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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) contained a chapter under the
heading "Preliminary Water Balance for the TCV Project Area." A significant part of this
preliminary water budget was based on the report "Water Resources of the Castle Valley Area,
Grand County, Utah." by C. Ford (2006), published by the Utah Division of Water Rights as
Technical Publication 490. This report, in turn, used data published in the report "Records of
Water Well Levels and Water Quality in Alluvial and Bedrock Aquifers, Castle Creek Seepage
Study, Precipitation, and Water Uses for Castle Valley, Grand County, Utah." by C. Ford, and
A. Grandy (1997), published by the Utah Division of Water Rights as Hydrologic Data Report
No.1.
The area in Castle Valley used by Kolm and van der Heijde (2016) for developing a
preliminary water balance (PWB) was determined based upon: 1) the locations of two stream
gages on Castle Creek; 2) the location of most anthropogenic activities (domestic and
agricultural); and 3) the natural boundaries of the Castle Valley hydrologic systems, specifically
the lower Castle Creek and Placer Creek Hillslope and Valley Bottom Systems that merge in the
northwestern part of Castle Valley. The water balance area is from a cross-sectional boundary in
the southeastern part of Castle Valley linking Castleton to the Porcupine Ranch, to the Castle
Creek exit in the northwestern part of Castle Valley, and extends to the Porcupine Rim to the
southwest and to the Castle Spires Rim to the northeast (Figure 1). The inputs of the PWB are:
Castle Creek surface water at Castleton, UT; Castle Creek Subsystem groundwater flux flowing
in the unconsolidated hydrogeologic units from the southeast; Placer Creek subsystem
groundwater flux flowing in the unconsolidated hydrogeologic units and Tertiary Geyser Creek
hydrogeologic unit; and recharge by infiltration of precipitation (rain and snow) across the entire
Castle Valley area. The outputs of the PWB are: Castle Creek at the northwestern end of Castle
Valley; evapotranspiration by native and non-native Phreatophytes (Cottonwoods and Willows);
and consumptive use by irrigation and domestic wells. Note, that the inputs are all, directly or
indirectly, dependent on the precipitation across the valley and the La Sal Mountains, while
evapotranspiration of crops and native and non-native Phreatophytes is a function of temperature
and precipitation, among others.
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The 2006 report by Ford on Castle Valley's water resources includes a section on the
water budget for the valley. The report specifically addresses stream flows and quantification of
consumptive use, including domestic (wells) and irrigation (stream diversions) water use, and
water loss through riparian vegetation (evapotranspiration – ET). For stream inflow and outflow
Ford (2006) uses USGS Station 09182200 below Castleton (upper gage; inflow) and USGS
Station 09182400 between Red Cliffs Ranch and the Colorado River (lower gage; outflow). The
stage and discharge records for Station 09182200 cover the period 1992 -2001, and the records
for Station 09182400 cover the period 1992-present. For calculation of a multi-year average for
both stations, Ford (2006) selected the period 1992-1998, resulting in an average discharge at
Station 09182200 of 3.48cfs or 2,521 ac-ft/yr, and at Station 09182400 of 7.00cfs or 5,071 acft/yr. Ford (2006) reported a total consumptive use in the valley (irrigated crops, ET from
riparian vegetation, and domestic wells) of 1,748 ac-ft/yr. In balancing these inflows (2,521 acft/yr) and outflows (6,819 ac-ft/yr) Kolm and van der Heijde (2016) concluded that for the period
1992-1998 4,298 ac-ft/yr entered the valley as groundwater and effective precipitation
(recharge). These numbers were checked against separate analysis of the groundwater inflow and
recharge components, whereby several PWB scenarios were calculated, varying the saturated
thickness and water table levels of the Placer Creek and Castle Creek groundwater boundary
conditions, and varying recharge due to infiltration of precipitation. Kolm and van der Heijde
(2016) estimated that for the period 1992-1998 recharge from precipitation would have been
about 1,867 ac-ft/yr and inflow of groundwater across the B-B' boundary about 2,431 ac-ft/yr.
There are many uncertainties in these preliminary calculations, so further analysis is
recommended. The PWB calculated by Kolm and van der Heijde (2016) provides a preliminary
quantification of the major components and shows that there is a significant amount of
groundwater contributed to the Castle Creek and Placer Creek subsystems from the La Sal
Mountain subsystem, or in percentages of input into the Castle Valley system: surface water
(Castle Creek) counts for 37%; local recharge from precipitation or ephemeral channel loss
counts for 27%; and groundwater counts for 36%. This means that the La Sal Mountain
subsystem contributes 73% of the total inflow in the PWB area.
As the PWB presented by Kolm and van der Heijde (2016) uses the data presented in the
Ford (2006) report for the period 1992-1998, concerns have been raised with respect to the
actuality of these data. Therefore, an update is provided for the major system inputs and outputs
using more recent data, as well as a discussion of the methods used by Ford and Grandy (1997)
for consumptive use of crops an riparian vegetation, and for domestic use. A series of Google
Earth imagery spanning the time period 1997-2015 has been analyzed to update estimates of
irrigated acreage and area covered by native and non-native phreatophytes and agricultural land
(see figures 2a-2k).
Climate Data
The weather station in the vicinity of the Town of Castle Valley has been relocated a
number of times since the data used in the Ford (2006) study and is currently located (according
to the Utah Climate Center) in the vicinity of the intersection of East Valley Drive and Holyoak
Lane (station Castle Valley 0.6W, Station ID US1UTGR0009). This station started recording in
2010 and is operational currently. Figure 3a shows the temperature, precipitation and snow and
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sleet statistics for the period 2010-2015; figure 3b shows the monthly precipitation for that
period (Utah Climate Center, accessed November 15, 2016). The average annual precipitation
for the period 2010-2015 is 8.24 inch, compared with an average annual precipitation of 10.85"
for the period 1985-1998 for the Castle Valley Institute station a few hundred yards to the north (
Ford (2006); Figure 3c), a decrease of 24%. This represents a reduction of effective groundwater
recharge from precipitation on the PWB area from 1867 ac-ft/yr to about 1420 ac-ft/yr.
In contrast, a station in the La Sal Mountains (LaSal Mountain USS0009L03S), not
located directly in the Castle Creek Watershed but representative for higher elevation
precipitation, , does not show such major decrease in annual precipitation, from 33.3" for the
period 1985-1998 as reported by Ford (2006) (Figure 4b) to 30.5" for the period 2010-2015
(Utah Climate Center, accessed November 15, 2016; Figure 4a), a decrease of about 10%. This
means that the decrease in precipitation at the higher elevations of the watershed is significantly
less than at the lower elevations. It also indicates that the reduction of the groundwater inflow at
the upper end of the PWB area (cross-section B-B' in Figure 1) is probably less than the 24%
decrease in precipitation in the valley and estimated at about 14%, or about 2087 ac-ft/yr.
Stream Flow Data
According to Ford (2006) the average annual discharge at Station 09182400 on Castle
Creek between Red Cliffs Ranch and the Colorado River (lower gage; outflow) was 7.00cfs or
5071ac-ft/yr. According to the USGS data for the 6-year period 2010-2015 it was 5.20cfs or
3770 ac-ft/yr. (Figure 5), a decline of 26%.
According to the USGS data, the average annual discharge at Station 09182200 below
Castleton (upper gage; inflow) for the 6-year period 1993-1998 was 3.48cfs or 2521 ac-ft/yr.
However, monitoring of the USGS Station 09182200 ended in 2001 and thus can't be used for an
updated inflow calculation. A reasonable estimate for the decline of inflow at this point in the
valley is about 20% as it is probably somewhat related to the decline in precipitation in the upper
part of the watershed, resulting in a recent average annual discharge at the location of former
Station 09182200 of about 2040 ac-ft/yr.
Irrigated Areas
Ford (2006) determined that 2.68 ac-ft/ac was used by crops during the 246 day growing
season. The total irrigated acreage was determined at 561.28 acre with average annual water
consumption of 1505ac-ft/yr.
The aerial photographs taken between 1997 and 2015 (Figures 2a-2k) show that over the
years more or less the same acreage has been in irrigated production. Some years there was less
acreage involved, probably related to decreased availability of irrigation water from Castle Creek
diversions. Most of the variability in irrigated acreage occurred at the Castle Valley Institute/Day
Star property. It does not seem necessary to adjust the irrigated crops area term in the PWB from
the 1992-1998 period, and is kept at 1505 ac-ft/yr.
Riparian Vegetation
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Ford (2006) used the 2.68 ac-ft/ac number derived for crops for consumptive use by
riparian vegetation (phreatophytes). Ford (2006) determined that the total acreage of riparian
vegetation was 67.61 acre with average annual water consumption of about 180ac-ft/yr.
Visual inspection of the aerial photographs between 1997 and 2015 (Figures 2a-2k)
indicates that there is not a major shift in phreatophyte coverage in the PWB area over time.
Thus, the output from the PWB area through evaporation by riparian vegetation has not changed
over time and is about 180 ac-ft/yr.
Domestic Use
The Ford (2006) report referring to the data collected in the mid-1990s by Ford and
Gandy determined a domestic use of 0.42 ac-ft/yr per household and the presence of 150 fulltime households resulting in 63 ac-ft/yr (1996).
Since the 1997 study by Ford and Grandy, there has been an increase in developed areas.
Some of the new dwellings are only used part time. A useful estimate of effective increase of
domestic consumptive use is 15%, resulting in a current component of the PWB of 72 ac-ft/yr.
PWB Update
Kolm and van der Heijde (2016) calculated a preliminary PWB for the dates 1992-1998
using the Ford (2006) data and calculations derived from the HESA analysis (Table X). An
updated PWB was calculated for the dates 2010-2015, with calculations derived from the HESA
analysis (Table X). From Kolm and van der Heijde (2016), K values between 5 and 7 ft/day and
cross sectional areas derived from the HESA yielding 2,087 ac-ft/yr needed to balance the
calculated recharge (1,420 ac-ft/yr) across the project acreage. The updated Water Budget
results summarized: Surface water in (2,020 ac-ft/yr) + Recharge in (1,420 ac-ft/yr) +
Groundwater in (2,087 ac-ft/yr) = Surface water out (3,770 ac-ft/yr) + Consumptive use out
(1,757 ac-ft/yr) = Total Water Budget (5,527 ac-ft/yr). A decline of 19% over the earlier budget.

Water budget component
(ac-ft/yr)
Recharge
Groundwater Flow
Castle Creek at Castleton
Consumptive Use Crops
Consumptive Use Riparian
Vegetation
Domestic Consumptive Use
Castle Creek at Colorado
River
TOTALS

1992-1998

2010-2015

In
1867
2431
2521

6819

Out

In
1420
2087
2020

Out

1505
180

1505
180

63
5071

72
3770

6819

Update PWB of TCV Study Area (Kolm & van der Heijde, 2016)

5527

5527
Page 4

Summary and Conclusions
Kolm and van der Heijde (2016) calculated a preliminary PWB for the dates 1992-1998
using the Ford (2006) data and calculations derived from the HESA analysis. An updated PWB
was calculated for the dates 2010-2015, with calculations derived from the HESA analysis
(Table X). The area in Castle Valley of the water balance is determined in part based upon the
locations of two stream gages on Castle Creek, the location of most anthropogenic activities
(domestic and agricultural), and the natural boundaries of the TCV hydrologic systems,
specifically the lower Castle Creek and Placer Creek Hillslope and Valley Bottom Subsystems
that merge in the northwestern part of Castle Valley. The water balance area is from a crosssectional boundary in the southeastern part of Castle Valley linking Castleton to the Porcupine
Ranch, to the Castle Creek exit in the northwestern part of Castle Valley, and extends to the
Porcupine Rim to the southwest and to the Castle Spires Rim to the northeast. The inputs of the
PWB are: Castle Creek surface water at Castleton, UT; Castle Creek Subsystem groundwater
flux flowing in the unconsolidated hydrogeologic units from the southeast; Placer Creek
subsystem groundwater flux flowing in the unconsolidated hydrogeologic units and Tertiary
Geyser Creek hydrogeologic unit; and recharge by infiltration of precipitation (rain and snow)
across the entire Castle Valley area. The outputs of the PWB are: Castle Creek at the
northwestern end of Castle Valley; Evapotranspiration by native and non-native Phreatophytes
(Cottonwoods and Willows); and Consumptive Use by irrigation and domestic wells.
Balancing the updated inflows (2,020 ac-ft/yr) and outflows (5,527 ac-ft/yr) indicates that
3,507 ac-ft/yr enters the valley as groundwater and effective precipitation (primarily groundwater
recharge). An updated approximation of the recharge from precipitation in the water balance
area over 16,000 acres of surface area results in a total of 1,420 ac-ft/yr. Calculation of
groundwater flux across the southeast part of the water balance area using Darcy’s Law yields
2,087 ac-ft/yr. The Preliminary Water Budget results summarized: Surface water in (2,020 acft/yr) + Recharge in (1,420 ac-ft/yr) + Groundwater in (2,087 ac-ft/yr) = Surface water out (3,770
ac-ft/yr) + Consumptive use out (1,757 ac-ft/yr) = Total Water Budget (5,527 ac-ft/yr), a decline
of 19% calculated for the preliminary water budget (PWB).
This shows that a reduction of water contributions originating from the La Sal Mountain
subsystem in amounts and timing of precipitation (rain and snowfall) and snowmelt resulting
from climate change may have a significant impact on streamflows, groundwater recharge and
subsurface inflow into the valley. In addition, water diversion projects to other watersheds,
especially up-valley, will result in decreased surface water flows and groundwater recharge from
losing streams. Impacts on the valley's water budget may also result from deforestation due to
lumbering or fire (increased surface runoff and stream flows); increased forestation (increased
ET; decrease of runoff and stream flows); and mining (increased or decreased stream flows and
groundwater fluxes). Land use conversions/changes resulting in more or less consumptive uses
need to be evaluated regarding the surface water output to Castle Creek at the northwest end of
Castle Valley. Increased consumptive use would result from increased urbanization (more wells,
non-native vegetation), or increased irrigation.
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FIGURES

Figure 1. Map Showing the Location of Preliminary Water Balance (PWB) Area
with Inputs and Outputs.
(From Kolm and van der Heijde, 2016)
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Figure 2a. Google Earth Image of Town of Castle Valley, Utah Taken in December 1997.
(downloaded on October 18, 2016)

Figure 2b. Google Earth Image of Town of Castle Valley, Utah Taken in May 2003.
(downloaded on October 18, 2016)
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Figure 2c. Google Earth Image of Town of Castle Valley, Utah Taken in June 2004.
(downloaded on October 18, 2016)

Figure 2d. Google Earth Image of Town of Castle Valley, Utah Taken in August 2004.
(downloaded on October 18, 2016)
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Figure 2e. Google Earth Image of Town of Castle Valley, Utah Taken in July 2006.
(downloaded on October 18, 2016)

Figure 2f. Google Earth Image of Town of Castle Valley, Utah Taken in December 2006.
(downloaded on October 18, 2016)
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Figure 2g. Google Earth Image of Town of Castle Valley, Utah Taken in June 2009.
(downloaded on October 18, 2016)

Figure 2h. Google Earth Image of Town of Castle Valley, Utah Taken in September 2011.
(downloaded on October 18, 2016)
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Figure 2i. Google Earth Image of Town of Castle Valley, Utah taken in June 2012.
(downloaded on October 18, 2016)

Figure 2j. Google Earth Image of Town of Castle Valley, Utah taken in June 2013.
(downloaded on October 18, 2016)
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Figure 2k. Google Earth Image of Town of Castle Valley, Utah taken in July 2015.
(downloaded on October 18, 2016)
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Figure 3a. Monthly Statistics for Temperature, Precipitation and Snow and Sleet for the Period 2010-2016 at
Station Castle Valley 0.6W, ID US1UTGR0009.

Figure 3b. Monthly Precipitation for the Period 2010-2016 at
Station Castle Valley 0.6W, ID US1UTGR0009.
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Figure 3c. Monthly Precipitation for the Period 1985-1996 at Station Castle
Valley Institute (from Ford, 2006).
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Figure 4a. Monthly Precipitation for the Period 1981-2016 at
Station LaSal Mountain USS0009L03S.

Figure 4b. Monthly Precipitation for the Period 1985-1996 at Station La Sal Mountain Snotel Site 09L03S
(from Ford, 2006).
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Figure 5. Annual discharge in Castle Creek at Station USGS 09182400 for Period 1993-2015.

(Source: http://waterdata.usgs.gov/nwis/inventory?agency_code=USGS&site_no=09182400)
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