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EXECUTIVE SUMMARY

The objective of this study is to satisfy the requirement of 
the Utah State Engineer to evaluate the influence of pump-
ing a groundwater well near the Cache-Weber county line 
in the Powder Mountain area, east of James Peak. The pur-
pose of this objective is to determine the mitigation required 
for each county impacted by pumping of the proposed well. 
The potential drawdown from the proposed well in the Pow-
der Mountain carbonate aquifer system was modeled using 
aquifer properties derived from air-lift tests to determine the 
shape and size of a cone of depression around the proposed 
well.  Based on the proposed well site location, assuming ho-
mogenous aquifer properties and typical municipal well use, 
35 to 40% of the water pumped by the well would be derived 
from the Cache County side of the carbonate aquifer system.

INTRODUCTION

This study was conducted to determine the relative contribu-
tion of groundwater from the lower carbonate aquifer sys-
tem of Cache and Weber Counties to a proposed well in the 
Powder Mountain area of northern Utah. The relative vol-
ume of water from each county was determined based on a 
technique that uses forward modeling of the pumping from 
the proposed well (Inkenbrandt, 2016). The impetus of this 
project is to satisfy the Reissued Order of the State Engineer 
(8/19/2015):

“A separate, similar evaluation to that already con-
ducted for the Hidden Lake Well to determine any 
necessary mitigation to be provided to Bear River 
water right holders must be completed by the ap-
plicant when each well is drilled. The mitigation 
amount and plan for each individual well must be 
approved by the State Engineer.”

To determine the relative volume of water captured from 
Cache and Weber Counties, I conducted a forward model of 
a proposed well in the lower carbonate aquifer system, based 
on aquifer properties estimated from pumping tests.

Location 

The study area consists of the Powder Mountain area (figure 1), 
including adjacent streams and springs. The Powder Mountain 
area straddles the Cache-Weber county line, which follows the 
natural surface water divide between the Little Bear and Og-
den Rivers, within hydrologic unit codes 160102030102 and 
160201020304.  The proposed well, henceforth referred to as 
the Bloomington Well, is located at North 1487 ft and East 
1548 ft from the south-center of section 6, T. 7 N., R. 2 E., Salt 
Lake Base Line and Meridian. UTM coordinates based on this 
public land survey description are approximately 436144m E 
and 4580000m N (NAD 83 UTM Zone 12).  The proposed 
Bloomington well site is approximately 50 feet north of the 
existing Hidden Lake Well tapping the Nounan Formation, 
but will be drilled deeper into the carbonate aquifer below 
the Calls Fort Member of the Bloomington Formation (figure 
2).  The ground elevation of the proposed well site is approxi-
mately 8915 feet above sea level.

Hydrogeology

The regional carbonate aquifer consists of upper and lower 
carbonate units.  The shale-rich Calls Fort Member of the 
Bloomington Formation separates the two carbonate units.  
The units are likely hydraulically connected on a regional 
scale by secondary permeability (fractures and karst) (Inken-
brandt and others, 2016).  However, differences in groundwa-
ter elevations (downward gradient), as well as springs near 
formation boundaries and the presence of significant thick-
nesses of shale in the well logs, all support localized separa-
tion of the two units (appendix A). Recharge to the lower car-
bonate aquifer by leakage from the overlying aquifer is likely.

The upper carbonate aquifer is unconfined and locally 
perched, and has a transmissivity of 228 ft2/day and a storativ-
ity of 0.006 (Inkenbrandt and others, 2016).  Unconsolidated 
sediments and the Tertiary Wasatch Formation overlie the up-
per carbonate aquifer. Lefty’s Spring issues from the Nounan 
Formation, which is part of the upper carbonates south of the 
Hidden Lake Well.  Lefty’s spring is currently equipped with 
continuous monitoring equipment.

by Paul Inkenbrandt

FORWARD MODELING OF WELL PUMPAGE FROM THE POWDER 
MOUNTAIN CARBONATE AQUIFER, NORTHERN UTAH
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Figure 1. The area of study is Powder Mountain, with a focus on the extent of the carbonate 
aquifer (dotted area). The inset shows the relative position of the wells examined for this study.
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The only information available for the lower carbonate 
aquifer is from spring measurements and data provided by 
Loughlin Water Associates, LLC.  The Loughlin Water As-
sociates, LLC data are derived from a 2480-foot-deep ob-
servation borehole known as Exploration Well 2 adjacent 
to the Hidden Lake Well (figure 1). Analyses of groundwa-
ter level changes from a 24-hour airlift test indicate that the 
transmissivity of the lower carbonate aquifer is approxi-
mately 130 ft2/day (appendix A).  Inkenbrandt and others 
(2016) measured springs issuing from the lower carbonate 
unit and noted that flow contribution from the lower car-
bonate unit makes up about half of the flow of Wolf Creek 
(figure 1), the major drainage on the Weber County (Ogden 
River) side of the Powder Mountain area.

METHODS

This project applied methods described in Inkenbrandt and 
others (2016). This approach uses properties derived from 
aquifer tests to determine the shape of the cone of depression 
created by pumping.  The distribution of the cone of depres-
sion across the county line then determines the relative vol-
ume extracted from each county.  To model the cone of de-
pression I used AQTESOLV (Duffield, 2007) and an ArcGIS 
toolbox; each program created a modeled cone of depression. 

The models applied in both the ArcGIS toolbox and AQTE-
SOLV are two-dimensional models that assume the aquifer is 
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Coogan and King, 2016). The approximate stratigraphic position of important 
springs and wells is shown on the right.

THICKNESS
     FEET        METERS

SCHEMATIC
COLUMNGEOLOGIC UNITAGE UNIT

SYMBOL

0–500 0–150Alluvial and lake deposits

Norwood Tu� 0–500 0–150

Q
. Q- various

Tw Wasatch Formation 0–1300 0–400

Tn

TE
RT

IA
RY

Salt Lake Formation 0–500 0–150Tsl
Ts

n

BA
SI

C 
U

N
IT

A Valley wells

Yo
un

g 
Cl

as
tic

s 
U

pp
er

 C
ar

bo
na

te
s 

O
ld

 S
ili

ci
cl

as
tic

s 

Post Spring

AProposed
Bloomington Well

Lo
w

er
 C

ar
bo

na
te

s 

Figure 2. Hydrostratigraphy for the Powder Mountain area (modified from Coogan and King, 2016). The approximate stratigraphic 
position of important springs and wells is shown on the right. 



Utah Geological Survey4

isotropic and homogeneous. However, the aquifer is likely 
anisotropic and primary permeability may result from het-
erogeneous fracturing. Heterogeneity exists in the aquifer 
in the form of karst and stratigraphic discontinuities in the 
carbonate units are likely (Inkenbrandt and others, 2016). 
The modeling approach assumes that the modeled cones 
of depression would not intersect or tap karst conduits or 
significant solution-enhanced fractures.  Both ArcGIS and 
AQTESOLV are limited to conditions with no recharge, 
and therefore do not account for distribution of recharge 
across county boundaries. 

The conceptual model used for the AQTESOLV (Duffield, 
2007) analysis was of a bounded, leaky confined aquifer. To 
conduct the forward model, I applied the Neuman-Wither-
spoon (1969) solution to the aquifer test data.  The Neuman-
Witherspoon (1969) solution allows for two-dimensional 
analysis of a two-aquifer system separated by a leaky con-
fining layer. This model allows the user to account for water 
derived from overlying layers.  The model uses a constant 
100 gpm pump rate and aquifer parameters calculated from 
recovery of an air-lift test (appendix A).  Aquifer storativ-
ity was assumed to be comparable to that of the upper car-
bonate unit.  The setup of the AQTESOLV model (Duffield, 
2007) is provided in appendix B.  The same analysis was 
conducted using a pumping rate of 200 gpm to determine the 
model’s sensitivity to pumping rate.

The expected drawdown from the ArcGIS model was also 
plotted using a higher pumping rate and the assumption of a 
confined aquifer to determine the sensitivity to the concep-
tual model.  For the conceptual model of the confined aqui-
fer, I used the Theis (1935) solution for a confined aquifer.

Forward model results were plotted as grids of drawdown 
for time intervals of one week, two months, four months, 
and one year of pumping. Each grid was then cut along the 
county boundary, and an average drawdown was calculated 
using ArcGIS statistics to yield the relative percentage of 
drawdown by county.

RESULTS

As average areal drawdown in the lower carbonate aquifer 
increases, the relative volume of water taken from Cache 
County increases (figure 3A; appendix C), eventually flat-
tening out around 40% of the total volume of water ex-
tracted. Forward modeling of the aquifer test shows that 24 
to 44% of the water extracted from the aquifer comes from 
Cache County for time intervals between 2 and 240 days 
(figure 3A; appendix C).  More than 240 days without re-
charge while pumping at 100 gpm is an unlikely condition. 
To reproduce these conditions, large amounts of pumping or 
very little precipitation would have to occur for an extended 

A B C

Figure 3. Percent of water from Cache County as a function of A) areal drawdown, B) maximum (pumping well) 
drawdown, and C) volume of water extracted.
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duration. A long-term imbalance between groundwater re-
charge and pumping could result in the conditions like those 
produced by the long-term cases of the forward model.

To illustrate maximum potential drawdown due to long-term 
pumping, a plot of forward-model drawdown for a pumping 
period of 240 days is shown in figure 3B. Based on this model, 
the cone of depression does not extend to the assumed aquifer 
boundaries. This period of pumping is greater than the typi-
cal 6-month recession, or no recharge period, shown by long-
term water-level trends and could be assumed to represent 
maximum possible drawdown related to pumping of the Hid-
den Lake Well over an extended drought period. The relative 
amount of forward model drawdown encountered in Cache or 
Weber County varies depending on the time span of pumping 
and the volume extracted (figure 3C). 

DISCUSSION

Based on the above methods, relative volume extracted from 
the aquifer on each side of the county line is a function of 
the shape, size and placement of the well’s cone of depres-
sion. The proposed Bloomington Well would be closer to 
the county line than the Hidden Lake Well, shifting the cone 
of depression 50 feet north. Because this well would likely 
have a relatively low transmissivity, the bulk of the volume of 
groundwater extracted would be focused near the well.

Based on observed drawdown and use of the existing Hidden 
Lake Well, pumping will most likely reproduce areal draw-
down and maximum drawdowns greater than those produced 
for the one- to five-day simulations, meaning that the expected 
extracted volume taken from Cache County will likely be 35 
to 40% (figure 3; appendix C).  If the wellbore is not com-
pletely vertical, and deviates significantly to the north or south 
of the proposed location, it will influence the percent volume 
extracted from each county. The size of the cone of depression 
would increase with pumping from the existing well, and total 
drawdown caused by both wells would be the sum of each 
individual well’s cone of depression.

Neither model was highly sensitive to the conceptual model or 
the pumping rate.  Water levels in the confined Theis (1935) 
conceptual model declined more rapidly than the Neuman-
Witherspoon (1969) model.

The aquifer system of the Powder Mountain area is particu-
larly challenging to model because it is fractured and karstic, 
on an assumed groundwater divide, and layered. Analytic 
element modeling could be applied to a layered system, but 
applying it to a groundwater divide is challenging, as it is usu-
ally assumed that there is one dominant hydrologic gradient.  
For this area, three-dimensional modeling, specifically MOD-
FLOW (Harbaugh, 2005), would be most appropriate because 

it could account for spatial variations in recharge and aquifer 
orientation, but it would still fall short in reproducing the karst 
flow paths in the aquifer system. 
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Loughlin Water Associates LLC 

Ltr13-38-PowderMtn-ExplWell2Rpt.doc Page 10 of 10 July 26, 2013 

Figure 3 – Plots of Air-Lift Yield and Groundwater Level versus Borehole Depth 
From End-of-Rod Data 

Figure 4 – Schematic Well Diagram 
Attachment A – Well Driller’s Report 
Attachment B – Geophysical Logs 
Attachment C – Laboratory Certificates of Analysis 
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AQTESOLV for Windows

Data Set:  E:\Google Drive\WORK\Powder Mountain Aquifer Extension\For Distribution\Long_Term_Aquifer_Test_U
Date:  05/18/17
Time:  14:44:20

PROJECT INFORMATION

Company:  UGS
Client:  DWR
Project:  1
Location:  Powder Mountain
Test Date:  11/2/2014
Test Well:  Hidden Lake

AQUIFER DATA

Saturated Thickness:  819. m
Anisotropy Ratio (Kz/Kr):  1.
Aquitard Thickness (b'):  65.5 m
Aquitard Thickness (b"):  1280. m

PUMPING WELL DATA

No. of pumping wells:  1

Pumping Well No. 1: Developed Exp2

X Location:  436144. m
Y Location:  4580000. m

Casing Radius:  0.18 m
Well Radius:  0.18 m

Fully Penetrating Well

No. of pumping periods:  1

Pumping Period Data
Time (min) Rate (gal/min)

0. 100.

OBSERVATION WELL DATA

No. of observation wells:  1

Observation Well No. 1: Developed Exp2

X Location:  436144. m
Y Location:  4580000. m

Radial distance from Developed Exp2:  0. m

Fully Penetrating Well

No. of Observations:  0

SOLUTION

Pumping Test
Aquifer Model:  Leaky
Solution Method:  Neuman-Witherspoon

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
T 130. ft2/day

05/18/17 36 14:44:20

Appendix B. Parameters of the AQTESOLV model.
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AQTESOLV for Windows

S 0.006
r/B 0.08
ß 1.

T2 228. ft2/day
S2 0.006

K = T/b = 0.04838 ft/day (1.707E-5 cm/sec)
Ss = S/b = 7.326E-6 1/m
K'/b' = 0.001657 min-1
K' = 512.7 ft/day

05/18/17 37 14:44:20

Appendix B. Parameters of the AQTESOLV model.
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APPENDIX C

OUTPUT OF THE FORWARD MODELS
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Appendix C. Output of the forward models.

Max 
(m)

Areal 
Mean
(m)

Sum
(m)

Cache 207474 20837901 8.1 0.0014 298 1 200 N‐W Bottom 24 22%
Weber 140907 14152164 34.6 0.0076 1070 1 200 N‐W Bottom 87 78%
Total 348381 34990065 34.6 0.0039 1368 1 200 N‐W Bottom 111 100%
Cache 207474 20837901 10.2 0.0032 654 2 200 N‐W Bottom 53 28%
Weber 140907 14152164 36.9 0.0122 1723 2 200 N‐W Bottom 140 72%
Total 348381 34990065 36.9 0.0068 2378 2 200 N‐W Bottom 194 100%
Cache 207474 20837901 14.5 0.0172 3563 10 200 N‐W Bottom 290 37%
Weber 140907 14152164 41.3 0.0428 6027 10 200 N‐W Bottom 491 63%
Total 348381 34990065 41.3 0.0274 9590 10 200 N‐W Bottom 781 100%
Cache 207474 20837901 17.3 0.0515 10691 30 200 N‐W Bottom 871 39%
Weber 140907 14152164 44.1 0.1195 16844 30 200 N‐W Bottom 1372 61%
Total 348381 34990065 44.1 0.0788 27535 30 200 N‐W Bottom 2242 100%
Cache 207474 20837901 19.0 0.1010 20957 60 200 N‐W Bottom 1706 38%
Weber 140907 14152164 45.8 0.2378 33501 60 200 N‐W Bottom 2728 62%
Total 348381 34990065 45.8 0.1558 54458 60 200 N‐W Bottom 4434 100%
Cache 207474 20837901 4.0 0.0007 149 1 100 N‐W Bottom 12 22%
Weber 140907 14152164 17.3 0.0038 535 1 100 N‐W Bottom 44 78%
Total 348381 34990065 17.3 0.0020 684 1 100 N‐W Bottom 56 100%
Cache 207474 20837901 6.4 0.0042 869 5 100 N‐W Bottom 71 34%
Weber 140907 14152164 19.8 0.0120 1690 5 100 N‐W Bottom 138 66%
Total 348381 34990065 19.8 0.0073 2559 5 100 N‐W Bottom 208 100%
Cache 207474 20837901 7.3 0.0086 1782 10 100 N‐W Bottom 145 37%
Weber 140907 14152164 20.7 0.0214 3013 10 100 N‐W Bottom 245 63%
Total 348381 34990065 20.7 0.0137 4795 10 100 N‐W Bottom 390 100%
Cache 207474 20837901 8.6 0.0258 5345 30 100 N‐W Bottom 435 39%
Weber 140907 14152164 22.1 0.0598 8422 30 100 N‐W Bottom 686 61%
Total 348381 34990065 22.1 0.0394 13768 30 100 N‐W Bottom 1121 100%
Cache 207474 20837901 9.5 0.0505 10478 60 100 N‐W Bottom 853 38%
Weber 140907 14152164 22.9 0.1189 16751 60 100 N‐W Bottom 1364 62%
Total 348381 34990065 22.9 0.0779 27229 60 100 N‐W Bottom 2217 100%
Cache 207474 20837901 10.4 0.0989 20522 120 100 N‐W Bottom 1671 38%
Weber 140907 14152164 23.8 0.2387 33637 120 100 N‐W Bottom 2739 62%
Total 348381 34990065 23.8 0.1549 54159 120 100 N‐W Bottom 4410 100%
Cache 207474 20837901 11.2 0.1951 40472 240 100 N‐W Bottom 3295 37%
Weber 140907 14152164 24.6 0.4795 67562 240 100 N‐W Bottom 5501 63%
Total 348381 34990065 24.6 0.3091 108034 240 100 N‐W Bottom 8797 100%
Cache 207474 20837901 0.0 0.0000 0 1 100 N‐W Top 0 0%
Weber 140907 14152164 0.1 0.0000 0 1 100 N‐W Top 0 0%
Total 348381 34990065 0.1 0.0000 0 1 100 N‐W Top 0 0%
Cache 207474 20837901 2.7 0.0035 732 5 100 N‐W Top 60 38%
Weber 140907 14152164 3.2 0.0085 1195 5 100 N‐W Top 97 62%
Total 348381 34990065 3.2 0.0055 1927 5 100 N‐W Top 157 100%
Cache 207474 20837901 3.5 0.0079 1647 10 100 N‐W Top 134 40%
Weber 140907 14152164 4.0 0.0179 2522 10 100 N‐W Top 205 60%
Total 348381 34990065 4.0 0.0119 4169 10 100 N‐W Top 339 100%
Cache 207474 20837901 4.9 0.0251 5208 30 100 N‐W Top 424 40%
Weber 140907 14152164 5.4 0.0563 7933 30 100 N‐W Top 646 60%
Total 348381 34990065 5.4 0.0376 13142 30 100 N‐W Top 1070 100%
Cache 207474 20837901 5.7 0.0498 10340 60 100 N‐W Top 842 39%

Solution1 Aquifer
Volume 
Removed
(ac‐ft)

Contribution

Drawdown

County
Cell 
Count

AREA
(m2)

Pumping 
Duration 
(days)

Pump 
Rate
(gpm)
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Appendix C. Output of the forward models.

Max 
(m)

Areal 
Mean
(m)

Sum
(m)

Solution1 Aquifer
Volume 
Removed
(ac‐ft)

Contribution

Drawdown

County
Cell 
Count

AREA
(m2)

Pumping 
Duration 
(days)

Pump 
Rate
(gpm)

Weber 140907 14152164 6.2 0.1154 16263 60 100 N‐W Top 1324 61%
Total 348381 34990065 6.2 0.0761 26603 60 100 N‐W Top 2166 100%
Cache 207474 20837901 7.5 0.1944 40333 240 100 N‐W Top 3284 38%
Weber 140907 14152164 8.0 0.4760 67076 240 100 N‐W Top 5462 62%
Total 348381 34990065 8.0 0.3073 107409 240 100 N‐W Top 8746 100%
Cache 13747 12372300 4 0.002 23 1 100 Theis Bottom 17 16%
Weber 15629 14066100 49 0.008 125 1 100 Theis Bottom 91 84%
Total 29376 26438400 49 0.005 148 1 100 Theis Bottom 108 100%
Cache 13747 12372300 6 0.004 57 2 100 Theis Bottom 42 23%
Weber 15629 14066100 51 0.012 191 2 100 Theis Bottom 140 77%
Total 29376 26438400 51 0.008 249 2 100 Theis Bottom 181 100%
Cache 13747 12372300 13 0.027 376 10 100 Theis Bottom 274 30%
Weber 15629 14066100 49 0.057 883 10 100 Theis Bottom 645 70%
Total 29376 26438400 49 0.043 1259 10 100 Theis Bottom 919 100%
Cache 13747 12372300 16 0.084 1158 30 100 Theis Bottom 845 35%
Weber 15629 14066100 52 0.136 2121 30 100 Theis Bottom 1548 65%
Total 29376 26438400 52 0.112 3279 30 100 Theis Bottom 2392 100%
Cache 13747 12372300 18 0.167 2296 60 100 Theis Bottom 1675 36%
Weber 15629 14066100 54 0.257 4011 60 100 Theis Bottom 2927 64%
Total 29376 26438400 55 0.215 6307 60 100 Theis Bottom 4602 100%
Cache 13747 12372300 19 0.248 3415 90 100 Theis Bottom 2492 37%
Weber 15629 14066100 56 0.379 5920 90 100 Theis Bottom 4320 63%
Total 29376 26438400 56 0.318 9335 90 100 Theis Bottom 6811 100%
Cache 13747 12372300 20 0.329 4526 120 100 Theis Bottom 3303 37%
Weber 15629 14066100 57 0.501 7837 120 100 Theis Bottom 5718 63%
Total 29376 26438400 57 0.421 12363 120 100 Theis Bottom 9021 100%
Cache 13747 12372300 22 0.651 8953 240 100 Theis Bottom 6533 37%
Weber 15629 14066100 59 0.992 15511 240 100 Theis Bottom 11317 63%
Total 29376 26438400 59 0.833 24464 240 100 Theis Bottom 17850 100%

1 "Theis" is the Theis (1935) solution and "N-W" is the Neuman Witherspoon (1969) solution.
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