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Ash Creek Special Service District 
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La Verkin, UT 84475 
 
RE: Analysis of Septic Tank Density 
 Part of Upper Kolob Plateau and Oak Valley 
 Ash Creek Special Service District 
 Washington County, Utah 
 
Dear Mr. Hall, 
 
Submitted herewith is the report for an analysis of septic tank density for part of the Upper 
Kolob Plateau and Oak Valley in Washington County, Utah.  This study was initiated by the 
Whispering Pines development, which is located within the study area.  
 
This study was conducted based on limited available data.  The services provided on this 
project, as described in this report, include professional opinions and judgments based on 
the data collected and analyzed.  We performed these services according to currently 
accepted water resources engineering principles and practices conducted in this area.  No 
other warranty, expressed or implied, is made.   
 
If you have any questions regarding this report, please contact us at (801) 523-0100. 
 
Sincerely, 
Sunrise Engineering, Inc. 
 
Prepared by: 
 

 
Dao Yang, P.E.     Derek S. Anderson 
Project Hydrogeologist     Engineer in Training 
 
Reviewed by: 

 
Charlie Rehn, P.E. 
Environmental Manager 
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EXECUTIVE SUMMARY 

 

Sunrise Engineering, Inc. has completed an analysis of septic tank density at the northern 

part of the Upper Kolob Plateau and Oak Valley.  This study indicates that the average 

septic tank density on buildable area within any subdivision is 1.24 acres/lot.  In reviewing 

subdivision plans within the study area, it is recommended that the site slope be reviewed 

carefully.  The actual average septic tank density is different for each slope zone.  In the 0-

19% slope zone, the average septic tank density is 1.24 acres/lot; in the 20-29% slope zone 

where 70% of the slope shall remain undisturbed, the actual average septic tank density is 

4.14 acres/lot; and in the 30% or greater slope zone where 90% of the slope shall remain 

undisturbed, the actual average septic tank density is 12.4 acres/lot. 
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1.0 INTRODUCTION 

 

1.1 Background 

 

Residential development in rural areas has become a significant land use issue in many parts 

of the United States.  Rural developments often rely on single family domestic water wells 

for culinary water supply and on-site wastewater treatment systems for wastewater disposal.  

Local county officials are in charge of regulating unsewered residential development, and 

regulations in some areas are driven by concerns about the impact of development on 

groundwater quality.  On-site treatment of wastewater can release contaminants such as 

nitrate, bacteria, viruses and household hazardous chemicals to the subsurface, posing 

potential threats to groundwater and nearby wells.   

 

The project study area is located in southwestern Utah in a rural area in the northern part of 

the Upper Kolob Plateau and Oak Valley.  The proposed Whispering Pines Subdivision is 

located within the study area and lies within the Ash Creek Special Service District (ACSSD) 

service area.  Summer homes will be constructed in the proposed subdivision if approved by 

the ACSSD. 

 

County officials have used septic tank suitability studies, such as percolation tests, to 

determine where these systems will likely percolate within an acceptable range as set forth by 

the Utah Division of Water Quality (2000).  However, percolation alone does not remove 

many constituents in wastewater, including nitrate.  Ammonia from septic tank effluent 

under aerobic conditions can convert to nitrate, contaminating groundwater and posing 

potential health risks to humans.  If the nitrate level in drinking water is too high, infants up 

to the age of six months can develop a fatal disease called blue baby syndrome 

(methemoglobinemia).  The U.S. Environmental Protection Agency (EPA) has established 

the maximum contaminant level for nitrate (as nitrogen) in drinking water at 10 milligrams 

per liter (mg/L).  To avoid potential groundwater contamination resulting from septic tanks, 

the ACSSD has authorized Sunrise Engineering, Inc. (Sunrise) to determine the average lot 
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size without violation of groundwater quality standards under the build-out condition within 

the study area.   

 

1.2 Previous Studies 

 

Pro Valley Engineering conducted 87 percolation tests in the proposed Whisper Pines 

Subdivision between May 28 and June 7, 2007.  The test results indicate that the percolation 

rate is between 3 and 60 minutes/inch with an average rate of 21 minutes/inch and a 

standard deviation of 18 minutes/inch.  These results are within the acceptable range as set 

forth by the Utah Division of Water Quality (2000).   

 

1.3 Purpose and Scope 

 

The purpose of this study is to estimate the septic tank density within the study area using 

the mass balance approach as was used by Hansen, Allen and Luce, Inc. (1997) for 

Washington County, Utah.  To estimate the septic tank density, the following tasks were 

performed: 

 

1. Collection of weather and drainage information for the study area 

2. Delineation of the surface drainage boundaries of the study area 

3. Analysis of the precipitation data from surrounding weather stations and 

interpolation of precipitation and recharge rate in the study area 

4. Estimation of buildable area within the study area in accordance with Washington 

County’s current Disturbance Standards (10-24-3) 

5. Evaluation of groundwater conditions in the area 

6. Review of available study reports 

7. Estimation of aquifer parameter values 

8. Evaluation of ambient background nitrate concentration 

9. Estimation of septic tank density in the study area 
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2.0 SITE DESCRIPTION 

 

2.1 Location and Hydrogeography 

 

The project study area is located in northeastern Washington County of southwestern Utah 

(Figure 1) and is situated in Township 38 and 39 South, Range 10 and 11 West, Salt Lake 

Base and Meridian (Figure 2).  The area can be accessed through the Kolob Reservoir Road.   

 

As shown in Figure 2, the Kolob Reservoir is located in the upper part of the Kolob Creek 

drainage.  Numerous springs are also present in the area north and east of the reservoir.  

 

Kolob Creek originates approximately 2.5 miles north of the reservoir and continues 

southward downstream of the reservoir for approximately 2 miles before it turns eastward.  

The creek runs generally eastward for approximately 2.5 miles and then turns southward 

after Oak Creek joins Kolob Creek.   

 

The study area covers the whole drainage area above the convergence of Kolob Creek with 

Oak Creek.  The total surface drainage area is approximately 15,466 acres.  The altitude of 

the study area ranges from approximately 6,400 to 9,400 feet with an estimated average of 

roughly 8,000 feet.  Most of the land in the study area can be characterized as steeply 

sloping. 

 

2.2 Precipitation 

 

There is no weather station with long-term monitoring precipitation data in the study area.  

Annual average total precipitation data were collected from four surrounding weather 

stations in Utah.  These stations are Zion National Park, Alton, Orderville and Blowhard 

Mountain Radar.  Elevation data of the weather stations were also collected.  These data are 

summarized in Table 1. 

 

A regression analysis of the data indicates that precipitation correlated well with station 

elevations.  Using the regression equation and the average elevation (8,000 feet) within the 

study area, the annual average total precipitation was estimated to be 21.71 inches within the 

study area. 
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Table 1. Summary of Precipitation Data 

 

Station Name Station 

Elevation 

(Feet) 

Annual Average 

Total Precipitation 

(Inches) 

Record Period 

Zion National Park  4,050 14.97 1/2/1928~12/31/2005 

Alton  7,040 16.40 1/1/1928~12/31/2005 

Orderville  5,460 15.11 1/1/1928~12/31/2005 

Blowhard Mountain Radar 10,700 29.53 8/1/1964~12/31/2005 

Precipitation vs. Elevation

Precipitation (inches) = 0.0023*Elevation (feet) + 3.306

R2 = 0.8773

0

5

10

15

20

25

30

35

0 2000 4000 6000 8000 10000 12000

Elevation (Feet)

P
re

c
ip

it
a
ti

o
n

 (
In

c
h

e
s
)

 
Source: Western Regional Climate Center, wrcc@dri.edu. 

 

2.3 Geologic Setting 

 

As shown in Figures 3 and 4, the Quaternary deposits (Qaco, Qbkp, Qbkpc, Qblp, Qc, 

Qac, Qmt, Qmsh and Qmsy) are present throughout the majority of the study area.  These 

deposits are relatively thin, ranging from less than 100 feet to a few hundred feet.  These 

deposits consist primarily of basalt lava flows and cinders, and landslide deposits, capping 

the terraces.  The Dakota Formation (Kd) of the Cretaceous age, and the Carmel Formation 

(Jcw, Jcp, Jcx, Jccu and Jccl), Temple Cap Formation (Jtw and Jts) and the Navajo Sandstone 

(Jn) of the Jurassic age are exposed and underlie the Quaternary deposits.   

 

The Cretaceous Dakota Formation consists of inter-bedded, slope- and ledge-forming 

sandstone, siltstone, mudstone, claystone, carbonaceous shale, coal and marl.  This 

formation is up to 850 feet in thickness. 

 

The Jurassic Carmel Formation consists of the following four members:  
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1. Winsor Member (Jcw).  This member consists of light-reddish-brown, very fine to 

medium-grained sandstone and siltstone and is 240 to 320 feet thick. 

2. Paria River Member (Jcp).  This member consists of laminated to very thin bedded, 

light-gray argillaceous limestone and micritic limestone and is 50 to 160 feet thick. 

3. Cristal Creek Member (Jcx).  This member consists of thin- to medium-bedded, 

reddish-brown gypsiferous siltstone, mudstone and very fine to medium-grained 

sandstone and is 150 to 250 feet thick. 

4. Co-op Creek Limestone Member.  This member consists of two units: Upper Unit 

(Jccu) and Lower Unit (Jccl).  This member is composed of thin- to medium-bedded, 

light-gray micritic limestone and calcareous shale.  The total thickness of this 

member ranges from 340 to 520 feet. 

 

The Jurassic Temple Cap Formation consists of the following two members: 

 

1. White Throne Member (Jtw).  This member consists of thick-bedded, yellowish-gray 

to pale-orange, well-sorted, fine-grained quartz sandstone with large high-angle 

cross-beds similar to the Navajo Sandstone, and is 0 to 130 feet thick. 

2. Sinawava Member (Jts).  This member consists of inter-bedded, slope-forming, 

moderate-reddish-brown mudstone, siltstone and very fine grained siltstone, and is 

10 to 40 feet thick. 

 

The Jurassic Navajo Sandstone (Jn) consists of moderate-reddish-orange to moderate-

orange-pink, massively cross-bedded, poorly to moderately well cemented sandstone that is 

composed of well-rounded, fine- to medium-grained, frosted quartz, and is about 2,100 to 

2,200 feet thick. 

 

A detailed description of the geologic formations can be found on the Geologic Map of the 

Kolob Reservoir Quadrangle, Washington and Iron Counties, Utah by Biek (2007) and in 

Appendix A.    

 

The geologic map does not indicate the presence of any fault or fault zone in the study area. 

 

Figure 4 is a generalized geologic cross-section and the location of the cross-section is 

shown in Figure 3.  Figure 4 was generated based on Figure 3, Cross-section A-A’ of the 

Geologic Map of the Kolob Reservoir Quadrangle, Washington and Iron Counties, Utah by 

Biek (2007) and driller’s logs of existing wells as plotted on Figures 2 and 3.  The well logs 

are attached in Appendix B.  Figure 4 indicates that geologic formations generally dip to 

the east at an angle of approximately 3 degrees. 
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2.4 Groundwater Conditions 

 

Presently, there is no hydrogeologic report that provides a full characterization of the 

groundwater conditions in the study area.  To better describe the groundwater conditions in 

the study area, well logs were collected from the Utah Division of Water Rights database.   

Thirty-three well logs (Wells #1 through #33) were obtained and plotted in Figures 2 and 

3.  The wells are primarily located in the southwestern corner of the study area and range in 

depth from 60 to 705 feet below ground surface.  The deepest well (Well #10) was dry and is 

located in the northeast portion of Section 18, Township 39 South, Range 10 West in the 

Oak Creek sub-drainage.  The second deepest well is Well #27 with a total depth of 450 feet 

below ground surface.  Except for the dry well, the well logs indicate that depth to the 

groundwater surface ranges from 13 to 180 feet below ground surface.   

 

Characterizing the groundwater conditions in the study area is a challenge due to the fact 

that all wells, excluding the dry well, are located in the southwestern portion of the study 

area.  Based on the well logs, the groundwater conditions in the southwestern portion of the 

study area can be characterized below: 

 

Groundwater occurs in both the Quaternary deposits and the Cretaceous and Jurassic 

bedrocks.  Pumping test information recorded in the well logs indicates that the 

Quaternary deposits, which are composed primarily of volcanic lava flow rich of clay, are 

not very conductive of groundwater.  It appears that perched groundwater is present in 

located zones due to the presence of clay layers within the volcanic lava flow.  The 

perched groundwater is not the interest of this study because it is believed to be too 

shallow and too little in volume for drinking water exploration.  It appears that the 

primary aquifer in the area consists of both the Quaternary deposits and the bedrock, 

and primarily the sandstone in the Cretaceous Dakota Formation and the Jurassic 

Carmel Formation.  Based on the water level data recorded in the driller’s well logs and 

the elevation data from the topographic maps, a potentiometric surface of the primary 

aquifer was created in Figure 5.  Figure 5 indicates that groundwater generally moves 

from the west and north to the east.  The lowest hydraulic gradient is estimated to be 

4%. 

 

Figure 2 indicates that a local surface drainage divide (topographic ridge) is present between 

the Upper Kolob Plateau and Oak Valley.  An evaluation of the study area reveals that this 

ridge does not coincide with a groundwater divide in the study area.  It is believed that 

groundwater flows from the Upper Kolob Plateau across the local ridge and into Oak Valley.  

 

Figures 3 and 4 indicate that the Quaternary deposits are not present in the northernmost 

part and the southeastern portion of the project area.  The primary aquifer in these areas is 

believed to consist of bedrock.  As described above, Well #10, located in the northeastern 
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portion of Section 18, Township 39 South, Range 10 West, is dry.  Based on this 

information, it is assumed that the area with high elevations and steep slopes in the northern 

part of Oak Valley and the northern part of the Upper Kolob Plateau are the primary 

recharge zone and the primary aquifer exists in the southern part primarily along Kolob 

Creek.  Thus, groundwater moves from the Upper Kolob Plateau eastward towards Oak 

Valley and continues in the bedrock aquifer.  It is possible that the hydraulic gradient is 

greater in Oak Valley because of steeper surface slopes.  It is difficult to decide the width of 

the aquifer.  The potentiometric surface in Figure 5 indicates that the width of the aquifer is 

at least 4,000 feet.  The bedrock aquifer may have a larger width along Kolob Creek. 

 

The thickness of the aquifer can be determined through many wells that fully penetrate the 

aquifer.  However, there is not any well that fully penetrates the aquifer in the study area.  

Well #14 is a drinking water well owned by Whispering Pines Water Company.  This well is 

410 feet in depth and 6 inches in diameter.  A pumping test was conducted in the well where 

the drawdown vs. time data and the subsequent recovery vs. time data were collected.  These 

data were analyzed and the results are attached in Appendix C.  An analysis of the 

drawdown and recovery vs. time data yields transmissivity values of 44 and 48 feet2/day, 

respectively.  It is generally believed that the results from the recovery data are more reliable.  

Therefore, the transmissivity value of the producing aquifer is assumed to be 48 feet2/day.  

The well was perforated between 330 and 410 feet where sandstone was encountered.  If 

drilling had been continued, more sandstone may have been encountered from below the 

410 foot depth.  The sandstone aquifer is at least 80 feet thick at this well location.  With an 

assumed 80 foot aquifer thickness, the hydraulic conductivity of the producing aquifer is 0.6 

foot/day.  

 

2.5 Recharge 

 

Recharge to the aquifer is from precipitation and surface water bodies.  Precipitation is 

believed to provide the most recharge to the groundwater system in the study area.  Kolob 

Reservoir, Kolob Creek and Oak Creek are also believed to provide recharge to the 

groundwater system.  To maintain a conservative nature to this study, the recharge from 

surface water bodies was omitted. 

 

In the septic tank density study for Washington County, Utah by Hansen, Allen & Luce 

(1997), the recharge to the aquifer was assumed to be 10% of the annual precipitation.  

Because the study area is also located in Washington County, the same percentage was used 

in this study.  Thus, the estimated recharge to the aquifer is 2.171 inches/year. 
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2.6 Land Development Constraints and Buildable Area 

 

The land in the study area includes part of Zion National Park, land administered by the U.S. 

Bureau of Land Management (BLM) and private holdings.  It is assumed that no 

development is to be allowed in Zion National Park.  It is possible that land development 

will be allowed on BLM-administered land, as it is happening in the Santa Clara area where 

BLM is selling land for residential development.   

 

Future land development in the study area will need to comply with relevant Washington 

County Regulations.  The following is Washington County Rule 10-24-3 Disturbance 

Standards: 

 

In furtherance of the purposes set forth above, site disturbance related to hillside development shall comply with 

the following schedule: 

 

A. Zero to nineteen percent (0-19%) slope: See existing ordinances and standards unless otherwise 

required by the county. 

 

B. Twenty to twenty nine percent (20-29%) slope: Seventy percent (70%) of the slope shall remain 

undisturbed.  The seventy percent (70%) area is based upon the overall area/development rather 

than per lot. 

 

C. Thirty percent (30%) and greater slope: Ninety percent (90%) of this slope category shall remain 

undisturbed.  The ninety percent (90%) area is based upon the overall area/development rather 

than per lot. 

 

D. The county commission shall have the authority to adjust the above percentages, for cause, after 

receiving a recommendation from the county staff and the land use authority. (Ord. 2006-910-O, 5-

2-2006) 

 

The study area is sub-divided based on the three slope categories into three different zones 

as shown in Figure 6.  With these three zones, the buildable area can be estimated using the 

following assumptions: 

 

1. Land within Zion National Park is not buildable. 

2. Land administered by the BLM may still be buildable because the BLM may sell the 

public land to private entities, as such is occurring in the Santa Clara area. 

3. Land with a slope of 0- 19% is 100% buildable. 

4. Land with a slope of 20-29% is 30% buildable. 

5. Land with a slope of 30% and greater is 10% buildable. 
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6. The Washington County Water Conservancy (WCWCD) owns Kolob Reservoir and 

the land associated with the reservoir is not buildable.  The WCWCD owns an 

additional 80 acres of land in the study area, of which 40 acres is buildable. 

 

The estimated buildable area is summarized in Table 2. 

 

Table 2. Buildable Area Calculation Summary 

 

Land 

Slope/Ownership 

Area (Acres) Buildable 

Percentage (%) 

Buildable Area  

(Acres) 

30% and Greater 8,351  778 

Zion National Park 572 0  

BLM 504 10 50 

Private 7,275 10 728 

20-29% 3,642  1,091 

WCWCD 6 0  

Private 3,636 30 1,091 

0-19% 2,888  2,685 

Zion National Park 9 0  

WCWCD 194 0  

WCWCD 40 100 40 

Private 2,645 100 2,645 

Total 15,466  4,554 
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3.0 SEPTIC TANK DENSITY EVALUATION 

 

Ammonia and organic nitrogen are commonly present in effluent from septic tank systems, 

mostly from the human urinary system.  Typically, almost all ammonia is converted into 

nitrate before leaving the septic tank soil-absorption system. Once nitrate passes below the 

zone of aerobic bacteria and the roots of plants, there is negligible attenuation as it migrates 

farther through the soil (Franks, 1972).  Once in groundwater, nitrate becomes mobile with 

little or no retardation and can persist in the environment for long periods of time (Freeze 

and Cheery, 1979).  Areas with high densities of septic tank systems risk elevated nitrate 

concentrations reaching unacceptable levels.  In the early phases of groundwater 

contamination associated with septic tank systems, nitrate is likely to be the only pollutant 

detected (Deese, 1986). 

 

Nitrate is considered the key contaminant for use in determining the density of septic tank 

systems that should be allowed in the study area.  Nitrate concentrations in all or part of 

aquifers can be estimated for increasing septic tank system densities using a mass-balance 

approach.  In estimating nitrate concentrations using the mass-balance approach, the 

nitrogen mass from septic systems, irrigation water and the recharge water is assumed to 

accumulate to the existing ambient mass of nitrogen in groundwater and then diluted with 

the groundwater flow available for mixing, plus water that is migrating into the groundwater 

system from septic tank systems, irrigation water and recharge water. 

 

3.1 Wastewater Characteristics and Background Nitrate Concentration  

 

A typical single-family septic tank system discharges approximately 400 gallons per day (gpd) 

of effluent containing nitrate at a concentration of approximately 40 mg/l as nitrogen.  

However, because the homes in the study area are all summer and second homes, or other 

recreational dwellings, average daily flows discharging from septic tanks are less than 400 

gpd.  Based on the maximum availability of culinary and household water from recent water 

system studies and designs for a similar area (Duck Creek Village where the average total 

water use per household was 167 gpd) in Utah, 200 gpd would be the maximum wastewater 

effluent possible from each connection at build-out.  The drinking water standard for nitrate 

as nitrogen is 10 mg/l as recommended by the EPA and the State of Utah has adopted the 

EPA recommended standard. 

 

Presently, the study area is barely developed.  Therefore, there is not much groundwater 

quality information.  Ms. Kate Johnson of the Utah Division of Drinking Water conducted a 

water quality search in the Utah Division of Drinking Water database and identified two 

water quality records.  One record indicates that nitrate in the water sample from one well 

was non-detected and the other was 0.25 milligram per liter (mg/l) as nitrogen.  In this 

study, the background level of nitrate in groundwater was assumed to be 1 mg/l as nitrogen. 
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3.2 Assumptions and Limitations 

 

The following assumptions were used in this septic tank density evaluation: 

 

1. Nitrate loading from recharge associated with precipitation is 1 mg/l as it was used 

by Hansen, Allen & Luce, Inc. (1997). 

2. The irrigated area was assumed to be 10% of the buildable area.  Nitrate loading 

associated with irrigation was assumed to be 1 mg/l.  The total irrigation water was 

assumed to be 2 acre-feet/year per acre of irrigated land.  In Hansen, Allen & Luce, 

Inc.’s 1997 study, 6 acre-feet/year per acre of irrigated land was used.  A lower 

amount was used in this study as only summer and second home developments exist. 

3. Calculations are based on limited groundwater information.  

4. Complete nitrification occurs before the septic effluent reaches groundwater. 

5. Uniform and instantaneous groundwater mixing occurs in the entire aquifer or entire 

mixing zone below the study area. 

6. Calculations do not account for changes in groundwater conditions due to 

groundwater withdrawal from wells. 

7. Calculations are based on aquifer parameters that must be extrapolated to larger 

areas where they may not be entirely representative. 

8. Calculations are based on existing data that may not represent the entire study area. 

 

3.3 Mass Balance Equation 

 

The mass balance approach was used in this study because it has previously been used in 

Washington County, Utah (Hansen, Allen & Luce, Inc., 1997).  In the mass-balance 

approach, in order to estimate projected nitrate concentrations, the nitrate mass from 

projected septic tanks, irrigation water and recharge water associated with precipitation is 

added to the existing ambient mass of nitrate in groundwater and then diluted with the 

groundwater flow available for mixing, plus water that is added to the system from septic 

tanks, irrigation and recharge associated with precipitation (Hansen, Allen & Luce, Inc., 

1997).  The mass balance equation was expressed by Hansen, Allen & Luce, Inc. (1997) as: 

 

QsNs + QpNp + QiNi + QbNb = QtNt 

Or 

 

NLal = [Qp(Nt-Np)+Qi(Nt-Ni)+Qb(Nt-Nb)]/[Qs1(Ns-Nt)] 

 

Where: 
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 NLal = Total Allowable Septic System 

 Qs = Discharge from septic tanks (l/day); 

 Qs1 = Discharge from one septic system (l/day); 

 Ns = Nitrate concentration in septic effluent (mg/l); 

 Qp = Recharge associated with precipitation (l/day); 

Np = Nitrate concentration in the recharge water from precipitation 

(mg/l); 

 Qi = Irrigation water flow (l/day); 

 Ni = Nitrate concentration in irrigation water (mg/l); 

 Qb = Groundwater flow (l/day); 

 Nb = Background nitrate concentration in groundwater (mg/l); 

 Qt = Total flow (l/day); and 

Nt = Total nitrate concentration, or allowed concentration in groundwater 

(mg/l). 

 

3.4 Density Evaluation 

 

To evaluate the density of septic tank systems using the mass balance approach, information 

contained in Sections 2.4 through 2.6 were used.  The only missing aquifer parameter is the 

mixing zone thickness.  The mixing zone thickness is generally less than the total thickness 

of the aquifer.  The actual mixing zone thickness should be determined through groundwater 

flow and contaminant transport modeling.  Depending on which transport mechanism 

dominates, the mixing zone thickness can be different.  As a non-adsorbed solute, nitrate 

moves with groundwater with no transformation and little or no retardation (Freeze and 

Cherry, 1979).  Therefore, convection can be generally considered the dominant transport 

mechanism for nitrate.  Nonetheless, as a general rule, the higher the groundwater flow 

velocity, the smaller the mixing zone thickness; the slower the groundwater travels, the larger 

the mixing zone thickness.  Some states have rules regulating the selection of mixing zone 

thickness for septic tank studies.  The Montana Department of Environmental Quality 

(1996) set the mixing zone thickness to 15 feet. However, in the State of Utah, no regulation 

in this regard is available at this time.  Hansen, Allen & Luce, Inc. (1997) used a mixing zone 

depth of 100 feet, or the extent of the saturated thickness, whichever is less.  In this study, 

the assumed specific groundwater flow velocity is only 0.024 [0.6 (hydraulic conductivity) * 

0.04 (hydraulic gradient) = 0.024] foot/day in the study area.  If an effective porosity of 0.2 

is assumed, the groundwater flow velocity is only 0.12 foot/day.  This groundwater velocity 

is very low.  It is believed that it is acceptable to use the mixing zone thickness of 100 feet, 

or the extent of the saturated thickness, whichever is less, in the study area.  In this study, 

the mixing zone thickness was assumed to be 80 feet, the known saturated thickness from 

the well data.   
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Based on the assumed data and the described method, Table 3 summarizes the estimated 

septic tank densities at build-out in the study area.  Table 4 summarizes the final parameter 

values for determining the septic tank density. 

 

Table 3. Summary of Septic Tank Density Calculation 

 

Total Allowable Septic 

Systems 

Total Buildable Area at 

Build-out (Acres) 

Septic Density 

(Acre/System) 

3,684 4,554 1.24 

Note: * In estimating the total allowable septic tank systems, the criterion used was that the estimated 

concentration of nitrate as nitrogen in groundwater does not exceed 8 mg/l, which is 2 mg/l lower than the 

EPA standard. 

 

Table 4. Final Parameter Values Used to Calculate Septic Tank Density 

 

Parameter Quantity Unit 

Groundwater   

Hydraulic Conductivity, K 1.25 feet/day 

Mixing Zone Thickness, D 80 feet 

Aquifer Width, B 4,000 feet 

Hydraulic Gradient, i 0.04 dimensionless 

Groundwater Flow, Qb 7,680 feet3/day 

Qb 217,473 l/day 

Background Nitrate Concentration, Nb 1 mg/l 

Recharge Associated with Precipitation   

Precipitation 21.71 inches/year 

Recharge (10% Precipitation) 2.171 inches/year 

Drainage Area 15,466 Acres 

Total Recharge, Qp 2,798 acre-feet/year 

Qp 9,454,019 l/day 

Nitrate Loading, Np 1 mg/l 

Recharge Associated with Irrigation   

Total Buildable Area 4,554 acres 

Irrigated Area (10% Buildable Area) 455.4 acres 

Irrigation Water Rate 2 acre-feet/year/acre 

Total Irrigation Water, Qi 910.8 acre-feet/year 

Qi 3,077,797 l/day 

Nitrate Loading, Ni 1 mg/l 

Wastewater from Septic Tanks   

Effluent from One Septic Tank, Qs1 200 gallons/day 
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Parameter Quantity Unit 

Qs1 757 l/day 

Nitrate Concentration, Ns 40 mg/l 

Calculations   

Allowed Groundwater Nitrate Concentration, Nt 8 mg/l 

Qb(Nt-Nb) 1,522,311 mg/day 

Qp(Nt-Np) 66,178,133 mg/day 

Qi(Nt-Ni) 21,544,579 mg/day 

Qs1(Ns-Nt) 24,224 mg/day 

Qb(Nt-Nb)+ Qp(Nt-Np)+ Qi(Nt-Ni) 89,245,023 mg/day 

NLal 3,684 units 

 

When the county’s current disturbance standards are incorporated into the septic density 

map, as shown in Figure 7, the actual septic density in each slope category is summarized in 

Table 5. 

 

Table 5. Summary of Septic Tank Density with County’s Disturbance Standards 

Incorporated 

 

Land 

Slope/Ownership 

Area (Acres) Total Allowable 

Septic Systems 

Septic Density 

(Acre/System) 

30% and Greater 8,351   

Zion National Park 572 0  

BLM 504 40 12.4 

Private 7,275 587 12.4 

20-29% 3,642   

WCWCD 6 0  

Private 3,636 879 4.14 

0-19% 2,888   

Zion National Park 9 0  

WCWCD 194 0  

WCWCD 40 32 1.24 

Private 2,645 2,133 1.24 

 

The proposed Whispering Pine Subdivision is 117 acres in total area and is located in the 

southwestern corner of the study area as shown in Figure 7.  All the land within this 

subdivision is in the 0-19% slope category.  The total number of lots can be developed in 

this subdivision is 94.  As long as the average lot size is equal to or greater than 1.24 acres in 

this subdivision, the impact of the development of this subdivision will not result in a 

violation of groundwater quality protection with respect to nitrate concentration. 
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4.0 CONCLUSIONS AND RECOMMENDATIONS 

 

Sunrise has completed an analysis of septic tank density at the northern part of the Upper 

Kolob Plateau and Oak Valley.  This study indicates that the average septic tank density on 

buildable area within any subdivision is 1.24 acres/lot.  In reviewing subdivision plans within 

the study area, it is recommended that the site slope be reviewed carefully.  The actual 

average septic tank density is different for each slope zone.  In the 0-19% slope zone, the 

average septic tank density is 1.24 acres/lot; in the 20-29% slope zone where 70% of the 

slope shall remain undisturbed, the actual average septic tank density is 4.14 acres/lot; and in 

the 30% or greater slope zone where 90% of the slope shall remain undisturbed, the actual 

average septic tank density is 12.4 acres/lot. 

 

5.0 LIMITATIONS 

 

The services provided on this project, as described in this report, include professional 

opinions and judgments based on the data collected and analyzed.  Sunrise performed these 

services according to currently accepted water resources engineering principles and practices 

conducted in this area. 

 

This report does not provide a warranty as to variable subsurface conditions that may 

actually exist.  This report does not apply to other areas outside the study domain.  In 

addition, evaluation of geologic and hydrogeologic conditions is a difficult task.  Engineers 

and hydrogeologists must occasionally make general judgments leading to conclusions with 

incomplete knowledge of the geologic history, subsurface conditions and hydraulic 

characteristics present. 
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Appendix A  Geologic Description 



 

 



 

 



 

 



 

 



 

 



 

 



 

 

 



 

 

Appendix B  Well Logs 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 



 

 

Appendix C  Pumping Test Data and Analysis 



 

 

 
 


