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RECONNAISSANCE OF SURFACE-WATER RESOURCES IN THE KOBUK RIVER BASIN,
ALASKA, 1979-80

By Joseph M. Childers and Donald R. Kernodle

ABSTRACT

Surface-water data were collected at selected sites in the Kobuk River basin in
northwest Alaska in August 1979 and April 1980. In August 1979, frequent heavy
rains caused abnormally high flows in the basin; unit runoff values, computed from
discharge measurements at 25 sites, ranged from 0.08 to 12.2 cubic feet per second
per square mile. Mean unit runoff for August computed from 13 years of record at a
streamgaging station on the Kobuk River ranged from 1 to 3 cubic feet per second
per square mile. Unit runoff computed from discharge measurements made at eight
sites in April 1980 ranged from 0 to 0.30 cubic feet per second per square mile.
These values are in reasonable agreement with those derived from the record at the
gaging station.

High-water marks of maximum evident floods and evidence of ice-affected flooding
were found at near bankfull stages at 17 sites on the Kobuk River and its tribu-
taries. Computed unit runoff for the maximum evident floods generally decreases
with increasing drainage area. Unit runoff ranges from about 50 to 75 cubic feet
per second per square mile for drainage areas less than 1,000 square miles to less
than 25 cubic feet per second per square mile for larger areas.

Field determinations were made of water temperature, pH, alkalinity, dissolved-
oxygen concentration, and specific conductance, and discharge was measured at about
40 stream sites and one spring. Water samples for laboratory analysis of dissolved
inorganic constituents and biological samples were collected in August 1979.
Water-quality data indicate that the surface waters would be acceptable for most
uses; they are a calcium bicarbonate type having dissolved-solids concentrations
generally between about 50 and 140 milligrams per liter. The pristine nature of
the waters is also indicated by the overall diversity and composition of its
benthic invertebrate community. A more highly mineralized (about 550 milligrams
per liter dissolved solids) sodium bicarbonate water flows from Reed River Hot
Spring.

INTRODUCTION

The Kobuk River basin in northwest Alaska has been virtually undisturbed by man's
activities. Parts of the basin are included in either the Kobuk Valley National
Park or the Gates of the Arctic National Park and Preserve. The upper reach of the
Kobuk River (above Selby River) was added to the National Wild and Scenic Rivers
System under provisions of the Alaska National Interest Land Conservation Act
(ANILCA) of 1980. The Salmon River, a large tributary of the Kobuk, was also
designated a Wild and Scenic River, and the Squirrel River, a smaller tributary, is
now being studied by the National Park System for possible inclusion in the system.
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WATER QUALITY

Several readily measured properties -- specific conductance, dissolved oxygen
concentration, temperature, alkalinity, and pH -- indicate the general suitability
of water for various uses. Field determinations of these properties of the surface
waters of the Kobuk River basin were made during both reconnaissance trips in this
study. Samples were collected for laboratory analysis during the August trip.
Specific conductance, or the ability of water to conduct electrical current, is an
indicator of the dissolved mineral concentration. The pH of water is defined as
the logarithm of the reciprocal of the concentration of free hydrogen ions and is
thus an indicator of the acidity or basicity of the water. The pH affects aquatic
organisms because it regulates the solubility and toxicity of many constituents in
water. Water temperature and dissolved oxygen content are also vitally important
in determining suitability of an aquatic habitat for fish, benthic invertebrates,
and other organisms.

Prior to this study, water-quality data were collected on the Kobuk River at the
village of Shungnak, and at the gaging stations at Ambler and near Kiana. Data
from the Ambler and Kiana sites are shown in tables 6 and 7.

Late Summer Samples

Water samples were collected at 30 sites in the Kobuk River basin during August
1979 (fig. 4): 10 sites on the Kobuk River, 14 sites on tributary streams, 5 near
lake outlets, and 1 at a thermal spring. Laboratory analyses for major inorganic
ions were made of samples from four of the sites on the Kobuk River and from nine
other sites in the basin (table 8); the analyses show that surface waters in the
Kobuk River basin are predominantly calcium bicarbonate type.

August water temperatures in the Kobuk River ranged from 8.5°C at Ambler to 14.0°C
above Lower Kobuk Canyon. Temperatures in tributaries ranged from 6.5°C at Jade
Creek to 13.5°C at Pah River. Stream sites near lake outlets had the warmest
water; these temperatures ranged from 13.5°C at Kollioksak Lake to 17.5°C at
Nutuvukti Lake. Water temperature at Reed River Hot Spring was 47.5°C.

Dissolved oxygen (DO) concentrations were measured at 18 sites at and downstream
from the mouth of the Killak River. Concentrations on the Kobuk River ranged from
10.8 mg/L at two sites to 11.6 mg/L. Concentrations of DO in tributaries ranged
from 11.3 mg/L in Kavet Creek to 13.5 mg/L in the Killak River. A comparatively
Tow 7.5 mg/L DO was measured at the outlet of Kollioksak Lake.

The pH of the Kobuk River ranged from 7.3 above Sulakpoatokvik Creek and both above
and below Kobuk village to 7.9 above Lower Kobuk Canyon. The pH of the tributaries
ranged from 6.5 in the Killak and Kitlik Rivers to 7.9 in the Ambler River. Lake
outlet water had pH values similar to that of the tributaries.

The alkalinity of water in the Kobuk River ranged from 53 mg/L as CaCO; above
Sulakpoatokvik Creek to 97 mg/L as CaCOs at the village of Kiana. Concentrations
in tributaries ranged from 14 mg/L in the Kitlik River near Kiana to 117 mg/L in
Kavet Creek. Lake-outlet water had concentrations mostly near 24 mg/L, but
alkalinity at Walker Lake outlet was 60 mg/L. Water at Reed River Hot Spring had
an alkalinity of 313 mg/L.
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Table 8. -- Water quality and related parameters from selected sites in Kobuk River Basin, August 1979
Dissolved constituents were analyzed from samples ﬁ.‘tered through a 0.45-micron membrane filter.

Site number 1 2 3 4 5 6
Kobuk R. ab Kobuk R. ab Reed R.
Site name Walker Lk, Walker Lk| Nutuvukti Lower Kobuk Hot Spring Reed. R.
outlet outlet Lk outlet Canyon nr Kobuk nr mouth
Parameters and Day 11 11 14 13 15 15
constituents Time 17:30 07:30 14:10 09:20 15:25 09:45
Discharge (ft3/s)* 1,090 1,160 47 2,380 0.3 1,640
Specific conductance (umho/cm
at 25°C) 175 130 65 160 750 110
Water temperature (°C) 10.5 14.5 17.5 14 47.5 9.5
pH - 7.7 7.9 6.8 7.9 6.9 7.2
Color (platinum-cobalt units) 0 0 15 0 0 0
Turbidity (nephelometric turbidity
units) 0.25 0.15 0.35 0.35 0.70 0.30
Dissolved oxygen (mg/L) -- -- -- -- -- --
Dissolved solids, residue at
180°C (mg/L)** -- 70 -- 82 498 55
Dissolved solids, calculated
sum (mg/L) -- 82 -- 89 543 61
Silica, dissolved {(mg/L) -- 2 -- 2.1 85 2.7
Hardness (mg/L as CaC0j) -- 68 - 77 64 50
Calcium, dissolved (mg/L) -- 23 -- 26 24 17
Magnesium, dissolved (mg/L) -- 2.5 -- 2.9 1 1.9
Sodium, dissolved (mg/L? -- 0.6 - 0.7 160 0.9
Potassium, dissolved (mg/L) -- 1.1 -- 0.9 12 0.7
Alkalinity (mg/L as CaC0j) 79 60 31 68 313 39
Sulfate, dissolved (mg/L) -- 11 -- 14 53 13
Chloride, dissolved (mg/L) - 0.2 -- 0.3 12 0.1
Fluoride, dissolved (mg/L) -- 0.1 - 0.1 8.2 0.2
Nitrate plus nitrite, dissolved
(mg/L as N) - 1.2 -- 0.22 0.17 0.31
Phosphorus, dissolved (mg/L as P) -- 0.0Q -- 0.00 0.00 0.00
Iron, dissolved (ug/L) -- 10 -- 80 30 50
Manganese, dissolved (ug/L) -- 1 -- 6 70 6

*e = estimated
**Dissolved residue is calculated from the sum of followi
and Si0,

ng constituents:
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7 8 9 10 11 12 13 14 15
Kobuk R. ab Lake
Minakokosa  Sulakpoatokvik Selby Kobuk R. bl Pah R. Killak R. Mauneluk R. Kollioksak Kogoluktuk R.
Lk outlet Creek outlet Selby R. nr mouth nr mouth nr mouth Lk outlet nr mouth
14 16 16 17 17 18 18 18 19
15:30 09:25 15:00 10: 20 14:05 14:25 11:00 16: 20 11:35
88 6,930 332 7,240 458 92 2,980 0.5e 2,540
70 135 85 135 80 55 155 45 180
16 10.5 17 13 13.5 7.5 9 13.5 9
7.7 7.3 7.5 7.5 7.1 6.5 7.4 6.2 7.3
0 0 10 0 60 45 25 60 25
0.35 0.45 0.30 0.30 0.85 0.50 0.65 2 0.85
- -- - -- -- 13.5 -- 7.5 11.8
-- - -- -- 51 - -- -- 104
-- - - -- 51 -- -- -- 103
- - - -- 6.1 -- -- -- 2.9
-- -- -- -- 39 -- -- -- 89
-- -- -- -- 11 -- -- -- 29
-- -- -- - 2.9 -- -- -- 4
- -- - - 2.1 -- -- -- 0.9
-- -- -- - 0.2 -- -- -- 1
24 53 23 54 35 22 56 24 64
-- -- -- - 6.4 -- -- -- 26
-- -- -- - 0.5 - -- -- 0.3
-- -- - -- 0.1 -- -- -- 0.1
-- -- -- -- 0.02 - -- -- 0.13
-- -- -- -- 0.02 -- -- -- 0.00
-- -- -- - 650 -- - - 90
-- -- -- -- 20 -- -- -- 10
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Table 8. -- Water quality and related parameters from selchted sites in Kobuk River Basin, August 1979

-- continued
Site number 16 17 18 20 21 22
Shungnak R.
Site name Kobuk R. Kobuk R. Kobuk R. b1  Ruby C at nr mouth Ambler R. ab
ab Kobuk bl Kobuk Shungnak Bornite nr Shungnak Redstone R.
Parameters and Day 24 25 25 21 23 19
constituents Time 15:45 10:50 13:25 18:25 16:10 16:09
Discharge (ft3/s)* 21,900 -- -- 80 1,520 5,030
Specific conductance (umho/cm
at 25°C) 165 170 150 235 127 170
Water temperature (°C) 12 11.5 12 6.5 11 10
pH 7.3 7.3 7.5 7.5 7.6 7.9
Color (platinum-cobalt units) 30 20 25 20 20 25
Turbidity (nephelometric turbidity
units) 0.20 -- 0.20 0.20 0.40 0.40
Dissolved oxygen (mg/L) 11 10.8 10.8 11.6 12.9 11.4
Dissolved solids, residue at
180°C (mg/L)** 95 -- -- 130 -- --
Dissolved solids, calculated
sum (mg/L) 95 -- b= 129 -- --
Silica, dissolved (mg/L) 3.4 - L 3 - -
Hardness (mg/L as CaCOs) 83 - I - 120 - -
Calcium, dissolved (mg/L) 27 . - 37 - -
Magnesium, dissolved (mg/L) 3.7 - _— 6.2 - _—
Sodium, dissolved (mg/L) 0.8 _ - 0.5 -— -
Potassium, dissolved (mg/L) 0.7 - - 0.0 -— --
Alkalinity (mg/L as CaCOs) 59 63 56 103 51 71
Sulfate, dissolved (mg/L) 23 - - 17 - -
Chloride, dissolved (mg/L) 0.2 . - 0.4 - -
Fluoride, dissolved (mg/L) 0.1 - - 0.1 - -
Nitrate plus nitrite, dissolved
(mg/L as N) 0.13 - . 0.07 -- --
Phosphorus, dissolved (mg/L as P) 0.01 . - 0.00 — .
Iron, dissolved (ug/L) 100 - ! V- 40 - -
Manganese, dissolved (ug/L) 9 - ! - 7 — -

*a = estimated
**Dissolved residue is calculated from the sum of following constituents: Ca, Mg, Na, K, alkalinity, C1, SO,
and Si0,
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23 24 25 26 27 29 30 31 35
Akillik R. Kavet C. Salmon R. ab
Redstone R. Kobuk R. Jade C. Kobuk R. ab Hunt R. at mouth Kitlik R. Kitlik R. Kobuk R.
nr Ambler at Ambler nr Ambler b1 Jade C. nr Ambler nr Kiana nr Kiana nr Kiana at Kiana
22 27 22 28 22 29 23 23 30
13:45 13:58 12:24 10:23 10:19 11:49 10:23 12:59 14:44
1,100 - 150 50,800 3,700 e 55 4,400 851 --
100 150 62 145 95 220 185 55 230
8 8.5 6.5 9 7 8 7.5 7.5 9
7 7.5 6.8 7.7 6.9 7.8 7.5 6.5 7.5
60 30 20 40 20 50 15 5 40
0.50 2 0.40 0.70 0.80 3.5 0.60 0.15 0.30
12.1 11.3 12.2 11.6 11.8 11.3 11.8 11.6 11.1
-- -- - 86 -- 128 136 29 130
-- - -- 97 - 132 138 33 129
-- - -- 2.5 -- 6.4 2.7 2.6 2.2
-- - -- 91 -- 120 110 24 120
- - -- 29 -- 40 33 7.4 35
- -— - 4.5 -- 4.8 7.6 1.4 7.9
-- -- -- 0.5 -- 1.6 0.7 0.5 0.6
- -- -- 0.3 - 0.3 0.1 0.0 0.1
43 75 31 73 47 117 67 14 97
- -- - 15 -- 4.5 51 11 23
-- -- - 0.3 -- 0.5 0.3 0.1 0.6
- - -- 0.1 - 0.1 0.1 0.1 0.1
-- -- -- 0.12 -- 0.56 0.52 0.05 0.09
-- - -- 0.01 - 0.02 0.00 0.00 0.00
-- -- -- 100 -- 1,800 20 50 130
-- - -- 7 -- 50 20 8 8
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Specific conductance of water in the Kobuk Riv
Sulakpoatokvik Creek and below Selby River to

tributaries ranged from 55 pmho/cm in the Kit]

Creek. Lake-outlet water had specific conductan

at Kollioksak Lake to 130 umho/cm at Walker La

specific conductance of 750 pmho/cm.

The flow of Reed River Hot Spring issued from two
visited on August 15. A discharge of 0.30 ft3/s
the greater flow; no measurements were made at
quality measurements were made and a sample was

The concentration of lead in a sample from the

quantitative method to be about 1,000 ug/L;
analysis would be required to verify that value.

The relatively high temperature (47.5°C on Augus

Hot Spring is apparently conducive to the abun
plants on the spring-bottom surfaces. Nearby

luxuriant for this Arctic region -- large area:

cottonwood trees are present. The bottoms and
channels downstream from thé spring outlet are
deposits.

Late Winter Sampl

er ranged from 135 pmho/cm above
230 pmho/cm at Kiana. Values for
ik River to 235 pmho/cm 1in Ruby
ce values ranging from 45 pmho/cm
ke. Reed River Hot Spring had a

main openings when the spring was
was measured at the orifice having
the other orifice. Field water-
collected for laboratory analysis.

spring was estimated by a semi-
due to method accuracy, another

3t 15) of the water at Reed River
dant growth of algae and aquatic
terrestrial plant growth is also
3 of ferns and several stands of
adjacent shore areas of pools and
encrusted by chalky white mineral

es

In March and April 1980, field water-quality par

collected at three sites on the Kobuk River and

of the field determination and laboratory analy
Overflow and hazardous ice conditiong

table 9.
measurements in the Shungnak River (site 21); and
could be detected under approximately 6 ft of i
the basin, particularly above Kobuk village, co
onset of "breakup".

Water temperatures were near 0°C. At that temper

water (at normal atmopsheric pressure of 760 mm H

tration of 14 mg/L was measured only in the Kogol
four other sites ranged from about 8 to 9 mg/L.
streamflow is probably ground water derived fr
dominate the valley bottoms. The decomposition

!

tends to utilize DO and reduce the concentration

ameters were measured and samples
at five tributary sites. Results
ses of the samples are listed in

prevented sampling or discharge
at Cosmos Creek (site 19) no flow
ce. Streams in the upper part of
uld not be sampled because of the

ture, the solubility of oxygen in
) is about 14 mg/L. A DO concen-
ktuk River; DO values measured at
At these four sites the source of
m tundra or the boggy areas that
of inorganic matter in such areas
in water. The DO concentrations

measured in winter 1980 were higher than the recommended minimum concentration of 5

mg/L for sustaining fish 1ife (National Academy o

Field determinations of alkalinity, specific co
during the winter reconnaissance trip. Alkalini
Hunt River near Ambler to 167 mg/L in Squirrel R
tance ranged from 110" pmho/cm in Hunt River t
Values of pH in the tributaries ranged from 6.7 t
Kobuk River sites.
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nductance, and pH were also made
ty as CaCO; ranged from 38 mg/L in
iver near Kiana. Specific conduc-
o 330 pmho/cm in Squirrel River.
o 7.6, and was 6.6 in water at the




Table 9. -- Water quality and related parameters from sites in Kobuk River basin, March and April 1980

Site number 15 16 28 32 33 34 36 37
Kobuk R. Kobuk R.
Site name Kogoluktuk Kobuk R.  Hunt R. Portage C. Canyon C. Squirrel R. at Okok Pt. at mouth
R. nr mouth ab Kobuk nr Ambler nr Kiana nr Kiana nr Kiana nr Kiana (Riley Channel)

Month/Day 4/2 4/2 3/28 3/25 3/23 3/24 4/5 4/6
Time 13:27 15:25 14:18 09:06 15:20 12:51 14:17 10:00
Discharge (ft3/s) 63 1,240 164 0.5 est. 1.76 26 1,860 -
Specific conductance
(pmho/cm at 25°C) 260 170 110 215 220 330 170 270
Water temperature (°C) 0.5 0.0 0.0 0.0 0.5 0.5 0.0 0.5
pH 7.1 6.6 6.7 -- 7.6 7 6.6 -
Dissolved oxygen (mg/L) 14 8.9 9.1 -- - 8.5 7.9 --
Alkalinity (mg/L as CaC03) 95 70 38 -~ - 167 96 -

AQUATIC INVERTEBRATES

The presence or absence of aquatic organisms in a given reach of a stream is
influenced by water temperature, pH, DO concentration, type of substrate, and
stream velocity. Long-term water-quality conditions have an important bearing on
aquatic invertebrates in a stream. These organisms, when considered in the context
of groups rather than as individual species, can often be used as an indicator of
stream conditions over periods of time much longer than the sampling visits (Hynes,
1970; Hart and Fuller, 1974; Whitton, 1975).

The sampling areas chosen were in most instances the same sites where other infor-
mation was collected during the trip. Sampling procedure involved placing the dip
net on the streambed, then disturbing bottom material upstream from the net to
dislodge organisms. These organisms were subsequently carried into the dip net by
streamflow. Samples were collected in small riffles, straight reaches, areas
having submerged brush and roots, side pools, and at undercut banks. These con-
ditions are typical of those found along this river.

Dip net samples were collected during August from 25 sites (table 10; fig. 4): 5
sites on the Kobuk River, 14 sites on tributaries of the Kobuk, 5 sites near lake
outlets, and 1 site at a thermal spring, Reed River Hot Spring. The average number
of taxa (insect groups) at each site was 15; the range was 11 to 21. Large per-
centages of Cladocera (water fleas) were present in several samples collected near
lake outlets. For example, at the Lake Selby site about 8,600 invertebrates,
nearly 80 percent of them Cladocera, were collected. At Minakokosa Lake outlet 54
percent of the invertebrates were Cladocera and in the Pah River near its mouth,
more than half were Cladocera. The Pah river at this site is a typical slow-
flowing, Arctic lowland, brown-water stream. Leeches, which are common in lakes
and slow-moving water, were also present at this site. In Reed River Hot Spring,
in pools and slower flowing sections originating from this spring, and in Reed
River itself, Gastropods (snails) were more common than at other sites and were the
dominant organisms. In the immediate area of the main orifice at Reed River Hot
Spring only Gastropods were observed; however, in the cooler water downstream,
Chironomid (midges) and Trichopteran (caddis flies) larvae were present.

Ephemeroptera (mayflies) and Plecoptera (stone flies) are generally associated with
natural, undisturbed environments that are biologically healthy. These orders were
found at all sites sampled except Reed River Hot Spring. The Diptera family
Chironomidae, a major fish-food organism common in Alaskan streams, was well-
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represented at all sites and in most places was the most abundant taxon. The
presence of immature stages of stone flies and mayflies and the overall diverse
composition of benthic organisms suggest that the surface waters in the Kobuk River
basin have not been appreciably altered from their.natural state and are generally
of excellent quality.

DATA AND INFORMATION NEEDS FOR FUTURE PLANNING

Future development in the Kobuk River basin will require planning for water sup-
plies, flood control, and related water-based activities. The types of development
proposed or envisioned will govern the type of hydrologic information required to
do such planning. Early identification of priorities for water information will
allow data collection programs to be tailored to those needs.

Estimates of streamflow characteristics may be required at any site on any stream,
but the means of meeting those needs depend on the nature of the project. For
large water-development projects such as hydroelectric generation, flood control,
or water storage, long-term streamgaging records are desirable. Definition of
instream flow requirements for protection or enhancement of aquatic life also
should be based on streamgaging records. The accuracy of estimates of streamflow
characteristics at any site depends primarily on the length of gaging station
record. For example, statistical analysis of Alaska streamgaging records indicates
that the standard error of estimate of mean monthly discharge is 12 percent for
10-year records and 6 percent for 25-year records. Prediction accuracy, which is
based on these statistics, is a factor in major project planning.

For other types of projects, less precise records may suffice. Streamflow charac-
teristics for ungaged sites may be estimated from streamgaging records of adequate
length at nearby, hydrologically similar sites. The selection of a representative
gaging station for comparison requires consideration of pertinent factors such as
topography, precipitation, geology, and basin size. Again, the accuracy of the
estimate for the ungaged site will depend on the length of record at the gaged site
and the similarity of the two drainage basins.

Streamflow characteristics useful in many planning applications could be determined
by establishing gaging stations at several of the survey sites described in this
report. A station on the Kobuk River above Walker Lake outlet or on Reed River
near its mouth would represent flow conditions on streams that drain high, rugged
mountains but are not affected by lake storage. A station at Walker Lake outlet
would provide a record reflecting effects of lake storage. Data from a station on
the Pah River would represent a stream draining plains and lowlands.

The gaging station on the Kobuk River near Kiana, established in 1976, is a NASQAN
(National Stream-Quality Accounting Network) station that provides records of
streamflow discharge and water quality representing a summation from all the Kobuk
basin except the Kobuk delta. The Ambler and Squirrel Rivers are both principal
streams, tributary to the Kobuk, and streamgaging stations would be required on
each to specifically define their flow characteristics.

Knowledge of the flood characteristics of a stream is essential to land-use plan-
ning for flood plains. The 1979 survey showed that the water-surface elevations of
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the MEF were at or above bankfull levels at almost all survey sites in the Kobuk
River basin. Although the frequency of the MEF is unknown, it is reasonable to
consider the MEF as a flood that will probably be exceeded during the next 25 to 50
years. However, until sufficiently long flood-discharge records are available in
the Kobuk basin, more reliable estimates of flood magnitude and frequency cannot be
made.

SUMMARY

The Kobuk River basin reconnaissance surveys of 1979 and 1980 were made under
unusual weather conditions. The summer survey data were collected during a period
of high flows in much of the central and western parts of the basin; the winter
survey was not completed as planned because unseasonably warm weather prevented
access to much of the basin. Additional surveys could improve understanding of

normal streamflow conditions, but this reconnaissance study provided the following
significant findings:

o In late winter, runoff of about 0.1 to 0.2 (ft3/s)/mi2 is probably available
from most of the basin, but values approaching no flow may be expected in some
smaller tributary basins.

o In late summer 1979, runoff ranged from about 3 (ft3/s)/mi2 in the upper Kobuk
River and tributaries to about 8 (ft3/s)/mi2 below Jade Creek in the middle
reach of the river.

e Maximum evident flood discharge along the Kobuk River ranges from 22,600 ft3/s
[79.3 (ft3/s)/mi2] above Walker Lake outlet|to 71,700 ft3/s [17.2 (ft3/s)/miZ2]
at Kobuk. The MEF was near bankfull stage at most sites.

e Both chemical analyses and the invertebrate|communities present in the streams
indicate the surface water is generally of excellent quality.

34




REFERENCES CITED

Childers, J.M., and Kernodle, D. R., 1981, Hydrologic reconnaissance of the Noatak
River basin, Alaska, 1978: U.S. Geological Survey Water-Resources Investiga-
tions 81-1005, 38 p.

Hart, C. W., and Fuller, Samuel, 1974, Pollution ecology of fresh water inverte-
brates: New York, Academic Press, 389 p.

Hynes, H. B. H., 1970, The ecology of running water: Toronto, University of
Toronto Press, 555 p.

Lamke, R. D., 1979, Flood characteristics of Alaskan streams: U.S. Geological
Survey Water-Resources Investigations 78-129, 61 p.

Leopold, L. B., and Skibitzke, H. E., 1967, Observations on unmeasured rivers:
Geographiska Annaler, v. 49, p. 247-255.

National Academy of Sciences, National Academy of Engineering, 1972 [1974], Water-
quality criteria: U.S. Government Printing Office, 594 p.

Riggs, H. C., 1976, A simplified slope-area method for estimating flood discharge
in natural channels: U.S. Geological Survey Journal of Research, v. 4, p.
285-291.

Selkregg, L. L., 1976, Alaska regional profiles--Northwest region: University of
Alaska, Arctic Environmental Information and Data Center, 265 p.

Sigafoos, R. W., 1964, Botanical evidence of floods and flood-plain deposition:
U.S. Geological Survey Professional Paper 485-A, 35 p.

U.S. Geological Survey, 1968-73; 1976-80, Water resources data for Alaska: U.S.
Geological Survey Water-Data Reports.

Wahrhaftig, Clyde, 1965, Physiographic divisions of Alaska: U.S. Geological Survey
Professional Paper 482, 52 p.

Whitton, B. A., 1975, River ecology: Berkeley, University of California Press, v.
2, 725 p.

35



