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EXECUTIVE SUMMARY

This report presents the findings of Phase 2 of a 2-phase project focused on improving
the understanding of the hydrogeological setting of the water supply sources for the Town of
Castle Valley, Utah, the quantification of the water resources available to the Town, and
updating the Town Water Balance with respect to new spring and stream flow data. In Phase 1,
a Hydrologic and Environmental System Analysis (HESA) of the Castle Creek and Placer Creek
watersheds was performed to identify the hydrological systems of specific importance to the
sustainability of the Castle Valley springs and wells as water supply for the Town and Valley. It
was concluded that the Valley’s water supply was mainly dependent on the hydrologic system
formed by the Castle Creek and Placer Creek Watershed and the Hillslope and Valley Bottom
Shallow Aquifers and supporting hydrostructure aquifers on the Valley sides. This Valley
hydrologic system was chosen for determining a water budget in Phase 1, and was chosen in
Phase 2 of the project as the setting for the quantification of the water storage available to the
Town and Valley.
Based on the HESA performed in Phase 1 of this study (Kolm and van der Heijde,
2016a), there are three areas (i.e., storage zones) important for groundwater storage calculations:
1) the Valley Fill Aquifer; 2) the Castle Creek Fracture Zone; and 3) the Placer Creek Fracture
Zone. The Valley Fill Aquifer is mostly under unconfined or water table conditions and is
characterized by specific yield estimates for unconsolidated sand and gravel deposits in the range
10 – 30%. Due to the extent and depth of these unconsolidated sediments, the Valley Fill
Aquifer will be most important for estimating total groundwater storage and dynamic
groundwater storage in the Castle Valley.
The Permian Cutler bedrock that underlies the rest of the Castle Valley predominantly
has no significant flow or storage capabilities. However, the Castle Creek and the Placer Creek
Fracture Zones are high K zones, and provide fracture storage up to 300 feet below the surface
with an average effective depth of 200 – 230 feet (well log based) and a specific yield (Sy) range
of 20% – 40% at the surface diminishing to close to 0% at 300 ft, amounting to an average Sy of
about 20% taken over an average 150 ft of saturated thickness.
Each hydrogeologic zone had an estimated volume (GIS area multiplied by a
representative average depth), and the storage zone volume was multiplied by the storage zone
Sy to yield a hydrogeologic zone water content value. Only part of this total water storage is
considered variable or recoverable storage; accessing additional storage is unsustainable and
considered groundwater mining. A first approximation for variable storage used in this Phase 2
report is 10% of total water content. The calculations show that the total average water volume
of the Valley Fill Aquifer is in the range of 42,160-126,490 ac-ft while the average variable or
“dynamic” storage ranges between 4,220-ac-ft, and 12,650 ac-ft. The average water volume for
the two fracture zones together is estimated at 112,800 acre-ft with a variable or dynamic storage
of 11,280 ac-ft. Average ground water content for the entire TCV hydrologic system is
estimated between 154,960 ac-ft and 293,290 ac-ft with a variable water storage between 15,500
and 23,930 ac-ft.
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It should be cautioned that groundwater storage or the presence of an underground water
reservoir is primarily a measure of how robust and sustainable the TCV hydrologic system is
under the current climatic and human use conditions. If the reservoir is significantly reduced by
aquifer development, the hydraulics of the system will be affected initially by stream flows
(riparian habitat both aquatic and vegetation), and by a rapid reduction of spring flows and well
yields. In addition, the effects of reduced stream flows in Castle Creek and Placer Creek through
diversion or climate change will rapidly affect the recharge and storage functions of the storage
zones forming the Castle Creek groundwater system, which are critical to Castle Valley Springs,
and the Town of Castle Valley Wells.
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INTRODUCTION

This report presents the findings of Phase 2 of a 2-phase project focused on improving
the understanding of the hydrogeological setting of the water supply sources for the Town of
Castle Valley, Utah, and the quantification of the water resources available to the Town. In
Phase 1, a Hydrologic and Environmental System Analysis (HESA) of the Castle Creek and
Placer Creek watersheds was performed to identify the hydrological systems of specific
importance to the sustainability of the Castle Valley springs and wells as water supply for the
Town and Valley. It was concluded that the Valley’s water supply was mainly dependent on the
hydrologic system formed by the Castle Creek and Placer Creek Watershed and the hillslope and
valley bottom unconfined aquifers and supporting bedrock hydrostructures on the Valley sides.
This Valley hydrologic system was subsequently chosen for determining a water budget in Phase
1, and in Phase 2 of the project as the setting for the quantification of the water storage available
to the Town and Valley. The results of the Phase 1 study are documented in Kolm and van der
Heijde (2016a and 2016b). A supplementary report contained a discussion regarding siting,
sustainability and protection of the planned Town culinary well (Kolm and van der Heijde
2016c). A review by the Utah State Engineers office (2017) produced comments and questions
regarding the bedrock hydrogeologic parts of the system, and regarding some of the calculations
of the preliminary water budget. A memoranda was written in response to these questions (Kolm
and van der Heijde, 2017). It has been requested by the Town that a project extension be
implemented to refine/update the water budget and resource quantification with a specific focus
on the ground water hydrologic system, including the calculation of groundwater storage in the
shallow aquifers of Castle Valley. As no new data or other information relevant for updating the
water budget has become available, this phase 2 report focuses on groundwater storage
evaluation.
The study area is located between the La Sal Mountains to the south, the Colorado River
to the north, the Porcupine Rim to the west, and the Castle Spires Rim and Adobe Mesa to the
east (Figure 1). The delineation of the study area is based on the nature and extent of the major
hydrogeological systems present, the surface hydrology of the area, and water resources related
land use considerations. The area covers the Castle Creek and Placer Creek watersheds. The
study distinguishes between 3 hydrologic entities: 1) the entire Castle Creek Watershed
(including Placer Creek drainage); 2) the lower Castle Valley hydrologic system (northwest of
roughly a line from the Castleton area to the Porcupine Ranch); and 3) the Castle Valley
Groundwater Basin (quaternary and tertiary sand and gravels, and underlying fractured bedrock).
The lower Castle Valley hydrologic system was the setting for the water budget developed in
Phase 1 of this study (Kolm and van der Heijde, 2016a).
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Figure 1. Topographic Map Showing the Location of the Castle Valley Study Area, Grand County, Utah.
(Utah GIS, 2015).
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2. HYDROLOGIC SYSTEMS OF THE CASTLE VALLEY (TCV) STUDY AREA
Based on field surveys and a preliminary HESA (Hydrologic and Environmental System
Analysis), two hydrologic subsystems were identified within the Castle Valley (TCV) study area
in Phase 1 of this project (Kolm and van der Heijde, 2016): 1) La Sal Mountain subsystem; and
2) Castle Creek and Placer Creek hillslope and valley bottom unconsolidated aquifer subsystem.
The La Sal Mountain subsystem, located in the southeastern part of the Castle Valley study area,
is a complex mix of bedrock and unconsolidated deposits, which form a robust groundwater
system that is directly connected to the surface water systems forming the headwaters of Castle
and Placer Creeks. The bottom of this subsystem is directly hydraulically connected to the Castle
Creek and Placer Creek hillslope and valley bottom aquifer subsystem, which includes the Castle
Spires Rim and Porcupine Rim, and the fractured arkose and White Rim members of the Permian
Cutler formation bedrock hydrogeologic unit and the associated high-K hydrostructures. This
subsystem is the focal point of the groundwater storage analysis presented in later sections of this
report.
There are two significant groups of hydrogeologic units in the TCV study area (Figure 2):
1) Quaternary and Tertiary unconsolidated clastic materials, overlying 2) Tertiary, Mesozoic and
Paleozoic bedrock units. Group 1 consists predominantly od water-bearing Stream Alluvium
(Qal), Alluvial Fan deposits (Qaf), Glacial Till (Qgt), Slumps and Slides (Qms), Talus and
Colluvium (Qmt), Bouldery Colluvium (Qcb), and Older Alluvial Fan Deposits (QTaf); group 2
includes the following potentially water-bearing units: Geyser Creek Fanglomerate (Tg);
fractured Tertiary Intrusive Granodiorite (Ti); and the fractured White Rim and Arkosic
members of the Cutler Formation (Pc). Most of these bedrock units have low matrix hydrologic
conductivity and have springs with low yields (less than 1 gal per minute) (Figure 15, Tables 2a
and 2b in Kolm and van der Heijde, 2016a). By comparison, the Triassic Chinle (Trc) and
Moehkopi Formations (Trm), labeled as bedrock undivided on Figure 14 in Kolm and van der
Heijde (2016a), the unfractured Cutler Formation (Pc), and the Paradox Formation (IPpc and
labeled “cap rock” on some figures) may act as thick, poorly transmissive confining layers
(Blanchard, 1990; Ford, 1997).
The thickness of subsurface distribution of these unconsolidated sediments are estimated
based upon the isopach maps produced in earlier studies (Lowe and others, 2004). The
thicknesses range from less than 25 ft in the southeastern part of Castle Creek above Castleton
and the southeastern part of Placer Creek above Porcupine Ranch, to greater than 300 ft in the
northern part of Castle Valley near Day Star Academy. The greatest thickness of the
unconsolidated material is in the collapsed part of Castle Valley northwest of Round Mountain
where average thicknesses ranging between 100 – 200 ft. are common (Figure 3).
The subsurface distribution of thickness is indicative of the structural collapse and
faulting with subsequent erosion and filling of fault zones with gravels. A linear paleovalley and
subsequent groundwater conduit is observed along the northeastern margin of the valley fill
beneath the modern day Castle Creek from Castleton extending to near Parriott Mesa (Figure 3, 4
and 5). The second linear paleovalley and subsequent groundwater conduit is observed along the
southwestern margin of the valley fill beneath the modern day Placer Creek above the Porcupine
Ranch extending to beneath the Town of Castle Valley town hall to the northwest (Figure 3, 4
and 5). These groundwater conduits approximately overly the bedrock conduits to be discussed
in subsequent sections of this report.
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Figure 2. Map Showing Hydrogeological Systems of TCV Study Area, Including the Bedrock-High K Zones,
and the Preliminary Water Budget Area of Phase I of This Project (after Kolm and van der Heijde, 2016a).

Hydrostructures, which are defined by folds, faults and fracture zones, control the
location of Castle Valley, the location of the Castle Creek, Placer Creek, and major tributaries,
the location of drainages that are part of the Porcupine and Castle Spires Rims, and the locations
of streams draining the La Sal Mountains. The main fold and fault structure is the Castle Valley
Salt Anticline with corresponding graben/collapse structure. The bounding faults of the collapse,
located on the northeast and southwest sides of Castle Valley, dip almost vertically and strike
from the southeast to the northwest. These two fault zones, which are in the White Rim and
Arkosic Members of the Cutler Formation are major hydrogeologic conduits (high hydraulic
conductivity zones or High “K” zones) (Figures 2 and 3). These conduits are continuous from
the southeastern part to the northwestern part of Castle Valley and have high yields of
groundwater with high TDS water quality (Figure 18 in Kolm and van der Heijde, 2016a). These
hydrostructural units pinch out at either end of the valley and with depth keeping the
groundwater system local and discontinuous beyond the Castle Valley topographic feature as
outlined in Figure 1. These hydrostructural units also block lateral flow perpendicular to the
fault zone. Therefore, no deep regional ground water is laterally entering or exiting Castle Valley
from the northeast or the southwest. The termination of these hydrostructural units to the
southeast and northwest also blocks lateral flow, so no deep groundwater is laterally entering or
exiting Castle Valley from the southeast or the northwest. It is hydrologically important that the
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entire valley is underlain by a deep “flat lying” caprock of the Paradox Formation. Effectively,
these hydrogeologic/hydrostructural units ensure that the Castle Valley Bedrock groundwater
flow system is entirely contained within the valley.

Figure 3. Map Showing Valley Fill Thickness, Three Major Hydro Storage Zones and Location of
Cross-sections in the TCV Study Area (After Kolm and van der Heijde, 2016a).

The fault and fracture zones have influenced the location of the main surface water
drainages in the TCV study area by providing zones of weakness whereby the streams have
downcut into or through the unconsolidated deposits into the underlying Cutler Arkosic and
White Rim Members bedrock, the Paradox bedrock, and the Granodiorite Porphery. As a result,
the TCV study area is dissected into two distinct surface hydrologic subsystems of varying
connectivity: Castle Creek and Placer Creek, both of which are separated in the southeastern part
of the Valley by Round Mountain and the La Sal Mountain ridges, and become connected in the
northwestern part of Castle Valley near the confluence of the drainages. The northwest-southeast
trending drainages mirror the underlying faults and fracture zones that include the collapse
structures located on the northeast and southwest sides of Castle Valley, and the underlying
faults and fracture zones that are parallel to these bounding structures (Figure 3, 4 and 5). These
structures are open, and function as groundwater conduits in bedrock, and paleo-valley
groundwater conduits in unconsolidated materials. These hydrostructures also contain storage
for groundwater discussed in later chapters of this report.
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Figure 4. Schematic Northeast-Southwest Cross-sectional View of the Conceptual Site Models of the
Hillslope and Valley Bottom Shallow Aquifer Subsystems in the Vicinity of the Town of Castle Valley
(A-A’ in Figure 3) (from Kolm and van der Heijde, 2016a).

Kolm and van der Heijde (2016a) delineated the regional, sub-regional, and local scale
hydrologic systems and identified the presence of Mountain, Mesa Top, Hillslope, and Valley
Bottom subsystems in the Castle Valley study area. In general, shallow groundwater flow in
these systems is with topography away from the mountain and ridge tops, along the axis of the
mesa tops, and/or towards the valley bottoms, perpendicular to the major streams. Where
permeable bedrock units underlie the mountains, mesa tops, hill slopes, and valley bottoms,
recharge by groundwater moving from unconsolidated hydrogeologic units into the bedrock
hydrogeologic units may occur.
The Castle Creek and Placer Creek subsystems are the focus of this report. Groundwater
flow in these subsystems can have a rather diffuse character and often flows towards or aligns
more or less with the streams and rivers. These groundwater flow systems depend primarily on
local recharge from precipitation; interactions with the main streams; discharge from Porcupine
and Castle Spires Rim, and Adobe Mesa; discharge from the bedrock subsystems such as the
Geyser Creek fanglomerates, the fractured arkoses and White Rim sandstones of the Cutler
Formation, and the Tertiary intrusive rocks of the La Sal Mountains foothills; and the
management of subsurface return flow from irrigation lands (Kolm and van der Heijde, 2016a).
The wetlands associated with the local hydrogeologic conditions in the Castle Creek and Placer
Creek drainages, and in the adjoining tributaries, are in general indicative of a near-surface
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groundwater level, an important element in determining aquifer water content and dynamic
storage . They are often found near stretches of perennial creek flows, and near springs.

Figure 5. Schematic Northeast-Southwest Cross-sectional View of the Conceptual Site Models of the
Hillslope and Valley Bottom Shallow Aquifer Subsystems Southeast of Round Mountain
(B-B’ in Figure 3) (from Kolm and van der Heijde, 2016a).

As springs are discharge points of groundwater flow systems, their presence in the TCV
study area provide clues about these groundwater flow systems, including the role of the
hydrogeological units, hydrostructures, and the effects of natural and anthropogenic recharge on
flow and water quality. Kolm and van der Heijde (2016a) identified three general categories of
springs: 1) unconsolidated unit/faulted shallow bedrock springs; 2) unconsolidated unit springs
controlled by topography, geomorphology, and upward gradient groundwater flow; and 3)
bedrock associated springs. As with wetlands, they are indicative of a near-surface groundwater
level.
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3. PRELIMINARY GROUNDWATER STORAGE CALCULATIONS FOR THE
CASTLE VALLEY (TCV) STUDY AREA
3.1Groundwater Storage Definitions
Groundwater is potentially stored in the pore spaces between the sand grains of
unconsolidated hydrogeologic units, in the pore spaces of the sedimentary bedrock, or in hydrostructures including fractures, fracture zones, bedding planes, faults, or fault zones. Groundwater
that is stored in the pore spaces is considered matrix water and may be in considerable amounts
in unconsolidated materials (such as the Castle Valley stream alluvium and alluvial fans) or may
be in very small amounts in well consolidated bedrock (such as *******). Groundwater that is
stored in the hydro-structures may be in very small amounts in microfractures or may be in
considerable amounts in large scale fracture and faults zones (such as the Castle Creek and
Placer Creek fracture zones, Figure 3). Most of the unconsolidated materials that form the
colluvium or slope deposits in the Castle Valley area are unsaturated and the amount of
groundwater storage is small. By comparison, the unconsolidated stream alluvium (Qal) and
alluvial fan deposits (Qaf) are partially saturated, and the storage is significant as indicated by
the extensive phreatophyte vegetation that is observed in area with shallow groundwater.
There are multiple descriptors of storage in aquifers. Storativity or the storage
coefficient is the volume of water released from storage per unit decline in hydraulic head in the
aquifer, per unit area of the aquifer. Storativity is a dimensionless quantity, and ranges between 0
and the effective porosity of the aquifer, or the percentage of open space in a unit of rock from
which water can be drained under gravity. For a confined aquifer or aquitard, storage is
described by specific storage, i.e., the volume of water released from one unit volume of the
aquifer under one unit decline in head. Specific storage is related to both the compressibility of
the aquifer and the compressibility of the water itself. Volumetric specific storage (or volume
specific storage) is the volume of water that an aquifer releases from storage, per volume of
aquifer, per unit decline in hydraulic head (Freeze and Cherry, 1979).
In hydrogeology, volumetric specific storage is much more commonly encountered
than mass specific storage. Consequently, the term specific storage generally refers to volumetric
specific storage. The compressibility terms relate a given change in stress to a change in volume.
Specific yield, also known as the drainable porosity, is a ratio, less than or equal to the effective
porosity, indicating the volumetric fraction of the bulk aquifer volume that a given aquifer will
yield when all the water is allowed to drain out of it under the forces of gravity. Specific yield is
primarily used for unconfined aquifers since the elastic storage component is relatively small and
usually has an insignificant contribution. Specific yield can be close to effective porosity, but
there are several subtle things which make this value more complicated than it seems. Some
water always remains in the formation, even after drainage; it clings to the grains of sand and
clay in the formation. Also, the value of specific yield may not be fully realized for a very long
time, due to complications caused by unsaturated flow.
When groundwater levels in an aquifer go up or down, water goes into or comes out of
storage. Typically water is stored in an aquifer during recharge events from direct precipitation
on the land surface of the aquifer, or from infiltration from streams during high surface runoff
events such as spring snowmelt. Water comes out of storage when discharge to streams and
consumptive use by vegetation outpaces recharge. Water also comes out of storage by domestic,
agricultural or municipal withdrawal of groundwater. A dynamic equilibrium exists when
Town of Castle Valley Hydrologic Systems
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periods of storage loss are compensated by periods of storage gain. However, when long-term
groundwater discharge exceeds long-term recharge, the dynamic equilibrium is replaced by
groundwater mining. To evaluate storage conditions in a hydrologic system, a multi-year (e.g.,
wet vs. dry years) approach may be required. A first estimate for dynamic storage in regional or
subregional aquifers like the Valley Fill Aquifer in the TCV area is taken at about 10% of total
water volume in the aquifer. Note that variations in groundwater levels variations (or water table
in an unconfined aquifer) are relative small in discharge areas near springs and streams, but may
be significant at some distance from the discharge areas.

3.2 Approach and Calculation of Groundwater Storage for the TCV System
Based on the HESA performed in Phase 1 of this study (Kolm and van der Heijde,
2016a), there are three areas (i.e., storage zones) important for groundwater storage calculations:
1) the Valley Fill Aquifer; 2) the Castle Creek Fracture Zone; and 3) the Placer Creek Fracture
Zone (Figure 3). The Valley Fill Aquifer is mostly under unconfined or water table conditions
and is characterized by specific yield estimates for unconsolidated sand and gravel deposits in
the range 10 – 30%. Towards the southeast of the Valley Fill Aquifer and near the valley rims,
the thickness of the valley fill diminishes while the elevation increases, resulting in mostly
unsaturated, or seasonally saturated conditions. Due to the extent and depth of these
unconsolidated sediments, the Valley Fill Aquifer will be most important for estimating total
groundwater storage and dynamic groundwater storage in the Castle Valley (Figures 2 and 3;
Table 1).
Although the Castle Valley unconsolidated fill has thicknesses up to 300+ feet measured
from ground surface (Figure 3), saturated thickness may be significantly less, especially in areas
where the water table is well below ground surface (up to 90ft in the center of the area between
Castle and Pack Creek when comparing the potentiometric map published by Snyder (1996) with
surface elevations from USGS Digital Elevation Maps, and from well records). A first
approximation would assume that as an average number the first 40-60 feet thickness of total
valley fill is unsaturated and does not contribute to the volume of groundwater in the aquifer.
This means that the total valley fill volume needs to be reduced accordingly to obtain the average
total volume of groundwater in this aquifer (i.e., the average total groundwater storage) when
multiplied by specific yield Sy, making the first 50 feet of valley fill in Figure 3 mostly
unsaturated. Note that part of this unsaturated zone functions as additional storage capacity in the
aquifers “dynamic storage” calculations. The specific yield (Sy) for this unit is in the range of
10%-30%. Low total water content was estimated using low Sy percentages as a minimum, and
high total water content was estimated using the high Sy percentages as a maximum (Table 1).
The Permian Cutler bedrock that underlies the rest of the Castle Valley predominantly
has no significant flow, and has insignificant storage capabilities. The fracture flow rate is
undetermined but is estimated to be 10-20 ft/day. Therefore, fracture flow will dominate travel
times in the fractured Permian Cutler aquifer and the well-connected fractures in these zones will
be most important for estimating groundwater storage. As the fractured Permian Cutler
groundwater systems in storage zones 2 and 3 are mostly unconfined (water table conditions), its
storage capability is characterized by specific yield estimates. While estimates for the matrix
specific yield estimates generally are less than 1.0%; estimates for the specific yield in fracturedominated zones are in the 20 – 40% range (Table 2). Therefore, fracture dominated areas will
be most important for estimating groundwater storage in these zones.
Town of Castle Valley Hydrologic Systems
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In addition to being high-K (permeability) zones for groundwater flow, the Castle Creek
and the Placer Creek Fracture Zones also provide fracture storage up to 300 feet below the
surface with an average effective depth of 200 – 230 feet (well log based) and a specific yield
(Sy) range of 20% – 40% at the surface diminishing to close to 0% at 300 ft, amounting to an
average Sy of about 20% taken over an average 150 ft of saturated thickness (Table 2).
Each hydrogeologic zone had an estimated volume (GIS area multiplied by a
representative average depth), and the storage zone volume was multiplied by the storage zone
Sy to yield a hydrogeologic zone water content value (Tables 1 and 2). Only part of this total
water storage is considered variable or recoverable storage; accessing additional storage is
unsustainable and considered groundwater mining. A first approximation for variable storage
(used in this Phase 2 report) is 10% of total water content (Tables 1 and 2).
The Geyser Creek Fanglomerate (Tg) is in direct contact with the Valley Fill Aquifer
south east of Round Mountain. However, this bedrock hydrogeologic unit is considered poorly
fractured with low matrix permeability and storage. In addition, this unit probably disappears
(thins) very quickly under the south end of the valley aquifer as it is a fan delta deposit defining
the paleo shoreline of its time. Therefore, the Geyser Creek Fanglomerate (Tg) is not considered
an important volume of groundwater storage.
The calculations show that the total average water volume of the Valley Fill Aquifer is in
the range of 42,160-126,490 ac-ft while the average variable or “dynamic” storage ranges
between 4,220-ac-ft, and 12,650 ac-ft (Table 1). The average water volume for the two fracture
zones together is estimated at 112,800 acre-ft with a variable or dynamic storage of 11,280 ac-ft
(Table 2). Average ground water content for the entire TCV hydrologic system is estimated
between 154,960 ac-ft and 293,290 ac-ft with a variable water storage between 15,500 and
23,930 ac-ft (Tables 1 and 2).
It should be cautioned that groundwater storage or the presence of an underground water
reservoir is primarily a measure of how robust and sustainable the TCV hydrologic system is
under the current climatic and human use conditions. If the reservoir is significantly reduced by
aquifer development, the hydraulics of the system will be affected initially by stream flows
(riparian habitat both aquatic and vegetation), and by a rapid reduction of spring flows and well
yields. In addition, the effects of reduced stream flows in Castle Creek and Placer Creek through
diversion or climate change will rapidly affect the recharge and storage functions of the storage
zones forming the Castle Creek groundwater system, which are critical to Castle Valley Springs,
and the Town of Castle Valley Wells.

3.3 Storage and the TCV Hydrologic System: Discussion of Uncertainty
There are many uncertainties in these preliminary calculations, so further analysis is
needed, benefitting from more rigorous and continuous data collection. The primary significance
of the storage calculations is that there is a significant amount of groundwater stored in the TCV
hydrologic system, both in the unconsolidated deposits of storage zone 1 and in the open
fractures of the fractured bedrock units of zone 2 and 3. The storage in zone 1 is of greatest
importance to the to the Town of Castle Valley as the main source of water supply for the town.

Town of Castle Valley Hydrologic Systems

HSA/HHI

page 10

The largest uncertainties in the storage calculations is the delineation of each
hydrogeologic zone area (volume), the attribution of specific yield to each hydrogeologic zone,
and the location of the average water table.
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Depth

Area at top
[acres]

Area bottom
[acres]

Average net
area [acres]

Volume
[acre.ft]

Average total
saturated storage
volume [acre.ft]
(Sy=0.1–0.3)

Average
dynamic storage
[acre.ft]
(10% of total)

0-350ft
65
0
½*65= 32.5
32.5*350=11,375
≈ 1,135- 3, 405
0-300ft
100
65
½*35= 17.5
17.5*300=5,250
≈ 525 - 1,575
0-250ft
1350
100
½*1250= 625
625*250=125,000
≈ 12,500 - 37,500
0-200ft
2335
1350
½*985= 492.5
492.5*200=98,500
≈ 9,850 - 29,550
0-150ft
3655
2335
½*1330= 665
665*150=99,750
≈ 9,975 – 29,925
0-100ft
5300
3655
½*1635= 817.5 817.5*100=81,750
≈ 8,175 – 24,525
0-50ft
11270
5300
½*5970= 2985
2985*50=149,250
0 (unsaturated)
0 (unsaturated)
Total
---570,875
≈ 42,160-126,490
≈ 4,220-12,650
Table 1. Total open pore space in valley fill deposits in Castle Valley hydrologic system [note that water table is below ground surface
and actual groundwater volume is less than volume of valley fill]

Name of High-K zone

Area
[acres]

Average effective
depth [ft]

Total volume
[acre.ft]

Average total
storage [acre.ft]
(Sy=0.2)
44,550

1. Castle Creek NE
1485
150
222,750
CV Fracture Zone.
2. Placer Creek SW
2275
150
341,250
68,250
CV Fracture Zone.
Total
3760
-564,000
112,800
Table 2. Total open pore space in High-K zones in Castle Valley hydrologic system.
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Average usable
storage [acre.ft]
(10% of total)
4,455
6,825
11,280

4

SUMMARY AND CONCLUSIONS

This report presents the findings of Phase 2 of a 2-phase project focused on improving
the understanding of the hydrogeological setting of the water supply sources for the Town of
Castle Valley, Utah, the quantification of the water resources available to the Town, and
updating the Town Water Balance with respect to new spring and stream flow data. In Phase 1,
a Hydrologic and Environmental System Analysis (HESA) of the Castle Creek and Placer Creek
watersheds was performed to identify the hydrological systems of specific importance to the
sustainability of the Castle Valley springs and wells as water supply for the Town and Valley. It
was concluded that the Valley’s water supply was mainly dependent on the hydrologic system
formed by the Castle Creek and Placer Creek Watershed and the Hillslope and Valley Bottom
Shallow Aquifers and supporting hydrostructure aquifers on the Valley sides. This Valley
hydrologic system was chosen for determining a water budget in Phase 1, and was chosen in
Phase 2 of the project as the setting for the quantification of the water storage available to the
Town and Valley.
Based on the HESA performed in Phase 1 of this study (Kolm and van der Heijde,
2016a), there are three areas (i.e., storage zones) important for groundwater storage calculations:
1) the Valley Fill Aquifer; 2) the Castle Creek Fracture Zone; and 3) the Placer Creek Fracture
Zone. The Valley Fill Aquifer is mostly under unconfined or water table conditions and is
characterized by specific yield estimates for unconsolidated sand and gravel deposits in the range
10 – 30%. Due to the extent and depth of these unconsolidated sediments, the Valley Fill
Aquifer will be most important for estimating total groundwater storage and dynamic
groundwater storage in the Castle Valley.
The Permian Cutler bedrock that underlies the rest of the Castle Valley predominantly
has no significant flow or storage capabilities. However, the Castle Creek and the Placer Creek
Fracture Zones are high K zones, and provide fracture storage up to 300 feet below the surface
with an average effective depth of 200 – 230 feet (well log based) and a specific yield (Sy) range
of 20% – 40% at the surface diminishing to close to 0% at 300 ft, amounting to an average Sy of
about 20% taken over an average 150 ft of saturated thickness.
Each hydrogeologic zone had an estimated volume (GIS area multiplied by a
representative average depth), and the storage zone volume was multiplied by the storage zone
Sy to yield a hydrogeologic zone water content value. Only part of this total water storage is
considered variable or recoverable storage; accessing additional storage is unsustainable and
considered groundwater mining. A first approximation for variable storage used in this Phase 2
report is 10% of total water content. The calculations show that the total average water volume
of the Valley Fill Aquifer is in the range of 42,160-126,490 ac-ft while the average variable or
“dynamic” storage ranges between 4,220-ac-ft, and 12,650 ac-ft. The average water volume for
the two fracture zones together is estimated at 112,800 acre-ft with a variable or dynamic storage
of 11,280 ac-ft. Average ground water content for the entire TCV hydrologic system is
estimated between 154,960 ac-ft and 293,290 ac-ft with a variable water storage between 15,500
and 23,930 ac-ft.
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