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CONVERSION TABLE

For readers who may prefer to use metric (International System) units rather
than inch-pound units, the conversion factors for the terms used in this
report are listed below:

Multiply inch-pound unit by To obtain metric unit

inch (in.) 25.4 millimeters (mm)

foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)

foot squared (ft?) 0.09294 meter squared (m?)

square mile (mi?) 2.590 square kilometer (km?)

cubic foot per second (ft3/s) 0.02832 cubic meter per second (m3/s)
million gallons per day (Mgal/d) 0.04381 cubic meter per second (m3/s)
foot per day (ft/d) 0.3048 meter per day (m/d)

foot squared per day (ft2?/d) 0.09290 meter squared per day (m?/d)

Sea level:

In this report "sea level" refers to the National Geodetic Vertical Datum of
1929 (NGVD of 1929) -- a geodetic datum derived from a general adjustment of
the first-order level nets of both the United States and Canada, formerly
called "Sea Level Datum of 1929."



SIMULATION OF GROUND-WATER FLOW AT ANCHORAGE, ALASKA, 1955-83

By Leslie D. Patrick, Timothy P. Brabets, and Roy L. Glass

ABSTRACT

The ground-water system at Anchorage, Alaska was analyzed by using a
two-layer three-dimensional mathematical model. By use of existing data,
both nonpumping and pumping steady-state conditions and transient conditions
were simulated. Under steady-state conditions, calculated directions of
ground-water flow were similar to observed flow patterns, and calculated
stream discharges were generally within 10 percent of observed values.
However, in many parts of the modeled area computed head values were more
than 20 feet higher or lower than observed values. Hydraulic conductivity
and transmissivity are the most sensitive hydraulic parameters under steady-
state conditions. A pumping rate of 18.8 million gallons per day for
steady-state conditions lowers heads in the confined aquifer by as much as
30 feet but reduces streamflow by less than 5 percent. Transient
simulations show that drawdowns due to production wells follow similar
patterns of nearby observation wells. On the basis of analytical
techniques, the confining layer does not appear to contribute significant
quantities of water.

INTRODUCTION

The Municipality of Anchorage encompasses approximately 1,200 mi? in
southcentral Alaska. The area commonly referred to as the Anchorage Bowl
encompasses approximately 180 mi? and includes most of the urban area of
Anchorage (fig. 1). This area is bounded on the north, west, and south by
two estuaries, Knik and Turnagain Arms of Cook Inlet, and on the east by the
Chugach Mountains.

In 1971 ground water supplied by public utilities totaled 3.7 billion
gallons. More than 4.7 billion gallons were supplied in 1981. (Ground-
water data in this report were compiled from records supplied by Anchorage
Water and Wastewater Utility, Central Alaska Utilities, Elmendorf Air Force
Base, and the U.S. Army at Fort Richardson.) Additional ground water is
used by homeowners in the southern third of the Anchorage Bowl where public
water and sewer facilities are not available.

Increased pumpage in the Anchorage Bowl has led to a gradual decline in
ground-water levels (fig. 2); however, levels recovered during 1980-82 owing
to above average precipitation. Many homeowners served by individual wells
have filed for water rights that could lead to conflicts with water-rights
applications by the Anchorage public water utility. There is concern that
water from on-site septic systems could contaminate the ground-water supply
and that the amount of ground water used could decrease the flows in
Anchorage-area streams. Thus, in 1983, the U.S. Geological Survey, in
cooperation with the Municipality of Anchorage, began a study of the ground-
water system of the Anchorage Bowl.
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Figure 2.--Long-term water levels from observation well (SB013003009 CDCD2) in the
Anchorage Bowl, 1957-83. (See figure 4 for well location.)
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This report describes the results of a study to develop a better
understanding of the ground-water system of the Anchorage Bowl and how
ground-water levels and streamflow may be influenced by present and future
pumping rates. The approach was to use data collected from 1955 to 1983 and
to use improved techniques for analyzing these data.

Previous studies have investigated the ground-water system of the
Anchorage Bowl. From 1967 to 1976, an electric analog model was used to
simulate movement of water through the main confined aquifer system beneath
the Anchorage Bowl. From 1977 to 1982, a digital model (Trescott and
others, 1976) was applied to the Anchorage Bowl (G.W. Freethey, U.S.
Geological Survey, written commun., 1982) to improve understanding of the
interaction between the unconfined and confined aquifers. However, that
model assumed flow to be horizontal (two dimensional), which is not accurate
in recharge and discharge areas where a vertical component of flow is
present. For the current study, a three-dimensional mathematical model was
used to represent the ground-water system more accurately than could the
previous models.

This report includes a description of the sources and types of data used
in developing the model and a discussion of model calibration, model
results, and possible sources of inaccuracies in these results. Detailed
analysis of specific sites or local areas were beyond the scope of this
study. However, the principles used to construct the model can be used to
develop more detailed models of smaller areas where sufficient data are
available.

HYDROGEOLOGY

Ground water in the Anchorage Bowl flows in sediments that extend from
the foot of the Chugach Mountains westward to and below Cook Inlet (fig. 3).
These sediments thicken progressively away from the mountains and are as
much as 1,300 ft thick beneath Point Campbell. The sediments overlie
metamorphic bedrock near the mountains and low-permeability sedimentary
bedrock of the Tertiary Kemai Formation throughout the rest of the Bowl.

Well logs indicate that the sediments form a geohydrologic system
composed of an unconfined aquifer (fig. 4), a confining layer (fig. 5) that
is nearly continuous except near the mountains, and a series of
hydrologically connected units that are collectively termed the confined
aquifer (fig. 6). The confined and unconfined aquifers consist of layers
and lenses of interbedded sand and gravel, till, silty sand, and silty clay
deposits. In the western part of the study area, except for possible breaks
near Point Woronzof, the confining layer is a continuous layer of clay and
silt -- the Pleistocene Bootlegger Cove Formation (Ulery and Updike, 1983),
commonly referred to as "Bootlegger Cove clay."” In the eastern part of the
modeled area, the confining layer consists predominantly of till or till-
like deposits. Continuity of the confining layer in this part of the study
area is not well documented. The confining layer ranges from 0 to 270 ft
thick and generally thickens with increasing distance from the mountain
front.

Water enters (recharges) the ground-water system of the Anchorage Bowl
in different ways. Along the mountain front, ground water seeps from
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Figure 4.--Estimated thickness of the unconfined aquifer.
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bedrock fractures into the sediments. Snowmelt and rainfall also infiltrate
to the aquifer. 1In the lowlands, water infiltrates into the ground along
reaches of streams that flow over areas underlain by permeable sand and
gravel where the water table is below the altitude of the streambed. Water
discharges from the ground-water system either through the streams and their
tributaries where the water table intersects the streambed, or into Cook
Inlet.

SIMULATION OF GROUND-WATER FLOW

Model Specifications

The primary function of a mathematical ground-water model is to simulate
directions and rates of water movement and distribution of hydraulic head
throughout an aquifer system. The model solves the partial-differential
equations of ground-water flow and requires that the hydraulic properties
and boundaries be defined for the modeled area (McDonald and Harbaugh,
1984) .

The aquifer system at Anchorage was overlain by a grid, which was
extended in the third dimension to form blocks or "cells" (fig. 7). The
cells form 41 rows, 31 columns, and 2 layers. Each cell in the model grid
represents a block of earth material within the aquifer system and contains
one or more types of materials within which streams and hydraulic properties
of aquifers are assumed to be uniform. Any specific cell may be referenced
by citing its row, column, and layer location. Limits of the modeled area
were selected to include or nearly coincide with natural flow boundaries.

The upper cells (layer 1) represent an unconfined aquifer whereas the
lower cells (layer 2) represent a confined aquifer. The intervening
confining layer was simulated not as an active layer, but as an impedance to
flow (low vertical conductance) between the two active layers. Hydraulic
properties of the geologic materials which make up this "inactive" layer
were used to estimate its vertical conductance. Heads in the confining
layer were not calculated during each run of the model.

Boundary and Initial Conditions

The conceptual model of the Anchorage Bowl consists of a region
containing ground water that is surrounded by a closed surface. This
surface is generally referred to as the "boundary surface" (Franke and
others, 1987) of the flow region and corresponds to identifiable
hydrogeologic features at which some characteristic of ground-water flow can
be described. For the conceptual model of the Anchorage Bowl, these
features were Knik and Turnagain Arms, the Chugach Mountains and the
Elmendorf Moraine. After the boundary surface was chosen, boundary types
(figs. 8 and 9) were assigned to each node on the boundary surface.

A no-flow boundary, across which flow is assumed to be zero, is used to
represent nearly impermeable rocks. Although natural earth materials are
never completely impermeable, they are sometimes regarded as effectively
impermeable for modeling purposes if the hydraulic conductance of the
adjacent materials differs by several orders of magnitude.



5 RKILOMETERS

Figure 7.--Grid used to model the ground-water system and the five sub-areas, based on
generalized geology.
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about 1 ft of recovery for the model as a whole. After 20 years, three
nodes in layer 1 showed 2 ft of drawdown from pre-pumping levels whereas the
heads in all nodes in layer 2 had returned to within 1 ft of pre-pumping
water levels.

Transient

Pumping records, based on data provided by the several public water
suppliers in the Anchorage Bowl and on estimates of industrial use and per-
capita consumption, were available from 1956 through 1977. This period was
divided into 21 pumping periods (fig. 25). The first 9 periods were based
on groups of consecutive years within which pumpage totals were similar, and
the last 12 were based on monthly pumpage. Ground-water pumpage was
simulated by assigning particular cells in layer 2 a pumping rate based on
actual or estimated rates. For example, the pumpage for June 1977 (about 18
Mgal/d) was distributed among the cells shown in figure 26. The final model
heads generated from the steady-state runs were used as the initial heads
for the transient runs. This insures that the initial head data and the
model hydrologic inputs and parameters are consistent.

For each production well, comparisons were made between the model-
simulated water levels, water levels from nearby observation wells, and the
quantity of water pumped from the production well. Because it was believed
that there were not enough observation wells in the unconfined aquifer,
results are presented only for the confined aquifer, in which the ; _luction
wells are completed. Figures 27, 28, and 29 show the comparisons froin three
production wells that were selected to represent various locations in the

Anchorage Bowl.

In general, the water levels simulated by the model respond to the
different pumping rates and follow the same trends as the observed water
levels. By comparing the net change in water level (highest water level
minus lowest water level) between the model-simulated and observed values,
there appears to be closer agreement with wells that had a relatively low
production rate (less than 0.5 Mgal/d) than those with a higher production
rate (greater than 1.0 Mgal/d).

Two important factors should be noted in these transient simulations.
First, the model gives the results for the center of a particular node and
neither the particular production well nor the observation well are located
exactly in the center of the node. Second, no additional runs were made
using different values of the storage coefficient or other hydraulic
properties. Further study of these factors is necessary before the model
can be used for predictive purposes.

Consideration of the Confining lLayer

For this study, the model was configured to represent the ground-water
system in the Anchorage Bowl as a two-layer system -- a confined aquifer and
an unconfined aquifer separated by an "implicit" confining unit. Under this
condition, all flow in the confining layer is assumed to be vertical and the
vertical conductance represents the "resistance" to vertical flow. For
model simplification it was assumed that no water was derived from storage
in the confining unit. To test the validity of the "no-storage assumption,"
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AVERAGE PUMPING RATE, IN MILLION GALLONS PER DAY
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Figure 25.--Estimated average yearly pumping rate from the confined ground-water system,
1956-77.
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AVERAGE PUMPAGE, IN MILLION GALLONS PER DAY

SIMULATED DRAWDOWN, IN FEET
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Figure 27.--Comparison of pumpage, observed water level, and simulated draw-
down for node 17, 14, 2. (See fig. 25 for details of pumping periods.)
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AVERAGE PUMPAGE,IN MILLION GALLONS PER DAY

SIMULATED DRAWDOWN, IN FEET
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Figure 28.--Comparison of pumpage, observed water level, and simulated draw-
down for node 23, 15, 2. (See fig. 25 for details of pumping periods.)
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down for node 36, 23, 2. (See fig. 25 for details of pumping periods.)
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estimates of the time needed for the effects of a head change in the
unconfined aquifer to propagate through the confining layer and for steady-
flow conditions to be established in the confining layer were determined
using a technique described by Nichols (1977).

According to Nichols, dimensionless time, T, is given by :

D

K't
T = s
D g g2
s

[
(]

where K’ the hydraulic conductivity of the confining layer,
S ' is the specific storage of the confining layer,

is the thickness of the confining layer, and
t is the real time.

When dimensionless time equals about 1 x 10-1, the effects of a head

decrease in the aquifer will have extended through the confining layer and
the overlying or underlying aquifers will be affected. Real time is then
estimated using the equation:

(1 x 10'1>ss'z2

t =
KI
A value of 2.3 x 10°% £t71 was used as a value for Sy'. This value was
based on previous work by Nelson (1982, p. 10). Values of £ and K' were
the same as used in the modeling process. Determining the values of t for

the entire grid indicated that the maximum amount of time was 60 days.
Assuming that the values of Ss', £, and K’ are accurate, would thus indicate

that leakage is not significant in the confining layer.
Data Needs to Refine Model

Although a precise mathematical duplication of the ground-water system
of the Anchorage Bowl would be impractical owing to the complex geology of
the area, the ability of the model to represent the system would be improved
if efforts were made to:

1) Conduct aquifer tests that could provide hydraulic property information
where it is lacking. These tests would require strict control of pumping
conditions, a number of properly positioned observation wells, and long
pumping periods.

2) Determine precipitation and evapotranspiration rates throughout the area.

3) Determine in detail the rates and locations of water withdrawals by
domestic, municipal, and self-supplied industrial users.

4) Define more accurately the rate at which water seeps into unconsolidated
materials from the bedrock of the Chugach Mountains.
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5) Accurately determine the head conditions near the aquifer boundaries, and
improve definition of streambed characteristics and stream losses and
gains.

6) Compare drillers’ logs and borehole geophysical logs to improve the
" accuracy of geologic interpretations

7) Continue long-term monitoring of water levels in observation wells in
both the confined and unconfined aquifers.

8) Measure water levels in additional wells periodically to produce accurate
potentiometric contour maps that can be used to improve model
calibrations.

SUMMARY AND CONCLUSIONS

The ground-water system of Anchorage, Alaska was analyzed by
constructing a two-layer, three-dimensional, mathematical model. The model
was configured such that layer 1 represented an upper unconfined aquifer and
layer 2 represented a deeper confined aquifer. A layer of poorly permeable
materials that separates the aquifers was not simulated (that is, hydraulic
heads in this layer were not calculated) but the hydraulic properties of the
geologic material were used to calculate hydraulic connection and movement
of water between the two active layers.

Under steady-state conditions, directions of ground-water flow
calculated by the model were similar to observed directions of flow, and
computed stream discharges were generally within 10 percent of observed
values. However, in many parts of the modeled area, calculated heads were
more than 20 ft higher or lower than observed heads.

For steady-state simulations, model results are most sensitive to
changes in the hydraulic conductivity of layer 1 and the transmissivity of
layer 2. The area most sensitive to changes in aquifer properties is the
mountain front, and additional hydraulic data is needed in this area.

Pumping conditions under steady state were simulated to determine the
general effects on ground-water levels and streamflows. Model results
indicate that when 18.8 Mgal/d is pumped, ground-water levels were
significantly lower, streamflows decreased, and leakage from the unconfined
aquifer into the confined aquifer increased. Flow from the confined aquifer
into Cook Inlet also decreased.

Transient simulations were made for 21 pumping periods. These initial
runs indicate that drawdowns of production wells follow the trends of
observation wells. However, more detailed calibration and sensitivity
analyses are needed in order to use the model as a predictive tool. By use
of analytical techniques the amount of leakage from the confining layer
appears to be minor in most areas.
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