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HYDROLOGIC RECOWNNAISSANCE OF THE
EASTERN NORTH SLOPE, ALASKA, 1975

By Joseph M. Childers, Charles E. Sloan,
James P. Meckel, and Jon W. Nauman

ABSTRACT

Water resources of the eastern Alaskan Arctic Slope were studied by
reconnaissance methods during April, August, and November 1975.

Estimates of bankfull and maximum evident flood-peak discharges by
slope-conveyance methods were made for selected streams based on field
evidence. Maximum evident flood-peak discharge rates averaged about 40
cubic feet per second per square mile or 0.4 cubic meter per second per
square kilometer; the highest rate calculated was 185 cubic feet per
second per square mile or 1.8 cubic meters per second per square kilo-
meter and had no obvious relation to drainage basin physiography.
Bankfull discharge generally exceeded 50-year flood estimates made using
relations developed from Alaska stream-gaging records and multiple-
regression analysis of drainage basin characteristics.

Eighteen springs, 12 lakes, and 26 streams were sampled for water
analysis. Discharge of the springs ranged from less than 1 cubic foot
per second or 0.03 cubic meter per second at Red Hill spring to almost
90 cubic feet per second or 2.5 cubic meters per second at the
Saviukviayak and Kongakut delta springs. Temperature of spring flow
ranged from about 0°C at the Clarence River spring to 33°C at Red Hill,
a true hot spring. Springs were readily found by noting the tocation of
resultant icings on Landsat imagery.

Streamflow ceases in all the streams during the late winter except
in local zones of ground-water discharge that form icings downstream.

Ice thickness on lakes averaged nearly 3 feet or 1 meter by Hovember
and generally exceeded 6 feet or 2 meters by late winter. Lake water
quality deteriorated during winter as the dissolved solids became
concentrated when water in the shallow lakes froze. Water quality in
the area, with few exceptions, was generally very good for the antici-
pated uses.

Fourteen springs and streams were sampled in order to gather
seasonal information on aquatic invertebrate production. Production
appeared to have been greatest during summer and in the warmer springs
and in those whose water originated from bedrock. Summer benthic inver-
tebrate production ranged from about 420 2rganisms per square foot
(4,500 organisms per square meter) for the Ekaluakat River to 1,700
grggnisms per square foot (18,000 per square meter) for Sadlerochit

pring. ' !

Sites satisfactory for stream-gaging stations were found on the

f.
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Colville, Hulahula, and Canning Rivers, and downstream from Saviukviayak
spring and Sadlerochit Spring. These stations would provide data to
help evaluate regional water resources.

INTRODUCTION

The part of the Arctic coast of Alaska between the Colville River
and the Canadian boundary was visited in April, August, and November
1975. The location of the area is shown in figure 1. The proposed
route of the Arctic Gas pipeline and the lower Colvilie River area are
included in the study. The reconnaissance study area is characterized
by its cold climate and is largely uninhabited, but oil and gas disco-
veries have spurred development of parts of the area. Sensible, coordi-
nated development requires information about water resources, information
which, until recently, has not been available.

The purpose of the April 1975 reconnaissance trip was to locate
winter flow and describe its quantity and quality. A followup summer
trip was made in August to determine the flood characteristics of
selected streams by measuring channel geometry in relation to bankfull
discharge and the maximum evident flood and by estimating channel
roughness. In addition, one lake was sampled, the discharge of a few
springs was measured, and samples of spring water were taken. Because
streamflow in. August was assumed to be representative of normal summer
flow, water quality was examined in streams for which flood surveys had
been made. Samples of aquatic invertebrate populations were taken from
most sites on the April and August trips. Another reconnaissance trip
from Prudhoe Bay east to Canada was made in November to measure discharge
in selected streams and springs, to measure ice thickness and water
depth in selected lakes, and to collect water samples for water-quality
analyses.

FLOODS

The reconnaissance party made flood surveys at 14 stream sites.
These flood-survey sites are numbered on figure 2. The streams and the
approximate survey sites were preselected on topographic maps and
studied from the air to insure that reasonably uniform channel reaches
were available for ground surveys. An oblique aerial photograph of each
site was made (figs. 3-16). The party then surveyed the channel cross
sections and longitudinal profiles of the water surface, the bank tops,
and the maximum evident flood high-water marks upstream and downstream
from the cross sections. At each site a photograph was made of an area
of the streambed covered with deposits that were considered to be
representative of the size of streambed material transported during
floodflow conditions. The cross-section lines on the aerial photographs
show the widths of the channels at bankfull and maximum evident flood
stages.

The results of the stream-site studies are shown in table 1. The
channel characteristics tabulated are for the bankfull main channel.
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Figures 3-16.-- Photographs of flood survey sites. Upper photo shows channel
width in feet. Arrow indicates direction of flow. X indicates site where bed
- material was photographed; [Jindicates site where biological sample was taken,

if any. Lower photo shows typical streambed material.

FiG, 3a-Halffone @ 100%

Fle, 3b.- F4£?|441n16’€52/ é;£2‘529

Figure 3.-- Site 1, Colville River.
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FIG. 4 3 - HaHtone @ 100%,

FiG. 4b-Asiftme @ 100%

Figure 4.-- Site 2, Shaviovik River.
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FiG Sa- Halftome @ 95 %

' FiG, 5b-Halftrre @ 62 %

Figure 5.-- Site 3, Canning River.
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F\G, Ja- Halftve @ A)OO'%

FlG, 7b~-HalfHone @ 62%

Figure 7.-- Site 5, Marsh Creek.
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Flg. 8a-Halftene @ 95%

~ FI&.8b- Halftome @& 95 %

Figure 8.-- Site 6, Sadlerochit River.
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FiG. ©a-Halfone © 1007

FIG, b -Halftme @ 62 %

Figure 9.-- Site 7, Hulahula River
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Fl&. 103-Halftone @ 95 %

Fig. 10Ob - Halftone @ 5%

Figure 10.-- Site 8, Jago River. "
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FIG. |1a- Halffme @ 95 %

FiG. || b.-Halftene & 62%,

Figure 11.-- Site 9, Okerokovik River.
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FiG. ) 2a-Ha\foue @ 100 %0

FlG. 12b~HaHere @ 2%

Figure 12.-- Site 10, Aichilik River.
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FlG. 132~ Halfdmie @ 1007,

FIG. 13b - Halfdme @ (000

Figure 13.-- Site 11, Egaksrak River.
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“Hatfne @ 100 Vo

FIG /4b, - Helfee @ 627

Figure 14.—Site 12, Ekaluakat River.
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Fl&, 15a-Halftome @ 95 Yo

FIG. I5b.- Halflome @ 62%

Figure 15.-- Site 13, Kongakut River.
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" Figure 16.-- Site 14, Turner River.
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Bankfull stage was determined as the observed surface of the flood plain
(Leopold and Skibitzke, 1967). Discharge was estimated by slope-
conveyance methods (Dalrymple and Benson, 1967).

The physical and climatic drainage basin characteristics shown in
table 1 include:

Area of glaciers {G) fn percentage of drainage area.

Area of lakes and ponds (S¢) in percentage of drainage area.

Drainage area (A) in square miles, the total drainage area upstream
from the stream site.

Main-channel slope {(S) in feet per mile, the average slope between
points 10 percent and 85 percent of the distance from the gaging
site to the basin divide (stream length).

He?n aqgua] precipitation (P) in inches, as determined from Searby

1968).
Mean basin elevation (E) in thousands of feet above sea level.
Mean minimum January temperature (t,) in °f, from Searby (1968).

-~ Precipitation intensity (I) fn inches, the maximum rainfall expected
1n 24 hours ®ach 2 years, from U.S. Weather Bureau {(1963).

Stream length (L) in miles, the length of the main channel between

the gaging station and the basin divide measured along the channel
- that drains the largest basin.

Table 1 shows the flood discharges for 2-year (Q,) and 50-year
(Q o) average recurrence intervals. No streamflow records are available
for’ the streams, so the flood discharges were estimated from multiple-
regression equations relating flood discharges to drainage basin physi-
cal and climatic characteristics (Childers, 1970).

Maximum evident flood-peak discharge may be divided by drainage
area to give unit runoff rates. The unit runoff rates shown in table 1
average about 40 {ft3/s)/mi% [0.4 (m’/s)/km’] the maximum rate is 185
(ft3/s)/mi? [1.8 (m*/s)/km2]. The maximum evident flood at Marsh Creek
was much less than the bankfull discharge. This condition may be caused

. by lack of flood debris deposited during large floods which may occur

when part of the channel is formed in snowbanks.

The calculated bankfull and maximum evident flood discharges
generally exceed the estimates of Qso. This indicates that the Alaska
regional flood-frequency relation used to estimate Qso probably should
not be applied to the Arctic Coastal Plain. On the North Slope, drainage
basin characteristics such as presence of continuous permafrost and the
amounts and rates of precipitation and snowmelt are important, but their
effects on flooding have not been evaluated.

ng .
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SPRINGS AND ICINGS
General Description

Springs and related icings are the most conspicuous active hydro-
- logic features on the eastern Arctic Slope during the winter season.
Streamfiow virtually ceases in winter except in zones of ground-water
discharge and channel reaches immediately downstream from concentrated
points of ground-water d1scharge (springs).

During winter, spring water freezes downstream from its source to
form icings. The area, thickness, and location of an icing depend
basically on the volume of water suppiied and to a lesser extent on
water temperature, air temperature, and topography of the ice accumula-
tion area.

The locations of several of the more conspicuous springs, such as
Shublik and Sadlerochit, were known from reports in the 1iterature
(Willfams, 1970). Marvin Mangus (oral commun., 1972), geologist in
Anchorage with extensive field experience in the eastern Brooks Range,
told us the location of several other springs, including the one at Red
Hi11. The location ‘and extent of icings in the Sagavanirktok, Ivishak,
Canning, Tamayariak, Katakturuk, Sadlerochit, and Hulahula River drainage
basins were observed during an aeria1 reconnajssance. Landsat I '
(originally called ERTS A) satellite imagery was used to locate icings
in tundra horth of the Brooks Range. On Landsat I, ice or water surfaces
appear black against a white snow background in winter scenes. There is
very 1ittle black and white contrast in visible Band 4 (0.4 to 0.5
micrometers) of the multispectral scanner; on the other hand, the contrast
{s most pronounced in the near-infrared Band 7 (0.8 to 1.1 micrometers)

Icings melt more slowly than snow cover, and some large icings
persist from year to year. Figure 17 shows remnants of the Ekaluakat
fcing in late July 1975. In summer, the remnants of icings are in
bright contrast to surrounding soil and vegetat1on and can be readily
identified on Landsat I images (fig. 18) in Band 5 (0.6 to 0.7 micrometers)

Before the reconnaissance trips were undertaken, available Landsat
{magery was studied to identify and locate icings on the eastern Arctic
Slope. These icing sites were used as the basis for planning the winter
hydrologic reconnaissance. At each location, the expected icings and
open water leads from nearby springs were found. An exampie of such an
open water lead can be seen in figure 19. Figure 20 shows the locations
of the mafn springs and icings in the study area.

At each spring, discharge was measured, field determinations of
conductance, pH, alkalinity, temperature, and dissolved oxygen were
made, and samples were collected for analysis of total organic carbon,
turbidity, color, and selected inorganic chemical parameters. Aquatic
invertebrates were also collected for laboratory analysis.

(Selected water-quality data for springs, streams, and lakes are
presented in tables 2, 3, and 4, respectively. The map numbers in these
tables refer to figures 20. 26, and 27, which show the location of the
springs, stream, and lake sampling sites, respectively.)
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Figure 17.-- Ekaluakat icing remnants, July 1975.
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Figure 18.-- Landsat 1 image of Kongakut icing, August 1, 1973.
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“Figure 19.-- Open water at spring that feeds the Ekaluakat icing, April 22,
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A distinctive feature of most of the springs on the North Slope is
the luxuriant growth of vegetation, both aquatic and riparian, much of
which stays a bright green even in winter. Willow growth is thick near
many springs, and at some of the springs are stands of baisam poplar up
to 40 ft (12 m) tall.

Some of the springs that flow from alluvial deposits are surrounded
in winter by bare gravel which makes them relatively easy to spot from
the air. There is apparently enough heat in the water and in the ground
‘to melt any snow that falls there.

The discharge measurements of spring systems were made at a point
downstream so as to integrate the flow of all upstream springs. Samples
for chemical analysis were taken at a single representative orifice that
could be readily identified and resamplied. Temperature and dissolved-
oxygen measurements of each spring were made as close to the discharge
point as possible.

Sagavanirktok River System Springs

_ Many springs occur in tributary basins of the Sagavanirktok River
along the northern edge of the Brooks Range. A general description of
these springs is given in Childers and others (1973).

Echooka springs at the edge of the mountains supply the largest
fcing in the Sagavanirktok drainage basin, one of the largest icings in
al;s¥g.3 Echooka springs were discharging about 100 ft3/s (2.83 m%/s) in

73.

In winter months discharge from springs in the Saviukviayak River,
Flood Creek, and in Ivishak River drainages near the mountain front
(fig. 21) coalesces to form a large and conspicuous icing near their
confluence. Cumulative discharge from these springs in May 1973 amounted
to nearly 370 ft3/s (10.5 m®/s).. Measurement of these same springs in
April 1975 indicated a total discharge of about 200 ft3/s (5.7 m%/s).
This wide difference in flow was probably the result of early snowmelt
runoff in 1973. Use of the 1975 data (table 2) gives a more conserva-
tive figure for minimum spring discharge.

The Saviukviayak tributary has a drainage basin of about 32 mi?

(83 km?) and had & spring-flow discharge in April of 45 ft¥/s (1.3 m*/s).
1f this value is a representative figure for minimum ground-water
discharge in the basin, it would be equivalent to an annual basin yield
of about 1.6 ft. (0.5 m) of water over the entire basin, assuming that
the ground-water basin coincides with the surface-water basin. This
assumption is probably not valid because the adjacent Flood Creek basin
[dra1nage area 80 mi? (207 km?)] had a spring-flow discharge of - .

53.6 ft>/s (1.5 m*/s) in April 1975. This is equivalent to an annual
basin yield of about 0.8 ft (0.2 m) of water. If this is combined with
the adjacent Saviukviayak tributary basin, a yield of about 1.0 ft
(0.3 m) of water for the two basins results. Estimated average annual
precipitation for the area fs between 1.5 and 3 ft (0.5 and 1.0 m).
Thus it can be seen that ground-water discharge is a very significant
part of the hydrologic regime of this part of Alaska.:
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Table 2,--Dissolved ohamioal comstituents nud phyaiaaz paragmeters for aprings, eastern Arotia Slape?
_{all constituents reported in m S

L
Map No. from f1g, 20

Statfon name

Latitude
Long{tude

Date

Time

Discharge (ft /s)
Silica -
Iron (ng/L)
Manganese (ug/L)
Calcium
Magnes{um
Sod{um
Potassium
Bicarbonate
Carbonate

. Alkalinity, total (Caco,)
-Sulfate

Chloride

Fluoride

Nitrate and nitrite as N

Orthophosphorus as P

Dissolved solids {sum of
determined constituents)

Hardness, total

-Non~carbonate hardness

Specific conductance {micromhos/cm
at 25°C)
pit- (units)
Hater temperature (°C)
Color (platinum-cobalt units)
Turbidity (Jackson Turbidity units)
Dissolved oxygen
Total crganic carbon

1

Lupine
Sp ring
68°51°45"

05:09-73 05-05-73

1.5

3.7
30

0.0
51

— —

— .
SO OO O
» - - - - » - -

e - g

gz

N sl e
8-—‘0\ o
oo o

""'-C
m

2’5

2

Saviukviayak
R. west spr,
68°54'10"
148°12'20" 148°05'10"

o

[ ==

*Ca1c1um and magnesium-tcnlbulated as ca]cium)

punleaa othermsise speoified)

i

l PR

4
Saviukviayak Flood Creek
trib. spring sprinq
68°56'20"
147°58'45" 147°51 30"
05-10-73 04-20-75 05-10-73 04-20-75
- 10:00 -- 14:15
54 45 83 54
4.6 4.8 6.3 5.3
50 -~ 30 --
10 -- 0 -~
39 52 38 52*
7.3 - 8.8 --
0.3 0.8 0.4 0.3
0.1 0.5 0.1 0.5
137 145 136 131
0.0 -- 0 --
112 - 12 --
12 9.1 14 11
0.5 0.9 1.3 0.9
0.5 0.3 0.6 0.4
0.05 0.1 0.05 o.1n
0.00 0.03 0.00 0.0
132 -- 137 -
130 130 130 130
15 - 20 .-
239 247 240 222
7.9 8.2 8.2 8.0
3.5 6.5 8.5 7.2
1. 0. ] 0
-- 1 -- 2
-- 8.9 - 9.0
- - -— 9.9



056

02z
<695
0’0

2t
. 8°S

0ct
12

SS9

0

0

NN

me £l

£0°0
10°0

6¢
58°0
Sh:2cl

§.-21-80 §¢-82-10

w8E. 10911
ul€,l£.69

. Bupads LL}H poy

™
J

(wnp3jes se paje(ndoLed) wnjsaubew pue wnjoedy

0 -- -- -- --
w.m - - £°G - uabAxo paajossiq
L -- - L8 - Am~.== A3{piquny uosyoep) A31piqany
0 L L - L (s3pun 3Leqod-wnujje|d) 40j0)
§'G 6°G 0L 0 6L (20) 94njeuaadwsl uajem
6°L 0°8 6°L §°L 0°8 . (s3tun) Hd
(2062 3e
02 6L2 152 252 8€2  JWO/SOYWOUD W) 32ULIINPUOD I}44d3dS
- 9¢ €2 - 61 mmm:vsc: ajeuoquaed-uoN
-otl ovl o€l gLl o€l Lv303 *ssaupaey
(S3uan3 j3suod paujuualap
-- L6l £vlL -- gel 40 wns) spjos parlossiq
- 00°0 00°0 00°0 00°0 d se snuoydsoydoyiuQ
- £0°0 €0°0 80°0 30°0 N SR 33i43ju pue ajeuayiN
- G0 £°0 $0°0 790 apiaony 4
- £l €1 €0 "79°0 | apiaolyy
-- LE 74 6'8 £l ¢  aje4|ns
-- yolL 01 - 2Ll (F00®3) e300} ‘A3pupeyy
- 0 0 - 0 h ajeuoquae)
174 221 LEL 821 LEL ajeuoquedyq
- £°0 2°0 $°0 ) ‘wnjpssejog -
- G'1 (| t°0 v°0 ' ungpos
- L 8°6 -- L1°6 wn § saubey
-- 8¢ 9¢ xlY 9¢ wngoje)
-~ 0o . 0 -- ol S\a..N asauebuey
-- 05 ' 05 -- 02 | 1/61) uoag
- 8t 8°G 6°t 8'G C o RS
b2 72 7/ L v61 . (5/c34) #bawydsig
00:l -- 00: 1L ob:SL -~ . o T
G,-92-v0 €£.-0L-SO0 €/-01-S0  §/-02-Y0 €/~L1-S0 ajRq -
w0G, LLlo9%l  40S,22.Lb1 w00, Eba bl -9pn3 j6uo
w02,82069 wG€ 151069 w05, 10069 pn3jIeT
P \ Bujuads 3som bupads apisiLiy .
Bupads yj19nys ¥ ®jooys3 ARYS}A] WY U0pIRIS -
L 9 ] _cw .a_y wo.) "oN dey

*(po3f3oade s8r0w8y30

oqun /Bu u3 pegaodsx 83uenyiyeuce 11v)

uoqued ajuebao |ejo)

~9dos op30ay uas3eve ‘ebujade aof easjoumird 1003efyd puv 83UINIIREU00 JVOIUBYO PRAT088I]--*7 B|qRL)



£t
92

Si-pe-LL

WSZ PLoEPL

-8 m¢ OOW
w:_gum

"¥ YpA0NOLAQ
2L

N

&.=; s
:_umoﬂm 0}30XY UI230D0 .em:v&quwn

- L'l
- 9°tl
== L
- 0
0°L 0°L
I 0'8
622 1) 74
- 921
€0°0 00
oL°0 L°0
- LAY
0 £l
1 L2
99 9Lt
2'0 L0
8°0 8l
-~ 1S
61 )
9P £/
-- go:ot
GL-9¢-11 S/-82-%0
wGl.60.tbL
n6€,5b069
Bupads Buydp
‘Y einyerny
41

bujuds wouy weauysuMop 3 jw | 3noqe umg:mmwsan

‘(un}31e2 su page(naLed) wn|saubew pue wnjatedy

-- L0 L0 1°2 uoqaed sjuebao (e30)
-- 2’9 0°L AN uabAxo paaLossiq
-- -~ l L (s3pun A31pLqan) uosyoep) A3|pjquany
-- 1% 0 0 (s3pun 3eqod-wnuiieid) 40l0)
w»0'b 0°tl 0°tl 0°l (3,) 94anjevaadud) 433ey
€L £°¢ 6°L 2'8 : (s3pun) Hd
_ (2092 31®
09¢€ 0% ol 542 W3 /SOYUOLD |w) 3IURIINPUOI I} 4}3ds
-- Ll -- - SSaupJRYy 3JRPYOQUeI-LON
-- 061 061 o€l L9301 *ssaupdey
(s3uan3 $35u0d paujuualap
- €23 - - 30 uns) spilos paslossiq
10°0 10°0 00°0 00°0 d S® snaoydsoydoylap
0t°0 £0°0 50°0 80°0 N S® 3343 |u puv 3jea}N
-- 9°0 L0 L°0 _9ppaonl4
9°¢ S°¢ 0°b 8°0 PpL40Ly)
19 99 1L 8°L £ ajej|ns
- SLl -- == (7009)) Lm0 *A3juileyiy
-- 0 - -- ajeuoq.e)
921 oyl 951 0€L JjeuoqJudig
§°0 0°lL "t S0 wnjssejod
6°9 8L 2’8 S'0 un jpos
-- 8l - -- wnjsaubey
-- Ly »8. x5 wniale)
-- .0 -- -- . (1/6n) asauebuey
- 'og -- £°E 1/6n) uoug
S°6 oL ol £d QLIS
L"8€ ' L€ S€ 82'b (8/¢34) abumydsig
-- 00:vL *~ 0£:9l SLeLl auwy |
GL-9l-ll S/-L0-80 G/-(2-¥0 G/-82-v0 ajeg
L€, E2o00L uEE90.5PL apn3 j6uo
u€2,6€069 w2l lh69 wpnie
\ bujuads qpay .
bujads 3}ydouapes "8 ANAN eIy ey ugjINng
ol 6 0z '6}4 w0} *ON dey
106de pe1mIsy30 @  un 7/Buw u} pazaoded §3ueny}IeUcO 11D) ﬁﬂrw !

f

sao3ounand 7003 4d PUD S3USNIIGUOD JDOPUSYO PEAL0REYT~-~"2 B|QVL| -

.-
aam

i —— ¢ e




t‘fTime

‘ i {all constituents reporied in mg/ L. un

'Map No.frnm fig 20 13 14
Station name Aichilik R. Ekaluakat R.

C sp r1nq sp rin?
Latitude 69°31'06" - 69°35'27"
Long1tude 143°02'00" 142°18'00"

~. Date 04-27-75 04-22-75

: 3 13:30 10:00

LBy Discharge (ft /s) . 1.5 5.1

<. S41ca 2,4 3.9
Iron (ug/l) -- -~
Manganese (ug/L) - -- -

- Calcium 65* 69*
Magnes fum - 4.5
Sodium 2.8 .6

- Potassium 2.1 -

. Bicarbonate 148 165

- Carbonate -— -~
Alkalinity, total (CaCO ) -- --
Sulfate 39’ 25
Chloride 2.0 3.6,
Fluoride 0.2 0.4

" Nitrate and nitrite as N 0.08 0.07
Orthophosphorus as P 0.19 0.00
Dissolved solids {sum of - --

determined constituents)
Hardness, total 162 172
Non-carbonate hardness - -
Specific conductance (micromhos/cm 338 350
at 25°C)
pH {units) . 8.0 7.9
Water temperature (°C) 3.6 6.4
Color (ptatinum-cobalt units) 0 0
Turbidity {Jackson Turbidity units) 2 ]
Dissolved oxygen , 12.4 8.1
Total organic carbon 1.2 4.9

le1o 2.--Dissolond chemiocal oonstituents and phuaioai parametera for apringe, eastarn Arotio Slope

*Calcium and magnesium {caiculated as calctum}|

15

Kongakut R,

delta spring
- 69°43'36"

141°46'07"

04-27-75

12:00
37
2.7

‘s othervise specified).

16

Kongakut R.
above delta
69°42'50"

141°47 30"

11-18-75

88.4
3.0

17

Kongakut R.

sp r1nq
69°32°36"

141°49'38"
04-27-75

10:00
13
2.3

50

1.0
0.5

N

18
Clarence R.
sp r1n9

69°30'44"
141°11'3z7"
04-27-75 11-18-]
10:50 -
0.5 4,7
2.3 2.2
53+ -
- _ 0.7
0.5 ! 0.3
124 86
12 26
0.7 1.4
0.0 -
0.05 1€
0.00 0 0C
132 --
-—- 250
7.9 6.8
- 0.0
6.3 -
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Figure 21.-- Ivishak hillside spring, April 20, 1975.
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No single spring orifice in the Sagavanirktok drainage system
discharges a very large volume of water. Instead, numerous springs
discharge at or near the valley bottoms from exposed bedrock or stream-
channel alluvium. In some places, springs such as the Ivishak hillside
spring (fig. 21) and some springs in Flood Creek valley {ssue from steep E
banks several tens of feet above the adjacent stream. : B

Cdﬁﬁiﬁg River System Springs

‘ The cumulative discharge of springs in the Canning River and {ts
tributaries is probably greater than in any other river system on the
North Slope in Alaska. Shublik Spring, which discharges about 24 ft3/s
(0.68 m3/s) on the southwest end of Copleston Mountain, emerges from two
main orifices and descends in a channel about 300 ft (390 m) in half a
mile to the point where it plunges the last 40 ft (12 m) into the
Canning River (fig. 22).

In late winter, icings formed by these springs are almost continuous
from the upper reaches of the Marsh Fork of the Canning River throughout
the entire length of the main river channel. One of the largest icings
in the area forms in the distributary channeis of the Canning and the
Staines Rivers upstream from their delta.

Red Hill Spring

Red Hil1l spring at the west end of the Sadlerochit Mountains is one
of the few known hot springs on the Arctic Slope. MWater temperature at
the main orifice was 32.8°C in April 1975 and 29.3°C in August. Gases
bubble to the surface in the orifice pool, and there is a strong odor of
hydrogen suifide at the spring. Lavender and cream-colored algae coat
the rocks and bottom of the pool. The water has a slightly bluish,
turbid appearance. The spring water flows across and through a rubble
slope for about 300 ft (90 m) to join the spring-fed headwaters of the
Tamayariak River. The headwater stream contains an unidentified suspended

“precipitate" and appears black. Discharge in the stream was measured
at 0.85 ft3/s (0.02 m?*/s) in April 1975. Water quality was sampled at
the spring orifice.

Sadlerochit Spring

Sadlerochit Spring at the east end of the Sadlerochit Mountains
(fig. 23) is the largest known spring on the Arctic Slope to issue from
a hillside bedrock source. Fairly constant discharge of about 37 ft?/s
(1.05 m*/s) issues at nearly 13°C from a2 primary orifice and one secon-
dary orifice in talus derived from the Sadlerochit Sandstone (fig. 35).
The spring maintains an open channel for nearly 50 mi (80 km) downstream
even during the coldest part of the year because of its high discharge -
and temperature. A narrow, thick and elongated fcing develops about 5
mi (8 km) downstream from the 5pr1ng and extends for. another 5 mi (8 km)
down the valley. . S .
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- Figure 22.-- Shublik Spring where it discharges to Canning River, April 28,
1975, - -
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Kongakut River Springs

The largest icing known in Alaska occurs in the lower distributary
reaches of the Kongakut River {fig. 18). This fan-shaped icing develops
from several large springs that emerge from an alluvial fan surface. In
November 1975, a combined discharge of 88.4 ft?/s (2.5 m?®/s) was measured
in two channels at the head of the icing, and another channel was flowing
at an estimated 15 ft¥/s (0.42 m®/s). In April 1975, a flow of 37 ft¥/s
(1.05 m®/s) was measured in a single channel near the head of the icing.
Freshwater from the springs overflows sea ice in the lagoon behind Icy
Reef and extends the icing laterally for at least 10 mi (16 km) along .~
the coast. The size of the icing.as delineated on Landsat I imagery 1s’
estimated to be about 50 mi? (130 km?). ‘

Some springs, such as those that feed the Kongakut, Canning,
Okerokovik, and Hulahuta icings near the proposed Arctic Gas pipeline
route, emerge from alluvial deposits and have no apparent relationship
to any bedrock outcrops or structure. Furthermore, there is no apparent
geomorphic setting such as a channel constriction or change of slope to
explain the location of the springs. Thus the question is raised
whether these springs have their source in buried bedrock at or near
the places where they emerge.

Water Quality of Springs

The springs are, with few exceptions, remarkably uniform in their
water quality (table 2). The water is of excellent quality for almost
any use. The water is clear and turbidity is very low; pH ranges from
6.7 to 8.2. Dissolved-oxygen concentration is high, generally near
saturation. For those springs in which discharge can be isolated from
general runoff, such as the Sadierochit and Shublik Springs, discharge
and temperature seem to remain nearly constant. The water is a dilute
calcium bicarbonate type, and dissolved-solids concentrations range from
about 130 to 225 mg/L. :

Red Hi1l.spring is the principal exception to the above generalities.
Its thermal waters are a sodium bicarbonate type, high in both chloride
and sulfate. (The water in Sadlerochit Spring contains more sulfate
than most other springs in the study area.)

Because their flow regime is relatively stable compared to stream-
fiow, the springs support a varied and abundant flora and fauna. The
springs are a source of water for overwintering habitats for fish,
including Arctic char. .

R
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Figure 23.-- Sadlerochit Spring main orifice, August 7, 1975.
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STREAMS

Streamfiow is virtually nonexistent in most Arctic streams during
the winter. Attempts to find and measure streamfiow in the Colville
River, the largest river on the North Slope, in April 1975 were unsuc-
cessful. Water was found pooled under ice at Umiat and at the head of
the delta near Nuigqsut (fig. 24), but movement could not be detected
with a current meter. At another site near the mouth of the Anaktuvuk
River, no water could be found in a section across the main channel, and
ice above the gravel averaged less than 2 ft {0.6 m) thick.

During November 1975 intensive efforts to find and measure stream-
flow along the proposed Arctic Gas pipeline route revealed only seven
locations with measurable flow. Five of these were in open leads at or
near springs (see table 3). Figure 25 shows the locations of stream
sites with no measurable winter flow.

During the reconnaissance trip in August 1975, streamflow was
fairly low and the stream water was clear. The only noticeable turbi-
dity found was in the Katakturuk River and resulted from a rainstorm in
{ts_headwaters on the preceding day. The streams in the eastern Arctic
Slope have extremely.coarse beds which are well armored with gravel,
cobbles, and boulders. Even the banks consist of coarse material. Thus
clear water conditions are probably the rule rather than the exception.
The chemical quality of water in streams samplied during the summer visit
was remarkably similar to that of the springs sampled in the same basins.
The difference between specific conductance values in streams and
springs in the same basin averaged less than 10 percent.

Streams in the area are in a pristine natural state. The locations
of streams sampled are shown in figure 26 and water-quality.data are
shown in table 3. Dissolved oxygen is at or near saturation during
open-water flow and becomes reduced only in stagnant pools under ice
cover. Water temperature in August ranged from 2.7°C in the Katakturuk
River to 9.8°C in the Colville; it averaged 6°C for the 14 streams
measured. Except for the Turner and Colville Rivers, the streams
sampied were virtually colorless.

LAKES

There are numerous shallow thaw lakes in the coastal plain region
between the Colville and the Canning Rivers. To the east of the Canning
Rtver the area is fairly well drained; it has low rolling uplands and
very few lakes. The locations of the Yakes sampled are shown in
figure 27. Most of the lakes in the coastal plain range from 3 to 6 ft
(1 to 2 m) in depth and freeze to the bottom. Water depth listed in
table 4 is the total depth of the lake at the point of sampling.
Dissolved solids in the water of shallow lakes that do not freeze to the
bottom become concentrated during the wirter so that the water 1is
unusable for most purposes bu late winter. Ice on Barter Island Lake
was about 6 ft (2 m) thick in April 1975, leaving about 0.5 ft (0.2 m)

-effective depth beneath the ice. At that time the water had a specific
- conductance of 7,130 micromhos/cm &t 25 °C and contained 1,600 mg/L of

.....
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" Figure 24.-- Ice drilling on the Colville River near Nuigsut, April 25, 1975.
' _Ice thickness is about 7.3 ft (2.2 m). :
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15;315']leli 3.--Dissotved ohanloal constituents and physioal parameters for sireams, easTern Arovic oivpe .

o :‘I'H:;, (all constituenta reported in mg/L unless ~+vervise epecified). C
 Map No, from fig. 26 | 9 10 n 12 13 14
- Station name , Kavik R nr Canning R Canning R Canning R Katakturuk R Marsh Cr
L Deadhorse nr Kaktovik y delta E Chnl
- Latitude. 70°01'50%  69°48'29" 69°50'38" 70°04’'38" 69°52'25" 69°47'33"
v Longitude 147°18'05" 146°23'25"  146°27'10" 145°42'35" 145°12'00"  144°49'00"
i Date = . 08-13-75 11-08-75 08-12-75 11-30-75 08-10-75 08-10-75
Yoo Time - - 3 ; -- - . 16:00 -- 09:30 12:30
‘-1 Discharge (ft°/s) . 0 228 E2500 0 E400 E15
« . S51l1{ca - : 2.5 2.6 - 2.3 - -- - --
» o Iron (wa/L) . -- -- - -- -- --
> Manganese (ng/L) - -~ - -- -- --
Calcium - - - - - -
Magnes{um ' ‘ - -~ - - - -
~ Sodium 1.8 1.8 .- 1.4 .- --
-+ Potass{um C 0.4 0.2 - 0+3 - --
" Bicarbonate o 165 162 107 123 120 112
., Carbonate -- = -= -- -- -~
g ., Alkalinity, total (Cacos) - - - - -- -
*, Sulfate 28 3t -- 34 -- -
.- Chloride 1.6 1.3 - 0.9 -- -
"~ Fluoride . -- - - - -- -
" .. Nitrate and’nitrite as N 0.18 0.12 -- 0.15 - -
¢ - Orthophosphorus as P 0.01 0. -- 0.0 -- -

. Dissolved solids (sum of -
determined constituents)

. Hardness, total -- - -- -- -- -
. - Non-carbonate hardness o -- - -~ -- - -
‘ ISpeclf;g ggnductance (micromhos /cm 390 320 240 - 250 425
a °C) -
i pH (units) = - 7.2 1.7 7.7 B.7 7.8 7.5
- Water temperature (°C) 0.0 0.0 9.0 0.0 3.0 3.5
~ Color (platinum-cobalt units) ' - -- 5 - 5 3
- Turbidity (Jackson Turbidity units) -- -- 1.3 -- 20 2
- Dissolved oxygen -- -- 11.8 -—- 13.2 12,2
Total organic carhon - - 27 8.9 3.7 6.0
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. Hap No. from fig, 27 5
. -Stdtion name Unnamed Lake nr
' Camning R Delta
© Latttude 70°01 37"
*/ - Longf tude 145°31' 26"
1Date 11-30-75
‘Time 11:30
_Hater deE . 3.5
"?-lce thickness . 3.8
Sfiica ¢ 0.0
v Tron (ug/L) S
.-~ Manganese (ug/L) P
i+ Calclum L e
- Magnestum - booan
» Sodium . I 4.7
7 - Potassium - L 0.2 |
. Bicarbonate . 44
. Carbonate - e
i Alkalinity; total (0a003) e
© Sulfate : - [ 1.8
Chloride - N
v Fluoride - -- !
 Nitrate and nitrite as N .06
" Orthophosphorus as P | __0.02
- Dissolved solids (sum of -
- datermined constituents)
Hardness, total --
- Non-carbonate hardness . -
Specific conductance {micromhos/cm- 106
- at 25°C) '
pH {units) 7.1
Water temperature (°C) 0.0

;Table 4.--Dissolved chemioal oonstituents and phyatoaz parameters for lakes, easterm Arotic Slope
(azz oonstituents reported in mg/L unle otherwise specified).

Color (platinum-cobalt unfits)
Turbidity (Jackson Turbidity units)

Dissolved oxygen

Total organic carbon

*Calctum & Magnesium (ca]du]ated.as carbon)

Unnamed Lake
nr Kaktovik »
- §9°59'55"
143°43'51"

11-22-75
z.

6
- 3.6
0.0

0.06

115

o — —

7

Unnamed Lake =

nr Kaktovik

70°03'13"

143°43'51"

0.00

11-25-75

| o8-18-72

|

8
Barter Island
Lake
,70°07'15"
143°38'18"
04-27-75
22:00
- 0.5
-- 6.0
2.1 0.0
.01 -
.00 -
35 -~
13 -—
46 800
2.1 15
97 --
3.1 16
120 1600
0.1 0.3
0.02 0.03
- 0.07
270 --
140 --
61 --
543 (7130
7.0 | 7.3
40 -
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" dissolved chloride and 800 mg/L of dissolved sodium. Total organic

carbon was measured at 40 mg/L. A sample taken on August 18, 1972, from
the lake on Barter Island had a specific conductance of 543 micromhos
and contained 120 mg/L of dissolved chioride and 46 mg/L of dissolved
sodium. ‘

Lakes near the coast tend to have higher sodium and chloride
concentrations than lakes farther inland, presumably because of aerosols
derived from the nearby Beaufort Sea.

AQUATIC INVERTEBRATES

Aquatic invertebrates were collected during April and August 1975
trips, but no collections were made during the November 1975 trip.

Biological sampling was conducted at 8 spring sites during the
April trip. Ten-rock samples were collected from all springs except Red
Hi11 springs where only a 2-rock sampie was collected because of the
abundance of organisms present. Drift net samples were obtained from
the Katakturuk River tributary spring and Kongakut River spring along
the delta.

During the August trip, 2 springs and 10 stream sites were sampled.
Drift net samples were taken at all sites, except for Sadlerochit Spring.
ggrber samples were collected from Sadlerochit Spring and the Ekaluakat

ver.

Five Surber samples from Sadlerochit Spring and four from the
Ekaluakat River were collected. Each sample was collected from a diff-
erent area, thus making up a diverse set of samples for the site; the
data was then arranged for the site. '

Each rock sample consisted of 10 rocks ranging from about 6 to 12
in (150 to 300 mm) in diameter collected at random in the vicinity of -
the spring source. The method of collection of organisms from rocks is
described in Nauman and Kernodle {1974). '

Drift-net samples were taken with a modified Surber stream-bottom
sampler used as a drift net. Use of the Surber sampler is described by
Slack and others (1973). A drift net site in the Ekaluakat icing is
shown in figure 28. A 1-hour drift-net collection was obtained from an
area of swift flow at each of the stream sites sampled. The drift net,
made of nylon screen cloth netting with a 210-p mesh, had a 12x12-in
(305 x 305-mm)} opening which was held perpendicular to the current by
rods driven into the streambed. The bottom of the net frame was in
contact with the streambed and the top extended above the water surface
i{n order to collect the surface film. Drift-net samples do not collect
all the taxa present; however, this method has proven to be a useful
tool for comparing biological communities in streams. It should be
noted that not all streams visited were sampled for aquatic invertebrates.

The samples collected from the Kongakut River, Egaksrak River,
Sadlerochit Spring, and Red Hi1) spring contained greater numbers of
aquatic invertebrates and more taxa (table 5) than the other sites
sampled. Diptera (two-winged insects), mostly Chironomidae (midges),

- were the most abundant aquatic invertebrates collected, comprising from

10 to 100 percent of the samples (table 5). Red Hil1l spring had the
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_Figure 28.-- Biological-sampTing site in Ekaluakat fcing, July 1975.
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Tabu sa.--waun-m of_aquatta tnvertebrates_in peroent of aampu at each spring site. P = present but constituting 1e!s
B | N than 1 percent o ample
Hap Ho #G‘Il fig. ZOJ 4 - 8 : 9 ]
- Statfon name - Flood Creek Red Hi11 Katakturuk R . Sadierochit
. spring : spring. trib. spring spring
! Collection date - &4/20/75 4/28/75 8/12/15 4722115 4/22/715 &4/22/15 B8/1/75.
| Samp]e type 10-rock 2-rock drift 10-rock drift 10-rock *Surber
4 “om ' I L]
;3:?: --; Nematoda ~ round worms ' 74 - P p -- 1 1
, Oligochaeta - aguatic worms 3 - L p P 2 2 2
Turbellaria ~ flat worms - ° N - - - . p P
Crustacea : ‘
Amphipoda -~ fatry shrimp - : — | - - 1 3
"; Cladocera - water fleas - . - 10 -- - _— ——
Copepoda - copepods ' 3 ~— ) - . p 2
- - Ostracoda - seed shrimp 2 - -- -- - - 18
Ho]lusca' .
_ Gastropoda - spails . - - -- - - 1 P
- Pelecypoda - clams - L em - - - - 15
| lnmature Insecta: - -
= Diptera - two-winged {nsects T - ' -n - -~ - - -
4y Anthomylidae - anthomyiids - - - - - - p
“  Chironomidae - midges 10 [Epgl 81 B9 95 81 50
- Empidae - dance flies , == e P - - - P
‘FRQ??EJ&'E u33965c5é39?11es" o -- - P~y - -— — T ea
Simulitdae -« black flles - - -- 14 -- - P
. Syrphidae - flower flies, ~- -~ P - -~ = -
» Psychodidae - moth flies:: ‘ - - P - - p p
" Tipulidae - crane flies - P P P 1 1 P
Ephemeroptéra - mayflies - - 2 4 1 p 1
" “Plecoptera - stoneflies : 6 - - P .- 8 3
“Trichoptera - caddisfiies 1 ~- - 5 -- 4 3
Miscellaneous organisms: -
Coleoptera - beetles - o -— P - -- -— P
Collembola - springtatls . ] - P -- -- - P
Acarina - mites - P - 1 -- - P 1
Total aquatic tnvertebrates collected 854 6,569 110 456 1,496 225 3,620 1,629
Number of taxa collected per sample .10 2 15 8 4 13 . 20
Total taxa collected per station 10 15 8 : 20

*Average of 5 Surber samples



#b1& 54.--Oocurrence of aquatio {nvertebrates in percent of sample at each epring eita.p= gresent but constftutinq\less
. . : ‘ : | - han 1 percent of sam

: rk../ . . '
Map No. from fig. 20 } 1" 13 4 16
Station name : Hulahula R Atchilik R Ekaluakat R, Kongakut River
_ : spring spring spring spring above delta
* Collection date ‘ 4/28/75 4727115 412215 - 4421715 4721715
. Sample type 10-rock 10-rock 10-rock 10-rock drift
" Norms: :
Nematoda ~ round worms -- -- 6 . - -
- 0ligochaeta - aquatic worms -- - ' } 1 P 2
~ Turbellaria ~ flat worms - - -- - -
Crustacea , '
| Amph1poda - fatry shrimp . = -- Y5 - -
.. Cladocera - water fleas R -- - -_— -
Copepoda ~ copepods -~ -~ 15 - -
Ostracoda - seed shrimp - - 5 - --
: Mollusca: . - . - -
.. Gastropoda - snails - wa . -- - -
" Pelecypoda -~ clams - : - - . - -
i Immature Insecta: ‘
. Diptera - two-winged {nsects - - - ) m -
" Anthomyiidae - anthomyiids - _ ~- -- - -
Chironomidae ~ midges 95 ' 95 58 - 99 95
Empidae - dance flies : - = -—— - -
Phoridae < hump-backed fl{es e - -- -- --
Stmutiidae - black flies -- - - -— an
" Syrphidae ~ flower flies -- -- - -~ ~—
Psychodidae - moth flies -- -- -- -~ -
T{pulidae « crane flies “- -~ P P 1
Ephemeroptera - mayflies 2 4 6 e 1
Plecoptera ~ stoneflies ° 3 1 3 -- -
Trichoptera - caddisflies - - P P --
Miscellaneous organisms: ,
Coleoptera - beetles e -- - _ - --
Collembola - springtalls - -- ’ - -- -~
Acarina - mites - - P -- -
Total aquatic invertebrates collected 1,199 1,098 649 1,872 225
Number of taxa collected per sample 3 3 1 5 4

Total taxa collected per station
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avis U, -~LoOHrTrencs of aquatia _fnmtalqm#q__a_}n_pméh{féf aaﬁplé at each stream n‘.tc;,; P = present but const{t'*ing less
. : ' ' ‘ ' ‘ than 1 percent of ¢ Jle

f
- Map No.“'.f‘fm fig. 26| 19 i 22 ’ 24 25 26
Station name Afchtlik  Egaksrak Ekaluakat Kongakut Turner
River River - River " River River
Collection date : 8/1Y/15  g/W1775 . | 8/9Y75 8/9/75 8/9/75 8/9/75
Sample type X drift drift drift **Surber drift drift
" Wormg: . -
:  Nematoda - round worms P b - P P ' 4
- 011gochasta ~ aquatic worms 3 1 vo4 40 - -
- Turbellaria - flat worms ! - : P - - -- -
Crustacea: ‘
., Amphipoda - fairy shrimp -- P N -- P 1
.+ Cladocera - water fleas _ P P -— - ~- -~
. Copepoda ~ copepods 1 : 2 4 -~ -= 3
. Ostracoda - seed shrimp . ' ~ . P -- 3 1 2
. Mo1lusca: | . : :
. Gastropoda - snatls - - - ~- -- -
. Pelecypoda - clams - - - - -- .-
Immature Insecta: . o :
ln - Diptera - two-winged {nsects . T A - -— m - -
% Anthomyiidae - anthomyiids . | we -- - - -~ --
+  Chironomidae - midges 85 86 : 64 51 83 44
Empldae - dance flies P P ' L e P P --
Phoridae - hump-backed flies . -- L -- -- -- P ~-
Simulidae ~ black flies ' P i P P P 1 P
Syrphidae - flower flies -~ -- ~- - -- --
. Psychodidae - moth flies . - .- -- - - -
- Tipuiidae - crane flies P 1 1 P P P
. Ephemeroptera - mayflfes 4 ] 6 4 5 7
Plecoptera - stoneflfes | 4 5 : 16 1 6 36
Trichoptera = caddisflites T e - - - - -
Miscellaneous organisms: _
Coleoptera - beetles : - ' -- ~- -- p --
Collembola - springtails P 1 . P 1 . p P
Acarina - mites 1 ] 6 P 2 3
Total aquatic invertebrates collected 997 815 804 501 2,038 1,046
Number of taxa collected per sample 12 15 . }g 1N 13 1

Total taxa collected per site - | | .
*faverage of 4 collected Surber samples
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. Figure 29.-- Midge larvae in Red Hill Spring; scale

1s approximate.
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greatest number of {nvertebrates, the sample consisting of almost 100
percent midges and l1ess than 1 percent crane flies. 1t also had the
reatest organism density; midges there numbered approximately 92,900/ft?
1,000,000/m?) (fig. 29). Because of the large number of midges present,
only 2 rocks, each approximately 10 in (254 mm) in diameter, were collected.
Red Hil1 Spring is unusual as .it 1s a hot sulfur spring and only
thermophilic algae are present near the water's source; however, aquatic
invertebrates were collected approximately 600 ft (180 m) downstream
where the individual small springs combine fnto a single main channel.
A photograph of a quiet pool at Saviukviayak tributary spring (fig.
30) indicates that aquatic invertebrate density may approach that of Red
H§11 spring. The aquatic invertebrate concentration at the Ekaluakat
and Sadlerochit springs may be more representative of typical North
Slope conditions. Organisms there numbered from 400 to 1,600/ft?
(4,000 to 17,000/m?), respectively.
Larger streams such as the Canning River are difficult to sample

because of their size. The drift sample from the Canning River was

collected in a shallow reach with slow flow; therefore, the six taxa
collected may not be indicative of the drifting invertebrate populations
in other parts of the river. )

Although different methods of sampling were used during the two
trips, it appears that total production and number of taxa were greater
during summer. Furthermore, aquatic invertebrate production evidently
is greater in springs with elevated water temperatures and with water
that originates from bedrock.

Further sampling is needed in order to describe better the seasonal
varfation in aquatic invertebrate population; however, the samples
collected provide a useful baseline for analyzing the aquatic inverte-
brate populations in the streams and springs sampled. -

RECOMMENDATIONS FOR DATA COLLECTION SITES

The water resources of the Alaskan Arctic Slope are unique in the
Un{ted States because of the climate and occurrence of coritinuous
permafrost. The streams and perennial springs along the north flank of
the Brooks Range are vital to the existing ecosystem and can be of
significant value to man's use of the area. Construction on the fragile

- tundra vegetation poses an environmental problem. Permafrost decay

caused by thermal alterations associated with construction or other
activities can initiate erosion, the effects of which would be irrever-
sible. This erosion would add sediment to the naturally low sediment
load of the stream water. Further, the absence of flow during the long
winters and the distribution of water in isolated pools beneath thick
1ce, place severe natural stresses on fish. Withdrawals of water or
addftions of polluted water to the 1imited receiving waters during

“winter could place intolerable stresses on and endanger the resident

species. More information on the water resources of the Horth Slope is
needed to assess the environmental impact of additional development.

‘Monitoring of the water resources during man's use of the area may provide

information useful in minimizing the impact.



'FIG'.30- Halftme @ 120 %

Aquatic invertebrates at Saviukviayak tributary
| springs, April, 1975; scale is approximate.
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Twelve princtpal streams with drainage areas exceeding 1,000 miZ
(2,600 km?) drain into the Beaufort Sea from Alaska. Of these, six are
in this reconnaissance study area and two are now (1976) being gaged
(the Kuparuk River near Deadhorse and the Sagavanirktok River near
Sagwon). The Kuparuk River gage provides a hydrographic record for a
large basin primarily on the Arctic Coastal Plain and foothills, .whereas
the Sagavanirktok River gage provides a record for a basin primarily in
the Brooks Range and Arctic foothills. On the basis of these records,
a comparison of runoff from the mountains and lowlands in large Streams
i{s possible.

The Colville and Canning Rivers are streams which form parts of
the natural boundaries of National Petroleum Reserve Alaska and the
Arctic National Wildlife Range, respectively. The hydrocarbon fuel
resource of the Colville River area may be developed in the future.
Because the Colville River is the largest stream in arctic Alaska and
drains a basin wholly in the continuous permafrost zone, a gaging
station near its mouth would provide valuable records for improving the
inventory of water resources in this region.

»
N

- » Streams

Few reaches on the principal streams on the eastern Alaska Arctic
Slope offer acceptable sites for continuous streamflow data collection.
However, acceptable sites were found on the Canning River near the
Shublik Mountains, on the Hulahula River in the foothills of the Brooks
Range, and on the Colville River at the head of its delta (fig. 2).

At the site on the Canning River the water is confined to one
channel by steep banks of bedrock. The reach consists of pools and
riffles (fig. 31). The streambed is composed of loose cobbles and sand
and is subject to shifting. Conditions for streamflow measurements and
water-quality sampling are acceptable for the open-water ,season. This
site was not visited during the winter, but it probably is in an area of
active aufeis (icing) formation and has little or no flow under fce.

An acceptable site for data collection on the Hulahula River is

" near a fishing and hunting camp traditionally used by the Eskimos from

Kaktovik (fig. 32). The left bank at this site is steep bedrock that
forms nearly vertical walls. The right bank is a low, vegetated
terrace. The stream flows in one channel. The bed material is large
cobbles and angular rocks and probably subject to minor shifting.
Streamflow measurement and sampling conditions are acceptabie for summer
and winter. An alternative data-collection site on the Hulahula River
(fig. 9) is downstream from that shown in figure 32 and is at the flood
survey site.

A gage at the recommended site on the Hulahula River would measure
the runoff from an area on the north flank of the eastern Brooks Range.
No part of fts basin is on the coastal plain. The Hulahula River is an
important stream for the production of Arctic char.

The Colville River at the head of the deita has. a short, straight

reach (fig. 33) confined to a single channel. The channel is fairly

uniform and bed material ;onsists of silt, sand, and small gravel. The
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‘Figure 31.-- Recommended data-collection site at Canning River near Shublik Is-
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~ Tand; view downstream, August 13, 1975. Ly

AL
T



Fie. 31 - Halflme @ 100%

. - - " ’ ‘-.



Fi&. 32 3 - Halffme @ 100%

32a.~- View upstream.

FiG. 32 b - Balflone @ 27 %

32b -- V'lew downstream .
L Figure 32 - Recomended data-coﬂection site at Hu]ahuln River at
(\) o N»___'__;tradnional ﬁshing site, August 13 1975,




.
»
"

¢

-




-
Pl -
- ~ “ e
<
- . ~ -
- - \ - -
- - - - hd . : S >
t . .
( \_-)
-
> - i "
' A, . - “w T
. - _ - - N &~ - s ~ .
E - - -7 e :
< R A 0



- Fl&, 3'3; Haotfone @ 100%

Figure 33.-- Recommended data-to11ecti6n site on Colville River at head of'

_delta near Nuigsut, August 14, 1975.
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banks are steep and high. This reach has a nearly flat slope and may be
subject to wind tide during low flow in the summer. Water was found at
this site in April, but no flow velocity could be detected. It 1is
doubtful whether there is streamflow at this site in late winter.
Conditions for streamflow measurements are acceptable for the open-water
season.

... ~The Hulabula and Colville Rivers are recommended as streams for
long-term data collection. These data would facilitate calcuiation of

the regional flood frequency, and analyses of quantity and quality of

streamflow would be useful for present and future planning.

Springs

Springs are the primary source of streamflow during most of the
winter on the North Siope. Discharge from the springs appears to be
relatively stable, but their variability in flow is unknown at present.
Acceptable sites for continuous data collection exist at Sadlerochit
Spring (fig. 34), at Flood Creek springs, and at the Saviukviayak springs.
These sites have similar characteristics. The channels are fairly
uniform and straight, and the streambeds are composed of medium-size
cobbles. Except for Flood Creek springs, there is no evidence of
significant icing formation at the springs.

A data-collection site on the Sayiukviayak springs (fig. 35) would
best define local drainage because it has a small drainage area [about
32 mi? (83-km?)] in the high foothill area. Therefore, important data
on runoff characteristics as well as spring discharge could be obtained

at one site.
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-Figure 34.— Sadlerochit Spring at east end of Sadlerochit Mountains, April 27,
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‘Figure 35a.-- Recommended data-collection site at Saviukviayak
tributary spring, April 20, 1975.
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Abstract.—The summer distribution of Arctic fishes on the coastal plain of the Arctic National
Wildlife Refuge was investigated in 19 lakes, 20 tundra streams, and the Sadlerochit River drainage
during 1991. Fish sampling occurred July 2 - September 24. All lakes were sampled once except
one river-connected lake that was sampled July, August, and September. Tundra streams and the
Sadlerochit River drainage were sampled in July and sites were resampled in August and September.
Fyke nets were used to capture fish in the lakes and hook and line and electrofisher were used in
the rivers and streams.

In 14 isolated lakes, ninespine stickleback Pungitius pungitius was the only species captured and
in three lakes no fish were captured. The number of species was higher in river-connected lakes;
where, in two lakes in the Canning River delta, Dolly Varden char Salvelinus malma, Arctic
grayling Thymallus arcticus, Arctic cisco Coregonus autumnalis, least cisco C. sardinella, fourhorn
sculpin Myoxocephalus quadricornis, and ninespine stickleback were captured. Ninespine
stickleback ranged from 22 to 82 mm fork length (FL), Dolly Varden char were 170 - 237 mm FL,
and Arctic cisco were 58 - 109 mm FL.

In the tundra streams, juvenile Dolly Varden char, ninespine stickleback, fourhorn sculpin, and
Juvenile and young of the year Arctic grayling were captured. Dolly Varden char were captured
in twelve tundra streams but only in Nataroarok, Marsh, and Carter creeks were juveniles captured
during both July and August. Ninespine stickleback were captured in 18 streams but not during all
sampling periods. Arctic grayling were found in two streams and fourhorn sculpin in one stream,
Dolly Varden char ranged from 63 - 237 mm FL and ninespine stickleback were 20 - 89 mm FL.

In the Sadlerochit River drainage, resident Dolly Varden char, three life history stages (young of
the year, juvenile, and adult) of Arctic grayling, and ninespine stickleback were captured. Dolly
Varden char were captured during all three sampling periods and were distributed throughout the
drainage although they were not captured at all sites. Juvenile and adult Arctic grayling were
captured in July and August. Young of the year Arctic grayling were captured in August and
September. Adult and juvenile Arctic grayling were captured in the Kekiktuk River in September.
Dolly Varden char in the drainage ranged from 68 to 233 mm FL. Adult Arctic grayling were 304 -
369 mm FL, juveniles were 86 - 242 mm FL, and young of the year were 11 - 32 mm FL.

Introduction
The 1002 area, on the coastal plain of the Arctic National Wildlife Refuge (Arctic Refuge), was

designated by the U.S. Congress for possible oil and gas exploration and development under the Alaska
National Interest Lands Conservation Act of 1980 (U.S. Public Law 96-487). Should such activities be



allowed, fishery resources could be affected by the construction and placement of roads and pipelines,
gravel removal, oil spills, and water diversions.

Freshwater fishery investigations in the 1002 area prior to 1989 (Ward and Craig 1974; Smith and
Glesne 1983; Daum et al. 1984; West and Wiswar 1985; Wiswar et al. 1987; West and Frugé 1989;
Corning, unpublished report-a) are limited in area sampled, and frequency and duration of sampling.
In 1989, multiple sites in four rivers were sampled several times during the open water season (Wiswar
1991; Corning, unpublished report-b). Also in 1989, 52 lakes on the coastal plain were sampled (Elliott
1990; Trawicki et al. 1991). The results of the 1989 investigations indicated that fish were more widely
distributed in rivers and lakes than previously documented. In order to assess impacts from potential
oil and gas activities, and recommend mitigation measures for such activities, surveys begun in 1989
were continued in the summers of 1990 (Wiswar 1992) and 1991. This report is divided into three
sections: lakes, tundra streams, and the Sadlerochit River drainage. Objectives and methods are defined
under each section.

Study Area

The rivers and lakes are located on the Arctic coastal plain and within the boundary of the Arctic
Refuge (Figures 1 and 2). The coastal plain is underlain by continuous permafrost. The climate is
arctic marine and is characterized by long, cold winters and short, cool summers. Mean monthly
temperatures are below 0°C nine months of the year (NOAA 1987). February is the coldest month with
a mean monthly temperature of minus 28.9°C. July is the warmest month with an average temperature
of 4.4°C. Snowmelt begins in the foothills in late May and is usually rapid (10-14 days). Rivers run
full during this period with flows subsiding in late June or early July. Precipitation and storm events
may increase flows again in July and August. Lakes become ice free by early July. Freeze-up on the
coastal plain usually occurs in mid- to late September (Clough et al. 1987).
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Lakes on the Arctic coastal plain in the 1002 area

Fourteen lakes were sampled during the summer of 1973 (Ward and Craig 1974; Table 1). All but
two lakes were in the Canning River delta. Arctic grayling Thymallus arcticus, Dolly Varden char
Salvelinus malma, broad whitefish Coregonus nasus, round whitefish Prosopium cylindraceum, Arctic
flounder Liopsetta glacialis, and ninespine stickleback Pungitius pungitius were captured in four river-
connected lakes but not all species were caught in each lake. Arctic grayling and ninespine stickleback
were captured in one isolated lake. In 1986, nine isolated lakes on the coastal plain were sampled and
ninespine stickleback were captured in three lakes (West and Frugé 1989; Table 1).

Between 1989 and 1990, depth measurements along transects in 119 lakes in the 1002 area were used
to quantify water availability (Elliott 1990; Trawicki et al. 1991). Ninespine stickleback were captured
or observed in 36 of the 54 lakes surveyed for fish. Maximum depth in lakes where fish were found
ranged from 0.7 to 7.6 m.

The objectives of this study in 1991 are to:

1. Determine spatial distribution of arctic fishes in river-connected and isolated lakes within the
1002 area.

2. Determine length frequency and weights for arctic fishes.

Methods

Nineteen lakes on the coastal plain were sampled for fish distribution during the summer 1991 (Figure
2). Lakes greater than 2.7 m maximum depth were initially selected for sampling (Elliott 1990;
Trawicki et al. 1991). The depth criteria was based on late winter ice thickness and under ice water
depth. In arctic lakes, ice normally does not exceed 2 m (Wilson et al. 1977), and fish have been
captured under ice in water as shallow as 0.7 m deep (Craig 1989). Seventeen of the 19 lakes are
deeper than 2.7 m (Elliott 1990; Trawicki et al. 1991). Thirteen lakes were sampled on July 5-13, six
lakes on August 16-19, and two lakes on September 22, 1991. Lake 27, a river-connected lake in the
Canning River delta, was sampled during all three periods. The numbering system used for the lakes
follows that of Trawicki et al. (1991),

Fish were collected with fyke nets (0.6 cm mesh, 0.8 m D-frame opening, 3 m long wings and 9.1.
m long lead).

Fish captured were counted and measured to the nearest mm fork length (FL) or total length for fish
species with truncate or rounded caudal fins. Fish over 200 g were weighed to the nearest 10 g and fish
less than 200 g to the nearest 0.1 g. Smaller fish (<200 mm FL) were placed in a solution of tricaine
(MS 222) before measuring. When a large (> 100) number of fish was captured a random subsample
was measured.

Results

Fish distribution. —Two lakes sampled are river connected. Lakes 27 and 30 (Table 2; Figure 2), are
connected by a short channel (about 25 m long), and lake 30 is connected to a channel of the Canning
River. Juvenile Dolly Varden char (N = 4) and three life stages of Arctic grayling (N = 2 adult, 11
juveniles, and 2 young of the year) were captured in one or both lakes within the three sampling periods.
Juvenile Arctic cisco Coregonus autumnalis (N = 12), least cisco C. sardinella (N = 1), fourhorn

sculpin Myoxocephalus quadricornis (N = 6), and ninespine stickleback (N = 7) were also captured.
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Ninespine stickleback was the only species captured (N = 1 to 2,730) in 14 isolated lakes. No fish
were captured in lakes 29, 59, and 72.

Biological characteristics.—Juvenile Dolly Varden char captured in lakes 27 and 30 ranged from 170
to 237 mm FL (Table 3). Juvenile Arctic cisco in July ranged from 58 - 109 mm FL. Ninespine
stickleback from 16 lakes ranged from 22 to 82 mm FL. Adult size Arctic grayling captured in August
were 294 - 297 mm FL; juveniles in July and August were 91 - 240 mm FL, and young of the year in
September were 42 - 48 mm FL.

Discussion

The number of different fish species captured was greater in river-connected lakes than in isolated
lakes in the 1002 area. Juvenile Dolly Varden char, juvenile Arctic cisco, Arctic grayling, fourhorn
sculpin, least cisco, and ninespine stickleback were captured in river-connected lakes within the Canning
River delta. Ward and Craig (1974) also captured round whitefish, broad whitefish, and Arctic flounder
in other river-connected lakes in this area.

Ninespine stickleback was the only species captured in 14 of the 17 isolated lakes sampled. The wide
distribution and occurrence of ninespine stickleback in isolated lakes compares favorably with other
studies on the coastal plain (Ward and Craig 1974; West and Frugé 1989; Elliott 1990; Trawicki et al.
1991). At higher elevations (> 300 m), isolated lakes located in the foothills support Dolly Varden
char, lake trout Salvelinus namaycush, and Arctic grayling populations (Daum et al. 1984; Wiswar
1992).

Arctic cisco were captured in lake 27 on July 12. This species had not been captured in inland waters
of the Arctic Refuge prior to 1991. Lake 27, which is 5.5 m deep (Trawicki et al. 1991), may have
provided overwintering habitat for these Arctic cisco during the previous winter. Arctic cisco are
anadromous and occur in the nearshore coastal waters along the Arctic Refuge during the open water
season (West and Wiswar 1985; Wiswar and West 1987; Frugé et al. 1989; Palmer and Dugan 1990;
Underwood et al. 1992). Overwintering areas in Alaska have only been documented to the west of the
refuge in the Colville River (Moulton 1989) and Sagavanirktok River delta (Schmidt et al. 1989).



TABLE 1.—Species occurrence documented in lakes in this study prior to 1991.

Lake Date previously sampled Species present

2 Jul 19903 No fish documented

6 Aug 1973, Aug 19892 Arctic grayling, ninespine stickleback
7 Aug 1973b, Aug 1989 Ninespine stickleback

14 Not sampled

20 Jul 1990 No fish documented

22 Aug 19902 No fish documented

23 Jul 1990 No fish documented

27 Jul 19892 Ninespine stickleback

29 Jul 1973%, Aug 1990 No fish documented

30 Jul 1973, Aug 1990 Dolly Varden char, round whitefish
32 Aug 1990 No fish documentqd

34 Jul 1973, Jul 1986°, Aug 1989 Ninespine stickleback

36 Jul 1973, Jun 19892 No fish documented

59 Aug 1990 No fish documented

72 Not sampled

74 Jul 1989 Ninespine stickleback

76 Jul 1989 Ninespine stickleback

110 Jul 1986, Jun 1989 Ninespine stickleback

119 Aug 1989 Ninespine stickleback

2 Elliott 1990; Trawicki et al. 1991
b Ward and Craig 1974
¢ West and Frugé 1989



TABLE 2.—Summary of capture information for fish caught by fyke nets in lakes in the 1002 area of
the Arctic National Wildlife Refuge, July - September 1991. All lakes are deeper than 2.7 m except
lakes 29 and 30. Lakes 27 and 30 are river-connected, all other lakes are isolated. ACi = Arctic cisco,
DVC = Dolly Varden char, FHS = fourhorn sculpin, GR = Arctic grayling, LCi = least cisco, NSB
= ninespine stickleback, a = adult, j = juvenile, yoy = young of the year.

Date Number Effort Species and
Lake sampled of sites (h) life history stage N
2 Aug 16 2 44.0 NSB 6
6 Jul 8 2 48.5 NSB 2,730
7 Jul 8 2 47.1 NSB 11
14 Jul 9 2 41.8 NSB 1
20 Aug 17 2 59.5 NSB 47
22 Jul 13 2 41.7 NSB 2
23 Aug 17 2 61.0 NSB 1
27 Jul 12 2 44.0 DVC 2
ACi j 12
GRj 2
NSB 5
27 Aug 16 2 48.5 DVCj 1
GR a 2
GRj 6
LCi 1
27 Sep 22 1 43.0 GR yoy 1
FHS 1
29 Jul 13 2 47.2 0
30 Sep 22 2 42.3 DVCj 1
GRj 3
GR yoy 1
NSB 2
FHS 5



TABLE 2.—Continued.

Date Number Effort Species and
Lake sampled of sites (h) life history stage N
32 Jul 12 2 42.7 NSB 3
34 Jul 10 4 98.2 NSB 10
36 Jul ii 4 98.2 NSB 38
59 Jul 6 2 44.0 0
72 Jul § 2 48.0 0
74 Jul 6 2 44.5 NSB 2
76 Jul § 2 49.8 NSB 6
110 Aug 19 2 515 NSB 17
119 Aug 19 2 47.3 NSB 7




TABLE 3.—Lengths and weights of fish captured in lakes in the 1002 area of the Arctic National Wildlife
Refuge, July - September 1991. ACi = Arctic cisco, DVC = Dolly Varden char, FHS = fourhorn sculpin,
GR = Arctic grayling, LCi = least cisco, NSB = ninespine stickleback, a = adult, j = juvenile, yoy =
young of the year.

Length (mm) Weight (g)

Lake Date Species N Mean SD Range Mean SD Range

2 Aug 16 NSB 6 47.7 4.2 41-53

6 Jul 8 NSB 195 36.4 4.2 26-51

7 Jul 8 NSB 11 51.9 12.1 22-69

14 Jul 9 NSB 1 32

20 Aug 17 NSB 47 61.9 4.6 54-69

22 Jul 13 NSB 2 46.0 2.0 44-48

23 Aug 17 NSB 1 40

27 Jul 12 DVCj 2 176.5 6.5 170-183 50.5 5.9 44.6-56.4
ACi j 12 89.0 12.9 58-109 6.1 1.7 2.79.7
GR 2 177.0 33.0 144-210 58.6 289  29.9-87.7
NSB 5 54.4 14.7 39-82

Aug 16 DVCj 1 206 77.8
GR a 2 295.5 1.5  294-297 265.0 15.0 250-280
GRj 6 187.5 53.6 91-240 79.4  48.1 5.9-135.0
LCi 1 307 320
Sep 22 GR yoy 1 42

FHS 1 187 52.6

30 Sep 22 DVCj 1 237 117.8
GRj 3 1417 36.6  94-183 33.5 22.8 7.2-62.8

GR yoy 1 48
NSB 2 51 8.0 43-59
FHS

W

39.2 7.1 30-48
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TABLE 3.—Continued.

Length (mm) Weight (g)
Lake Date Species N Mean SD Range Mean SD Range
32 Jul 12 NSB 3 52.3 5.7 45-59
34 Jul 10 NSB 10 48.4 7.9 38-63
36 Jul 11 NSB 38 42.7 5.8 31-60
74 Jul 6 NSB 2 52.5 4.5 48-57
76 Jul 5 NSB 6 49.2 7.6 39-62
110 Aug 19 NSB 17 44.6 10.5 30-68
119 Aug 19 NSB 7 39.3 4.3 31-46
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Tundra streams on the Arctic coastal plain in the 1002 area

Tundra streams drain the Arctic coastal plain and the foothills to the south. They are generally small
streams confined to a single meandering channel, although there may be braided sections in the larger
streams (Craig and McCart 1975). The twenty tundra streams in this study all flow directly into coastal
waters. Seven of these streams had been sampled previously (Table 4).  Ninespine stickleback were
captured in Fish Creek and the Niguanak River (West and Frugé 1989) and one Dolly Varden char was
captured in Marsh Creek (Daum et al. 1984). Fish distribution in other tundra streams is more extensive
where Arctic grayling, ninespine stickleback, and juvenile Dolly Varden char were captured in the
Tamayariak River (Corning, unpublished report-a), Akutoktak River, and two smaller tundra streams
flowing into the Okpilak River (Daum et al. 1984; West and Wiswar 1985; Wiswar et al. 1987; Wiswar
1991, 1992).

The objectives of this study in 1991 are to:

1. Determine spatial and temporal distribution of arctic fishes in rivers flowing through the 1002
area.

2. Collect baseline length and weight data on arctic fishes in the rivers.

Methods

Fish sampling in 20 tundra streams was conducted July 2-18, 1991. The number of samples sites
ranged between one and five sites in the mainstem of rivers and one and three sites in tributary streams.
Sites were resampled August 6-21 and September 11-24 to determine temporal changes in fish
distribution. In September, only the Kogotpak River, Nataroarok, Marsh, and Carter creeks, and stream
7 were resampled due to an abbreviated schedule caused by weather. Sites were selected about 10 km
apart or near the confluence of a major tributary.

Fish were collected with backpack electrofisher (Smith-Root Model 15A, 600 - 1100 volts, 60 - 90
pulses/s). Fish captured were counted and measured to the nearest mm fork length (FL) or total length
for fish species with truncate or rounded caudal fins. Fish over 200 g were weighed to the nearest 10
g and fish less than 200 g to the nearest 0.1 g. Smaller fish (<200 mm FL) were placed in a solution
of tricaine (MS 222) before measuring.

Dolly Varden char were categorized by life history stage (young of the year, juvenile, and adulf)
based on length and age information from Yoshihara (1972), McCart (1980), Smith and Glesne (1983),
Daum et al. (1984), and West and Wiswar (1985). Dolly Varden char less than 71 mm FL were
categorized as young of the year, those between 71 and 300 mm FL as juveniles, and char greater than
300 mm FL as adults.

Spatial and temporal fish distribution during July through September 1991 is presented by species and
life history stage on maps of each river drainage. Tundra streams were assumed to contain no
overwintering habitat and be absent of resident fish prior to breakup. Therefore, fish entered these
streams from their mouth and migrated upstream. Fish captured at two consecutive sites were assumed
to be distributed between those two sites.
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Results

Fish distribution.—In tundra streams (Tables 5 and 6; Figure 1) juvenile Dolly Varden char (N =
104), juvenile (N = 3) and young of the year (N = 1) Arctic grayling, ninespine stickleback (N = 716),
and fourhorn sculpin (N = 4) were captured.

Juvenile Dolly Varden char were captured in twelve streams but only in Nataroarok, Marsh, and
Carter creeks were they captured during both July (N = 21) and Augyst (N = 82). In August, juvenile
char had a broader range of distribution. In September, juvenile Dolly Varden char was captured only
in Nataroarok Creek (N = 1).

Ninespine stickleback were captured in 18 streams, but not during all sampling periods. They were
found in 14 streams in July, 16 streams in August, and four streams in September. Fourhorn sculpin
were captured in only stream 4 in July and that occurred near the mouth. Juvenile Arctic grayling were
captured in Nataroarok Creek in August and young of the year were captured in the Kogotpak River in
September.

Biological characteristics. —Based on the presence of parr marks and coloration, juvenile Dolly
Varden char captured in July were either resident or presmolt, while some Dolly Varden char found in
the six additional streams in August had completed parr-smolt transformation. Dolly Varden char
captured ranged from 92 to 182 mm FL in July, and 63 - 237 mm FL in August (Table 7; Figure 3).
Juvenile char weighed betweeen 2.4 and 143.0 g. Ninespine stickleback measured July through
September ranged from 20 to 89 mm FL (Table 8).

Discussion

The presence of ninespine stickleback and Dolly Varden char in tundra streams in 1991 compares
favorably with other studies (Ward and Craig 1974; Craig and Poulin 1975; Smith and Glesne 1982;
West and Frugé 1989; Wiswar 1991, 1992; Corning, unpublished reports-a and b). Ninespine
stickleback were ubiquitous as this species was captured in 18 of the 20 streams in this study and its
presence is recorded in most of the other studies. Arctic grayling, although generally associated with
tundra streams on the arctic coastal plain, were not captured but in one stream. This was probably due
to the lack of overwintering habitat and salinities in the coastal waters acting as a migration barrier. The
presence of fourhorn sculpin during this study at the mouth of one river was probably an incidental
capture. Fourhorn sculpin may be found in the brackish, nearshore waters but is regarded as a marine
species (Craig 1984). Fourhorn sculpin were also captured in a river-connected lake in the Canning
River delta which would imply some use of freshwater habitats.

Juvenile Dolly Varden char were captured in twelve streams but only Nataroarok, Marsh, and Carter
creeks were inhabited by juveniles during both July and August. In July, juvenile Dolly Varden char
inhabited those tundra streams closest to the Aichilik River and both the tundra streams and Aichilik
River flow into Beaufort Lagoon. The Aichilik River is a natal stream for Dolly Varden char. Mean
salinity in Beaufort Lagoon was still less than 3% in mid-July 1991 (Fairbanks Fishery Resource Office,
unpublished data). Assuming the Aichilik River to be the stream of origin, salinity apparently did not
impede fish movement from the Aichilik River to the tundra streams during this time. Similarly, Dolly
Varden char from the Hulahula River may have migrated to Nataroarak Creek. In August, juvenile
Dolly Varden char were found in six other tundra streams.

13



To date, juvenile Dolly Varden have been captured in 19 (63%) of the 30 tundra streams sampled in
the 1002 area (Tables 2, 6, and 7). Of the 30 tundra streams, 22 streams drain directly into coastal
waters and juvenile char have been captured in 14 (64%) of them. Craig (1984, 1989) states that
although tundra streams flowing directly into lagoons and coastal waters may support populations of
Arctic grayling and ninespine stickleback, use by Dolly Varden char is incidental. While the 1991 study
indicates tundra streams may further extend summer range for this species the extent of use and
importance of this habitat is not known. Until such time when more information is available, as a
conservation measure, rigorous sampling efforts should be conducted before site-specific development
activities are permitted.
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TABLE 4.—Documented species occurrence in tundra streams prior to 1991. DVC = Dolly
Varden char, GR = Arctic grayling, NSB = ninespine stickleback, * = tundra stream resampled
during this study (these streams flow into coastal waters with the exception of Itkilyariak Creek
which is a tributary of the Sadlerochit River).

Stream

Date previously sampled

Species present

Tamayariak River
Katakturuk River
Marsh Creek*
Carter Creek*

Sadlerochit River
drainage
middle tributary
east side tributary

Itkilyariak Creek*
Nataroarok Creek*

Okpilak River drainage
lower tributary
west side tributary
east side tributary 1
east side tributary 2
upper tributary

Akutoktak River

Fish Creek*
Jago River

Niguanak River*
Angun River*
Kogotpak River*

Jul 19822; Jul-Sep 1988"

Jul 1982; Jul-Aug 1989°; Jul-Sep 19904

Jul 1983¢; Jul 1986f
Aug 19822; Jul 1983; Jul 1986

Aug 19822
Aug 1982

Aug 1982
Jul 19878

Jul 1983; Jul 1989%; Jul-Sep 1990
Jul, Aug 1989%; Jul-Sep 1990

Jul 1989

Jul 1989

Jul-Sep 1990

Jul 1974%; Aug 1982; Jul 1983;
Jul, Aug 1989; Jul-Sep 1990

Jul 1986

Jul 1974; Jul 1982; Jul 1983; Jul-Sep 1989°;

Jul-Sep 1990

Nov 1973%; Jul 1983
Jul 1983

Nov 1973

DVC, GR, NSB
DVC, GR, NSB
DVC

No fish documented

GR
No fish documented

GR, DVC, NSB

No fish documented

DVC, GR, NSB
DVC, GR, NSB
No fish documented
No fish documented
GR

DVC, GR, NSB

NSB
DVC, NSB

NSB
No fish documented

No fish documented

8 Smith and Glesne 1982

b Corning, unpublished report-a
° Corning, unpublished report-b
d Wiswar 1992

® Daum et al. 1984

f West and Frugé 1989

& Lyons and Elliott 1987
P Wiswar 1991
! Ward and Craig 1974
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TABLE 5.—Summary of fish distribution in tundra streams in the 1002 area of the Arctic National Wildlife
Refuge, July - September 1991. DVC = Dolly Varden char, GR Arctic grayling, FHS = fourhorn sculpin,

NSB = ninespine stickleback, j = juvenile, yoy = young of the year, 0 = no fish captured, — = not
sampled.
Stream July August September
1 NSB NSB —
2 0 DVCj —
Marsh Creek DVCj DVCj 0
Carter Creek DVCj DVCj NSB
3 NSB 0 —
Kajutakrok Creek 0 NSB —
Nataroarok Creek DVC j, NSB DVC j, NSB, DVC j, NSB
GR j
Fish Creek NSB DVC j, NSB —
Niguanak Creek NSB NSB —
4 NSB, FHS NSB —
John River 0 NSB —
Kimikpaurauk River NSB DVC j, NSB —
Siksik River NSB DVC j, NSB —
Sikrelurak River NSB DVC j, NSB —
Sikutaktuvik River 0 DVC j, NSB —
Angun River NSB NSB —
5 NSB NSB —
6 DVC j, NSB NSB —
Kogotpak River DVC j, NSB NSB GR yoy, NSB
7 DVC j, NSB NSB NSB




TABLE 6.—Summary of capture information for fish caught in tundra streams in the 1002 area of the
Arctic National Wildlife Refuge, July - September 1991. DVC = Dolly Varden char, FHS = fourhorn
sculpin, GR = Arctic grayling, NSB = ninespine stickleback, j = juvenile, yoy = young of the year .

Dates Number  Electrofishing Species and life
Stream sampled of sites effort (h) history stage N
1 Jul 13 3 1.5 NSB 4
Aug 19 2 1.0 NSB 4
2 Jul 12 2 1.0 0
Aug 18 2 1.0 DVCj 9
Marsh Creek Jul 11 3 1.5 DVCj 1
Aug 17-18 3 1.5 DVCj 3
Sep 17-18 2 1.0 0
Carter Creek Jul 10 3 1.5 DVCj 2
Aug 16-17 3 1.5 DVCj 35
Sep 17-18 2 0.6 NSB 2
3 Jut 7-9 3 L5 NSB 4
Aug 15 2 1.0 0
Kajutakrok Creek Jul 7 1 0.5 0
Aug 14 1 0.5 NSB 1
Nataroarok Creek Jul 6-9 4 2.0 DVCj 8
NSB 2
Aug 14-15 3 1.5 DVCj 13
GRj 3
NSB 6
Sep 17 3 1.5 DVCj 1
NSB 2
Fish Creek Jul 4-6 3 1.5 NSB 156
Aug 6-10 3 1.5 DVCj 1
NSB 18
Niguanak River Jul 3-5 2 1.0 NSB 9
Aug 10 3 1.5 NSB 3
4 Jul 4-6 2 0.9 NSB 30
FHS 4
Aug 10 2 0.9 NSB 18
John River Jul 4 1 0.5 0
Aug 9 | 0.5 NSB 3
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TABLE 6.—Continued.

Dates Number  Electrofishing Species and life
Stream sampled of sites effort (h) history stage N
Kimikpaurauk River Jul 4 2 1.0 NSB 9
Aug 9 2 1.0 DVC 7
NSB 45
Siksik River Jul 4 2 1.0 NSB 5
Aug 8 2 1.0 DVCj 4
NSB 1
Sikrelurak River Jul 3 2 0.9 NSB 3
Aug 8-9 2 1.0 DVCj 3
NSB 2
Sikutaktuvik River Jul 4 1 0.5 0
Aug 8-9 2 1.0 DVCj 7
NSB 2
Angun River Jul 3-4 2 1.0 NSB 7
Aug 8 2 1.0 NSB 4
5 Jul 3 1 0.5 NSB 22
Aug 7 1 0.5 NSB 40
6 Jul 2 2 1.0 DVC 4
NSB 39
Aug 7 2 0.9 NSB 97
Kogotpak River Jul 3 2 1.0 DVC 3
NSB 24
Aug 7 2 1.0 NSB 115
Sep 11 1 0.5 NSB 3
GR yoy 1
7 Jul 2 2 1 DVCj 3
NSB 16
Aug 7 1 0.5 NSB 12
Sep 11 1 0.5 NSB 8
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TABLE 8.—Lengths of ninespine sticklebacks captured in tundra streams in the 1002 area of the Arctic
National Wildlife Refuge, July - September 1991.

Fork length (mm)
Date of
Stream capture N Mean SD Range
1 Jul 13 2 35.5 1.5 34-37
Aug 19 1 65
3 Jul 9 3 53.0 3.7 48-57
Nataroarak Creek Jul 7 1 48
Aug 14-15 4 67.5 5.1 63-76
Sep 17 2 43.2 20.5 20-73
Fish Creek Jul 6 51 38.7 6.7 28-54
Aug 6-10 13 57.5 6.7 47-69
Niguanak River Jul 3-5 4 48.0 11.4 37-67
Aug 10 3 66.3 11.3 51-78
4 Jul 4 29 46.7 8.7 32-65
Aug 10 8 54.4 9.5 43-72
John River Aug 9 3 65.3 6.0 57-71
Kimikpaurauk River Jul 4 6 39.5 5.7 32-48
Aug 9 23 62.4 14.2 39-89
Siksik River Jul 4 2 44.5 1.5 43-46
Sikrelurak River Jul 3 3 46.3 6.3 40-55
Aug 9 2 69.0 8.0 61-77
Sikutaktuvik River Aug 9 2 72.5 10.5 62-83
Angun River Jul 3 1 55
Aug 8 3 50.7 4.2 45-55
5 Jul 3 6 54.8 7.4 43-68
Aug 7 22 66.6 7.0 55-79
6 Jul 2 19 47.2 13.2 30-74
Aug 7 55 68.6 8.0 51-85
Kogotpak River Jul 3 14 534 12.0 31-67
Aug 7 52 65.3 6.2 51-83
Sep 11 3 37.0 18.1 20-62
7 Jul 2 7 48.3 10.0 34-63
Aug 7 5 57.8 4.3 54-64
Sep 11 7 70.1 8.4 60-87
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FIGURE 3.—Length-frequency of Dolly Varden char captured in tundra streams in the
1002 area of the Arctic National Wildlife Refuge during July and August 1991.
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Sadlerochit River drainage

In the 1002 area, the Sadlerochit River drainage includes the mainstem Sadlerochit River, Itkilyariak
Creek, their tributaries, and Sadlerochit Spring (Figure 1). Kekiktuk River is the outlet of lakes
Schrader and Peters in the upper Sadlerochit drainage. Juvenile and adult Arctic grayling are distributed
throughout the mainstem Sadlerochit River in June, July, and August (Ward and Craig 1974; Smith and
Glesne 1983). Dolly Varden char, pink salmon Oncorhynchus gorbuscha, and young of the year Arctic
grayling have been captured in the mainstem in July and young of the year Arctic grayling were found
in one tributary (Smith and Glesne 1983). Although anadromous Dolly Varden char have been captured,
there is no evidence that the Sadlerochit River supports a spawning population (Smith and Glesne 1983).

Resident Dolly Varden char and three life history stages (young of the year, juvenile, and adult) of
Arctic grayling were captured in Itkilyariak Creek and a lower tributary during a survey in August 1982
(Smith and Glesne 1983). Ninespine stickleback were captured in lower Itkilyariak Creek. Fall
movements of adult Arctic grayling from Itkilyariak Creek to potential overwintering areas have been
documented using radio telemetry during August through October 1984 and August through December
1985 (West and Wiswar 1985; Wiswar et al. 1987). Arctic grayling were relocated in the mainstem
Sadlerochit River, Kekiktuk River, and lakes Peters and Schrader.

Sadlerochit Spring supports a resident population of Dolly Varden char which are distributed
throughout the spring above the aufeis (overflow icing) area (Craig 1977). The aufeis area is considered
a migration barrier. Juvenile Arctic grayling were also found in the spring (Craig 1977).

The objectives of this study in 1991 are to:

1. Determine spatial and temporal distribution of arctic fishes in the Sadlerochit drainage within
and flowing through the 1002 area.

2. Determine length frequency and length-weight relationship for Dolly Varden char and Arctic
grayling and age structure for Arctic grayling.

3. Collect and measure young of the year Arctic grayling from the Akutoktak River and compare
with young of the year from the Sadlerochit drainage.

Methods

Fish sampling in the Sadlerochit River drainage was conducted July 2-18, 1991. Sites were resampled
August 6-21 and September 11-24 to determine temporal changes in fish distribution. Kekiktuk River
was sampled on September 24. Sites were selected about 10 km apart or near the confluence of a major
tributary.

Fish were collected with backpack electrofisher (Smith-Root Model 15A, 600 - 1100 volts, 60 - 90
pulses/s) and hook and line. Visual observations of fish were recorded.

Fish captured were counted and measured to the nearest mm fork length (FL). Fish over 200 g were
weighed to the nearest 10 g and fish less than 200 g to the nearest 0.1 g. Smaller fish (<200 mm FL)
were placed in a solution of tricaine (MS 222) before measuring.

Regression of log,, transformations of length and weight was used to describe length-weight
relationships (Ricker 1975). Slopes and intercepts of regression lines were compared using dummy
variables (Kleinbaum and Kupper 1978) and data were pooled when no significant difference was
detected (P > 0.05) in the weight-length relationships.
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Ages of Arctic grayling were estimated from scales. Scales were removed from the left side of the
fish between the lateral line and posterior dorsal insertion. Scales were pressed on triacetate slides and
viewed through a microfiche reader. All scales were read by two independent readers. When
disagreement occurred, scales were read by a third person. Mean length at age data were calculated for
Arctic grayling from Itkilyariak Creek and the Sadlerochit River. Inadequate sample size precluded
using data from other locations.

Arctic grayling were categorized by life history stage (young of the year, juvenile, and adult) based
on length and age information from Craig and Poulin (1975), Smith and Glesne (1983), Daum et al.
(1984), Wiswar (1991, 1992), Corning (unpublished report-a), and this study. Arctic grayling less than
82 mm FL were categorized as young of the year, those between 82 and 285 mm FL were juveniles,
and Arctic grayling greater than 285 mm FL were adults.

Resident Dolly Varden char in Sadlerochit Spring are a dwarf population (Craig 1977) and may be
found in Itkilyariak Creek and the Sadlerochit River. Because there is little information on their
population structure, no attempt was made to categorize this population by life history stage in the
Sadlerochit River drainage.

Objective 3 was added to the study after the August 14, 1991 sampling in Itkilyariak Creek. It was
noted then, that young of the year Arctic grayling appeared to be smaller than young of the year
captured in the Akutoktak River during August the previous two years (1989 and 1990). Therefore, to
determine if the presence of smaller fish in 1991 was a regional phenomena or restricted to Itkilyariak
Creek, young of the year from the Akutoktak River were collected on August 16 and 17, 1991 and
lengths were compared (t-test, P < 0.05; Zar 1984).

Results

Sadlerochit River fish distribution.—In the mainstem Sadlerochit River, Dolly Varden char and all
three life history stages of Arctic grayling were captured (Table 9). Dolly Varden char captured in July
(N = 6) and August (N = 9) were in the lower mainstem (site SM 1) and between 35 - 45 km upriver
(sites SM 3 and 4; Figure 4). In September, Dolly Varden char (N = 6) were located in the mainstem
between 45 and 55 km upriver. Adult Arctic grayling were captured at two mainstem sites in July (N
= 26) and three sites in August (N = 5; Figure 5). Juvenile Arctic grayling were captured in the
mainstem only in August (N = 4; Figure 6). Young of the year Arctic grayling were captured in
August (N = 1) at one mainstem site (site SM 4) and in September (N = 23) between 45 and 55 km
upriver (sites SM 4 and 9; Figure 7).

Two tributaries on the east side of the Sadlerochit River were sampled in July, but only the lower
tributary was sampled in August and September. In the upper tributary (site ST 8), one adult Arctic
grayling was found in July (Figure 5). In the lower tributary (sites ST 5 and 6), Dolly Varden char,
Arctic grayling, and ninespine stickleback were captured. Dolly Varden char were captured only in
September (site ST 5; N = 2; Figure 4). Adult (N = 4) and juvenile (N = 1) Arctic grayling were
captured only in July (Figures 5 and 6). In September, young of the year Arctic grayling (N = 8) were
captured in a lower reach of the tributary (site ST 5; Figure 7). Ninespine stickleback were captured
in the lower tributary in both August (N = 3) and September (N = 1).

Juvenile (N = 7) and adult (N = 1) Arctic grayling were also captured at one site in the Kekiktuk
River in September (Figure 8). No young of the year were captured.
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Sadlerochit River biological characteristics.—Dolly Varden char captured in the mainstem and
tributary ranged from 93 to 233 mm FL (Table 10). No young of the year or anadromous adult Dolly
Varden char were captured.

Adult Arctic grayling captured in the mainstem and tributary were 304 - 338 mm FL (Table 11;
Figure 9). Juvenile and young of the year Arctic grayling ranged from 86 to 242 mm FL and 32 - 47
mm FL, respectively.

Itkilyariak Creek fish distribution. —Stream discharge in Itkilyariak Creek was intermittent above the
confluence of Sadlerochit Spring (near site IM 2; Figure 10) after late June and was not sampled. The
lower tributary (site IT 4) was sampled only in August because of low discharge in July and high
discharge in September. Dolly Varden char and all life history stages of Arctic grayling were captured
in either the lower Itkilyariak Creek or two of its tributaries (Table 9). In the mainstem, Dolly
Varden char were captured July through September (N = 15) and adult Arctic grayling were captured
or observed in July and August (N = 9; Figures 10 and 11). Young of the year Arctic grayling were
captured only in August (N = 3; Figure 12). Juvenile Arctic grayling were not captured.

In the upper tributary (sites IT 5 - 7), Dolly Varden char and Arctic grayling were found throughout
the stream but their distribution was not uniform. Dolly Varden char were captured in July (N = 4)
and August (N = 6; Figure 10). Adult Arctic grayling were captured and observed (N = 59) at all
three sites but only in July (Figure 11). Juvenile Arctic grayling (N = 8) were found in both July and
August but not at all sites (Figure 13). Young of the year Arctic grayling (N = 83) were located at the
two lower sites (IT 5 and 6) only in August (Figure 12).

In the lower tributary (site IT 4) in August, Dolly Varden char (N = 1) and juvenile Arctic grayling
(N = 4) were captured.

Itkilyariak Creek biological characteristics. —Dolly Varden char captured in the mainstem Itkilyariak
Creek and tributary streams were 93 - 203 mm FL and weighed between 9.2 and 75.0 g (Table 10).
Adult Arctic grayling captured in Itkilyariak Creek in July and August ranged from 304 to 369 mm FL
and weighed between 304 and 369 g (Table 11; Figure 9). Juveniles were from 125 to 193 mm FL.
Young of the year captured in one of the tributary streams on August 11 were 24 - 32 mm FL, while
at a site in the lower mainstem Itkilyariak Creek on August 21, young of the year were 11 - 14 mm FL
(Figure 14).

Sadlerochit Spring fish distribution. —Resident Dolly Varden char were captured in Sadlerochit Spring
at an upper site (Sp 1) in August (N = 76) and a lower site (Sp 2) in September (N = 68; Table 9;
Figure 10). The spring was not sampled in July.

Sadlerochit Spring biological characteristics. —Dolly Varden char in Sadlerochit Spring measured 68 -

184 mm FL and weighed between 3.5 and 75.7 g (Table 10; Figure 15). There was no significant

difference (P > 0.50) in the weight-length relationship between months. The relationship for the pooled
data is presented in Figure 16.

Age of Arctic grayling. —Ages estimated from scales of Arctic grayling from Itkilyariak Creek and
the Sadlerochit River ranged from 1 to 8 years (Table 12). All adult size fish were 4 years old and
greater.,

Comparison with Akutoktak River young of the year Arctic grayling.— Young of the year Arctic
grayling from the Akutoktak River were measured on August 16 and 17, 1991 ranged from 30 to 50 mm
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FL (N = 53, x = 41.5 mm FL, SD = 4.9). When compared with young of the year from Itkilyariak
Creek captured on August 11 and 14, Itkilyariak Creek Arctic grayling were significantly smaller (P <
0.0001) than those fish from the Akutoktak River.

Discussion

Sadlerochit River drainage.—The summer spatial distribution of Dolly Varden char and Arctic
grayling in the Sadlerochit River drainage in 1991 was similar to that documented in 1982 by Smith and
Glesne (1983). Dolly Varden char and Arctic grayling were found in the mainstem and tributaries of
the Sadlerochit River and Itkilyariak Creek. Dolly Varden char captured in the drainage probably
dispersed from Sadlerochit Spring. Adult Arctic grayling are found in the 1002 portion of the drainage
primarily June through August, while young of the year occur in August and September.

Distribution of juvenile Arctic grayling in the Sadlerochit River drainage and other rivers in the 1002
area has not been adequately described. Catches of juveniles have been disproportionately low to that
of adults or length classes have been missing (Smith and Glesne 1983; Daum et al. 1984; Wiswar 1991,
1992; Corning, unpublished report-a). It is possible that lakes Peter and Schrader are used as rearing
habitat for a major portion of the juvenile population in this drainage. Adult Arctic grayling captured
in Itkilyariak Creek during summer use these lakes to overwinter (West and Wiswar 1985; Wiswar et
al. 1987).

Mean length and frequency distribution of adult Arctic grayling from Itkilyariak Creek in 1991 was
similar to that of 1982, except in 1982, there were more individual fish larger than 370 mm FL (Smith
and Glesne 1983).

The use of scales to determine age of Arctic grayling in the Sadlerochit River drainage may tend to
underestimate the true age. In this study, mean lengths at age determined from scales were greater than
lengths from comparable aged fish where ages were estimated from otoliths in 1982 (Smith and Glesne
1983). Also, the oldest age fish in 1991 was 8 years old whereas Smith and Glesne (1983) reported
Arctic grayling ages to 13 years. Other studies have shown that scales tend to underestimate age of
Arctic grayling when compared to otoliths, vertebrae, and fin rays especially for older fish (Craig and
Poulin 1975; Beamish and McFarlane 1987; Merritt and Fleming 1991; Wiswar 1992). Validation of
age using any of the above mentioned structures has not been determined for Arctic grayling; therefore
conclusions inferred from age estimates should be viewed with conjecture.

Young of the year in Itkilyariak Creek were first captured in August of 1991 which is later than what
has been observed in nearby drainages. In the Akutoktak (Wiswar 1991, 1992), Tamayariak (Corning,
unpublished report-a), and headwater streams in the Sagavanirktok and Atigun (Elliott 1982) rivers,
young of the year were first captured in late June or early July. Although the causes are unknown,
possible explanations may include a later migration by adult Arctic grayling to spawning areas or slower
development of young of the year in Itkilyariak Creek.

Also noted in August 1991 was that young of the year Arctic grayling captured in Itkilyariak Creek
were smaller than those captured on about the same time period in the Akutoktak River in 1989 and
1990 (Wiswar 1991, 1992). Small size young of the year Arctic grayling in Itkilyariak Creek captured
in early August 1982 (Fairbanks Fishery Resource Office, unpublished data) were similar in length to
those fish in 1991. This supports the hypothesis that 1991 was not an anomaly and that either timing
of adult migration and spawning is later and/or young of the year growth is slower in Arctic grayling
from Itkilyariak Creek.
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Fish migration, spawning, development, and growth is generally regarded as temperature dependent
(Lagler et al. 1962) and may explain the size difference of young of the year Arctic grayling from the
two rivers. Mean daily water temperatures in Itkilyariak Creek in June (4.4° C) and July (8.6° C) 1991
(Lyons and Trawicki 1992) were slightly cooler (although not statistically different; P = 0.065, Mann-
Whitney test; Zar 1984) than water temperatures in the Akutoktak River (5.6° and 9.3° C, respectively).
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TABLE 9.—Summary of gear used and capture information for fish caught in the Sadlerochit River
drainage, July - September 1991. DVC = Dolly Varden char, GR = Arctic grayling, NSB = ninespine
stickleback, a = adult, j = juvenile, yoy = young of the year.

Number Effort Species and life
Dates sampled of sites Gear type (h) history stage N
Sadlerochit River mainstem

Jul 10 - 17 5 Electrofisher 2.1 DVC 6
GR a 2

Jul 6 1 Hook and line 3.0 GR a 24
Aug 10 - 14 3 Electrofisher 2.0 DVC 9
GR a 5

GRj 4

GR yoy 1

Sep 18 - 19 2 Electrofisher 0.9 DVC 6
GR yoy 23

Sadlerochit River upper tributary
Jul 17 1 Electrofisher 0.5 GR a 1
Sadlerochit River lower tributary

Jul 16 3 Electrofisher 1.5 GR a 4
GRj 1

Aug 12 - 14 3 Electrofisher 1.2 NSB 3
Sep 18 - 19 3 Electrofisher 1.5 DVC 2
GR yoy 8

NSB 1

Kekiktuk River
Sep 24 1 Electrofisher 0.5 GR a 1
GRj 7
Itkilyariak Creek mainstem

Jul 15 - 18 3 Electrofisher 1.5 DVC 1
GR a 4

1 Hook and line 1.2 GR a 2

1 Visual GR a 1

Aug 11 - 21 3 Electrofisher 1.5 DVC 13
GR a 2

GR yoy 3

Sep 18 1 Electrofisher 0.5 DVC 1
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TABLE 9.—Continued.

Number Effort Species and life
Dates sampled of sites Gear type (h) history stage N
Itkilyariak Creek upper tributary
Jul 15 - 18 3 Electrofisher 1.5 bveC 4
GR a 36
GRj 7
3 Hook and line 2.0 GR a 12
3 Visual GR a 11
Aug 11 - 14 3 Electrofisher 1.6 DVC 6
GR j 1
GR yoy 83
Sep 18 2 Electrofisher 1.0 0
Itkilyariak Creek lower tributary
Aug 12 1 Electrofisher 0.5 bvC 1
GR j 4
Sadlerochit Spring
Aug 11 1 Electrofisher 0.5 DVC 76
Sep 19 1 Electrofisher 0.5 DVC 68
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TABLE 10.—Lengths and weights of Dolly Varden char captured in the Sadlerochit River drainage,

July - September 1991.

Fork length (mm) Weight (g)

Dates of
capture N Mean SD Range N Mean SD Range

Sadlerochit River and lower tributary
Jul 14 - 17 3 1250 31.8 102-170 3 241 25.6 5.8-60.3
Aug 12 - 14 6 171.0 37.1 124-233 3 69.9 34.9 26.2-111.7
Sep 18 - 19 5 1488 50.2 93-224 3 450 449 7.2-108.1

Itkilyariak Creek and tributaries
Jul 15 - 18 3 119.6 249 93-153 3 201 11.4 9.2-35.8
Aug 11 - 21 18 138.3 30.2 105-203 14 259 15.3 14.3-75.0
Sep 18 1 167 1 58.3
Sadlerochit Spring

Aug 11 44 113.6 30.9 68-184 44 195 16.1 3.5-75.7
Sep 19 23 102.1 23.4 74-157 23 135 10.6 4.5-44.5
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TABLE 12.—Length and weight at age of Arctic grayling from the Sadlerochit River drainage, July
and August 1991. Ages estimated from scales.

Fork length (mm) Weight (g)
Sampling
Age period N  Mean SD Range Mean SD Range
1 Jul 3 141.0 10.7 129-155 27.5 5.7 21.2-35.1
Aug 4 105.8 17.4 86-125 12.4 59 5.8-19.3
Sep 2 96.0 0 8.8 0.3 8.59.0
2 Jul 1 153 19.0
Aug 4 182.8 6.5 175-193 81.2 11.0 68.8-98.7
3 0
4 Jul 2 328.0 24.0 304-352 405.0 55.0 350-460
Aug 1 242 161.4
5 Jul 1 368 575
6 Jul 5 327.6 10.0 311-338 412.0 19.4 380-440
7 Jul 11 3383 17.0 322-369 407.7 46.5 350-505
Aug 3 319.3 12.0 306-335 403.3 33.0 380-450
8 Jul 4 328.3 6.1 322-337 400.8 29.1 358-440
Aug 2 324.0 8.0 316-332 370.0 10.0 360-380
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FIGURE 5.—Distribution of adult Arctic grayling (hatch marked) in the Sadlerochit River during July
and August 1991. SM = mainstem sampling site, ST = tributary site.

33

|
A —SM |
g:.‘_
A
D)
ZE-SM 2
(/
0] 5 km ‘
} ‘
N \ ST5
\ !I‘ SM3
o
(.\0\«0 N ‘7 ST 6
% ‘\/ M4) g7 7
()

August 10 - 14, 1991



L))
A \ 3! \
S \\\—SM I S \—sm 1
B -
J—sM 2 A SM 2
{/ '"
. A _ ]
0 5 km 0 5 km
: ' l |
N \ ST5 N \ STS
\ ;" SM3 i !" SM3
ar (7
(.\o\g L \ T8 ST 6 ('\0\‘ Ct \ // ST 6
) ) 0 ‘ iv
AN) \ ) \ -
W y ( / M4 —ST 7T \\*\ t M4 —ST 7
) )
\> -SM9 3 —SM9
July 6 - 17, 1991 August 10 - 14, 1991

July and August 1991. SM = mainstem sampling site, ST = tributary site.

FIGURE 6.—Distribution of juvenile Arctic grayling (hatch marked) in the Sadlerochit River during
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FIGURE 7.—Distribution of young of the year Arctic grayling (hatch marked) in the Sadlerochit River
during August and September 1991. SM = mainstem sampling site, ST = tributary site.
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FIGURE 8.—Location of adult and juvenile Arctic grayling captured (hatch marked) in the Kekiktuk
River on September 24, 1991.
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FIGURE 9.—Length-frequency of juvenile and adult Arctic grayling captured in the
Sadlerochit River drainage during July and August 1991.
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FIGURE 11.—Distribution of adult Arctic grayling (hatch marked) in Itkilyariak Creek during July and
August 1991. IM = mainstem sampling site, IT = tributary site, Sp = Sadlerochit Spring site.

39



w y50221P"°

IMI
IT4

IT5
IT6

IM2-
ot
\
\*\0( M 3/
IT 7/

| mmyr— Z —g—

| S )
Spl

km
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FIGURE 13.—Distribution of juvenile Arctic grayling (hatch marked) in Itkilyariak Creek during July
and August 1991. IM = mainstem sampling site, IT = tributary site, Sp = Sadlerochit Spring site.
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FIGURE 14.—Length-frequency of young of the year Arctic grayling captured in
Itkilyariak Creek during August 1991.
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Conclusion

In 1991, the summer distribution of arctic fishes in the 1002 area of the Arctic Refuge was
investigated in 19 lakes, 20 tundra streams and the Sadlerochit River drainage. Fish life history and
distribution information was added to the baseline of previously sampled lakes and streams. In addition,
this study documented the presence of fish in seven lakes, four tundra streams draining into coastal
waters, and two tundra streams in the Sadlerochit River drainage where, prior to 1991, there were no
data.
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Abstract. Drilling for oil on the North Slope of
Alaska results in the release of large volumes of
used drilling fluids into arctic wetlands. These re-
leases, usually come from regulated discharges or
seepage from reserve pits constructed to hold used
drilling fluids. A study of five drill sites and their
reserve pits showed an increase in common and
trace elements and organic hydrocarbons in ponds
near-to and distant from reserve pits. Ions elevated
in water were Ba, Cl, Cr, K, SO, and Zn. Concen-
trations of Cu, Cr, Fe, Pb, and Si in sediments were
higher in near and distant ponds than in control
ponds. The predominant organics in drill site
waters and sediments consisted of aromatic and
paraffinic hydrocarbons characteristic of petroleum

or a refined product of petroleum. In 96-hr expo-

sures in the field, toxicity to Daphnia Middendorf-
fiana was observed in water from all reserve pits,
and from two of five near ponds, but not from dis-
tant ponds. In laboratory tests with Daphnia
magna, growth and reproduction were reduced in
dilutions of 2.5% drilling fluid (2.5 drilling fluid:
97.5 dilution water) from one reserve pit, and 25%
drilling fluid from a second. Growth and reproduc-
tion were not affected at these dilutions of fluid
from the other three reserve pits. Additional regula-
tions—such as an upper limit on aromatic hydro-
carbon content and toxicity to sensitive organisms
—are needed to improve safety for aquatic or-
ganisms in habitats receiving used drilling fluids.

! U.S. Fish and Wildlife Service, Fairbanks Fish and Wildlife
Enhancement Office, 101 12th Ave., Federal Building, Fair-
banks, Alaska 99701

2 Battelle Pacific Northwest Laboratories, P.O. Box 999, Rich-
land, Washington 99352 .

The North Slope of the Brooks Range in Alaska is
composed of moist and wet tundra and is the site of-
some of the most productive oil fields in North
America. Prudhoe Bay is the center of this activity,
and the origin of the trans Alaskan pipeline. During -
exploration and production, reserve pits are used
for.storage of excess drilling fluids, cuttings, boiler
blowdown, and rig-washing fluids. More than 600
additives are potentially available for use in drilling
fluids (API 1969; Dames and Moore 1978; National
Research Council 1983). Many additives are known
to be toxic, such as aromatic hydrocarbons, bacte-
ricides, brines, lignosulfonates, emulsifiers, and
metals (ERL 1984). Despite the complex composi-
tion of reserve pit wastes and their potential tox-
icity to aquatic organisms and imigratory birds, dis-
charges from the pits occur more frequently on the
North Slope of Alaska than at sites in the coter-
minous 48 States. Permafrost and low evaporation
rates inhibit natural losses of reserve pit fluids, and
repetitive use of the same reserve pit for multiple
wells and fresh snowmelt each year continue to add
volume to the pits. In a recent report, the Alaska
Department of Environmental Conservation
(ADEC) addressed the problems of disposal of re-
serve pit wastes (ADEC 1984). In 1984, ADEC per-
mitted the discharge of reserve pit fluids into tundra
wetlands from 23 pits in the Prudhoe Bay area, and
in 1985 the fluids from about 40 reserve pits were
discharged into the tundra in the Prudhoe Bay-
Kuparik area, from both oashore and offshore
sources.

In addition to oil production, the wetlands on the
North slope serve as important summer nesting and
rearing grounds for numerous species of shore-
birds, waterfowl, seabirds, raptors, and passerines
(Norton et al. 1975). Some of these species have no
other known breeding ground or are threatened
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with extinction. Wetland ponds are rich in zoo-
plankton, important in waterfowl food chains. The
spring thaw in the wetlands and the production of
invertebrates is closely tied to the time of waterfowl
nesting, and coincides with peak discharges of
drilling fluid wastes from reserve pits. Wetland
ponds are connected by networks of natural
troughs that eventually reach fish producing
streams.

In 1983, the dewatering of reserve pits resulted in
a significant impairment of water quality in ponds
adjacent to reserve pits (West and Snyder-Conn
1987). When compared to ponds further from drill
sites, adjacent ponds were lower in abundance and
diversity of aquatic invertebrates. The present
study was undertaken to better define the relation-
ship between reserve pit fluids and toxicity to in-
vertebrates and fish.

Drilling fluids are a complex waste effluent of in-
organic and organic materials interacting together.
More information is needed to correlate chemical
characteristics of these effluents with their poten-
tial for causing adverse biological effects. The ob-
jectives of this study were to select five drilling
sites in the Prudhoe Bay area, determine the inor-
ganic and organic chemistry of water in the reserve
pits and surrounding ponds, and correlate these
findings with acute and chronic toxicity evaluations
of water from these pits and ponds.

Methods

General

Five drilling sites and three control sites in the Prudhoe Bay area
were selected for study in June 1985 in collaboration with ADEC
and Atlantic Richfield Company, Alaska. Five Atlantic Richfield
drilling sites were selected for our study, and a general history of
the specific reserve pits evaluated is given in Table 1. In addi-
tion, we selected three control pond sites (CP1, CP2, CP3) 10
determine background concentrations of inorganic and organic
constituents in area waters (Figure 1). At four drilling sites (4, §,
6, and 7) three stations were sampled: the reserve pit (RP), a
near pond (NP) within 50 m of the reserve pit, and a distant pond
(DP) 100-200 m from the reserve pit (Figure 2). At site 8 only one
RP and NP station were sampled. Thus, 17 stations— 14 at drill
sites and 3 at control sites—were sampled.

Field Sampling and General Chemistry

At each station, samples were taken for general water chemistry,
and for the analysis of inorganics and organics in water and sedi-
ment (Figure 2). Samples for general water chemistry were col-
lected at one location. Samples for inorganics in water were col-
lected at three locations at NP and DP stations and one location
at CP and RP stations. Samples for organics in water and sedi-
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ments were collected at three locations at alf stations. General
water chemistry and sediment samples consisted of I-L and
500-g grab samples, respectively. Water samples for the analysis
of inorganics consisted of two subsamples—one filtered (0.45
um) and acidified (ultra pure HCl to pH < 2), and one filtered
and unacidified. Water samples for analysis of organics con-
sisted of two subsamples—one 1-L grab and one extract taken
by pumping 12 to 18-L of water through a glasswool prefilter and
then through a pair of J. T. Baker C;q extraction columns fol-
lowed by elution with hexane. Individual samples were analyzed
and means were compared by analysis of variance and the least
significant difference method for multiple means comparison
(Snedecor and Cochran 1980). A 5% level was used to determine
significant differences between CPs and the other pits and
ponds.

At each of the five drill sites, 19-L of water were collected
from RPs for acute and chronic toxicity testing in the laboratory.
All water, sediment, and column extract samples were held at
4°C except during shipment (less than 24 hr) when maximum
temperature reached 12°C. Column extracts, water, and sedi-
ment samples were shipped to Battelle Pacific Northwest Labo-
ratories for chemical analyses. Sediment samples were frozen
immediately on receipt. Water samples for toxicity testing were
shipped to the U.S. Fish and Wildlife Service Research Station;
Jackson, Wyoming.

General water quality characteristics were measured by stan-
dard methods (APHA 1980): temperature, calibrated thermom-
eter; pH, standardized pH meter; dissolved oxygen, azide modi-
fication of the Winkler procedure; and conductivity, calibrated
conductivity meter. Alkalinity and hardness were determined by
titration. Total dissolved solids (TDS) were determined gravi-
metrically from the filterable residue with a 0.45 um filter. The
non-filterable residue was reported as suspended solids.

Water Analysis .
Filtered inorganic water samples, both acidified and unacidified,
were further filtered through a 0.22-um filter before analysis.
Unacidified samples were analyzed with a Dionex® Model 16 ion
chromatograph to measure Cl, F, and SO,. Fluoride was spot-
checked with an ion selective electrode to ensure the validity of _
the ion chromatograph determinations. Organic carbon was de-
termined with a Dohrmann® DC-80 carbon analyzer. Acidified
samples were subjected to total elemental analysis in a Jarrell®
Ash Model 975 inductive coupled plasma emission spectrometer.

Hexane extracts of columns were prepared for analysis of aro-
matic and paraffin hydrocarbons by concentrating the extracts
to 4 mL under a stream of dry nitrogen and transferring the con-
centrate to Solu-Vials®. Samples were stored at —20°C until
subjected to gas chromatographic (GC) analysis.

Sediment Analysis

For inorganic analysis, frozen samples were thawed and trans-
ferred to beakers and dried in an oven at 70°C. The dried
samples were ground in a nico mill; they were then quartered
and subsamples were further ground in a mortar to pass a 100
mesh screen. A subsample (0.1 g) of each sediment was placed
in 2 20 m! Teflon® insert of a Parr Digestion Bomb and 2.5 mL of

-~
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Table 1. Characteristics of drill site and specific reserve pits selected for study
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Discharge Volume
Driil Reserve date discharged Date of Location
site pit no® (June 1985) bbls® last use receiving discharge
4 7-2 24 176,000 1983 near pond
5 1-3 10 65,000 1981 near pond
6 16-2 19 . 100,000 1981 near pond
7 14-6 10 100,000 1984 near pond
8 seepage to near pond

12 e, no discharge .........c..c.cco...... 1984

* Drilling sites of Atlantic Richfield Company
b bbls = barrels or 159 L

-

Beaufort Sea

D87 D85

DS8
Deadhorse e

Trans-Alaska
Pipeline

Fig. 1. Prudhoe Bay, Alaska, showing
general location of drill sites (DS) and
control ponds (CP) studied

concentrated ultra-pure nitric acid was added. Samples were
sealed into a Parr Bomb and heated at 100-105°C for 20 hr. After
digestion, samples were cooled and rinsed from the Teflon insert
with deionized water and brought to a final volume of 20 mL.
Each sample was mixed and allowed to stand overnight before
analysis for inorganic ions by a Jarrell® Ash Model 975 inductive
coupled plasma emission spectrometer.

Extracts of sediments were prepared for organic analysis by a
modified of the procedure of Clark and Finley (1973). Individual
sediment samples were thawed; and a 100-g subsample was
placed into a 200 mL glass centrifuge bottle, stirred with 50 mL
methonal, and centrifuged at 163 X g for 10 min. The methanol
extraction was repeated once; supernatants were combined and
poured through glass wool to remove mineral residue. The glass
wool was rinsed with an additional 10 mL of methanol, which
was combined with the methanol filtrate. To insure that organic
constituents stayed in solution, we added 2 mL of benzene to the

filtrate. The solution (sediment rinse) was set aside to be later
combined with the Soxhlet extract of the sediment.

The methanol extracted sediment was transferred to a
weighed Soxhlet thimble and extracted in a Soxhlet apparatus
for 48 hr with a mixture of 180 mL benzene and 120 mL meth-
anol. The Soxhlet thimble was dried and weighed to determine
sediment dry weight. The extract was poured through glass wool
to remove mineral residue and the wool and rinsed with 10 mi
benzene. The extract and sediment rinse were combined and
evaporated in a rotary evaporator to 20 mL. To insure removal
of methanol, we added 4 mL of n-heptane and continued evapo-
ration to 4 mL. The 4-mL concentrate was transferred to a 250
mL separatory funnel with 50 mL hexane and 10 mL saturated
aqueous NaCl. Hexane extraction was preformed. twice by
shaking the separatory funnel for 1 min, and extracts were com-
bined and dried over anhydrous Na,SO,. Dry hexane extracts
were reduced to 6 mL by roto-evaporation, transferred to Solu-
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100 - 200 meters

DP Station

Distant Pond

(DP) analyses:

(1), (2), and (4)

DRILL SITE
Reserve Pit RP Station
(RP) analyses:
(1), (2), (3), and (4) . N
50 meters
NP Station
Near Pond analyses:
NP)
( (1), (2), and (4)

Fig. 2. Diagram of typical drill site,

showing sampling stations. Type of

analyses performed were (1) general
chemistry, (2) water and sediments for
specific organics and inorganics, (3) toxicity
studies in the laboratory with Arctic

grayling and Daphnia magna, and (4)
toxicity studies in the field with Daphnia

Vials®, and further reduced to 4 mL by a stream of dry nitrogen.
Metallic mercury was used to remove sulfur, by the procedure of
Caragay et al. (1979).

Capillary GC and GC/Mass Spectrometry Analysis

Selected extracts of resin columns and sediment were amended
with 50 pL of héxamethylbenzene internal standard and qualita-
tively screened for the presence of aromatic hydrocarbons on a
Hewlett Packard 5880A GC coupled to a 5970A Mass Selective
Detector. Data were accumulated on a Hewlett Packard 9133
Data System. The GC contained an 8M DBS5 glass capillary
column (J&W Sceintific Co.). Initial temperature was 50°C and
programmed at a rate of 4°/min to 300°. Mass ions were scanned
from m/e 40 to 400. Mass spectra acquired from the environ-
mental samples were compared to those in the National Institute
of Health data base to confirm structure (Heller and Milne 1978).

Individual hydrocarbon constituents in solvent extracts of
resin columns, sediment, and tissue were quantified on a Hew-
lett Packard 5840 GC equipped with a flame ionization detector
and a 15 m DB-5 capillary column (J & W Scientific). Samples
were injected into the column at an oven temperature of 70°C.
Following a four min hold, the oven temperature was pro-
grammed at 4°/min to a final temperature of 280°C; and after 20
min at this temperature, the sample was recycled to 70°C. Se-
lected hydrocarbons (paraffinic straight chain from Cyy to Cy,
alkyl benzenes, mono-, di-, and tri-alkyl naphthalenes, biphenyl,
fluorene, and phenanthrene) in the samples were identified by
retention time and quantified, using mixtures of paraffinic and
aromatic standards employing an internal standard method. For
purposes of consolidating and reporting, individual paraffinic

middendorffiana

and aromatic hydrocarbons were summed and reported as total
aromatic and paraffinic hydrocarbon concentrations. The detec-
tion limit for individual hydrocarbons in the different sample
components was as follows: sediment samples (about 100 g dry
weight), 10 ng/g; resin extracted water (about 20 L), 2 ng/L: and
tissue (about 2 g), 100 ng/g.

Toxicity Studies

In the laboratory, we performed acute toxicity tests for 96 hr
with Arctic grayling (Thymallus arcticus) and 48 hr with the
zooplankter Daphnia magna, using RP fluid from sites 4, 5, 6, 7,
and 8. Chronic tests were also conducted with daphnids for 42
days by the static renewal procedure. Grayling were obtained
from the Flathead Lake Salmon Hatchery (Montana) as eyed
eggs and tested as 1-1.5 g fry according to standard procedures
(APHA 1980). Daphnia magna were reared and tested in the
laboratory according to procedures described by Buikema er al.
(1980). Photoperiod was controlled at 24 hr light, and tempera-
ture was 12 = 2°C. Maximum concentration used in the acute
exposures was 100% RP fluid; the end point was death. Expo-
sure dilutions in the chronic tests were 25, 2.5, 0.25, and 0% RP
fluid (25% = 25 parts RP fluid; 75 parts dilution water). The end
point was effect on reproduction and growth. We used 10 or-
ganisms for each dilution and determined time to first brood,
number of young per reproductive day, and length at 42 days for
each organism. Means were compared between the 0% RP fluid
and the other test dilutions for each variable by analysis of vari-
ance and the least significant difference test for multiple means
comparison (Snedecor and Cochran 1980). A 5% level of signifi-
cance was used.
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Samples of water and fish were collected for analysis from the
highest concentration that did not cause mortality and the con-
trol in each of the five acute tests. At the end of the 96-hr expo-
sure, we pumped 5 L of the test water through extraction
columns and froze five fish; the extracts and frozen fish were
shipped to Battelle Pacific Northwest Laboratories for inorganic
and organic analysis.

Experiments were performed-in.the field to evaluate whole-ef-
fluent toxicity to local populations of Daphnia middendorffiana
under natural conditions of temperature, light, and water quality.
These tests were performed some 1-3 weeks after the sampling.
Daphnids collected from clean ponds were transferred into 150-
mL cups, ends of which had been replaced with 125-mM poly-
propylene screen that allowed a flow of water. Eight cups con-
taining 20 daphnids each were placed in each RP, NP, and DP at
drill sites 4 to 8. We also placed eight cups into each of five clean
reference ponds. (However, these ponds were different from the
CPs chosen for determining background chemical concentra-
tions). At 24, 48, 72, and 96 hr, two cups were removed from
each site and examined under a dissecting scope to determine
immobility or death. Due to counting errors and escapes, the
number of dead -and living organisms did not always total 20 per
cup. Percent mortality was therefore based on those organisms
present on the day of final counting. The Friedman Rank Anal-

-ysis of Variance was used for comparison of all sites, and the
Wilcoxon Rank Sum Test for comparisons between RP, NP, DP,
and CP at a site (Snedecor and Cochran 1980).

Tissue Analyses

Fish samples from the Jackson laboratory were thawed and
chopped with a stainless steel knife. Duplicate 0.1-g subsamples
were taken for analysis of inorganics and a single 2-g sample was
taken for organic analysis. Samples for inorganic analyses were
freeze-dried, ground with a 100 mesh agate mortar, put into a
Teflon insert with 2.5 mL of concentrated pure nitric acid, and
sealed into a Parr digestion bomb. The bomb was held in an oven
at 100°C for 18 hr. After digestion, the samples were cooled to
room temperature, rinsed from the Teflon insert with deionized
water, and brought to a final volume of 20 mL. Samples were
analyzed by a Jarrell* Ash Model 975 inductive coupled plasma
emission spectrometer. E

Samples for analysis of organics were tared into 15 mL glass
tissue grinders and homogenized three times with 5 mL portions
of methanol, followed by one homogenization with 5 mL of
hexane. The combined extracts were placed in a 25-mL Corex®R
centrifuge tube and vigorously shaken. Each sample was centri-
fuged at 163 x g for S min. The hexane layer was transferred to
Solu-Vials® and the process was repeated a second time with an
additional 5 ml of hexane. Hexane extracts were combined, con-
centrated to 1 mL under a stream of dry nitrogen, and refriger-
ated until analysis by GC.

Results
Residue Analysis

The concentrations of total dissolved ions and dis-
solved organic carbons were elevated at several of
the RP, NP, and DP stations (Table 2). At RP4 and
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RP7 values were about 10-fold higher than at CP
stations for measurements of conductivity and dis-
solved organics.. Alkalinity and pH showed no ap-
parent trends between stations.

Maximum concentrations of individual ions mea-
sured in RP waters exceeded those at CP sites by
the following magnitudes: SO, 920 times; Br, 555
times; B, 230 times; Mn, 68 times; and Cl, Fe, K,
and Na, 20 to 34 times (Table 3). Concentrations of
ions were most frequently highest at RP7. Concen-
tration of ions in sediment were also higher at RP7—
concentrations of Pb, Cu, and Zn were greadter than
those at CPs by factors of 216, 105, and 21, respec-
tively. Other ions found in the sediment at concen-
trations 20 to 30 times greater than in CPs were Ba
at all sites, Cr at RP8, and Pb at RP6.

Ions elevated in RP water were also significantly
increased in NP and DP water (Table 4); only those
significantly increased above CP waters are re-
ported here. Concentrations of Cl, K, and SO, were
significantly elevated in eight of the nine NPs or

" DPs sampled, and Ba and Na were significantly

elevated at seven. The magnitude of increase was
greatest for SO,: in NP and DP water, it was ele-
vated by 80- to 470-fold above the mean of the CP
stations. Trace elements Cr and Zn at NP4 and 7
were increased 3- to 6-fold above background con-
centrations.

Ions in NP and DP sediments that were signifi-
cantly higher than the CP sample means are shown
in Table 5. Barium concentrations were also high at
some NP and DP stations, but not significantly
above those for CPs begcause variation was large.
For the seven NP and DP stations where triplicate
samples were analyzed, Cu, Cr, Fe, Pb, and Si
were the most frequently elevated. Increases over
background were greatest at NP6, where concen-
trations of Pb and Cr were increased by 22- and 14-
fold, respectively.

Four water samples (RPS, 6, and 8; DP7) and
three sediment samples (RP5, 7, and 8) were se-
lected for more detailed qualitative evaluation by
GC/mass spectrometry (Table 6). The criteria for
selection involved identifying samples with the
greatest chemical complexity based on initial GC
screening. Information obtained from this
screening study was used to confirm the presence
of aromatic (petroleum) hydrocarbons in selected
samples and to determine which hydrocarbons
were to be quantified by GC employing a flame ion-
ization detector and analytical standards. Most
common detectable constituents were the mono-,
di-, and tri-alkylated naphthalenes. Water sampled
from DP7 and sediments from RPS and 7 contained
the greatest number of detectable aromatic compo-
nents.
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Table 2. General water quality characteristics at sites 1-8 for different stations: control pond (CP}), distant pond (DP), near pond (NP),

and reserve pit (RP); nm = not measured

Sampling Suspended Dissolved
sites and Conductivity TDS* solids Alkalinity organic C
stations (1S/cm) (mg/L) (mg/L) pH (mg/L) (mg/L)
CP1 287 nm nm 8.5 97 53
cr2 — 320 nm nm - 8.2 320 13.6
CP3 537 266 nm 8.3 127 11.9
Mean 381 nm nm 8.3 181 10.3
DP4 1,240 657 10 8.5 133 20.0
NP4 1,655 1,176 43 8.3 178 45.9
RP4 4,200 2,081 243 8.3 271 102.0
DPs 907 556 0 8.2 163 16.4
NPS 1,498 757 1 8.0 218 18.7
RPS 3,283 1,555 186 8.4 332 55.2
DP6 388 173 0 8.4 115 7.9
NP6 1,490 595 16 8.2 328 15.5 -
RP6 1,917 604 14 8.6 349 16.1
DP7 2,533 931 17 83 285 28.1
NP7 2,933 1,477 82 8.3 342 . 69.7
RP7 4,100 2,285 " 314 8.4 335 — 95.3
NP8 700 579 8 8.7 176 17.7
RP8 3,200 500 8.3 137 75.5

1,666

* Total dissolved solids

Summation of individual aromatic and paraffinic
hydrocarbons measured in water and sediment re-
vealed an enrichment at some stations (Table 7).
Concentrations of aromatic hydrocarbons in water
were significanty increased above the highest CP
value at RPS and 8 and at DP7. Aromatics were not
detected in the CP sediments but were found at 10
of the 14 stations at sites 4 to 8. Paraffinic hydro-
carbons occur naturally in sediment, and are char-
acterized by a predominance of odd-numbered
components attributable to biegenic origins
(Blumer et al. 1972). The presence of petroleum re-
sults in a more equal balance of odd- and even-
numbered paraffinic hydrocarbons, and the ratio of
n-Cy; to pristane is often used to detect differences
in clean and contaminanted sediments. The signifi-
cance of these ratios has been discussed (Far-

_rington et al. 1973), and shown to be about 1.5 to
1.8 for crude oil and increase in sediments con-
taining weathered oil (Anderson et al. 1978). This
ratio was greater than 25 for the CP stations. Of the
14 stations at sites 4 through 8, 12 showed ratios of
n-Cy; to pristane of 1.0 to 3.2. At seven of these
stations paraffinic hydrocarbon concentrations
were also two or more times greater than at the
CPs. Qualitative examination of the chromato-
graphic profiles of all samples suggests that the or-

ganic form of contamination consists of crude pe-
troleum or a refined product of crude petroleum.

Toxicity Studies

In laboratory tests, no mortality or subletha] effects
resulted from exposing either Arctic grayling for 96
hr or Daphnia magna for 48 hr to 100% drilling
fluid from RP4 - 8. Tissue concentrations of specific
organics or inorganics did not ificrease, except for
Fe in fish (which was 2-fold higher in fish exposed
to RP6 than in those unexposed). In field tests, sig-
nificant mortality of Daphnia middendorffiana was
induced at 96 hr by water from all RP stations and
at NPS and 6 (Table 8). Toxicity was much less ap-
parent at 48 hr; mortality in water at NP4, 7, and 8,
and at DP4 through 8 did not differ significantly
from CP mortality at 96 hr.

Reduced reproduction and growth were observed
after 42 days exposure of Daphnia magna to dilu-
tions of drilling fluids from sites 5 and 8 (Table 9).
The number of young produced and their mean
lengths at 42 days were significantly reduced in or-
ganisms exposed to drilling fluid dilutions of 25%
and 2.5% from site 8 and 25% from site 5. Time to

first brood for those organisms developing in the



Table 3. Inorganic ions in water (mg/L) and sediment (mg/kg) of reserve pits at sites 4-8 as compared with mean for contro! ponds
(standard deviations in parentheses). Values indicated by less than (<) for controls ponds are the detection limits; nm = not measured

Sampling stations lons
and sites Al B Ba Br Cd Ci Co Cr
Water
Control ponds <0.10 <0.01 0.02 0.09 <0.006 39 <0.02 <0.04
(CP) 0.0h) 0.07) (26}
Reserve pits
RP4 0.57 0.28 0.14 0.96 0.006 758 0.02 0.41
RPS - 0.10 0.12 0.18 21 0.006 473 0.02 0.12
RP6 0.04 0.68 0.07 0.81 0.006 200 0.02 0.04
RP7 0.24 2.3 0.13 50 0.006 829 0.02 0.48
RPS 0.85 0.11 0.10 1.2 0.006 470 0.02 0.49
Sediment
Control ponds 8,707 29 213 nm 2.0 nm 7.3 39
(CP) (1,467) (12) (58) (0.82) (0.58) (13)
Reserve pits
RP4 15,100 20 5,500 nm 3 nm 10 302
RPS 15,800 10 7,380 nm 3 -nm 13 444
RP6 21,000 13 6,040 nm 6 ‘nm 17 301
RP7 7,520 20 4,320 nm - 4 nm 13 187
RP8 19,900 - It 6,200 nm 3 nm 15 792
Sampling stations lIons
and sites Cu F Fe - K Li Mn -- Mo Na
Water
Control ponds <0.006 0.13 0.06 <0.30 0.011 <0.002 <0.05 21
(CP) (0.04) 0.03) (0.004) an
Reserve pits
RP4 0.095 1.6 0.75 2.5 0.024 0.043 0.05 644
RPS 0.008 1.2 0.14 6.4 0.043 0.037 0.05 448
RP6 0.007 0.35 0.57 0.3 0.005 0.003 0.0 183
RP7 0.036 1.9 0.90 7.5 0.072 0.136 0.05 706
RP8 0.085 1.2 1.18 1.8 0.005 0.023 0.05 497
Sediment
Control ponds 17 nm 17,967 1,183 40 366 3.0 - 688
CP) (6.0) 2,173) (425) (18) (206) (1.2) (215)
Reserve pits
RP4 28 nm 19,600 3,100 45 296 'S 4,560
RPS 44 nm 23,600 3,000 41 300 7 2,940
RP6 83 nm 35,400 3,700 52 512 8 4,560
RP7 1,780 nm 30,000 1,000 60 484 11 1,620
RP8 38 nm 31,000 3,700 49 464 4 5,400
Sampling stations lons
and sites Ni Pb Sb Si Sr SO* Ti Zn
Water -
Control ponds <0.02 <0.06 <0.05 <0,30 0.11 0.34 <0.005 <0.02
(CP) 0.10) (0.13)
Reserve pits )
RP4 0.02 0.06 0.05 2.79 0.19 313 0.045 0.04
RPS 0.02 0.06 0.05 4.51 0.32 144 0.023 0.02
RP6 0.02 0.06 0.05 1.03 0.10 38 0.005 0.02
RP7 0.02 0.06 0.05 4.06 0.42 204 0.067 0.02
RP8 0.02 0.06 0.05 3.43 0.14 245 0.051 0.10
Sediment
Control ponds 35 6.0 14 111,000 85 nm 12 109
(CP) 4.1} .1 (13) (40,037) (48) (3.5) (33)
Reserve pits
RP4 38 15 39 nm 104 nm 3 72
RPS 38 36 40 om 127 nm 0 112
RP6 73 150 53 nm 128 nm 14 280
RP7 78 1,300 43 nm 242 nm 37 2,290
RP8 71 I5 51 nm 104 am 6 204
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Table 4. Mean concentration (mg/L) of inorganic ions found in water from ponds near and distant to drilling fluids reserve pits at sites
4-8, and control ponds. Standard deviations shown in parentheses. Values indicated by less than (<) for control ponds are the detection

limits

Sampling stations fons

and sites B Ba Br Ca Cl Cr F

Control ponds <0.01 0.02 0.09 30 39 <0.04 0.13

CcP) .01 0.07) (1.6) (26) - (0.04)

Distant ponds

DP4 0.07 0.320 I.1 65* 213 0.05 0.15
(0.03) (0.02) 9.2) (48) (0.01) 0.04)

DPS 0.06 0.26* 52 592 130= 0.04 0.16
(0.002) (0.02) 9.4) ()]

DP6 0.04 0.09 0.10 35 32 0.04 0.09
0.01) 0.01) 4.0) (L.5) 0.01)

bp? 0.91= 0.352 8.7 - 542 2060 0.05 0.13
(0.66) 0.18) Qn (117 (0.02) (0.06)

Near ponds :

NP4 0.20 0.47 0.91 64* 354 0.112 0.20°
(0.04) (0.05) 0.71) (16) 0.01) (0.01)

NP5 0.08 0.34= 9.72 652 2072 0.04 0.17
(0.03) (0.03) (2.8) (1.9 (3.6} (0.01)

NP6 0.65 0.27= 0.97 27 178+ . 0.04 0.17
0.02) 0.04) 0.14) ay . —. (0.01)

NP7 2.3 0.30° 40 98 426 0.20° 0.22=
©.1) ©.24) (3.8) an 7 (0.002) (0.03)

NP8 0.16 . 0.17 1.6 30 ] 180~ 0.05 0.23»
(0.04) : (0.02) ©.71) - 45) 0.01 .01

* Significantly greater than control pond or lowest distant pond value (least signiﬁcanf difference test, P < 0.05)

25% dilution was significantly increased for water
from RP8, and reduced for water from RP6 and 7.

Discussion
Residue Analysis

The specific inorganic ions measured in the study
that were elevated in the reserve pits and the sur-
‘rounding environment of Prudhoe Bay have also
been high in other areas where drilling has been
concentrated. Murphy and Kehew (1984) found that
leachate and groundwater from several drill sites in
North Dakota exceeded recommended limits. of
several trace elements and major ions, such as As,
Cd, Cl1, Pb, Se, and SO,. Other investigators have
demonstrated high concentrations of Al, Ba, Cu,
Cr, Fe, Mn, Na, Sr, and Zn in drilling fluids and
their discharges (ERL 1984; Deeley and Canter
1986; Duke and Parrish 1984). Most of these ions
can be traced to the additives used in drilling fluids
(API 1969; Collins 1975; National Research Council
1983; Wright 1978). Saltwater, the most common
base for drilling fluids, is the source of high Na and
Cl concentrations. Barite (BaSO,) and Pb com-
pounds are used as weighting materials, and the Ba
is frequently contaminated with Cd and Cu (Neff

1982). Materials used to control corrosion often
contain compounds of Cu, Cr, and As. Chromium
complexes are also used in drilling fluids as vis-
cosity controllers; because of the solubility and
toxicity of some of its forms, Cr in drilling fluids
has received more attention than most other inor-
ganic ions (Carr et al. 1982; West and Snyder-Conn
1987).

Comparisons of ion concentrations between
studies are sometimes difficult because the analyt-
ical techniques differed. Methods include analysis
of drilling fluid without any physical separation
(total); analysis after particulate removal by centrif-
ugation, filtering, or settling (dissolved); and anal-
ysis after equilibrium dialysis (free). The ion con-
centrations in our study could be defined as dis-
solved or soluble, based on separation by filtration.
A review of water quality limitations on the basis of
dissolved ion concentration indicates that Cr and
Mn measured in Prudhoe Bay NP and DP waters in
the study were above concentration considered ac-
ceptable for aquatic life (USEPA 1973, 1976). These
trace metals at NP7 were 2 and 8 times greater than
the 0.1 mg/L concentration regarded as safe for
the protection of aquatic life. The significance of
the Br and Sr concentrations is more difficult to as-
sess. Bromine could cause toxicity at concentra-
tions above 0.1 mg/L; however, in the salt form as
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Table 4. (cont’d)

Fe K Mg Mn Na Si SO* Sr Zn
0.06 <0.30 4.3 <0.002 21 <0.30 0.34 0.11 <0.02
(0.03) (1.5) 17 0.13) (0.10)

0.10 33 12 0.013 157* 0.34 562 0.272 0.02
(0.03) (0.5) (1.n (0.004) (56) (0.18) (36) 0.01)

0.05 4.2 4.0 0.006 99 1.1 500 0.25* 0.02
0.0 0.1 0.7) (0.001) (62) 0.2) (3.6) (0.01)

0.06 0.61 29 0.004 i2 0.30 0.10 0.02
(0.02) (0.06) 0.3) (0.001) (1.2) (0.00)

0.52* 1.6 5.6 0.142 6.4 0.64 560 0.28* 0.04
(0.42) .7 3.9) (0.13) (0.70) (35) (0.20) (0.01)
0.37* 4.9 9.7 0.027 290 1.3* 160~ 0.26° 0.072
0.02) - 0.9 0.7) (0.003) T (4.2) 0.2) (2.6) 0.01) (0.04)
0.17 5.2s 4.7 0.008 182+ L= 682 0.31= 0.03
(0.02) 0.1) (0.4) (0.003) 10) 0.2) 9.5 0.03) 0.01)
0.10 2.8 3.7 0.012 1662 1.5* 422 0.11 0.03
(0.01) .1 0.0) . _{0.002) (2.8) 0.2) (3.8) (0.00) (0.02)
0.82= 8.3 13* 0.842 373 2.3 121+ 0.45* 0.05*
(0.06) (1.4) 2.6) 0.02) 6.7 0.2) @.n 0.04) (0.01)
1.1t 5.9 6.4 0.08 181+ 0.46 27 0.15 0.02
0.4) ©.3) (0.4) (0.02) 8.5) (0.23) (5.3) (0.03) (0.01)

bromate, concentrations of 100 mg/L. or greater
would be required to create a hazard for aquatic
life. Concentrations of most ions measured in NP
and DP exceeded 0.1 mg/L but we do not know
how much Br was present as bromine or bromate;
in our dissolved fractions, both forms would have
been measured. Limited information is available on
Sr, but it appeared to be above normal surface
water concentrations at most NP and DP stations
(Vanderploeg et al. 1975). The elevation of common
ions, such as Ca, Cl, K, Mg, Na, and SO  in NPs
and DPs would not cause a biologic impact at the
concentrations measured, but would increase the
total dissolved solids and conductivity, as was ob-
served.

Safe limits are not established for ion concentra-
tions in sediment, because the presence of an ion in
sediment does not mean it is available or in a toxic
form. However, the sediment ions elevated most
frequently above background in our study—Cr and
Pb—were within the range of sediment metal con-
centrations reported in an area of heavy industrial
pollution by Malueg et al. (1984). Sediment con-
centrations at several lake sites near the treatment
plant outfall of a metal-plating factory were
140-980 mg/kg for Cr and 59-160 mg/kg for Pb. In
the present study, both Cr and Pb were within these
ranges at site NP6, and Cr was within this range at

sites NP7, NP4, DP7, and NP8. Sediment concen-
trations of Cu, though elevated above background
in this study, did not approach the concentrations
of 1,800 to 2,700 mg/kg measured in aquatic sedi-
ments below copper mines in Michigan and Cali-
fornia (Malueg ef al. 1984).

The concentration of aromatic hydrocarbons in
water at CP sites was consistent with concentra-
tions observed in open surface waters of the ocean,
remote from sites of oil exploration and production
(Clark and MacLeod 1977). At some RP and DP
sites in our study, waters contained aromatic hy-
drocarbons indicative of historical crude or refined
oil input. Concentrations of aromatic hydrocarbons
at RPS and 8 and DP7 were 9.3, 6.2, and 9.6 pg/L
respectively, as compared with 9.2 pg/liter in a
stream below the point of discharge from a Wyo-
ming oilfield (Woodward and Riley 1983).

The hydrocarbon content of sediments in con-
taminated coastal areas ranges from 100 to 12,000
mg/kg and most concentrations are less than 1,000
mg/Kg; in contrast, the concentrations in uncontam-
inated coastal areas and deep marginal seas or
basins are usually below 70 mg/kg (National Re-
search Council 1975; Clark and MacLeod 1977).
Sediment from remote deep sea areas generally
contain less than 2 mg/kg total hydrocarbons, most
of which are of biogenic origin. Concentrations of
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Table 5. Mean concentration (mg/kg) for inorganic ions found in sediment from ponds near and distant to drilling fluid reserve pits at

sites 4-8. Standard deviations in parentheses; nm = not measured

Sampling stations fons .
and sites Ba Ca Ci Cr Cu Fe
Control ponds 213 41,667 517 39 17 17,967
(CP) (58) (32,241) (161) (13) (6.0) (2,173)
Distant ponds - -
DP4 436 16,200 nm 120 26 12,000
DP5 818 84,000° 650 57 18 24,933
(216) (54,442) (71) - (7.6) (2.6) (3,800)
DP6 292 36,400 350 50 18 30,9332
(99) (6,002) n 6.9) (3.2) (6,804)
DP7 17,737 46,067 750 189 392 31,2672
(17,228) (17,997) (354) (118) (1) (12,582)
Near ponds .
NP4 1,560 80,800 nm 180 32 21,100
NP5 2,687 107,033 300 107 24 26,900
(315) (30,939) (00) (58) (1.5) (1,709)
NP6 5,386 28,966 300 : 559 450 - 39,333
2,31 - (802) (141) (82) 2.1 (7,390)
NP7 9,593 49,567 600 2852 423 38,4002
(11,878) (13,048) (141) (70) . 3.1 (8,321)
NP8 3,093 64,833 __bsee 349 . 46° 49,467
(1,367) (9,808) (212) (120) 4.0) (3,802)

* Significantly different from control ponds least significant difference test, P < 0.05)

total hydrocarbons (aromatic plus paraffinic) at
several stations in our study exceeded 100 mg/kg
and were consistent with concentrations observed
in polluted coastal areas of the world. Total hydro-
carbon concentrations ranged from 146 to 837
mg/kg for RPS, 7, and 8; NP6, 7, and 8; and DP7.
The source of organic contamination appears to be
crude petroleum and a refined product. At the other
extreme, total hydrocarbon in sediment was below
56 mg/kg at all CP sites; these concentrations could
be attributed to biogenic origin.

The specific aromatic hydrocarbons identified ifi -
the present study are similar to the components
found in discharges from marine drilling operations
by Hiatt and Jones (1985). Naphthalene and meth-
ylnaphthalene compounds were routinely detected
in discharges from seven offshore sites in southern
California using GC/mass spectrometry techniques.
Diesel fuel and other petroleum products are
common additives in drilling fluids (Neff 1982; Na-
tional Research Council 1983), and low molecular
weight aromatic components of petroleum originate
from their use. Less detailed analyses by other in-
vestigators have also indicated the presence of fuel
oil-like hydrocarbons in drilling fluids (Conklin et
al. 1983; Duke and Parrish 1984). Diesel fuel, along
with semivolatile aromatics like naphthalene, are
restricted in offshore discharges of drilling fluids in
California (Hiatt and Jones 1985). The concern over

diesel fuel and light aromatic compounds is based
on studies: implicating their association with tox-
icity in drilling fluids (Conklin and Rao 1984; Duke
and Parrish 1984; Tagatz et al. 1985).

Toxicity Studies

The greater daphnid mortality in the field tests as
compared to laboratory tests, is not totally explain-
able. Laboratory exposures were conducted for 48
hr on only RP water. Although no mortality was
observed in the laboratory, only the 48-hr data from
RP stations in the field were strictly comparable
with data from laboratory tests. Also, field tests
were performed on D. middendorffiana and labora-
tory tests on D. magna; however, the results of
tests with a number of different inorganic and or-
ganic chemicals have indicated that the sensitivities
could be expected to be similar between species of
Daphnia (Elnabarawy et al. 1986). The lack of con-
ditioning to handling stress by the wild population,
coupled with the exposures, may have resulted in
greater sensitivity of D. middendorffiana.

Due to the high aromatic hydrocarbon concen-
tration at DP7, one would expect mortality in the
field exposure to be greater that 10%. However,
field toxicity testing was performed 1-3 weeks
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Table 5. (cont'd)

Mn Mo Pb Si Sr Zn
366 3.0 6.0 111,000 85 109
(206) » (1.2) (7.1) (40,037) (48) (33)
382 nm 20 240 113 74
273 ) 5.4 12 171,800° 133 100
(33) (39 3.5) (38,890) (40) 12)
350 2.7 9.3 138,500 64 83
(68) (1.9) (4.0) (16,263) : (23) 4.0)
880 5.2 442 272,000 129 102
(569) (1.3) (6.5) (14,142) &) (32)
552 ' 6.0 30 508 ' 140 9%

1,205* 2.4 32 224,000~ 1772 96
(660) (1.4) - (1.9 (35,355) n (2.6)
840 8.4 1332 214,000~ 132 1792
(143) (1.4) (30) (11,313) (24) (23)

1,351 3.6 512 240,000* 146 114
(300) 3.4) —. (5.2) (18,385) 35) 12y

2,036 i — 39 242,000~ 1512 17
(120) 2.2 (5.0) (15,556) (26) (16)

after sampling, and aromatic components might
have been considerably diluted or lost during that
time period.

The most sensitive biological effects were those
measured on reproduction and growth of daphnids
in dilutions of RPS and RPS test water. It is difficult
to determine which characteristics of these waters
contributed most to toxicity. However, the aro-
matic content was higher in both waters than in any
of the other RPs, and the aromatics were repre-
sented by the low molecular weight compounds
known to be the more toxic components of drilling
fluids (Hiatt and Jones 1985; National Research
Council 1983). As judged from mortality of indi-
vidual aromatics to D. pulex, toxicity at 96 hr
would be expected to occur between 100 and 1,000
pg/l for the type of hydrocarbons represented in
RPS and 8 (Trucco et al. 1983). Using the 0.01 ap-
plication factor (EPA 1973), we estimated that the
safe concentration for total aromatics was between
1 and 10 pg/L. Concentration of total aromatics at
RPS and 8 were within this range and possibly high
enough to reduce growth and reproduction under
the test dilutions. _

The sensitivity of zooplankton was also demon-
strated during experimental oil spills in freshwater
ponds near Barrow, Alaska, by Barsdate et al.
(1980). After a one-time crude oil introduction,
daphnids and fairy shrimp were killed immediately

Table 6. Aromatic hydrocarbons identified by GC/mass spec-
trometry in selected sediment and water samples: reserve pits
(RP) at sites 5,6, 7, and 8; and distant pond (DP) at site 7. Con-
centration range given for water (ug/L) is L, 0.01-0.5; M,
0.5-1.0; and H, greater than 1.0. Concentration range for sedi-

*ment (mg/kg) is L, 5—-15; M, 15-25; and H, greater than 25. Indi-

vidual constituent concentrations were determined by GC and
calibrated analytical standards

Water Sediment

Compound RPS RP6 RP8 DP7 RP5 RP7 RP8
Alkylated benzene H .
Naphthalene M L
Naphthalene

monoalkylated M L L H H H L

dialkylated ‘M L M H H H L

trialkylated H H H H H L
Fluorene H H
Phenanthrene H

and did not return for 7 years. They were the most
sensitive of the zooplankters, and zooplankton was
more sensitive than the other biological compo-
nents measured—bacteria, benthic and planktonic
algae, vascular plants, or aquatic insects. Labora-
tory experiments indicated that daphnids were
killed when less than 0.2 ml/L oil was added. Vig-
orous aeration reduced mortality—indicating the
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Table 7. Aromatic and paraffinic hydrocarbons found in water and sediment of control ponds (CP), distant ponds (DP), near ponds
(NP), and reserve pits (RP). No standard deviation indicates only one sample analyzed

Aromatic Paraffinic
Water Sediment Sediment Ratio nC17
. . conc. (pg/L) conc. (mg/kg) conc. (mg/kg) to pristane
Sampling stations _
and sites mean SB-- mean SD mean SD
CPI1 0.16 0.04 ND» 43 7.5 >25
Ccp2 0.08 0.04 ND 56 23 >26
CP3 0.07 0.01 ND 46 21 >35
DP4 0.22 0.12 ND 7 1.6
NP4 0.60 0.20 4.4 50 1.3
RP4 4.6 1.3 2.5 15 1.0
DPS 1.0 0.05 ND 59 >13
NP5 1.6 0.20 - ND 33 3.2
RP5 9,30 33 263 574 1.4
DP6 0.08 ' 0.05 ND 68 >25
NP6 1.5 0.74 29 117 ) 1.4
RP6 ) 1.8 0.17 12 32 1.3
DP7 9.6° . 12 59 45 316 128 13
NP7 33 0.28 18 12 245 157 1.5
_RP7 1.2 0.37 180 283 - 516 733 1.2
— NP8 0.56 0.33 130 <=~ 700 1.3
RP8 6.2b 0.30 26 120 1.6

* ND = not detectable above limits of procedure, about 0.6 mg/L
b Significantly different from control station 1CP

Table 8. Mortality or immobility of Daphnia middendorffiana
after exposure in the field at stations on drill sites 4-8

Mortality or immobility (%)

Drill site
and station " 48 hr 96 hr
Drill site 4
Control pond 0 0
Distant pond 2 0
Near pond 0 0
Reserve pit 12 60*
Drill site 5
Control pond 8 2
Distant pond 8 6
Near pond S 72
Reserve pit 74 100*
Drill site 6
Control pond 3 2
Distant pond 5 0
Near pond 0 25
Reserve pit 0 79
Drill site 7
Control pond 0 0
Distant pond 0 10
Near pond 8 14
Reserve pit 15 58
Drill site 8 :
Control pond 0 0
Near pond 8 10
Reserve pit 14 80*

* Significantly different from control pond (P < 0.05, Wilcoxon
Rank Sum Test)

close relation between volatile aromatics and tox-
icity.

Some drilling fluids and their dilutions enhanced
daphnid growth or production,—e.g., RP4 and 6 at
25% dilution. Water quality influences reproductive
potential; and when toxic concentrations are not’
reached, the addition of inorganic materials some-
times improves reproductive success (Cowgill et al.
1986). Woodward et al. (1985) also found that
daphnid reproduction increased where inorganics
were elevated within the range of sublethal concen-
trations. Tnorganics introduced during the exposure
may enrich the test water, increase bacterial life
and the food-base, and promote reproduction.

Our study was similar to a 1983 evaluation of the
impacts of water quality on aquatic invertebrates in
ponds adjacent to reserve pits in the Prudhoe Bay
area (West and Snyder-Conn 1987). lons elevated
in receiving ponds and considered to be of greatest
importance in the 1983 study were As, Ba, Cr, and
Ni. Aliphatic and aromatic hydrocarbons were also
elevated in receiving ponds. However, the concen-
trations are not comparable with those in our study
because samples were unfiltered and values repre-
sented the total concentration rather than the dis-
solved fraction measured in our study. High tur-
bidity, alkalinity, As, Ba, and Cr in the 1983 study
were correlated with lowered taxonomic diversity
and abundance of aquatic invertebrates. In our
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Table 9. Effects of different dilutions of reserve pit fluids collected from sites 4-8 on reproduction and growth of Daphnia magna during

42 days of exposure

L Time to st Young per
Drill site Brood (days) reproductive day (no.) Length (mm)
and testing
dilution Mean SD Mean SD Mean SD
Drill site 4— . .
0% 22 1.1 3.0 0.45 3.6 0.10
0.25% 22 0.5 2.8 0.37 3.7 0.05
2.5% 2 1.6 3.0 0.55 3.6 0.10
25% 22 1.6 3.6 0.32 3.5 0.08
Drill site § :
0% 22 1.1 3.1 0.45 3.5 0.10
0.25% - 22 1.4 32 ~0.39 35 0.08
2.5% 22 2.2 35 0.29 3.6 0.08
25% 23 2.5 2.2 0.63 3.2 0.13
Drill site 6 : . i
0% 23 1.3 34 0.74 3.6 0.10
0.25% 23 - 0.5 2.4 0.55 3.5 0.07
2.5% 23 2.5 3.0 0.40 3.7 0.04
25% 200 1.0 3.2 0.43 3.9 0.07
Drill site 7
0% s ] 13— 23 1.00 3.5 0.15
0.25% 24 127" 2.9 0.40 3.6 0.10
2.5% 24 1.9 3.0 0.90 3.6 0.10
25% 21 0.5 3.2 0.61 3.7 0.15
Drill site 8
0% 22 1.8 3.0 0.22 3.6 0.05
0.25% 24 1.4 33 0.16 37 0.08
2.5% 23 1.3 1.8b 0.30 3.4 0.05
25% 30 2.6 1.00 0.39 2.7 0.08

* Performance significantly above that of the controls (LSD; P < 0.05)
b Performance significantly below that of the controls (LSD; P < 0.05)

daphnid reproduction and growth study, RPS and 8
had the greatest effect. In comparison with other
RP stations, alkalinity and Ba were both high in
RP5 and suspended solids (turbidity) and Cr were
highest in RP8. We_made no determinations for As.

It is obvious from the present study that drilling
fluid discharges result in significant increases of
both inorganic and organic constituents in the
Alaska wetland environment. Some of these constit-
uents were at concentrations above those consid-
ered acceptable for aquatic life, and some equalled
concentrations found in polluted areas of the world.
Although we observed toxic effects on zooplankton
production for some RP dilutions, no adverse ef-
fects were observed where actual discharges were
diluted below 25% (25 parts RP fluid: 75 parts dilu-
tion water). However, one RP where seepage was
occurring, showed toxicity to daphnids at 2.5%
fluid.

Along with the current criteria on drilling fluid
discharge, additional limitations could increase the
protection provided to the Alaskan environment.
An upper limit on aromatic hydrocarbon content,

such as the 10-pg/L concentration established for
offshore discharge in California (Hiatt and Jones
1985) and proposed in Alaska (Larry Dietritz, per-
sonal communication), is supported by our study.
Further protection could also be provided if
daphnids were used as indicators of acute or sub-
acute toxicity of drilling fluid waste waters. Tox-
icity, along with rate of discharge and volume of
receiving waters, could be used to calculate a toxic
emission factor (Nikunen and Miettinen 19885). This
technique has been used for industrial discharges in
Finland. Toxicity evaluations are particularly im-
portant for complex wastes such as drilling fluids
because they alone enable one to assess the interac-
tion of numerous inorganic and organic materials.
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