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BP Exploration {Alaska), Inc.
P.O. Box 196612

900 E. Benson Blvd.
Anchorage, AK 99519-6612

Attn:  Bill Streever

RE: POTENTIAL EFFECTS OF LAKE WATER USE FOR ICE ROADS AND
PADS

The purpose of this letter 1s to provide a starting place from which to begin consideration
of the potential effects of using lake water for the construction of ice pads and roads in
the NPR-A. This letter consists of a summary of a number of articles (provided by BP)
that discuss hydrologic conditions in arctic and sub-arctic regions of Alaska and a brief
description of the literature. The letter also presents some relevant questions regarding
the withdrawal of water for ice roads and pads, and a couple of possible approaches that
might be used to further investigate potential effects. As you requested, this discussion
focuses on the impact to the physical hydrology of the lakes.

Introduction

Ice roads, airstrips and pads provide access to remote areas and a stable platform for
winter exploration without the construction of gravel embankments. The water is
withdrawn from approved lakes and spread over the tundra or sea ice. The structures
melt in the summer, leaving minimal evidence of their existence. An order-of-magnitude
approximation of the quantity of such structures that have been built in the recent past is
presented in the following two tables.

Approximate Number of Ice Roads, Pads and Airstrips Constructed in the
Kuparuk, Alpine and NPR-A Areas

Winter Season | Miles of Roads Number of | Number of Air
On Tundra On Sea Ice Pads Strips
88-89 8 0 1 ' 0
89-90 5 0 3 0
90-91 25 0 4 0
91-92 43 8 5 0
92.93 98 0 7 2
93-94 31 0 2 0
94-95 33 0 2 2
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Winter Season | Miles of Roads Number of | Number of Air
On Tundra On Sea Ice Pads Strips
95-96 40 0 ‘ 6 1
96-97 11 0 3 0
97-98 39 11 5 1
98-99 38 30 3 2
99-00 58 30 7 0
00-01 70-100 50 8 1
Notes:

1. All values are order-of-magnitude estimates based on limited research.

2. Data provided by Lounsbury & Associates

3. Note that more water is used for construction of ice roads, pads and airstrips on
tundra than on sea ice.

Approximate Number of Ice Roads, Pads and Airstrips
Constructed on the East Side of the North Slope

Winter Season | Miles of Roads Number of | Number of Air
On Tundra On Sea Ice Pads Strips

93-94 18 0 3 0
94-95 3 0 0 0
95-96 5 22 1 0
96-97 11 27 2 0
97-98 36 0 2 0
98-99 11 38 0 0
99-00 31 52 1 0
00-01 17 18 0 0
Notes:

1. All values are order-of-magnitude estimates based on limited research.

2. Data provided by F. Robert Bell & Associates

3. Note that more water is used for construction of ice roads, pads and airstrips on
tundra than on sea ice.

Literature Summary

Approximately 40 articles were provided by BP and reviewed for this project. A brief
summary of the relevant parts of the articles is presented in Attachment 1.

Discussion of the Literature

Most of the information concerning hydrologic processes on the North Slope has been
collected since the early 1970’s. This information has been collected by a variety of
groups, including state and federal agencies, the University of Alaska, and private
consultants. Often the information was collected for very specific purposes and is not
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generally available to the public at large. The information reviewed for this discussion
was primarily developed by the Water Resources Center at the University of Alaska.

In order to fully address the effects of water withdrawal from lakes on the North Slope, it
will probably be necessary to consider, at some level, the annual water balance of the
lakes. In other words, how much water enters and leaves the lake each year. A number
of studies have been completed that address aspects of the hydrologic cycle and water
balance considerations on the North Slope. These studies provide information that might
ultimately be useful in addressing the potential effects of lake water use for ice pads and
roads.

Precipitation

Several papers discuss the difficulties associated with making accurate precipitation
measurements in the arctic environment. Wind and unmeasured trace precipitation may
cause the published precipitation record to significantly underestimate the amount. of
precipitation on the North Slope. Although the Wyoming shield has been thought by
many to be a solution to the undercatch of snowfall by the National Weather Service
standard precipitation gage, one paper (Yang et al,, 2000) reports that even use of the
Wyoming shield may lead to an underestimation of snowfall.

Rovansek et al. (1996) discuss the possible magnitude of the unmeasured trace
precipitation and condensate water, and its’ impact on water balance computations. They
reference work by Hobbie and Dingman that suggests that the amount of water in fog and
dew on vegetation may equal 23 to 50 percent of the summer precipitation.

Yang et al. (2000) discuss undercatch associated with snowfall measurement and report
on a World Meteorological Organization test of the Wyoming shield.  Their work
suggests that a gage equipped with a Wyoming shield only caught 80 to 90 percent of the
snowfall caught by a reference gage.

Data collected over a three-year period near Prudhoe Bay (Robinson, 1995) suggest that
very low precipitation and a negative summer water balance characterize North Slope
hydrology. The author further suggests that much of the snow that falls during the winter
months is destined to replenish the storage lost from ponds and marshes during the
previous years growing season.

Surface Runoff
Considerable hydrological and meteorological momtormg has taken place on four North
SloEe drainages: the Kuparuk River basin (8,140 km?), the upper Kuparuk River (142
km?), Imnavait Creek (2.2 km?), and the Putuligayuk River (471 km®). Kane et al. (2000)
report that the average annual runoff ratios (i.e., the ratio of surface runoff to
precipitation) are 0.48 on Imnavait Creek (14 years of data), 0.65 on the Upper Kuparuk
River (4 years of data), and 0.58 on the Kuparuk River (4 years of data). These ratios are
substantially above the average of more temperate regions and the global average of 0.36.
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In general the runoff ratios are higher in years when there is a rapid and sustained {(no
cold periods) snowmelt. A prolonged period of snowmelt reduces runoff and enhances
evaporation and infiltration.

Kane et al. (1999) present runoff ratios for snowmelt and rainfall. Based on their work,
the ratio of the snowpack runoff to the snowpack water equivalent at Imnavait Creek
varies from 0.50 to 0.80, with an average of 0.67 (n=14 years). This runoff ratio is quite
high, but not unreasonable when one considers that the active layer is completely frozen
when ablation begins. A five-year average for the upper Kuparuk River is 0.66 (range
0.47 to 0.88) and a four-year average for the entire Kuparuk River is 0.86 (range 0.79 to
0.84). One other factor that contributes to the high ratio is the fact that the water
equivalent of snow on the ground is higher near water tracks and along streams, where
the wind blown snow accumulates. During snowmelt, munoff dominates as the main
exporter of water from the basin.

The rainfall runoff ratios are generally lower. On Imnavait Creek the average ratio of
summer runoff (Kane et al., 1999) to summer precipitation is 0.37 (n=13 years) with the
range being 0.17 to 0.67. A five-year average (Kane et al., 1999) for the upper Kuparuk
River is 0.65 (range 0.56 to 0.78) and a five-year average for the entire Kuparuk is 0.35
(range 0.24 to 0.48). In general, the runoff ratio decreases as the drainage area of the
three watersheds increases (Kane, Soden, Hinzman, and Gieck). Steeper slopes in the
small headwater catchments generate more runoff than the flatter terrain downstream.
Additionally, wet antecedent conditions enhance runoff, and storms with larger
cumulative rainfalls result in a greater percentage of runoff due to the limited subsurface
storage in the active layer. During summer, evapotranspiration usually dominates as the
main exporter of water from the basin (Kane et al., 1999).

During a study of a North Slope wetland, Robinson (1995) found that surface drainage
occurred for a short period of time following snowmelt, but after the initial flush had
passed through the area, there was no surface movement, and only very minor subsurface
flow of water.

Subsurface Flow

Subsurface flow is not usually an important means of water movement in areas beyond
the major river channels of the North Slope. The low regional topography results in low
hydraulic gradients. This, in combination with low hydraulic conductivity and a shallow
active layer, results in typical flow velocities on the order of 1 mm/day through the active
layer (Rovansek, 1994). Over the course of a summer season, flow through the active
layer was not a significant contributor to the water balance of the ponds studied by
Rovansek. Seasonal net inflow/outflow through the active layer amounted to less than
0.5 percent of the seasonal evapotranspiration at a typical pond (Rovansek, 1994).
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Evaporation

The most difficult and least accurate of all watershed process measurements are those
that include water losses to the atmosphere (Kane et al. 1989). Several studies have
attempted to measure evaporation from lakes on the North Slope. Kane and Carlson
{1973) reported lake evaporation rates for parts of July and August to be 2.1 mm/day
based on a single monitoring season. Water balance computations used to estimate
evaporation on the Imnavait watershed are discussed by Kane et al, (1989) and indicate
that the evaporation averaged 2.0 mm/day in June, July, and August of 1986. Kane et al,
(1989) also suggest that based on other work in northern climates, daily evaporation rates
could exceed 4 mm/day. Mendez (1997) reports that during the post-runoff summer
‘period the average evaporation rate for all of the ponds studied for his project was 3.40,
3.60, and 2.33, mm/day in 1994, 1995, and 1996, respectively. Rovansek et al. (1996)
reported average daily pond evaporation rates of 2.0 mm/day in 1992 and 2.1 mm/day in
1993.

Evapotranspiration

Evapotranspiration is a very important component of the water balance in arctic coastal
wetlands, with a magnitude usually exceeding that of summer precipitation. Based on 4
years of studies in the Imnavait Creek Watershed, Kane, Gieck, and Hinzman (1990)
report that evapotranspiration is greater from lakes than from an equivalent terrestrial
area, is greatest following snowmelt, and decreases throughout the summer. They also
found that the magnitude of evapotranspiration could not be related with certainty to the
season length, the amount of precipitation, or the summation of the net radiation. In 1986,
1987, 1988, and 1989 they estimate that evapotranspiration represented 56, 34, 66, and 58
percent of the annual precipitation. During this period, the total amount of
evapotranspiration varied between 130 mm and 240 mm (or 1.4 to 2.0 mm/day).

Mendez (1997) used the Bowen ratio energy balance to compute evapotranspiration on an
arctic coastal wetland. For 1994, 1995 and 1996 he computed evapotranspiration rates of
1.57, 141, and 1.38 mm/day, respectively. He found evapotranspiration rates were
higher during wetter, warmer conditions than during drier, cooler conditions.
Additionally, evapotranspiration was higher in June and July than in August (Mendez et
al. 1998).

Potential Impact of Water Withdrawal
In considering the impact that winter water withdrawal from North Slope lakes might
have, the following questions come to mind.
» How much water has been used and from which lakes has it been taken during the
last 10 years?
*  Are the same lakes used from one year to the next, or are different lakes used each
year?
e Are there any obvious signs that water withdrawal has had a physical impact on
the lakes from which the water was withdrawn?
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- & Are there any obvious signs that winter water withdrawal has had an impact on
the fish population of the lakes from which the water was withdrawn?

e [If the same lakes are used from one year to the next, could different lakes be used
in consecutive years?

e How is water withdrawal affecting the water surface elevation and volume of
water within the ponds?

e How does the amount of water withdrawn compare to the amount of water
evaporated from the lake surface?

o How does the amount of water withdrawn compare to the difference in the
amount of water evaporated in a year with a high evaporation rate and a year with
an average evaporation rate?

e How does the amount of water withdrawn from a lake compare to the net volume
of water available to recharge the lake (net surface inflow ~ evaporation)?

* Does winter water withdrawal cause the dissolved oxygen concentration in the
water to decrease more than it would in a similar lake that did not have water
withdrawn during the winter?

e If there is a greater decrease in the dissolved oxygen concentration in a lake from
which water is withdrawn during the winter, how does the magnitude of the
decrease compare to the change in dissolved oxygen concentration associated
with natural variation from one winter to the next?

e If there is a greater decrease in the dissolved oxygen concentration in a lake from
which water is withdrawn during the winter, are the fish in the lake significantly
impacted?

» (Can a method be developed to predict how much water can be withdrawn from a
lake without negatively impacting the fish population?

¢ Does winter water withdrawal cause the turbidity in the lake to increase above
that of similar lakes that did not have water withdrawn during the winter?

s If there is an increase in turbidity in a lake from which water is withdrawn during
the winter, how does the magnitude of the increase compare to the change in
turbidity associated with natural variation from one winter to the next?

» If there is an increase in turbidity in a lake from which water is withdrawn during
the winter, are the fish in the lake significantly impacted?

¢ Can a method be developed to prevent an increase in turbidity as a result of winter
water withdrawal?

Possible Approaches To Quantifying Impacts

One approach would be to identify the lakes from which water has been withdrawn over
the last ten years and to inspect the lakes. The amount of water removed annually from
each lake and the frequency with which each lake has been used would be determined.
An inspection would be conducted to determine if there are obvious signs that the lakes
have been impacted by winter water withdrawal. The fish population could be sampled
to determine if there is any reason to suspect that the fish population has been negatively
impacted. To do this, the fish population data collected during the site inspection would
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be compared to data from similar lakes that have not been stressed by winter water
withdrawal.

Another approach that addresses a number of the questions presented above is to conduct
a paired study of two or more lakes. Each lake in the pair would be similar, and all of the
lakes would contain fish. The lakes would be monitored for at least one year. Water
surface elevation, ice thickness, dissolved oxygen, turbidity, conductivity, runoff into and
out of the lake, and the fish population would be monitored. Ideally, precipitation and
evaporation would also be monitored. One lake in each pair would be pumped. To
prevent disruption of the study, the control lakes would not be available for water
withdrawal. The lakes to be stressed would be available to construction contractors, but
the amount of water withdrawn would be supervised and accurately recorded.
Precautions would be taken to ensure that the amount of water designated for withdrawal
would be taken, even if it had to be discharged to the tundra. Ideally, the study would be
repeated over several years to determine the variability from one season to the next, and
the cumulative impact of several years of water withdrawal.

The issue of lake recharge might be addressed by a paired study similar to the one
described above, but without the biological component. All of the parameters of the
water balance would be measured. As with the study described above, the monitoring
effort should extend over several years in order to determine the magnitude of natural
variability, and the cumulative impact of several years of water withdrawal.

The lake recharge issue might also be addressed by a water balance assessment
conducted with existing hydrologic and meteorologic data. This assessment would
involve a relatively small field data collection effort, and rely on computer modeling of
the hydrologic processes to assess the impact of water withdrawal. Precipitation data,
runoff coefficients, and evaporation coefficients would be obtained from the available
data. One method of doing this, which has been used to investigate drinking water
supply issues, is to develop a water balance model for the lake within a spreadsheet
equipped to run a Monte Carlo analysis. A monthly time increment would probably be
used for the computations. The parameters that vary from year to year, such as
precipitation and evaporation, would be described statistically based on the available
data. The Monte Carlo analysis would then be run for a set number of years and
iterations to determine the likely variation in lake water surface elevation and volume
over time. The number of years over which the computations are conducted would be set
equal to the number of years a lake is likely to be reused for winter water withdrawal.
The number of iterations would be set high enough that the results of the mode! are stable
from one run to the next (probably between 1,000 and 10,000 runs). The model would be
run with and without water withdrawal, and the results compared in order to estimate the
impact of water withdrawal with time.
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This review of water on the North Slope is far from exhaustive. Hopefully, it will
provide a starting place from which to further discuss the issue of winter water
withdrawal on the North Slope. Thank you for the opportunity of working with you on
this very interesting project. If you have any questions, please do not hesitate to call.

Sincerely,

URS Corporation

James W. Aldrich, P.E., P.H.
Principal Hydrologist/River Engineer

Attachments: Attachment {: Sumrnary of Selected Literature
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