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EXECUTIVE SUMMARY 

A groundwater modeling study was performed to assess the impact of dredging at 

Anchorage Sand and Gravel, Inc.'s (AS&G's) Palmer gravel pit. The proposed dredging 

operation would create a 130-acre lake approximately 100 feet deep. The purpose of the 

modeling effort was to provide an objective determination of the approximate lake 

elevation, and to assess potential impacts on nearby lakes and wells. For transparency 

to reviewers, the model is intended to be as simple as possible. This was accomplished 

by using the minimum number of layers needed to represent the groundwater flow 

system: one layer for aquifer materials that will be removed by dredging, one layer for 

aquifer materials that will remain after dredging, and one layer for bedrock. Around the 

perimeter of the model, a constant head boundary is used to mimic the regional water 

table slope. Local changes in water table slope are reproduced using the bedrock surface 

mapped using AS&G drill holes and a single zone of reduced hydraulic conductivity 

exposed as a silt lens on the adjacent property. The model uses a regional hydraulic. 

conductivity value based on two high-capacity pumping tests that agree both internally 

and with nearby well yields. A reduced hydraulic condUctivity for the silt lens is 

supported by adjacent pond elevations and by a domestic well test where the silt lens 

extends onto AS&G's property. Based on these data, the model reproduces the July 8, 

2010 water table configuration with an average error within 0.5 feet, and within 0.2 feet 

through most of the model domain. 

Although the model reproduces the July 8, 2010 water table configuration remarkably 

well, the model's parameter values and boundary conditions do not constitute a 

"unique" solution to the groundwater flow problem. That is, a slightly different set of 

parameter values and boundary conditions might produce an equally good fit. 

However, the selected parameter values and boundary conditions are "transparent", 

based on solely on pumping test data and measured groundwater elevations. If 

different water table conditions or hydraulic conductivity values are identified, these 

conditions can be evaluated either qualitatively or quantitatively by re-running the 

model. 

The model calibration assumed that the July 8, 2010 water table configuration represents 

a steady-state condition, so that the rate of precipitation and groundwater inflow are 

exactly balanced by the rate of groundwater outflow. In reality, natural aquifers are 

always responding to seasonal changes in precipitation and recharge. As a result, the 

GROUNDWATER MODELING REPoRT ii AUGUST 20 10 
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water table is expected to fluctuate upward and downward from the July 8, 2010 

configuration. By limiting the analysis to a steady-state condition, we are assuming that 

seasonal changes in precipitation and recharge are not important relative to the long­

term water table configuration. 

Model results indicate dredging would produce a slight (1 to 2-foot) depression in the 

water table around the north end of the lake, and a corresponding water table rise 

around the south end of the lake. The lake would depress the water table at the Pioneer 

Meadows wells by about 0.5 feet, and water level changes at other wells would be less. 

Except for the Church well, none of the capture zones of surrounding water supply 

wells would intercept the lake. Due to the distance between the Church well and the 

lake (over 450 feet), no water quality impacts are anticipated at the Church well. 

The model was used to calculate groundwater flow through the lake cells and through a 

cross section downgradient of the lake. Results indicate that flow through the lake cells 

would increase by about 7.7 million gallons per day (mgd) after dredging, and flow 

through the downgradient cross section would increase by about 4.4 mgd. Based on 

previous pump test results, this could cause a significant increase in the elevation of 

Wilder Pond. If a 200-foot dike was constructed between the north and south halves of 

the lake, the inflow to Wilder Pond would be reduced to about 1.5 mgd. At this rate of 

inflow, the rise in the pond surface elevation would be less than 1.5 feet. 

Fine sediment accumulation would tend to reduce flow through the lake(s). By 

monitoring the rate of water level rise during dreding of the north lake, the effect of 

sediment accumulation can be evaluated. 

A 1992 study concluded that irrigation withdrawals over 6 mgd are not stressing area 

aquifers, and that the potential water supply significantly exceeds actual use. With a 

dike between the north and south lakes, the increased flow due to dredging represents 

less than one-fourth of irrigation use. Considering that the water is recharged into the 

aquifer, the dredging activity should have little effect on the overall groundwater flow 

system. For comparison, the increased flow resulting from two lakes (1.5 mgd) 

represents about one-fifth of the mean annual flow of Wasilla Creek at Fishook Road, 

located approximately 10 miles upstream from the Palmer Hay Flats. 

GROUNDWATER MODELING REPoRT iii AUGUST 2010 
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1.0 INTRODUCTION 

This document provides the results of groundwater modeling at Anchorage Sand & 

Gravel, Inc's. (As&G's) Palmer Pit. The purpose of the modeling effort is to resolve 

questions regarding the effects of gravel dredging on the underlying aquifer. As shown 
on Figure 1-1, the dredging operation would create a 130-acre lake up approximately 100 

feet deep. A previous assessment concluded that the lake would cause a slight (1 to 2-

foot) depression in the water table around the north end of the lake, and a 

corresponding water table rise around the south end of the lake (Brailey 2007). 

However, questions remain concerning the resulting lake levels and effects on nearby 
wells (Munter 2009). Specifically, these questions include: 

• What is the expected lake level, and what effect will this have on the 
surrounding aquifer? 

• How much flow will pass through the lake as compared with the undisturbed 
aquifer? 

• How will the lake affect the capture zones of the Crimson View and Pioneer 
Meadows public water systems? 

• What options are available to minimize changes to the surrounding groundwater 

flow system? 

Figure 1-1. Proposed Lake at AS&G's Palmer Pit ................ ...,.... ... 
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A 3-dimensional groundwater model was prepared to specifically address these issues. 
The model is intended to be as simple as possible while still adequately representing the 
groundwater flow system. The model includes the effects of an uneven bedrock surface 
and the large pond(s) south of AS&G's property (Figure 1-1). The model does not 
consider transient water table fluctuations, focusing instead on steady-state flow 
conditions with and without the lake. Aquifer properties are based on measured values 
throughout most of the model domain, and assumed values for a silt formation that 
separates two ponds. The resulting calibration provides general agreement with the 
measured. water table configuration, but does not reproduce local water level variations. 
Because the goals of the model are to address large-scale impacts sWTounding the 130-
acre lake, small-scale deviations from measured water table configurations were 
considered acceptable. 

Groundwater modeling was performed using Visual MODFLOW v. 4.1, which includes 
MODFLOW-2000, a modular 3-dimensional finite-difference groundwater flow model 
developed by the U.S. Geological Survey (USGS; Harbaugh et al. 2000). Visual 
MODFLOW also includes MODPATH and Zone Budget, two USGS programs to 
calculate particle pathlines and subregional water budgets, respectively. 

The following sections describe the regional geology and hydrology, model grid and 
boundary conditions, steady state calibrations, and predictive modeling results. 

GROUNDWATER. MODELING REPoRT 2 AUGUST2010 
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2.0 REGIONAL GEOLOGY AND HYDROLOGY 

The Matanuska valley near Palmer is bounded by the Talkeetna Mountains on the north 

and the Chugach Mountains to the south and east (Figure 2-1). The Matanuska valley 

was formed by repeated glacial advances along a zone of faulting and deformation 

between metasedimentary and metaigneous rocks the Chugach Terrane on the south 

and granitic and sedimentary rocks the Peninsular Terrane on the north. Bedrock is 
exposed at the surface along the fronts of the Talkeetna and Chugach mountains, and is 

mantled by alluvium on the valley floor. The t1lickness of alluvium varies considerably, 

ranging up to over 200 feet near the center of the "Palmer terrace" (Pewe and Reger 

1983; Figure 2-2). Local bedrock hlghs occur at Bodenburg Butte, a constriction of the 

Matanuska River near Palmer, and in the western part of the AS&G property (Figures 2-

1 and 2-2). 

Figure 2-1. Regional Geologic and Hydrologic Setting 
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Figure 2-2. "Palmer terrace" and Crevasse-Fill-Ridge Deposits 

AS&G's Palmer Pit is located in crevasse-fill-ridge deposits located immediately west of 

the "Palmer terrace" (pewe and Reger 1983). These deposits formed in subparallel 
crevasses that developed in stagnant ice during the later stages of the Naptowne 

Glaciation. Although most of the ridges are comprised of marketable sand and gravel 

(Figure 2-3), one ridge on the west side of Wilder Pond contained a silt lens that 

Figure 2-3. Typical Crevasse-Fill-Ridge Deposit, Palmer, Alaska 

•• ~ _ • . :f>" 
. _ '.~ .. t-:- · ~· ·" :" _ ' . 

. _ I. 
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separated the dredge pond from a topographically depressed area to the west. The silt 

lens was breached in July 2004, causing flooding of the depressed area and lowering of 

the dredge pond by as much as 7.6 feet (Figure 2-4) . 

Figure 2-4. Wilder Pond in 2003 vs. 2006 

The "Palmer terrace" was deposited slightly after the crevasse-fill-ridge deposits, as the 
Naptowne ice front retreated to the north. These outwash deposits locally overlie the 

crevasse-fill-ridge sediments in the vicinity of the Palmer Pit (Pewe and Reger 1994). 

Based on a regional water table map prepared by the U.S. Geological Survey (Moran and 

Solin 2006), groundwater flow is generally southward from the Talkeetna Mountain 
front (Figure 2-1). In the vicinity of the Palmer Pit, groundwater occurs in an 

unconfined aquifer tapped by numerous domestic and community water supply wells 
(Figure 2-5). The aquifer is relatively thick (locally over 200 feet) and commonly exhibits 

high well yields. Comparison of the water table elevation with adjacent floodplain 
elevations (Figure 2-2) suggests that the unconfined aquifer is recharged by both the 
Matanuska River and by groundwater inflow from the north. Oxygen isotope studies 

performed by the u.s. Geological Survey indicate that the water table aquifer 

GROUNDWATER MODELING REPORT 5 AUGUST 20 10 
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Water table contours. West half of map 
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Figure 2-5. Water Table in the 
Vicinity of AS&G's Palmer Pit 
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has a direct hydraulic connection to many lakes in the Palmer-Wasilla area (Moran and 
Solin 2006). 

AS&G has performed periodic water level measurements at the Palmer Pit since 2003 

(Figure 2-6). The initial monitoring network included a number of test pits that were 

replaced with monitoring wells in 2005. The current monitoring network includes 19 

PVC monitoring wells, three inactive steel-cased wells, and an active domestic well. 

Water levels in the central Wilder Pond were monitored from 2003 to 2005, but were not 

available for the east and west ponds until July 2010. Similarly, concurrent water level 

elevations for Canoe and Irene Lakes were not available until July 2010. 

Including water surface elevations for Irene Lake and the three adjacent dredge ponds, 

the July 8, 2010 water table configuration reflects the most complete set of water level 

measurements in the monitoring database. Long-term hydrographs show that the July 

8, 2010 water table configuration elevation is relatively stable, having adjusted to the 

adjacent dredge ponds excavated in 2002 through 2007 (Figure 2-6). 
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Figure 2-6. Long-term Hydrographs, AS&G Monitoring Wells 
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The July 8, 2010 water table configuration shows a generally southward groundwater 

flow direction that curves around a bedrock high separating Baird and High Ridge 

Lakes to the north from Canoe and Irene Lakes to the south (Figure 2-7). Based on 
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aerial photogrammetric measurements (AeroMetric 2008), the elevation difference 

between Baird and Irene Lakes is about 25 feet. Although the surface of Canoe and 

Irene Lakes is about 5 feet above the water table, the slope of the water table is consistent 

with the elevation difference between the lakes north and south of AS&G's property. 

The difference between the water table elevation and the surface of Canoe and Irene 

Lakes suggests that the lakes are perched by fine grained sediments lining the bottoms 

of the lakes. Perching of lakes and streams has long been recognized in the 

groundwater literature, and is commonly modeled using a reduced lake or streambed 

conductance relative to the underlying deposits (e.g. Merritt and Konikow 2000). 

Although the unconfined aquifer generally flows southward toward discharge areas 

along the Matanuska River (Munter 2010), the lowest groundwater elevations occur in 

the southwest comer of AS&G's property (Figure 2-7). This suggests a zone of increased 

transmissivity south of Canoe Lake. By analogy with Echo and Kepler Lakes, Canoe 

and Irene Lakes were once occupied by stagnant ice masses separated by meltwater 

streams (Reger and Updike 1983). Flow constrictions between the stagnant ice masses 

could have resulted in high-permeability zones between the lakes. Fine-grained 

sediments and a former pond at the location of Wilder's central pond (Figure 2-2) 

suggest that an ice mass was present in this area. If so, meltwater flows could have been 

constricted between this area and the ice mass in Canoe Lake, resulting in a buried 

channel of high-permeability deposits. 

GROUNDWATER MODELING REPoRT 9 AUOUST2010 
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3.0 MODEL GRID AND BOUNDARY CONDITIONS 

As proposed in AS&G's Groundwater Modeling Plan (Brailey 2009), the model grid is 

oriented north-south, approximately parallel to the regional groundwater flow direction 

(Figures 2-1 and 2-4). The grid includes three layers, each consisting of 43 rows and 34 

columns. The bottom layer (Layer 3) represents bedrock, simulated using inactive cells. 

Geologic mapping performed by AS&G indicates a bedrock ridge beneath the western 

part of AS&G's property, where bedrock elevations extend up to 30 feet above the water 
table. The bedrock elevation is well-defined in the center and west of the model area, 

but required extrapolation to the north, east, and south (Figure 3-1). 

Model Grid Showing Bedrock Elevation Contours 
~''Y7'':~:-:~~~~~ 
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The middle layer (Layer 2) represents aquifer materials that will not be disturbed by 

mining, and the top layer (Layer 1) represents materials that will be removed (Figure 3-

2). The model was calibrated using the same hydraulic conductivity for Layers 1 and 2, 

representing hydrologic conditions before mining. The effect of gravel dredging was 

simulated by increasing the hydraulic conductivity of Layer 1 until all of the "lake" cells 

exhibited the same head. This provides an unbiased estimate of the lake elevation, 
dependent only calculated water flows into and out of the lake. 

Figure 3-2. Model Cross Section: Row 13 
o 
!!l 

o 

Ii! , 
o 

7 112'00 1l9DO 12600 13300 14000 14700 15400 16100 

The model's lateral boundary conditions are illustrated on Figure 2-1. Except where 
bedrock elevations are above the water table, the perimeter of the model is a constant 

head boundary with head values estimated from water table maps of the monitoring 

network. 

Groundwater recharge from precipitation was included by specifying a recharge rate of 

four inches per year throughout the model domain. This represents about one-fourth of 

annual precipitation, and is consistent with recharge values estimated by Patrick and 
others (1989) for lower elevations in the Anchorage Bowl. Modeling results indicate that 

recharge from precipitation is a relatively smaIl component of the overall water balance. 

A final boundary condition was included to assess the impact of water supply wells on 

the local groundwater flow system. There are five domestic wells and two community 

water supply systems within the model domain. The Pioneer Meadows community 

16700 
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water supply system served 86 residents in 2001, and the Crimson View community 

supply system served 120 residents in 1998. The five domestic wells serve individual 

homes. 

To evaluate the effect of water supply weIIs, two pumping wells were added at locations 

corresponding to the Pioneer Meadows wells (Figure 3-3). These wells are located such 

that the constant head boundary has little effect on modeled drawdown and flowlines. 

In contrast, the Crimson View well is located immediately adjacent to a constant head 

boundary. The Pioneer Meadows wells were both assigned continuous pumping rates 

of 100 gallons per minute (gpm), for a combined flow rate nearly ten times the Crimson 

View system's peak daily production for 2001. Even at these pumping rates, the model 

results demonstrate that the Pioneer Meadows wells have little effect on the 

groundwater flow system (Figure 3-3). By analogy, the Crimson View well and the five 

domestic wells should have little effect on the goals of the modeling effort. 

GROUNDWATER MODELING REPoRT 12 AuausT2010 
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Figure 3-3. Effect of the Pioneer Meadows Wells Pumping at 100 gpm Each 
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4.0 MODEL CALmRATION 

AS&G's Groundwater Modeling Plan proposed fitting the model to measured water table 

configurations during and after a June 2004 pumping test of Wilder Pond, using the 

measured pumping rate (3,300 gpm) as an additional boundary condition. Two sets of 

water level measurements were recorded during this period, on June 12 and June 27, 

2004. As shown on Figures 4-1 and 4-2, other water level changes (unrelated to 

pumping) also occurred between June 12 and 23, 2004. Because the non-pumping water 

level changes had a significant effect on the flow rate entering Wilder Pond, the 

measured pumping rate could not be reproduced within reasonable parameter limits. 

However, an acceptable steady-state calibration was obtained using water level 

measurements on July 8, 2010 (Figure 4-3). In addition to the wells measured in June 
2004, the July 8,' 2010 measurements included several data points near AS&G's south 

property boundary, including Wells H and I, the three dredge ponds south of AS&G's 

property, and Irene Lake. Long-term hydrographs show that the July 8, 2010 water table 

configuration elevation is relatively stable, having adjusted to the adjacent dredge ponds 

excavated in 2002 through 2007 (Figure 2-6). 

Based on consistent pump test results for Wilder Pond and the AS&G Well (Appendix 

A), the July 8, 2010 calibration assumed a regional hydraulic conductivity of 1,~0 

ftl day, with a lens of reduced hydraulic conductivity paralleling Canoe and Irene Lakes 

(Figure 4-3). A pump test performed on Well I (Appendix A) indicates a local hydraulic 

conductivity of 50 ftl day on the east side of the lens, and the 8-foot difference in water 

levels suggests an even lower hydraulic conductivity between Wilder's central and 

western dredge ponds. Accordingly, the lens was assigned an hydraulic conductivity of 

50 ft/day near Well I and 10 ft/day between Wilder's central and western dredge 

ponds. 'This hydraulic conductivity distribution results in an average error of +1.22 feet 

in predicted water table elevations west of the low permeability lens, and an average 

error of +0.14 feet elsewhere throughout the model. The model error west of the low 

permeability lens coUld be reduced by' further increasing the local hydraulic 

conductivity, but this result has little effect on model outcomes. 

GROUNDWATER MODELING REPoRT 14 AuaUST2010 
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5.0 PREDICTIVE MODELING RESULTS 

Predictive modeling runs were performed using the July 8, 2010 water table 
configuration, reflecting the current dredge pond geometry south of AS&G's property. 
The model runs were performed assuming steady-state conditions, which does not 
account for seasonal water table fluctuations or variations in pumping and recharge 
rates. Nevertheless, the steady-state runs illustrate the general groundwater flow 
changes that can be expected after dredging of the lake. 

The effect of the lake was simulated by increasing the hydraulic conductivity of Layer 1 
until all of the lake cells showed the same head value. In the lake's original 
configuration, convergent solutions were obtained using Layer 1 hydraulic 
conductivities up to 10,000,000 ft/ day, resulting in lake head values that agreed to 
within 0.01 feet However, subsequent dredging plans involved a 20 percent expansion 
of the south half of the lake. In this configuration, convergent solutions could only be 

obtained for Layer 1 hydraulic conductivities up to 5,000,000 ft/ day. This configuration 
results in a O.OB-foot head difference between the north and south halves of the lake 
(Figure 5-1). In reality, there would be no difference in water surface elevations between 
the two ends of the lake. The O.OB-foot head difference reflects the Layer 1 hydraulic 
conductivity needed to achieve a convergent solution (5,000,000 ft/ day), which provides 
more resistance to flow than an open channel. Although slightly inaccurate from a 
surface water staI:tdpoint, this difference does not affect the accuracy of modeled 
groundwater elevations and flow quantities. Rather, the modeling approach provides 
an unbiased estimate of the resulting lake elevation. 

The modeled water table contours indicate that groundwater would enter the north baH 

of the lake and exit via the south half (Figure 5-1). Comparison of modeled 
groundwater levels indicates that the lake would reduce the water table elevation at the 
Pioneer Meadows wells by about 0.5 feet Because these wells are both 100 feet deep 
and have static water levels ranging from 27 to 30 feet (ADNR 2010), the lake would not 
affect their well yields. Ukewise, because flow is toward the north baH of the lake 
(Figure 5-1), the lake would not affect their water quality. Although the Crimson View 
well is too close to the model boundary for accurate simulation, its location suggests that 
there would be no change in well yield or water quality. 

The closest domestic well downgradient of the proposed lake is the Church well, located 
approximately 450 feet from the lake's southeast comer (Figure 5-1). The presence of 
domestic wells between Canoe and Irene Lakes suggests that the aquifer provides 
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adequate filtration over horizontal distances much smaller than 450 feel As a result, no 

water quality impacts are expected at the Church well. 

The rate of groundwater flow through the lake was calculated using MODFLOW's Zone 

Budget module (Harbaugh 1990). Groundwater flow was calculated through the lake 

cells and through a cross section downgradient of the lake (Figure 5-1). The 

downgradient cross section was divided into two segments, one discharging into Wilder 

Pond and another discharging towards Canoe and Irene Lakes. The results shown on 

Table 5-1 indicate that the lake cells would transmit about 11 million gallons per day 

(mgd) after dredging, as compared with about 3 mgd under current conditions. Flow 

through the downgradient cross section would increase from 6.8 to 11 mgd, with most 

of the discharge entering Wilder Pond. 

Table 5-1. Zone Budget Results 

Flow Flow through Downgradient Cross Section, mgd1 

Dredging through 
Increase 

Option Lake Cells West East Percent 
Segment Segment 

Total Over 
Increase (mgd1) Baseline 

Baseline 
conditions 3.0 1.6 5.2 6.8 

One Lake 10.7 1.7 9.5 11.2 4.4 65 

Two Lakes 9.7 1.6 6.6 8.3 1.5 22 

NorthLake 
Only 6.2 1.6 5.6 7.2 0.5 7.0 

1 mgd = million gallons per day 

Although the model boundary requires a constant water level in Wilder Pond, pump 

test results (Appendix A) indicate that the increased flow would raise the pond level. By 

maintaining a lower pond elevation, the model boundary overestimates pond inflow. 

Nevertheless, it appears that a single lake on AS&G's property could cause a significant 

increase in the elevation of Wilder Pond. To reduce the inflow into Wilder Pond, a dike 

could be constructed between the north and south halves of the lake (Figure 5-2). Using 

an hydraulic conductivity of 10 feet/day, a 200-foot dike would reduce the inflow into 

Wilder Pond to about 1.5 mgd. Comparison with the June 2004 pump test results 

indicates that the additional inflow would raise the Wilder Pond level by about 1.5 feet. 

If dredging was limited to the north lake only, the additional inflow into Wilder Pond 

would be about 0.5 mgd, resulting in a pond level increase of about 0.5 feet. 
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La Sage (1992) noted that the Palmer city wells are permitted for withdrawal of 2 mgd, 

and that irrigation use probably exceeds 6 mgd. Based on analysis of water level 

records, La Sage concluded that these withdrawals are not stressing area aquifers, and 

that the potential water supply significantly exceeds actual use. With a dike between the 

north and south lakes, the increased flow due to dredging (1.5 mgd) represents less than 

one-fourth of 1992 irrigation use. Considering that the water is recharged into the 

aquifer, the dredging activity should have little effect on the overall groundwater flow 

system. 

For comparison, the increased flow resulting from two lakes (1.5 mgd) represents about 

one-fifth of the mean annual flow of Wasilla Creek at Fishook Road, located 

approximately 10 miles upstream from the Palmer Hay Flats. 

The foregoing analyses assume that flow into and out of the lake will not be affected by 
fine-grained sediments accumulating on the lake bottom. In reality, most natural and 
man-made lakes develop a sediment lining that reduces groundwater exchange. For 
example, the water surface of Canoe Lake is perched approximately 5 feet above the 

water table, indicating that fine-grained sediments limit outflow into the aquifer. The 
dredging process will suspend fine-grained sediment in the water column, which will 
settle onto the lake bottom as dredging proceeds. The rate and thickness of sediment 
accumulation is unknown, but it will likely reduce both inflow and outflow. 

AS&G plans to dredge the lakes in a north-to-south direction over a 15- to 20-year 
period. During this time, water levels will be monitored regularly and compared 

against the rate of increase predicted by the model (Figure 5-3). The resulting data will 
be used to assess the effect of sediment accumulation and to monitor for unforeseen 

adverse effects. Mitigating steps will be implemented if the data indicate any potential 
future problems. 
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Figure 5-3. Modeled Rate of Water Level Increase during Dreding of the North Lake 
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APPENDIX A - GROUNDWATER PUMPING TESTS 

Although the modeled water table geometry is primarily controlled by the configuration 

of the surrounding constant head boundary, the rate of groundwater flow through the 

model is dependent on the aquifer's hydraulic conductivity. To determine 
representative hydraulic conductivity values, groundwater pumping tests were 

performed on Wilder Pond and two wells located on AS&G's property. These tests are 

described in the following sections. 

A.I June 2004 Pumping Test on Wilder Pond 

In preparation for subsequent dredging activities, Wilder Construction performed a 

pumping test on Wilder's central pond in June 2004. The pond was reportedly up to 200 

feet deep, and was separated from a previously mined area to the west by a silt dike 

(Figure A-I). The silt dike was sufficiently impermeable to prevent seepage into the 

mined area, which was depressed up to 8 feet below the pond surface elevation. To 

evaluate the effect of breaching the dike (Figure 2-4), water was pumped from the 

central pond to another location on Wilder's property. According to flow measurements 

performed by Wilder, the pond was pumped at a constant rate of 3,300 gpm for 7 days. 

The decline in water levels due to pumping was measured using pressure transducers 

installed in Wilder Pond and Well AA (Figure A-2). 

Figure A-t. Wilder Pond Extents, October 2003 
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Figure A-2. Water Levels in Wilder Pond and Well AA 
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The pumping test data were analyzed using type curves for flow to a large diameter 

well developed by Mishra and Chachadi (1985). This approach requires the assumed 

geometry shown on Figure A-3, where the pond is considered to be cylindrical. The 

sloping side:walls of the pond are simulated using the parameter a, defined as (J (rwlrc)2 

where (J is porosity and rw and rc are the radial dimensions shown on Figure A-3. The 

Figure A-3. Idealized Geometry for a = 0.1 
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aquifer is assumed to be confined, with no vertical component of flow. Although the 

aquifer is actually unconfined, the time-drawdown curve does not show the delayed 

gravity response characteristic of unconfined aquifers (Figure A-4). This suggests that 

the effect of gravity drainage is negligible relative to horizontal flow, and water is 

released from the aquifer predominantly via confined aquifer mechanics. Evidence for 

this type of response in unconfined aquifers is discussed further by Neuman (1974). 

Figure A-4. Time-Drawdown Data vs. Unconfined Type Curves 
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The pumping test data were evaluated by superimposing a log-log plot of drawdown 

vs. the reciprocal of time on type curves provided by Mishra and Chachadi (Figures A-5 

through A-7). Type curves are provided for different values of a, defined as: 

where (J is porosity and rw and rc are the radial dimensions shown on Figure 3. Selecting 

'II as the x-axis value corresponding to the duration of pumping (tp), transmissivity was 

calculated as: 

(2) 

For each value of a, a different value of rw was calculated by rearranging Equation (1). 

Results are summarized on Table A-I. 
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Figure A-5. Curve Fit of Pumping Test Data for a. = 0.01 
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Table A-I. Wilder Pond Transmissivity Calculations 

Parameter Source Curve Fit #1 Curve Fit #2 Curve Fit #3 

(Figure A-5) (Figure A-6) (Figure A-7) 

Porosity, ¢ Estimated 0.25 0.25 0.25 

Pond radius, rc [Area/x] 1h 566 feet 566 feet 566 feet 

Deep radius, rw from (1) 113 feet 35.8 feet 11.3 feet 

Duration of Transducer 7.1 days 7.1 days 7.1 days 
pumping, tp data 

x-axis value curve fit 0.0009 0.00008 0.0000073 
at tpl '1/ 

Transmissivity, from (2) 125,335 141,002 154,522 
ft2/day 

Comparison of Figures A-5 though A-7 suggests that the best fit of pumping and 

recovery test data was obtained for a = 0.001 (Figure A-6), indicating an aquifer 

transmissivity of about 141,000 ft2/day. Assuming an aquifer thickness of 200 feet, this 

result corresponds to an hydraulic conductivity of 700 ftlday. However, this result 

assumes that flow is fully radial throughout the surrounding aquifer. In contrast, the silt 

lens west of Wilder Pond constitutes an hydraulic barrier that was sufficiently 

impermeable to prevent seepage into the adjacent depression (Figure A-2). This 

configuration is similar to a well located near an impermeable boundary, which is 

evaluated in detail by Bear (1979). For the case of a well located immediately adjacent to 

an impermeable boundary, the measured drawdown should be twice the drawdown in 

an equivalent unbounded aquifer. Because drawdown is inversely related to hydraulic 

conductivity, reducing drawdown by half (while maintaining a constant flow rate) is 

mathematically equivalent to doubling hydraulic conductivity. Thus, the actual 

hydraulic conductivity should be twice the value obtained using the foregoing radial 

flow model, or about 1,400 feet per day. If the silt lens is somewhat leaky, then the 

actual hydraulic conductivity may be somewhat less. 

A.2 May 2010 Pumping Test on the AS&G Well 

To confirm that the hydraulic conductivity on AS&G's property is comparable to that 
measured at Wilder Pond, a pumping test was conducted on the II AS&G Well" on May 
14, 2010. Along with Wells M and N, the AS&G Well is one of three steel-cased wells in 

the center of the AS&G property (Figure 2-5). A well log is not available for this well, 
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but it is 80 feet deep, with a static water level about 30 feet below ground surface. Local 
knowledge indicates that well has not been used since the mid-1980's, and that it may 
have been a high-yield well used for gravel washing operations. 

The AS&G Well is 8 inches in diameter, but has no pump or power supply. It is not 
known if the well is screened, perforated, or open-ended. This information is important 
for analysis of measured drawdowns in the pumping well, which can be exaggerated if 
flow is restricted as it enters the well. For this reason, additional observation wells were 
considered for measurement of drawdown outside the pumping well. However, the 
small drawdowns reported for the adjacent Pioneer Meadows wells (A WPS 2010) raised 
concern that drawdown might not be measurable outside the pumping well. As a result, 
a single-well pumping test was planned prior to installation of any observation wells. 

During single-well pump tests, drawdowns in the pumping well can be affected by 
friction losses and by pump turbulence. However, the rise in water level after the 
cessation of pumping (termed recovery) can also be used to determine hydraulic 
conductivity. Although early-time recovery data can be affected by friction losses, the 
pumped well rapidly equilibrates with water levels outside the well casing, so that 
intermediate- and late-time recovery data reflect water levels in the surrounding-aquifer. 
The longer the well is pumped (and the higher the pumping rate), the larger the cone of 
depression becomes outside the pumping. well. The use of intermediate- and late-time 
recovery data minimizes the effect of friction losses, and provides a measure of 
hydraulic conductivity at a larger radial distance from the well. 

Based on high nearby well yields, Anchorage Well and Pump Service installed a 30-
horsepower turbine pump on May 14, 2010. The pump was powered by a 160 kilowatt 
(kW) generator providing 3-phase, 46O-volt power. The pump was connected with four 
inch-diameter pipe to a tota1izing flowmeter and a hose discharging downslope from the 
pumped well. During the test, the discharge flowed over the ground surface to the pit 

floor approximately 400 feet northwest. 

The water level in the pumped well was measured with a 5-psi pressure transducer 
suspended about 8 feet below the static water level. Figure A-8 shows a summary of 
water levels measured during pumping and the first 2 hours of recovery. The pump 
was first energized at 5:10 pm, but it produced only about one-tenth of its rated 
discharge ( ..... 300 gpm). The pump was turned off and on several times between 5:10 and 
6:10 pm, during which it was determined that the pump impellers may have been 
plugged. Upon re-starting the pump at 6:18 pm, the pump produced a steady flow rate 
of 270 gpm, but the power was accidentally disconnected at 6:26 pm. The well was 
allowed to recover, and the pump was re-started for a final time at 6:51 pm. 
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Figure A-8. AS&G Well Pump Test Summary 
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Water level data during the drawdown cycle of the AS&G Well pumping test are shown 

on Figure A-9. A semilogaritlunic plot is often used for drawdown analysis, during 

which water levels at later times should approach a straight line with a positive slope 

(i.e., drawdown should increase with time). In contrast, water levels during pumping 

Figure A-9. Drawdown Data - AS&G Well Pumping Test 
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showed decreasing draw downs after the first 6 seconds of pumping. One explanation 

for this behavior is that the pump used during the test may be more powerful·than 

previous pump(s) installed in this well. This would tend to remove fine sediment from 
the well screen and surrounding formation, thereby increasing the hydraulic 

conductivity in the vicinity of the well. Because of the decrease in drawdown over time, 

the drawdown data were not used for to determine hydraulic conductivity. 

Water level data during the recovery period following the pump test are shown on 

Figure A-lO. Recovery data are analyzed using a semilogarithmic plot of draw down 
versus the quantity t/ (t-t2), where t is the time since pumping started and t2 is the 

duration of pumping. The recovery data show a series of oscillations after the pump 

was shut off, followed by a gradual water level recovery. Oscillating recoveries are 

commonly observed during slug tests in high-permeability aquifers (van der Kamp 

1976), and are attributed to inertial forces within the well casing. In contrast, the aquifer 
response away from the well casing is best respresented by intermediate- and late-time 

recovery data, after the oscillations have ceased. 
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Figure A-IO. Summary of AS&G Well Recovery Data 
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When plotted against t/(t-t2} on semilogarithmic axes, the recovery data should 
approximate a straight line at intermediate and late times. As shown on Figure A-11, 

the largest rate of recovery occurred between 30 and 100 minutes after pumping 
stopped, indicating an hydraulic conductivity of about 1,400 feet per day. The 
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somewhat erratic data collected after 100 minutes appears to have been affected by 
retrieval and replacement of the transducer (at 11:05 pm), and by rising water levels 

over the course of the next day (up to 0.03 feet). These effects can be minimized by 
limiting the analysis to the period between 30 and 100 minutes after the cessation of 
pumping. 

Figure A-ll. Curve Fit of AS&G Well Recovery Data 
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A3 June-2010 Pumping Test on Well I 

Although the water table is relatively flat on the north half of AS&G's property (Figure 
2-5), the slope of the water table increases to the southwest. To investigate the hydraulic 
conductivity in this area, a pumping test was performed on Well I. This well is 
equipped with a pump, and provides domestic water for the break shack adjacent to 
AS&G's equipment maintenance shop. A well log is not available for Well I, but it is 57 
feet deep, with a static water level about 34 feet below ground surface. The well is 6 
inches in diameter, and probably consists of open-ended steel casing. Based on Figure 
3-1, the depth to bedrock at Well I is about 105 feet. 

The pump clischarge from Well I passes through about 40 feet of buried 3/4-inch copper 

pipe before entering a pressure tank in the break shack. To maximize the flow rate, 
temporary piping was installed to bypass the pressure tank, discharging to the ground 
surface about 70 feet northeast of the well. From there the discharge flowed northeast 
into a vegetated area. 
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To check for natural water level fluctuations, water levels in Well I were recorded for 

about 8 hours before the test. The well was pumped at 7.2 gpm for 5 hours, and the 

recovery of water levels was recorded for 9 hours after the test. Unlike the AS&G Well 

test, draw down increased throughout the pumping period (Figure A-12), but the 

resulting hydraulic conductivity values were lower than those obtained during the 

recovery period. Because hydraulic conductivity values obtained during pumping can 

be biased by friction losses, the following analysis focuses on data obtained during the 

recovery period. 
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Figure A-12. Well I Pump Test Summary 
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Water level-recovery data following the Well I pumping test are shown on Figure A-13. 
1bis plot has the same semilogarithmic axes as those discussed for Figure A-l0. Due to 

the lower permeability at this location, initial recovery data does not exhibit the 

oscillations typical of high-permeability formations (van der Kamp 1976). Rather, the 

drawdown data shows a rapid decline after the pump was turned off, followed by a 

linear water level recovery. The slope of the recovery plot between 30 minutes and 8 

hours after the cessation of pumping yields an hydraulic conductivity of 53 feet per day, 

which is significantly lower than the values measured at Wilder Pond and the AS&G 

Well. 1bis is consistent with the low yield of Well I (7.2 gpm) as compared with the 
AS&G Well (270 gpm) and Wilder Pond (3,300 gpm). 
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Figure A-13. Summary of Well I Recovery Data 
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Figure A-14. Curve Fit of Well I Recovery Data 
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