77,
1978-79

16.6 al954-55,
1971

al976-77
1978-79

8.00 1978-79

0.1 1978-79

17.9 1978-79

Water going into ice and channel storage; measurement does not represent basin yield.

277
Measurements
Discharge
Date (ft3/s)
10-11-78 7.7
11- 8-78 5.3
1-10-79 5.6
3-13-79 b2.1
4-18-79 9.4
5- 2-79 40
5-16-79 26
$-31-79 9.4
6-14-79 bS5.2
7-19-79 7.8
8-15-79 5.2
10-11-78 - 33
11- 8-78 c9.0
1-11-79 26
3-14-79 b20
4-18-79 47
§- 2-79 164
$-16-79 74
5-31-79 41
6~-14-79 b24
7-19-79 28
8-15-79 26
10-11-78 25
11- 8-78 c7.2
1-10-79 21
3-13-79 b21
4-18-79 23
S5- 2-79 45
§-16-79 26
5-31-79 23
6~14-79 b19
7-19-79 22
8-15-79 19
10~ 9-78 80
11- 7-78 40
1- 2-79 33
3-12-79 b30
4-16-79 96
4-30-79 155
5-14-79 81
5-29-79 . S1.
:76-13-79 bd40
7-18-79 51
8-14-79 36
§- 7-79 96
5-24-79 49
5-31-79 50
7-16-79 72
10-17-78 7.6
10~ 5-78 72
10- 5-78 16
7- 3-78 28
7-24-79 31

b

b
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Appendix B.

ADF&GAUSGS Sites E and B
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278 Discharge measurements made at low-flow partial-fecord stations during water yg#rr1979--Continuedcb
’ ' : ) L. R ‘ Measurements
Drainage: Period
o area of Discharge
Station No. Station name -Location (mi%)-  record Date (£t3/s) -
South-central- Alaska--Continued
. #15294008 Deception. Creek: * "Lat 61°41'40", long 149"46'21", in SEX% 8.89 1978-79 - 10~ 5-78 8.9
tributary near : NW4% sec.35, T.19 N., R.3 W., Matanuska- 7+ 3-79 10
Houston~ Susitna Borough, 0.1 mi upstream from 7-24-79 16
mouth: and 4.7 mi northeast of Houston.
#15294012° Wiilow Creek at Lat :1'46'03", long 150'03'48", in SW% 233 1978-79 11-14-78 €103
Parks Highway NE% sec.6, T.19 N., R.4 W,, Matanuska- 12-21-78 b161
near Willow Susitna Borough, at bridge at Parks 1-22-79 5139
Highway, 0.9 mi downstream from Decep- 3-29-79 164
tion Creek, and 1.7 mi northwest of 7-10-79 1,180
Willow. 7-24-79 1,040
: 8- 8-79 652
» 9-14-79 b20S
*15294025 MogsekCreek near Lat 62;19'%0"; long 1;0'26'30", inkNEk 52.3 . al972-75,  5- 9-79 596
: : alkeetna sec. 30 .26 N., R.7'W,, Matanuska- 1978-79 8- 1-79 34
Susitna Borough: at briége on Peters-
ville Road and 10.5 mi west of
Talkeetna. . )
*%15296554. ~ Thumb River near Lat 57°21'26", -long 153°59'41", in NW% 25.3 1979 10-18-78 327
. Larsen Bay SE4 sec.31, T.32 S., R.29 W., on 11-17-78 60
Kodiak Island, 600 ft upstream from . 1-23-79 63
inlet to Karluk Lake and 12.5 mi south 3-28-79 85
of Larsen Bay. - 5-19-79 151
. 6-27-79 118
8- 6-79 31
9-19-79- 24
. IR Yukon Alaska . ) B
15511100 Hopper Creek near Lat 64;53'33“} long 147‘24':2V§ Fairbanks 2.25 1978-79 8-13-79 b0.0002
Fairbanks North-Star Borough, in NE4NE% sec.30
T.1 N., R.2 E., at'downstream end of'
culvert on Chena Hot Springs Road, 2.5
mi upstream from mouth, and 9.5 mi
northeast of Fairbanks.:
15511500 Steele Creek near Lat 64°53'36", long 147°29'12", in SEX% 10.7  adl1967-74, 8-13-79 bi.1
Fairbanks sec.23, T.1. N., R.1.E., Fairbanks 1976-79
Notth-étar Boréugh, 8 %t upstream from
culvert at mi 4.5 on the Chena Hot
Springs Highway, and 7.5 mi northeast
of Fairbanks. :
15512500 Columbia Creek near  Lat 64°53'29", long 147°32'39", in SWh% £3.0 1976-79 8-13-79 b0.10
Fairbanks NESNE%E% sec.28, T.1 N., R.1 E., Fair-
L - . .- banks Nerth-Star Borough, at down-
~on " stream end of culvert at mi 2.6 on-
Chena Hot Springs Road, 1.0 mi up-
stream from Wigwam Creek and 6.1 mi
northeast of Fairbanks.
15514005 Isabella Creek near Lat 94433'10", long 147°40°'30", in NE%, £4.3 1976-79 8-10-79 b0.11
. Fairbanks NE%SE% sec.26, T.1 N., R.1 W., Fair- 4 8-14-79 b0.12
. banks North-Star Boro&gh, at down-
stream end of culvert at mi 1.0 on
Farmers Loop Road, 2.8 mi upstream
from-mouth and 3.1 mi north of
Fairbanks.
15514010 Jusilla Creek rear Lat 64°53'59", long 147°42'59'"™, in NE% £1.6 1976-79 8-10-79 b0.02
Fairbanks NW%SE% sec.22, T.1 N., R.1 W., Fair- 8-14-79 b0.008
banks North-Star Borough, at down-
stream end of culvert at mi 3.4 on
Farmers Loop Road, 0.5 mi upstream
from Creamers Field -and 3.9 mi north
7 of Fairbanks.
155140158 Grenac Creek near Lat 64°53'53", long 147°45'13", in SE% f1.3 al967-68, 8-10-79 b0.0S
Fairbanks gwﬁiEsteCAZé, T.é N., 2.1 w.é Fair- 1976-79 8-14-79 b0.06
anks North-Star Borough, at down- -
stream end of culvert at mi 4.6 on
Farmers Loop Road, 1.0 mi upstream
from Creamers Field and 3.9 mi north
of Fairbanks.
# See analyses of samples'collected at miscellaneous sites.
** Also-a continuous-record'station fot watér temperature.
* Also crest-stage partial-record station.
a Published in miscellaneous measurements table.
b Base flow. -
c Water going into ice and channel storage; measurement does not represent basin yield.
d Operated as a crest-stage partial-record statiom.
f Approximately.



Appendix B.

ADF&G/USGS Site D

300 ANALYSES OF ‘SAMPLES COLLECTED AT WATER-QUALITY .PARTIAL-RECORD STATIONS
. SOUTH-CENTRAL ALASKA--Continued '
15204002 - WILLOW C AT HATCHER PASS ROAD -NR WILLOW AK--Continued
WATER QUALITY DATA, WATER YEAR OCTOBER 1978 TO SEPTEMBER 1978
. ALUM o €HRO~ ’ MANGA=-
PHQS= INUM, BARTUM, - CADMIUM MIUM, GOPPER, IRON,- 1.EAD, NFESE s
PHBRUS, . TOTAL TOTAL  TOTaL ~ TOTAL  TOTAL . TOTAL IRON. TOTAL  TOTAL
o OIS~ RECOV-- ARSENIC . RECOV- . RECHV= _ RECOV- ~ RECOV=- RECOV~-  DIS=.  RECOV-  RECOV~
SBLVED = ERABLE TOTAL  ERAALE  ERARLE ERABLE ERABLE ERASLE = SOLVED FRABLE = ERARLE
(MG (UG/L H{UG/L {UG/L IG/7L (UG/7L UG/t - (UG/L uG/L tUG/L {UG/L
DATE A3 Py AS AL) AS AS)  AS BA) AS. CD) AS CR) AS CU) AS FE)  AS FE) . AS PRY  AS MN)
ocr '
05aes .00 S0 3 ) 0 0 3 110 110 1 0
) CARBON SEDI-
MANGA= MERCURY NICKEL.s . SILVEP, 7INC, CARBON, ORGANIC - MENT
NESE s TOTAL  TOTAL  SELE-=  TOTAL . - TOTAL ORGANIC  SUS- SEDT~  DIS=
DIS-  RECOV= RECOV-  NIUM, RECOV-  QECOV- 0IS=  PENDED . MENT,  CHARGE,
SOLVED ERABLE = ERABLE  TOTAL ~ FERAALE ERABLE SOLYED  TOTAL  SUS= SuS-
(UG/L WG/L UG/L (UG/L (G ' B/ (MG/L (MG/L  PENDED  PENDED
OATE - AS. MN) AS HG) AS NI} AS SE) AS AG) AS ZN) AS ©) AS ©) (MG/LLY {T/0AY)Y
P . ocr o . . . )
05eve 40 o0 R T o o - ) 100 o5’ 1 .19
D - #15294007 - DECEPTION C AR TR NR HOUSTON AKX
SPE= COLI- - cOLI-  STREP- .
cIFIC FORM, = FORM, - TOCOCCI HARD=
STREAM=  CON= TOTAL, FECAL., FECAL» MARD= . NESS.
FLOW,  DUCT- TEMPER=~ OXYGEN.  IMMED. 0.7 KF AGAR~ NESS  NONCAR=-
INSTAN=  ANCE PH ATURE, TEMPER=  DIS=  (COLS.  UM=MF  (COLS. (MG/L  BONATE
TIME  TANENUS (MICRO=~ AIR ATURE ~  SALVED  PER (COLS.”  PER as {MGIL
DATE (CFS)  MMOS) ~ (UNITS) (DEG €) (DEG C)  (MG/L) 100 ML) 100 ML) 100 M) CACOD) = CACO
ocT .
05e.s 09460 16 120 6.9 -— 3.5 13.0 x36 K22 K2 34 3
JuL. '
6. 1345 1 89 7.6 16.5 12.0 10.3 . - K6 25 2
: SOLINS, SOLINS,
MAGNE = POTAS~ CHLO- FLUO= SILICAs RESIDUE SUM OF
CALCIUM  SIUM» SODIUM, SIUMs BICAR= SULFATE RIDEs  RIDE, DIS- AT 180  CONSTI-
. DIS~. . .DIS= - DIS=. DIS- BONATE . CAR- . DIS- Dis- . DIS=  SOLVED DEG. C _TUENTS,
SOLVED™ ~ SOLVED SOLVED  SOLVEN- ~ (MG/L ~ BONATE - SOLVED SOLVED  SOLVED  (MG/L 01S- DIs-
MG /L (MG/L (MG/L {MG/L as (MG/L (MG/L (MG/L (MG/L AS SOLVED - SOLVED
DATE AS CA) AS MG) ASANA) AS K} HCO?) AS CO3) AS S846) AS.CLY as M) S102y (MG/L) (MG/L)
ocT X ' N ’ ’ . -
05... 16 2.1 12 1.1 37 ) 2.3 22 .0, 11 a1 79
JUL
24.., 7.5 1.4 7.0 .7 28 0 6.2 8.6 .0 9.9 . A3 s6
NITQ0- MITRO= NITRO=- NITRO=- NITRQ— ALOM-
NITRO- GEM, NITRO= . GENs NITRO=- GEN, GFNeAM= GEN+AM- PHOS- INisM o
GENs. NO25NO3  GEN. _ AMMONIA& ~ GEN, ORGANIC MANIA + MONIA + NITRO~  PHOS= PHORUSe  TOTAL
HO2+NO3  DIS= AMMONIA . DIS- ORGANIC  DIS- ORGANIC ORGANIC'  GENe PHOSUS. DIS- RECOV~-
TOTAL  SOLVED  TOTAL  SOLVED  TOTAL SOLVED  TOTAL  DIS. TOTAL  TOTAL  SOLVED  ERAALE
{MG/L (MG/L ©{MG/L {MG/L {NG/1L MG/, (MG/L, (MG/L (MG/L MG/ (MG/L {UG/L
DATE AS N} AS N) AS N) AS M) AS N) AS N} as Ny AS N} AS N} AS P?- AS M) AS AL)
ocT ' ‘ ,
054e. .04 <06 .00 .00 .20 .20 .20 .20 .26 .01 .00 &0
JutL . .
26.a, .37 .10 .01 - .20 -~ .21 - .58 .00 .01 --
) CHRO- IRON. MANGA=  MANGA=
GARIUMe CAOMIUM  MIUMs  COPPER.  I90N, SUS~ LEAD, NESEs.  NESE»
TOTAL  TOTAL  TOTAL TOTAL  TOTAL  PENDED  IRON. ToTAL TOTAL Sus-
ARSENIC  RECOV- RECOV-  RECOV- RECOV- RECOV- RECOV-  DIS-  RECOV-  RECOV—  PENNED
ToTAL ERABLE  ERABLE "ERABLE™ ~ERARLE ~ ERABUE ~~ EPABLE ~ 'SOUVED -~ ERABLE -~ ERABLE-— RECOVs —-
. {uG/L (UG/L {(UG/L {uersL G/ tuG/L (UG/L {UG/L {UG/7L {fus/L . {uGs/L
DATE AS AS) AS BA) 45 CDY AS CR) AS CL) AS FE) AS FE) AS FE) AS PR)Y AS MN} 4SS MN)
ocT :
0Saee 1 0 0 ] C} 25n - 190 0 1} -
JuL :
240 as 0 0 o 10. 28 200 120 170 14 10 5
K NON-IDEAL COLONY COUNT . .
*  LOW-FLOW PARTIAL-RECORD STATION -1117‘_

k.o

h 4
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ANALYSES OF SAMPLES COLLECTED AT WATER-QUALITY PARTIAL-RECORD STATIONS

301

2 t} } o SOUTH-CENTRAL ALASKA--Continued . = .
15294007 - DECEPTION C AB TR NR HOUSTON AK--Continued
" WATER QUALITY DATA, WATER. YEAR OCTOBER 1978 TO SEPTEMBER 1979
: S . *  CARBON SEDT-
MANGA= MERCURY - NICKELy - SILVER,. ‘ZINC, CARBONs ORGANIC . MENT
NESE, . TOTAL TOTAL ~ SFLE= TOTAL -~ TOTAL . ORGANIC SUS= ) SEDT= - DIS-
BIS- - RECOV- RECOV~ NIUMy  -RFCOV=-. RECOV= DIS~ '~ PENDED. CYANIDE  MENT.  CHARGE,
. SOLVED : ERABLE -~ ERAALE  TOTAL: = ERABLE. . ERABLE  SOLVED - - TOTAL TOTAL . - SUS~ - SUS=
: (YG/L (uG/L (UG/L WG/L . (UG/L WG (MG/L (MG /L (MG/L PENDED  PENDED
. DATE AS MN) AS HG) AS NI) AS SE) AS AG) AS ZNY AS €) as ©) AS CNy {MG/L) {T/7DAY) .-
oCcT .
05.en ) .9 3 0 0 0 4.2 .3 - 3 .13
JuL - .
24vee: .5 ‘o1 - 0 [} 30 - - 200 3 425
F *15294008 - DECEPTION C TR NR HOUSTON AX’
SPE~- T coLY-  coLl- STREP-
CIFIC FORMs  FORMy  TOCOCCI HARN=
STREAM=  CON- . TOTAL, FECAL. FEC&L., HARD= NESS
FLOW, DUCT- TEMPER~ OXYGEN, - IMMED, 0.7 KF AGAR  NESS NONCAR=
.- INSTAN- AMCE PH ATUREy TEWKPERw NIS- {COLS., M= MF (COLS,. - (MG/Y BONATE
TIME TANZOUS (MICRO- ‘AIR ATURE SOLYED PER. (COLS./ RPER -3 {(MG/L |
DATE (CFS)Y MHOS) (UNETS) (DEG €)' (DEG €} (MG/L) 100 ML) 100 ML) 100 Mr) . C2C03) CaACO3Y
v T oeT o~ : co- s Tl X . - it . . :
0Sees 1115 8.9 150 646 - 3.0 13.1 K22 K28 Ke 37 3
Jut . - N .
264as 1430 16 40 6.7 15.0 11.0 - - K76 K8 28 3
SOLIDS. SOLINS
MAGNE~ POTAS- CHLO= FLUO- - SILICA, RESIDUE SUM OF
CALCIUM SIUMs  SODTUM, SIUM, BICAR~ SULFATE RIDE, RIDE, NIS- AT 180 CONSTI- -
n1s- pIS-  DIS- OIS~  BONATE car- DIS~- DIS- DIS-  SOLVED DEG. C TUENTS.
SOLVED . SOLVED SOLVED SOLVED (MG/L  RONATE SOLVED  SOLVED  SOLVED (MG nis=~ DIS-
(MG/L (MG/L (MG /L (MG /L as (MG/L . (MG/L (MG /L (MG AL s SOLVED  SOLVED
DATE AS CA} AS MG) AS NA) AS K} HCO3) AS C03) ‘A5 5G4} AS CL) AS F) $102) (MG/L) (MG /L)
ocT . .
05es. 11 2.2 14 1.1 41 0 2.0 24 .0 11 92 as
JUL
260e. 8.4 1.6 8.0° .2 30 0 4.9 9.1 .0 11 67 59
. NITRO- NITRO= NITRO=-  NITRO- NITRO- ALUM=
NITRO= GEN. NTTRO- GENe NITRO- GENs . GENsAM= GENj)AM- PHOS- INUM,
GENy  NO2+NO3 GENe  AMMONIA  GEN: ORGANIC MONIA « MONIA + NITRO= PHOS-  PHORUS,  TOTAL
NQ2+NO3 018~ AMMONIA. DIS~ ORGANIC DIS=- ORGANIC ORGANIC GEN PHORUSs  DIS~ RECOV=-
TOTAL SOLVED  TOTAL . SOLVED- TOTAL.  SOLVED  TOTAL JiS. TOTAL - TOTAL SOLVED  ERABLE
(MG/L (MG/L  (MG/L {MG/L (MG/L (MG /L (MGZL (MG/L (MG/L MG/ (MG/L (WG/L
DATE AS N} AS N) AS N) AS N) AS N) AS N) A5 Ny AS N} AS N} AS P AS Py AS ALY
ocT ] .
0540s .18 .15 .00 .01 .29 .56 .29 .37 .39 .00 «00 60
JuL
PP .26 .22 .01 - .04 - .05 - .31 .01 .01 -
. . CHRO= IRON. MANGA= MANGA~
BARTUMs CADMIUM  MIUMs  COPPER,  IRON, Sus=- LEADs.  NESE, NESE ¢
TOTAL TOTAL . TOTAL TOTAL  VOTAL PENDED * IRONs TOTAL TOTAL SUS~
ARSENIC RECOV- RECOV- RECOV=  RECOV~. ~RECOV~ RECOV-  DIS=  RECOV- RECOV-  PENDED
TOTAL ERABLE ERABLE  ERABLE  ERAALE  ERABLE  ERABLE  SOLVED ERABLE  EPABLE  RECOV.
(¥G/L (U6/L (UG/L (UG/L WG/ UG/ .. (UG/L (UG/L (UG/L UG/ (UG/L
DATE AS AS) AS BA)- AS CD) AS CRY as Cuy AS FE) AS FE) AS FE) AS PR) as ﬁN) AS MM}
T S . :
0Sees 1 [} a 0 3 300 - 230 1 50 -
SUL
25404 0 0 0 10 3 . 360 120 240 11 “0 10
. CARBON, SEDT~
MANGA~ MERCURY NICKEL, SILVER, ZINC, CARBON, 0ORGANIC HMENT
NESE , TOTAL TOoTAL SFLE- ThTAL TOTAL GRGANIC Sys- SEQI- DIS~
DIS-  RECOV- RECOV-  NIUMs RECAV~  RECOV~  DIS- PENDED.  CYZNIDE  MENT,  CHARGE,
SGLYED ERABLE ERABLE TOTAL ESaRLE ERABLE - SOLYED OTAL TOTAL Sys- SUS-
. MG (UG/L UG/ - (UGsL- SR P4 [§3{cP {ME /L. {MG /71 (MG/L- PENDED » - PENNED-
0ATE AS N AS HG) A4S NI} A5 SE) AS 4QG) S IN) AS T} AS C) AS CN) {MG/L) (T/704Y)
OCT
55eae 40 .0 1 0 ) 10 6.1 .7 - 3 .07
SR
26... 30 .0 - 0 0 2n - - ML) 7 .38
X NON-IDEAL COLONY COUNT
+ LOW-FLOW PARTIAL-RECORD STATION :
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ADFAG/USGS Site F

-ANALYSES. OF: SAMPLES. COLLEETED AT MISCELLANEOUS SITES

.7 SOUTH-CENTRAL ALASEA—_Conginued

6514446149551000 - UNNAMED TRIB TO DECEPTION C NR WILLOY AK--Comtinued

WATER QUALITY DATA, WATER YEAR OCTOBER 1978 TO SEPTEMBER 1979

. SOLINS, SOLIDS. NI1TRO-
POTAS= CHLO- FLUO-  STLICA, RESIDUE Su™ OF NITRO- GEN. NITRO=
SIyMs BICAR- SULFATE = RIDE, RIDE, n1s- AT 180. CONSTI- GENy  NO2+NO7J GENe
DI1S- BANATE - CAR= . DIS~-  DIs~ . nIs=- SOLVED = DEG, C TUENTS. MNO2+NO3 DIS~  AMMONIA
SOLVED {MG/L . BONATE SOLVED = SOLVED  SOLVED = (MG/L 0Ig- DIS~ - - TOTAL SOLVED - TOTAL
. (MG /L AS (MG/L (MG/L: (MG/L (MG/L. aS. SOLVED  SOLVED (MG /L (MG (MG/L
DATE a5 K) HCO3)  AS CO3Y  AS S04) AS CL) . AS F) S102) - (MG/L) (HG/L) AS M) AS Ny AS Ny
JuL
26,40 5 30 0 73 S.3 o0 11 70 S4 .05 <06 .03
NITRO= - CHRO~- IRON.
NITRO~ GEMsAM~ - PHOS~ RARIUMs CADMIUM - MIUMy  COPPER, IRON, SuS-
GENe  MONI2 + NITRO-  PHOS~  PHORUS. TOTAL TOTAL TOTAL TOTAL TOTAL | PENDED
ORGANIC ORGANIC GENs  PHORUS: DIS= = AQSENIC QFECOV= RECOV~- RECOV= RECAV- ~ RFCOV- RECHV-
TOTAL TOTAL TOTAL TOTAL SOLVED .  TOTAL EDABLE - ERABLE  ERABLE ERABLE  ERABLE  ERAALE
‘ (MG/L (MG/L (MG/L {MG/L (MG/L (UG/L {UG/L (UG/L (UG/L (UG/L (uG/L (UG/L
DATE AS W) S NY AS N) AS P} AS P) AS AS) a5 84A) AS CDj AS CRY.  aS cw) AS FE) AS FE)
Juk .
2boee «34 #37 s2 .02 «02 1 [ 1 10 17 - 69n 300
. MANGA=  MANGA=- : . ) SEDI=-
LEAD, NESE, NESE s MANGA= MESCURY SILVERs  ZINCs MENT
IRON+ TOTAL TOTAL SyS= NESE, TOTAL SELE- TOTAL TOTAL . SEDIs D1s-
018~ RECOV=  RECOV-~  PENDED 015~ RECOV~  NTUMs RECOV~ . RECOV= CYANIDE  MENT, CHARGE,
SOLVED = ERASLE  ERABLE. RECOV. SOLVED ERABLE - THTAL ERABLE ERABLE  TFOTAL SUS= SUS-
UG/ (UG/L  (UG/L (uGsL G/ (UG/L (UG/L (UG/L UG/ (MG/L PENDED . PENDED
DATE AS FE}  AS °8) AS MN) a5 MN) AS MN}  AS HG) AS SE) ~ AS AG) AS IN) AS . CN) (MG/L)  (T/DAY)
JuL :
2604a 399 9 30 in 20 oh 0 ] ] 00 10 .32
614251149585100 - LILLY C AB HOWLING DOG FARM NR WILLOW AK
'SPE- coL- coLl- STREP=
CIFIC FORM, FOQM, ToCoCCt HARD=~ MAGNE -
CON~ TOTaLs FECAL, FECAL,  HARD=- NESS.  CaLCIUM SIUMe
DuUCT- OXYGEN, IMMED, 0.7 Kf AGAR  NESS NONCAR~  0I%= DIS~
ANCE TEMPER= Nis=" (CNLS. UM=MF (COLS, (MG/L.  BONATE SOLVED  SOLVED
TIME {MICRO-  ATURE SNLVED PER (COLS./ PER AS (MG/L (MG/L (MG/L.
DATE MHOS) (DEG C) (4G/L) 100 ML) 100 ML) 100 ML) caco3y CACO3) AS CA} AS MG)
ocT . . .
17ese 100 60 2,0 12.4 - 139 83 71 28 L] 8.3 1.8
SNLINS. SOLINSS
POTAS- CHLO~- FLUO-  SILICA, RESINUE SUM OF
SODIUMs SIUMs BICAR- SULFATE  RTDE, RIDE, DIS~ AT 180  CONSTI-
oIS~ DIS-  BONATE CAR~- 01s~ nIS~ - DIs-~ SOLVED DEG, €' TUENTS,
SOLVED SOLVED (MG/L  BONATE SOLVED  SOLVED  SOLVED - (MG/L Dis- 018~
(MG/L (MG/L AS (MG/L (MG/L tMG/L (MG/L AS SOLVED  SOLVED
DATE AS NA) AS K} HCO3) AS C03) AS S04) AS CL) AS F) sio2) (MG /L) (HG/L)
ocT v ] . )
17eee 1.8 «J 27 [} 4.2 1.9 o1 9.0 56 41
. NITRO- NITRO- NITRO- NITRO-  MiTRO- s
NITRO- GEN» NITRO- GENs NITRO- GENs.  GEN+AM= GENsAM=
GENs  NO2sNO3 GENs  AMMONIA GENs  ORGANIC MONIA » MONIA + NITRO=-  PHOS=-
HO2+NO03 DIS=  AMMONIA 0IS= ORGANIC ‘DIS=  OPGANIC ORGANIC GEN,  PHORUS,
TOTAL SOLVED  TOTAL SOLVED.  TOTAL SOLVED = TOTAL DIS. TOTAL TOTAL
(MG/L (MG/L {MG/L (MG/L (MG tMG/L (MG/SL (MG/L (MG /L (MG/L
DATE AS N} AS N} - AS M) AS N) AS Ny AS M) AS N} AS N) AS M) as Py
ocY ) :
17000 .07 207 .02 «01 «53 43 55 bt 52 .01
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SPE- CoLI~-
CIFIC FORM, HARD=
STREAM~  CON=~ FECALe,  HARD~ NESS.
FLOWs nYCT=- TEMPER= OXYGENe - . 0.7 NESS NONCAR=
- . - .. INSTAN=- ANCE . . PH ' ATURE, TEMPER= 01§~ UM=MF  * (MG/L  BONATE
. CTIME  TANEOUS. (MICRO-. ATR: ATURE SOLVED:  (COLS.,: as. . (MG
DATE (CFS) MHOS) (UNITSY . (DEG. C)  (DEG C) (MG/L)Y . 100 ML) cACOYY  CACO3D)
Jut ) ) .
R2hens 1230 465 kk! 6.7 15.0 8.0 11.5 <1 13 2
. . MAGNE= POTASS - " CHLO~- FLUB~-  SILICA,
CALCIUM SIUMy. SODTUMs SIUMe BICAR= - SULFATE : RIDE..  RIDE, n1s-
DIs- DIS~- 01S- Nis=- BONATE CAR=. NIS=~ Dis-- NS~ SOLVED
SOLVEN" SOLVED SOLVED SOLVEN (MG/L -~ RONATE. SOLVED  SOLVED  SOLVED (MG
. (MG/L (MG/L (MG/L (MG/L AS MG/ (MG/L (MG/L (MG /L AS
DATE AS Ca} AS MG) AS NA) AS K) HCOM) AS CO3) AS SO04) aAs CL} AS F) $102)
Juk :
el 2bees. . . &6 b 10 s 13 0 4.3 .A .0 Se2
SOLINSs SOLINS, NITRO= . NITRO-
RESIDUE SuM OF NITRO=-. GENs NITRO-  NITRQ- GENjAM= PHOS =
. AT 180  CONSTI- GENe  NO2+NO? GEN, - GENs  MONIA + NITRO-  PROS~  PHORUS,
DEGe C ~TUENTSs NO2eNO3 DIS=  AMMONIA - GRGANIC ORGANIC GENy  PHORUSe DIiS=-
0iS- ‘DIS~ TOTAL SOLVEN  TOTAL TOTAL T0TAL TOTAL TOTAL SOLVEN
SOLVED  SOLVED (MG /L (MG/L (MG /L (MG/4 (MG/L (MG/L (MG/L MG/,
DATE (MG/L) (MG/L) 25 N) AS N} AS N) AS N) AS N) AS N) AS P) AS P
JuL )
2840w 19 23 T .08 <05 .01 .27 «28 «33 .00 .00
CHRO-~ : IRON, MANGA=
RARTUM, CANMIUM  MIUM,  COPPER, IRON, Sus- LEAD. NESE.,
TOTAL ToTAL TOTAL TOTAL JOTAL PENDED  IRON, TOTAL TOTAL
ARSENIC  RECOV-  RFCOV=  RECOV- RECOY- OFCOV-  RECGV- DIS= RECOV~  RECOV=-
TOTAL ERABLE ERABLE ERABLE ERABLE ERABLE ERABLE SOLVED ERABLE TRABLE
(UG/L (UG/L (UG/L (UG/L {UG/L (UG/L (UG/L (UG/L (UG/L (UG/L
DATE AS AS) AS 3A) AS D) AS CR) AS € &S FE) AS -FE) AS FE) aS PR) AS MN)
e . - X . ]
2leee PR ] 0 b 10 3 so 40 ‘10 - 29 [
MANGA=~ : i SEDE-
NESE» MANGA= MEPCURY SILVER.  ZINC, MENT
SUS~ NESE, TOTAL SELE- TOTAL TOTAL SEDI- 015~
PENDED  DIS- RECOV~  NIUM, RECOV-  RECAV~ CYANIDE  MENTs  CHARGE,
RELOV. SOLVED  ERABLE  TOTAL ERABLE ERABLE  TOTAL SuS- SyS=
(UG/L (UG/L (UG/L (UG/L (G /L (UG/L (MG/L PENDED  PENDED
B QATE = AS MN) AS HN) AS HG) AS. SE) AS AG) AS ZN) AS CN) (MG/L) {T/DAY)
JuL
-V 0 1 ol n 0 20 +00 4 S.n
614446149551000 - UNNAMED TRIB TO DECEPTION C NR WILLOW AK
SPE- cnLl-
CIFIC FORM, HARD= -~ MAGNE -
STREAM=  CON=- FECALy - HARD~ NESS,  CALCIUM STum,
FLOY, puCT~ TEMPER= 6.7 NESS NONCAR-  DIS- 0Is-
INSTAN~  ANCE P ATURE. TEMPER-  (JM=MF {MG/L  BONATE SOLVED  SOLVED
TIME  TANEOQUS {MICRO- AIR ATURE (COLS./ AS {MG/L (4G/1 (4G AL
DATE . (CFS) 4HOS) (UNETS)  (DEG €} (DEG C)} 10n ML) cACO3) CACO3) AS CA) AS MG)
JuL
L 1550 12 76 AT 16,9 13.0 94 27 2 8.0 1.7
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'ADF&G/USGS Site §

" SOUTH-CENTRAL ALASKA--Continued

614906149385000 - PETERS C BL PURCHES C NR WILLOW AK
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~ Appendix D.

Table 1. Thermograph data summary for Willow Creek lower reach, 1979.

0

5

5 .

Date High
08/03  15.

08/04 13.4
08/05 13.0
08/06 12.5
08/07 - 12.2
08/08 12.

08/09 12.2
08/10 12.0
08/11  12.

08/12 12.5
08/13 12.5
08/14 12.5
08/15 12.0
08/16 11.8
08/17 12.3
08/18 12.4
08/19 12.5
08/20 11.5
08/21 12.5

*Mean temperature (°C) is the average of the daily high and low over a 24 hour

Mean*
14.
13.
12.
12.
-12.
12.
12.
12.
12.
12.

.

2
8
3

[ S B %}

12.5

12.
11.
11.
12.
12.
11.
11.
11.

w

1.

0 4~ 0N

Low

13.0
13.0
12.5
12.0
12.
12.
12.
12.
12.
12.
12.
12.

11.
11.
12.
11.
11.
12.

(3]

oy s> O O o

“period from midnight to midnight.

**Equipment malfunction - 09/25 to 10/12.

oo Nl o O O O N oo

Date
08/22
08/23
08/24
08/25

High Mean* Low
13.8 13.0 12.2
14.9 14.2 13.5
15.4 15.1 14.
15.1 15.0 15.0

08/26-09/10

09/11
09/12
09/13
09/14
09/15
09/16
09/17
09/18
09/19
09/20
09/21
09/22
09/23
09/24*
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14.
12.
12.
12.
12.
12.
12.
12.
12.

NN NN 0 0O o o

11.
11.
11.1
10.6
10.6

f—

13.3
12.5
12.
12.
12.

w 00 ~N o

12.
12.1
12.2
12.0
11.4
11.0
10.9
10.6
10.6

12.
12.

12

12,
12.
1.
1.
12.
1.
1.
10.
10.
10.
10.

Sy Oy O O

8

equipment malfunction

2
2
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Appendix D.

Table 2. Thermograph data summary for Willow Creek middle reach; 1979.

Date
07/03
07/04
07/05
07/06
07/07
07/08
07/09
07/10
07/11
07/12
07/13
07/14
07/15
07/16
07/17
07/18
07/19
07/20
07/21
07/22
07/23
07/24
- 07/25
07/26

High
10.
8.
10.
10.
1.
12.
12.
12.
10.
10.
09.
10.
13.
12,
12.
12.
12.
10.
10.
10.
10.
12.
12.
12.

*Mean temperature
from midnight to

5
5
5

o o0 O ¢ o1 o0 O O O o Ww

o o W

w O w U o o o,

Mean*

109.0
07.8

09.4
09.0
09.8
10.1
10;5,
10.7
09.7
09.8
09.0
08.8
11.0
1.0
10.9
11.0
11.0
10.0
10.1
10.5
10.0
09.9
10.8
1.4

Low

07.
07.
08.
07.
08.

(°C) is the average
midnight.

- . L]
(53] (8] ol o [o0] w o w o) o w o (3, ]

. - . . . . :
o (3] w wW (3] (8] (8] (8] (8]

(8]

(8]

of the daily high and Tow over a 24 hour period
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Date AHigh
07/28  11.7
07/29  11.7
07/30  11.7
07/31  11.5
08/03  13.5
08/04  12.6
08/05  12.2
08/06  11.0
08/07  10.8
08/08 = 12.0
08/09  11.6
08/10  11.
08/11  11.
08/12  12.
08/13  12.
08/14 1.
08/15  10.
08/16  10.
08/17  11.
08/18 1.
08/19 11
08/20  11.2
08/21  11.0
08/22  11.8

DO O N0 DO O O O

Mean*

11

11.
10.
11.
11.
11.
11.
10.
10.
11,
11.
10.
10.
11.
11.
11.
10.
10.
10.
10.
11.
11.
10.
10.

.2

0 W O NO R W Y O 0O N Oy

[8)]

or O O

[ 1 B & 5

10.7

1.5

09.7
10.
10.
10.
1.
10.
10.
10.
10.

0o 0 O o O o O o ou

10.
10.

(8]

11.
11.
10.

N O O

10.
10.
10.
10.
11.
11.

o O O O o o

09.
10.0

I R S R G

ol

t_. [



Appendix D.
Table 2. (cbﬁtinued)

Date ~ High Mean* Low Date High Mean* Low
08/23 2.5 11.9 1.2 09/23 8.5 7.8 7.0
08/24 12.8 12.6 12.4 09/24 8.9 7.7 6.5
08/25 12.8 12.4 12.0 09/25 6.9 6.3 5.7
08/26 - 12.8  12.4 12.0 09/26 5.7 4.9 4.1
08/27 12.2 1.9~ 11.6 09/27 5.5 5.4 5.3
08/28 12.2 12.1 12.0 09728 6.0 5.8 5.5
08/29 4.1 14.0 13.9 09/29 6.0 5.1 4.2
08/30 14.0 12.0 10.0 09/30 5.0 4.6 4.1
08/31 10.0 09.3  08.5 10/01 5.3 5.1 5.0
09/01 09.5 09.3 - . 09.0 10/02 5.1 5.1 5.1
09/02 09.5 08.8 08.1 10/03 5.3 5.3 5.2
09/03 09.0 08.6 08.1 - 10/04 5.5 5.3 5.1
09/11 10.5 09.8 09.0 10/05 5.8 5. 5.5
09/12 09.5 09.5 09.5 10/06 5.8 5 5.2
09/13 09.8 09.7  09.5 10/07 5.5 5.1 4.8
09/14 | 09.9  09.9 09.8 10/08 5.0 5.0 5.0
09/15 09.9 09.2 08.5 10/09 6.0 5.6 5.0
09/16 08.8 08.4 08.0 10/10 6.0 5.6 5.2
09/17 09.0 08.9 08.8 10/11 5.8 5.7 5.5
09/18 08.8 08.2 07.5 10/12 5.5 5.0 4.5
09/19 08.3 07.9 07.4
09/20 08.4 07.4 06.5
09/21 07.0 06.5 06.0

7 09/22 09.0  08.9 08.8

*Mean temperature (°C) is the average of the daily high and low over a 24 hour
period from midnight to midnight.
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Appendix D..

" Table 3. Thermograph data summary for Willow Creek upper reach, 1979.

Date
07/08
07/09
07/10
07/11
07/12
07/13
07/14
07/15
07/16
07/17
07/18
07/19
07/20
07/21
07/22
07/23
07 /24
07/25
07/26
07/27
07/28
07/29
07/30

11.

*Mean temperature
from midnight to

High Mean*
09.5 09.4
09.3 08.9
11.5 09.6
12.7  10.9
09.5  09.0
09.0 08.5
09.7 09.1
08.5 08.0
09.5 08.6
1.5 10.0
1.0 10.1
1.7 11.0
1.7 11.3
12.5 10.6
11.5 11.0
09.5 09.3
10.0 09.5
10.5 09.5
11.0 09.5
11.0 09.8
11.5  10.0
11.5 10.2
5 1.0

09.
08.
07.
09.
08.
08.
08.
07.
07.
08.
09.
10.
11.
08.
10.
09.
09.
08.
08.
08.
08.
08.
10.

(°C) is the average

midnight.

Low

O W W TN O OO N oT W

G~

of the daily high and Tow over a 24 hour period
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Date
08/02
08/03
08/04
08/05
08/06
08/07
08/08
08/09
08/10
08/11
08/12
08/13
08/14
08/15
08/16
08/17
08/18
08/19
08/20
08/21
08/22
08/23
08/24

High
15.6
14.3
12.7
12.0
11.0
11.8
11.5
11.5
1.3
10.7
12.5
11.0

- 11.5

10.0
10.5
11.0
11.5
1.5
11.5
10.7
11.5
12.7
12.7

Mean*
13.
12.
11.

10.
12.
12.

2
7
5
9
2
0
0
.9
5
5
8
5
9
3
5
0

o o O

1

°
—

10.
10.
10.
11.
10.
10.
10.
10.
10.
10.
10.
10.
10.

09.

10.

10.

10.
10.
10.
10.

Low

o o W o o o O 0 O OO0 O O

o O O N O

o N

w

10.0

11.
12.




Appendix .

4 Table 3. (continued)

~ Date High Mean*  Low Date High Mean* Low

Af 08/25 12.7 2.2 1.7 09/25 6.1 5.0 3.9

- 08/26 13.0 "12,8 - 11.5 09/26 4.4 4.2 3.9

. 08/27 11.6 11.3 11.0 09/27 4.4 4.3 4.2

= 08/28 11.8 11.7 11.6 09/28 5.0 4.7 4.4

- 08/29 1.6  10.6 09.8 09/29 5.0 4.2 3.3

§ 08/30 - 09.8 09.2 08.5 09/30 3.9 3.6 3.3

: 08/31 09.0 08.8°  08.5 10/01 4.4 4.2 3.9

} 09/01 09.3 08.8  08.3 10/02 4.4 4.3 4.2

- 09/02 08.5 08.5 08.5 10/03 4.7 4.5 4.2

y 09/03-09/10 equipment malfunction ' | 10/04 5.0 4.5 3.9

B 09/11 10.5 09.4 08.3 10/05 4.4 4.2 3.9

- 09/12 08.9 08.8 08.6 10/06 4.4 4.1 3.6

B 09/13 09.3 09.1 08.9 10/07. 4.2 4.1 3.9
- 09/14 09.3 09.1 08.9: 10/08 3.9 3.9 3.9
5 09/15 - 08.9 08.4 - . 07.8 10/09 5.0 4.5 3.9

- 09/16 08.3 08.1 07.8 10/10 5.0 4.2 3.3

~ 09/17 08.3 07.8 07.2 10/11 4.7 4.3 3.9

b 09/18 07.8 07.5 07.2 10/12 4.4 3.9 3.3

- 09/19 07.8 07.5 o 07.2 10/13 4.7 3.7 2.8
:; 09/20 06.7 06.2 05.6

- 09/21 06.1 05.9 05.6

s 09/22 06.7 06.2 05.6

o 09/23 06.7 06.2 05.6

- 09/24 06.7 05.9 05.0

= *Mean temperature (°C) is the average of the daily high and low over a 24 hour period
from midnight to midnight.
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Appendix D.

Table 4. ThermographAdata summary for Deception Creek Yeach, 1979.

Date

07/08
07/09
07/10
07/11
07/12
07/13
07/14
07/15
07/16
07/17
07/18
07/19
07/20
07/21
07/22
07/23
07/24
07/25
07/26
07/27
07/28
07/29
07/30
07/31
08/01
08/02

High
11.0
12.0
13.1
14.0
13.5
12.0
12.0
11.0
10.5
14.0
13.0
1.5
12.2
12.2

- 12.0

11.5

11.0 .

11.2

- 11.0

10.0
11.5
12.0
12.0
12.2
11.2
12.0

Mean*
10.5
11.0
11.5
13.2
12.5
11.4
11.5
10.1
09.9
12.2
11.5
10.8
1.1
12.0
1.1
1.2
10.9
10.9
10.2
10.1
10.9
11.5

11.8

11.9
11.1
11.5

Low

10.
10.
10.
12.
11.
-10.
11.
09.
09.

*Mean temperature (°C) is the average
from midnight to midnight.

[en) o (4] o o n N (3] (52} co 00 N (0] (o0} [ew] o [8,] n N o [ee) (3] (8] o o (e}

of the daily high and Tow over a 24 hour period
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Date High
08/03 14.8
08/04 13.5
08/05 13.0
08/06 11.8
08/07 11.8
08/08 12.0
08/09 12.1
08/10 12,

08/11 11.

08/12 12.

08/13 12.

08/14 12.

08/15 11.1
08/16 11.0
08/17 11.5
08/18 11.4
08/19 11.4
08/20 11.5
08/21 11.5
08/22 11.6
08/23 12.0
08/24 12.0
08/25 12.0
08/26 11.6
08/27 11.8
08/28 12.2

(= 2NN\ B L T =]

Mean*
12.
12.
12.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
10.
11.
11.
11.
10.
10.
11.
11.
1.
10.
10.
11.

9
0
4

O O o 3 00 RO O

- O

—

(&) B & ]

W W O O O O ~N w N

. . . . . . . .
o=} (e} [ww) o o o (3] o (] o [e0] -+ o o
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Appendix D.

‘Table 4. (continued)
Date High ~ Mean*  Low
08/29 11.0 10.2 - 09.4
08/30 09.4  08.9 08.5
08/31 09.2 08.8 08.4
09/01 09.5 08.5 07.5
09/02 08.8 07.9 07.0
09/03 08.8 07.9 07.0
09/04-09/10 equipment malfunction
09/11 08.9  07.8 06.7 -
09/12 07.8 06.2 04.7
09/13 07.8  07.5 07.2
09/14 08.3 -~ 08.0 07.8
09/15 08.3  08.3  08.3
09/16 08.3 07.5 06.7
09/17 07.8 07.5 07.2
09/18 07.8 07.8 07.8
09/19 07.8 07.6 07.5
09/20 07.8  07.2 06.7
09/21 07.2 06.7 . 06.1
09/22 06.7. 06. 4 06.1
09/23 06.7 06.4 06.1

*Mean temperature
from midnight to

(°C) is the average

midnight.

Date High
09/24  06.7
09/25  06.7
09/26  05.6
09/27  05.0
09/28  05.6
09/29  05.6
09/30  03.9
10/01  03.9
10/02  04.2
10/03  04.4
10/04  04.7
10/05  05.0
10/06  05.3
10/07  05.3
10/08  04.2
10/09  04.2
10/10  05.3
10/11  05.0
10/12 05.0

Mean*
06.
06.
05.
05.
05.
03.
03.
03.
04.
04.
04.
04.
04.
04.
04,
04.
04.
04.
04.

— (60] o ~ - o w

RN 0 O W oY W

06.
05.
05.

o O o N

05.
05.3
03.9
03.

w

03.
03.
04.
04.

N RN O O

04.
03.9
04.
04.
03.

O W DN

03.
04.

N

04.3

of the daily high and low over a 24 hour period
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VOLUME TWO

Appendix E*

Instream Flow Computer Analysis Data

WiTlow Creek Middle Reach

*Copies of Volume Two are on file at the ADF&G Region II Headquarters of
the Habitat and Sport Fish Divisions in Anchorage.
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