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EXECUTIVE SUMMARY  

Site-specific total dissolved solids (TDS) criteria that are higher than the statewide criteria of 

1,200 mg/l are proposed for Blue Creek Reservoir and Blue Creek in Box Elder County, Utah. For 

the reservoir, a criterion of 2,200 mg/l TDS with a one-hour averaging period is recommended. 

For Blue Creek, a criterion of 6,200 mg/l with an one-hour averaging period and a criterion of 

3,900 mg/l TDS with a one month averaging period is recommended.  

These criteria are primarily based on natural conditions and to the minor extent that the 

reservoir influences the elevated concentrations of TDS, irreversible conditions.  

 

Proposed Site-specific Total Dissolved Criteria for Blue Creek 

Reservoir and Blue Creek (mg/l) 

Blue Creek Reservoir  

 

Blue Creek  

Upper Bound Upper Bound Average 

2,200 6,300 3,900 
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1.1 INTRODUCTION  

ATK Launch Systems-Promontory (ATK), Promontory, UT, recommended that the Utah Division 

of Water Quality revise the total dissolved solids (TDS) criterion for Blue Creek in Box Elder 

County, Utah.   This document summarizes the technical and regulatory bases to support this 

change.  

Additional supporting data and analyses for this request are presented in Appendix A and B: 

 June 2011 ATK Work Plan for the Development of a New Site-Specific TDS Criterion for 

Blue Creek. (ATK, 2011)   

 July 11, 2013 ATK Blue Creek Site-Specific Standard for Total Dissolved Solids (TDS) 

Criterion Monitoring Report (ATK, 2013) 

1.1.1 Watershed Summary 

Blue Creek Reservoir has no perennial source streams. The majority of water in Blue Creek 

Reservoir is collected from Blue Springs, a saline warm springs adjacent to the reservoir 

supplemented by storm runoff. Water control structures allow the reservoir water to be 

discharged to Blue Creek or to irrigation canals on the east and west side of the valley. The 

irrigation canals provide water for flood irrigation and stock watering. Direct conveyances for 

irrigation return flows to Blue Creek are not apparent and unused water likely returns to Blue 

Creek via sheet flow, shallow groundwater, and roadside ditches.  

Downstream of the dam, Blue Creek has flowing water (except when frozen) even absent any 

intentional releases from the dam. The source of this water appears to be shallow groundwater 

supplemented by saline springs. As documented in previous studies by USGS, groundwater 

studies at the ATK facility, and common knowledge amongst locals, most of the groundwater in 

the area is too salty for agricultural or domestic use.  

Blue Creek flows for approximately 8 miles from the dam to the northern boundary of ATK’s 

property. From there, Blue Creeks continues in a defined channel for approximately 9 miles 

before becoming sheet flow (assuming water is present) on the playa. Bear River Bay Class 5E 

Transitional Waters/Class 5C Bear River Bay are approximately an additional 9 miles to the 

south. Based on satellite photos, it appears that water from Blue Creek does not make it to 

4208’ before infiltrating or evaporating. The photos show a ubiquitous white crust on the playa 

characteristic of mineralization after water evaporates. 
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ATK discharges to Blue Creek under UDPES Permit 0024805 and this is the only permitted 

discharge in the Blue Creek watershed. The majority of agricultural use of the water occurs 

upstream of the ATK facility.  

1.1.2 Uses 

UAC R317-2-12 lists the designated uses of Blue Creek as: 

 Class 2B, infrequent primary and secondary contact recreation,  

 Class 3B warm water aquatic life,  

 and Class 4 agriculture.  

Only the Class 4 agricultural use has a numeric criterion for TDS,1,200 mg/l. Downstream 

waters (Bear River Bay, Great Salt Lake), do not have the agricultural designated use.   

As shown on Figure 1 and Figures 1 and 2 in ATK (2013), agricultural uses for water from Blue 

Creek Reservoir include stock watering and crop irrigation. Crops that are irrigated by flooding 

are:  grass pasture, alfalfa, barley, wheat, and less than 40 acres of corn (USDA, 2012).  

Agricultural uses of the water downstream of the ATK facility include stock watering, wildlife 

propagation, and limited irrigation for salt tolerant crops such as wheat grass and salt grass. 

Non-farming uses included grazing and open range.    

The Utah Division of Water Rights water right’s database was searched and the results are 

presented in the Appendix E. Water Rights beneficial uses (different than water quality uses) 

include stock watering, crop  irrigation, and wildlife propagation.  

The original dam was constructed in 1904 (ATK, 2011). Blue Creek was an intermittent stream 

until 1975 when an earthquake changed the creek to perennial (ATK, 2011). The TDS criteria 

proposed in this document are based primarily on natural conditions. Therefore, existing uses 

(R317-1-1) will remain protected by the revised criteria.  

1.1.3 Regulatory Bases 

Site-specific criteria are permitted in the following situations in accordance with UAC R317-2-

7.1:  

“Site-specific criterion may be adopted by rulemaking where biomonitoring data, 

bioassays, or other scientific analyses indicate that the statewide criterion is over or 

under protective of the designated uses or where natural or un-alterable conditions or 
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other factors as defined in 40 CFR 131.10(g) prevent the attainment of the statewide 

criterion.” 

Site-specific TDS criteria are appropriate for Blue Creek because based on the analyses 

presented in this document because of the CFR 131.10 (g) factors of naturally occurring 

pollutant concentrations and the irreversible conditions created by the dam (CFR 131.10 (g)).  

 

1.2 METHODS 

The data was collected by ATK in accordance with the work plan in Appendix A. ATK collected 

monthly water samples from three locations on Blue Creek for two years. Sample locations are 

shown on Figure 3 of ATK (2013) in Appendix B.  Representatives from ATK and DWQ met 

periodically to review the results and flow measurements were added for the second year. In 

addition to TDS concentrations and flow, the irrigation status of the reservoir diversions were 

recorded on the days that samples were collected. This data supplements monthly samples 

collected since 1989 from where Blue Creek enters the ATK property (Blue Creek Upper sample 

site).  

To provide data to explain the variation in TDS concentrations between the sites, DWQ and ATK 

staff investigated the TDS concentrations in surface waters entering Blue Creek from other 

sources such as springs and drainages upstream of the ATK facility. Potential sources to Blue 

Creek were initially located using satellite imagery from Google Earth®. The creek was walked 

and a conductivity meter was used to estimate TDS concentrations with a site-specific 

calibration (ATK, 2013).   

The data was summarized, plotted, and reviewed. The data was then explored for correlations. 

Based on the results of these analyses and hydrologic factors, the data was combined into two 

populations, one for the reservoir and one for Blue Creek. Statistical distribution parameters 

(e.g., 90th percentile) for these two populations were calculated using the USEPA ProUCL 

software. Excerpts from USEPA guidance describing the parameters calculated and their uses 

are presented in Appendix F. 

1.3 RESULTS 

1.3.1 Data Summary 

The results for TDS and Flow for each sample site are summarized in Table 1. Box plots of TDS 

and flow are provided on Figures 2 and 3, respectively. Table 2 summarizes the same data 

based on whether irrigation was occurring. Box plots based on irrigation status are also 
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included in Figures 2 and 3.   

As shown by the flow data on Table 2 and Figure 3, Blue Creek is a gaining stream that increases 

with volume as it moves down gradient. No tributaries are present which supports that 

groundwater is a significant source of the water. For the Below Dam site, TDS concentrations 

were higher when irrigation water is being diverted and a low negative correlation with flow 

was observed with a Pearson Correlation Coefficient of -0.21. TDS concentrations showed 

relatively little variance with a range of 1,890 to 2,110 mg/l (Table 1). A poor correlation was 

expected at this site because flow is controlled by dam releases in response to irrigation 

demands and not water inputs to the reservoir. 

Table 1 

Summary Statistics for Total Dissolved Solids and Flow for Blue Creek,  

Box Elder County, Utah 

 

  
BCBD_TDS 

(mg/l) 

BCCR_TDS 

(mg/l) 

BCU_TDS 

(mg/l) 

BCBD_FLOW 

(gal/min) 

BCCR_FLOW 

(gal/min) 

BCU_FLOW 

(gal/min) 

N of Cases 29 32 32 28 27 24 

Minimum 1,890 2,470 2,260 0 0 0 

Maximum 2,110 5,060 6,270 11,162 8,079 11,438 

Median 1,990 3,180 4,220 374 1,434 2,428 

Arithmetic 

Mean 

2,007 3,297 4,261 774 1,847 2,712 

Geometric 

Mean 

2,006 3,254 4,184 . . . 

Standard 

Deviation 

63.6 572.4 802.7 2094 1,776 2,548 

Notes 

BC_BD 

BCCR 

BC_U 

 

Blue Creek below Dam 

Blue Creek Crossing 

Blue Creek Upper 
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Table 2 

Summary Statistics for Total Dissolved Solids During Irrigation and No Irrigation in Blue Creek  

Box Elder County, Utah 

 

 Irrigation Not Irrigating Irrigation Not Irrigating Irrigation Not Irrigating 

  
BCBD_TDS 

(mg/l) 

BCCR_TDS 

(mg/l) 

BCU_TDS 

(mg/l) 

N of Cases 19 10 19 13 19 13 

Minimum 1890 1940 2600 2470 2260 4050 

Maximum 2110 2100 4670 5060 5630 6270 

Arithmetic 

Mean 

1998 2025 3443 3085 4011 4626 

Geometric 

Mean 

1997 2024 3410 3039 3928 4589 

Standard 

Deviation 

69.6 48.8 492.4 632.9 818.3 645.5 

Notes 

BC_BD 

BCCR 

BC_U 

 

 

Blue Creek below Dam 

Blue Creek Crossing 

Blue Creek Upper 

 

 

At the Crossing site, TDS concentrations were higher when irrigation was occurring (Table 1, 

Figure 2) but mean concentrations were only about 350 mg/l higher. TDS concentrations at this 

site showed relatively little variation but the variation was higher when irrigation was occurring 
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ranging from 2,470 to 5,060 mg/l (Table 1, Figure 2). Flows were poorly correlated with TDS 

with a Pearson Correlation Coefficient of 0.09.  

At the sample site at the upstream boundary of the ATK property, Blue Creek Upper, a positive 

correlation between TDS and flow was observed with a Pearson’s Correlation Coefficient of 

0.29. While a stronger correlation than observed at the other sites, flow only explains less than 

10% of the variation in TDS concentrations. TDS concentrations were variable, ranging from 

2,260 to 6,270 mg/l at the Blue Creek Upper sample site. TDS concentrations increased when 

no irrigation was occurring which was the opposite of the trend observed at the Crossing site 

(Table 1, Figure 2). The mean difference in TDS concentrations between irrigating and not 

irrigating was a modest 600 mg/l at the Upper site.  

TDS concentrations increase moving downstream between the dam and the Blue Creek Upper 

site as shown by the differences in median concentrations at the dam of 1,990 mg/l, to 3,180 

mg/l at the Blue Creek Crossing site, to 4,220 mg/l at the Blue Creek Upper site. These reaches 

were further investigated to locate and measure specific sources of incoming TDS waters. 

Several sources of saline inputs that appear to originate from springs were identified (Table 1 in 

ATK, 2013). The maximum concentration measured in these sources was 31,300 mg/l.  The local 

ranchers report that groundwater in the area was generally unsuitable for irrigation or potable 

uses.  

The impact of the dam on TDS concentrations in Blue Creek is uncertain.  Without the dam, the 

lower TDS water from Blue Springs would flow down Blue Creek instead of being stored. Other 

inputs to Blue Creek from springs are generally higher in TDS, so the TDS concentrations in Blue 

Creek could be lower at those times when the dam doesn’t currently discharge to Blue Creek or 

the irrigation canal. However, the changes in TDS concentrations under the different dam 

operating scenarios (Figure 6, Appendix B) don’t appear to support this hypothesis. Additional 

analyses to normalize for seasonality or a more robust data set and hydrologic modeling might 

identify a trend but the existing data suggests that the effect of the dam is small.  

The data supports that irrigation return flows are not a significant source of TDS. Therefore, 

additional best management practices for irrigation would not result in the compliance with the 

statewide TDS standard. 

1.3.2 Site-Specific Criteria 

Two site-specific TDS criteria are proposed for Blue Creek: one for the reservoir and one for the 

creek.  No additional site-specific criteria are proposed because there are no specific 

hydrological features (e.g., confluence) or marked changes in TDS to support additional criteria. 

The reservoir has relatively consistent TDS concentrations that are greater than the statewide 
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TDS criterion of 1,200 mg/l. Below the dam, TDS concentrations increase rapidly with a larger 

increase between the dam and the Blue Creek Crossing site than between the Blue Creek 

Crossing site and the Blue Creek Upper. The distance from ATK’s property to the dam is 

approximately 8 miles. A single site-specific criterion is proposed for this reach, including 

extending downstream to Great Salt Lake. Although no specific data is available for the reach 

between ATK and the Great Salt Lake, salinity typically increases as creeks approach the lake 

and are influenced by saline sediments and future investigations may determine that additional 

site-specific criteria are appropriate.  

These proposed site-specific TDS criteria are based on natural conditions and the goal is to 

define the range of natural conditions. Therefore, estimates of both an upper percentile and 

central tendency are appropriate (e.g., maximum and average background concentrations).  

ProUCL also provides distributional testing. Histograms of the data were also constructed 

(Appendix D). Distributional tests were conducted on the data for Blue Creek and for the 

reservoir.  

The dam site concentrations were expected to be normally distributed because the source of 

the of the water is from saline Blue Springs and any variance in TDS concentrations is 

dampened by the volume of the reservoir resulting in normally distributed concentrations.  

TDS concentrations in the creek were expected to more closely match a lognormal distribution 

because the additional sources of TDS or dilution water are a multiplicative process (Ott, 1995). 

However, when the data from the Crossing and Upper sites were combined, the resulting 

distribution is not significantly different than a normal distribution (Appendix C).  

USEPA’s ProUCL software was used to provide an estimate of an Upper Prediction Limit (UPL) as 

a Background Threshold Value. The UPL can be calculated assuming that k future samples will 

be collected and compared to the UPL (see Appendix F for more information on UPLs).  

1.3.2.1 Blue Creek Reservoir 

Several parameters are potentially appropriate for estimating the high end of TDS 

concentrations (see Background Threshold Values in the USEPA ProUCL Technical Guidance). 

Selection of the appropriate descriptor for the upper-bound estimate is a policy decision 

informed by site-specific characteristics such as variability, strength or study, etc.  

For the reservoir, a single upper bound criterion of 2,200 mg/l TDS based on a 95% UPL 

assuming 10 future samples is recommended. Ten samples is the minimum number of samples 

DWQ requires to assess a water for the Integrated Report. TDS concentrations showed little 

variation, and the other upper-percentile estimates were similar. For instance, 2,100 mg/l 
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based on the 90th percentile was the lowest upper bound estimate. 

1.3.2.2 Blue Creek 

TDS concentrations in Blue Creek vary much more temporally and spatially than in the 

reservoir. This variability causes large variations in the upper-percentile estimate. Figure 4 

graphs the upper-bound TDS concentrations that range from 4,900 to 7,500 mg/l. A site-specific 

criterion of 6,300 mg/l TDS is recommended. Although a higher criterion could be supported by 

the lack of downstream impacts and the longer-term TDS measurements in Blue Creek at the 

ATK Upper site, uncertainty remains regarding the representativeness of the dataset for 

predicting long-term concentrations and the spatial variability of the affected reach. 

The upper percentile of 6,300 mg/l is the 95% UPL for the next 5 measurements and 

coincidentally, converges with the 99% UPL. Utah’s current assessment methods require at 

least 10 samples which potentially could result in a false positive. However, given 6,300 mg/l is 

also the 99% UPL, a false positive is unlikely and can be addressed with resampling. For UPDES 

permitting purposes and assessment purposes, an averaging time of one day is recommended. 

In conjunction with the one-day upper percentile criterion, a central tendency criterion is also 

recommended. An average concentration of 3,900 mg/l TDS that is the 90% upper confidence 

limit of the mean.  The averaging time for this criterion is one month.  

Table 3 summarizes the proposed site-specific criteria for the reservoir and Blue Creek from the 

confluence with Class 5 Great Salt to headwaters. An upper bound criterion with a one-hour 

averaging period is proposed for Blue Creek Reservoir where the low variation observed for TDS 

concentrations supports a single criterion. Both upper bound and central tendency criteria are 

proposed for Blue Creek with an averaging period of one hour and one month, respectively. 

Two criteria are necessary to adequately characterize ambient TDS concentrations because of 

the variance observed. 

Table 3 

Proposed Site-specific Total Dissolved Criteria for Blue Creek 

Reservoir and Blue Creek (mg/l) 

Blue Creek Reservoir  

 

Blue Creek  

Upper Bound Upper Bound Average 

2,200 6,300 3,900 
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Figure 2 

Box Plots for Total Dissolved Solids, Blue Creek, Box Elder County, Utah 
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Figure 3 

Box Plots for Flow, Blue Creek, Box Elder County, Utah 
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Figure 4 

Upper-Bound Estimates for Total Dissolved Solids (TDS), Blue Creek, Box Elder County, Utah 

See Appendix F for additional information on Upper Tolerance Limits and Upper Prediction 

Limits. 
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APPENDIX A WORK PLAN FOR THE DEVELOPMENT OF A NEW SITE-SPECIFIC TDS 

CRITERION FOR BLUE CREEK, JUNE, 2011 



























































 

 

APPENDIX B  

BLUE CREEK SITE-SPECIFIC STANDARD FOR TOTAL DISSOLVED SOLIDS (TDS) 

CRITERION MONITORING REPORT, ATK LAUNCH SYSTEMS PROMONTORY, JULY 11, 

2013 

,  



























































 

 

 APPENDIX C  

GOODNESS OF FIT STATISTICS 

 Blue Creek Below Dam 

 Blue Creek Crossing 

 Blue Creek Upper 

 Blue Creek Crossing and Blue Creek Upper Combined 



Goodness-of-Fit Test Statistics for Full Data Sets without Non-Detects

From File   F:\Permits\ATK Blue Creek\WriteUp\Blue Creek ProUCL.xls.wst

Full Precision   OFF

Confidence Coefficient   0.95

Blue Creek Below Dam TDS (mg/l)

Raw Statistics

Number of Valid Observations 29

Number of Missing Values 3

Number of Distinct Observations 18

Minimum 1890

Maximum 2110

Mean of Raw Data 2007

Standard Deviation of Raw Data 63.63

Kstar 920.8

Mean of Log Transformed Data 7.604

Standard Deviation of Log Transformed Data 0.0318

Normal Distribution Test Results

Correlation Coefficient R 0.985

Shapiro Wilk Test Statistic 0.954

Shapiro Wilk Critical (0.95) Value 0.926

Approximate Shapiro Wilk P Value 0.258

Lilliefors Test Statistic 0.124

Lilliefors Critical (0.95) Value 0.165

Data appear Normal at (0.05) Significance Level

Gamma Distribution Test Results

Correlation Coefficient R 0.982

A-D Test Statistic 0.406

A-D Critical (0.95) Value 0.742

K-S Test Statistic 0.122

K-S Critical(0.95)  Value 0.162

Data appear Gamma Distributed at (0.05) Significance Level

Lognormal Distribution Test Results

Correlation Coefficient R 0.984

Shapiro Wilk Test Statistic 0.953

Shapiro Wilk Critical (0.95) Value 0.926

Approximate Shapiro Wilk P Value 0.243

Lilliefors Test Statistic 0.118

Lilliefors Critical (0.95) Value 0.165

Data appear Lognormal at (0.05) Significance Level



Blue Creek Crossing TDS (mg/L)

Raw Statistics

Number of Valid Observations 32

Number of Distinct Observations 28

Minimum 2470

Maximum 5060

Mean of Raw Data 3298

Standard Deviation of Raw Data 572.4

Kstar 34.52

Mean of Log Transformed Data 8.088

Standard Deviation of Log Transformed Data 0.161

Normal Distribution Test Results

Correlation Coefficient R 0.944

Shapiro Wilk Test Statistic 0.898

Shapiro Wilk Critical (0.95) Value 0.93

Approximate Shapiro Wilk P Value 0.00543

Lilliefors Test Statistic 0.141

Lilliefors Critical (0.95) Value 0.157

Data not Normal at (0.05) Significance Level

Gamma Distribution Test Results

Correlation Coefficient R 0.964

A-D Test Statistic 0.628

A-D Critical (0.95) Value 0.745

K-S Test Statistic 0.115

K-S Critical(0.95)  Value 0.155

Data appear Gamma Distributed at (0.05) Significance Level

Lognormal Distribution Test Results

Correlation Coefficient R 0.974

Shapiro Wilk Test Statistic 0.95

Shapiro Wilk Critical (0.95) Value 0.93

Approximate Shapiro Wilk P Value 0.175

Lilliefors Test Statistic 0.105

Lilliefors Critical (0.95) Value 0.157

Data appear Lognormal at (0.05) Significance Level



Blue Creek Upper TDS (mg/L)

Raw Statistics

Number of Valid Observations 32

Number of Distinct Observations 29

Minimum 2260

Maximum 6270

Mean of Raw Data 4261

Standard Deviation of Raw Data 802.7

Kstar 25.04

Mean of Log Transformed Data 8.339

Standard Deviation of Log Transformed Data 0.198

Normal Distribution Test Results

Correlation Coefficient R 0.986

Shapiro Wilk Test Statistic 0.984

Shapiro Wilk Critical (0.95) Value 0.93

Approximate Shapiro Wilk P Value 0.917

Lilliefors Test Statistic 0.125

Lilliefors Critical (0.95) Value 0.157

Data appear Normal at (0.05) Significance Level

Gamma Distribution Test Results

Correlation Coefficient R 0.986

A-D Test Statistic 0.381

A-D Critical (0.95) Value 0.745

K-S Test Statistic 0.122

K-S Critical(0.95)  Value 0.155

Data appear Gamma Distributed at (0.05) Significance Level

Lognormal Distribution Test Results

Correlation Coefficient R 0.971

Shapiro Wilk Test Statistic 0.959

Shapiro Wilk Critical (0.95) Value 0.93

Approximate Shapiro Wilk P Value 0.307

Lilliefors Test Statistic 0.135

Lilliefors Critical (0.95) Value 0.157

Data appear Lognormal at (0.05) Significance Level



Blue Creek Crossing and Blue Creek Upper TDS (mg/l)

Raw Statistics

Number of Valid Observations 64

Number of Distinct Observations 54

Minimum 2260

Maximum 6270

Mean of Raw Data 3779

Standard Deviation of Raw Data 845

Kstar 20.11

Mean of Log Transformed Data 8.213

Standard Deviation of Log Transformed Data 0.22

Normal Distribution Test Results

Correlation Coefficient R 0.983

Approximate Shapiro Wilk Test Statistic 0.961

Approximate Shapiro Wilk P Value 0.0979

Lilliefors Test Statistic 0.106

Lilliefors Critical (0.95) Value 0.111

Data appear Normal at (0.05) Significance Level

Gamma Distribution Test Results

Correlation Coefficient R 0.994

A-D Test Statistic 0.402

A-D Critical (0.95) Value 0.749

K-S Test Statistic 0.0896

K-S Critical(0.95)  Value 0.111

Data appear Gamma Distributed at (0.05) Significance Level

Lognormal Distribution Test Results

Correlation Coefficient R 0.995

Approximate Shapiro Wilk Test Statistic 0.982

Approximate Shapiro Wilk P Value 0.737

Lilliefors Test Statistic 0.0779

Lilliefors Critical (0.95) Value 0.111

Data appear Lognormal at (0.05) Significance Level



 

 

APPENDIX D  

HISTOGRAMS 

 Blue Creek Below Dam 

 Blue Creek Crossing 

 Blue Creek Upper 

 Blue Creek Crossing and Blue Creek Upper Combined 
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TDS Histogram for Blue Creek-Crossing and -Upper Sites Combined 



 

 

APPENDIX E 

  UTAH WATER RIGHTS DATABASE FOR BLUE CREEK



     (WARNING: Water Rights makes NO claims as to the 

accuracy of this data.) RUN DATE: 08/24/2010 

WATER RIGHT: 13-196       APPLICATION/CLAIM NO.: A29767       CERT. NO.: 
7733 

=======================================================================

============================================================= 

OWNERSHIP**************************************************************

************************************************************* 

=======================================================================

============================================================= 

 

NAME: Merlin H. Larsen 

ADDR: Promontory Route 

      Corinne UT 84307 

=======================================================================

============================================================= 

DATES, 

ETC.*******************************************************************

****************************************************** 

=======================================================================

============================================================= 

LAND OWNED BY APPLICANT?                    COUNTY TAX ID#: 

FILED:               |PRIORITY:  03/11/1958|PUB BEGAN:           |PUB 

ENDED:           |NEWSPAPER: 

ProtestEnd:          |PROTESTED: [No      ]|HEARNG HLD:          |SE 

ACTION: [Approved]|ActionDate:          |PROOF DUE: 

EXTENSION:           |ELEC/PROOF:[        ]|ELEC/PROOF:          

|CERT/WUC:            |LAP, ETC:            |LAPS LETTER: 

RUSH LETTR:          |RENOVATE:            |RECON REQ:           |TYPE: 

[             ] 

PD BOOK: [  13-3    ]|MAP:  [123a         ]|PUB DATE: 

*TYPE -- DOCUMENT -- STATUS--------------------------------------------

------------------------------------------------------------* 

Type of Right: Application to Appropriate     Source of Info: Proposed 

Determination        Status: Certificate 

=======================================================================

============================================================= 

LOCATION OF WATER RIGHT***(Points of Diversion: Click on Location to 

access PLAT Program.)***********MAP VIEWER***************** 
=======================================================================

============================================================= 

FLOW: 2.39 cfs                                     SOURCE: Blue Creek 

COUNTY: Box Elder    COMMON DESCRIPTION: 

 

POINTS OF DIVERSION -- SURFACE: 

(1) S 2030 ft W 2310 ft from NE cor, Sec 07, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(2) S 3250 ft W 2530 ft from NE cor, Sec 07, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(3) S 4010 ft W 1040 ft from NE cor, Sec 07, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(4) S 5240 ft W 1700 ft from NE cor, Sec 07, T 10N, R  5W, SLBM  



      Diverting Works:                                                     

Source: 

(5) N   30 ft W  700 ft from SE cor, Sec 18, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(6) S 1460 ft W 1650 ft from NE cor, Sec 18, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

 

Stream Alt Required?: No 

=======================================================================

============================================================= 

USES OF WATER RIGHT******** ELU -- Equivalent Livestock Unit (cow, 

horse, etc.) ******** EDU -- Equivalent Domestic Unit or 1 Family 

=======================================================================

============================================================= 

SUPPLEMENTAL GROUP NO.: 6272. 

 

.......................................................................

............................................................. 

  IRRIGATION: 349.0 acres                                                   

Div Limit: 0.0 acft.       PERIOD OF USE: 04/01 TO 10/31 

.......................................................................

............................................................. 

  ###PLACE OF USE:       *-------NORTH WEST QUARTER------*-------NORTH 

EAST QUARTER------*-------SOUTH WEST QUARTER------*-------SOUTH EAST 

QUARTER------*   Section 

                         *  NW   |  NE   |  SW   |  SE   *  NW   |  NE   

|  SW   |  SE   *  NW   |  NE   |  SW   |  SE   *  NW   |  NE   |  SW   

|  SE   *   Totals 

 Sec 07 T 10N R  5W SLBM 

*_______|_______|_______|_______*_______|_______|23.5000|11.0000*______

_|_______|_______|_______*30.8000|12.1000|30.0000|26.8000*    134.2000 

 Sec 08 T 10N R  5W SLBM 

*_______|_______|_______|_______*_______|_______|_______|_______* 

9.5000|_______|30.4000|_______*_______|_______|_______|_______*     

39.9000 

 Sec 18 T 10N R  5W SLBM *_______|_______|_______|_______* 

6.3000|18.4000| 

8.3000|21.8000*_______|_______|_______|13.6000*22.6000|31.3000|31.5000|

21.1000*    174.9000 

                                                                                                                                      

GROUP ACREAGE TOTAL:    349.0000 

***********************************************************************

************************************************************* 

*******************************************************E N D   O F   D 

A T A******************************************************** 

***********************************************************************

************************************************************* 

 

Utah Division of Water Rights    |    1594 West North Temple Suite 220, P.O. Box 146300, Salt Lake City, Utah  84114-
6300    |    801-538-7240 

http://www.waterrights.utah.gov/cblapps/wrprint.exe?wrnum=13-196##


(WARNING: Water Rights makes NO claims as to the 

accuracy of this data.) RUN DATE: 08/24/2010 

WATER RIGHT: 13-2043      APPLICATION/CLAIM NO.:              CERT. NO.: 
=======================================================================

============================================================= 

OWNERSHIP**************************************************************

************************************************************* 

=======================================================================

============================================================= 

 

NAME: Salt Wells Cattle Company, LLC 

ADDR: 192 North Highland Blvd 

      Brigham UT 84302 

INTEREST: 100%       REMARKS: 

=======================================================================

============================================================= 

DATES, 

ETC.*******************************************************************

****************************************************** 

=======================================================================

============================================================= 

LAND OWNED BY APPLICANT?                    COUNTY TAX ID#: 

FILED:               |PRIORITY:  00/00/1869|PUB BEGAN:           |PUB 

ENDED:           |NEWSPAPER: 

ProtestEnd:          |PROTESTED: [No      ]|HEARNG HLD:          |SE 

ACTION: [        ]|ActionDate:          |PROOF DUE: 

EXTENSION:           |ELEC/PROOF:[        ]|ELEC/PROOF:          

|CERT/WUC:  08/28/1967|LAP, ETC:            |LAPS LETTER: 

RUSH LETTR:          |RENOVATE:            |RECON REQ:           |TYPE: 

[             ] 

PD BOOK: [  13-3    ]|MAP:  [108          ]|PUB DATE: 

*TYPE -- DOCUMENT -- STATUS--------------------------------------------

------------------------------------------------------------* 

Type of Right: Diligence Claim                Source of Info: Proposed 

Determination        Status: 

=======================================================================

============================================================= 

LOCATION OF WATER RIGHT***(Points of Diversion: Click on Location to 

access PLAT Program.)***********MAP VIEWER***************** 
=======================================================================

============================================================= 

FLOW:                                              SOURCE: Blue Creek 

COUNTY: Box Elder    COMMON DESCRIPTION: Howell Valley 

 

POINT OF DIVERSION -- POINT TO POINT: 

( 1)Stockwatering directly on stream from a point at S 660 ft. E 660 

ft. from W4 corner, Sec 20, T11N, R5W, SLBM, 

                               to a point at N 660 ft. W 660 ft. from 

S4 corner, Sec 32, T11N, R5W, SLBM. 

                          COMMENT: Administratively updated by State 

Engineer. 

=======================================================================

============================================================= 

USES OF WATER RIGHT******** ELU -- Equivalent Livestock Unit (cow, 

horse, etc.) ******** EDU -- Equivalent Domestic Unit or 1 Family 

http://www.waterrights.utah.gov/cblapps/wrprint.exe?wrnum=13-2043##


=======================================================================

============================================================= 

SUPPLEMENTAL GROUP NO.: 6183.  Water Rights Appurtenant to the 

following use(s): 

13-1796(WUC),2043(DIL),2634(DIL) 

 

.......................................................................

............................................................. 

  STOCKWATER: Sole Supply: UNEVALUATED ELUs      Group Total: 1000.0000     

Div Limit: 28.0 acft.      PERIOD OF USE: 01/01 TO 12/31 

=======================================================================

============================================================= 

PLACE OF USE for 

STOCKWATERING**********************************************************

******************************************** 

=======================================================================

============================================================= 

                               NORTH-WEST¼       NORTH-EAST¼       

SOUTH-WEST¼       SOUTH-EAST¼ 

                               NW NE SW SE       NW NE SW SE       NW 

NE SW SE       NW NE SW SE 

Sec 20 T 11N R  5W SLBM       *  :  :  :  *     *  :  :  :  *     * X:  

:  :  *     *  :  :  :  * 

Sec 32 T 11N R  5W SLBM       *  :  :  :  *     *  :  :  :  *     *  :  

:  : X*     *  :  :  :  * 

***********************************************************************

************************************************************* 

*******************************************************E N D   O F   D 

A T A******************************************************** 

***********************************************************************

************************************************************* 



(WARNING: Water Rights makes NO claims as to the 

accuracy of this data.) RUN DATE: 08/24/2010 

WATER RIGHT: 13-2044      APPLICATION/CLAIM NO.:              CERT. NO.: 
=======================================================================

============================================================= 

OWNERSHIP**************************************************************

************************************************************* 

=======================================================================

============================================================= 

 

NAME: Conner Cattle Company 

ADDR: c/o Parley Holmgren 

      Bear River City UT 84301 

=======================================================================

============================================================= 

DATES, 

ETC.*******************************************************************

****************************************************** 

=======================================================================

============================================================= 

LAND OWNED BY APPLICANT?                    COUNTY TAX ID#: 

FILED:               |PRIORITY:  00/00/1869|PUB BEGAN:           |PUB 

ENDED:           |NEWSPAPER: 

ProtestEnd:          |PROTESTED: [No      ]|HEARNG HLD:          |SE 

ACTION: [        ]|ActionDate:          |PROOF DUE: 

EXTENSION:           |ELEC/PROOF:[        ]|ELEC/PROOF:          

|CERT/WUC:  08/23/1967|LAP, ETC:            |LAPS LETTER: 

RUSH LETTR:          |RENOVATE:            |RECON REQ:           |TYPE: 

[             ] 

PD BOOK: [  13-3    ]|MAP:  [123a         ]|PUB DATE: 

*TYPE -- DOCUMENT -- STATUS--------------------------------------------

------------------------------------------------------------* 

Type of Right: Diligence Claim                Source of Info: Proposed 

Determination        Status: 

=======================================================================

============================================================= 

LOCATION OF WATER RIGHT***(Points of Diversion: Click on Location to 

access PLAT Program.)***********MAP VIEWER***************** 
=======================================================================

============================================================= 

FLOW:                                              SOURCE: Blue Creek 

COUNTY: Box Elder    COMMON DESCRIPTION: Howell Valley 

 

POINT OF DIVERSION -- POINT TO POINT: 

( 1)Stockwatering directly on stream from a point at S 660 ft. W 660 

ft. from N4 corner, Sec 05, T10N, R5W, SLBM, 

                               to a point at N 660 ft. E 660 ft. from 

SW corner, Sec 05, T10N, R5W, SLBM. 

                          COMMENT: Administratively updated by State 

Engineer. 

=======================================================================

============================================================= 

USES OF WATER RIGHT******** ELU -- Equivalent Livestock Unit (cow, 

horse, etc.) ******** EDU -- Equivalent Domestic Unit or 1 Family 

http://www.waterrights.utah.gov/cblapps/wrprint.exe?wrnum=13-2044##


=======================================================================

============================================================= 

SUPPLEMENTAL GROUP NO.: 5791.  Water Rights Appurtenant to the 

following use(s): 

13-1104(DIL),1105(DIL),2044(DIL),2047(DIL),2050(DIL) 

2201(DIL),2202(DIL),2203(DIL) 

 

.......................................................................

............................................................. 

  STOCKWATER: Sole Supply: UNEVALUATED ELUs      Group Total: 400.0000      

Div Limit:                 PERIOD OF USE: 01/01 TO 12/31 

*======================================================================

=======================================================================

========================* 

SUPPLEMENTAL GROUP NO.: 7097.  Water Rights Appurtenant to the 

following use(s): 

13-1104(DIL),1105(DIL),2044(DIL),2047(DIL),2050(DIL) 

2201(DIL),2202(DIL),2203(DIL),3407(WUC) 

 

.......................................................................

............................................................. 

  STOCKWATER: Sole Supply: UNEVALUATED ELUs      Group Total: 500.0000      

Div Limit:                 PERIOD OF USE: 01/01 TO 12/31 

=======================================================================

============================================================= 

PLACE OF USE for 

STOCKWATERING**********************************************************

******************************************** 

=======================================================================

============================================================= 

                               NORTH-WEST¼       NORTH-EAST¼       

SOUTH-WEST¼       SOUTH-EAST¼ 

                               NW NE SW SE       NW NE SW SE       NW 

NE SW SE       NW NE SW SE 

Sec 05 T 10N R  5W SLBM       *  : X:  :  *     *  :  :  :  *     *  :  

: X:  *     *  :  :  :  * 

***********************************************************************

************************************************************* 

*******************************************************E N D   O F   D 

A T A******************************************************** 

***********************************************************************

************************************************************* 

 



(WARNING: Water Rights makes NO claims as to the 

accuracy of this data.) RUN DATE: 08/24/2010 

WATER RIGHT: 13-2045      APPLICATION/CLAIM NO.:              CERT. NO.: 
=======================================================================

============================================================= 

OWNERSHIP**************************************************************

************************************************************* 

=======================================================================

============================================================= 

 

NAME: Merlin H. Larsen 

ADDR: Promontory Route 

      Corrine UT 84307 

=======================================================================

============================================================= 

DATES, 

ETC.*******************************************************************

****************************************************** 

=======================================================================

============================================================= 

LAND OWNED BY APPLICANT?                    COUNTY TAX ID#: 

FILED:               |PRIORITY:  00/00/1869|PUB BEGAN:           |PUB 

ENDED:           |NEWSPAPER: 

ProtestEnd:          |PROTESTED: [No      ]|HEARNG HLD:          |SE 

ACTION: [        ]|ActionDate:          |PROOF DUE: 

EXTENSION:           |ELEC/PROOF:[        ]|ELEC/PROOF:          

|CERT/WUC:  08/22/1967|LAP, ETC:            |LAPS LETTER: 

RUSH LETTR:          |RENOVATE:            |RECON REQ:           |TYPE: 

[             ] 

PD BOOK: [  13-3    ]|MAP:  [123a         ]|PUB DATE: 

*TYPE -- DOCUMENT -- STATUS--------------------------------------------

------------------------------------------------------------* 

Type of Right: Diligence Claim                Source of Info: Proposed 

Determination        Status: 

=======================================================================

============================================================= 

LOCATION OF WATER RIGHT***(Points of Diversion: Click on Location to 

access PLAT Program.)***********MAP VIEWER***************** 
=======================================================================

============================================================= 

FLOW:                                              SOURCE: Blue creek 

COUNTY: Box Elder    COMMON DESCRIPTION: Lampo Junction 

 

POINT OF DIVERSION -- POINT TO POINT: 

( 1)Stockwatering directly on stream from a point at N 660 ft. W 660 

ft. from SE corner, Sec 06, T10N, R5W, SLBM, 

                               to a point at N 660 ft. W 660 ft. from 

SE corner, Sec 18, T10N, R5W, SLBM. 

                          COMMENT: Administratively updated by State 

Engineer. 

=======================================================================

============================================================= 

USES OF WATER RIGHT******** ELU -- Equivalent Livestock Unit (cow, 

horse, etc.) ******** EDU -- Equivalent Domestic Unit or 1 Family 

http://www.waterrights.utah.gov/cblapps/wrprint.exe?wrnum=13-2045##


=======================================================================

============================================================= 

SUPPLEMENTAL GROUP NO.: 6267.  Water Rights Appurtenant to the 

following use(s): 

13-284(UGWC),1955(DIL),1956(DIL),1957(UGWC),1958(UGWC) 

1959(UGWC),1960(UGWC),1961(UGWC),1962(UGWC),1963(UGWC) 

1964(UGWC),1965(UGWC),1966(UGWC),1967(UGWC),2045(DIL) 

 

.......................................................................

............................................................. 

  STOCKWATER: Sole Supply: UNEVALUATED ELUs      Group Total: 210.0000      

Div Limit:                 PERIOD OF USE: 01/01 TO 12/31 

=======================================================================

============================================================= 

PLACE OF USE for 

STOCKWATERING**********************************************************

******************************************** 

=======================================================================

============================================================= 

                               NORTH-WEST¼       NORTH-EAST¼       

SOUTH-WEST¼       SOUTH-EAST¼ 

                               NW NE SW SE       NW NE SW SE       NW 

NE SW SE       NW NE SW SE 

Sec 06 T 10N R  5W SLBM       *  :  :  :  *     *  :  :  :  *     *  :  

:  :  *     *  :  :  : X* 

Sec 18 T 10N R  5W SLBM       *  :  :  :  *     *  :  :  :  *     *  :  

:  :  *     *  :  :  : X* 

***********************************************************************

************************************************************* 

*******************************************************E N D   O F   D 

A T A******************************************************** 

***********************************************************************

************************************************************* 



(WARNING: Water Rights makes NO claims as to the 

accuracy of this data.) RUN DATE: 08/24/2010 

WATER RIGHT: 13-2046      APPLICATION/CLAIM NO.:              CERT. NO.: 
=======================================================================

============================================================= 

OWNERSHIP**************************************************************

************************************************************* 

=======================================================================

============================================================= 

 

NAME: Security Title Company 

ADDR: 330 East 4th South 

      Salt Lake City UT 84111 

=======================================================================

============================================================= 

DATES, 

ETC.*******************************************************************

****************************************************** 

=======================================================================

============================================================= 

LAND OWNED BY APPLICANT?                    COUNTY TAX ID#: 

FILED:               |PRIORITY:  00/00/1869|PUB BEGAN:           |PUB 

ENDED:           |NEWSPAPER: 

ProtestEnd:          |PROTESTED: [No      ]|HEARNG HLD:          |SE 

ACTION: [        ]|ActionDate:          |PROOF DUE: 

EXTENSION:           |ELEC/PROOF:[        ]|ELEC/PROOF:          

|CERT/WUC:  11/01/1967|LAP, ETC:            |LAPS LETTER: 

RUSH LETTR:          |RENOVATE:            |RECON REQ:           |TYPE: 

[             ] 

PD BOOK: [  13-3    ]|MAP:  [123d         ]|PUB DATE: 

*TYPE -- DOCUMENT -- STATUS--------------------------------------------

------------------------------------------------------------* 

Type of Right: Diligence Claim                Source of Info: Proposed 

Determination        Status: 

=======================================================================

============================================================= 

LOCATION OF WATER RIGHT***(Points of Diversion: Click on Location to 

access PLAT Program.)***********MAP VIEWER***************** 
=======================================================================

============================================================= 

FLOW:                                              SOURCE: Blue Creek 

COUNTY: Box Elder    COMMON DESCRIPTION: Lampo Junction 

 

POINT OF DIVERSION -- POINT TO POINT: 

( 1)Stockwatering directly on stream from a point at S 660 ft. W 660 

ft. from NE corner, Sec 19, T10N, R5W, SLBM, 

                               to a point at N 660 ft. W 660 ft. from 

SE corner, Sec 19, T10N, R5W, SLBM. 

                          COMMENT: Administratively updated by State 

Engineer. 

=======================================================================

============================================================= 

USES OF WATER RIGHT******** ELU -- Equivalent Livestock Unit (cow, 

horse, etc.) ******** EDU -- Equivalent Domestic Unit or 1 Family 

http://www.waterrights.utah.gov/cblapps/wrprint.exe?wrnum=13-2046##


=======================================================================

============================================================= 

SUPPLEMENTAL GROUP NO.: 5903.  Water Rights Appurtenant to the 

following use(s): 

13-481(DIL),1248(DIL),1250(DIL),1347(DIL),1413(DIL) 

1415(DIL),1467(DIL),1860(DIL),1873(DIL),2046(DIL) 

2051(DIL) 

 

.......................................................................

............................................................. 

  STOCKWATER: Sole Supply: UNEVALUATED ELUs      Group Total: 100.0000      

Div Limit: 2.8 acft.       PERIOD OF USE: 01/01 TO 12/31 

*======================================================================

=======================================================================

========================* 

SUPPLEMENTAL GROUP NO.: 6332.  Water Rights Appurtenant to the 

following use(s): 

13-2046(DIL),2048(DIL),2051(DIL) 

 

.......................................................................

............................................................. 

  STOCKWATER: Sole Supply: UNEVALUATED ELUs      Group Total: 300.0000      

Div Limit:                 PERIOD OF USE: 01/01 TO 12/31 

=======================================================================

============================================================= 

PLACE OF USE for 

STOCKWATERING**********************************************************

******************************************** 

=======================================================================

============================================================= 

                               NORTH-WEST¼       NORTH-EAST¼       

SOUTH-WEST¼       SOUTH-EAST¼ 

                               NW NE SW SE       NW NE SW SE       NW 

NE SW SE       NW NE SW SE 

Sec 19 T 10N R  5W SLBM       *  :  :  :  *     *  : X:  :  *     *  :  

:  :  *     *  :  :  : X* 

***********************************************************************

************************************************************* 

*******************************************************E N D   O F   D 

A T A******************************************************** 

***********************************************************************

************************************************************* 



(WARNING: Water Rights makes NO claims as to the 

accuracy of this data.) RUN DATE: 08/24/2010 

WATER RIGHT: 13-2873      APPLICATION/CLAIM NO.: A42932       CERT. 
NO.: 

CHANGES: a13790    Water User's Claim  (Issued: 05/05/1987) 

=======================================================================

============================================================= 

OWNERSHIP**************************************************************

************************************************************* 

=======================================================================

============================================================= 

 

NAME: Stangl B-21 Associates Inc. 

ADDR: 90 East 7200 South, Suite 200 

      Midvale UT 84047 

INTEREST: 100%       REMARKS: 

=======================================================================

============================================================= 

DATES, 

ETC.*******************************************************************

****************************************************** 

=======================================================================

============================================================= 

LAND OWNED BY APPLICANT? Yes                COUNTY TAX ID#: 

FILED:     09/26/1973|PRIORITY:  09/26/1973|PUB BEGAN:           |PUB 

ENDED:           |NEWSPAPER: 

ProtestEnd:          |PROTESTED: [No      ]|HEARNG HLD:          |SE 

ACTION: [        ]|ActionDate:12/14/1974|PROOF DUE:  01/04/1988 

EXTENSION:           

|ELEC/PROOF:[Election]|ELEC/PROOF:12/04/1985|CERT/WUC:  05/05/1987|LAP, 

ETC:            |LAPS LETTER: 

RUSH LETTR:          |RENOVATE:            |RECON REQ:           |TYPE: 

[             ] 

PD BOOK: [  13-     ]|MAP:  [123d,c       ]|PUB DATE: 

*TYPE -- DOCUMENT -- STATUS--------------------------------------------

------------------------------------------------------------* 

Type of Right: Application to Appropriate     Source of Info: Water 

User's Claim            Status: Water User's Claim 

=======================================================================

============================================================= 

LOCATION OF WATER RIGHT***(Points of Diversion: Click on Location to 

access PLAT Program.)***********MAP VIEWER***************** 
=======================================================================

============================================================= 

FLOW: 3300.0 acre-feet                             SOURCE: Unnamed 

Stream (Blue Creek) 

COUNTY: Box Elder    COMMON DESCRIPTION: 4 1/2 miles SW of Lampo Jnct. 

 

POINTS OF DIVERSION -- SURFACE: 

(1) N 1900 ft E 2650 ft from NW cor, Sec 19, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(2) S 1900 ft W  730 ft from NE cor, Sec 19, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 



(3) S 2050 ft W 1250 ft from NE cor, Sec 19, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(4) S 2200 ft W 2450 ft from NE cor, Sec 19, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(5) S 2700 ft W 2600 ft from NE cor, Sec 19, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(6) S 2800 ft W 1400 ft from NE cor, Sec 19, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(7) S 1850 ft E 2350 ft from NW cor, Sec 20, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(8) S 2100 ft E 1520 ft from NW cor, Sec 20, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(9) S 1700 ft W  500 ft from NE cor, Sec 29, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(10)S 1750 ft E  100 ft from NW cor, Sec 29, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(11)S 2150 ft W  500 ft from NE cor, Sec 30, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(12)S 2800 ft W  480 ft from NE cor, Sec 30, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(13)N   50 ft E  800 ft from SW cor, Sec 31, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(14)S  800 ft E  450 ft from NW cor, Sec 31, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(15)S 1000 ft E 2100 ft from NW cor, Sec 31, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(16)S 1100 ft W 1950 ft from NE cor, Sec 31, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(17)S 1250 ft W 2250 ft from NE cor, Sec 31, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(18)S 1600 ft W 1000 ft from NE cor, Sec 36, T 10N, R  6W, SLBM  

      Diverting Works:                                                     

Source: 

 

Stream Alt Required?: No 

=======================================================================

============================================================= 

USES OF WATER RIGHT******** ELU -- Equivalent Livestock Unit (cow, 

horse, etc.) ******** EDU -- Equivalent Domestic Unit or 1 Family 

=======================================================================

============================================================= 

SUPPLEMENTAL GROUP NO.: 6642. 

http://www.waterrights.utah.gov/cblapps/wrprint.exe?wrnum=13-2873##


13-2873(WUC) 

 

.......................................................................

............................................................. 

  STOCKWATER: Sole Supply: UNEVALUATED ELUs      Group Total: 50.0000       

Div Limit:                 PERIOD OF USE: 01/01 TO 12/31 

.......................................................................

............................................................. 

  WILDLIFE:           Waterfowl propogation in marshes and ponds                                       

PERIOD OF USE: 01/01 TO 12/31 

                Acre Feet Contributed by this Right for this Use: 

Unevaluated 

A network of earth dikes are used to impound water for wildlife 

propagation. 

*======================================================================

=======================================================================

========================* 

SUPPLEMENTAL GROUP NO.: 7337.  Water Rights Appurtenant to the 

following use(s): 

13-2873(WUC),3632(APP) 

 

.......................................................................

............................................................. 

  IRRIGATION: Sole Supply: UNEVALUATED acres     Group Total: 2900.0        

Div Limit: 0.0 acft.       PERIOD OF USE: 04/01 TO 10/31 

.......................................................................

............................................................. 

  STOCKWATER: Sole Supply: UNEVALUATED ELUs      Group Total: 399.0000      

Div Limit:                 PERIOD OF USE: 01/01 TO 12/31 

.......................................................................

............................................................. 

  ###PLACE OF USE:       *-------NORTH WEST QUARTER------*-------NORTH 

EAST QUARTER------*-------SOUTH WEST QUARTER------*-------SOUTH EAST 

QUARTER------*   Section 

                         *  NW   |  NE   |  SW   |  SE   *  NW   |  NE   

|  SW   |  SE   *  NW   |  NE   |  SW   |  SE   *  NW   |  NE   |  SW   

|  SE   *   Totals 

 Sec 05 T  9N R  5W SLBM *X      |X      |X      |X      *X      |X      

|X      |X      *X      |X      |X      |X      *X      |X      |X      

|X      *      0.0000 

 Sec 19 T 10N R  5W SLBM *X      |X      |X      |X      *X      |X      

|X      |X      *X      |X      |X      |X      *X      |X      |X      

|X      *      0.0000 

 Sec 29 T 10N R  5W SLBM *X      |X      |X      |X      *X      |X      

|X      |X      *X      |X      |X      |X      *X      |X      |X      

|X      *      0.0000 

 Sec 31 T 10N R  5W SLBM *X      |X      |X      |X      *X      |X      

|X      |X      *X      |X      |X      |X      *X      |X      |X      

|X      *      0.0000 

                                                                                                                                      

GROUP ACREAGE TOTAL:      0.0000 

=======================================================================

============================================================= 

PLACE OF USE for 

STOCKWATERING**********************************************************

******************************************** 



=======================================================================

============================================================= 

                               NORTH-WEST¼       NORTH-EAST¼       

SOUTH-WEST¼       SOUTH-EAST¼ 

                               NW NE SW SE       NW NE SW SE       NW 

NE SW SE       NW NE SW SE 

Sec 05 T  9N R  5W SLBM       * X: X: X: X*     * X: X: X: X*     *  : 

X:  : X*     * X: X: X: X* 

Sec 19 T 10N R  5W SLBM       *  : X:  : X*     * X: X: X: X*     *  : 

X:  :  *     * X: X: X: X* 

Sec 20 T 10N R  5W SLBM       * X: X: X: X*     *  :  :  :  *     * X: 

X: X: X*     *  :  :  :  * 

Sec 29 T 10N R  5W SLBM       * X: X: X: X*     * X: X: X: X*     * X: 

X: X: X*     * X: X: X: X* 

Sec 30 T 10N R  5W SLBM       *  :  :  :  *     * X: X: X: X*     *  :  

:  :  *     * X: X: X: X* 

Sec 31 T 10N R  5W SLBM       * X: X: X: X*     * X: X: X: X*     * X: 

X: X: X*     * X: X: X: X* 

Sec 32 T 10N R  5W SLBM       * X: X: X: X*     * X: X: X: X*     * X: 

X: X: X*     * X: X: X: X* 

Sec 36 T 10N R  5W SLBM       *  :  :  :  *     *  : X:  : X*     *  :  

:  :  *     *  : X:  : X* 

=======================================================================

============================================================= 

Storage from 01/01 to 12/31, inclusive, in Earthen Dikes and Ditches 

with a maximum capacity of 3300.000 acre-feet, located in: 

   Height of Dam:          4   NORTH-WEST¼       NORTH-EAST¼       

SOUTH-WEST¼       SOUTH-EAST¼ 

   Area Inundated:   2200.00   NW NE SW SE       NW NE SW SE       NW 

NE SW SE       NW NE SW SE 

 

Small Dam Required?: No 

***********************************************************************

************************************************************* 

*******************************************************E N D   O F   D 

A T A******************************************************** 

***********************************************************************

************************************************************* 



(WARNING: Water Rights makes NO claims as to the 

accuracy of this data.) RUN DATE: 08/24/2010 

WATER RIGHT: 13-3642      APPLICATION/CLAIM NO.: A69440       CERT. 
NO.: 

=======================================================================

============================================================= 

OWNERSHIP**************************************************************

************************************************************* 

=======================================================================

============================================================= 

 

NAME: Randy Marriott 

ADDR: 5238 West 2150 North 

      Plain City UT 84404 

=======================================================================

============================================================= 

DATES, 

ETC.*******************************************************************

****************************************************** 

=======================================================================

============================================================= 

LAND OWNED BY APPLICANT? Yes                COUNTY TAX ID#: 

FILED:     11/02/1995|PRIORITY:  11/02/1995|PUB BEGAN: 11/22/1995|PUB 

ENDED: 11/29/1995|NEWSPAPER:  The Leader 

ProtestEnd:12/19/1995|PROTESTED: [HearHeld]|HEARNG HLD:          |SE 

ACTION: [Approved]|ActionDate:06/25/1997|PROOF DUE:  08/31/2002 

EXTENSION:           |ELEC/PROOF:[Proof   

]|ELEC/PROOF:09/03/2002|CERT/WUC:            |LAP, ETC:            

|LAPS LETTER: 

RUSH LETTR:          |RENOVATE:            |RECON REQ:           |TYPE: 

[             ] 

PD BOOK: [  13-     ]|MAP:  [123d,c       ]|PUB DATE: 

*TYPE -- DOCUMENT -- STATUS--------------------------------------------

------------------------------------------------------------* 

Type of Right: Application to Appropriate     Source of Info: 

Application to Appropriate    Status: Approved 

=======================================================================

============================================================= 

LOCATION OF WATER RIGHT***(Points of Diversion: Click on Location to 

access PLAT Program.)***********MAP VIEWER***************** 
=======================================================================

============================================================= 

FLOW: 20000.0 acre-feet                            SOURCE: Unnamed 

Stream (Blue Creek) 

COUNTY: Box Elder    COMMON DESCRIPTION: 4 1/2 miles SW of Lampo Jnct. 

 

POINTS OF DIVERSION -- SURFACE: 

(1) N 1900 ft E 2650 ft from NW cor, Sec 19, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(2) S 1900 ft W  730 ft from NE cor, Sec 19, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(3) S 2050 ft W 1250 ft from NE cor, Sec 19, T 10N, R  5W, SLBM  



      Diverting Works:                                                     

Source: 

(4) S 2200 ft W 2450 ft from NE cor, Sec 19, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(5) S 2700 ft W 2600 ft from NE cor, Sec 19, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(6) S 2800 ft W 1400 ft from NE cor, Sec 19, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(7) S 1850 ft E 2350 ft from NW cor, Sec 20, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(8) S 2100 ft E 1520 ft from NW cor, Sec 20, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(9) S 1700 ft W  500 ft from NE cor, Sec 29, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(10)S 1750 ft E  100 ft from NW cor, Sec 29, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(11)S 2150 ft W  500 ft from NE cor, Sec 30, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(12)S 2800 ft W  480 ft from NE cor, Sec 30, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(13)N   50 ft E  800 ft from SW cor, Sec 31, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(14)S  800 ft E  450 ft from NW cor, Sec 31, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(15)S 1000 ft E 2100 ft from NW cor, Sec 31, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(16)S 1100 ft W 1950 ft from NE cor, Sec 31, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(17)S 1250 ft W 2250 ft from NE cor, Sec 31, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source: 

(18)S 1600 ft W 1000 ft from NE cor, Sec 36, T 10N, R  6W, SLBM  

      Diverting Works:                                                     

Source: 

 

Stream Alt Required?: No 

=======================================================================

============================================================= 

USES OF WATER RIGHT******** ELU -- Equivalent Livestock Unit (cow, 

horse, etc.) ******** EDU -- Equivalent Domestic Unit or 1 Family 

=======================================================================

============================================================= 

SUPPLEMENTAL GROUP NO.: 7345. 

 

http://www.waterrights.utah.gov/cblapps/wrprint.exe?wrnum=13-3642##


.......................................................................

............................................................. 

  IRRIGATION: 3000.0 acres                                                  

Div Limit: 0.0 acft.       PERIOD OF USE: 04/01 TO 10/31 

.......................................................................

............................................................. 

  STOCKWATER: 300.0000 Stock Units                                          

Div Limit:                 PERIOD OF USE: 01/01 TO 12/31 

.......................................................................

............................................................. 

  WILDLIFE:           Waterfowl propogation in marshes and ponds                                       

PERIOD OF USE: 01/01 TO 12/31 

                Acre Feet Contributed by this Right for this Use: 

10991.6 

A network of earth dikes are used to impound water for wildlife 

propagation. 

.......................................................................

............................................................. 

  ###PLACE OF USE:       *-------NORTH WEST QUARTER------*-------NORTH 

EAST QUARTER------*-------SOUTH WEST QUARTER------*-------SOUTH EAST 

QUARTER------*   Section 

                         *  NW   |  NE   |  SW   |  SE   *  NW   |  NE   

|  SW   |  SE   *  NW   |  NE   |  SW   |  SE   *  NW   |  NE   |  SW   

|  SE   *   Totals 

 Sec 05 T  9N R  5W SLBM *X      |X      |X      |X      *X      |X      

|X      |X      *X      |X      |X      |X      *X      |X      |X      

|X      *      0.0000 

 Sec 19 T 10N R  5W SLBM *X      |X      |X      |X      *X      |X      

|X      |X      *X      |X      |X      |X      *X      |X      |X      

|X      *      0.0000 

 Sec 20 T 10N R  5W SLBM *X      |X      |X      |X      *X      |X      

|X      |X      *X      |X      |X      |X      *X      |X      |X      

|X      *      0.0000 

 Sec 29 T 10N R  5W SLBM *X      |X      |X      |X      *X      |X      

|X      |X      *X      |X      |X      |X      *X      |X      |X      

|X      *      0.0000 

 Sec 30 T 10N R  5W SLBM *X      |X      |X      |X      *X      |X      

|X      |X      *X      |X      |X      |X      *X      |X      |X      

|X      *      0.0000 

 Sec 31 T 10N R  5W SLBM *X      |X      |X      |X      *X      |X      

|X      |X      *X      |X      |X      |X      *X      |X      |X      

|X      *      0.0000 

 Sec 32 T 10N R  5W SLBM *X      |X      |X      |X      *X      |X      

|X      |X      *X      |X      |X      |X      *X      |X      |X      

|X      *      0.0000 

 Sec 36 T 10N R  5W SLBM *X      |X      |X      |X      *X      |X      

|X      |X      *X      |X      |X      |X      *X      |X      |X      

|X      *      0.0000 

                                                                                                                                      

GROUP ACREAGE TOTAL:      0.0000 

=======================================================================

============================================================= 

PLACE OF USE for 

STOCKWATERING**********************************************************

******************************************** 

=======================================================================

============================================================= 



                               NORTH-WEST¼       NORTH-EAST¼       

SOUTH-WEST¼       SOUTH-EAST¼ 

                               NW NE SW SE       NW NE SW SE       NW 

NE SW SE       NW NE SW SE 

Sec 05 T  9N R  5W SLBM       * X: X: X: X*     * X: X: X: X*     * X: 

X: X: X*     * X: X: X: X* 

Sec 19 T 10N R  5W SLBM       * X: X: X: X*     * X: X: X: X*     * X: 

X: X: X*     * X: X: X: X* 

Sec 20 T 10N R  5W SLBM       * X: X: X: X*     * X: X: X: X*     * X: 

X: X: X*     * X: X: X: X* 

Sec 29 T 10N R  5W SLBM       * X: X: X: X*     * X: X: X: X*     * X: 

X: X: X*     * X: X: X: X* 

Sec 30 T 10N R  5W SLBM       * X: X: X: X*     * X: X: X: X*     * X: 

X: X: X*     * X: X: X: X* 

Sec 31 T 10N R  5W SLBM       * X: X: X: X*     * X: X: X: X*     * X: 

X: X: X*     * X: X: X: X* 

Sec 32 T 10N R  5W SLBM       * X: X: X: X*     * X: X: X: X*     * X: 

X: X: X*     * X: X: X: X* 

Sec 36 T 10N R  5W SLBM       * X: X: X: X*     * X: X: X: X*     * X: 

X: X: X*     * X: X: X: X* 

=======================================================================

============================================================= 

Storage from 01/01 to 12/31, inclusive, in Earthen Dikes and Ditches 

with a maximum capacity of 3300.000 acre-feet, located in: 

   Height of Dam:          4   NORTH-WEST¼       NORTH-EAST¼       

SOUTH-WEST¼       SOUTH-EAST¼ 

   Area Inundated:   2200.00   NW NE SW SE       NW NE SW SE       NW 

NE SW SE       NW NE SW SE 

 

Small Dam Required?: No 

=======================================================================

============================================================= 

OTHER 

COMMENTS***************************************************************

******************************************************* 

=======================================================================

============================================================= 

     The applicant has a prior application 13-2873 to fill marsh 

habitat.  This 

     water right is being filed to create year-round waterfowl habitat 

and will be 

     diverted as needed to keep water levels constant in existing ponds 

through 

     each year. 

=======================================================================

============================================================= 

PROTESTANTS************************************************************

************************************************************* 

=======================================================================

============================================================= 

 

NAME: Blue Creek Irrigation Company                                

NAME: Stangl B-21 Inc. 

ADDR: c/o Ray D. Sorensen, President                               

ADDR: c/o F.C. Stangl III, President 

      Box 67                                                             

1515 West 2200 South, Suite B-2 



      Howell UT 84316                                                    

Salt Lake City UT 84119 

=======================================================================

============================================================= 

***********************************************************************

************************************************************* 

*******************************************************E N D   O F   D 

A T A******************************************************** 

***********************************************************************

************************************************************* 



(WARNING: Water Rights makes NO claims as to the 

accuracy of this data.) RUN DATE: 08/24/2010 

WATER RIGHT: 13-3810      APPLICATION/CLAIM NO.: A75052       CERT. 
NO.: 

=======================================================================

============================================================= 

OWNERSHIP**************************************************************

************************************************************* 

=======================================================================

============================================================= 

 

NAME: Stangl B-21 Associates Inc. 

ADDR: 90 East 7200 South, Suite 200 

      Salt Lake City UT 84047 

=======================================================================

============================================================= 

DATES, 

ETC.*******************************************************************

****************************************************** 

=======================================================================

============================================================= 

LAND OWNED BY APPLICANT? Yes                COUNTY TAX ID#: 

FILED:     08/04/2003|PRIORITY:  08/04/2003|PUB BEGAN: 08/20/2003|PUB 

ENDED: 08/27/2003|NEWSPAPER:  The Leader 

ProtestEnd:09/16/2003|PROTESTED: [No Hear ]|HEARNG HLD:          |SE 

ACTION: [Approved]|ActionDate:03/17/2004|PROOF DUE:  03/31/2013 

EXTENSION:           |ELEC/PROOF:[        ]|ELEC/PROOF:          

|CERT/WUC:            |LAP, ETC:            |LAPS LETTER: 

RUSH LETTR:          |RENOVATE:            |RECON REQ:           |TYPE: 

[             ] 

PD BOOK: [  13-     ]|MAP:  [             ]|PUB DATE: 

*TYPE -- DOCUMENT -- STATUS--------------------------------------------

------------------------------------------------------------* 

Type of Right: Application to Appropriate     Source of Info: 

Application to Appropriate    Status: Approved 

=======================================================================

============================================================= 

LOCATION OF WATER RIGHT***(Points of Diversion: Click on Location to 

access PLAT Program.)***********MAP VIEWER***************** 
=======================================================================

============================================================= 

FLOW: 2.5 cfs                                      SOURCE: Shotgun 

Springs & Blue Creek 

COUNTY: Box Elder    COMMON DESCRIPTION: Lampo Junction 

 

POINT OF DIVERSION -- SURFACE: 

(1) N  634 ft W 1050 ft from SE cor, Sec 07, T 10N, R  5W, SLBM  

      Diverting Works:                                                     

Source:  Blue Creek 

 

Stream Alt Required?: No 

 

POINT OF SPRING: 

(1) N 2307 ft W  312 ft from S4 cor, Sec 09, T 10N, R  5W, SLBM  



      Diverting Works:                                                     

Source:  Shotgun Springs 

=======================================================================

============================================================= 

USES OF WATER RIGHT******** ELU -- Equivalent Livestock Unit (cow, 

horse, etc.) ******** EDU -- Equivalent Domestic Unit or 1 Family 

=======================================================================

============================================================= 

SUPPLEMENTAL GROUP NO.: 7526. 

 

.......................................................................

............................................................. 

  WILDLIFE:                                                                                            

PERIOD OF USE: 09/01 TO 10/30 

                Acre Feet Contributed by this Right for this Use: 

1809.94995 

.......................................................................

............................................................. 

  OTHER:                                                                                               

PERIOD OF USE: 03/01 TO 04/30 

                Acre Feet Contributed by this Right for this Use: 

1809.94995 

Wetland 

=======================================================================

============================================================= 

PLACE OF USE for 

STOCKWATERING**********************************************************

******************************************** 

=======================================================================

============================================================= 

                               NORTH-WEST¼       NORTH-EAST¼       

SOUTH-WEST¼       SOUTH-EAST¼ 

                               NW NE SW SE       NW NE SW SE       NW 

NE SW SE       NW NE SW SE 

Sec 09 T 10N R  5W SLBM       * X: X: X: X*     * X: X: X: X*     * X: 

X: X: X*     * X: X: X: X* 

Sec 16 T 10N R  5W SLBM       * X: X: X: X*     * X: X: X: X*     * X: 

X: X: X*     * X: X: X: X* 

Sec 20 T 10N R  5W SLBM       * X: X: X: X*     * X: X: X: X*     * X: 

X: X: X*     * X: X: X: X* 

Sec 21 T 10N R  5W SLBM       * X: X: X: X*     * X: X: X: X*     * X: 

X: X: X*     * X: X: X: X* 

=======================================================================

============================================================= 

OTHER 

COMMENTS***************************************************************

******************************************************* 

=======================================================================

============================================================= 

     The applicant proposes to construct 35 small retention ponds to 

enhance 

     vegetative growth. 

=======================================================================

============================================================= 

PROTESTANTS************************************************************

************************************************************* 

http://www.waterrights.utah.gov/cblapps/wrprint.exe?wrnum=13-3810##


=======================================================================

============================================================= 

 

NAME: Connor Cattle Company                                        

NAME: 

ADDR: c/o Clair Holmgren                                           

ADDR: 

      13599 West Hwy 102 

      Tremonton UT 84337 

=======================================================================

============================================================= 

=======================================================================

============================================================= 

APPLICATIONS FOR EXTENSIONS OF TIME WITHIN WHICH TO SUBMIT 

PROOF******************************************************************

** 

=======================================================================

============================================================= 

FILED:     03/15/2007|PUB BEGAN:           |PUB ENDED:           

|NEWSPAPER: No Adv Required 

ProtestEnd:          |PROTESTED: [No      ]|HEARNG HLD:          |SE 

ACTION: [Approved]|ActionDate:03/26/2007|PROOF DUE:  03/31/2010 

=======================================================================

============================================================= 

FILED:     03/31/2010|PUB BEGAN:           |PUB ENDED:           

|NEWSPAPER: No Adv Required 

ProtestEnd:          |PROTESTED: [        ]|HEARNG HLD:          |SE 

ACTION: [Approved]|ActionDate:04/29/2010|PROOF DUE:  03/31/2013 

=======================================================================

============================================================= 

***********************************************************************

************************************************************* 

*******************************************************E N D   O F   D 

A T A******************************************************** 

***********************************************************************

************************************************************* 



(WARNING: Water Rights makes NO claims as to the 

accuracy of this data.) RUN DATE: 08/24/2010    Page 1 

CHANGE: a13790                      WATER RIGHT: 13-2873  CERT. NO.:        
COUNTY TAX ID#:     AMENDATORY? Yes 

BASE WATER RIGHTS: 13-2873                                                                                                                                                                                                                                                                                                                                                        

RIGHT EVIDENCED BY: A42932 

CHANGES: Point of Diversion [X], Place of Use [X], Nature of Use [X], 

Reservoir Storage [X]. 

*----------------------------------------------------------------------

------------------------------------------------------------* 

 

NAME: Stangle B-21 Associates Inc. 

ADDR: 90 East 7200 South, Suite 200 

      Midvale UT 84047 

INTEREST: 100%       REMARKS: 

*----------------------------------------------------------------------

------------------------------------------------------------* 

FILED:     12/26/1986|PRIORITY:  12/26/1986|ADV BEGAN: 01/14/1987|ADV 

ENDED:           |NEWSPAPER:  The Leader 

ProtestEnd:02/27/1987|PROTESTED: [Yes     ]|HEARNG HLD:          |SE 

ACTION: [Approved]|ActionDate:04/17/1987|PROOF DUE: 

EXTENSION:           |ELEC/PROOF:[        ]|ELEC/PROOF:          

|CERT/WUC:  05/05/1987|LAP, ETC:            |LAPS LETTER: 

RUSH LETTR:          |RENOVATE:            |RECON REQ:           |TYPE: 

[             ] 

Status: Water User's Claim 

*****************************************************************  

***************************************************************** 

***********************H E R E T O F O R E***********************  

************************H E R E A F T E R************************ 

*****************************************************************  

***************************************************************** 

 ________________________________________________________________  

________________________________________________________________ 

|FLOW:   76.0 cfs                                                

||FLOW:   3300.0 acre-feet                                        | 

|----------------------------------------------------------------||----

------------------------------------------------------------| 

|SOURCE: Unnamed Springs & Streams (Blue Cr.)                    

||SOURCE: Unnamed Streams (Blue Creek)                            | 

|----------------------------------------------------------------||----

------------------------------------------------------------| 

|COUNTY: Box Elder                                               

||COUNTY: Box Elder  COM DESC: 4-1/2 mi SW Lampo Junction         | 

|----------------------------------------------------------------||----

------------------------------------------------------------| 

|                                                                ||     

A network of earth dikes is used to                        | 

|                                                                ||     

impound water for wildlife propagation.                    | 

|----------------------------------------------------------------||----

------------------------------------------------------------| 

 ________________________________________________________________  

________________________________________________________________ 

 ________________________________________________________________  

________________________________________________________________ 

http://www.waterrights.utah.gov/cblapps/chprint.exe?chnum=a13790##
http://www.waterrights.utah.gov/cblapps/chprint.exe?chnum=a13790##


|POINT(S) OF DIVERSION ------> MAP VIEWER                    
||CHANGED AS FOLLOWS: (Click Location link for WRPLAT)            | 

|----------------------------------------------------------------||----

------------------------------------------------------------| 

|Point Surface:                                                  

||Point Surface:                                                  | 

|(1)  N 2400 ft E    5 ft from SW cor, Sec 05, T  9N, R  5W, SLBM||(1)  

S 1900 ft W  730 ft from NE cor, Sec 19, T 10N, R  5W, SLBM| 

| Dvrting Wks:                                                   || 

Dvrting Wks:                                                   | 

| Source:                                                        || 

Source:                                                        | 

|(2)  N 1850 ft E    5 ft from SW cor, Sec 05, T  9N, R  5W, SLBM||(2)  

S 2050 ft W 1250 ft from NE cor, Sec 19, T 10N, R  5W, SLBM| 

| Dvrting Wks:                                                   || 

Dvrting Wks:                                                   | 

| Source:                                                        || 

Source:                                                        | 

|(3)  N  200 ft E 4500 ft from SW cor, Sec 17, T 10N, R  5W, SLBM||(3)  

S 2800 ft W 1400 ft from NE cor, Sec 19, T 10N, R  5W, SLBM| 

| Dvrting Wks:                                                   || 

Dvrting Wks:                                                   | 

| Source:                                                        || 

Source:                                                        | 

|(4)  N  300 ft E 5050 ft from SW cor, Sec 17, T 10N, R  5W, SLBM||(4)  

S 2200 ft W 2450 ft from NE cor, Sec 19, T 10N, R  5W, SLBM| 

| Dvrting Wks:                                                   || 

Dvrting Wks:                                                   | 

| Source:                                                        || 

Source:                                                        | 

|(5)  S  100 ft E    5 ft from NW cor, Sec 19, T 10N, R  5W, SLBM||(5)  

S 2700 ft W 2600 ft from NE cor, Sec 19, T 10N, R  5W, SLBM| 

| Dvrting Wks:                                                   || 

Dvrting Wks:                                                   | 

| Source:                                                        || 

Source:                                                        | 

|(6)  S 3150 ft E    5 ft from NW cor, Sec 19, T 10N, R  5W, SLBM||(6)  

N 1900 ft E 2650 ft from SW cor, Sec 19, T 10N, R  5W, SLBM| 

| Dvrting Wks:                                                   || 

Dvrting Wks:                                                   | 

| Source:                                                        || 

Source:                                                        | 

|(7)  S 4830 ft E    5 ft from NW cor, Sec 19, T 10N, R  5W, SLBM||(7)  

S 1850 ft E 2350 ft from NW cor, Sec 20, T 10N, R  5W, SLBM| 

| Dvrting Wks:                                                   || 

Dvrting Wks:                                                   | 

| Source:                                                        || 

Source:                                                        | 

|(8)  S    5 ft E 1450 ft from NW cor, Sec 19, T 10N, R  5W, SLBM||(8)  

S 2100 ft E 1520 ft from NW cor, Sec 20, T 10N, R  5W, SLBM| 

| Dvrting Wks:                                                   || 

Dvrting Wks:                                                   | 

| Source:                                                        || 

Source:                                                        | 

|(9)  S    5 ft E  300 ft from NW cor, Sec 19, T 10N, R  5W, SLBM||(9)  

S 1750 ft E  100 ft from NW cor, Sec 29, T 10N, R  5W, SLBM| 



| Dvrting Wks:                                                   || 

Dvrting Wks:                                                   | 

| Source:                                                        || 

Source:                                                        | 

|(10) S    5 ft E 4125 ft from NW cor, Sec 19, T 10N, R  5W, SLBM||(10) 

S 1700 ft W  500 ft from NE cor, Sec 29, T 10N, R  5W, SLBM| 

| Dvrting Wks:                                                   || 

Dvrting Wks:                                                   | 

| Source:                                                        || 

Source:                                                        | 

|(11) S    5 ft E 4810 ft from NW cor, Sec 19, T 10N, R  5W, SLBM||(11) 

S 2150 ft W  500 ft from NE cor, Sec 30, T 10N, R  5W, SLBM| 

| Dvrting Wks:                                                   || 

Dvrting Wks:                                                   | 

| Source:                                                        || 

Source:                                                        | 

|(12) S    5 ft E 2250 ft from NW cor, Sec 19, T 10N, R  5W, SLBM||(12) 

S 2800 ft W  480 ft from NE cor, Sec 30, T 10N, R  5W, SLBM| 

| Dvrting Wks:                                                   || 

Dvrting Wks:                                                   | 

| Source:                                                        || 

Source:                                                        | 

|(13) S    5 ft E 1180 ft from NW cor, Sec 20, T 10N, R  5W, SLBM||(13) 

S 1100 ft W 1950 ft from NE cor, Sec 31, T 10N, R  5W, SLBM| 

| Dvrting Wks:                                                   || 

Dvrting Wks:                                                   | 

| Source:                                                        || 

Source:                                                        | 

|(14) S    5 ft E 1725 ft from NW cor, Sec 20, T 10N, R  5W, SLBM||(14) 

S 1250 ft W 2250 ft from NE cor, Sec 31, T 10N, R  5W, SLBM| 

| Dvrting Wks:                                                   || 

Dvrting Wks:                                                   | 

| Source:                                                        || 

Source:                                                        | 

|(15) S    5 ft E 1700 ft from NW cor, Sec 20, T 10N, R  5W, SLBM||(15) 

S 1000 ft E 2100 ft from NW cor, Sec 31, T 10N, R  5W, SLBM| 

| Dvrting Wks:                                                   || 

Dvrting Wks:                                                   | 

| Source:                                                        || 

Source:                                                        | 

|(16) S    5 ft E 3050 ft from NW cor, Sec 20, T 10N, R  5W, SLBM||(16) 

S  800 ft E  450 ft from NW cor, Sec 31, T 10N, R  5W, SLBM| 

| Dvrting Wks:                                                   || 

Dvrting Wks:                                                   | 

| Source:                                                        || 

Source:                                                        | 

|(17) N 2080 ft E    5 ft from SW cor, Sec 29, T 10N, R  5W, SLBM||(17) 

N   50 ft E  800 ft from SW cor, Sec 31, T 10N, R  5W, SLBM| 

| Dvrting Wks:                                                   || 

Dvrting Wks:                                                   | 

| Source:                                                        || 

Source:                                                        | 

|(18) N 2780 ft E    5 ft from SW cor, Sec 29, T 10N, R  5W, SLBM||(18) 

S 1600 ft W 1000 ft from NE cor, Sec 36, T 10N, R  6W, SLBM| 

| Dvrting Wks:                                                   || 

Dvrting Wks:                                                   | 



| Source:                                                        || 

Source:                                                        | 

|(19) N 3300 ft E    5 ft from SW cor, Sec 29, T 10N, R  5W, SLBM|| 

| Dvrting Wks:                                                   ||                                                                

| 

| Source:                                                        ||                                                                

| 

|(20) N 3700 ft E    5 ft from SW cor, Sec 29, T 10N, R  5W, SLBM|| 

| Dvrting Wks:                                                   ||                                                                

| 

| Source:                                                        ||                                                                

| 

|(21) N 4550 ft E 2325 ft from SW cor, Sec 31, T 10N, R  5W, SLBM|| 

| Dvrting Wks:                                                   ||                                                                

| 

| Source:                                                        ||                                                                

| 

|(22) N    5 ft E  100 ft from SW cor, Sec 31, T 10N, R  5W, SLBM|| 

| Dvrting Wks:                                                   ||                                                                

| 

| Source:                                                        ||                                                                

| 

|(23) N 4180 ft E  350 ft from SW cor, Sec 31, T 10N, R  5W, SLBM|| 

| Dvrting Wks:                                                   ||                                                                

| 

| Source:                                                        ||                                                                

| 

|(24) N 1880 ft E    5 ft from SW cor, Sec 31, T 10N, R  5W, SLBM|| 

| Dvrting Wks:                                                   ||                                                                

| 

| Source:                                                        ||                                                                

| 

|(25) N 3490 ft E    5 ft from SW cor, Sec 31, T 10N, R  5W, SLBM|| 

| Dvrting Wks:                                                   ||                                                                

| 

| Source:                                                        ||                                                                

| 

|(26) N 4750 ft E 3300 ft from SW cor, Sec 31, T 10N, R  5W, SLBM|| 

| Dvrting Wks:                                                   ||                                                                

| 

| Source:                                                        ||                                                                

| 

|                                                                ||                                                                

| 

|                                                                

||Stream Alt?: No                                                 | 

|----------------------------------------------------------------||----

------------------------------------------------------------| 

 ________________________________________________________________  

________________________________________________________________ 

 ________________________________________________________________  

________________________________________________________________ 

|PLACE OF USE ------>                                            

||CHANGED as follows:                                             | 

|----------------------------------------------------------------||----

------------------------------------------------------------| 



|                             --NW¼--  --NE¼--  --SW¼--  --SE¼-- ||                             

--NW¼--  --NE¼--  --SW¼--  --SE¼-- | 

|                            |N N S S||N N S S||N N S S||N N S S|||                            

|N N S S||N N S S||N N S S||N N S S|| 

|                            |W E W E||W E W E||W E W E||W E W E|||                            

|W E W E||W E W E||W E W E||W E W E|| 

|Sec 05 T  9N R  5W SLBM     *X:X:X:X**X:X:X:X**X:X:X:X**X:X:X:X*||Sec 

05 T  9N R  5W SLBM     *X:X:X:X**X:X:X:X**X:X: :X**X:X:X:X*| 

|Sec 19 T 10N R  5W SLBM     *X:X:X:X**X:X:X:X**X:X:X:X**X:X:X:X*||Sec 

19 T 10N R  5W SLBM     * :X: :X**X:X:X:X** :X: :X**X:X:X:X*| 

|Sec 20 T 10N R  5W SLBM     *X:X:X:X**X:X:X:X**X:X:X:X**X:X:X:X*||Sec 

20 T 10N R  5W SLBM     *X:X:X:X** : : : **X:X:X:X** : : : *| 

|Sec 29 T 10N R  5W SLBM     *X:X:X:X**X:X:X:X**X:X:X:X**X:X:X:X*||Sec 

29 T 10N R  5W SLBM     *X:X:X:X**X:X:X:X**X:X:X:X**X:X:X:X*| 

|Sec 31 T 10N R  5W SLBM     *X:X:X:X**X:X:X:X**X:X:X:X**X:X:X:X*||Sec 

30 T 10N R  5W SLBM     * : : : **X:X:X:X** : : : **X:X:X:X*| 

|                                                                ||Sec 

31 T 10N R  5W SLBM     *X:X:X:X**X:X:X:X**X:X:X:X**X:X:X:X*| 

|                                                                ||Sec 

32 T 10N R  5W SLBM     *X:X:X:X**X:X:X:X**X:X:X:X**X:X:X:X*| 

|                                                                ||Sec 

36 T 10N R  6W SLBM     * : : : ** :X: :X** : : : ** :X: :X*| 

 ________________________________________________________________  

________________________________________________________________ 

 ________________________________________________________________  

________________________________________________________________ 

|NATURE OF USE ------>                                           

||CHANGED as follows:                                             | 

|----------------------------------------------------------------||----

------------------------------------------------------------| 

|IRR  = values are in acres.                                     ||                                                                

| 

|STK  = values are in ELUs meaning Cattle or Equivalent.         ||                                                                

| 

|DOM  = values are in EDUs meaning Equivalent Domestic Units (F  ||                                                                

| 

|----------------------------------------------------------------||----

------------------------------------------------------------| 

|SUPPLEMENTAL to Other Water Rights: No                          

||SUPPLEMENTAL to Other Water Rights: No                          | 

|----------------------------------------------------------------||----

------------------------------------------------------------| 

|IRR:   3184.0000 acres.                       USED 04/01 - 10/31||                                                                

| 

|................................................................||....

............................................................| 

|................................................................||....

............................................................| 

|STK:   1000.0000 Cattle or Equivalent         USED 01/01 - 12/31||STK:     

50.0000 Cattle or Equivalent         USED 01/01 - 12/31| 

|................................................................||....

............................................................| 

|................................................................||....

............................................................| 

|OTH: WILDLIFE:         Waterfowl propogation  USED 01/01 - 12/31||OTH: 

OTHER:            Waterfowl Propagation  USED 01/01 - 12/31| 



|     in marshes and ponds                                       ||                                                                

| 

|----------------------------------------------------------------||----

------------------------------------------------------------| 

 ________________________________________________________________  

________________________________________________________________ 

 ________________________________________________________________  

________________________________________________________________ 

|RESERVOIR STORAGE -->                                           

||CHANGED as follows:                                             | 

|----------------------------------------------------------------||----

------------------------------------------------------------| 

|                                                                

||Storage 01/01 to 12/31, in Earthen Dikes and Ditches            | 

|                                                                || 

with a maximum capacity of 3300.000 acre-feet, located in:     | 

|                                                                ||                             

--NW¼--  --NE¼--  --SW¼--  --SE¼-- | 

|                                                                ||  

Height of Dam:       4 ft |N N S S||N N S S||N N S S||N N S S|| 

|                                                                ||  

Area Inundat  2200.000 acs|W E W E||W E W E||W E W E||W E W E|| 

|                                                                ||Sec 

05 T  9N R  5W SLBM     *X:X:X:X**X:X:X:X**X:X: :X**X:X:X:X*| 

|                                                                ||Sec 

19 T 10N R  5W SLBM     * :X: :X**X:X:X:X** :X: :X**X:X:X:X*| 

|                                                                ||Sec 

20 T 10N R  5W SLBM     *X:X:X:X** : : : **X:X:X:X** : : : *| 

|                                                                ||Sec 

29 T 10N R  5W SLBM     *X:X:X:X**X:X:X:X**X:X:X:X**X:X:X:X*| 

|                                                                ||Sec 

30 T 10N R  5W SLBM     * : : : **X:X:X:X** : : : **X:X:X:X*| 

|                                                                ||Sec 

31 T 10N R  5W SLBM     *X:X:X:X**X:X:X:X**X:X:X:X**X:X:X:X*| 

|                                                                ||Sec 

32 T 10N R  5W SLBM     *X:X:X:X**X:X:X:X**X:X:X:X**X:X:X:X*| 

|                                                                ||Sec 

36 T 10N R  6W SLBM     * : : : ** :X: :X** : : : ** :X: :X*| 

|----------------------------------------------------------------||----

------------------------------------------------------------| 

|----------------------------------------------------------------||----

------------------------------------------------------------| 

|                                                                

||Small Dam Permit Required?: No                                  | 

 ________________________________________________________________  

________________________________________________________________ 

***********************************************************************

************************************************************* 

*******************************************************E N D   O F   D 

A T A******************************************************** 

************************************************************************

************************************************************ 
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 Also compute the adjustment for ties with equation [17.10]. There is only one group of distinct 
tied observations — the non-detects — containing 12 samples. Thus, the adjusted Kruskal-
Wallis statistic is given by: 

 

  

H
* = 10.56 1−

123 − 12

253 − 25



















= 11.87  

Step 4. Determine the critical point of the Kruskal-Wallis test: with α = .05, the upper 95th percentage 
point of the chi-square distribution with (k–1) = 4–1 = 3 degrees of freedom [df] is needed. 
Table 17-2 of Appendix D gives 81.72

3,95.
2 == χχ pc . 

Step 5. Since the observed Kruskal-Wallis statistic of 11.87 is greater than the chi-square critical 
point, there is evidence of significant differences between the well groups. Therefore, post-hoc 
pairwise comparisons are necessary. 

Step 6. To determine the significance level appropriate for post-hoc comparisons, note there are three 
compliance wells that need to be tested against background. Therefore, each of these contrasts 
should be run at the α* = 0.05/3 = 0.0167 significance level. 

Step 7. Calculate the standard error of the difference for the three contrasts using equation [17.14]. 
Since the sample size at each compliance well is five, the SE will be identical for each 
comparison, namely, 

 

  

SE
i
=

25 ⋅ 26

12

1

10
+

1

5







= 4.031 

Step 8. Form the post-hoc Z-statistic for each contrast using equation [17.15]: 

 

  

Well 3: Z
2

= 12.2 − 7.9( ) 4.031 = 1.07

Well 4: Z
3

= 17.7 − 7.9( ) 4.031 = 2.43

Well 5: Z
4

= 19.3− 7.9( ) 4.031 = 2.83

 

Step 9. Find the upper (1–α*) × 100th percentage point from the standard normal distribution in 
Table 10-1 in Appendix D. With α* = .0167, this gives a critical point (by linear 
interpolation) of zcp = z.9833 = 2.127. 

Step 10. Since the Z-statistics at wells 4 and 5 exceed the critical point, there is significant evidence of 
increased concentration levels at wells 4 and 5, but not at well 3. ◄ 

17.2 TOLERANCE LIMITS 

A tolerance interval is a concentration range designed to contain a pre-specified proportion of the 
underlying population from which the statistical sample is drawn (e.g., 95 percent of all possible 
population measurements). Since the interval is constructed from random sample data, a tolerance 
interval is expected to contain the specified population proportion only with a certain level of statistical 
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confidence. Two coefficients are thus associated with any tolerance interval. One is the population 
proportion that the interval is supposed to contain, called the coverage (γ). The second is the degree of 
confidence with which the interval reaches the specified coverage. This is sometimes known as the 
tolerance coefficient or more simply, the confidence level (1–α). A tolerance interval with 95% coverage 
and a tolerance coefficient of 90 percent is constructed to contain, on average, 95% of the distribution of 
all possible population measurements with a confidence probability of 90%. 

A tolerance limit is a one-sided tolerance interval. The upper limit is typically of most interest in 
groundwater monitoring. Tolerance limits are a standard statistical method that can be useful in 
groundwater data analysis, especially as an alternative to t-tests or ANOVA for interwell testing.  The 
RCRA regulations allow greater flexibility in the choice of α when using tolerance and prediction limits 
and control charts, so a larger variety of data configurations may be amenable to one of these 
approaches. The Unified Guidance still recommends prediction limits or control charts over tolerance 
limits for formal compliance testing in detection monitoring, and confidence intervals over tolerance 
limits in compliance/assessment monitoring when a background standard is needed. 

An interwell tolerance limit constructed on background data is designed to cover all but a small 
percentage of the background population measurements.  Hence background observations should rarely 
exceed the upper tolerance limit. By the same token, when testing a null hypothesis (H0) that the 
compliance point population is identical to background, compliance point measurements also should 
rarely exceed the upper tolerance limit, unless H0 is false. The upper tolerance limit thus gauges whether 
or not concentration measurements sampled from compliance point wells are too extreme relative to 
background. 

 

17.2.1 PARAMETRIC TOLERANCE LIMITS 

 BACKGROUND AND PURPOSE 

To test the null hypothesis (H0) that a compliance point population is identical to that of 
background, an upper tolerance limit with high coverage (γ) can be constructed on the sample 
background data. Coverage of 95% is usually recommended.  In this case, random observations from a 
distribution identical to background should exceed the upper tolerance limit less than 5% of the time. 
Similarly, a tolerance coefficient or confidence level of at least 95% is recommended. This gives 95% 
confidence that the (upper) tolerance limit will contain at least 95% of the distribution of observations in 
background or in any distribution similar to background. Note that a tolerance coefficient of 95% 
corresponds to choosing a significance level (α) equal to 5%. Hence, as with a one-way ANOVA, the 
overall false positive rate for a tolerance interval is set to approximately 5%. 

Once the limit is constructed on background, each compliance point observation (perhaps from  
several different wells) is compared to the upper tolerance limit. This is different from the comparison of 
sample means in an ANOVA test. If any compliance point measurement exceeds the limit, the well from 
which it was drawn is flagged as showing a significant increase over background. Note that the factors κ 
used to adjust the width of the tolerance interval (Table 17-3 in Appendix D) are designed to provide at 

least 95% coverage of the parent population. Applied over many data sets, the average coverage of these 
intervals will often be close to 98% or more (see Guttman, 1970). Therefore, it would be unusual to find 
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more than 2 or 3 samples out of every 100 exceeding the tolerance limit under the null hypothesis. This 
fits with the purpose behind the use of a tolerance interval, which is to establish an upper limit on 
background that will rarely be exceeded, unless some change in the groundwater causes concentration 
levels to rise significantly at one or more compliance points. 

 Testing a large number of compliance point samples against such a background tolerance limit 
even under conditions of no releases practically ensures a few measurements will occasionally exceed 
the limit. The Unified Guidance therefore recommends that tolerance limits be used in conjunction with 
verification resampling of those wells suspected of possible contamination, in order to either verify or 
disconfirm the initial round of sampling and to avoid false positive results. 

 REQUIREMENTS AND ASSUMPTIONS 

Standard parametric tolerance limits assume normality of the sample background data used to 
construct the limit. This assumption is critical to the statistical validity of the method, since a tolerance 
limit with high coverage can be viewed as an estimate of a quantile or percentile associated with the tail 

probability of the underlying distribution. If the background sample is non-normal, a normalizing 
transformation should be sought. If a suitable transformation is found, the limit should be constructed on 
the transformed measurements and can then be back-transformed to the raw concentration scale prior to 
comparison against individual compliance point values. 

If no transformation will work, a non-parametric tolerance limit should be considered instead. 
Unfortunately, non-parametric tolerance limits generally require a much larger number of observations  
to provide the same levels of coverage and confidence as a parametric limit.  It is recommended that a 
parametric model be fit to the data if at all possible. 

A tolerance limit can be computed with as few as three observations from background.  However, 
doing so results in a high upper tolerance limit with limited statistical power for detecting increases over 
background. Usually, a background sample size of at least eight measurements will be needed to 
generate an adequate tolerance limit. If multiple background wells are screened in equivalent 
hydrostratigraphic positions and the data can reasonably be combined (Chapter 5), one should consider 
using pooled background data from multiple wells to increase the background sample size. 

Like many tests described in the Unified Guidance, tolerance limits as applied to groundwater 
monitoring assume stationarity of the well field populations both temporally (i.e., over time) and 
spatially. The data also needs to be statistically independent. Since an adequately-sized background 
sample will have to be amassed over time (in part to maintain enough temporal spacing between 
observations so that independence can be assumed), the background data should be checked for apparent 
trends or seasonal effects. As long the background mean is stable over time, the amassed data from a 
longer span of sampling will provide a better statistical description of the underlying background 
population. 

As a primarily interwell technique, tolerance limits should only be utilized when there is minimal  
spatial variability. Explicit checks for spatial variation should be conducted using box plots and/or 
ANOVA. 

In the usual test setting, one new compliance point observation from each distinct well is compared 
against the tolerance limit during each statistical evaluation. Under the null hypothesis of identical 
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populations, the compliance point measurements are assumed to follow the same distribution as 
background. Further, the compliance data are assumed to be mutually statistically independent. Such 
assumptions are almost impossible to check with only one new value per compliance well. However, 
periodic checks of the key assumptions are recommended after accumulating several sampling rounds of 
compliance data. 

 PROCEDURE 

Step 1. Calculate the mean  x ,  and the standard deviation s, from the background sample. 

Step 2. Construct the one-sided upper tolerance limit as 

 
  
TL = x +κ n,γ ,1− α( )⋅ s  [17.16] 

 where κ(n,γ,1−α) is the one-sided normal tolerance factor found in Table 17-3 of Appendix D 
associated with a sample size of n, coverage coefficient of γ, and confidence level of (1−α). 

 Equation [17.16] applies to normal data. If a transformation is needed to normalize the sample, 
the tolerance limit needs to be constructed on the transformed measurements and the limit 
back-transformed to the original concentration scale. If the limit was constructed, for example, 
on the logarithms of the original observations, where  y  and sy are the log-mean and log-
standard deviation, the tolerance limit can be back-transformed to the concentration scale by 
exponentiating the limit.  The tolerance limit is computed as: 

 ( )[ ]
ysnyTL ⋅−+= αγκ 1,,exp  [17.17] 

Step 3. Compare each observation from the compliance well(s) to the upper tolerance limit found in 
Step 2. If any observation exceeds the tolerance limit, there is statistically significant evidence 
that the compliance well concentrations are elevated above background. Verification 
resampling should be conducted to verify or disconfirm the initial result. 

 ►EXAMPLE 17-3 

The table below consists of chrysene concentration data (ppb) found in water samples obtained 
from two background wells (Wells 1 and 2) and three compliance wells (Wells 3, 4, and 5). Compute the 
upper tolerance limit on background for coverage of 95% with 95% confidence and determine whether 
there is evidence of possible contamination at any of the compliance wells. 

 

 Chrysene Concentration (ppb) 

Month Well 1 Well 2 Well 3 Well 4 Well 5 

 

1 

 

19.7 

 

10.2 

 

68.0 

 

26.8 

 

47.0 

2 39.2 7.2 48.9 17.7 30.5 

3 7.8 16.1 30.1 31.9 15.0 

4 12.8 5.7 38.1 22.2 23.4 

      

Mean 19.88 9.80 46.28 24.65 28.98 

SD 13.78 4.60 16.40 6.10 13.58 
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This chapter introduces the concept of statistical intervals and focuses on several types of 
prediction limits useful for detection monitoring. The requirements and common assumptions of such 
limits are explained, as well as specific descriptions of: 

� Prediction limits for m future values (Section 18.2.1) 

� Prediction limits for  future means (Section 18.2.2) 

� Non-parametric prediction limits for m future values (Section 18.3.1) 

� Non-parametric prediction limits for a future median (Section 18.3.2) 

 

18.1 INTRODUCTION TO PREDICTION LIMITS 

First discussed in Chapter 6, prediction limits belong to a class of methods known as statistical 

intervals. Statistical intervals represent concentration or measurement ranges computed from a sample 
that are designed to estimate one or more characteristics of the parent population. In groundwater 
monitoring, statistical intervals offer a convenient and statistically valid way to test for significant 
differences between background versus compliance point groundwater measurements. 

The statistical interval accounts for variability inherent not only in future measurements, but also 
additional uncertainty in the prediction limit itself.   The latter is derived from a relatively small 
background sample with an associated level of variability in estimating the true characteristics of the 
underlying groundwater population. 

Prediction limits are generally easy to construct and have a straightforward interpretation. 
Background data are used to construct a concentration limit PL, which is then compared to one or more 
observations from a compliance point population. The acceptable range of concentrations includes all 
values no greater than the prediction limit.  The appropriate prediction interval will generally have the 
form [0, PL], with the upper limit PL as the comparison of importance.  Unless pH or a similar 
parameter is being monitored, a one-sided upper prediction limit is used in detection monitoring. 

A significant advantage to prediction limits is their flexibility, which can accommodate a wide 
variety of groundwater monitoring networks. Prediction limits can be constructed so that as few as one 
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new measurement per compliance well may suffice for a test. Prediction limits may be based on a 
comparison of means, medians, or individual compliance point measurements, depending on the 
characteristics of the monitoring network and the constituents being tested. 

Prediction limits can also be designed to accommodate a wide range of multiple statistical 

comparisons or tests. Each periodic statistical evaluation (e.g., semi-annually) under RCRA and other 
regulations involves separate tests at all compliance well locations for each monitoring constituent. 
Often, the number of separate statistical tests can be quite sizeable.  Prediction limits can be constructed 
to precisely account for the number of tests to be conducted, so as to limit the site-wide false positive 

rate [SWFPR] and ensure an adequate level of statistical power (see discussion in Chapter 6). 

This and the following chapter present basic concepts and procedures for using prediction limits as 
detection monitoring tests. The intent is to provide a relatively simple framework for using prediction 
limits in RCRA or CERCLA groundwater monitoring. Chapter 18 describes the construction of 
prediction limits for tests involving a single constituent at one well. It describes the basic mechanics of 
each type of prediction limit and how they differ from one another.   

Chapter 19 expands this discussion to cover multiple simultaneous prediction limit tests (i.e., all 
occurring during a single statistical evaluation or during a single year of monitoring).  Cumulative 
SWFPRs and statistical power are considered, including how these criteria impact the expected 
performance of a given prediction limit strategy. Examples are provided to illustrate these procedures, as 
well as explanations of associated tables and software. 

Specific strategies in Chapter 19 apply the concept of retesting. Generally speaking, almost any 

prediction limit procedure in detection monitoring should be combined with an appropriate retesting 

strategy. The reason is that when testing a large number of compliance point samples, it is almost 
guaranteed that one or more measurements will exceed an upper prediction limit.  Resampling of those 
wells where an exceedance has occurred can either verify the initial evidence of a release or disconfirm 
it, while avoiding unnecessary false positives. 

Chapter 6 introduced a number of key terms used in the Unified Guidance, especially for 
prediction limit and control chart tests.   The guidance applies the term comparison to individual future 
measurements or sample statistics evaluated against a prediction limit (or control chart limit), and the 
term test to represent a series of future data comparisons that ultimately result in a statistical decision. A 
1-of-m retesting procedure (described below), for instance, might involve comparison of up to m distinct 
sample measurements against the prediction limit. Each of these individual samples involves a 
comparison, but only after all the necessary individual comparisons have been made is the test complete.  
This distinction becomes particularly important when properly determining SWFPRs, a subject 
discussed both in Chapter 6 and Chapter 19. 

One or more future observations are collected for purposes of testing compliance well data, as 
distinct from the background sample from which the prediction limit is constructed. Background data 
can be obtained from upgradient wells or in combination with historical, uncontaminated compliance 
well data. In intrawell testing, data from an individual compliance well constitute both the background 
and future samples. The two data sets need to be distinct and may not overlap, even if the historical 
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background data is periodically updated with previously evaluated future samples. The key idea is that at 
any given point in time, background and future data sets are clearly distinguished. 

Formally, prediction limits are constructed to contain one or more future observations or sample 
statistics generated from the background population with a specified probability equal to (1–α). The 
probability (1–α) is known as the confidence level of the limit.  It represents the chance — over repeated 
applications of the limit to many similar data sets — that the prediction limit will contain future 
observations or statistics drawn from its background population. 

A sample of n background measurements is used to construct the prediction limit. Under the null 
hypothesis that the compliance point population is identical to background, a set of m independent 
compliance point observations or a statistic like the mean based on those observations (i.e., the future 
data) is then compared against the prediction limit. For the prediction limit to serve as a valid statistical 
test, the future observations are initially presumed to follow the same distribution as background. 

Only background values are used to construct the prediction limit.  But the probability that the 
limit contains all m future observations or sample statistics derived from those future data does not 
depend solely on the observed background.  It is also based on the number of future measurements or 
sample statistics used in the comparison and how the individual comparisons are conducted. To 
underscore this point, consider the general equation for a prediction limit based on normal or 
transformably normal populations, given by 

  PL = x +κs  [18.1] 

where x is the sample mean in background, s is the background standard deviation, and κ is a multiplier 
depending on the type of prediction limit under construction. The simplest type of prediction limit test 
compares a specific number of individual future observations to the limit (PL). For example, do all three 
compliance measurements collected during a 6-month period fall within the prediction interval? The 
multiplier κ and hence the prediction limit itself, changes depending on whether one, two or three 
compliance observations will be compared against PL. More generally, the κ-multiplier is selected to 
account not only for the number of future comparisons, but also for the rules of the comparison strategy 
and the number of simultaneous tests to be conducted (e.g., the number of monitoring constituents times 
the number of compliance wells). 

In the simplest case of a successive comparison of m individual future measurements against PL, 
the test is labeled as an m-of-m prediction limit.  All m of the future observations need to fall within the 
prediction interval for the test to 'pass' — that is, be no greater than PL.  If any one or more of the future 
values exceed the PL, the test fails and the well is deemed to have a statistically significant increase 
[SSI] or constitute an exceedance. 

The κ-multiplier appropriate for an m-of-m prediction limit test is different from the multipliers 
that would be computed for other kinds of comparison rules. Another simple type is a comparison of a 
single future mean of order p. Here, p future measurements are collected and averaged before comparing 
against PL. If the order-p mean is no greater than PL, the test passes; otherwise, it fails.  A test following 
this rule is labeled a 1-of-1 prediction limit on a future mean. The important thing to remember is that 
the κ-multiplier and thus the prediction limit will differ depending on whether or not the p future values 
are first averaged or simply compared against PL one-by-one. The choice to use one rule versus the other 
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impacts the magnitude of the prediction limit and ultimately its expected statistical power and false 
positive rate. 

Other comparison rules of substantial benefit in groundwater monitoring are 1-of-m prediction 
limit on future observations or a statistic like the mean or median. This test requires at least one of m 
successive observations or statistic to fall within the prediction interval in order to pass. Operationally 
this means that if an initial compliance well measurement is no greater than PL, the test is complete and 
no further sampling need be done. If the initial value exceeds PL, one or more of (m–1) resamples need 
to be obtained.  Since these additional measurements are collected sequentially over sufficiently long 
time periods to maintain approximate statistical independence (Chapter 3), the first resample to fall 
within the prediction interval also ends the test as 'inbounds' or passing, frequently obviating the need to 
gather all m measurements. 

Another comparison rule of some use is known as the California strategy, first developed for the 
State of California RCRA program. The California strategy can be construed as a conditional rule: if an 
initial future observation is no greater than PL, further comparisons are not needed and the test passes. 
However, if the initial observation exceeds the PL, 2-of-2 or 3-of-3 resamples all need to not exceed the 
PL in order for the well to remain in compliance. A slight modification to this rule termed the modified 

California approach has better statistical power and false positive rate characteristics than the original 
California strategies, and is therefore included as a potential prediction limit test. 

 

18.1.1 BASIC REQUIREMENTS FOR PREDICTION LIMITS 

All prediction limits share certain basic assumptions when applied as tests of groundwater. Further, 
parametric prediction limits as presented in the Unified Guidance require the sample data to be either 
normally-distributed or normalized via a transformation. The key points can be summarized as follows: 

1. background and future sample measurements need to be identically and independently distributed 
(the i.i.d. presumption; see Chapter 3); 

2. sample data do not exhibit temporal non-stationarity in the form of trends, autocorrelation, or 
other seasonal or cyclic variation; 

3. for interwell tests (e.g., upgradient-to-downgradient comparisons), sample data do not exhibit 
non-stationary distributions in the form of significant natural spatial variability; 

4. background data do not include statistical outliers (a form of non-identical distributions); 

5. for parametric prediction limits, background data are normal or can be normalized using a 
transformation; and 

6. a minimum of 8 background measurements is available; more for non-parametric limits or when 
accounting for multiple, simultaneous prediction limit tests. 

 The first assumption implies that background data are randomly drawn from a single common 
parent population, especially if aggregated from more than one source well.  As discussed in Chapter 5, 
analysis of variance [ANOVA] can be used to determine the appropriateness of pooling data from 
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different background wells. There is also a presumption that the compliance point measurements follow 
the same distribution as background in the absence of a release. 

 The second assumption is corollary to the first, and requires that the background data are 
stationary over time (Chapter 3).  This can be evaluated with one or more techniques described in 
Chapter 14 on temporal variability.  These account for trends, autocorrelation, or other variation, 
perhaps by utilizing data residuals instead of the raw measurements. If the background residuals meet 
the basic points above, they can be used to construct an adjusted prediction limit. Residuals of the future 
observations would also need to be computed and compared against the adjusted prediction limit to 
ensure a valid and consistent test. 

The second assumption also requires that there be only a single source of variation in the data, 
when using the usual sample standard deviation (s) to compute the prediction limit. If there are other 
sources of variation such as seasonal patterns or temporal variation in lab analytical performance, these 
should be included in the estimate of variability.  Otherwise s is likely to be biased. One method to 
accomplish this is by use of an appropriate ANOVA model to include temporal factors affecting the 
variability (Chapter 14). Determination of the components of variance in more complicated models is 
beyond the scope of this guidance and may require consultation with a professional statistician. 

The third assumption requires that background and compliance point populations be identical in 
distribution, absent a release, for interwell tests. Spatial variation violates this assumption since the well 
population means (µ) will be different, making it impossible to know whether an apparent upgradient-to-
downgradient difference is attributable to a release or simply variations in natural groundwater 
concentration levels. The assumption also requires that each population share a common variance (σ2). 
Tests of equal variance (i.e., homoscedasticity) when using prediction limits may be possible either by 
examining groups of historical background and compliance point data or by performing periodic tests 
when enough compliance point measurements have been accumulated to make a diagnostic test possible. 

The fourth assumption implies that background data should be screened for outliers using the 
techniques in Chapter 12. Statistical outliers can potentially inflate a prediction limit and severely limit 
its statistical power and accuracy by over-inflating both the sample background mean ( x ) and especially 
the background standard deviation (s).  The Unified Guidance discourages automated removal of outliers 
from background samples, but all possible outliers should be examined to determine whether a cause can 
be identified (see discussion in Chapter 6). In some cases, an apparent outlier may represent a valid 
portion of the underlying background population that has not yet been sampled or observed. It also could 
represent evidence that conditions in background have changed or are changing. 

The fifth assumption of normality for parametric prediction limits can be evaluated using the 
diagnostic techniques described in Part II of the guidance. If skewed background data can be 
normalized via a transformation (e.g., the natural logarithm), the prediction limit should be constructed 
on the transformed background values. The resulting limit should either be: 1) back-transformed to the 
concentration domain (e.g., by exponentiation) when comparing future individual compliance 
observations; or 2) left in the transformed scale when compared to future mean compliance data also 
based on the same transformation.  In the latter case, use of a logarithmic transformation results in 
evaluating population medians or geometric means and not the arithmetic means. 
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When normality cannot be justified, a non-parametric prediction limit should be considered 
instead. A non-parametric limit assumes only that all the data come from the same, usually unknown, 
continuous population. Non-parametric prediction limits generally require a much larger number of 
background observations in order to provide the same level of confidence (1–α) as a comparable 
parametric limit.  Consequently, the Unified Guidance recommends that a parametric model be fit to the 
data if at all possible. 

The last assumption concerns sufficient background sample sizes.  A prediction interval can be 
computed with as few as three observations from background. However, this can result in an 
unacceptably large upper prediction limit and a test with very limited statistical power. A sample size of 
eight or more is generally needed to derive an adequate parametric prediction limit, especially if a 
retesting strategy is not employed. The exact requirements depend on the number of simultaneous tests 
(i.e., number of wells times number of constituents per well) to be made against the prediction limit and 
the type of retesting strategy adopted (see Chapter 19 for more discussion of retesting strategies). 

If a minimum schedule of quarterly sampling is being followed and there is only one background 
well, at least two years of data will be needed before constructing the prediction limit.1 If data from 
multiple background wells screened in comparable hydrologic conditions can reasonably be combined 
(see Chapter 5), pooling background data to increase background sample sizes is encouraged. 

 

18.1.2 PREDICTION LIMITS WITH CENSORED DATA 

When a sample contains a substantial fraction of non-detects or left-censored measurements, it 
may be impossible to even approximately normalize the data  A sample data set may originate from a 
normal or transformable-to-normal population, but the uncertainty surrounding both the censored values 
and the consequent shape of the lower tail of the distribution prevents a clear identification.  If the 
apparent underlying distribution is not normal or transformable to normality, a non-parametric prediction 
limit (Section 18.3) should be used. 

Given that non-parametric prediction limits typically have much steeper background data 
requirements than their parametric counterparts, one remedy is to attempt a fit to normality by using 
censored probability plots (Chapter 15) in conjunction with either the Kaplan-Meier or robust 

regression on order statistics [ROS] techniques (Chapter 15) for left-censored data. Censored 
observations prevent a full and complete ordering of the sample, making it difficult to assess normality 
with standard probability plots (Chapter 9). Censored probability plots, on the other hand, only graph 
the detected values, but do so based on a partial ordering and ranking of the sample. Data that appear 
distinctly non-normal on a standard probability plot (where non-detects are perhaps replaced by half their 
reporting limits [RLs] to allow plotting) can sometimes appear reasonably normal on a censored 
probability plot. Transformations can also be applied and the censored probability plot reconstructed to 
see if the data can be normalized in that fashion. 

                                                 

1  The Unified Guidance does not recommend that only one background well be used in any kind of interwell or upgradient-
to-downgradient comparison. Multiple background wells are always preferred so that tests for spatial variability may be 
made and the exact nature of background better understood. 



Chapter 18.  Prediction Limit Primer Unified Guidance 

   March 2009 18-7 

If the censored probability plot is close to linear and the sample approximately normalized, an 
estimated mean and standard deviation should be computed. These estimates will not be the same if each 
non-detect were replaced by half its RL, and the sample mean calculated from the resulting imputed 
sample.  To properly account for the censoring, the estimated mean (denoted as µ̂ ) and the estimated 
standard deviation (σ̂ ) needs to be derived as parameters from the normal distribution providing the 
closest fit to a partial ordering of the sample (as on a censored probability plot). The Unified Guidance 
describes two slightly different techniques for accomplishing this task. 

Once µ̂ and σ̂  estimates have been computed, an adjusted parametric prediction limit is 
constructed by substituting µ̂  for  x  and σ̂  for s in the equations of Section 18.2 or Chapter 19. For 
example, the adjusted equation for a general parametric prediction limit would become: 

 σκµ ˆˆ ⋅+=PL  [18.2] 

Another potential difference between the adjusted prediction limit in equation [18.2] and the 
unadjusted prediction limit in equation [18.1] is the number of degrees of freedom [df] used in selecting 
the κ-multiplier. Absent any censored measurements, a background sample of size n would normally 
have (n–1) df. With censoring, there is greater statistical uncertainty surrounding each non-detect than 
surrounding the detected values. Because of this, the actual degrees of freedom is somewhere between d 
(the number of detects) and (n–1) (the total sample minus one). Unfortunately, there is no 
straightforward, general method to determine the true df. To be conservative, the df should be set equal 
to d, since the value of each detect is known with reasonable certainty. Setting a lower df tends to raise 
the κ-multiplier and thus the prediction limit over what would be selected with an uncensored sample of 
the same size. This is consistent with the greater uncertainty associated with non-detect measurements. 
However, it is at best an approximate remedy. Further consultation with a professional statistician may 
be warranted to arrive at a better choice of the degrees of freedom. 

 

18.2 PARAMETRIC PREDICTION LIMITS 

18.2.1 PREDICTION LIMIT FOR M FUTURE VALUES 

 BACKGROUND AND PURPOSE 

A prediction limit test for m future values is constructed so that m compliance point observations 
are evaluated by determining whether or not they fall within a prediction interval derived from 
background. As mentioned in Chapter 2, some State programs may require up to 4 successive sampling 
events per evaluation period for testing, which can be addressed by the prediction limit approach 
described below. 

If the distributions of background and compliance point data are identical as assumed under the 
null hypothesis H0, all m of the compliance point observations should be no greater than the upper 
prediction limit [PL].  If any of the future observations exceeds PL, there is statistical evidence that the 
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compliance data do not come from the same distribution as background, but instead are elevated above 
background.2  

With intrawell comparisons, a prediction limit can be computed on historical data or intrawell 
background to contain a specified number (m) of future (i.e., more recent) observations from the same 
well. If any of the future values exceeds the upper prediction limit, there is evidence of recent 
contamination at the well. 

 REQUIREMENTS AND ASSUMPTIONS 

As noted in Section 18.1, the prediction limit test on m future values is designated as an m-of-m 
test. Each of the m individual future observations need to be compared to the prediction limit [PL]. All 
should be no greater than PL for the test to pass.  The number of future observations to be collected (m) 
need to be specified in advance in order to correctly compute the κ-multiplier from equation [18.1]. 
Consequently, if compliance data are collected on a regular schedule, the prediction interval can be 
constructed to cover a specified time period of future sampling. Usually this period will coincide with 
the time between statistical evaluations specified in the site permit (e.g., on a semi-annual or annual 
basis). Keep in mind also that m denotes the number of consecutive sampling events being compared to 
the prediction limit at a given well for a given constituent. 

As discussed in more detail in Chapter 6, a new prediction limit should be constructed prior to 
each statistical evaluation for interwell tests, when additional background data have been collected along 
with the new compliance point measurements. Unless there is evidence of characteristic changes within 
background groundwater quality (e.g., as demonstrated by observable trends in background), background 
data should be amassed or accumulated over time. Earlier background measurements need not be 
discarded, both to maintain an adequate background sample size and also because a larger span of 
sampling results will provide a better statistical description of the underlying background population. 
The revised prediction limit will then reflect a larger background sample size, n, but possibly the same 
number, m, of future values to be predicted at the next statistical evaluation. 

For intrawell tests, the prediction limits should be revised only after intrawell background has been 
updated (Chapter 5). Such updating may not coincide with the regular schedule of statistical evaluations 
if done, for instance, every two years or so. In that case, the same intrawell prediction limit might be 
used for multiple evaluations before being revised. 

 PROCEDURE 

Step 1. Calculate the sample mean x , and standard deviation s, from the set of n background 
measurements. 

Step 2. Specify the number of individual future observations (m) from the compliance well to be 
included in the prediction interval for an m-of-m test. For an upper prediction limit with an 
overall (1−α) confidence test level for the m comparisons, use the equation: 

                                                 

2  In the context of the Unified Guidance,  m represents the number of consecutive samples being compared in the prediction 
limit test for a given well and constituent. 
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