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Introduction
The report "Hydrologic Assessment of The Surface Water and Groundwater
Resources of Castle Valley, Utah: Part 1: Hydrologic and Environmental System Analysis
(HESA) and Preliminary Water Budget" prepared by Dr. Kenneth E. Kolm, Hydrologic Systems
Analysis, LLC., Golden, Colorado and Paul K.M. van der Heijde, Heath Hydrology, Inc.,
Boulder, Colorado for The Town of Castle Valley, Utah (March 2016) discusses the procedures,
analysis, and results of: 1) Hydrologic and Environmental System Analysis (HESA) of the
surface water and groundwater resources of the valleys and uplands of the Castle Creek
Watershed and Castle Valley Groundwater Basin in the vicinity of the Town of Castle Valley in
Grand County, Utah including the collection of hydrological, hydrogeological and other data
necessary for constructing a water budget for the Valley; and based on the HESA results and
available data: 2) Preliminary Water Balance for the Valley. The results of this study provide
support for watershed management including water supply and allocation, water quality and
protection, and watershed protection. The Kolm and van der Heijde (2016) report was made
public and the results presented to Town staff, several agencies, and the public. Concern has
been raised related to the geology, particularly the amount of faulting and fractures due to the
tectonic nature of the Valley and region, and whether the hydrologic system is closed, i.e., the
conclusion that no significant groundwater escapes the Valley as is argued on page 53 of Kolm
and van der Heijde ( 2016). The purpose of this memorandum is to address this concern by
referring to those parts of the HESA and database that provide relevant information, by
discussing the Kolm and van der Heijde's findings related to this issue, and by calculating
amounts of groundwater that may be leaving the Valley in the only possible location: through
the alluvium underlying Castle Creek at the northwestern part of the Valley. It is the authors'
opinion that the geologic and hydrogeologic structures and geologic materials in and along the
sides of Castle Valley otherwise prohibit the escape of groundwater either vertically or laterally
(horizontally) in virtually any direction.
Summary of Surface, Subsurface, Geologic, and Hydrogeologic Characterization From
Kolm and van der Heijde (2016)
The Castle Valley landscape is characterized as abrupt, angular, and discontinuous, and
the result is for surface water and groundwater systems to be localized (non-regional). The lower
section of the TCV project area --including the Castle Creek and Placer Creek Alluvial Basin and
the modern day talus, fans, and alluvial terraces-- is separated topographically from other
watersheds regionally by the geologic structures and topography associated with the collapsed
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anticlines (Porcupine and Castle Spires Rims) and the La Sal Mountain Tertiary intrusives
(Figure 1). These bedrock features function as barriers to hydrologic connectivity, and therefore
hydrologic systems in the valley are disconnected from adjacent hydrologic systems.

Figure 1. Google Earth View of the Topography in the TCV Project Area Looking Southeast
(July 27, 2015; from Kolm and van der Heijde, 2016).

The HESA showed that there are two significant groups of hydrogeologic units in the
TCV Project area: 1) Quaternary and Tertiary unconsolidated clastic materials, overlying 2)
Tertiary, Mesozoic and Paleozoic bedrock units. Potentially water-bearing units include: 1)
unconsolidated clastic materials; 2) weakly-cemented Tertiary Geyser Creek Fanglomerate: 3)
faulted and fractured Tertiary Intrusive Granodiorite; and 4) White Rim and Arkosic Members of
the Cutler Formation. The significant non-water bearing units or confining units, which may be a
source of salts in the groundwater system and wells, are: 1) Triassic Chinle and Moenkopi
Formations; 2) unfractured Permian Cutler Formation; and 3) Permian Paradox Formation
including Caprock.
The main subregional 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, when located in the White Rim and Arkosic
Members of the Cutler Formation, are subregional hydrogeologic conduits or high hydraulic
conductivity zones or High “K” zones (Figure 2). These conduits are continuous from the
southeastern part to the northwestern part of Castle Valley and have high yields of groundwater
with elevated TDS water quality. These hydrostructural units pinch out at either end of the valley
and with depth (due to geomechanical forces), keeping the groundwater system local and
discontinuous beyond the Castle Valley topographic feature. These hydrostructural units also
block lateral flow perpendicular to the fault zone. Therefore, no deep regional groundwater is
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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.
The entire valley is underlain by a deep “flat lying” caprock of the Paradox Formation, which is
a confining unit that, when interacting with groundwater, produces poor water quality due to
dissolution of the salt bedrock. Effectively, these hydrogeologic/hydrostructural units insure that
the Castle Valley Bedrock groundwater flow system is entirely contained within the valley.

Figure 2. Map Showing Major Hydrogeologic Units and Major Hydro-structures (Faults and Fracture Zones)
in the TCV Project Area (from Kolm and van der Heijde, 2016).

The Castle Valley Anticline/Graben also caused the younger bedrock hydrogeologic units
being observed on the Porcupine and Castle Spires Rims, to dip away to the northeast, northwest,
and southwest. This results in local and subregional groundwater and surface water systems that
flow away from the Castle Valley rimlands into the La Sal Mountain/Spanish Valley systems,
the Onion Creek/Professor Creek systems, or towards the Colorado River. The fault and fracture
zones have influenced the location of the main surface water drainages in the TCV project area
by providing zones of weakness whereby the streams have downcut into or through the
unconsolidated deposits into the underlying bedrock. As a result, the TCV project area is
dissected into two distinct surface water and groundwater hydrologic subsystems of varying
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connectivity: 1) Castle Creek; and 2) Placer Creek. Both subsystems are separated in the
southeastern part of the Valley by a third subsystem, the La Sal Mountain subsystem, and
become connected in the northwestern part of Castle Valley near the confluence of the two
drainages.
Based on the HESA approach, and on the presence and orientation of various
hydrogeologic and hydro-structural units, hydrography and topography, two types of Conceptual
Site Models (CSMs) are delineated in the TCV project area: 1) La Sal Mountain Subsystem; and
2) Castle Creek and Placer Creek Hillslope and Valley Bottom Shallow Aquifer Subsystems. The
La Sal Mountain Subsystem, which includes the Tertiary Intrusive Granodiorite and Tertiary
Geyser Creek Fanglomerate bedrock hydrogeologic units and is located in the southeastern part
of the project 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 two dominant hydrogeologic features of the Castle Creek and Placer Creek Hillslope
and Valley Bottom Subsystems are the highly-permeable unconsolidated hydro-units in the
center of the valley, and the northwest-southeast trending high K hydrostructures that are
observed on both the northeastern and southwestern sides of Castle Valley. The Castle and
Placer Creek Subsystems receive natural recharge by infiltration of precipitation (snow and rain);
losing perennial streams; input from hillside (slope) deposits and fracture-controlled ephemeral
stream channels and deposits. Additional recharge occurs locally from irrigation practices and
septic sewer system infiltration. Discharge from the groundwater system occurs downgradient
towards gaining streams, springs, seeps, wetlands, phreatophytes, and by wells (Figures 3 and 4).

Figure 3. Google Earth View of the Conceptual Site Model of the Hillslope and Valley Bottom
Shallow Aquifer Subsystems, and the Bedrock Subsystems with Recharge and Discharge Zones and
Groundwater Flow Direction (from Kolm and van der Heijde, 2016).
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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 near the Northwestern End of Castle Valley in the
Vicinity of the Town of Castle Valley (from Kolm and van der Heijde, 2016).

Groundwater flow in the Castle Creek alluvium moves in the same direction as the stream
with various stream reaches being gaining or losing depending on subsurface topography,
bedrock hydrogeology, hydrostructures, and saturated thickness of the alluvium, or the seasonal
variations caused by snowpack runoff or storm events (Figures 3 and 4). Groundwater flow in
the Placer Creek alluvium also moves in the same direction as the stream, but with most of the
stream reaches being losing when surface water flow occurs (Figures 3 and 4). There is also
groundwater discharge from the alluvium locally by groundwater wells and by phreatophytes in
both subsystems. Underlying both the northeastern and the southwestern sides of Castle Valley
are northwestern-southeastern hydrostructures that act as open vertical and horizontal conduits
(high K zones). At the northeastern side the faulted and fractured Permian Cutler bedrock
combines with the alluvium to form a French Drain effect resulting in increased groundwater
flow parallel to the fault and fracture zone, storage, and connectivity between the two hydrologic
systems. At the southeastern side the faulted and fractured Permian Cutler bedrock combines
with both the alluvium and the alluvial fans to form the same type of French Drain effect as on
the Castle Creek side. The fractured and faulted Permian Cutler bedrock aquifers are variably to
fully saturated, based on location and proximity to recharge area. In the Castle Creek Subsystem,
groundwater recharge by losing stream reaches and infiltration of precipitation is possible only
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by connection to the Castle Creek fault and fracture zone, and by the northeast-southwest fault
and fractures that control drainages below the Castle Spires Rim. In the Placer Creek Subsystem,
groundwater recharge is by losing stream reaches when flowing, and infiltration of precipitation
is possible only by connection to the Placer Creek fault and fracture zone, and by the northeastsouthwest fault and fractures that control drainages below the Porcupine Rim. In both systems
groundwater flow direction is from southeast to northwest parallel to the Castle Valley salt
anticline collapse structures and Placer Creek. These high K zone flow systems end at the
northwest end of Castle Valley, where the groundwater moves vertically upward into the
alluvium and ultimately discharges into springs and seeps and into Castle Creek, or is transpired
by phreatophytes (Figure 5).

Figure 5. Schematic Northwest-Southeast Cross-sectional View of the Conceptual Site Models of the Hillslope
and Valley Bottom Shallow Aquifer Subsystems along the Northeast Side of Castle Valley
(from Kolm and van der Heijde, 2016).

Between the Castle Creek exit from Castle Valley and the Castle Creek gage site, there
are no Quaternary hydrogeologic units (for example Qal or Qgt) or hydrostructures mapped, and
the impermeable bedrock units of the Cutler and Moenkopi bedrock hydrogeologic units are
observed on both sides of the creek (Figure 6), At and below the gage site, Quaternary Alluvial
Fan Deposits (Qal) are mapped on the west side and the Moenkopi bedrock hydrogeologic unit is
mapped on the east side of Castle Creek (Figure 6). Starting near the gage, Qal is spreading out
towards the Colorado River. This indicates that there is NO groundwater leaving Castle Valley in
the Quaternary alluvium hydrogeologic unit (Qal) or in hydrostructures or fractured
hydrogeologic bedrock units.
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Figure 6. Geology of the Lower Castle Valley to the Colorado River, Utah (from Kolm and van der Heijde,
2016).

Kolm and van der Heijde (2016) presented a Preliminary Water Budget based on data for
the period 1992-1998 that is summarized as: Surface water in (2,521 ac-ft/yr) + Recharge in
(1,867 ac-ft/yr) + Groundwater in (2,431 ac-ft/yr) = Surface water out (5,071 ac-ft/yr) +
Consumptive use out (1,748 ac-ft/yr) = Total Water Budget (6,819 ac-ft/yr). The average annual
discharge at Station 09182400 on Castle Creek between Red Cliffs Ranch and the Colorado
River (lower gage; outflow) for the period 1992-1998 was 7.00cfs or 5071ac-ft/yr. Gaging
Station 091182400 is the only surface water and groundwater output from Castle Valley as the
modern alluvial system underneath the channel is shallow and narrow, and the groundwater is
recharging back down into the alluvium beneath the channel at that point. The geologic
hydrostructures have all terminated upgradient from that location, and the underlying Cutler,
Moenkopi, and Chinle Formation bedrock is impermeable.
The basis for the calculation of groundwater flux across the Castle Creek alluvial area
beneath Gaging Station 091182400 is Darcy’s Law:
Q = KIA;
where Q is discharge per unit time; K is hydraulic conductivity of the Hydrogeologic Unit; I is
dH/dL or hydraulic gradient (change in head H over a distance L); and A is cross-sectional area.
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Q will be the groundwater outflow underneath Castle Creek to the Colorado River. K was
previously determined by aquifer tests, which revealed a range of values from approximately 1 –
10 ft/day, and 5-7 ft/day was used for water balance values calculated by Kolm and van der
Heijde (2016). A hydraulic gradient of 0.026 was determined as the topographic gradient of the
Quaternary alluvial materials since there are no wells or potentiometric surface map at the gage
station location. The cross-sectional area used to calculate flux was estimated from Google
Earth and GIS maps in Kolm and van der Heijde (2016) to be 300 sq.ft. (50 ft X 6 ft), and
primarily focused on the Qal/Qaf hydrogeologic unit.
The estimated discharge (Q) of groundwater outflow beneath Castle Creek to the
Colorado River is 0.00045cfs or 0.326 ac-ft/year. The two outputs combined are 7.00045cfs or
507.326 ac-ft/year. This alluvial groundwater estimated at the gaging station amounts to about
0.064% of outflow from Castle Valley, and is insignificant when compared to the average annual
discharge at Station 09182400 on Castle Creek between Red Cliffs Ranch and the Colorado
River (lower gage; outflow) of 7.00cfs or 5071ac-ft/yr.
Summary and Conclusions
The report "Hydrologic Assessment of The Surface Water and Groundwater Resources of
Castle Valley, Utah: Part 1: Hydrologic and Environmental System Analysis (HESA) and
Preliminary Water Budget" prepared by Dr. Kenneth E. Kolm, Hydrologic Systems Analysis,
LLC., Golden, Colorado and Paul K.M. van der Heijde, Heath Hydrology, Inc., Boulder,
Colorado for The Town of Castle Valley, Utah (March 2016) discusses the procedures, analysis,
and results of: 1) Hydrologic and Environmental System Analysis (HESA) of the surface water
and groundwater resources of the valleys and uplands of the Castle Creek Watershed and Castle
Valley Groundwater Basin in the vicinity of the Town of Castle Valley in Grand County, Utah
including the collection of hydrological, hydrogeological and other data necessary for
constructing a water budget for the Valley; and based on the HESA results and available data: 2)
Preliminary Water Balance for the Valley. This document provided a summary of surface,
subsurface, geologic, hydrogeologic, and hydrologic system characterization from Kolm and van
der Heijde (2016) to show that the geologic and hydrogeologic structures and geologic materials
in and along the sides of Castle Valley prohibit the escape of groundwater out of the Valley
either vertically or laterally (horizontally) in virtually any direction, and that groundwater may
only be leaving the Valley in one possible location: through the alluvium underlying Castle
Creek at the northwestern part of the Valley. The estimated discharge (Q) of groundwater
outflow beneath Castle Creek to the Colorado River is 0.00045cfs or 0.326 ac-ft/year. This
amounts to about 0.064% of outflow from Castle Valley, and is insignificant when compared to
the average annual discharge at Station 09182400 on Castle Creek between Red Cliffs Ranch and
the Colorado River (lower gage; outflow) of 7.00cfs or 5071ac-ft/yr.
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