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A REVIEW OF WATER RESOURCES OF THE UMIAT AREA,
NORTHERN ALLASKA

By JoEN R, WILLIAMS

ABSTRACT

Surface-water supplies from the Colville River, small
tributary creeks, and lakes are abundant in summer buot
limited in winter by low or zero flow in streams and
thick ice cover on lakes.

Fresh ground water occurs in onfrozen zones in allu-
vium and in the vpper part of bedrock beneath the
Colville River and beneath lakes that do not freeze to
the bottom in winter. These vunfrozen zones, forming
depresgions in the upper surface of permafrost, are
maintained by flow of heat from bodies of surface water
into subjacent alluvium and bedrock.

Brackish or saline ground water occurs in bedrock
beneath as much as 1,065 feet of permafrost in the
Axctic foothills and beneath 760 to 800 feet of perma-
frost beneath Iow terraces of the Colville River valley.
The foothill area is unfavorable for developing supplies
of potable ground water because of the great depth to
water, predominance of brackish or saline water, and
low potentia) yield of the bedrock. In the Colville River
valley, shallow unfrozen alluvium beneath the river and
deep lakes will yield abundant year-round supplies of
ground water, but the bedrock bhelow permafrost yields
less than 10 gpm (gallons per minute) of saline or
brackish water.

INTRODUCTION

.The Umiat area is in the Arctic (northern)
foothills of the Brooks Runge at lat 69° 2%/
30” N., long 152° 08 80” W. (fig. 1). The
settlement and adjacent airstrip lie on low
terraces north of the Colville River near the
mouth of Sea Bee Creek. The camp was estab-
lished during exploration for petroleum in
Naval Petroleumm Reserve No. 4. Development
of the Prudhoe Bay field to the northeast and
exploration for oil and gas in leases bordering
the Reserve east of the Colville River may lead
to growth of the settlement and may increase
demand for a dependable year-round supply of
potable water. The existing system obtains
water from surface sources and melted snow
and ice,

Locating and developing supplies of water to
meet future needs at Umiat and at other settle-
ments in northern Alaska is made difficult by
the presence of saline or brackish water in bed~
rock, widespread occurrence of permafrost that
extends to depths of 500 to 1,380 feet, intermit-
tent winter flow of rivers, and deep freezing of
surface-water bodies. Nevertheless, abundant
ground water oceurs in unfrozen alluvium that
occupies depressions in the upper surface of
permafrost beneath deep lakes and rivers.
Ground water from such sources generally is
warmer in winter and less likely to freeze in
distribution lines than surface water aud does
not contain suspended sediment. Use of ground
water eliminates problems of icing of surface-
water intakes by frazil or anchor ice in rivers
and problems of insufficient river flow in win-
ter. Aquifers beneath lakes have a larger stor-
age capacity than a surface-water supply lim-
ited to water between the lake bottom and ice
cover.

The purpose of this report is to describe
potential sources of gurface water and ground
water in the Umiat area and to point out pos-
sibilities for developing year-round supplies of
ground water in shallow unfrozen alluvial aqui-
fers beneath rivers and deep lakes. The princi-
ples relating to occurrence of water in the
Umiat area apply to other parts of the Colville
River valley and to other large valleys of north-
ern Alaska.

This report was prepared as part of a compi-
Jation of existing data on the occurrence of
ground water in permafrost regions; it is baged
entirely on office studies of reports by Black
(1956), Black and Barksdale (1948), Brewer
(1958a), and Colling (1958).
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GEOGRAPHY AND GEOLOGY

At Umiat the Colville River, the largest in
northern Alaska, flows N. 80° E. in a braided
channel within a valley 2 to 4 miles wide (fig.
1). The valley, 330 to 340 feet above sea level
near Umiat, consists of riverbed, bars and
islands of the flood plain, and low lake-dotted
terraces that separate the flood plain from the
hills. The hills bordering the valley are part of
the Arctic foothills of the Brocks Range. Steep
bluffs border the river where it impinges
againgt the hillsides, as at Umiat Mountain, 600
feet above the valley floor (fig. 1).

Bedrock in the vicinity of Umiat is of Cre-
taceous age (Colling, 1358, p. 73) and consists of
clay-shale and sandstone which, in the upper
part, is interbedded locally with bentonite, clay
ironstone, and coal. The rocks are in broad open
folds that are cut locally by faults. Northeast of

Umiat the eastward-trending Umiat anticline is
cut by the river at Umiat Mountain where seeps
of oil led to exploration and drilling.

Unconsolidated deposits in the Colville River
valley are of DPleistocene and Holocene age
(Black and Barksdale, 1948, p. 8; Collins, 1958,
p- 78) and consist of interbedded alluvial gravel,
sand, and silt in the flood plain and low terraces.
The gravel and sand are made up of subrounded
to rounded grains of yellow, white, and black
chert and clear quartz. The deposits are as
much as 71 feet thick (table 1).

Permafrost, as measured in wells drilled for
petroleum, extends to a depth of 6536 to 1,055
feet in the foothills north of the Colville River
and to a depth of 760 to 800 feet beneath low ter-
races north of the river (figs. 1 and 2; table 1)
(Brewer, p. 182, 142, 170, and 197, in Collins,
1958; Collins, 1958, p. 99; Reed, 1968, p. 78).



TABLE 1.—Subsurface data in the Umiat area

Occurrence and yield of ground
water : rogulta of formation
teats

Bources of
information

Thickngss Depthb to
Well in Total of base of
N Name snd lype depth alluvigm permafrost
1 and 2 of well or hole (fect) (teet) (fost)
1 Uwmint Test Woll 1, 6.005 — 920
dry bole.
2 Unilst Test Wel) 2, 8,212 n 760
dry hole,
3 Umigt Test Wt 8, 572 — -
sbut-in oil wellL
4 Umiat Teat Web 4, 840 _— 497
shut-in oil well
3 Umlat Test Well B, 1,077 28 800
shut-in ofl well.
6 Umist Test Well 8, 82h 28+ 710
shut-in ofl well.
q Umiat Test Wall 7, 1,384 86+(2)
dry hote,
R Umist Teat Well 8, 1,827 8a6(1)
shut-in ol wel).
9 Umiat Test Woll 9, 1,287 _ 1,055
shut-in ofl well.
10 Umlat Teat Wol) 10, 1.878 —
shut-in of) we)l,
11 Umlst Test Welt 11, 3,303 . 770( 1)
dry hofe,
12 Selgmic shot bola ... 45 23 464
18 JEVO , I, R — Ab E3 S 484
1 [P . I S — 45 23 45
15 PO - SV — 5 29 46+
16 U . 7, S 42 24 Above 13 ft:
18424 fe
Ld [ 7 Y 44 26 Above 11 fv;
22-44+ ft
18 PO . . J— — 48 d1 a8+
19 41 25 o
20 7] 28 —
21 41 81

Formation test 1,693-1,816 ft
nrodoced 9 gpm fresh water,

Formatlon test 103-348 ft
when bole cased to 100 ft;
digsolved-aolids cencentrations
1,08) wg/l, chloride 173 mg/).

Formaijon tesat after resching
tota} depth ; water level 730 ft;
digsolvedwollds concentrations

3,188 mg/}; chloride 1,178 mg/).

No water.

Unkpown.

Fresh water in upper 28 ft of
alluvlum sealed off by esiing ;
salt watar at probable beae of
permafrost.

Water first noted at 826 ft:
sample taken from txnk during
pumping test; ditvolved-solids
concentrations 7,928 mg/1;
chloride J.400 mg/L

Above 486 ft small amoaunt of
freeb water; below 48 1t
sallnity values affected by
brine arilling flnid.

Brackish water recovered Jn
formation tests (see text p. B).

Water-bearing sand nad gravel
between 13 and 18 (¢

Unfrozen wone between 11 nnd
22 fu.

Colling, 1868, p. 95-99.

Collins, 1968,
p. 93-116 : Roed,
1968, p. 78.

Collina, 1858,
. 136-125.

Brewer, p. 131+132 in
Collins, 1968
Collins, 1958,

p. 125131,

Collins, 1868,
p. 182-138.

Brewer, p, 142, In
Colling, 1986 ;
Collins, 1988,
p. 138142,

Collins, 1958,
p. 143-148,

Colltns, 1968,
p. 148-1B5.

Brewer, p. 170~171 iz
Qolling, 1988
Colling, 1868,

v. 168-170,

Collina, 1668,
». 171-178.

Brewer, p. 197 In
Collins, 1958 i
Collina, 1958,
». 179-198.

Black and Harkadale,
1948, hole 1, p. 14,

Black and Barkadale,
1648, bole 2, p. 14.

Bluck and Barksdale,
1048, hole 3, p. 14,

Blrck and Barkadale,
1848, hole 4, p. 20,

Blagk and Barksdale,
1948, hole 6, p. 12,
20, and fig. 2.

Black snd Barkadale,
1948, hole 8. p. 20.

Blaok and Barkadale,
1948, hale 7, o, 20.

Do.
Do.

Although no test wells or shallow borings have
been drilled in the riverbed, bars, or islands of
the flood plain, the upper surface of permafrost
probably is deep beneath the river because of
the warming effect of the river on subjacent
alluvium and bedrock, Similar depressions in the
upper surface of permafrost beneath lakes that
do not freeze to the bottom in winter probably

are not as deep nor as wide as that beneath
the river.

Locating and delimiting the extent of unfro-
zen zones beneath rivers and lakes may be done
by test drilling, geothermal methods, or
geophysical jnvestigations. Test drilling is of
limited value because distinguishing between
frozen and unfrozen fine-grained bedrock is
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based on action of the drill which may be diffi-
cult to evaluate. Geothermal methods described
by Lachenbruch (1957) and Brown (1963)
require information on the mean annual ground
surface temperature, mean annual water temp-
erature (or mean annual temperature of the
lake bottom or riverbed), regional geothermal
gradient, and history of changes in gize and
shape of the water body. These data are not
available in the Umiat area. The seismic refrac-
tion method is the most suitable geophysical
method for determining the position of the
upper surface of permafrost (Barnes, 1964)
and could be applied at Umiat to determine the
thickness of unfrozen zones beneath the river
and deep lakes.

WATER RESOURCES
Surface-water resources of the Umiat area
include the Colville River, its tributaries, and
lakes. Ground-water resources congist of brack-
ish or saline water in bedrock below permafrost
and fresh, potable water in alluvium and shal-

low bedrock above the permafrost beneath the
river and deep lakes.

SURFACE WATER

Discharge of the Colville River at Umiat,
meéasured only in 1953, ranged from zero flow on
April 2 to 18,000 cfs (cubic feet per second) on
September 10 (U.S. Geological Survey, 1958,
p- 208). Freezing forms 6 to 9 feet of ice on
rivers and lakes by late winter, but deep pools in
the river channel and the deeper lakes provide
year-round sources of water, In February 19564
water temperature, measured beneath a 5-foot
ice cover in a channel 17 feet deep, ranged from
0°C (Celsius) at the base of the ice to about
0.5°C at the hottom of the river (Brewer,
19584, fig. 9). The positive bottom temperature
shows that the alluvium beneath the river is
above the freezing point in winter. The nearly
uniform temperature suggests that the river
was flowing at this time. Although the river
had no flow in April 1968, perennial flow has
been reported in other years (Black and Barks-
dale, 1948). Thick masses of frazi] ice accumu-

“late in deep pools and anchor ice probably forms
along the bottom of the river:

during 19568,
frazil ice 12 feet deep was reported.

Quality of water of the Colville River at a dis-
charge of 6,500 cfs is excellent, an the basis of
an analysis of a single sample collected July 28,
1953 (table 2). No data are available to show
changes in composition of the water during
winter. The river carries suspended sediment
during the spring runoff and at other peak
flows, but at low stage the river is free of
suspended sediment.

TABLE 2, —Ana.lym of Colville River water near Umial
8. Geolagleal Survey, 1968, p. 289)

Ml

Chemieal conatftuenta per lm
Siliea (Si0z) \ 1.9
Caleiumn (Ca ISR PRVIURNURTR PR 1.
Magnesium ( 48
Sodium (Ns}( 1.6
Potassium (K) 5
Bicarbonate (HCO;) 53
Sulfate (S q) 10
Chloride &I 5
Nitrate Oa) .. 3
Dissolved sotids (residue on

evaporation at 180°C) ..., 68
Hardness as CACO3:

Calclum, magnesium .......coooecieecaveae. B2

Noncarbonate ... . _..iiviiieeea, 8

Sgeciﬁc conductance __._.. micromhos at 26°C.. 102 8




Sea Bee Creek, the largest of the tributaries
of the Colville River in the Umiat area, drains
the foothills and follows abandoned channels of
the Colville as it crosses the low terraces. The
creek is reported to freeze to its bed in winter
(Reed, 1958, p. 60). Although creeks like Sea
Bee Creek provide a source of water in suramer,
little or no water is available from them in win-
ter. No determinations of flow or quality of the
water have been made.

Numerous lakes occupy abandoned channels
on the low terraces bordering the Colville River.
The ice cover of 6 to 9 feet eliminates many of
the shaliower lakes and shallow sections of deep
lakes as sources of water during winter. The
temperature of Umiat Lake (fig. 2), one of the
largest and deepest akes in this part of the Col-
ville Valley, was studied by Brewer (1958a) in
February 19564, Water temperature ranged
from 0°C beneath a 5-foot ice cover to 4°C
at the bottom of the lake, 12 feet below the ice
surface. In summer, water of lakes near Umiat
reportedly contains 2 high concentration of
organic compounds that make it objectionable
for drinking (Black and Barksdale, 1948, p. 10).
Although no analyses are available, the concen-
tration may be increased as volume of the lake
is decreased by freezing of its surface. Limited
year-round supplies of poor guality water are
available from lakes that do not freeze to the
bottom. Shallower lakes are sources of supply
only in summer.

GROUND WATER

Ground water occurs in porous, permeable
beds and fractures in bedrock and in aliuvial
sand and gravel. The water in bedrock beneath
permafrost in the northern Alaska is generally
saline or brackish. Within the Colville River
valley, water in unfrozen zones in the alluvium
and in the upper part of bedrock beneath the
river is fresh. Fresh water also occurs in unfro-
zen alluvium beneath lakes that do not freeze
to the bottom in winter and in local unfrozen
zones in terrace alluvium near the lakes and the
river.

BEDROCK AQUIFERS

Bedrock aquifers consist of permeable fine-
grained sandstone and fractured sandstone and
clay-shale of Cretaceous age. The lithology,
stratigraphy, and strueture of these rocks is
given in greater detail in Collins (1958). Yield

of bedrock aquifers in the Umia{ area and else-
where in the foothills and Arctic coastal plain is
only rarely as great as 10 gpm (galions per
minute).

In the foothill belt north of the Colville River
(fig. 1) six exploratory oil wells were drilled in
bedrock through 535 to 1,055 feet of perma-
frost. Water was reported in only two of these
wells. In test well 11 brackish water was ob-
tained from formation tests ut depths between
2,094 to 2,850 feet, as follows:

Dissolved
solido
Deptk (mg/t) Chloride
2,094.5-2348 ... ... 4200
2,375 -2,4%) ... ...6,900 1,600
2,447 2,468 ... ... 6434 865
2814 -2.830 ...
2,832 _2.860 ... ... 6548 1,850

In well 1 water entered at a rate of 9 gpm in a
formation test of rocks between 1,693 and 1,816
feet in depth (table 1) (Collins, 1268). On the
basis of drilling and formation tests at Umiat
and elsewhere, bedrock of the foothills is not
regarded as n significant source of water
because of high salinity, low yield, and great
depth to water.

Ground water in bedrock beneath the low ter-
races north of the Colville River is reported in
four of five exploratory oit wells. The water
below the base of permafrost (750 to 800 feet)
has a higher salinity than acceptable standards
for public supplies.

Fresh ground water reportedly, was obtained
from the upper part of bedrock in two wells in
the Colville River valley. In well 2, about 250
feet east of Umiat Lake, water having 1,031
mg/l (milligrams per liter) dissolved solids
wasg obtained from a formation test of bedrock
between 103 and 845 feet. The test was made
after installation of 100 feet of casing, but the
effectiveness of the casing in sealing off any
water in the 71 feet of surficial atluvium over-
lying bedrock wag not reported, In well 7, locat-
ed about 700 feet from the Colville River and
500 feet from Sea Bee Creek (fig, 2), frash
water was reported in the upper 485 feet, but no
analyis was made, nor was the depth of the
water-bearing zone specified. If these reports
of fresh water in bedrock in wells near bodles of
surface water are correct, the unfrozen zone
beneath Umiat Lake and beneath the Colville



River may extend laterally beneath the low ter-
races. The depth to which fresh water was
reported in well 2 suggests that the unfrozen
zZonie beneath Umiat Lake ig at least 103 feet
deep and perhaps more than 345 feet. These
suggested depths are reasonable when com-
pared with the 190-foot depth of the up-
per surface of permafrost beneath Imikpuk
Lake, a much smaller lake near Barrow, where
the mean annual ground surface temperature is
comparzble to that at Umiat (Brewer,
1968b). If fresh water reported in well 7 to a
depth of about 485 feet iz derived from a Interal
extengion of the unfrozen zone beneath Colville
River, the unfrozen zone beneath the viver may
extend to a depth of 485 feet or even deeper,
perhaps completely perforating the permafrost
as postulated by Black (1956, p. 119; Black and
Barksdale, 1948),

ALLUVIAL AQUIFERS

Porous and pernteable sand and gravel 23 to
71 feet thick was penetrated in five explora-
tory oil wells and 10 seismic shot holeg dril-
led in low terraces north of the Colville Rivey
(fig. 2). In all but three holes the atluvium is
frozen from near the surface to its base. Heat
flow by conduction from the river and lakes
maintains year-round unfrozen zones in subja-
cent aliuvial deposits. Three holes located neur
Umiat Lake and the Colville River penetrated
unfrozen zones in the alluvium that are prob-
ably lateral extensions to those beneath the
lake and the river.

Unfrozen alluvium beneath the Colville River
is recharged dirvectly by surface water or by
underflow through the bed of the river from
points upstream. The alluvium provides a
greater volume of storage and potential re-
charge than any other source of water in the
Umiat area. Athough data on yields from allu-
vial deposits are not available, the thickness
and character of the deposits suggest that wells
might yield as much as several hundred gallons
per minute. During periods of low o1 zero river
flow in winter, deep pools in the river and water
stored in the unfrozen alluvium probably would
provide ample recharge and storage throughout
winter. A well or gallery pumping from allu-
vium beneath the river probably would induce
infiltration of river water that contains a low

proportion of dissolved solids and organic
constituents. No data are available on the depth
of scour or rate of bank erosion that might
affect the useful life of galleries beneath the
river or wells on its bank,

Unfrozen alluvium beneath lakes has a more
limited source of recharge and volume of stor-
age than that beneath the river. Winter
recharge to the alluvial aquifer beneath lakes
is limited to lake water beneath the ice cover.
The rate at which lake water would replenish a
pumped aquifer would depend on the thickness
and permeability of organic material and silfy
bottom sediments that separate the lake from
the underlying alluvinl aquifer. Quality of
ground water beneath lakes probably is similar
to that of the lake, although no analyses of
either lake water or ground water are available.

Three holeg, all within 400 feet of either the
viver or a deep lake, weye drilled through unfro-
2en zones in the alluvium that may be lateral
extensions of the unfrozen zones beneath the
river or lakes. Test well 5 reportedly produced
fresh water in the alluvium in the upper 28 feet
of the hole. Unfrozen gravel was penetrated
between 13 to 18 feet in shot hole 16 and
between 11 and 22 feet in shot hole 17. Gravel
in hole 18 contained waler and is believed to be
a lateral extension of the unfrozen alluvium
beneath the Colville River, only 300 feet away
(Black and Barksdale, 1948). Water from such
unirozen zones may be higher in dissolved sol-
ids than that indicated by river water sampied
in summer, The water level may fluctuate with
the stage of the river, Drilling wells at locations
on the low terrace adjacent to rivers or lakes is
more convenient than drilling at an angle to
intercept aguifers beneath bodies of water.
However, locating productive unfrozen zones
in the terrace deposits near the river und lakes
is more difficult than locating those beneath
the river and lakes. From experience elsewhere,
unfrozen zones in low terrace nituvium may be
more common and larger on the glipoff side
than along the former cutbanks of the river or
inear oxbow lakes. Unfrozen zones may be
more common along the ends of these linear
lakes but within the abandoned river channels
than along the sides.



SPRINGS AND SEEPS

Springs were noted in 1946 between the air-
field and Umiat camp (fig. 2). Black and
Barksdale (1948, p. 10) report that the water
temperature wag 1.1°C and the source of the
springs is from surface thaw and not from
unfrozen layers within the alluvium. They re-
port thai several unsuccessful attempts were
made to locate a supply of ground water in the
alluvium near the camp. However, Reed (1958,
p. 54), without commenting on the source of the
water, reports that a shallow well dug near the
spring provided water for the camp.

No springs or seeps beneath the river are
known in the Umiat area. The chemical char-
acter of the river water, judging from a sample
collected in summer, suggests that it is not fed
by seepage of brackish or saline ground water
from bedrock beneath permafrost. However,
analysis of river water during low winter flow
should be made to determine the proportion of
winter flow from bank storage in the alluvium
and underfiow apd that from saline or brackish
ground water. Abnormally high chloride con-
centration in such analysis would suggest that
saline or brackish water is discharged to the
river in winter from the bedrock.

CONCLUSIONS

In the Colville River valley, water from the
river, its small tributaries, and lakes is limited
or unavailable in winter when streamflow ceases
or is very low and the lakes are largely covered
by ice. Year-round supplies of fresh ground
water occur in unfrozen aquifers beneath the
Colville River and lakes that do not freeze to
the bottom in winter, and in local areas of the
low terraces near lakes and the river. Yields
from these aquifers probably are several hun-
dred gallons per minute from alluvium but less
than 10 gpm from bedrock. Quality of water
probably is best in alluvium immediately
beneath the river, but dissolved solids appear
to increase in concentration with depth. Brack-
ish or saline water may be expected in bedrock
below permafrost. Dissolved organic material
may be present in ground water beneath lakes.
Storage and recharge potential are large in allu-
vium beneath the river and less beneath lakes.

In the Arctic foothills north of Umiat
ground water occurs in permeable beds and
fractures in bedrock below permafrost. How-
ever, the great depth f{o water, low yield, and
predominance of brackish or suline water indi-
cate that the foothills are unfavarable for devel-
oping supplies of potable ground water.

Principles relating to the development of
unfrozen zones or depressions in the upper sur-
face of permafrost beneath rivers and deep
lakes by conductive heat flow from the water to
subjacent alluviam and bedrock have been
established by geothermal studies in northern
Alaska (Brewer, 1958a, b; Lachenbruch, 1957;
Lachenbruch and others, 1962). These princi-
ples have been applied through use of graphical
solutions in the Mackenzie Valley of Canada
(Brown, 1963), and c¢an be quantitatively
applied to the search for water-bearing unfro-
zen zones above permafrost in alluvial deposits
at Umiat when the requisite basic data become
available. The principles applied qualitatively to
the Umiat area in this report may be applied
elsewhere in the Colville Valley and in other val-
leys of the Arctic where geologic and hydrologic
conditions are comparable.
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