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ABSTRACT

A water availability study was conducted along the Prime Route of

the Arctic Gas Pipeline from Prudhoe Bay, Alaska, to the Mackenzie Delta,

~ Yukon Terrifory.,

~ The purposes of this study were to:

g

A 5

5

5)

The

1)

identify potential water sources along the pipeline route,

determine the volumes of water available from these sources,

compare the volumes of water available with the estimated

volumes of water required,

assess the environmental impact of water withdrawn from the

potential sources, and

present recommendations regarding maximum withdrawal rates,

_construction procedures, etc., to minimize potential damage

to aquatic habitats.

major conclusions and recommendations of this study are:

‘There are more than adequate quantities of water available to

meet the estimated water requirements of the pipeline. Overall,
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3)

the total estimated.%afer requirement of 5,508,000 bbl would.

"~ amount to slightly less than 1% of the appioximately 550,967,000

bbl available in the lakes surveyed. In addition; the springs
surveyed dlscharoe approximately 5,807,000 bbl/day, sllghtly

more than the total estlmated water requlrement
Water can be safely withdrawn -from most of the lakes surveyed,
provided that no more than 10% of the total volume of eny'one

lake is withdrawn.

Water can be safely withdrawn from most of the springs suiveyed

| provided that'

| a) water is withdrawn from a single p01nt downstream: of f1sh

concentrations and spawning areas, and that collect1on areas
are screened to prevent the entry of flSh

" b) natural spring channels are not exce551vely rechanneled or

closely paralleled by access roads,

c) angling is strictly prohlblted.

It is_furfher recommended that:

1)

2)

additional site—épecific bioldgical; hydrological and engineering.

studies be conducted as final selections of water sources be made;

during the development of water sources and during water withdrawal,
locations with known spawning or overwintering populations of
fish be individually monitored by a fisheries biologist familiar

with the lakes and springs of the North Slope.

1i
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INTRODUCTION

Winter construction of the proposed Alaskan and Canadian Arctic Gas

- Pipeline will require large suppiies of fresh water for the construction

of ice and snow roads and for domestic use in the construction camps
themselves. _Othér'major uses of water include hydrostatic testing and
ditch flooding. Overall water requirements will be greatest in the

first months of the winter when the ice and snow roads are under

construction, and diminish later in the winter. In some cases,

cbnstruction camps will require dependable suppiies of high quality

water throughout the winter.

The purpose of this study was to identify water sources along the .

proposed pipeline route and to assess their withdrawal potential in

-relation to the estimates of water requirements prepared for each

piepline segment and camp along the pipeline route from Prudhoe Bay to

the west side of the Mackenzie Delta.

The study was based on a review of the pertinent literature and -
field surveys along a 300 mi by'10 mi corridor from Prudhoe Bay, Alaska,

to the Mackenzie Delta, Yukon Territory (Figure 1). The objective of

these field surveys wasbto obtain the following:



FIGURE 1. Study Area. The pipeline route from Prudhoe Bay, Alaska,

to the Mackenzie Delta, Yukon Territ;):cy.
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a)
b)

d)

AT I s - iy a2
Additicnal innormats

depth information for" lakes éonsidered pdtential water sources
discharge information for springs considered potential water
sources

watef samples from lakes and springs to determine basic water

chemistry

information on fish utilization of lakes and springs ceonsidered

pocentinl watar

Ay

uding discharges, ice thickmess, and

water chemistry was obtained during a joint AAG and United States

Geological Survey (USGS) winter trip to Alaska during November, 1975.

Agquatic Environments Limited personnel were preéent during part of this

trip and the information obtained has been incorporated into this report.

In addition to fisheries information obtained during the course of

this study, ‘data are available from previous fisheries surveys along the

pipeline route in Alaska and the Yukon Territory. These data are

referred to in subsequent sections of this report.

For this study, fisheries effort consisted of the following:

a)

b)

gillnetting lakes which were potential water sources, and for "
which no previous fisheries information had been gathered, and

surveying springs during the fall of 1975 to determine the

distribution of fish.



Some springs along the pipeline route are already known to be
spawning and overwintering areas critical to the survival of populations

of Arctic char and grayling (Craig 1973). In addition, some of the

deeper lakes along the pipeline route support overwintering populations

of one or more species including Arctic char, lake trout, grayling,

s, and sticklebacks (McCart et gl.




o o ' METHODS

During the fall of 1975, AEL cdnducted field surveys at 50 iakes
and 19 spfings along the vArc.tic Gas Pipeline Route fxi'omvPrudhoe‘Bay,
Aléska, to the Mackenzie Delta. Generally, in areas where there was an v
- o abundance of potential water sources, only a few of the larger lakes |

within a 5 mi strip on either side of the primé pipeline route were -

_examined. In areas where potential sources were few, the corridor was
expanded to encompass the nearest lakes or springs_ that could be

considered potential sources of water.

A helicopter equipped with floats was used for transportation and

L3

as a platfbm for sounding water depths and obtaining samples from lakes.

Depending on their size, lakes were sounded at three to six stations along

the longest axis. Average depths were calculated from these soundings,
and, al'ong'with areas (obtained from 1:50,000 scale maps using a planimeter),

used to calculate volumes.

Water sample's’ were taken with'a 3% Kemmeref bottlé at a d:epth of Im
-neaf the centre of the lake. Dissolved oxygen valﬁés and temperatures -
were determined in the field using a Hach OX-10 Dissolx(‘ed OXygen Kit and
a pécket thermometer. Water samples taken for suspended seciimen_ts,

- turbidity, conductivity, pH, and dissolved organic czirbon‘were preser\}ed-

and retumedAt»o Calgary for analysis.
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Each lake was fished for appm‘(lmately 24 hr usmg a standard
glllnet gang of six 25 ft panels of 1, 1%, 2, 2%, 3% and 4% in. stretch
mesh monofilament. A 20 ft nylon marquisette minnow seine was used to

sample the shallows of the lakes wherever substrate conditions and water

- depth allowed. Captured fish were identified, measured and released

alive whenever possible. Selected specimens were kept for detailed life

'historjf analysis as described by McC:irt and Craig (1973);

Each spring was sampled for fish using a Smith-Root type VA Backpack .

- ,' Electrofisher and a 20 ft nylon marquisette minnow seine. Since most of

- these springs have been repeatedly examined during previous fisheries

surveys, only in unusual cases were fish kept fbr detailed life history
analysis. Most fish were identified, measured, and released alive In

the course of thlS study, the main emphasis was on verlfy:mg the presence

or absence and longitudinal distribution of flSh in each sprm The
'dlstrlbutlon of fish w1thm a sprmc is important because it may limit
' where when, and how much water can be withdrawn w1thout affectmg flsh

populat ions.

.Watéf samples for. suspendea sediments, turbidity, conductivity, ’vpﬁ,
and dissolved orgél}ic c"arbon'were taken from each spring at an orifice
and préserve_d fof analysis in the laboratory. Dissolved oxygen
concentrations and temperature were measured and recorded in the field.
At the enci of each day,' dissolved organic carbon samples (100 ml) from

lakes and springs were preserved by freezing and sent to Chemex

Laboratories Limited in Calgary, Alberta for analysis. All other water



samples (500 ml) were preservéa‘with 1 mg of 0.4% copper sulfate

. solution and shipped to the AEL 1abofatory. Tests performed in the
~ laboratory included specific conductivity (Beckman RB4-250 S‘olu-Bridge)' .
pH (Radiometer pH Meter, type 29, with GK 2311C electrode), turbidity

(Hach Model 2100A turbidimeter), and suspended sediments (gravmetric

method, dried at 180°C).



RESULTS AND DISCUSSION
Water Quality

Water quality data are sumarized in Table 1. In general, the water
in the lakes_samplé_d was of high quality and slightly alkaline '(pH' 7.4 to
8.5) in character. Two were slightly acidic (pH 6.2 to 6.7). Except for =

some suspended material stirred up by wave action, turbidity and

- suspended sediment values were uniformly low. ' Specific conductivit-ies‘

ranged from a low of 15 to a high of 504pmhos/cm. Some of the lakes were
s_lightl}'f'sfained, yellow or brown, probably as a result of decay of .

organic materials.

Of the springs sampled, all those that were potential water sources

| had high quality watei‘. Conductivities ranged from 29 to 399%umhos/cm and

tufbidity.values and suspended concentrations were low. All springs

~sampled were slightly alkaline. One small hotspring,b located

approximately 30 mi south of Milepost 120, was sampled. This spriﬁg
flows into the Okpilak River near the vbase of Mt. Michelson. The

'temperatilre of the water was 48°C (118°F) at the spring orifice. Because

of its distance from the pipeline route and its small discharge
: (.008m3/éec .3cfs) this spring has little potential as a water source for

pipeline development.



~ TABLE 1. Water Chémistfy summary, Water Availability Study 1975.

Water - '  Turbidity Susp. Dissolved

Sample . Temp. . = Shaken Setiled Solids Org. Carbon
Location/Milepost No. - Date (°C) O Cond., pH - (FIU) (FIU) mg/1 ug/lc.
Lake . 5-95 23 Aug. 6 - 12 483 - 12.0 7.9 - 9.0

- 3mi. E 2.0 ©Y-48 o | ' | - R

Lake | '5-359 23 Aug. 6 - 12 257 . 8.0 11.0 8.9 8.4 3.0
1mi. E 3.0 Y-37 _ | : o
Lake 48 $-169 23 Aug. 6 12 301 - 8.0 85 6.7 8.0 2.5
3.5mi. S 5.0 Y-32 . ) - o
Lake s-211 22 Aug. 8 12 284 81 11.0 10.0° 8.4 4.0
1mi. S 12.0 T Y-43 E
Lake S-357 22 Aug. 9 12 320 8.0 7.1 62 6.4 3.5
1mi. N 13.0 Y-56 | ~ | |
Lake | 5-332 22 Aug. 8 12 336 8.2 21.0 13.0  .17.6 4.5
2mi. S 16.5 Y-31 R :
Lake S-171 22 Aug. 7 1z 112 7.4 3.2 . 2.7 4.0 5.5
1mi. S 22,0 Y- k | |
Lake 79 $-339 22 Aug. 6 13 215 - 6.2~ 4.6 5.2 2.5
Imi. S 24.0 Y-34 ' o c
Lake - S-342 22 Aug. 6 12 137 - 2.9 2.2 1.0 4.5
1mi. S 26.0 Y-25 - .
Lake 1 s-362 22Mug. 7 13 223 8.1 5.6 3.1 1.0. 4.5

Y-39 o c ‘ |

3mi. S 26.0 N
' (Continued)



TABLE 1. Continued.

CSmi. S 87.0

(Continued)

Water Turbidity Susp. Dissolved
~ Sample Temp. - ' Shaken Settled Solids  Org. Carbon

Location/Milepost No..  Date  (°C) o Cond.  pH (FTU)  (FTU) mg/1 ug/lc
Lake 26 S-361 22 Aug. 6 12 441 8.0 5.0 3.6 1.8 2.5
2mi. N° 32.0 - Y-41 | , ‘

lake © 8-52 22 Aug. 6.5 13 504 8.2  14.0 8.7 6.4 3.5
Z2mi. N 34,0 Y-24 - -
Lake $-358 22 Aug. 6 22+ 132 7.9 3.4 - 3.1 2.0 7.0
1mi. S  39.0 Y-23 ' ‘ . :
Lake $-331 21 Aug. 6 13 188 - 4.8 2.7 2.2 4.0
2mi. N 47.0 Y-28 B -
Lake | 5-338 21 Aug. 7 13 197 8.1 3.4 2.3 <1.0 3.5
0.5 mi. N' 51.0 Y-22 '
Lake 317 $-334 21 Aug. 6 11 296 - 0.8 4.8 6.2 3.0
1.5 mi. S 53.0 Y-38 o . |
Lake : 5-178 21 Aug. 6 12 103 . 2.4 1.4 <1.0 2.5
1.5 mi. S 62.0 Y-29
‘Lake . S-175 21 Aug. 6 12 200 - 8.3 2.9 9.8 3.5

" 1.5mi. S 63.0 Y-57
Katakturuk Sps.W.Fork . S-173 20 Aug. 2 . 12 260 - 0.62 0.25 . 1.3 1.0
Smi. S 86.5 Y-55 R -
Katakturuk Sps.E.Fork S-336 20 Aug, 5 11 293 - 1.2 0.24 - <1.0 0.5

Y-16 .

or



TABLE 1. Continued. | g .
o Water . Turbidity " Susp. Dissolved
s Sample Temp. - S o Shaken Settled Solids Org., Carbon
Location/Milepost No.. Date (°C). - 0, - Cond. . pH (FTU) (FTU) - mg/l vg/lc
Sadlerochit Sps. .  S-273 20 Aug. 14 10 399 - 0.49  0.26  <1.0 2.0
6 mi. S 111.0 y-58
Hula Hula Sps. 8-340 20 Aug. 2 10 231 - 1.4 1.0 5.8 1.0
1mi. N 116.5 Y-53 _ S :
Okpilik R. (Hot Sps.) | 26 Sept. 48 1.5 680 8.4 2.3 1.8 6.5 -
30 mi. S 120.0 -
Lake | , S-91 17 Aug. 9 10 120 - 8.7 5.4 4.5 5.5
4 mi. N 131.0 Y-20 ' ' | |
Okerokovik Sps. $-88 17 Aug. 1 6.5 278 8.3 0.4 0.25 <1.0 - 1.5
e 138.0 Y-52 | | -
Fkaluakat Sps. S-51 17 Aug. 2 8 336 - 0.62 0.26  <1.0 2.0
Smi. S 162.0 Y-51 | |
Kongakut Sps. $-202 16 Aug. 4 11 231 8.2 4,6 1.3 2.2 1.5
4mi. N 173.0 Y-54 | |
Kongakut Sps. 5-363 16 Aug. 2 6 257 8.5  0.82 0.6  <1.0 0.5
6mi. S 174.0 Y-9 |
Clarence R. Sps. S-354 16 Aug. 10 10 - 257 8.4 1.3  0.89  <1.0 2.5
5mi. S 190.0 Y-9 . U o |
Clarence Sps. - 8-262 25 Sept, 2 11 L - - - - -

9mi, S 192.0

(Continued)

1T
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TABLE 1. Continued,

(Continued)

:  Water Turbidity Susp. Dissolved -

: , o Sample Temp. : Shaken Settled Solids Org. Carbon

Location/Milepost No. - Date (°C) 02 Cond. pH (FTU)  (FTU) mg/1 ug/lc

Lake ©8-166 15 Aug. 10 10 124 8.0 3.6 2.3 5.8 2.5
C2mi. N 192,00 Y-19 |

Lake §-96 15 Aug. 11 10 211 - 2.5 1.2 <1.0 7.5
2mi. N 193.0 . Y-1I | T
‘Lake ©§-337 15 Aug. 11 10 236 - 5.4 2.6 5.8 1.5

4mi. N 193.0 Y-14 - :

Craig Ck. ©5-1003 90ct. 2 .11 250 8.0 8.0 0.3  22.7 .

3mi. S 197.0 L :

Spring '5-387 10 Sept. 5 . 10 265 - 0.7 0.3 1.3 1.5

2 mi. S 198.0 ' _ S '

Lake ©§-227 10 Sept. 4 10 78 - 2.1 1.2 <1.0 4.5

2 mi., N 214.0 Y-74 R

Fish Ck. Sps.  S-186 10 Sept. 5 o 271 - 0.8 0.3 1,2 2.5

2mi. N 217.5 . Y-35 o , |

Malcolm R. Sps. $-391 9 Sept. S 10 237 - 0.4 0.6 <1.0 0.5

2mi. N 225.0 Y-42

Firth Sps. 2 . 8-394  9Sept. 1 1l 325 - 2.7 1.1 2.8 2.0

2mi. N  227.0 . Y-27 ' » | :

Lake 103 © 5-389 10 Sept. 3 10 86 - 1.8 1.3 <1.0 2.5

2mi, S 231.0 Y-49 : '

Z1



(Continued)
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TABLE 1. Continued. |
: Water - . - _ Turbidity _ Susp. Dissolved
, ' - Sample . Temp. o ~ Shaken Settled . Solids = Org. Carbon
Location/Milepost No. Date  (°C) 02  Cond. pH (FTU)  (FTU) mg/l ug/le
Firth R. Sps. ~ S-333 - 10 Sept. 5 9 - 29 - 0.9 0.5 1.5 1.5
2mi. N 233.0 . - Y-71 » - - ~
Lake  N/T 10 Sept. 2 10 - - - - - ;
1mi. N = 233.0 _ . :
Lake 111 S-388 9 Sept. 2 11 110 - 7.1 4.5 5.2 2.5
1mi. N  240.0 Y-44
Lake : S-364 9 Sept. 3 10 90 - 1.6 1.2 <1.0 4.0
1'mi. N 242.5 | Y-73 ' ' . |
Lake | 5-379 9 Sept. 3 11 185 - 38 31 1.1 7.8
1 mi. E 250.0 Y-30
Lake 109 $-385 9 Sept. 3 - 11 70 - 5.0 2.7 4.1 3.5
2'mi., N 252.0 Y-69 : . ‘
Spring R. Sps. S-390 9 Sept. 2 11 35 - 0.8 0.8 <1.0 1.5
2 mi, N 256.0 Y-68 g ' _
Lake 5-386 9 Sept. 2 11 153 6.7 1.9 1.4 <1.0 6.0
1mil, N 259.0 - Y-67 o o ' o
Bloomfield Lake §-215 10 Sept. 3 10 190 - 8.7 5.1 6.8 | 2.5
3.5mi, N 264.0 - Y-26 S » P : '
Crow R. Sps. ; S-203 9 Sept. 2 12 271 - 0.7 0.6  <1.0 1.5
2 mi. N 268,0 P - Y-66 -



(Shallow Bay Route)

(Continued)

[ L \ AN S R I B I ) I A - L 1 0 .
TABLE 1. Continued.
- Water Turbidity Dissolved
Sample Temp., =~ - Shaken Settled Solids Org. Carbon

Location/Milepost No. Date (°C) O,  Cond. pH (FTU) ~ (FTU) mg/1 ug/lc
Lake 101  5-89 4 Sept. 7 11 41 - 81 55 3.1 5.5
2 mi. S 272.0 Y-72 . T
Lake 5-97 4 Sept. 6 11 122 - 9.1 5.6 3.8 4.0
2 mi. S 274.0 Y-70 Co . |
Lake S:83 4 Sept. 7 11 30 - 7.1 4.6 3.2 4.0
2mi. N 281.0 Y-64 . 3 o \

© lake S-330 4 Sept. 7.5 ° 12 28 - 8.6 5.7 - 1.6 5.0
lmi. N  289.0 . Y-63
Lake . 5-355 3 Sept. 9 .10 25 7.0 3.8 3.1 1.8 5.0
1.5 mi. E 290.0 Y-50 . | | :
Lake . 5-380 3 Sept. 8 11 . 36 - 7.0 3.7 5.7 5.5
5mi. N 295.0 Y-61 / - :
(Shallow Bay Route) : ‘ _
Lake | $-270 5 Aug. 10 11 15 6.2 5.4 3.9 8.2 5.0

S 1mi. S 302.5 Y-1 » | ' |
(Shallow Bay Route)
Lake $-201 3 Sept. 8.5 11 83 - 9.1. 4.8 7.0 3.5
Imi. N 306.5 Y-46 E |
(Shallow Bay Route)
Lake S-274 7 Aug. -9 10 82 8.6 22.0 12.0  86.4 13.0
Imi. S 307.0 Y-7 '

W7
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TABLE 1. Continued. |

| Water Turbidity Susp.- Dissolved

Sample Temp. ‘ Shaken Settled . Solids Org. Carbon

Location/Milepost No. Date (°C) 0,  Cond. -pH (FTU) (FTU) mg/1 ug/ic
Lake S-269 7 Aug. 9 10 61 7.2 78.0 34.0 27.6 21.0
1mi. N 313.0 - Y-8 _ '
(Shallow Bay Route)
Lake S-335 4 Sept. 7 11 38 7.1 12.0 7.4 4.8 11.0
1mi. S 315.0 Y-40 ' .
(Shallow Bay Route)} - _
Lake © 854 3Sept. 9 10 61 - 8.6 6.7 2.9 8.0
3.5 mi. S . 315.5 Y-65 ' : - '
(Shallow Bay Route) |
Lake S-341 3 Sept. 8 12 35 - 8.4 4.7 6.5 7.5
3.5mi, S 318.5 Y-45 :

(Shallow Bay Route)

CT
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In general, only minimal water treatment (e.g. filtration and
chlorination) should be necessary to provide potable water for domestic
use in the construction camps. [However, water quality in lakes

deteriorates in winter as minerals and solids become concentrated in the

‘free water below the ice cover, so that some additional water treatment

may be necessary in areas where no groundwater sources are available forv

domestic use.
Water Availability by Spreads

In this section of the report, each segment of the prime coastal

pipeline corridor is examined relative to:

a)A the volﬁmes of water available in the lakes and streams surveyed,
b) the proportion of the available water required for pipeline |
development, |
'¢) any additional or alternate water sources that might be
considered,
,:d) special environmental considerations (e.g. crifical spawﬁing
“and overwintering areas for fish, |
e) specificlfecommendations.regarding'maximum withdrawal rates,
construcfion procedures, etc., which minimize the potential

damage to aquatic habitats.

Detailed Appendix tables have been prepared which show water

requirements, water. volumes available in lakes, discharge rates of springs,
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and fish utilization of potential water sources along the pipeline route.

Appendix Table 1 shows the uses and estimated monthly water
requirements for each section of pipeline during various phases of

construction.

in

NIy T IO T3y Pl e T e oo
(RS RB NS S C I S 5 1 S R § U S

4

ice accumulations of .73 and 1.5m.

Appendix Table 3 shows the depths, velocities, and discharges of the
springs surveyed during the course of this study. Summaries of the

information in the Appendix tables are presented for each segment of the

~ pipeline route in the following .section-by-section discussion.

Appendix Table 4 summarizes water availability information from a

joint USGS/AAG hydfological survey in November, 1975.

Appehdix Table 5 summarizes fisheries information for each potential’

water source along the pipeline route.
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Spread 8: Milepest 0 to 56

This segment of the proposed Arctic Gas Pipeline extends south and
east. from Prudhoe Bay to the vicinity of the Canning River. The area is
characterized by low-lying coastal plain dotted with numerous shallow

lakes. Figure 2 (a and b) shows the location of the lakes surveyed in

~ ) 1

-t —~ S S s ama el e e Vo y

L1S SeCuid orOLREe nrnels LOY
SN - - - . 3 . e " i 2
Uy S P sy Tosid oo A T Tty sioatin T e To o raeat e
i JRGICE SRR Y PSR LR RN L ISOMOTe Undn ZEEQUGTE O EET LNC

requirements for pireline development {(Table 2). -As indicated in the
table, only small percentages of the total available water are required

and the mean drawdown would be minimal. In mid-and late winter, however,

‘conditions change and water supplies are more limited. - Appendix Table 2

shows that up to 88% of the average volume of the lakes in this segment
is frozen after ice accumulates to a depth of 1.5m, and seven of the 19
lakes freeze solid. It is likely, therefore, that in many years, most,

if not all, of these lakes could be frozen solid by the end of the winter.

bebie (1962) conducted limmoldgical studies spanning parts of three
wintérs'On Lake Peters, aAdeep Arctic lake in the Brooks Range, Alaska.
Hobbie found that 90% of the ice thickness was produced in the first four
months of winter; and Teached a maximm thickness of up to Zm by:May |
(Figure 3). He also found a-relationship‘between the amount of snow
accunulation on the ice and the rate ofrice production. In 1961, for
iﬁstance, when fhere was a heavy snowfall, the ice was thinner than in

1959, a year of light snowfall. Thus, the greater the snow accunulation
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Figure 2a. Locations of waterbodies surveyed between Milepost 0 and 56.
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Figure Z2b. Locations of waterbodies Surveyed between Mileposts 0 and 56.
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TABLE 2. Water Availability. Spread 8, Milepost 0 to 56. All volumes ..

Barrels.

S Volume
MILEPOST Required

of Lakes

Surface Area
(m? x 1000)

"~ Mean
Depths (m)

Lake

Volumes W

0-17 234
Camp 0 198

17-34 . 247

Camp 44 189
34-56. 51

1,164

1,265

2,409
2,489

1,867

803

642

1,485

522
1,224

1,465
201
4472

1,445

- 682
301
361
321
321

S O O b N b b P R = e

= o= N O
B v o

.25
.8
.0

.85

[eo BN o NN oo BN \ N S BN o)

(&

Per cent
Required

o inousands of Imperial

Mean

Drawdown (m)

2.8

0.04

0.04

0.1

1z
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igure 3. Ice buildup and melt at Lake Peters, Alaska, 1959 to 1961

(Hobbie 1962).
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and the earlier in the season the accunulation begins, the thinner the
ice will be. Particularly in years of light snowfall then, the canps

planned for Mileposts 9 and 44 may have to develop-alternative water

15

supplies in the late winter wonths. One method of retarding ice

e - ~ Ty <1l 13 N Iy o U R T . T k
development and maximizing the avallsoirlity of free woter would be T
- - I
consTructing snow fences on The ice o
TAt- ~ e
laxres s « <
- - S ~ -
nere s 48 Toorl 3 Ol LN ANG LS DETSISUS
Savavanivkios and (onnivo Choannels T That sub-oravel water mav be
AZAVANITKIOK fnd Laliiing Laanners, O TNar sus-dgravel wacer may DE

available in these rTivers th:ou'houtvthe winter. Conditions, however,
apﬁear to vary. In November and April of 1973, for example, no flow was
ibund at pipeline crossings in any of the drainages crossed by the
pipeline from Prudhoe Bay up to and including the Canning River (Wafd

and Craig 1974). In late November of 1975, however, a flow of 228 cfs

- was measured in the Canning River at the pipeline crossing. In addition,

. two smaller drainages, the Shaviovik River and Kavik River, at Mileposts

36 and 37, had discharges of 12.2 and 0.5 cfs. In the West Channel of

the Sagavanirktok River, at the pipeline crossing, there was approximately
.9 m of free water under .7 m of ice. The velocity of the water was lower
" than the threshold Velocity needed to operate the measuring instruments so
discharge, if any, could not be calculated (Appendix table 4).

- The precise extent of the free water in these drainages and the

potential of sub-gravel water as a water source is not known, although it -
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could be determined by geophy%ical programs (c.g. drilling and pumping

tests conducted in winter).

In the lakes surveyved between Mileposts 0 and 56, the only fish

captured were ninespine stickleback. These small fish are
tolerant of the low oxvgen levels and other marginal hablitzt conditions
vaIteT i s 3 ) vopYe i
Lo Than Rt R lenst : :
5 st\ ¢
from Thess Losos o ; ST i
spine .05 ChETe e those

surveyed within the pipeline corridor, AEL recomaends that no more than
10% of the total volume of water be withdrawn from any given lake. The
10% 1imit is an arbitrary one. If it is observed, however; it is

unlikely that any serious ecological damage would result from water

withdrawal anywhere along the pipeline route.

Spread 8: Milepost 56 to 112
At Milepost 62, the pipeline route crosses the Canning River and
leaves the 1ow,>lake—studded coastal plain to enter rolling uplands

characterized by nUmerous ephemeral drainages. Only two lakes, two

_ springs{,and pdssibly the Canning River itself can be considered i

potential sources of water for this segment of the pipeline route

(Figure 4, a and b).-

Adequate water for the section of pipeline between Mileposts 56 and
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Figure 4a. Locations of waterbodies surveyed between Mileposts 56 and 112.
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Figure 4b. locations of waterbodies surveyed between Mileposts 56 and 112.
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73 can be obtained from the two lakes in the vicinity of Milepost 63
(Table 3). Between Mileposts 73 and 83 (including the camp at Milepost

83), water requirements are large. The closest sources of water are two

=

.3 < ey 4T | 7P Ap PRI, [ S S,
springs on the Katzkturuk River cobout 5 wmi sout

el
Lod

Despite repeated surveys, no fish have been captured or observed- in

these springs, but they do support an abundant growth of riparian

vegetation (similar to that shown in Plate 1), as well as populations of

1

benthic invertebrates.

Since, even in springs with no known fish pdpulations, every effort
should be made to preserve as much as possible bf the natural environment
of the spring, we récommend that water withdrawal be confined to a single
area és far downstream as possible from the orifices, preférably at a
point just above the aufeis field. It may be possible to extract water
from a sump or dugout adjacent to the spring channels, using intra-

gravel flow and not disturbing the_channelé. Site-specific hydrological

- surveys including gravel drilling and pump tests, should be conducted to

determine the feasibility of these methods of water withdrawal.



" TABLE 3. Water Availability. Spread 8, Milepost 56 tovllZ,’ ALL v

Barrels x 1000.

Volume Number Surface Area Mean : o Mean

* MILEPOST Required of Lakes (m® x 1000) Depth (m) Volumes Voinﬁi> P:
56-73 136 -2 381 2.8 6,525 6,942
| | | 482 2.5 - 7,359
73-83 233 ; 0

Camp 83 - 320

83-12 414 0

Mean

rawdown (m)

~lischarges are Imperial

Spring Daily
Sources Discharge

0.05

Katakturuk 354

Sadlerochit 645

87
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centire water recuirvement {414,000 bbl) for this section of pipeline. The

29

The stretch of pipeline from Milepost 83 to 112 has no known water
sources .except for Katakturuk Springs, already described, which lie just
to the west, und Sadlercchit Spring which rises approximately 7 mi south

of Milepost 111. Sadlerochit Spring is a large, warmwater spring (10 to

discharge of warm water keeps the spring channel open for at least 5 mi
during the winter, providing an excellent source of water close to the

pipeline route.

There are, however, some important environmental considerations.
The spring is iﬁhabited by a large population of stream-resident Arctic
char similar to.thoée described by McCart and Craig (1573] ae'well as a
sizeable overwintering population of grayling, mostly juveniles. During
fisheries.surveys in the fall of 1975, these fish were conéentrefed in
the upper one-third of the spring. Fry and juvenile char occurred in

small numbers, however, as far downstream as the aufeis field.

After a safe w1thdrawa1 site has been selected, COllECLlOH ponds
and the 1n1et to the pump should be screened to aVOLd pumping fish out

of the spring channel. The screen- or barrier should be far enough from
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the pump to ensure that the veélocity of the water passing through the
screen won't result in small fish and fry becoming exhausted and pinned

against the screen. bMesh size of the screen should be 1/8 in. or smaller

to prevent the passage of young-of-the-year char.

5 P enel teevil oy Rsnre Ty .
sordooncda il wWUULO Do s o

et}

“

el 2T Lo A ey e 1 .3 o, RPN s eyt
sufficiently far downstrcam to preciude drawing the flow down far encugh.

to dewater char redds in the main channel.

The Sadlerochit Spring area 1s one of a number of Alaskan North

Slope areas under consideration_by’the National Park Service as

Natural Landmarks. Sadlerochit Spring, along with the Sagavanirktok

River, Kadleroshilik River aﬁd Pléin, Jago River and Clarence Plain are

considered to have distinctive ecological and geological characteristics.

Spread 8: Mileposts 112 to 168
This segment ‘'of the pipeline route has fewer and smaller water
sources. than any other segment of the route. Within the pipeliné -

corridor, there are only three small spring sources and one lake (Figure

5, a and b). These water sources, however, are adequaﬁe to meet the

requirements (Table 4) although transport distances will be considerable.

- If neccssary, the two large springs just beyond the ends of this pipeline
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Figure 5a. Locations of waterbodies surveyed between Mileposts 112 and 168.
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Figure Sb. Locations of waterbodies surveyed between Mileposts 112 and 168.
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TABLE 4. Water Availability. snd volumes ave Imperial

Spread 8. Milepostillz to 168. ALl <io
Barrels x 1000, . ‘ ,

Volume Number Surface Mean Per cont Spring Daily
MILEPOST Required of Lakes Area (m*) Depth (m) Volume Requiice {11} Sources Discharge
112-129 - 241
Camp 129 341 0 Hulo Mula 153
129-146 241 1 763 1.6 7,456 3.2 Cleavokovik 50
146-168 - 52 0 ealuakat 432

¢g
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‘segment, Sadlerochit Spring and the large groundwater sources in the
Kongakut Delta, can be used to augment the water supply. The only other
possible sources of water are a small mmber of widely scattered lakes

10 to 20 mi north ot the pipelinc Toute.

Hula Springs have a

discharge of approximately 150,000 bbl/day, more than adequate to handle

the expected maximum daily water requirement of about 15,000 bbl/day.

Even though no fish were observed in the Hula Hula Springs during

the survey in November 1975, they are a potential overwintering area for

»Ar‘ctic: char. Conversations with native fishermen in the village of

Kaktovik on Barter Island indicate that in past years thils spring was

used by small numbers of overwintering anadromous Arctic char. At

present, most of the Hula Hula River char population overwinters in a
second larger spring about 25 mi further upstream (south) of the pipeline

crossing. B : . ,

AEL recommends that water be taken from a point just above the
aufeis where the spring channels converge, or from a sunp dug in the

gravel alongside the active chamnel. If water 1s withdrawn directly from
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the spring channel, we recommend that the pump intake be screened to
prevent the intake of fish. To preserve the spring area in as natural a
condition as possible, rechannelization or collection pond construction

should be avoided.

—t

-
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Okerokovik River lying clese to the pipeline route at Milepost 138.

spring discharges approximately 50,000 bbl/day and is apparently
wninhabited by fish. The spring has a number of channels which rise {rom
small orifices and wind their way independently toward the aufeis field.

~

Once again, AEL recommends that the area of the spring near the

orifices be avoided. Any rechannelization in the permanent spring'

channels could destroy plant and animal communities associated with them.

In order to preserve as many of the natural channels of the spring as
possible, water should be withdrawn either further downstream where the

spring channels enter the river floodplain, or from a sump in the gravel.

The water requirements between Mileposts 146 and 168 are small
(52,000 bbl). The nearest source of water is the Ekaluakat River Springs

located about 5 mi south of Milepost 162. These large springs were
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flowing at a rate of approximately 432,000 bbl/day when surveyed. The

Ekaluakat Springs are, however; some of the most environmentally

]

{7

If this spring is selected ag a water source, then detailed surveys

should be carried out during the Final Design Phase to fix the timing and

location of spawning. Provisionalliy, AEL recommends that water be

~withdrawn from this spring only below those areas utilized by Artic char.
~In this way, dewatering of char redds and sedimentation of spawning and

overwintering areas could be avoided. As mentioned before, fish should

be prevented from entering collection ponds and the vicinity of the pump
intake with screens or barriers. A simple method might be to take

advantage of intragravel flow by placing a sump in the gravel downstream

_near the aufeis.

Spread 9: Mileposts 168 to 190

This segmeﬁt of the pipeline route crosses the uppér end of the
Kongakut Delta then drops down out'of~the rolling uplands to the flat,
harsﬁy, coastal plain. There arc a number of potential sources of water

in this recgion (Figure 6).
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Figure 6. Locations of waterbodies surveyed between Mileposts 168 and 190.
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A large source of groundivater is located in the Kongakut Delta
approximately 7 mi north of Milepost 174. This source has a discharge
in excess of 1,500,000 bbl/day. Four days' flow would provide all the

~

water needed for construction of the Arctic Gas Pipeline from Prudhoe

Ty o~ i Trgmm e AP R s - | 4 . o py e e o A g P -
Bay to the rlackenzie Delta e additional springs upstrsan © i
Rengooat anc oo the Claronce vl LLese el

ast end of this Se e“t is prohibitive, there are a

@

distance to the

21

number of lakes three to four miles north of tilepost 193 that could ke

el

used. The volume of water avallable and the requirements for this

segment of the pipeline appear in Table 5.

AWard and- Craig (1974) describe the Kongakut Delta Springs as
important rearing and ovérwintering areas for iarge numbers of juvenile
Arctic char. If pumping facilities are used in this area, water
collection areas and pump inlets should be screened to avoid drawing_fish
into the pumps. Care should be taken to av01d dlver51on works or
excessive pumplng from one channel that might result 1n‘dewater1no those

channels with overwintering fish.



TABLE 3.

MILEPOST

Watcr'Availability.. Spread 9. Milepost 168-190. All dischauvpus sud volumes are Imperial
Barrels x 1000. : : _

168-177
Camp 177

177-190

Volume Required Number of Lakes Qﬁ;ﬁ;;_&pﬂvqﬁé Daily Discharge

16 0 . oppokug 1,558
156 . . - 281

34 : 0 Clarence - 37
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Spread 9: Milepost 190 to 224
This segment of the pipeline corridor continues along the Coastal
Plain close to the Beaufort Sea. In the vicinity of Milecpost 210, the

Pal e . . P 7 o vy
Coastal Plain narrows to a width of 5 mi.

e three springs
surveyed could supply the total water TEQU’TLFQWE with only 1.5 days‘

discharge.

.Between Mileposts 190 énd 207, large volumes of water afe available
from the 1akes located 4 mi north of Milepost 193. There are also two
small sprlnos in the area, one on Cralc Creek and one on a tributary of "
Craig Creek, about 3 mi-south of’Milepost 197. These springs emerge from

multiple orifices, generally into divergent channels, to wind independently

. across the floodplain to an aufeis area. Although the springs appear to

be uninhabited by fish, aquatic and riparian vegetation and benthic
invertebrates are abundant. To avoild disturbing the vegetation and
invertebrates in the channels, AEL recommends that, if possible, water be

withdrawn from a sump located on the floodplain.

‘From Milepost 207 to 216 (1nc1ud1n0 the cqmp proposed at } Wllepost 216)

water can ‘either be drawn from the lake 10catcd about 2 mi north of .
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Figure 7. Locations of waterbodies surveyed between Mileposts 190 and 224.
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TABLE 6. Water Availability. Spread 9.. Milepost 190 to 224. All vol ..z il ¢ischarges are Imperial
' Barrels x 1000, '
Volume Number Surface Mean - Meann  Pop o cond

_ sant Spring  Daily
~MILFPOST Required of Lakes Area (m*) Depth (m) Volumes Volume Froonso:-

Sources Discharge

190-207 228 3 1,204 2.7 19,869 | Craig Cr. 50

521 2.8 8,929 20,605 1.1 6,03 Craig Cr. Trib.175
2,369 - 2.3 33,286 '
207-216 118 1 550 2.8 9,410 9,410 . Conh 0

Camp 216 201

216-224 144 0 ' | - " Fish Creek 236

A
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Milepost 215 or from the Spriﬁgs on Fish Creek, 2 mi north of kilepost

217.5. The DEW Line site at Komakuk uses this lake for its water supply, .

4

however, so there may be some conflict over water use, especially

b
1 OMLG-

o

winter when most of the water is {rozen.

[ R Ll ool Aol wley s b a Ty Uit Tl
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"3

is a critical spawning and overwintering area for Arctic char and should

not be utilized as a water source.

Spread 9: Mileposts 224 to 280

After crossing the Malcolm and Firth River deltas, the pipeline

‘youte veers away from the coast and re-enters the rolling uplands. The

terrain differs from similar terrain on the Alaskan side of the border in

- that upland lakes are more abundant. Many of these lakes are deep and

harbour overwintering populations of fish. There are also springs

within this portion of theApipeline corridor that are potential sources -

-of water for pipeline development (Figure 8, a and b).

.

~ Between Milepoéts 224 and 246, water requirements are small,

totalling‘37,000 bbl. While it is apparent that any one of the

sources surveyed (Table 7) could fulfill all the water requirements
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Figure 8a. Locations of waterbodies surveyed between Mileposts 224 and 280.
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Figure Sb. Locations of waterbodies surveyed between Mileposts 224 and 230.
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TABLE 7. Water Availability.
Barrels x 1000.

- Volume
MILEPOST Required of Lakes Area (m®) Depth (m)

Number

Spread 9. Milepost 224 to 280. A7

Surface

Mean

Volumes

N

v

Ty ey
0N

- 224-246 37

246-2063 236

Camp 263 220

263-280 275

0

125

50

175
688
250
300

2,500

150
500
488

2,050

4,013

1,675

NN
e e«

[ASTEEE NS B SO
.+ s

(SN

N

[N R e S A

S NN

3,284

4,154
1,924
12,182
3,513

4,033 .

42,800

2,475

6,721
7,149

30,062
76,004
13,305

Voo
I L O

14,781

C 3G, 70

Volume o

~and discharges are Imperial

Mean
S Duoeden ()

Spring Daily
Scurces Discharges

© Malcolm R. - 342

Firth 2 400

IFFirth Delta = 868

Spring R. 91
Crow River 135

Qb
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for this section, several of the springs and lakes serve as critical

spawning and overwintering habitat for fish.

The springs on the ecast side of the Malcolm Delta, for example,

The next spring lies mid-way between the Maicolm and Firth
rivérs, 1 mi north of Milepost 228. This spring is a critical
spaﬁning and overwintering area for anadromous Arctic char. On
Octobér 9, 1975, char were found actively spawning throughout the
6pen water of the spring, and redd sites in the Channel (Plafe 4)
extended dowhsfream to and beyone the point where the chénnels were
frozen over. During earlier surveys carfied out in the fall and
winter of 1972 and 1973 (McCart et al. 1974); no adult fish were
found in the opén water of the sprinc. Juveniles and fry were
present, however, and since there are deep pools above, in, and

below the aufeis field, it is likely that the adult anadromous char

overwinter in these pools under the ice cover. This spring may also

support a stream-resident population of Arctic char as several small

male char were captured during surveys in 1975.
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In some respects, this spring in unique. It is closer to the
coast than other areas where Arctic char are known to spawn, and it

is not directly associated with o major river systcem. The fish

WINnTCTig 1N pOOLS wder tie 1CC COoVer.

'The springs in the Firth Delta (2 mi north of Milepost 233)
have a discharge of approximately 868,000 bbl/day. These springs
,(Plate 5) are not heavily utilized by overwintering fish, and water
can be safely withdrawn from screened collection ponds or from
sﬁmps in the gravel.' The entire Firth River drainage, however;.ié
undér‘consideration as an Ecological Reserve under the Internatiqnal
Biological Program, so disturbance of aquatic habitats in the region

of the spring should be confined to as small an area -as possible.

Two lakes, Lake 103 and Lake 104, located Z mi south of Mileposti"

231, support slow-growing populations of lake-resident Arctic char.

These lakes are both deep, Lake 103 averaging 4.3 m and Lake 104

averaging 13.6 m. If withdrawal is carefully regulatcd to less than

10% of the volume of either lake, water could be safely withdrawn

48



from them. We would recommend, however, that there be a strict

prohibition on angling in these lakes.

Four other lakes were surveyed in this areca, one a mile north

s . oy . 5~ NP | £ OREL T i mm = D IO < e
of Milepost 233, one a mile mnorth of Milepost 240, and two small
gnes in the NIt OE 117 *

Tt
TETE SaTVEN SR AR inccated, therve 1s gbundant we o

g A teat e aram S ,aman e e e S
meet tne water requiremsnis I1I0r pipeline deveicpment.

Three of the lakes in this section support large populations
of fish auring the sumer. .These lakés have never been fished in
the winter, but it is likely thaf at least some of the fish are
year-round fesidents. In the case of Lake 100 (5 mi north of
Milepost 255) and Laké 101 (2 mi south of Milepost 272), lake
volumes are sb large that the tofal water requirement for this
section of pipeline would amount to less than 1% of their tctal

volume, a drawdown of only a few centimeters.

The third lake, Lake 109 (2 mi north of Milepost 252) is both
smaller and shallower than Lakes 100 and 101. Unregulated water

withdrawal from a lake of this size could draw water levels down

49

to the point where conditions could be unfavourable to the survival
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be developed as water sources for the camp at Milepost 256. These sprin

50

of fish., 1If, however, water withdrawal is restricted to 10% of the tota

volume of the lake there should he no serious cffccts.

VRS J ey PRSI o] m TS e e e G Tame e laes ic o .
for this camp total 220,000 bol. This amount is Iess thon 1% g

PR c Fay I B G 8 AT - v e 3 R .
volume of Bloombteld Laoke., N ! TE Cawcht in L

"
i3 e il e + 1 P o v O*.'f <
s =i - - i i a Lei s i .
i = i H

P N S | o~ 2T Ty Tiare s 7 =
LaG) and these on the Crow Rive: LZ mi

268) could also

S

o
o

had dischargesof approximately 90,000 and 135,000 bbl/day when they were

surveyed in August of 1975. Seasonal variation, however, could be great.

. During the October survey, for cxample, the Spring River spring had little

open water and a small qufeis field, so that diminished discharge during

the winter months is indicated. Although neither of these springs.supports

" an overwintering fish population, care should be taken to avoid unnecessary
~disruption of the spring channels and the aquatic vegetation and

invertebate populations associated with them.



P

Figure 9a.

51

Locations of waterbodies surveyed between Mileposts 280 and 336.
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Figure 9b. Locations of waterbodies surveyed between Mileposts 280 and
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TABLE 8. Water Availability. Spread 9. Milepost 280 to 336. Ali v’ e fmperial Barrels x 1000.
: : Volume Number ~ Surface Mean Per cent Mean
MILEPOST Required of Lakes Area (m?) Depth (m) ‘Required  Drawdown -(m)
- 280-300 24 4 1200 2. 4.0 0. 09
Camp 300 310 275 4.0 |
- ' 113 2.8
750 1.9
300-319 270 8 2,275 1.1 4.4 0.09-
| 2,575 2.5 ”
775 2.6
750 1.6
400 2.5
437 2.1
550 2.0
250 2.3
319-336 252 0
%2}
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Spread 9: Milcposts 280 to 330

Twelve lakes were surveyed along this segment of the pipeline routc

TT3 o vmem 2 ™ oY R P I
s\l igurg g , & NG o } O} 13 se lakes P
[ RPN e ! v
anay i des AR S - ¢ o1 -
SASA LY &3 LA UNRD CSTATIATOL TooL L :
) R -
317 5 ST Aamat e e e ey Aoy Ty £ aivm Tl
GUTING AL 1eastT 1art O T Your., Ly G TR Lal

suggest that they are Suitable for overwintering. One lak
north of Milepost 290, has an average depth of 4 m and was inhabited by
grayiing during surveys in 1975. ThisAlake, which ié typiéal Qf many
lakes in this region, is sufficiently deepvto support overwintering_fish,
but small eﬁough'to require regulation of water withdrawal. A maximuan
withdrawal of 10% of the total volume of the lake would ensufe adequate

overwintering conditions for fish.

The second lake (6.5 mi north of Milepost 309) has a population of
lake whitefish. However, this lake is deep enough and large enough to
permit withdrawal of up to 10% of the volume with little or no effect on

fish populations.

Steigenberger et al. (1975) report catching one grayling in a third
lake (0.5 mi north of Milepost 321). However, no fish were caught in this

1lake during the course of this study, so it is unlikely that it is



regularly utilized by grayling. Water from this lake could be used to

supply the construction camp planned in the vicinity of Milcpost 300.

A1l of the water required by the camp (310,000 bbl) and all the water

required for the section of pipeline between Mileposts 300 and 319

(S
(77 ong w1 T e o Loy Eiy e P I N S S
(270,000 bbl) could come {rom this ¢ utilizing moye than 1,37
g T - o
of 1ts total volums
P S - - o .
T DL i L - ST 5% Z
o 3 ~ o - 9 ~ N NN T R SN S - < ~ 1070 - . | 3T -
Specigs ¢i risn, wo vofomnend THat 1ot more tnan iUs o ©he voiume c¢i an

Beyond Milepost 320, the pipeline route lies close to the western

-edge of the Mackenzie River Delta. In addition to the adequéte quantities

of water available in the lakes surveyed, there are large amounts of water
available from both the western channel of the Mackenzie River and from

the numerous lakes in the delta.
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CNCLUSIONS AND RECOMMENDATICNS

T . . N O I T e e e T e e T anie e ke G
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lakes surveyed. In addition, the springs surveyed discharge 5,807,600

bbl/day (or slightly more than the total estimated water requirements.

Besides the lake and spring sources surveyed, other sources of water
might be utilized (e.g. sub-gravel flow in rivers where surface flow is

frozen). .

2) Water can be withdrawn from most of the. lakes and.springs
surveyed (or from others) without serious environmental damage provided
proper saféguardsiénd precautions are cbserved. The maximum lake draw-
down needed to provide the estimated water requirements is less than 10 cm.

Provided withdrawal is spread out among the sources surveyed, and that no

more than 10% of the total voiume is taken from any one source, the effects

upon aquatic habitats (including waterfowl) should be minimal.
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3) A preliminary selection of water sources can be made on the
basis of the information provided in this report. However, additional
site-specific biological, hyvdrelegical and engineering studiles are nceedad

T Ay 43 P LR I
LRGss STugies shoula

b) hydrological assessments cf recharge rates,
seasonal and annual variability in spring discharge
rates, and precise volumetric measurements of lakes

known to be overwintering areas for fish,

.c) -engineering studies including geophysical and
driliing programs, as well as pump tests to determine
the availability of sub;gravel flows in river chamnels,
and studies to determine the feasibility of usinglsumps

~in the vicinity of springs,

d) since a number of springs (including Hula Hula,.
Malcolm, Firth, Spring and Crow River springs) are
located a short distance downstream (ﬁorth) of the
pipeline créssings on these rivers, some attempt should

be made to find out whether or not the deep burial of
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the pipeline in river channels above these springs might

interfere with the aquifers that feed these springs.

A S [ A T SR = S I 4-34 -
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spawning or overwintering fish should be individually
monitored by a fisheries biologist familiar with the

lakes and springs of the North Slope.

c) Springs known to support fish populations should
not be developed as sources of water if suitable

alternative sources are available.

d) When springs are developed as water sources, damage

to the aquatic environment can be minimized by:

. avoiding rechannelization of natural spring
channels

. using sumps in the gravel downstream toward the
aufeis and away from the spring orifice

. providing suitable barriers or scrcens to prevent
fish from entering sumps or collection ponds
g I

. avoiding long parallels between spring channels
and access roads. ’
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APPENDIX TABLE 1. Estimated monthly water requirements for

. various construction periods.
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Milepost/Water Use

Monthly Water Requivement.
(Thousands of Imperinl v i

Sept. Oct.  Nov.  Dec.  Jun iy,

(1978-1979)

- 0-Prudhoe Bay
Camp
Testing
Ditch Flood
Snow Coat
Snow Roads

0-17
Ditch Flood
Snow Coat
Snow Roads

17-34.
Ditch Flood
Snow Coat
Snow Roads

34-44
Testing
Ditch Flood

Snow Coat

Snow Roads

44
Camp

- 44-56
Ditch Flood
Snow Coat

- Aug.

.16

Apr.

Total
Water
Requirement

179 37 42

37
147 61

122 80

)
LA DN DN

12

14 57 : . 48

20

198

234

247

29

189

19



Appendix Table 1. Continued.

- Monthly Water Requixemcwfm. .
‘ _ ‘ (Thousands of Imperial ool _ agtgi
Milepost/Water Use Aug. . Sept. = Oct.  Nov. Dec. Jan. el ar, Apr., Requirement

(1979-1980)
56 ,
‘Test ing : o ' A - 40

56-73
~ Ditch Flood
Snow Coat. . , ’ S
Snow Roads ‘ o 86 _ 96

73-83
Ditch Flood
Sriow - Coat ‘ _ - ’
Snow Roads _ 186 37 233

83 : _ : .
Camp 16 17 9 37 56 5 ' 18 20 .
Snow Roads , : : v : 10 ' 320

8§3-90
Ditch Flood
Snow Coat v - - :
Snow Roads . : 86 - 90

90-112
Testing
Ditch Flood _
Snow Coat - : | /
Snow Roads : 244 61 ’ . 324

3oDwi IND

Dy Oy

29



Appendix Table 1. Continued.

Milepbst/water Use

Aug[

'Sépt.

 Nov.,

Dec.

(1980-1981)
- 112
Testing

112-129
Ditch Flood
Snow Coat

Snow Roads

129
Camp
Snow Roads

129-146 :
Ditch Flood
Snow Coat
Snow Roads

146-168
Testing

Ditch Flood‘

Snow Coat
Snow Roads

168-177

Ditch Flood

Snow Coat

177
Camp

16

17

184

24

37
31

128

56

80

12

" Monthly Water Requiremcri.
(Thousands of Imperial

Oct.

3. e
AR A O

Ty s Ty Sy
RN . ; oL A S ;\i)r.

Total
Water
Requirement -

40

™D

O

40

241

341

241

16

156



Appendix Table.d. Continued.

Monthly Water Requiremesits

(Thousands of Imperial Doviel-: Total

, ‘ : Water
Milepost/Water Use Aug, = Sept. Oct. Nov. Dec. - Jan. o dapr. 0 Apr, Requirement

177-190
Testing
Ditch Flood
Snow Coat : : : 7
Snow Roads 12 34

190-207 -
Ditch Flood
Snow Coat ' v ,

Snow Roads 122 36 : 228

- 207-216 ) :

Ditch Flood » ’ _ 3

Snow Coat , . : 5

Snow Roads ‘ 49 61 ' _ 118

216-Komakuk Beach
Camp : 16 17 g - 37 56 . 19
Snow Roads , 47 : 201

216-224 _
Testing  ° : ' . 40
Ditch Flood : . 4
Snow Coat ' ' ' ' ‘ 4 -
Snow Roads 98 , . ' , 144



Appendix Table 1. Continued.

‘Milepost/Water Use

Aug. -

MOﬁtle Water Reguircments
(Thousands of Impcrial Burveisd

(1979-1980)
216-Komakuk Beach
Camp

224-246
Testing
Ditch Flood
Snow Coat
Snow Roads

246-263
Ditch Flood
Snow Coat
Snow Roads

263
Camp

263-280
Testing
Ditch Flood
Snow Coat -
Snow Roads

© 280-300
Ditch Flood
Snow Coat

16

Apr.

Total
Water
Requirement

Sept. Oct.  .Nov.  Dec. Jan. e Mary,

12

141 73

17 9 37 56 52

177 37

20

| SGI SN

90

37

236

220

275

24

59



Appendix Table 1. Continued.

. 5 T Total
(Thousands of Imperial Baivci- Water

Milepost/Water Use _Aug.-  Sept. Oct, Nov, Dec. Jan., 0 Apr, Requirement

300-Shingle Point ' ,
Canp ‘ ' 16 17 9 37 56 52 - A8 20-
Snow Roads ; . 98 : : ' 310

300-319 _ _
Testing : : : 2
Ditch Flood , ' ‘ A
Snow Coat
Snow Roads _ 122 116 _ » 270

319-336 . -
Testing . ' ' 4D
Ditch Flood ia
Snow Coat _ Z
Snow Roads ' 08 98 ' 252

99
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APPENDIX TABLE 2 . Surmary of the morphometric-characteristics of the
lakes surveyed, Water Availability Study, 1975.

Volumes are imperial barrels x 1000.



Average o .
Depth Surface Area Total Fioow SR - Preewater Volume
Location/Milepost (m) (m?® x 1000) Volume  wiili . -l e with 1.5 m of ice
3 miEMP 2 | 1.25 1,164 8,802 0
IniEWw 3 1.8 1,265 13,908 e 2,318
3.5miSMP 5 2,0 . 2,409 29,435 i 7,359
1mi S P 12 1.5 2,489‘ | 22,812 T, | 0
1miNM 13 185 1,867 21,100 o 3,992
2 mi S M 16.5 1.4 803 6,868 | | 0
1miSM 22 1.9 642 7,457 e 1,570
3mi S MP 24 1.7 1,485 15,429 | 1,815
1miS M 26 1 522 6,697 S 1,013
3miS M 26 1.6 1,204 11,970 S | 748
2 mi N MP 32 1.8 1,465 16,116 P 2,686
2 mi N MP 33 0.6 201 736 | 0
2 mi NP 33 0.8 442 2,159 o - 0
2 mi N MP 34 1,25 1,445 11,038 e - | 0
2mi SMP 34 | 0.5 ez - 2,085 | 0
1miS M 39 | 2.0 301 | 3,679 R . 920
2 mi N MP 47 1.9 361 4,195 | 883
0.5mi NMP 51 2.4 321 4,710 | R 1,766

(Contim

89
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APPENDIX TABLE 2. Continued.
| - Average
' Depth Surface Area Total I Freewater Volume
Location/Milepost (m) (mz_ x 1000) Volume  wilh with 1.5 m of ice
1.5 mi S MP 53 1.6 321 3,140 196
1.5mi S MP 62 rz.si 381 | 6,525 3,029
1.5 mi S MP 63. 2.5 482 7',359 2,943
4 mi NMP 131 . 1.6 763 7,457 N 466
2 mMiNMP 192 2.7 1,204 19,869 8,831
2mi NMP 193" 2.8 521 8,928 X 4,145
4mi NMP 193 2.3 2,369 33,286 11,578
2 mi N MP 215 2.8 550 9,410 4,369
2mi $MP 231 4.3 125 5,284 2,139
2miS M 231 13.6 50 4,155 3,696
1 mi N M 233 1.8 175 1,924 321
1 mi NM 240 2.9 687 12,182 5,881
0.5 mi NP 242 2.3 250 3,513 1,222
1mi NP 742.5 2.2 300 4,033 1,283
1miEM 250 2.7 150 2,474 1,100
2mi N M ‘252' 2.2 500 6,721 2,13§
5mi NMP 255 2.3 2,500 42,800 15,925
1mi N MP 259 2.4 487 7,149 2,680



APPENDIX TABLE 2. Continued.

0.5 mi NMP 321

Average o : : _

' Depth Surface Area = Total CFreoo o v " lreewater Volume -

Location/Milepost (m) (m* x 1000) Volume  with ©.vovo oo ooe wirh 1.5 m of ice
3.5 mi N MP 264 2.4 2,050 30,062 11,273
2mi S P 272 3.1 4,012 76,004 39,228
2mi S MNP 274 1.3 1,675 13,305 0
2 mi NP 281 2.1 1,200 15,397 4,399
1mi NP 289 4.0 275 6,721 1,201
1.5 mi E MP 290 2.8 113 1,925 894
8 mi N MP 298 1.9 750 8,707 1,833
9 mi N MP 304 1.1 2,275 15,290 0
3 mi NMP 305 2.5 2,575 - 39,334 15,733
6.5 mi N Mp 309 2.6 9775 12,312 5,209
1 mi N MP 309 1.6 750 7,332 458
4 mi N MP 315 2.3 400 5,621 1,955
3mi NMP 317.5 2.1 437 5,613 1,609
0.5mi S MP 318 2.0 550 6,721 1,680
2.3 250 3,513 1,222

0L
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APPENDIX TABLE 5. Depths, velocities, and discharges of the

springs surveyed, Water Availability Study 1975.

)




L L L { 1o [ N R SR R A SR UL R i N S ] SN R N
_ o Mean Depth Mean Velbcity ﬁjscharge Daily Dischargé
. Name/Milepost (m) (m/sec) ofs Imp.Bbl.x1000
Katakturuk W. Fork 0.12 0.44 §.50 -
S mi. S. M.P.86.5 0.06 0.05 0.45 -
(4 channels) 0.05 0.08 0.39 181
: 0.10 0.15 2.78 -
Katakturﬁk E. Fork 0.13 0.23 I Y -
5 mi. S. M.P. 87 0.09 0.21 5,01 173
(2 channels)
Sadlerochit R. 0.25 0.46 15,20 645
7 mi. S. M,P. 111
~ Hula Hula R. 0,13 0.14 1,83 153
1 mi, N. M.P. 116.5 0.17 0.20 5.43 -
(2 channels) :
 Okpilik (Hot Sps.) 0.03 0.10 0.27 4
Okerokovik R. 0.03 0.09 0.31 -
@ M.P, 138 - 0.006 0.11 1.2 -
(4 channels) 0.04 0.13 0.75 -
- 0.05 0.13 1.04 50
Ekaluakat R. - 0.13 - 0.34 22.40 432
5mi. S. M.P. 162
Kongakut Delta 0.31 0.36 73.59 -
6 mi. N. M.P, 173 0.06 - 0.40 7.87 -
(4 channels) 0.04 0.17 2.56 1558
0.12 0.27 16,22 -

(Continuima}
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APPENDIX TABLE 3. Continued.

_ Mean Depth Mean Veldcity . - Mol oo Discharge Daily Discharge
que/hﬁlepost my - - (m/sec) e . cfs Imp.Bb1.x1000
Kongakut R. - 0.2 0.30 b 18.8 281
6 mi, S. M.P. 174 : '

Clarence R. . 0.10 0.21 e 2.48 37
Craig Cr. ’ 0.11 o 0.28 o T 5.37 50
3mi., S. M.P, 197 ‘ '
Craig Cr. Trib. 0.10 0.27 6. 95 -
2 mi. S. M.P. 198 0.04 ©0.10 0. 44 .
(10 channels) 0.04 0.10 ). 44 -
0.04 0.10 0. 44 -
0.04 0.10 0. 44 -
0.04 0.10 0. 44 -
0.04 0.10 0.44 -
0.04 0.10 0.44 -
0.05 0.15 0,81 -
0.045 0.12 84 175
Fish Cr. 0.12 . 0.721 TR 542 .
2 mi. N. M.P. 217.5 - 0.15 0.61 | T 12.35 | 236
Malcolm R. . | 0,19 0.44 T 272,91 342
2 mi. N. M.P. 225 |
‘Firth 2 Spring 0.15 0.40 | 1 78 400

2.2 mi, N. M.P, 227

(Continued)
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APPENDIX TABLE 3. Continued.
| Mean Depth Mean Velocity ‘ Dieehoy Discharge Daily Discharge

Name/Milepost (m) (m/sec) TREET cfs Imp.Bb1.x1000
Firth Delta 0.15 10,40 58. 04 868
2 mi. N. M.P. 233 ’ '

© Spring R. 0.17 0.22 6.07 91
2 mi. N, M.P, 256 ‘ '
Crow R. 0.26 0.17 9.03 135

2 mi, N. M.P. 268

Vi



Surmary of water availab
joint U.S.G.S./Alaskan A

survey. November, 1975.

1

lity informaticon from

ctic Gas hydrological
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Lake 20 mi N MP 124

7o 7L L ;. 3 S R AR 7 0 _ . L
Ice . Water - Specifit :

. Thickness Depth Conductiv ity bischarge Date
Location/Milepost (m) (m) (umhos) (cfs) November
SagéVanirkfok River, W Channel “
3mi S PLC 0.73 0.88 400 0-5 11

‘Sz‘lgavanirktok River, E Channel 0.67 | 0.06 '4»6‘0‘ 0 11
Lake 1 mi S MP 12 0.67 0.49 620 - 10
Lake 1 mi N MP 13 0.46 1.20 600 - 8
Lake 3 mi S MP 26 0.63 0.67 510 - 10
Kadleroshilik River, @ PLC 0.46 0 - . 10
Lake 2 mi N MP 22 0.76 0.76 940 - 1'0""
Shaviovik River, @ PLC - 0.76 0.58 340 12.2 7
Kavik River, 2 mi § MP 37 0.82 0.18 i%éO 0-1 9
Canning River, Lmi S MP 61~ 0.70 0.61 320 78 8
Canning River Delta 1.50 0 ‘ 0 30
Lake 13 mi N MP 82 1.10 1.06 220 - 30
Sadlerochit Springs 0 0.15° 360 28,7 16
Hula Hula Springs 0 0.21 225 4.6 | 26
Hula I-Iuia River, near mouth 0.76 | O - 0 22
Lake 24 mi N MP 126 0.98 0.92 520 - 25

1.09 0.79 115 22

94
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APPENDIX TABLE 4. vContinued.
Ice Water Specific _

Thickness . Depth Conductiviiy Discharge Date
Location/Milepost '~ (m) (m) (unhos) (cfs) November
Okerokovik River, @ PLC | 0 0.06 300 2.6 24
Lake 1 mi E Jago, 4 mi ) _ .
from coast 0.82 - 1.5 80 - 17
Lake 3 mi E Jago, 1 mi R
from coast 0.85 1 2.2 280 - 17
Aichilik River, 1 mi S‘PLC 1.2 0.1 370 0-0.25 25
Aichilik River, near mouth - 1.09 0 0 23
Egaksrak River, Imis$ PLC 0.92 0 0 24
Egaksrak River, near mouth 1.07 ' 2,C6 569 0-25 23
Ekalﬁékat River, 2 mi N PLC 0.92: 0 - 0 24
Lake, Aichilik Delta 1.04 2.2 600 - 24
Kongakut Delta Springs 0 0.27 210 88.4 18
Lake necar Demarcation Point 0.85 1.3 410 - 18
Clarence River Springs 0 250 4.7 18

0.09




Sumpmary of fisheries info

potential water sources surveyed along the

pipeline route.

~J



. : : ~ Information* e e Presenﬁ ki
Location ' _ Milepost Sources None — WNST. (il wAY  LKWT  BDWT LSCO POND
Lake 3 mi. G .0 1 ’
Lake 1 mi. E 3.0 1. +
Lake 3.5 mi. S 5.0 ‘No Data
Lake 1 mi. § - 12.0 1. +
Lake 1mi. N 16.0 1 +
Lake 2 mi. S 16.5 1 +
Lake 1 mi. S 22.0 1 - +
Lake 3 mi. S 24.0 1 4
Lake imi, S 26.0 1 +
Lake 3 mi. S 26.0 1 +
Lake ~ 2 mi. N 32.0 1 +
Lake 2 mi. N 33.0 No Data
Lake 2 mi. N 33.0 No Data
Lake 2 mi. N 34.0 -1 +
Lake 2 mi. § 34.0 No Data
Lake 1 mi. S 39.0 1 +
Lake 2 mi. N 47.0 1 .
Lake 0.5 mi. N 51.0 1
Lake 1.5 mi. S 53.0 1 :
Lake 1.5 mi, S 62.0 1
Lake 1.5 mi. S 63.0 1

(Continued)
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APPENDIX TABLE 5. Continued.

: ' Information* sent ¥
Location - Milepost Sources None  NNST BDWD LSCO POND
Katakturuk Sps. :
S mi. S ' 87.0 1,2 - +
Sadlerochit Spé. S
-7 mi. S . +111.0 : 1,2
Hula Hula Sps. | [T
1 mi. N ' 116.5 1,2
kpilik Hot Sps. .
30 mi. S 120.0 1
Lake 4mi, N 131.0
Okerokovik Sps. @ 138.0 1,2 +
Ekaluakat Sps.. :
S5mi. S _ 162.0 1,2
Kongakut Delta Spr.
7 mi. N 174.0 1,2
Kongakut R. Sps. '
-6 mi.. S ‘ 174.0 1,2
Clarence R. Sps. .
Smi. S ) ' 190.0 1,2
Lake 2mi. N 192.0 _ ‘
lake 2 mi. N 193.0 1 S
Lake 4 mi. N 193.0 ' +
Craig Cr. Sps. '
3mi. S - 197.0 ' 1,3 : +

(Continued)
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APPENDIX TABLE 5. Continued.

J O i SRR e B oes IR s O R [ SRR N (A R SRR

Information® ' et oo n Present®®

" Location - Milepost Sources Nonc  FNST Ui o [T SO 1800 POND o
Craig Cr. Trib. Sps. : '_- »
2 mi, S 198.0 1,3 +
Lake 2mi. N 215.0 1 ¥
Fish Cr. Sps.-
2 mi. N :217.5 1,3
Malcolm R. Sps.

2 mi. N 225.0 1,3
Firth Spr. 2
1 mi. N 228.0 1,3
Lake 103 2 mi. S 231.0 3 ¥
Lake 104 2 mi. S - 231.0 3 +

- Lake 1 mi. N 233.0 No Data

- Firth R. Delta Sps.

2 mi. N 233.0 1,3
Lake 1 mi. N 240.0 +
Lake @ 242.0 No Data
Lake 1'mi. N 242.5 No Data
Lake 1mi. B 250.0 No Data | | |
Lake 100 5 mi. N - 255.0 3,4 - o - T *
Lake 109 2 mi., N 252.0 i : ; *
Spring R. Sps. . ’ '
2 mi., N - 256.0. 1,3 +

(Continued)
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APPENDIX TABLE S. Continued.

' - Information* (Uit seecies Present®#

Location Milepost =~ Sources None  ANST oo - oo DRWT LDwD LSCO POND
Lake 1 mi. N £ 259.0 No Data

Bloomfield o '

3.5 mi. N 264.0 3 +

Crow R. Sps. | | | _.

2 mi. N ~268.0 1,3 + |

Lake 101 2 mi. S 272.0 1,3 . N
Lake 2mi. S 274.0 1 | s |
Lake 2mi. N 281.0 1 |

Lake 1mi. N - 290.0

Lake 1.5 mi. E 290.0 1 s

Lake 8 mi. N 298.0 1 -

Peat Lake 9 mi. N - 304.0 1

Lake 3'mi, N 305.0 1

Lake 6.5 mi. N +309.0 -1 +

Lake 1l mi, N 309.0 1 +

Lake 4 mi, N 315.0 1. +

Lake 3mi. N 317.5 1 +
‘Lake 0.5 mi. S 318.0 5

Lake =+ 0.5 mi. N | 321.0 1

8

“Information Sources CODE - 1=Water Availability Study 1975

(Continued)



APPENDIX TABLE 5. Continued.

*Information Sources CODE - 2=Ward and Craig, 1974
' 3=McCart et al., 1974
4=deGraaf, 1974 |
5=Steigenberger et -al., 1975

*#%Fish Species CODE - None= No fish present
| NNST= ninespine stickleback
CHAR= Arctic char |
GRAY= Arctic grayling
LKWT= lake whitefish
" BDWT= broad whitefish
LSCO= least cisco
POND= pond smelt

cQ
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. This spring is utilized by

The txaluvakat Springs and qufeis

spawning and overwintering anadromous Arctic char. If developed
as a water source, withdrawal should be-from a point near the
aufeis. S

Springs between Malcoim and Firth rivers. The entire open water

channel is heavily utilized for spawning by anadromous Arctic
char. This spring is not recommended as a water source for
pipeline construction. '
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FLATE 6. Lake m rélling uplands near Milepost 280. This lake is 4 m

deep and inhabited by grayling in the summer.
used for overwintering.

May also be
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