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ABSTRACT

During the spring of 2011, a gravel excavation site (pit) at 
the mouth of Green Canyon in North Logan City, Utah, was 
modified by the city to retain excess flow from the Green Can-
yon catchment. From August 2011 to March 2012, the Utah 
Geological Survey (UGS) monitored the flow of water into 
the gravel pit, and recorded gravity data and groundwater lev-
els at several sites within a mile of the gravel pit. The UGS 
conducted four two-day measuring campaigns during August 
2011, September 2011, October 2011, and March 2012.

The UGS observed a significant increase in gravity from Au-
gust to September to the southwest of the gravel pit, which in-
dicates an increase in the amount of water in that region from 
August to September. Most of the water is likely traveling 
from the gravel pit towards the region of the principal aqui-
fer. Lack of correlation between well-water level and gravity 
changes at two nearby wells implies that there are two sepa-
rate aquifer systems in the vicinity of the gravel pit: an upper 
unconfined aquifer and a lower confined/semi-confined aqui-
fer. While more gravity and hydrologic measurements and an 
observation well are strongly recommended for this site, the 
UGS suggests that Cache County continue efforts to develop 
the gravel pit into an aquifer storage and recovery site. 

INTRODUCTION

Cache Valley is a rural area in northern Utah (figure 1) expe-
riencing rapid population growth and increased groundwater 
use. Groundwater is a significant source of drinking water for 
Cache Valley residents. During some relatively wet years, such 
as water-year 2011, surface water discharge may exceed us-
able quantities and surface-impoundment storage capabilities 
for several months. Members of the Cache County govern-
ment are seeking tools to help them better manage the Cache 
Valley groundwater system. Aquifer storage and recovery 
(ASR) allows for excess surface water to augment groundwa-
ter supplies in Cache Valley’s basin-fill aquifer through direct 
infiltration or use of an injection well. ASR can help stabilize 
water levels, as well as provide water planners and managers 
with increased flexibility in managing the water supply of the 
basin, by providing a source of supplemental supply. 

In the summer of 2011, North Logan City diverted excess sur-
face-water discharge from the Green Canyon catchment out 
of Green Canyon via a main stream channel/canal into a series 

of three improvised infiltration pits located at an active gravel 
mining operation. The infiltration of the water provided an ex-
cellent opportunity to study how water flows into Cache Val-
ley’s basin-fill sediments, and our Phase I study (Thomas and 
others, 2011) of artificial recharge in Cache County recom-
mended the gravel pits near Green Canyon as a candidate for 
an artificial recharge site. The objective of this study (Phase 
II) is to determine the flow direction and fate of infiltrated 
seasonal runoff through the gravel pit at the mouth of Green 
Canyon into basin-fill sediments.

Location and Geography

Cache Valley is a north-south-trending valley that straddles 
the border of Cache County, Utah, and Franklin County, 
Idaho. In Utah, Cache Valley is bordered by the Bear River 
Range to the east and the Wellsville Mountains and Clarkston 
Mountain to the west (figure 1).

The study focuses on the area at the mouth of Green Canyon, 
between the town of North Logan and the foothills of the Bear 
River Range. The gravel mining operation is located immedi-
ately west of the mouth of Green Canyon.

Previous Investigations

Lowe (1987) and Lowe and Galloway (1993) created a 
1:24,000-scale geologic map of the North Logan area, includ-
ing the area of the gravel pit. They also provided a geologic 
interpretation and geologic cross sections of the area. Dover 
(1995) created the 1:100,000-scale Logan 30' x 60' geologic 
map that includes the Utah portion of Cache Valley (figure 2). 

Anderson and others (1994) mapped groundwater recharge 
and discharge areas for Cache Valley’s basin-fill aquifer (figure 
3). Based on water-level data from well drillers' logs, they sub-
divided the basin-fill aquifer into (1) primary recharge areas—
less than 20 feet of clay and a downward hydrologic gradient, 
(2) secondary recharge areas—confining layers (greater than 
20 feet of clay) and a downward hydrologic gradient, and (3) 
discharge areas—upward hydrologic gradients. They stated 
that recharge into the basin fill from the extensively fractured 
bedrock at the mountain front is highly probable. Anderson 
and others (1994) recognized extensive confining layers in 
Cache Valley, noting that the valley has a greater percentage 
of clay in the unconsolidated basin-fill deposits than the other 
Wasatch Front basin-fill valleys.

CACHE VALLEY AQUIFER STORAGE  
AND RECOVERY—PHASE II

by Paul Inkenbrandt, Kevin Thomas, and Christian Hardwick
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Robinson (1999) conducted a thorough hydrologic examina-
tion of the valley that characterized the chemistry and hydro-
stratigraphy of groundwater and surface-water interaction in 
the Cache Valley basin-fill aquifer. He created seven cross sec-
tions of the basin fill material in the Utah portion of Cache Val-
ley using well drillers’ logs. Robinson’s (1999) cross sections 
presented two continuous confining layers terminating near 
Cache Valley’s eastern margin. Robinson described five major 
hydrostratigraphic units in descending order: (1) an unconfined 
aquifer (Qau), (2) an upper confining layer (B1), (3) an upper 
confined aquifer (A1), (4) a lower confining layer (B2), and (5) 
a deep confined aquifer (A2) (table 1 and figure 4).

Inkenbrandt (2010) examined transmissivity of the basin-fill 
material. He compiled aquifer tests and specific-capacity data, 
and used Robinson’s (1999) nomenclature to identify the hy-
drostratigraphic units from which wells in Cache Valley derive 
water.

To assess the potential for aquifer storage and recovery projects 
in Cache Valley, Thomas and others (2011) examined maps and 
aerial photographs, constructed several geologic sections of the 
area (figure 5), and interpolated aquifer transmissivity values 
(figure 6) from Inkenbrandt (2010). They looked for potential 

ASR sites in areas of high aquifer transmissivity, near water 
sources, and lacking significant and continuous confining lay-
ers. Their choices for optimal sites for surface spreading are 
close to the Bear River Range, beyond the eastern extent of the 
confining layers (figure 3), and in areas where the Salt Lake 
Formation is not near the surface (figure 2). For a more compre-
hensive bibliography on the Cache Valley area, see Inkenbrandt 
(2010) or Thomas and others (2011).

Geologic Setting

North-striking, steeply-dipping normal faults (the East Cache 
and West Cache fault zones) are the structural boundaries of 
Cache Valley. Both fault zones have been subdivided into three 
segments, and both fault zones show evidence of recurrent Qua-
ternary movement (McCalpin, 1994; Black and others, 1999). 

The mountain massifs surrounding Cache Valley consist of 
Precambrian to Permian sedimentary and metamorphic rocks, 
including limestone, dolomite, shale, and quartzite (Williams, 
1948, 1958; Bjorklund and McGreevy, 1971). Tertiary Salt 
Lake Formation, primarily tuffaceous sandstone and conglom-
erate, forms a belt along the foothills surrounding the valley 
and underlies Quaternary deposits within Cache Valley (Wil-

Figure 3. Groundwater recharge and discharge areas as delineated by Anderson and others (1994) and location of microgravity stations. 
Primary recharge areas contain no confining layers thicker than 20 feet and have a downward vertical gradient. Secondary recharge areas 
contain confining layers thicker than 20 feet and a general downward vertical gradient. Discharge zones have an upward vertical gradient. 
Inset (red border) shows detail of infiltration pit area. 
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liams, 1962; Evans and Oaks, 1996). Gravity survey data (Oaks 
and Langenheim, in preparation) and drillers’ logs suggest 
that the Salt Lake Formation is close to the surface along the 
mountain front north of Green Canyon and south of Blacksmith 
Fork Canyon. Swelling clays within the tuffaceous portions of 
the Salt Lake Formation can impede the flow of groundwater 
(Smith, 1997).

Cache Valley contains unconsolidated basin fill of varying 
thickness. The basin fill consists of fluvial and lacustrine de-
posits that interfinger with alluvial-fan deposits and, to a lesser 
extent, deltaic and landslide deposits along the valley margins 
(Lowe, 1987; Lowe and Galloway, 1993; Evans and Oaks, 
1996). Much of the floor of Cache Valley is covered with off-
shore lacustrine silt and clay deposited during the Bonneville 
lake cycle between about 12,000 and 29,000 years ago (Oviatt 
and others, 1992).

The principal basin-fill aquifer (figure 4) is present in the sub-
surface between Smithfield, Wellsville, and Hyrum, and may be 
up to 700 feet thick (after the thicknesses of mud interbeds are 
subtracted). The proportion of fine-grained particles increases 
to the west, and the valley center is dominantly fine grained. 
These basin-fill deposits cover and lap onto the Salt Lake For-
mation where it is exposed or shallowly buried in the valley 
(Thomas and others, 2011). 

Two thick clay confining layers are present in the upper 120 
to 170 feet of the basin fill in the area of the principal aquifer 

(table 1 and figure 4). Both layers rise and pinch out eastward 
at higher altitudes at the deltas (Bjorklund and McGreevey, 
1971; Robinson 1999). Both layers extend nearly to the moun-
tain front between the Logan River delta and the Blacksmith 
Fork delta. Laterally continuous gravel deposits 20 to 40 feet 
thick separate the two confining layers, and constitute the up-
per confined aquifer of Robinson (1999).

Transmissivity values in the Salt Lake Formation are typically 
an order of magnitude lower and have a higher standard de-
viation than those of the principal aquifer (Inkenbrandt, 2010). 
Generally, the lower transmissivities and tuffaceous portions of 
the Salt Lake Formation make it a poor aquifer.

The deposits in the Green Canyon gravel (infiltration) pit are 
moderately to well sorted, cobble-sized, clast-supported grav-
els. Most of the clasts in the gravel pit are well rounded. These 
deposits are deltaic materials (Thomas and others, 2011), likely 
deposited at the Provo stage of ancient Lake Bonneville. Cross 
sections (figure 5; Robinson, 1999; Thomas and others, 2011) 
indicate that the gravels in the pit likely are underlain by the 
Salt Lake Formation at a depth of less than 100 feet. Many of 
the wells surrounding the gravel pit are screened to the Salt 
Lake Formation. The Salt Lake Formation is of moderate to 
high transmissivity (approximately 900–2000 ft2/day) in the 
area of the gravel pit (Inkenbrandt, 2010), so infiltration from 
the gravel pit to the Salt Lake Formation may be possible. How-
ever, the principal aquifer, especially A2, is the ultimate target 
for artificial recharge, and not the Salt Lake Formation.

 Unit (Avg.  
thickness, ft) Description Water-Bearing Properties

Qau  
(50)

Quaternary alluvium undifferentiated  
cobbles, gravel, sand, and silt; well to poorly sorted; unconsolidated; 
eolian sand and spring tufa

generally highly to moderately conductive; unconfined; 
transmissivities generally adequate for stock wells; 
TDS less than 1,000 mg/L

B1  
(60)

Upper confining layer  
clay grading to silt, sand, and gravel near the valley margins

considered to be a highly impermeable aquitard; verti-
cal gradients as great as 0.5

C1  
(>200)

Deltaic deposits  
cobbles, gravel, sand, and silt; well to poorly sorted; unconsolidated

transmissivities are generally the highest in the valley; 
unconfined to confined; high water quality

A1  
(30)

Upper confined aquifer  
gravels to cobbles interbedded with sand and silt; clay beds present in 
discontinuous lenses

moderately conductive but relatively low thickness 
gives low transmissivities; water generally contains 
much iron; well-confined

B2  
(30)

Lower confining layer  
thickly bedded clay containing thin gravel lenses near the valley margins

considered to be a highly impermeable aquitard; verti-
cal gradients as great as 0.5

A2  
(1,340)

Lower confined aquifer  
unconsolidated to semi-consolidated thickly bedded gravels and sands; 
discontinuous lenses of silt, clay, and marl; woody debris, peat, and 
shells present in places

conductivities very low to very high; these sediments 
compose the major aquifer of the valley; TDS is gener-
ally less than 300 mg/L, but may exceed 3,000 mg/L

Tsl  
(9,000)

Tertiary Salt Lake Formation, undifferentiated  
tuff, and mostly tuffaceous and calcareous siltstone, sandstone, and 
conglomerate, limestone and marl

conductivities generally low, but may be high locally in 
solution cavities or fanglomerate facies; water quality is 
highly variable

Tw  
(150)

Tertiary Wasatch Formation, undifferentiated  
poorly consolidated red-colored cobble- to boulder-bearing conglomerate

conductivities generally low to moderate; low well 
discharges possible; source of some springs

Pzu  
(>>10,000)

Paleozoic, undifferentiated  
well consolidated to slightly metamorphosed sandstones, shales,  
dolomites, and limestones; possibly containing solution cavities

permeability is predominately due to fractures and 
solution cavities, ranging from very low to locally quite 
high; TDS ranges from 150 to 310 mg/L

Table 1. Hydrostratigraphic units in Cache Valley, as described by Robinson, 1999.
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Groundwater Conditions

Occurrence

The principal aquifer (figure 3), the primary aquifer for water-

well-derived drinking-water supplies, consists of a complex 

multiple-aquifer system under both unconfined and confined 

conditions (Bjorklund and McGreevy, 1971; Kariya and others, 

1994). Bjorklund and McGreevy (1971) concluded that ground-

water in the principal aquifer is mostly under unconfined condi-

tions along the margins of Cache Valley, but is under confined 

conditions in many areas toward the center of the valley where 

many flowing wells exist. 

The boundary between unconfined and confined conditions 

is gradational near the margins of the basin. The confined 

portion of the principal aquifer typically is overlain by a 

shallow unconfined aquifer (Bjorklund and McGreevy, 

1971). Thomas and others (2011) concluded that both con-

fining layers continue nearly to the mountain front in low 

areas between deltas (figure 5). 
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the units. This diagram best represents the area near Logan, Utah. Near North Logan, the Salt Lake Formation is closer to the land surface.

Figure 5. Geologic cross section of the area near the mouth of  
Green Canyon, modified from Thomas and others (2011). The 
location of this cross section is shown on figure 2. Well data are in 
Thomas and others (2011). 
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Depth to Groundwater

Depth to groundwater in unconsolidated deposits in Cache 
Valley ranges from at or near the ground surface in the cen-
tral portion of the valley to more than 300 feet in deltaic areas 
along the valley margins (Bjorklund and McGreevy, 1971). 
Seasonal water-level changes range from a few feet to about 
20 feet (figure 12 of Kariya and others, 1994). 

Groundwater Flow

Groundwater flow in Cache Valley’s principal aquifer is north-
northwest in southern Cache Valley. In most of the valley, 
groundwater flow is typically from adjacent topographic high-
lands toward the valley center, generally toward the Bear River 
(Bjorklund and McGreevy, 1971, plate 4). Horizontal hydrau-
lic gradients are higher near the valley margins, and decrease 
toward the center of the valley (Kariya and others, 1994).

Hydrologic Budget

Recharge to the basin-fill aquifer system is from infiltration 
of precipitation, streams, canals, ditches, and irrigated fields, 
and by subsurface inflow from consolidated rock along val-
ley margins (Kariya and others, 1994). The two continuous 
confining layers (table 1), which extend across most of the 
valley, constrain a majority of the valley surface infiltration 
to the shallow, unconfined aquifer. Recharge to the confined 

gravel layers that make up the bulk of the principal aquifer is 
limited to surface infiltration at areas in the valley where the 
clay layers are discontinuous or not present and to infiltration 
from the adjacent mountains. Most recharge takes place in areas 
along the valley margins (figure 3) where unconsolidated mate-
rials have the greatest permeability and vulnerability to surface 
sources of pollution (Bjorklund and McGreevy, 1971). 

Discharge from the basin-fill aquifer includes evapotranspira-
tion, well-water withdrawal, and seepage to springs and Cutler 
Reservoir (Kariya and others, 1994). Of the major streams in 
Cache Valley, the Bear River, including Cutler Reservoir, re-
ceives the largest amount of groundwater discharge from seep-
age (Kariya and others, 1994). 

Groundwater uses include the following: municipal water sup-
ply, domestic water supply, agricultural irrigation and stock wa-
tering, and municipal and industrial uses. Although some wells 
and springs in fractured rock are used for public water supply 
in Cache Valley, some of the public water supply and most do-
mestic water supply are obtained from wells completed in the 
confined, unconsolidated aquifers of the basin-fill aquifer, most 
of which would be considered the principal aquifer (Robinson, 
1999). 

For the year 1990, discharge exceeded recharge in the Cache 
Valley aquifer system by an estimated 117,000 acre-feet (Kariya 
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and others, 1994). The recharge for 1990 was 214,000 acre-feet, 
101,000 acre-feet of which was from canal seepage, whereas 
discharge was 331,000 acre-feet, of which 130,000 acre-feet 
was released as seepage to streams and reservoirs. Bjorklund 
and McGreevy also considered seepage from canals as an im-
portant source of recharge. Water budgets from Myers (2001) 
and Kariya and others (1994) indicate a water-budget deficit 
(groundwater storage decrease) during years of lower than av-
erage precipitation. The budgets are based on groundwater-lev-
el and precipitation data (Rowland, 2009), especially during the 
relatively dryer periods of the early 1990s and 2000s.

The Green Canyon gravel (infiltration) pit is near a number of 
water supplies with discharges adequate to conduct an ASR 
project. The closest water supply is a diversion of the natural 
channel from the Green Canyon catchment (figure 3). The next 
closest water supplies are the Logan, Hyde Park, and Smithfield 
canals and three wells owned by North Logan, the Green Can-
yon Wells 1, 2, and 3. These wells have an outlet that feeds into 
the Logan, Hyde Park, and Smithfield canals, and thus could be 
used to supplement water-use requirements of an ASR project.

Groundwater Quality

Groundwater quality in Cache Valley’s principal aquifer is gen-
erally very good, with calcium, magnesium, and bicarbonate 
composing the major dissolved constituents. Bjorklund and 
McGreevy (1971) reported total-dissolved-solids (TDS) con-
centrations to be mostly below 800 mg/L, though warm saline 
groundwater having TDS concentrations in excess of 1600 
mg/L has been documented near Newton.

Lowe and others (2003) sampled 165 wells and one spring in 
1997. TDS concentrations ranged from 178 to 1758 mg/L, hav-
ing an average background TDS of 381 mg/L (Lowe and others, 
2003). Most of the groundwater in the principal aquifer has TDS 
concentrations of less than 500 mg/L. The spring yielded water 
with a TDS concentration of 368 mg/L. Nitrate-plus-nitrite con-
centrations in Cache Valley’s principal aquifer ranged from less 
than 0.02 to 35.77 mg/L, with an average (background) nitrate 
concentration of 1.9 mg/L. 

METHODS

Introduction

The objectives of this study are to better understand the re-
charge (into the ground) of seasonal runoff at the infiltration pit 
and through the basin-fill sediments at the mouth of Green Can-
yon, and to determine, if possible, which aquifer unit(s) store 
the infiltrating water. To do this, we conducted a field survey of 
the area, then estimated local groundwater flow conditions, the 
amount of water infiltrating into the aquifer system at the pit, 
the behavior of the infiltrating water, the impacts on the North 
Logan community, the direction and volume flow of groundwa-

ter, and the groundwater flow from the infiltration area to the 
surrounding aquifers.

Field Survey

Bob Fotheringham of Cache County made the UGS aware of 
the infiltrating water in early August of 2011, meaning that we 
were unable to record measurements before this time. Inter-
views with North Logan City officials did not yield informa-
tion on when the infiltration pits were constructed. Estimates of 
timing of the construction of the infiltration pits are discussed 
further in the Results and Discussion section of this report.

To better understand the surface water and groundwater sys-
tems surrounding the area of the upper and lower infiltration 
pits (figure 3 inset), we first surveyed the infiltration area. We 
also determined the dimensions of the infiltration pits and the 
amount of surface water flow into the ASR site to estimate the 
amount of water that infiltrated into the ground at the pits.

We visited the field area a total of five times. During the ini-
tial visit (August 4, 2011), we photographed the gravel pit area 
and established locations for the hydrologic and microgravity 
measurements. Owing to their complexity and importance to 
the study, the microgravity measurements will be discussed 
separately (see Gravity Method section). During the following 
four visits (table 2), we photographed the area, recorded gravity 
measurements, and measured hydrologic parameters. We also 
measured the dimensions and elevation of the infiltration pits 
and the elevation of the water surface in the main infiltration pit. 

During each field visit, we captured several hundred photo-
graphs of the infiltration pits and surrounding area to record 
hydrologic and geomorphic changes over time. We took sev-
eral panoramic pictures from different angles (figures 7, 8, 
and 9).

Hydrologic Measurements

Hydrologic measurements consisted of the elevation of the 
water standing in the upper (main) infiltration pit (figure 10), 
the flow of surface water to the main pit, depth to water in 
two wells, and discharge of USU Sheep Spring (figure 3). We 
measured the elevation of the water ponding in the main infil-
tration pit using a staff gage located near the middle of the pit, 
coupled with high-accuracy (<1 cm) Trimble Global Naviga-
tion Satellite (GNSS) equipment using the TURN Global Po-
sitioning System. We measured the flow of surface water into 
the gravel pit and the outflow of Sheep Spring with an open-
channel field stream velocity meter. We used an electronic wa-
ter-level measuring tape to measure the depth to water in the 
wells. In the well at CVG 16, we measured groundwater level 
hourly with a pressure transducer from September to October.

We determined the dimensions of the infiltration areas by 
walking several transects with a high-accuracy continuously 
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recording Trimble GPS. We also measured and identified 
points of interest, such as the elevations of outflow pipes, 
highest elevation of deposited silt, the shape and elevation of 
the impoundment structures (dams), and the location and el-
evations of the two inflow streams (figure 10). We interpreted 
the maximum elevation of fine silt deposits as the highest 
water level that occurred in each of the two infiltration pits. 
The GPS measurements we recorded are rough measurements 
and should not be used for definitions of legal boundaries or 
other legal purposes. Elevation accuracy was limited by the 
measurement technique of carrying the device while it was 
measuring and is within one foot of the actual elevation for the 
pits' dimensions, and within an inch of the actual elevations of 
the water levels.

Groundwater Infiltration Estimates

We did not directly measure the infiltration of water into the 
ground at the infiltration pit site. Instead, we assumed that all 
surface water flowing into the pit was being infiltrated into the 
ground at the main pit, with the exception of a minor part of 
the water being lost to evaporation. We assumed that most of 
the surface water that flowed into the pits infiltrated into the 

ground and that surface flow to the pit was steady between 
measured events. We then linearly interpolated the infiltration 
rate between the measurement events to determine the total 
water infiltrated.

We made a digital elevation model (DEM) of the area of the 
infiltration pits by interpolating the elevation and location 
points recorded in the field and draped the DEM with aerial 
photography. We then manually adjusted the DEM to match 
and align the draped photography to field-collected photo-
graphs (figure 10). 

Using the DEM of the infiltration area and water elevation 
data collected in the field, we estimated the volume of water 
ponded in the main infiltration pit during each event (field wa-
ter level measurements, aerial photographs, and elevation of 
silt deposits). We calculated the volume of water in the main 
pit during each event by subtracting the elevation of the bot-
tom of the main pit from a level plane representing the surface 
of the water at the time of each event. We estimated the maxi-
mum volume of standing water ponded in the infiltration areas 
using the elevation of the bottom of the discharge pipes and 
the maximum elevations of silt deposits. 

Date Qualitative hydrologic conditions Field work completed Other activities

Early May to 
early June, 2011

Snowpack begins to melt (figure 18) and 
flow down Green Canyon in the form of sur-
face water flow.

In anticipation of large amounts 
of surface flow, North Logan 
City builds infiltration pits at the 
mouth of Green Canyon.

Middle to late 
June, 2011

Aerial photographs, snowmelt, and river hy-
drographs (figures 16 and 18) indicate peak 
flow of surface water out of Green Canyon 
and into the infiltration pits occurred. Flow 
from Green Canyon exceeded the capacity 
of the upper and lower infiltration pits and 
flowed into two ponds downstream of the 
infiltration pits.

Aerial photography flown in late 
June (Microsoft, 2012).

8/4/2011 Large amount of water ponded in upper pit 
and some water ponded in lower pit. Steady 
stream of surface water flowing into upper 
pit area.

Initial field visit by UGS.

8/10/2011–
8/11/2011

Less water ponded in pits and flowing into 
pit area than during prior UGS visit on 
8/4/2011.

Gravity sites selected; 1st 
round of gravity and hydro-
logic measurements began.

Aerial photography flown on 
8/11/2011 (Google, 2012).

9/21/2011–
9/22/2011

Less water ponded in pits and flowing into 
pit area than during prior UGS visit on 
8/11/2011.

2nd round of gravity and 
hydrologic measurements 
collected.

10/26/2011–
10/27/2011

More water ponded in pits and flowing 
into pit area than during prior UGS visit on 
9/22/2011, but still much less water than ob-
served on 8/11/2011.

3rd round of gravity and 
hydrologic measurements 
collected.

3/21/2012–
3/22/2012

No water flowing into pits from main canal. 
Small flow (<10gpm) of water flowing into 
upper pit from Park Pond overflow. Very 
small amount of water ponding in upper pit. 

4th round of gravity and 
hydrologic measurements 
collected.

Table 2. Timeline of events at the infiltration pits near the mouth of Green Canyon.
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At the time of each of our field-based main pit water level 
and flow measurements, water was not flowing through the 
overflow pipes from the upper (main) infiltration pit (figure 
10). For each measurement, we have assumed that the amount 
of water infiltrating at the main pit is equivalent to the amount 
of surface water flowing into the pit area from the channel(s) 
(minus some loss to evaporation) (figure 11). This assumes 
that the water level in the pit is at a steady state at the time of 
measurement, and only rises or falls in response to changes in 
input surface water flow. 

The relationship between inflow into the pit and water levels 
was approximated by linear correlation of measured surface 
water inflow to the area in the main pit available for infiltra-
tion at the time of measurement. To determine the exact sur-
face area of each measurement event, we used the DEM and 
the measured pond water-level elevations. Using three sets of 
main pit water level and surface water flow measurements in 
combination with high precision pit dimension measurements, 
we correlated surface area of infiltration in the upper pit to 
surface water flow into the pit from the contributing streams 
(table 3). The linear equation describing the correlation is:

q = 0.00027 x A - 2.0312             (1)

where:

q = surface water flow into upper pit (in ft3/sec) 

A = surface area for infiltration (in ft2)

The relationship is only based on three field-measured points, 
but has an r2 value of 0.998. 

Based on this relationship between main pit water levels, 
which dictate pit surface area available for infiltration, and 
flow into the pit established from the correlation, we estimated 
surface water flow into the pit during the highest water levels 
(based on highest silt elevations) and during dates of aerial 
photography. Using dated aerial photographs and the DEM 
we created, we were able to estimate the elevation of water 
in the pit in the photographs based on the lateral extent of the 
water, which enabled us to estimate the volume of water in the 
pits at the time of the aerial photograph and the surface area 
in the pits covered by water (area available for infiltration). 

Figure 8.  Panoramas of the upper (main) pit looking northeast near the delta, taken on three 
occasions.

Aug. 11, 2011

Sept. 22, 2011

Oct. 26, 2011

Figure 9.  Panoramas of infiltration pits from September and October, 2011, taken from a benchmark at
5086 ft in the SE1/4NE1/4 section 24, T. 12 N., R. 1 E., Salt Lake Base Line and Meridian, looking northwest.
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Figure 7.  Panoramas of the upper (main) pit looking southeast towards Green Canyon, taken 
on three occasions.

Aug. 11, 2011

Sept. 22, 2011

Oct. 26, 2011

Figure 7. Panoramas of the upper (main) pit looking southeast 
towards Green Canyon, taken on three occasions.

Figure 8. Panoramas of the upper (main) pit looking northeast  
near the delta, taken on three occasions.

Figure 9. Panoramas of infiltration pits from September and  
October, 2011, taken from a benchmark at 5086 ft in the SE1/4NE1/4 
section 24, T. 12 N., R. 1 E., Salt Lake Base Line and Meridian, 
looking northwest.
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Figure 10.  Infiltration area features.  A. Oblique view of the the gravel (infiltration) pit areas looking 
towards the mouth of Green Canyon.  B.  View from the Upper Dam looking towards the overflow pond.  
Note the scarp created by insicion of the overflow.  C. Delta area of the upper pit.  D.  Cobbles deposited in 
the delta area by the inflow channel (field book for scale).

Figure 10. Infiltration area features. A. Oblique view 
of the gravel (infiltration) pit areas looking towards the 
mouth of Green Canyon. B. View from the Upper Dam 
looking towards the overflow pond. Note the scarp created 
by incision of the overflow. C. Delta area of the upper 
pit. D. Cobbles deposited in the delta area by the inflow 
channel (field book for scale).
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We assumed that the start date of infiltration was May 11, 
2012, when soils at the SNOTEL station reached maximum 
soil moisture, and when SNODAS shows a large spike in 
snowmelt rates (National Operational Hydrologic Remote 
Sensing Center, 2004). We also assumed zero infiltration at 
the start date, then linearly interpolated between values of in-
filtrated water volumes. We discretized the infiltration rates 
to get daily values of infiltration rate, and then summed the 
daily values to get the estimated cumulative volume of water 
infiltrated into the upper infiltration pit.

Infiltration Model

To predict the possible behavior of the infiltrating water, we 
created a simplified infiltration (groundwater change) model 
using AQTESOLV (Duffield, 2006) (figure 12). The model 
treated the infiltration pits as horizontal wells having negative 
discharges (table 4) and incorporated discharges of the Logan 
City wells southwest of the site. We added a constant head 
boundary 500 feet east of the gravel pit area (east of the North 
Logan City wells in Green Canyon) to account for the east to 
west gradient and inflow of water coming in from the moun-
tainous area. For the model, we used a bulk transmissivity of 
750 feet/day, a storativity of 0.02, and an aquifer thickness of 
520 feet, based on nearby measured values (Robinson, 1999; 
Inkenbrandt, 2010). The bulk values group the aquifer prop-
erties of the Salt Lake Formation, the fractured carbonates of 
the Bear River Range, and the alluvium, and do not consider 
heterogeneities like the East Cache fault, or lenses of materials 
of differing aquifer properties. The estimated infiltration rates 
of the infiltration ponds and the North Logan wells are listed 
in table 3. The dimensions applied to the horizontal wells that 
represent the pit in the model were 100 ft (30 m) length and 32 
ft (10 m) diameter, which is an approximation of the area avail-

evaporation

change in water volume (water level) in the upper in�ltration pit

in�ltration into ground

in�ltration = stream input - evaporation ± change in reservoir volume

We assumed that the water volume (water level) at the upper pit
remained constant during measurements

although the upper (main) in�ltration pit has an over�ow 
(out�ow) pipe, no over�ow was observed during measurement

main stream

stream from park pond

stream input

Figure 11.  Conceptual diagram of method applied to determine infiltration rate.

Figure 11. Conceptual diagram of method applied to determine infiltration rate.
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Figure 12.  Modeled groundwater change based on the estimates of infiltrated water into Green 
Canyon gravel pits.  A positive number indicates an increase in groundwater level over time.
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Figure 12. Modeled groundwater change based on the estimates of 
infiltrated water into Green Canyon gravel pits. A positive number 
indicates an increase in groundwater level over time.
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Date Volume of 
water in pit

Area of  
infiltration Stream input Evaporation Infiltration 

rate
Infiltrated 

water
Infiltrated 

water

ft³ ft² ft³/sec ft/day ft/day ft³/day ac-ft/day
6/25/2011 224,130 58,650 13.4 0.49 19 1,132,540 26

8/11/2011 104,190 44,500 10.0 0.49 19 843,670 19

9/22/2011 2300 9290 0.1 0.49 7 66,390 2

10/27/2011 5850 14,700 2.2 0.49 12 181,870 4

The estimated date of 6/25/2012 is based on the date of peak flow for the Logan River and an aerial photograph dated in late June of 2011 (Microsoft, 
2012).

Values estimated from the elevations of the maximum extent of the silt, minimum elevations of outflow pipes, and aerial photography (Microsoft, 2012).
Infiltration rate is equal to stream input divided by area of infiltration minus evaporation.
Infiltrated water equal to stream input minus evaporation. 

The term "discharge" refers to infiltration of water into the ground when the sign is negative and pumping from a well when the sign is positive.
The last value on 11/22/2011 is a date when infiltration was assumed to be negligible. The model required a date of discontinued infiltration and we did not 

record measurement on 11/22/2011. 
Well pumping data was based on monthly use data reported by North Logan (Utah Division of Water Rights, 2012). 

UTM  
Easting (m)

UTM  
Northing (m) Date Days Discharge 

(m³/d)
Discharge 

(ft³/d)

U
pp

er
 P

it

434984 4624348

6/25/2011 0 -32,070 -1,132,540
8/11/2011 47 -23,890 -843,670
9/22/2011 89 -1880 -66,390
10/27/2011 124 -5150 -181,870

11/22/2011 150 0 0.00

Lower Pit 434856 4624372
6/25/2011 0 -15000 -6.1
8/11/2011 47 0 0.00

N
or

th
 L

og
an

W
el

l 1 435524 4624286

6/25/2011 0 850 0.4
7/25/2011 30 2880 1.2
8/24/2011 60 3080 1.3
9/23/2011 90 2110 0.9

10/23/2011 120 160 0.1

11/22/2011 140 0 0

N
or

th
 L

og
an

W
el

l 2 435623 4624414

6/25/2011 0 450 15,890
7/25/2011 30 1820 64,270
8/24/2011 60 1905 67,270
9/23/2011 90 1175 41,490

10/23/2011 120 81 2860

11/22/2011 140 0 0.00

Table 3. Estimated infiltration rates at the infiltration pit. Values for 6/25/2012 were estimated from the elevations of the maximum extent of 
the area covered in silt.

Table 4. Locations and discharge rates used to model the mounding of groundwater created by infiltrating water.
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able for infiltration in both pits. Dimensions for the North Lo-
gan wells were taken from the well drillers' logs (appendix A).

Local Groundwater Conditions 

We examined existing groundwater-level data to determine: 
1) the dominant direction of groundwater flow, 2) the hori-
zontal groundwater gradient, and 3) changes in groundwater 
levels in the area over time.

Potentiometric Surface Map

To understand where groundwater moves in the area near Green 
Canyon, we created a potentiometric surface (groundwater lev-
el) map for the area from existing groundwater-level data (fig-
ure 13). The potentiometric surface map indicates groundwater 
flow direction and horizontal groundwater gradients, which are 
useful in understanding where infiltrating water is moving.

We compiled data from existing springs from NHDplus  
database (USEPA and USGS, 2005), groundwater levels  
from the U.S. Geological Survey (USGS) National Water 
Information System (NWIS) database (USGS, 2001), and 
groundwater levels from the Water Rights Points of Diversion 

(WRPOD) database maintained by the Utah Division of Wa-
ter Rights (UDWR). We collected all available data for Cache 
County, over all available times, from 1905 to 2012.

Using a 30-feet horizontal resolution DEM from the USGS 
National Elevation Dataset (NED) (Gesch, 2002; Gesch and 
others, 2007), we attributed elevation values to each dataset. 
To determine groundwater-level elevation (total head) for the 
NWIS and WRPOD data, we subtracted measured depth to 
groundwater from the DEM elevation at each point’s location. 
For the spring data, we assumed that the surface elevation of 
the NHDplus springs represented the general potentiometric 
surface, although not all springs are continuously flowing and 
some springs may have total heads greater than that of the land 
surface elevation.

We interpolated the groundwater-level elevation values, us-
ing a natural neighbor technique (Sibson, 1981) that produces 
a smooth (not angular) result, is local (uses only a subset of 
points surrounding a query point), and has interpolated heights 
that are guaranteed to be within the range of the samples used. 
Multiple groundwater-level elevations at the same point re-
corded at different times were averaged to eliminate multiple 
records at one location.
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Figure 13. Potentiometric surface map of area near gravel pits and mouth of Green Canyon.  All wells and springs in Cache County were used
to make the map. Base aerial photograph from Google (2011).

Green Canyon

Figure 13. Potentiometric surface map of area near gravel pits and mouth of Green Canyon. All wells and springs in Cache Count were used 
to make the map. Base aerial photograph from Google (2011).
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We calculated the slope and aspect of the potentiometric sur-
face map. The slope of the potentiometric surface is equivalent 
to the horizontal hydraulic groundwater gradient of the area, 
and the slope direction indicates the horizontal groundwater 
flow direction (figure 14).

Groundwater-Level Time Series

We examined water levels over time in selected wells in the 
NWIS database nearest to the gravel pit that had multiple 
measurements from 2011 to 2012 (plate 1). We plotted each 
well’s water-level series by feet of total head above mean sea 
level from January 2011 to June 2012 (figure 15). We also ex-
amined stream discharge to investigate relationships between 
surface water and groundwater (figure 16). 

Hydrologic Budget

To understand the movement and flow of infiltrated water at 
the mouth of Green Canyon, we have to understand the quan-
tity and timing of water moving through the upgradient Green 
Canyon catchment. Several factors determine how much and 
when water ultimately reaches the area of infiltration (figure 
17): precipitation, recharge into the mountain bedrock and 

Green Canyon alluvium, the timing of snowmelt, water lost to 
the subsurface and adjacent basins, water lost to evapotranspi-
ration, and water captured and released by North Logan City. 
We estimated the water budget for the time from September 
1, 2010, to September 30, 2011, to account for times when the 
snowpack is present and to adjust for limited availability of 
North Logan City data.

Precipitation and Snowmelt

We obtained Green Canyon catchment precipitation data 
from PRISM Climate Group (2012). We then used SNOTEL 
(NRCS, 2012) and SNOw Data Assimilation System (SNO-
DAS) (National Operational Hydrologic Remote Sensing 
Center, 2004) data to estimate the timing and volume of snow-
melt flow down Green Canyon. 

The PRISM Climate Group (2012) weather station data are in-
terpolated and adjusted for topography. To estimate the precipi-
tation input, we downscaled PRISM precipitation data from a 
2.5 mile (4 km) grid to a 0.3 mile (0.5 km) grid, and clipped it 
to the Green Canyon catchment; then we averaged the precipi-
tation for each subcatchment within the greater Green Canyon 
catchment. 
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Figure 15.  Groundwater levels over time in wells monitored by the USGS.  See plate 1 for well
locations.
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Figure 15. Groundwater levels over time in wells monitored by the USGS. See plate 1 for well locations.
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Figure 16.  Discharge over time in streams monitored by the USGS.  See plate 1 for gage 
locations.

Figure 16. Discharge over time in streams monitored by the USGS. See plate 1 for gage locations.
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Figure 17. Conceptual diagram of the Green Canyon catchment and the infiltration pond hydrologic budget.
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We processed SNODAS snowmelt and snow water equivalent 
(snowpack thickness) using a similar technique. SNODAS is 
a modeling and data assimilation system to provide estimates 
of snow cover and associated parameters (National Operational 
Hydrologic Remote Sensing Center, 2004). SNODAS inte-
grates snow data from satellites, airborne platforms, and ground 
stations with model estimates of snow cover.

We compared snowmelt data for the Green Canyon catchment 
to data from the Tony Grove SNOTEL station, about one half 
mile northeast of the Green Canyon catchment. We also looked 
at soil moisture percentage at the Tony Grove station (figure 
18).

North Logan City Water Treatment Plant

North Logan City owns and operates a water treatment plant 
(figure 19 A), and collects water from springs (figure 19 B) and 
three groundwater wells (the city measures water levels and 
discharge in only two of the wells; figure 19 C) in the mouth 
of Green Canyon. The water treatment plant does not treat well 
water, but treats water collected from Water Canyon Spring on 
the north fork of the canyon about four miles upstream of the 
plant. Water collected at the spring site and processed through 
the treatment plant is metered by North Logan City (figure 
19B), and flow data are maintained by the Utah Division of 
Water Rights. To help manage excess flows into the treatment 
plant, North Logan City has an overflow pipe that diverts water 
(figure 19) into a ditch, which also serves as the output channel 
for the Green Canyon catchment. North Logan City also pumps 
water from Green Canyon well 3 into a pond that is upgradient 
of the infiltration pit. The overflow of the pond ultimately con-
tributes to the surface water flowing to the pit.

Groundwater Recharge in the Mountains

To estimate the amount of water recharging into the mountains 
in the Green Canyon catchment, we applied a simplified Max-
ey-Eakin (1949) method. Using this method we assumed re-
charge in the mountain bedrock and alluvium in Green Canyon 
to be 25% of precipitation.

Water Lost to Other Basins

Spangler (2001) documented that water infiltrates into karst 
sinks along Water Canyon and Green Canyon and crosses the 
Green Canyon catchment boundaries, ending its course at De-
Witt spring in Logan Canyon. The exact quantity of water lost 
has not been measured, but it is likely less than the approxi-
mately 10,000 ac-ft per year released by DeWitt spring (Utah 
Division of Water Rights, 2012). Assuming that the Green 
Canyon catchment contributes less than half of the annual 
flow to DeWitt spring (Spangler, 2001), we set the maximum 
potential loss to karst (interbasin flow) to 5000 ac-ft. While 
it is possible that more water may be lost to other basins via 
interbasin flow, it was not substantiated by Spangler (2001). 

Evapotranspiration

Evapotranspiration was estimated using North American Land 
Data Assimilation System data (NLDAS, 2012). We used the 
0.125-degree grid size monthly NLDAS data, modeled using 
NASA's NOAH land surface model. At 0.125-degree (roughly 
8 miles) grid size, NLDAS data are fairly coarse and generally 
intended for use with larger basins, making it less reliable than 
other, finer data. To determine the evapotranspiration from 
NLDAS, we first downscaled the data to 3-mile (5 km) grid 
spacing, and clipped it to the Green Canyon catchment; we 
then averaged the evapotranspiration for each subcatchment 
within the greater Green Canyon catchment. 

Gravity Method

Water infiltrating from the gravel pit adds mass to the subsur-
face, which can be detected through careful, high-precision 
measurements of changes in gravity. Observed gravity chang-
es can provide significant insight into groundwater storage 
changes of an aquifer (Pool and Eychaner, 1995; Chapman 
and others, 2008; Gettings and others, 2008). The repeating 
of station measurements along a series of nested loops helps 
to minimize uncertainty in the gravity data and enables more 
precise tracking of groundwater changes (Gettings and others, 
2008).

The mean value of gravity at the Earth's surface is 9.8 m/s2. In 
gravity surveys, the working unit Gal, for Galileo, is defined 
as 1 cm/s2. Thus, the acceleration due to gravity at the Earth's 
surface is 980 Gal. For high-precision gravity surveys, sig-
nal amplitudes are on the order of μGal (10-6 Gal). A Scintrex 
CG-5 Autograv with a precision of 1 μGal was used to make 
gravity measurements for this study. Processing and analysis 
in accordance with Gettings and others (2008) results in mea-
surement accuracy of 5 μGal.

Accurate determination of mass changes in a subsurface res-
ervoir requires that station elevations be measured with high 
accuracy at the time of the gravity measurements to account 
for fluctuations in gravity due to changes in elevation. To 
minimize this error, we measured the ground elevation at each 
gravity site with a Trimble high-precision GNSS receiver us-
ing TURN. Reported errors in our elevation measurements 
were typically about 2 to 3 cm (table 5). Station locations are 
likely to have natural, relatively minor variations (up to 10 
cm) in elevation. Given the vertical gravity gradient of -308.6 
μGal/m, elevation changes affect the measured gravity at any 
location by up to 15 μGals (table 5). Most surveyed eleva-
tions had an absolute accuracy of better than 3 cm, resulting 
in gravity uncertainties due to elevation of less than 9 μGal, 
an acceptable value (table 5).

We established a network of 19 gravity stations (figure 20) 
around the Green Canyon gravel pit to provide temporal and 
spatial coverage of groundwater changes during and after in-
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Figure 19.  Hydrologic data near the gravel pit.  A.-C. Data from North Logan City. D. Estimated 
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Figure 19. Hydrologic data near the gravel pit. A.–C. Data from North Logan City. D. Estimated flow into infiltration pit. The estimate of 
total water infiltrated comes from the daily discretized culmination of interpolated flows between the plotted values, starting at 5/11/2012 
and ending 9/22/2012. 
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Elevation (meters) GPS precision (meters) Elevation change 
(meters)

Error from elevation 
change (µGal)

STATION 8/10/2011 10/26/2011 3/21/2012 Aug Oct Mar Aug-Oct Aug-Mar Aug-Oct Aug-Mar
CVG0 1372.738 1372.717 1372.696 0.034 0.03 NA 0.021 0.042 6 13
CVG1 1517.243 1517.242 1517.212 0.016 0.03 0.043 0.001 0.031 0 10
CVG2 1514.105 1514.119 1514.129 0.028 0.021 0.05 -0.014 -0.024 -4 -7
CVG3 1515.535 1515.533 1515.543 0.029 0.017 0.031 0.002 -0.008 1 -2
CVG4 1534.194 1534.069 1534.104 0.037 0.05 0.032 0.125 0.090 39 28
CVG5 1540.439 1540.420 1540.425 0.028 0.036 0.04 0.019 0.014 6 4
CVG6 1504.001 1504.003 1504.009 0.03 0.022 0.02 -0.002 -0.008 -1 -2
CVG7 1503.964 1503.951 1503.95 0.025 0.023 0.025 0.013 0.014 4 4
CVG8 1475.092 1475.104 1475.099 0.018 0.019 0.022 -0.012 -0.007 -4 -2
CVG9 1474.087 1474.041 1474.043 0.017 0.018 0.027 0.046 0.044 14 14

CVG10 1488.170 1488.182 1488.186 0.016 0.031 0.017 -0.012 -0.016 -4 -5
CVG11 1488.759 1488.742 1488.735 0.033 0.02 0.048 0.017 0.024 5 7
CVG12 1522.082 1522.074 1522.06 0.024 0.024 0.035 0.008 0.022 2 7
CVG13 1508.477 1508.493 1508.476 0.026 0.036 0.026 -0.016 0.001 -5 0
CVG14 1457.371 1457.321 1457.355 0.023 0.029 0.022 0.050 0.016 15 5
CVG15 1486.009 1485.970 1485.96 0.025 0.036 0.02 0.039 0.049 12 15
CVG16 1404.201 1404.192 1404.219 0.024 0.02 0.024 0.009 -0.018 3 -6
CVG17 1479.718 1479.716 1479.72 0.021 0.015 0.027 0.002 -0.002 1 -1
CVG18 1400.858 1400.866 1400.859 0.017 0.018 0.014 -0.008 -0.001 -2 0

Table 5. Elevation measurements recorded by the high precision Trimble GPS unit.

filtration. Because a stable substrate is needed for precise mea-
surements, we established gravity stations on existing cement 
pads (such as sidewalks) to reduce the cost and impact of the 
surveys where possible. For three locations, we installed tem-
porary gravity stations using concrete pads or paving stones 
secured by rebar. We repeated our gravity survey four times to 
monitor temporal changes in the local gravity over time on 10–
11 August 2011, 21–22 September 2011, 26–27 October 2011, 
and 21–22 March 2012.

Station networks are always a compromise between the num-
ber of stations and the time available to occupy the network. 
We ensured that station spacing was no less than the estimated 
depth of investigation, and that far-field sites (those distal to the 
immediate area of investigation) were close enough for practi-
cal purposes, but sufficiently far that the infiltration should not 
influence the stations during the project lifetime. 

Gravity measurements have nonlinear drifts due to transport 
and Earth tide effects, instrument tares (sudden jolts), other un-
corrected noise, and innate linear drift of the gravimeter sensor. 
We repeated occupations of stations twice in a single survey to 
quantify and correct for the nonlinear noise. To compare mea-
surements between surveys, one or more stations are assumed 
“stable,” meaning there is no gravity change at these sites 
relative to the gravity changes of interest over time, and are 
used as reference stations. The apparent gravity changes at the 
reference station(s) provide a correction value for the gravity 
changes observed at the rest of the gravity stations and allow us 

to compute actual change. We apply this correction to all other 
gravity stations. 

A high number of gravity readings over a short time im-
proves statistical certainty and allows for quality control in 
processing (Gettings and others, 2008). We recorded 30-sec-
ond averages of the gravity 20 times during each occupa-
tion, making each occupation last about 10 minutes. We then 
analyzed the readings to produce an estimate of the relative 
gravity at each station.

RESULTS AND DISCUSSION

Potentiometric Surface

The hydraulic gradients and flow directions inferred from the 
potentiometric surface map (figure 13) made for this study re-
flect the trends observed by others (Bjorklund and McGreevy, 
1971; Kariya and others, 1991). The Green Canyon Wells 1 and 
2 drinking water source protection plan (Bush and Gudgell, 
2004) aligned the hydraulic groundwater gradient to the trend 
of Green Canyon Creek (south 79 degrees west). Hydraulic 
gradient is highest near and within the mountainous area and 
decreases towards the center of Cache Valley (figure 14). The 
groundwater flow direction is generally from east to west in the 
area of the Green Canyon gravel pit.
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In creating figures 13 and 14, we assumed that all of the 
groundwater-level data points are hydraulically connected to 
some degree (i.e., we did not distinguish between aquifers) 
and that groundwater levels have not changed significantly 
over time. As a result, the figures represent very general es-
timates of the groundwater flow conditions in the area. The 
water-level data extend from 1905 to 2012, but most of the 
groundwater levels are post-1970. 

The groundwater-level map (figure 13) and the accompany-
ing flow map (figure 14) have several limitations. Most of the 
groundwater level elevations for the mountainous area near 
Green Canyon are from spring elevations, which may repre-
sent localized perched aquifers, or have discharges that repre-
sent groundwater levels higher than the spring’s ground surface 
elevation. We have interpolated over large areas that lack data, 
so localized variations in the potentiometric surface, such as ex-
pected near the East Cache fault, are attenuated or smoothed 
out. Most of the water-level data in the valley area are from the 
principal aquifer, whereas most of the water-level data in the 
mountains are from spring elevations. Differences in head be-
tween confined aquifer units are within a few feet, whereas dif-
ferences in head between unconfined and confined aquifer units 
can exceed 20 feet. Almost all of the water-level data from with-
in the valley area are from confined aquifers, as wells are rarely 
completed in the unconfined aquifers (Inkenbrandt, 2010).

Based on results of a dye tracer study, Spangler (2001) 
documented karst groundwater flow from Green Canyon 
south-southeast to DeWitt spring in Logan Canyon (figure 
2), which opposes the flow direction estimated from the po-
tentiometric surface map. In this case, flow not in line with 
gradient indicates structurally controlled flow following 
the Logan Peak syncline and fracture sets associated with 
the syncline. However, flow from the Bear River Range to 
the subsurface basin fill at the mouth of Green Canyon is 
still likely because water-level elevations in the Bear River 
Range are significantly higher than those in Cache Valley 
basin fill.

Regional Groundwater-Level Fluctuations

Temporal changes in groundwater levels in wells in the 
Cache Valley region show similar trends in both basin-fill 
material and the Salt Lake Formation (figure 15, plate 1). 
Water levels started out low early in 2011, began to increase 
near May, and peaked during October to November, then 
subsequently declined in December. In most cases, water 
levels in March 2012 were higher than March 2011. Some 
of the wells show small dips in this trend, which may be re-
lated to local pumping near those wells. Water levels in wells 
screened to A1 or A2 wells shared similar trends.
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The October to November peak in water levels (figure 15) 
may represent a delayed response in groundwater levels to the 
large influx of snowmelt and precipitation earlier in the year 
(figure 16). Alternatively, based on the large contribution of 
seepage from irrigation water in the Cache Valley water bud-
get (Bjorklund and McGreevy, 1974; Kariya and others, 1994; 
Olsen, 2007), the observed groundwater level peak could be 
caused by delayed irrigation or canal seepage. No groundwater 
level changes in the wells could be attributed to the infiltra-
tion of water at the gravel pits, as any measurable water level 
increases created by pit infiltration would be masked by a much 
larger regional seasonal recharge signal. To detect the effects of 
the infiltration pit, measurement of a well more proximal to the 
pit is required. 

Pit Infiltration

Based on the volume estimates from our point infiltration val-
ues, we estimate the total infiltration into the ground at the up-
per pit to be at least 2000 ac-ft from early May to September 
of 2011 (figure 19 D; table 3). Based on the measured surface 
water inflow and main pit overflow elevation and the total area 
covered by silt, estimated infiltration rates started at about 20 
feet per day and decreased over time to about 13 feet per day 
(table 3).

We were only able to estimate infiltration at the upper pit. How-
ever, geomorphic and anecdotal evidence suggests that large 
amounts of water flowed through the upper pit overflow and 
into the lower pits. The geomorphic evidence included incision 
gullies near the upper pit overflow pipes (figure 10), cobbles de-
posited in the delta area of the upper pit, and a large areal extent 
of silt in both the lower and upper pits. Based on high precision 
GPS measurements of a dissected trench (incision gully) ex-
tending from the overflow pipe of the upper pit to the lower pit, 
a total of 4800 cubic feet of limestone cobbles were moved by 
water flowing out of the overflow pipes of the upper infiltration 
pond. The water created an incision gully 28 feet wide and 2.5 
feet deep (figure 10B). Based on the surface area covered by 
water during the highest stages of pit water level elevations of 
the upper and lower infiltration pits, total surface water inflow 
to the pit was at least 20 cubic feet per second.

We see no correlation between the measured surface water 
flow into the infiltration pond and the water released from the 
North Logan City water treatment plant (figure 19), although 
we would expect one because the overflow contributes to the 
surface inflow stream. The lack of correlation could be due to 
measurement errors in either the field stream velocity meter or 
the overflow meter. A more likely explanation, however, is that 
the discharge of surface water from the Green Canyon catch-
ment was also contributing to the surface flow entering the in-
filtration pits, which is substantiated by the hydrologic budget. 
Significant contributions from Green Canyon are likely because 
the flow into the gravel pit was about an order of magnitude 
higher than the flow leaving the plant.

Visual inspection of the infiltration area yielded no evidence 
of infiltrated water resurfacing in the immediate vicinity of the 
infiltration ponds. During periods when water was ponding in 
the upper infiltration pond without reaching the level of the 
overflow pipes, no water was observed to be issuing through or 
under the upper pond impoundment to the lower pond.

Recharge Mound Model

The modeled behavior of large amounts of water infiltrating 
at the pit shows increased water levels near the pit, decreasing 
radially with distance (figure 12). The increased groundwater 
levels induce a groundwater gradient higher than the natural 
gradient and would cause groundwater to flow in directions 
other than west (the natural groundwater flow direction).

Hydrologic Budget

The current source of surface water for infiltration at the grav-
el pits is the Green Canyon catchment. This catchment also 
likely provides groundwater underflow from the consolidated 
Paleozoic rocks and shallow alluvium of the mountains to the 
aquifers below the gravel pit in Cache Valley. The hydrologic 
budget was created to estimate (1) the amount of surface water 
that flowed out of the catchment to the gravel pits and (2) the 
amount of groundwater moving from the mountain to the area 
below the gravel pit. However, the hydrologic budget for the 
Green Canyon catchment was difficult to ascertain due to the 
lack of high resolution, field measured data. The results of the 
estimate of hydrologic budget are summarized in table 6.

Based on the PRISM data, total precipitation (including snow) 
for the Green Canyon catchment during water year 2011 (from 
the beginning of October 2010 to the end of September 2011) 
was 28,000 ac-ft, most of which fell and accumulated from 
November 2010 to March 2011. The total precipitation from 
January 2011 to December 2011 was 22,000 ac-ft. Historical 
averages of precipitation for Green Canyon Catchment from 
1971 to 2000 show that average annual precipitation (Jan. to 
Dec.) is 23,000 ac-ft, and that precipitation is lowest from 

IN - Water coming into Green Canyon catchment
(ac-ft/yr)

Precipitation 28,000
Groundwater Inflow from adjacent basins NA

OUT - Water leaving Green Canyon catchment
(ac-ft/yr)

Evapotranspiration 9800
Recharge (into ground) in the mountains (25% of precipitation) 6750
Interbasin flow (karst flow to DeWitt Spring) 5000
Runoff captured by North Logan near Water Canyon spring 1200

Runoff out of Green Canyon 4250

We assumed no inflow from other basins. 
Determined by subtracting the other "OUT" components from   
    precipitation.

Table 6. Hydrologic budget of Green Canyon catchment. Values are 
very approximate and should be used for conceptual purposes only.
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June to August and highest from November to March (PRISM 
Climate Group, 2012). PRISM grids indicate that most of the 
precipitation occurs at the highest elevations of the Green 
Canyon catchment, which is the eastern portion of the catch-
ment (PRISM Climate Group, 2012).

The timing and geographic distribution of the majority of 
Green Canyon precipitation indicate that most of the water 
contributed to the basin is in the form of snow, which is sub-
stantiated by SNOTEL and SNODAS (figure 18). Although 
some of the snow melts over the winter months (figure 18), 
much of it accumulates. Based on river hydrographs and snow 
data (figures 16 and 18), snowmelt began in mid-May, cli-
maxed in mid- to late June, and tapered off into late Septem-
ber.

Data from 1971 to 2000 (PRISM Climate Group, 2012) indi-
cate that the average amount of precipitation that the Green 
Canyon catchment received was 23,100 ac-ft per year. How-
ever, personal communication with North Logan City water 
manager Terrel Huppi indicated that surface water rarely 
flows out of the mouth of Green Canyon. Based on this ob-
servation, and dye trace data from Spangler (2001), we can 
assume that most of the Green Canyon catchment water is 
(1) lost to karst flow to DeWitt Spring, (2) recharged into the 
fractured bedrock and alluvium in the mountains, (3) col-

lected by North Logan City near Water Canyon Springs, and 
(4) lost to evapotranspiration. However, in the summer and 
fall of 2011, at least 2000 ac-ft of water made it into the up-
per infiltration pit, only 130 ac-ft of which was released by 
North Logan City's water treatment plant overflow. Based 
on the very approximate hydrologic budget in table 6, up 
to 4250 ac-ft emerged from the mouth of Green Canyon as 
surface water runoff.

Gravity Interpretation

As mentioned earlier, changes in gravity at a single location 
can indicate a change in the mass of groundwater below that 
point (e.g., increased amounts of water would increase the 
measured gravity). We observed gravity value differences 
between each field survey measurement, which we interpret 
to represent changes in groundwater storage. The stick maps 
of gravity values (figures 21–23) give us insight as to the 
lateral movement of groundwater, while comparing individ-
ual station measurements (figure 24) to nearby hydrologic 
measurements gives us insight into the vertical profile of the 
local aquifer systems. 

Hydrogeologic conditions that can influence the correlation 
of microgravity measurements to hydrologic measurements 
include thick unsaturated zones occurring near recharge 

50 μGal

1000 meters

August to September
7

6

8
15

14

9

4

3

2

1
12

10

1113

18

5

Figure 21. Microgravity changes from August to September 2011.  Red bars are positive and indicate 
an increase in gravity (mass) over time.  Blue bars are negative and indicate a decrease in gravity over 
time. Station numbers at bar tops (see figure 20).  Base aerial photograph from Google (2011).

3280 ft

Pit Area

Sheep Spring

Well &
17

Well &
16

Figure 21. Microgravity changes from August to September 2011. Red bars are positive and indicate an increase in gravity (mass) over time. 
Blue bars are negative and indicate a decrease in gravity over time. Station numbers at bar tops (see figure 20). Base aerial photograph from 
Google (2011). 



27Cache Valley aquifer storage and recovery–phase II

50 μGal

1000 meters

August to October

7

6
815

Well &
17

Well &
16

14
9

4

3

2

1

12

10
11

13

18

5

Pit Area

Sheep Spring

Figure 22. Microgravity changes from August to October 2011. Red bars are positive and indicate an 
increase in gravity (mass) over time.  Blue bars are negative and indicate a decrease in gravity over 
time.  Station numbers at bar tops (see figure 20).  Base aerial photograph from Google (2011).

50 μGal

1000 meters

August 2011 to March 2012

7

6
815

Well &
17

Well &
16

14 9

4

3
2

1
12

10
11

13

18

5

Pit Area

Sheep Spring

Figure 23. Microgravity changes from August 2011 to March 2012. Red bars are positive and indicate 
an increase in gravity (mass) over time.  Blue bars are negative and indicate a decrease in gravity over 
time.  Station numbers at bar tops (see figure 20).  Base aerial photograph from Google (2011).
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Figure 23. Microgravity changes from August 2011 to March 2012. Red bars are positive and indicate an increase in gravity 
(mass) over time. Blue bars are negative and indicate a decrease in gravity over time. Station numbers at bar tops (see figure 20). 
Base aerial photograph from Google (2011). 
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Figure 24.  Relative gravity changes and hydrologic measurements at selected gravity stations over time.  
The time scale of the graphs is the same as the graphs of USGS data in figures 15 to 16.

sources and perched, confined, multiple, and compressible 
aquifers (Pool, 2008). Also, well water levels may not be 
representative of a single aquifer.

In Basin and Range alluvial aquifers like the one in Cache 
Valley, groundwater-storage change occurs through changes 
in the water content of pore spaces in the unsaturated zone, 
draining and filling of pore space as water levels rise and 

fall in the unconfined regional and perched aquifers, and the 
expansion and contraction of saturated pore volume in com-
pressible parts of the aquifer (Pool, 2008).

Comparison to Hydrologic Systems

Hydrologic measurements were taken simultaneously with 
gravity measurements at four locations: two “far-field” wells 

Figure 24. Relative gravity changes and hydrologic measurements at selected gravity stations over time. The time scale of the graphs is the 
same as the graphs of USGS data in figures 15 to 16.
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(CV16 and CV17), USU Sheep Spring and nearby gravity 
station CVG18, and directly adjacent to the area of infiltra-
tion (ASR site). More mass will produce a relatively stronger 
gravity signal. Hydrologic trends in the well at CVG17 and 
at Sheep Spring did not match microgravity trends (figure 
24). In both cases, this was likely caused by multiple aquifer 
systems, where separate water packages could be vertically 
stacked under the point of measurement. 

CVG17 water level is representative of only a small thick-
ness of the Salt Lake Formation. In the area of the well, local-
ized perched aquifers may be present above and within the 
Salt Lake Formation. Poor correlation between the well and 
the microgravity indicates that we measured mass changes 
that were reflected by groundwater changes not in the well 
but possibly in the perched aquifers.

USU Sheep Spring’s dominant water source is likely from 
the shallow unconfined aquifer (Olsen, 2007). Underlying 
the unconfined aquifer are the principal aquifer and the Salt 
Lake Formation. Discharge from the spring decreased from 
August to September by about 55 gallons per minute (gpm) 
then increased from September to October by about 20 gpm 
and finally decreased from October to March by about 46 gpm 
(figure 24). Gravity values measured at the CVG18 station 
are correlated with measured spring flow. However, the well 
at CVG18, screened to the Salt Lake Formation, is separated 
from the spring by about 0.25 mile, and significant aquifer 
heterogeneity may exist between the spring and the well at the 
gravity station.

The groundwater-level changes in the well at site CVG16 
have a positive correlation to the gravity changes observed at 
the site (figure 24). The measured groundwater-level changes 
also matched the general trends observed in wells monitored 
by the USGS, meaning that the water storage changes inferred 
by gravity at CVG16 may be more related to regional changes 
in the groundwater system than changes caused by infiltration 
at the gravel pit.

Changes in gravity measurements at CVG1, CVG2, and 
CVG3 do not match the estimated flow into the gravel pit (fig-
ures 19D and 24), which should be directly correlated with 
the amount of water infiltrating at the pit. A possible explana-
tion for the discrepancy is that the gravity signal from water 
coming into the system through the East Cache fault from 
Green Canyon and flowing under the gravel pit overwhelmed 
the gravity signal from water that infiltrated in the gravel pit. 
Although the East Cache fault was modeled as a low perme-
ability boundary, some groundwater probably moves from the 
mountains to the valley fill across the fault, including through 
the Green Canyon alluvium. Another possible explanation is 
that the water moved vertically below the pit before spreading 
laterally, creating a delay between infiltrating volume mea-
sured and the lateral movement measured via gravity.

Gravity Changes

Gravity changes from August to September were greatest 
south of the gravel pit (figures 21 and 24–26). There were 
only small changes in the far field to the west, and relatively 
moderate increases to the immediate north and west at sta-
tions CVG12 and CVG10. The larger increase of gravity to 
the south could indicate a large amount of water moving south 
along the East Cache Fault Zone, due to enhanced fracture 
permeability created by the fault system. 

The measured gravity differs from the modeled behavior in 
that there is not a smooth, semi-circular mound observed be-
low the gravel pit. We likely did not observe a mound because 
we did not start measuring gravity until after the bulk of the 
water had infiltrated at the gravel pit between late June and 
early August. Heterogeneity in the basin-fill material could 
also contribute to a non-radial peak in gravity (i.e., more water 
moving to the south). 

Gravity changes from August to October (figure 22) show an 
almost spatially symmetrical decrease in the immediate vicin-
ity of the pit area, and general increases in all other surround-
ing areas. This is interpreted as water leaving the pit area from 
the time of late August to late October.

Gravity changes from August to March (figure 23) show a 
general increase in the gravity signal in most of the valley, 
while there was a decrease in gravity at CVG4.

CONCLUSIONS

Based on the high (as high as 100 μGal) change in gravity 
observed from August to September in the southern part of 
the study area, a large volume of water infiltrated from the pit 
is reaching the subsurface in the Logan area, south of North 
Logan. This area is highly connected to the principal aquifer, 
and some water is likely reaching the deeper portions of the 
principal aquifer in the Logan area. 

Water infiltrating beneath the gravel pit likely disperses and 
moves laterally and vertically through the alluvial-fill materi-
al. Determining the exact amount of water entering each aqui-
fer unit using gravity alone is unachievable for this complex 
aquifer system. The natural groundwater system at the mouth 
of Green Canyon is complex, and is further complicated by 
the operations of a municipal water supply system. Based 
on our estimated infiltration rates, the volume of infiltrated 
water from early May to September 2011 was at least 2000 
acre-feet. An anomalously high volume of water was mov-
ing through the Cache Valley aquifer system during this study, 
which further complicated the investigation.

Because our measured microgravity signals indicate a large 
mass of water moving to the southwest, towards a high-use 
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Figure 25. Relative gravity changes at each gravity station (see figure 22 for gravity station locations) over time. The time scale of the graphs 
is the same as the graphs of USGS data in figures 15 to 16. 

Figure 25.  Continued.   
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area of the principal aquifer, the North Logan Green Canyon 

gravel pits could be an appropriate, though not ideal, loca-

tion for aquifer storage and recovery. Though there is strong 

evidence that some water reaches the principal aquifer, due to 

the complexity of the system and the lack of high resolution 

data, we are unable to ascertain if most of the water infiltrated 

reaches the principal aquifer. Some water is likely lost to the 

shallow unconfined aquifer, and may cause increases in shal-

low groundwater occurrence farther downgradient from the 

ASR site, such as increased spring flow. If this site is cho-

sen as an ASR site, or used for further study, we recommend 

installing a monitoring well in the immediate vicinity of the 

infiltration pond to better monitor the subsurface groundwater 

conditions in relation to microgravity measurements.
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