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TWELVEMILE WATER QUALITY STUDY  
 

 
1.0 Introduction  
 
Water Quality of Twelvemile Creek is presently degraded due to the extremely high 
concentration of suspended sediment. This project focused on collecting data that will aid in 
creating, defining, and evaluating the most feasible alternatives which focus on reducing the 
suspended sediment concentration in Twelvemile Creek waters. It is anticipated that, following 
the evaluation of the formulated alternatives, one or more alternatives will be selected, designed 
and constructed.  
 
 
1.1 Local Area 

 
Twelvemile Canyon is located in southern Sanpete County, Utah, directly east of the town of 
Mayfield (See Figure 1). Twelvemile Creek is a collection of waters originating in Twelvemile 
Canyon. Water from Twelvemile Creek is used for irrigation and secondary water uses in the 
communities of Mayfield, Gunnison, Centerfield, Axtell, and neighboring areas. Twelvemile 
Creek is a tributary to the San Pitch River, which then confluences with the Sevier River, the 
primary source of water for Yuba Reservoir. Yuba Reservoir is the primary storage facility for 
the populated areas of Millard County including Delta. 
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Figure 1.  Study Location 

 
 

1.2 Background 
 

As the communities of Mayfield and Gunnison were settled in the mid 1800’s, settlers began to 
divert water from Twelvemile Creek for agricultural use. Many miles of irrigation canals and 
ditches were constructed along foothills to water the fertile ground in the valleys below. Portions 
of these canals and ditches are still in use today. From the time that water was first diverted for 
agricultural use until 1983 the water quality of Twelvemile Creek was adequate (for secondary 
water use) with very little suspended sediment. This is evidenced by sediment data collected 
from 1975 to 1980 (Kelly, 1983) and also by the relatively small amount of sediment that had to 
be cleaned from the ditches and canals prior to 1983, according to locals. In addition to the use of 
water for irrigation, prior to 1983, Twelvemile Creek supported habitat essential for a cold water 
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fishery. This is according to locals in the area that witnessed the changes in the Creek from pre-
1983 to post-1983.  

The highest precipitation totals recorded for the Twelvemile Canyon area occurred in the water 
years covering 1982 to 1984.  This precipitation saturated the canyon soils and caused several 
major landslides to occur. The largest of these landslides occurred in South Fork.. (see Appendix 
A – Exhibits A2 and A3).   

The precipitation, in addition to triggering the landslides, also caused major flooding and 
excessive erosion along Twelvemile Creek. This flooding destroyed bridges, roads, irrigation 
structures, and city and town utilities. In addition to damaging infrastructure the natural stream 
environment was also drastically affected by scouring the creek’s channel of riparian vegetation 
that supported the previous fishery. The flood waters also carried massive amount of sediment 
that rapidly filled the water user’s sediment removal devices and greatly inhibited the use of the 
water for irrigation use. In 1986, Danny Boore wrote a thesis on “The Impact of Twelve-Mile 
Canyon Mudslides on the Downstream Water Users in Sanpete County, Utah” (Boore, 1986.) 
This report includes information related to the 1983 slides within Twelvemile Canyon and the 
losses incurred by the local irrigation companies 

The years following 1983 resulted in the activated slides stabilizing with very minimal slide 
activity within the canyon (likely due to less precipitation), but in 1998 an area in the Cooley 
Creek drainage, which is within the general South Fork drainage, became active (see Appendix 
A – Figures A3 and A4). This slide dammed off Cooley Creek’s historic path to South Fork 
Creek and cut a new drainage path to the west. The landslide material moved down through the 
newly cut channel and filled in the South Fork Channel which added sediment atop the sediment 
deposited from the 1983 landslide (see Appendix A – Figure A4).  

From 1998 to the present the Cooley Creek slide area has continued to show activity on a regular 
basis despite mitigation measures. In 1999, a year after the Cooley Creek Slide first moved, the 
Forest Service reseeded the area and by 2003 the grasses were well established atop the slide 
material. In 2004 the Cooley Creek Slide moved again and eliminated all but a few acres of the 
seeded areas. Most recently, in 2006, the Cooley Creek Slide moved again and added more 
material to the bottom of the canyon, extending the mud and debris flow approximately one mile 
downstream.  Comparison of recent mapping of the area with the USGS quarter quad maps 
indicate there is roughly 60 to 80 feet of debris in the bottom of the canyon immediately west of 
the knoll at the bottom of the Cooley Creek drainage. This debris will be eroded away over time 
as the stream channel meanders back and forth in the channel and high flows cut deeper into the 
slide deposits. Based on the average width, depth, and length of the debris flow there is 
approximately 3,000,000 cubic yards (1,860 acre-ft) of debris in the South Fork stream channel 
alone. 
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1.3 Problem Statement 

The State of Utah has designated Twelvemile Creek for Class 2B, Class 3A, and Class 4 
beneficial uses. Class 2B is listed as being protected for secondary contact recreation such as 
boating, wading, or similar uses. Class 3A is listed as being protected for cold water species of 
game fish and other cold water aquatic life, including the necessary aquatic organisms in their 
food chain. Class 4 is listed as being protected for agricultural uses including irrigation of crops 
and stock watering. The purpose of these designations is to protect against controllable pollution 
impacting the beneficial uses for each class. The Class 3A and 4 beneficial uses are continuing to 
be suppressed due to the high concentration of suspended sediment in the creek.  

Sediment is an extremely serious issue within the watershed.  The high concentrations found in 
Twelvemile Creek negatively impacts cold water species and habitat. The sediment reduces 
water efficiency, fills ponds, plugs pipes and sprinklers, coats crops, ruins equipment, and costs 
thousands of dollars per year to dredge ponds and maintain piping systems.  Annual costs and 
losses are estimated to be between $500,000 to $800,000 when combining figures from the 
Gunnison and Mayfield Irrigation Companies.  Total damages have been conservatively 
estimated at over $10 million since the flood years of 1983-1984. These impacts are not just 
affecting farmers but the local communities and individual residents who also hold shares in the 
irrigation company and use irrigation water.   

 

1.4 Impacted Entities 

The Gunnison and Mayfield Irrigation Companies have been responsible for delivery of 
irrigation water to farmers, ranchers, and other stock holders in the central Utah region for 
several decades. Runoff and snow melt that comes from Twelvemile Creek and its tributaries is 
the sole source of water for the Mayfield Irrigation Company and one of the primary sources of 
water for the Gunnison Irrigation Company (The Gunnison Irrigation Company also has a right 
to some of the water from watershed north of Twelvemile Canyon).  . The areas served by the 
Companies include Mayfield, Gunnison, Centerfield, Axtell, and surrounding unincorporated 
areas.  These companies currently irrigate approximately 16,000 acres.   

The impacts of the sediment laden water are not just felt by the local areas but all citizens within 
the lower San Pitch River and the Sevier River Watershed. This is because the Twelvemile 
Canyon Watershed is critical to the San Pitch River, Sevier River, and all entities downstream of 
Yuba Reservoir.   

In addition to direct impacts (discussed in Section 1.3 above) there are also economic impacts 
that are directly felt by the water users and indirectly felt regionally and statewide.  
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2.0   Purpose and Need 
 
The goal of this project is to reduce the concentration of suspended sediment in Twelvemile 
Creek so that the water can be beneficially used as intended.  In order to accomplish this goal the 
project has been divided into three phases. This report is Phase I of the three phase plan, which 
includes: 

 
- Phase I: Mapping and Data Gathering (includes this report).  Geotechnical, 

hydrogeological, economic, aerial mapping, topographical, water quality and other 
existing data will be obtained. 

 
Other phases are as follows: 

 
- Phase II:  Data Evaluation and Alternatives Analysis (not included in this report).  

After the existing data is gathered, it will be evaluated and alternatives intended to 
address the problem will be generated.   
 

- Phase III: Final Design and Construction  (not included in this report).   The preferred 
alternative(s)  will be implemented.  Additional monies will be sought for this phase. 

 
 

3.0   Project Partners and Funding 
 
Many agencies and people have been critical in moving this project forward.  A table showing 
the project partners along with their associated role can be found in Table 1.  
 
The Utah Division of Water Quality recognized the water quality concerns of Twelvemile Creek 
and its users and granted $150,000 to completely fund Phase I. An estimated $300,000 is needed 
to fund Phase II.  The 2008 Utah State Legislature appropriated $150,000 to partially fund Phase 
II while the Community Impact Board appropriated the remaining $150,000 required to complete 
Phase II.  Funding for Phase III (Design and Construction) is yet to be determined but will 
include requests to USFS, Utah Department of Agriculture and Food, NRCS, CIB, Sanpete 
Water Conservancy District, Utah Division of Water Quality, and others.  
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Table 1.  Project Partners. 

PROJECT PARTNERS and TEAM MEMBERS 
ORGANIZATION CONTACT ROLE SUMMARY  

Gunnison Irrigation Company Allen Dyreng Company President, Approvals 
  Danny Boore Management, Water sampling 
  Ray Christensen Approvals 
  Russell Yardley Approvals, Water sampling 
Mayfield Irrigation Company Bill Kay Christiansen Company President, Approvals 
  Bruce Fuller Approvals 
  Doug Willden Management, Water sampling 
Mayfield Town John Christensen Support 
Gunnison City Scott Hermansen Support 
Centerfield City Darwin Jensen Support 
Utah Division Of Water Quality Walt Baker DWQ Approvals, Coordination 
  Scott Daly Technical reviews, Coordination with agencies 
  Carl Adams Technical reviews 
Utah Division of Water Rights Chuck Williamson Technical reviews, Stream Alteration permits 
Utah Division of Water Resources Dan Aubrey Technical reviews 
  Ed Fall Technical reviews 
  Joel Williams Technical reviews 
  Eric Bagley Technical reviews 
Utah Water Quality Board Jay Olsen Public Relations, Funding 
USDA Forest Service Pam Brown Environmental, Construction Approvals 
  Marlene Depietro Environmental, Construction Approvals 
  Rod Player Environmental Review 
  Katherine Foster Environmental Review 
  Leland Matheson Environmental Review 
  Justin Humble Technical Review and Assistance 
  Karlton Moss Technical Review 
Utah Division of Natural Resources Mike Styler Funding, Technical Reviews, Approvals 
Utah Department of Agriculture and Food Leonard Blackham Funding, Coordination between agencies 
USDA Natural Resources Conservation Service Brian Miller Technical reviews and services 
  Sylvia Gillen Technical reviews and services 
San Pitch Watershed Stewardship Group Tom Shore Local Watershed Coordination 
Sanpete Water Conservancy District David Cox Sponsor Funding Requests, Coordination 
  Ed Sunderland Sponsor Funding Requests, Coordination 
Sanpete Conservation District (soil) Scott Sunderland Local Support, Reviews 
U.S. Senator Bob Bennet Donna Sackett Support 
U.S. Senator Orrin Hatch Ron Dean Support 
Utah House of Representatives Kay McIff Legislative Support, Funding 
Utah State Senate Darin Peterson Legislative Support, Funding 
  Ralph Okerlund Legislative Support, Funding 
Sanpete County Claudia Jarrett Commission Chair, Public Relations, WCD rep 
Jones & DeMille Engineering Tim Jones Principal in Charge, Management 
  Brian Barton Project Management, Technical, Geotech 
  Garrick Willden Project Engineer, Technical, Water Quality 
Kleinfelder Greg Schlenker Geology, Geotechnical 
  John Diamond Hydrogeology, Groundwater Resources 
John Keith John Keith Macro-, Micro-Economics analysis 
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4.0   Data Collection Efforts and Results 
 
Unfortunately, very little data exists for the Twelve Mile Canyon area, prior to this study. The 
following is a brief synopsis of these data collection efforts and the results obtained. 

 
 

4.1 Twelvemile Geology 
 
Kleinfelder, a nationwide geotechnical engineering firm researched and reported on the geology 
of Twelvemile Canyon with emphasis on the slide related activities. The following are excerpts 
from their report: 
 

4.1.1  Affected Environment 
 

The Mayfield Water Company diverts water for their system at the mouth of Twelvemile 
Canyon, and the Gunnison Water Company diverts water approximately 4.5 miles 
downstream of the Mayfield diversion. The Twelvemile Creek drainage area is located 
on the western side of the Wasatch Plateau near the town of Mayfield. In the vicinity of 
the Twelvemile drainage, the Wasatch Plateau has surface elevations ranging from 
5,400 feet to over 10,000 feet (Witkind et al., 2007), with slopes ranging from level to 
over 90 percent. Above the Mayfield diversion, the drainage encompasses 37,908 acres. 
This area is divided into four tributary sub-drainages; Clear Creek, Birch Creek, 
Headwaters, and South Fork. A tabulation of these subdrainages areas is included in 
Table 1 (see Geotechnical Report in Appendix B), and the locations of the sub-drainage 
areas are shown on Figure 1 (see Geotechnical Report in Appendix B). 

 
4.1.2   Methods of Study 

 
The engineering geology of the Twelvemile Canyon vicinity was interpreted through an 
integrated compilation of data, observations, and analyses, including a review of 
literature and mapping from previous studies conducted in the area (Robinson, G.B., 
1971; Harty, 1993; Witkind, et al., 1987), a photogeologic analyses of 2006 imagery, GIS 
analyses of elevation and terrain data, and a field reconnaissance of the site. The 
engineering geology conditions interpreted from our reviews and analyses were verified 
during the field reconnaissance. Subsurface explorations were not within the scope of 
this study. 
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4.1.3  Geologic Conditions 
 
Geologic Setting 
 
Twelvemile Canyon is located on the Wasatch Plateau, which is considered to be the 
transition zone between the Colorado Plateau Province and the Basin and Range 
Physiographic Provinces (Hunt, 1967, Stokes 1987). In the vicinity of Twelvemile Canyon, 
the plateau is an uplifted monoclinal structure which plunges steeply westward beneath 
Arapein Valley on its western margin near the town of Mayfield. Near the crest of the 
plateau, the geological structure is near-horizontal. 
 
Geologic formations exposed in Twelvemile Canyon include the Upper Cretaceous 
Blackhawk Formation, the Castle Gate Sandstone, and the Price River Formation. 
Overlying the Upper Cretaceous formations are the Tertiary North Horn Formation and 
the Flagstaff Limestone. Twelvemile Creek and its tributaries have incised drainages into 
the plateau exposing these formations and also oversteepening slopes resulting in slope 
failures in many areas of the Twelvemile drainage.  

 
Twelvemile Drainage Engineering Geology 
 
The engineering geology of the drainage is shown on Figure 3 (see Geotechnical Report 
in Appendix B). The pre-Quaternary (pre 1.6 million years age) surfacial geology 
consists of sandstone (SS) of the Blackhawk Formation, and the Castle Gate Sandstone 
that are overlain by conglomerate and sandstone (CG/SS) of the Price River Formation. 
The North Horn Formation (MS/CS/SS) consists of alternating beds of mudstone, 
claystone, and sandstone, and the Flagstaff Limestone (LS) overlies the North Horn 
Formation. 
 
The Quaternary deposits include landslide deposits that cover much of the Twelvemile 
drainage area. The landslide deposits are classified as either earthflow deposits (S(f)cb) 
that display primarily flow type of movement, or as complex deposits (S(c)c-b) that 
display a combination of movement modes (Varnes, 1978). A small area of glacial till 
(G(t)c-b) has been deposited by Pleistocene glaciation near the crest of the plateau on 
the southwest side of the drainage. Alluvial stream deposits (A(s)m-b) occupy the 
stream channel along Twelvemile Creek. 

 
Seismicity and Faulting 
 
North to south trending normal faults shown on Figure 3 (see Geotechnical Report in 
Appendix B) appear to have displaced the pre-Quaternary rocks in the drainage, but do 
not appear to have displaced Quaternary deposits. The nearest active faulting is traces 
associated with the Snow Lake graben, and are shown on Figure 3 as located only 1,300 
feet west of the Twelvemile drainage (Black et al., 2003; USGS, and UGS, 2008).  
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The drainage is located within the Intermountain Seismic Belt, a seismically active region 
that extends from Arizona to Montana (Arabasz and Smith, 1981). Active faults in the 
region are potential sources for seismic loading hazards for the alignment. Active 
earthquake faults are considered faults that have moved during the past 15,000 years.  
 
On the basis of both probabilistic (Frankel, et al., 1997, 2002) and deterministic (Halling, 
et al., 2002) ground shaking hazard analyses, the Snow Lake graben faults appear to be 
the greatest contributor to the seismic hazard in the drainage area. The Snow Lake 
graben faults should be considered active and capable of generating earthquakes as 
large as magnitude 6.78 (Halling, et al., 2002). Surface faulting commonly occurs in 
conjunction with events of magnitude 6 or larger.  
 
Based on probabilistic estimates (Frankel, et al., 1997, 2002), the expected peak 
horizontal ground acceleration on rock from a large earthquake with a 10 percent 
probability of exceedance in 50 years is as high as 0.15g, and for a 2 percent probability 
of exceedance in 50 years is as high as 0.33g for the drainage area. Ground accelerations 
greater than these are possible but will have a lower probability of occurrence. 
Deterministic estimates by Halling et al. (2002) indicate the deterministic maximum 
peak bedrock horizontal acceleration for the drainage area would be between 0.50 and 
over 0.60g. 

 
Landsliding and Sediment Loading Mechanisms 

 
Approximately 11,170 acres of the Twelvemile Creek drainage is covered with landslide 
deposits (S(f)c-b and S(c)c-b). This comprises roughly 30-percent of the entire drainage. 
The area covered by landslide deposits, broken down by sub-drainage, is shown on 
Table 3 (see Geotechnical Report in Appendix B). 

 
The historic landslides, landslides that have moved since 1983, are shown on Figure 4 
(see Geotechnical Report in Appendix B). These landslides include the Cooley Creek 
landslide (72 acres), the South Fork landslide (430 acres), and the currently active 
portion of the South Fork landslide (32 acres), and comprise a total of 534 acres. The 
historic landslide area comprises only 1.5-percent of the Twelvemile drainage; however, 
the historic landslide areas appear to be the primary source for the excessive sediment 
in the Twelvemile drainage that is damaging the irrigation systems. The Cooley Creek 
landslide and the currently active portion of the South Fork landslide are interpreted to 
be active based on the observed lack of re-vegetation and the deformation of soils on 
the surface. These two slide areas probably undergo movement during the Spring of 
each year. Based on observed revegetation, the South Fork landslide appears to be 
presently inactive. 

 
The active landslides should be expected to undergo future movement particularly 
when moist climate conditions prevail as experienced during the years of 1983 and 1998 
(Fleming and Schuster, 1985; Ashland, 2003). Although mapped landslides in the 



 

TWELVEMILE CANYON WATER QUALITY STUDY                                                                                       PAGE  10 
REPORT FOR PHASE I 

Twelvemile drainage may not be experiencing movement, these areas should be 
recognized as having soil and rock strengths that were weakened during the past 
activity, and may become susceptible to renewed activity in response to changes in 
climatic conditions and/or slope modifications. Also, near-by seismic ground motion 
from a future earthquake may trigger movement on both active and inactive landslides. 
In the Twelvemile drainage, both the active and the inactive landslide deposits appear 
to be associated with soils developed over the North Horn Formation (MS/CS/SS). The 
North Horn Formation is relatively weak and has been observed to be susceptible to 
failure (Duncan et al., 1986; Ashland, 1997).  
 
During our June 25, 2008, reconnaissance, we observed significant sediment in 
Twelvemile Creek near the Mayfield diversion as documented on Figure 2-A. At the 
historical landslide areas we observed that mapped courses of South Fork, Twelvemile 
Creek, Cooley Creek, and tributaries to these two streams had changed significantly 
since the movement occurred based on pre-1983 USGS mapping. We observed that 
streams that cross the historical landslide areas were undergoing incisive erosion and 
down-cutting their channel beds resulting in oversteepened cut banks that were locally 
failing into the streams as shown on Figures 2-C and 2-E. (see Geotechnical Report in 
Appendix B). These smaller local failures along the streams appear to be the primary 
mode of sediment loading into the streams. Based on our mapping, we estimate that 
approximately 9.8 miles of streams cross the historical landslide areas. As future 
movement continues on the active landslides, including the Cooley Creek landslide and 
the currently active portion of the South Fork landslide, we would anticipate the 
sediment loading into the streams to continue. 

 
See Appendix B for full Geotechnical Report prepared by Kleinfelder  

 
 

4.2   Flow Rates 
  

Water flow is very important in determining the amount of suspended sediment being 
transported in the creek. Water flow combined with the concentration of suspended sediment is 
required to determine the loading or amount of sediment passing a point over a set period of 
time.  
 
4.2.1  Historic Data 

 
Flow data is available from 1960 to the present.  The USGS recorded flow data from 1960 to 
1980 at a location just upstream from the mouth of the Canyon. From 1980 to the present, the 
Gunnison Irrigation Company recorded flow at the Mayfield Diversion at the mouth of the 
Canyon. The major discrepancy in comparing the USGS data and data from the Gunnison 
Irrigation Company is that the USGS data recorded flow as a daily meancalculated from a 
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number of streamflow measurements, while the data from the Mayfield Diversion was recorded 
manually by an operator reading a staff gage once a day. Diurnal variation in the flow of the 
creek occurs due to increased amounts snowmelt during the day and decreased snowmelt at 
night. Therefore, Twelvemile Creek’s peak flows are usually reached anywhere from 10pm to 
midnight (this would obviously change during wet weather conditions such as rain and snow 
events). With the peak flows often occurring at such late hour it is unlikely that the data recorded 
by an operator would take into account the peak flow. An exhibit showing the flows recorded 
from 1960 to 1980 by the United States Geological Survey (USGS), flow during 1984 (Boore, 
1986), and flows recorded for this study are shown in Appendix C. 

 
In order to determine which drainage areas were contributing most to the sediment loading 
within the creek a sampling plan was developed (see Appendix D – for Sampling Plan). This 
sampling plan required the flow of all major streams which confluence Twelvemile Creek to be 
measured. In addition, flows were also measured prior to and following existing suspended 
sediment mitigation strategies to determine their operating efficiency. Details and results of this 
sampling plan will be discussed in Section 4.3 Water Quality.  
 
 
4.3   Water Quality 

 
There is little recorded historical water quality data for Twelvemile Creek. From 1975 to 1980, 
Dennis Kelly with the US Forest Service collected suspended sediment samples from 
Twelvemile Creek on a nearly monthly basis (Kelly, 1983). From March of 1984 to September 
of 1984, Danny Boore collected 21 suspended sediment samples from Twelvemile Creek  
(Boore, 1986). 
 
As previously mentioned, in order to determine which drainage areas were contributing the most 
to the sediment loading within the creek a sampling plan was developed. This sampling plan 
required the suspended sediment concentration, turbidity, and stream flow of all major streams 
which contribute to Twelvemile Creek be measured on at least a bi-weekly basis from April to 
July and a monthly basis for August and September. A map of the sampling sites (See Figure 2) 
and their associated drainages can be seen in Appendix D– Figure F1. Due to the diurnal 
variation of flow at the Mayfield Diversion on each sampling day this site was measured three 
times. Further details of the sampling plan can be found in Appendix  D.  
 
In addition to the suspended sediment and turbidity sampling, a sweep of water quality samples 
were sent to Chemtech Ford Laboratories to determine if any other constituents exceeded State 
Water Quality Standards for Twelvemile Creek’s designated uses. The results indicated that all 
the constituents tested for were within the allowable limits of the State Standards. The test results 
can be found in Appendix D.  
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 Figure 2.  Sampling Sites 
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4.4   Summary of Sampling Results 
 
Tables of all the sampling testing data collected are in Appendix D. Table 2 is a summary of the 
average monthly stream flows for each sampling site. 
 
 
Table 2.  Average Monthly Stream Flow 

Site Description April May June July August September 

1 San Pitch below 12 Mile NOT MEASURED 
2 San Pitch above 12 Mile NOT MEASURED 
3 Gunnison - 12 Mile   6 54 82 32 4 3 
4 Mayfield Diversion 37 133 135 80 60 60 
5 Clear Creek 1 19 16 10 5 12 
6 Birch Creek 1 13 14 10 7 9 
7 Beaver Creek 2 17 32 7 2 2 
8 12 Mile - Old Forks 9 34 21 8 7 5 
9 South Fork 18 53 60 32 11 10 

10 Bottom - New Slide No Access No Access 2 1 0 0 
11 Top - New Slide No Access No Access 1 0 0 0 
12 Coolie Creek No Access No Access 2 1 0 0 
13 Bottom - Old Slide No Access No Access 51 28 10 7 
14 Top - Old Slide No Access No Access 4 2 1 1 
15 Mayfield Pond Influent 17 59 65 39 27 27 
16 Mayfield Pond 17 59 65 39 27 27 
17 Settling Pond Influent 53 91 114 126 110 55 
18 Settling Pond Effluent 53 91 114 126 110 55 
19 Gunnison - 12 Mile & 9 Mile 53 91 114 126 110 55 
20 Axtell 8           

 
 
Figure 3 shows the (2008) average monthly flow measured for all the major drainages in 
Twelvemile Canyon. Water from these drainages all flow into Twelvemile Creek. The Mayfield 
Diversion is located along Twelvemile Creek downstream of the confluence of these drainages 
(see Appendix D– Figure F1). Figure 3 below shows that South Fork supplies roughly 40% of 
the flow that is observed at the Mayfield Diversion. 
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Figure 3.  Average Monthly Stream Flow for Twelvemile Creek Drainages Upstream of the 
Mayfield Diversion. (2008) 
 
 
Figure 4 shows the (2008) calculated average monthly sediment volume in cubic yards that pass 
each sampling site per day (see Table 3 for tabulated data). In May alone, an estimated 1382 
cubic yards of suspended sediment passed through the Mayfield Diversion, and over the entire 
sampling period (April to September) an estimated 65,000 cubic yards of suspended passed 
through the Mayfield Diversion. To put it in perspective this would be equivalent to 6,500 dump 
truck loads of material.  
 
Figures 3 and 4 combined show that, although South Fork contributes just under half the flow of 
water to Twelvemile Creek, this drainage contributes over four times as much sediment when 
compared to the other drainages. 
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Figure 4.  Average Monthly Sediment Load for Twelvemile Creek Drainages Upstream of the 
Mayfield Diversion. (2008) 
 
Table 3 . Average Monthly Sediment Load 

Site Description April May June July August September 

4 Mayfield Div 365 1383 324 70 0 0 
5 Clear Creek 0 65 0 4 0 0 
6 Birch Creek 0 24 2 0 0 0 
7 Beaver Creek 0 8 8 0 0 0 
8 12 Mile -Old Forks 34 102 26 3 0 0 
9 South Fork 207 939 463 62 0 0 

 
Figure 4 also shows an unusually high sediment load passing the Mayfield Diversion in May 
which cannot be accounted for by adding the contributions of the drainages, and an unusually 
low amount of sediment in June which also cannot be accounted for by adding up the 
contributions of the drainages. This may be due to existing sediment in the creek channel 
mobilized by the high spring flows and then the storage of sediment in the creek channel as 
flows decrease in June.  
  
Throughout the sampling period a number of samples collected during April and May from the 
South Fork drainage and the downstream Mayfield Diversion contained what appeared to be two 
different types of suspended sediment. The sediment sampling procedure for determining the 
volume of suspended sediment required the sample to be poured into an Imhoff Cone. After one 
hour the volume of settled sediment was determined using the graduated marks on the cone. For 
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some of the samples from South Fork and the Mayfield Diversion, after one hour the sediment 
separated into two different types of materials. These materials were noted and allowed to settle 
for at least 24 hours.  
 
Figure 5 shows one of these samples in an Imhoff Cone. Notice the distinct line between the two 
sediments. The darker sediment appeared to be composed of sand, silt, and clay while the lighter 
solution appeared to be dispersed clay. Even after allowing the solution to sit for about one 
month, the dispersed clay only decreased slightly in volume. From observing this sample it can 
be concluded that conventional efforts such as settling basins would be effective in removing the 
darker sediment but would have little effect on the dispersed clay which would therefore be 
passed on through the system. For this reason, the sediment volume used in this report is the 
volume of the darker sediment.  
 

 
 
Figure 5.  A suspended sediment sample from South Fork that had settled for 24 hours. 
 
Throughout the sampling period gradations were run for selected samples. These gradations were 
processed to determine the particle size distribution for the suspended sediment. These 
gradations can be found in Appendix D. 
 

Dispersed 
Clay 

Settled Sediment 
(Sand, Silt, Clay) 
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Figure 6 shows the average monthly turbidity at each sampling site (See Table 4 for tabulated 
results). At the present time a required standard for turbidity does not have a set regulated value 
for surface waters, but limits the increase in turbidity, which, cannot be greater than 10 
nephelometric turbidity units (NTU). Applying this regulation to Twelvemile Creek indicates that 
the South Fork drainage is in severe violation for all the months measured except April. 
 

 
 
Figure 6.  Average Monthly Turbidity for Twelvemile Creek Drainages Upstream of the Mayfield 
Diversion. (2008) 
 
Table 3.  Average Monthly Turbidity 

Site Description April May June July August September 

4 Mayfield Div 780 788 303 154 20 57 
5 Clear Creek 8 204 38 14 4 4 
6 Birch Creek 56 170 73 24 4 4 
7 Beaver Creek 12 62 56 72 4 5 
8 12 Mile -Old Forks 531 211 158 66 4 7 
9 South Fork 558 1495 931 263 100 67 

 
Samples were also collected within the South Fork drainage along the major streams before 
entering the slide areas and near the bottom of the slide areas, but the data were limited due to 
difficulty accessing the sites. The limited data from June through September indicated that the 
streams prior to entering the slide areas contained an insignificant (less than 0.1mL/L) amount of 
suspended sediment. Based on this data, it is estimated that most of the suspended sediment from 
South Fork is contributed by the slide areas. Additional sampling data will be needed to better 
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quantify the amount of suspended sediment contributed by the various slide activities within the 
drainage. 
 
4.4.1 Comparison with Historic Data 
 
Efforts were made to compare the current sampling data to the historic data mentioned in Section 
1.2 of this report. The historic data recorded the amount of suspended sediment in terms of 
milligrams per liter near the Mayfield Diversion. Due to the large number of sediment samples 
collected for this report it was not feasible to dry every sample taken, therefore selected samples 
were dried and weighted. These samples resulted in an average density of 1.5 g/mL. This density 
was used to determine an estimated concentration in mg/L for each sample. Figure 7 shows the 
comparison of the current data from the Mayfield Diversion and historic data just upstream from 
the Mayfield Diversion. This figure shows a drastic increase in suspended sediment 
concentration during the months of April and May in 2008 as compared to samples collected 
from 1975 to 1980. 
 
Although there are no recorded suspended sediment data from 1985 to 2008, according to the 
Mayfield and Gunnison Irrigation Companies during the years the Cooley Creek Slide has 
moved (1998, 2004, and 2006) the amount of suspended sediment was significantly higher than 
what has been recorded for 2008. Therefore, 2008 possibly can be considered a baseline in terms 
of relating slide activity and suspended sediment within Twelvemile Canyon.   
 

 
Figure 7.  Average Monthly Sediment Concentration for Twelvemile Creek Measured Near the 
Mouth of Twelvemile Canyon. 
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4.4.2 Efficiency of Suspended Sediment Removal Devices in Place 
 
In addition to the sampling efforts within Twelvemile Canyon, samples were also taken at the 
diversions along Twelvemile Creek and throughout the irrigation systems to determine the 
effectiveness of the sediment removal devices the irrigation companies have in place.  
 
Mayfield   
 
The Mayfield Irrigation Company diverts all of its water from the Mayfield Diversion located 
near the mouth of Twelvemile Canyon. From the diversion the water flows through a canal to a 
desilting structure. From the desilting structure the water flows through a canal to a detention 
pond which is used to supply the water for the pressurized irrigation system.  
 
Sampling sites were located at the Mayfield Diversion, the irrigation pond influent, and the water 
surface of the irrigation pond near the effluent.  Data from these sampling sites showed an 
estimated 82% of the suspended sediment recorded at the Mayfield Diversion being settled out 
prior to entering the irrigation pond. Over the course of the sampling period this percentage 
decrease from April to July likely due to the reduction in storage area caused by sediment 
settling out which in turn would decrease the hydraulic retention time of the canal system. 
Samples taken from the water surface of the pond showed no sediment, but sediment does flow 
through the outlet which is evident by the amount of sediment observed in sprinkler lines 
throughout the systems.  In the future, a sampling location within the system near the outlet of 
the irrigation pond is recommended to determine the amount of sediment entering the 
pressurized irrigation system. 
 
Gunnison 
 
The Gunnison Irrigation Company has three main sources of water; Twelvemile Creek, Ninemile 
Reservoir, and Gunnison Reservoir. Water that is diverted from Twelvemile Creek can be mixed 
with water from Ninemile Reservoir to supply water to the Highland Canal System. The 
Highland Canal System is composed of canals and a settling pond. Five sampling sites were 
located: 1) downstream of the Gunnison Diversion to collect water diverted from Twelvemile 
Creek; 2) downstream of the confluence of water from Ninemile Reservoir and the diverted 
water from Twelvemile Creek; 3) at the influence of the settling pond; 4) at the effluent of the 
settling pond; and 5) near the end of the Highland Canal near Axtell. From these samples, the 
efficiency of sediment removal was determined along the canal and in the settling basin.  
 
Data from the sediment sampling showed only a 3% decrease in sediment volume along the 
canal from the confluence of Twelvemile and Ninemile water to the settling pond influent. The 
settling pond removed an estimated 70% of the suspended sediment over the study period. This 
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percentage decrease from April to July likely due to the reduction in storage area due to sediment 
settling out which would in turn decrease the hydraulic retention time of the settling pond. The 
data from the sampling site near the end of the system showed a decrease of 85% of the 
suspended sediment when compared with the sediment volume at the confluence of Twelvemile 
and Ninemile waters.   This indicates that on average an estimated 12% of the suspended 
sediment is deposited in the canal system between the effluent of the settling pond to just west of 
Axtell.  
 
4.4.3 Recommended Future Sampling Efforts 

 
Future sampling efforts should include continued sampling of the sites specified in this study 
with additional sampling sites within the South Fork Drainage. Data from the existing sites will 
be useful in establishing data trends and for comparing differences on a yearly basis. The 
additional sites within the South Fork drainage would be valuable in determining specific areas 
or stream reaches where a significant amount of sediment is becoming suspended, and would 
also be useful in sizing pipes and other remediation techniques. 
 
 
4.5  Existing Suspended Sediment Removal Techniques 

 
The Gunnison and Mayfield Irrigation Companies are currently using detention devices to settle 
out some of the suspended sediment in the Twelvemile Creek water. The detention devices 
include a desilting structure, gates within the creek to back the water up, deepened canals, and 
detention ponds.  
 
The desilting structure is a steep concrete V channel that is shallow on the upstream end and 
slopes down to a gate on the downstream end (See Figure 8). This structure allows the water 
velocity to slow down and allows the sediment to settled out. Once the desilting structure has a 
considerable amount of sediment, the downstream gate is opened and the water detained in the 
structure sluices the sediment out and back into Twelvemile. Creek. Once clean the gate is shut 
and the water again fills the structure and sediment begins to be settled out. The problem with 
this type of structure is if the influent water carries a lot of sediment the structure has to be 
flushed frequently (Mayfield has had to flush it 3 to 4 times a day) and every time the structure is 
flushed the water that is used to flush the settled sediment out is lost, in addition due to the flat 
slope of the canal the water that has passed the desilting structure and is in the canal also flow 
back and out the sluice gate. Also due to the small size of clay particles a considerable amount is 
not settled out in the desilting structure and continues on into the system. 
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Figure 8.  Mayfield Desilting Structure.  
 
The gates at the Gunnison Diversion within Twelvemile Creek are used to back the water up and 
allow the sediment to settleout (See Figure 9). These gates allow the water to slow down enough 
so a portion of the suspended sediment can settled out. The water then diverted out the creek 
channel and into a canal. When the sediment in the creek channel upstream of the gates 
accumulates to a point where the sediment needs to be removed the gates are opened and the 
water flowing in the creek washes the sediment out of the creek channel. The problem with this 
technique is that due to the steep grade and small width of the natural stream channel only a 
small amount of water can be detained. Therefore much of the sediment passes on into the canal.  
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Figure 9.  Upstream of the Gunnison Diversion Along Twelvemile Creek. 
 
Detention ponds have been constructed by both irrigation companies (See Figures 10 and Figure 
11). These structures hold a large volume of water that allows the suspended sediment to settle 
out of the water. These structures work well but they are expensive to maintain because the 
sediment has to physically be removed from them. The Mayfield Irrigation Company’s detention 
pond was not intended to primarily remove sediment, but was designed to buffer the water used 
and the amount of flow available (which is variable due to the diurnal variation of Twelvemile 
Creek). As the detention time in the Mayfield Irrigation’s Company detention pond decreases it 
becomes more difficult to manage the water available for use. In addition the Mayfield Irrigation 
Company does not own any additional land to build another detention pond on and all of the land 
adjacent to their canal is hydraulically unusable and/or publicly owned. The Gunnison Irrigation 
Company uses a number of ponds some are for the sole purpose of settling out sediment some 
are more for flow regulation. The difficulty the Gunnison Irrigation has is in order to construct a 
detention pond large enough to settle out the suspended sediment requires costly design, review, 
and clearances and after they are constructed they have to be cleaned on a regular basis.  
 
Both irrigation companies have attempted to constructed devices that would collect sediment and 
sluice the settled material back into Twelvemile Creek, but the Companies indicate that state and 
federal agencies have discouraged these devices due to the high concentration of sediment in the 
water returning to the creek. 
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Figure 10.  Gunnison Detention Pond (water is diverted from the canal to the pond shown in 
the background and then flows back into the canal). 
 

 
Figure 11.  Mayfield Detention Pond (open channel influent on the right and outlet to 
pressurized pipe system on the upper left). 
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4.6   Mapping  
 
Aerial photographs and mapping of the South Fork drainage area and the areas near the Mayfield 
and Gunnison Twelvemile Creek diversions is included in this project. An aerial photograph of 
the South Fork Drainage Area in Twelvemile Canyon is shown in Appendix A- Exhibits A3 and 
A4. . A USGS topographical map showing the areas covered is in Appendix A.- Figure 1C.  

 
 

4.7   Hydrogeological Study 
 
A hydrogeological study was conducted by Kleinfelder West, Inc. to determine the probability of 
using groundwater to replace the sediment laden Twelvemile Creek water (The full report can be 
found in Appendix E). The Gunnison and Mayfield Irrigation Companies indicated that the 
required combined groundwater flow is around 160 cfs (120 cfs for Gunnison and, 40 cfs for 
Mayfield).  Hydrogeologists working for Keinfelder West, Inc. concluded: 
 

“There are five locations within the proposed study area . . . that have potential for 
groundwater production. Each of the potential well locations target groundwater in the 
unconsolidated valley fill deposits as well as groundwater in the Green River Formation. 
It is important to note that there are technical issues that need to be considered before 
proceeding with the well drilling at any of the proposed locations. In addition, available 
hydrogeologic information suggests that aquifers in the area have groundwater 
production potential, however, it is unlikely that these aquifers would be capable of 
supplying the desired 160 cfs to wells within the study area.” 

 
Although this initial wells siting study concluded that wells near Mayfield are unlikely to 
produce the total required amount of water for both companies, a well siting study may be 
conducted in the future to determine the potential of groundwater production in the deeper valley 
fills within the Gunnison Valley area, and future test wells may be drilled near Mayfield to 
determine if groundwater may feasibly be used to replace some or all of the water required by 
Mayfield Irrigation Company.   
 
 
4.8   Economic Data Collection and Evaluation 
 
John Keith, an emeritus professor (Utah State University) in economics, evaluated the 
socioeconomic impacts of the suspended sediment to the local agricultural community and the 
community in general. John Keith’s full report follows. 
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ECONOMIC ANALYSIS OF THE EFFECTS OF SUSPENDED SEDIMENT IN THE TWELVE-MILE CREEK 
WATERSHED 

John E. Keith 
Department of Applied Economics 

Utah State University 
 

Introduction 
 

 In order to assess the economics of programs to manage or contain the sedimentation due to 
soil characteristics and land instability in the Twelve-Mile Creek watershed, the effects of that 
sedimentation on users of the water from that drainage must be determined.  The following report 
provides a reconnaissance-level economic analysis and economic impact analysis of those effects. 
 

Data 
 

 The data provided relates to several possible costs associated with sedimentation in the 
watershed.  Water from Twelve-Mile Creek, which carries the bulk of the sediment to users served by 
the Mayfield Irrigation Company and the Gunnison Irrigation Company, and users downstream to Yuba 
Reservoir, is used for irrigation of both agricultural crops and household yards and gardens.  The 
sediment reportedly reduces the quality and probably the quantity of agricultural crops, and results in 
increased maintenance requirements for sprinkler systems.  Moreover, the irrigation companies that get 
water from this drainage must minimize the effects of that sediment on their distribution systems.  In an 
attempt to minimize the effect of sedimentation, these companies have created settling ponds, but 
these ponds must be cleaned often or their usefulness is lost. 
 
 The effect of sedimentation on crop yield is not known at present, although most farmers in the 
area indicate that the yield reduction due to sediment is significant.  However, the quality of dairy hay 
produced in the region is clearly affected by the sediment load.  Data on the Relative Feed Value (RFV) 
for the first two hay cuts was provided by Yardley Dairy and by Jason Parker (2004-2007) of the 
Dairyland Laboratories, Inc., for the Mayfield irrigators (who use fully sedimented water from Twelve-
Mile Creek), and two different groups of irrigators from the Gunnison Irrigation District, one that used 
mixed water (from relatively unsedimented sources and from Twelve-Mile Creek) and one that used no 
Twelve-Mile Creek water.  There were two observation fields for each group, as can be seen in the 
attached Excel file.  There were observations for each of the three water using groups for the first and 
second cuttings of hay.  The data were provided for four years: 2004 to 2007, although there were some 
fields for which data on RFV values were missing.  The raw data may be found on the attached Excel File. 
 
 These data were then subjected to a statistical analysis to determine (1) the average value of 
RFV for each group, (2) the standard deviation of the RFV for each group, and (3) whether or not these 
means were statistically significantly different among the three groups.  The means and standard 
deviations for each group are listed in Table 1.  Results from the analysis of differences among the 
means are listed in Table 2. 



 

TWELVEMILE CANYON WATER QUALITY STUDY                                                                                       PAGE  26 
REPORT FOR PHASE I 

Table 1.  Means and Standard Deviations of RFVs among Groups 

Hay 
Cutting

Average for all 
observations with 
no sediment

Standard deviation for 
all observations no 
sediment

First 178.61 10.12
Second 182.82 12.16

Average for all 
observations with 
12-Mile water (full 
sediment)

Standard deviation for 
all observations with 
12-Mile water (full 
sediment)

First 158.98 13.23
Second 142.76 20

Average for all 
observations with 
mixed water

Standard deviation for 
all observations with 
mixed water

First 170.15 15.53
Second 164.1 15.01  

 
To determine if the sediment load has an effect on RFV values, a test for significant difference 

between the averages of the RFV values for the three groups must be made.  This test is performed by 
calculating a “t” value (distributed as the usual student’s “t”) comparing the differences between the 
averages divided by square root of  the sum of variances of each group (the standard deviation squared) 
divided by the respective number of observations.  These are the calculations in the first column of 
Table 2.  Those calculated “t” values are compared to “t” values calculated by weighting the “t” value for 
each group with a given degree of “significance” (usually .05, 0.10 or .15 percent) and the number of 
observations less 1 (taken from a standard student’s “t” table) by its variance divided by the number of 
observations.  These formulae can be found in any standard statistics text.  Once the calculated and 
“standard” “t” values are obtained, if the calculated “t” value is greater than the “standard” “t” value 
(for a given number of observations and significance level), the difference in the means is deemed 
“significant” at the level associated with the “standard” “t” value.  The numbers in red in Table 2 
indicate the significance level at which the means between the groups is “different.” 
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Table 2.  Statistical Analysis of the Differences of Means 
 

Hay 
cutting

Calculated "t" 
values by 
group and 
cutting Standard "t" values at different probabilities

No sediment 
compared to 
full sediment

significantly 
different at 
the .05 
level

significantly 
different at 
the .10 level

significantly 
different at 
the .15 level

First 3.249693941 1.91272886 1.424233783 1.200626646
Second 4.19159459 2.015 1.476 1.156

Mixed water 
compared to 
full sediment

First 1.488336638 1.91760103 1.42948784 1.127692704
Second 2.146047774 1.98905079 1.463025394 1.148071074

No sediment 
compared to 
mixed water

First 1.208400225 1.924 1.44 1.134
Second 2.482385777 1.96006281 1.454266608 1.142718483  
 
 As can be seen in Table 2, the calculated “t” values for the difference in the averages is highly 
significant in the no sediment compared to the full sediment case (calculated “t” value greater than the 
“t” values at probability of 5%), and for the second cuttings in the other two groups.  For the mixed 
water compared to the full sediment case in the first cut, the difference in the means is significant at the 
10% level, which is normally considered as “significant” in statistical analysis.  For the no sediment – 
mixed water case for the first cut, the means are significantly different at the 15% level, which is 
somewhat less than normally accepted as “significantly different.”  In general, the larger the number of 
observations, the more sensitive these tests are (that is, the more likely it is that significant differences 
will be found).  In this case, there are few numbers of observations (six to eight in each category), so 
that it is expected that as more data become available on the differences in RFVs among the three 
groups, the more likely it is that the test for significant differences in the means will show significance.  
Therefore, the differences in the means were used to calculate the lost value to hay crops. 
 
 In addition to the RFV values, the Mayfield and Gunnison Irrigation Companies provided 
information about the expenditures they made to clean canals and settling ponds over the past 5 years, 
as well as information from their water users about added costs of sprinkler repair and replacement 
(Boore).  Average annual expenditures calculated from these data can be found in Table 3.  The Mayfield 
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Irrigation company estimated their costs by comparing a “normal” cost of maintenance with their 
average annual costs over the past 5 years.  The Gunnison Irrigation Company reported their average 
expenditures by category.  Note that the annual average costs of maintenance for Mayfield increased 
sharply after 2005.  This was due to the advent of a significant debris slide (the North Slide) in early 
2006.  These data are available from the two irrigation companies. 
 

Table 3.  Costs of Maintenance 

System maintenance

Mayfield Irrigation Company
Sprinkler repair

Normal $5,000
Mayfield $20,000
Added cost $15,000

Maintenance pre 06 post 06
Annual avg $11,995 $16,250

Total 
maintenance 
cost for 
Mayfield pre 06 post 06

$26,995 $31,250
Gunnison Irrigation Company

Annual average maintenance costs
sediment removal $16,952
Sprinkler damage (incl labor costs) $37,254
Cleaning holding ponds $40,500
Pond construction $10,157

Total 
maintenance 
cost for 
Gunnison $104,863

pre 06 post 06
Total cost $131,858 $136,114  
  

Finally, in order to assess the impacts of sedimentation on household expenditures, a survey 
was designed and distributed to households in Manti, Mayfield and Gunnison.  The former city is 
unaffected by the Twelve-Mile Creek sedimentation and their data were collected to determine a base-
line of “normal” expenditures.  There were only seven responses from residents of Gunnison and most 
reported little or no costs due to excessive sedimentation.  Moreover, the statistical reliability of those 
responses (measured by the standard deviation) was poor.  Table 4 reports the average expenditures by 
category for the residents of Mayfield for 2006 and 2008.  The average annual total household cost due 
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to sedimentation is $233.71 ($467.42/2) .  There are reportedly 140 occupied homes in Mayfield, 
according to the Mayfield, Utah page of the www.city-data.com website.  Thus, the total annual 
expenditure is $32,719.  This estimate is likely quite low, since it does not include the cost of time for 
household members to clean and repair their sprinkling equipment.  In the survey, the amount of time 
required was qualitative identified and appeared to be relatively substantial. 
 

Table 4.  Average household costs due to sedimentation in Mayfield, Utah 

Purchase
Maintena

nce
Valve 

Cleaning

Valve 
Replace

ment

Pipe 
Cleaning

Pipe 
Replace

ment
Cleaning 

Replace
ment

Cost

120.86$  40.62$    10.00$    36.29$    -$        26.80$    24.58$    125.57$  82.70$    

Filters or Sediment Piping and Delivery System from Main Sprinkler or Other Other 

 
 

Economic Value Analysis 
 

 Table 5 presents the calculations necessary to determine the average annual economic cost of 
suspended sediment to hay producers.  The first two columns indicate the average RFV value for the two 
groups of producers indicated.  As indicated above, these averages are statistically significant from each 
other at a minimum of the .15 percent level.  The difference between the two is the reduction in RFV 
values due to sedimentation (the fifth column).  Jason Parker reported that in 2007, the loss of one RFV 
point resulted in the deduction of $0.50 per ton of hay purchased by the dairy.  The difference is then 
converted to loss in revenue per to the farmer ton of hay by multiplying the difference in RFV values by 
$0.50 (the sixth column).  The first cut of hay averages about 2.5 tons of hay per acre; the second cut 
averages about 1.5 tons of hay per acre.  The total loss per acre is found by multiplying the economic 
loss per ton times the appropriate number of tons (column 7).  Then the total loss per acre is multiplied 
by the total number of acres (1,800 served by the Mayfield Irrigation Company, and 12,000 acres served 
by the Gunnison Irrigation District).  The total economic loss per cut is found in column 8.  In 2008, the 
reductioin in price increased to $1.00 per RFV point per ton.  Columns 9, 10, and 11 indicate the same 
calculations as in columns 7, 8 and 9, but using the 2008 price reduction.   
 

 In order to accomplish a benefit-cost analysis, the present values of the streams of benefits and 
costs to a project over its life must be determined.  The benefits to controlling sedimentation in Twelve-
Mile Creek are the elimination of losses and added costs.  To determine the present value of the cost to 
agricultural producers, the average annual losses to RFV values (Table 5) plus the added costs of 
maintenance (Table 3 above) are taken as the average annual losses over the proposed 20-year life of 
the project (for example, the 2008 loss in RFV value, $787,409 plus the post 2006 maintenance cost of 
$136,114 for a total annual average cost of $923,523). It was assumed that the project would eliminate 
the excess sedimentation such than no loss in hay RFV value or added costs of maintenance to the 
irrigation districts or households would occur.  A 5 percent discount rate was chosen as appropriate, 
although arguments for higher and lower rates could be made.  The current return to long term US 
Treasury bills (normally an indicator risk-free time preferences) is approximately 3.5 percent, but these 
rates are at long- term lows due to the sluggish economy.  A 5 percent rate is more typically a long term

http://www.city-data.com/�
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Table 5.  Losses due to reduced RFV values in Mayfield and Gunnison irrigation areas 
 
 

RFV RFV RFV 

average average difference 2007 price
2.5t/ac  
first cut 2008 price

2.5t/ac  
first cut

50c/RFV
1.5t/ac 
secnd cut 1.00/RFV

1.5t/ac 
secnd cut

Mayfield
no 
sediment

full 
sediment 1,800 acres 1,800 acres

First cut 178.6143 158.98 19.6342857 9.817142857 24.54286 44177.14 19.63428571 49.08571 88354.2857
secnd cut 182.8183 142.761667 40.0566667 20.02833333 30.0425 54076.5 40.05666667 60.085 108153
Costs to Mayfield only from lost RFVs 98253.64 196507.286

RFV
difference

Gunnison no mud
no 
sediment

mixed 
water 12,000 acres 12,000 acres

First cut 178.6143 170.148571 8.46571429 4.232857143 10.58214 126985.7 8.465714286 21.16429 253971.429
secnd cut 182.8183 164.1 18.7183333 9.359166667 14.03875 168465 18.71833333 28.0775 336930
Costs to Gunnison only from lost RFVs 295450.7 590901.429

Total 393704.4 787408.71
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Table 6.  Present value of all losses to irrigated agriculture at 5% discount rate for 20 years 
 

Mayfield and Gunnison Irrigation Companies
07 RFV prices 08 RFV prices
Maintenance 
Costs pre 06

Maintenance 
cost post 06

Maibntenance cost 
pre 06

Maintenancer cost 
post 06

$6,549,669 $6,602,695 $11,456,095 $11,509,122
Mayfield Irrigation Company Only

$2,867,700 $2,920,726 $4,092,157 $4,145,184
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average.  The present value of these costs and losses is shown in Table 6.  Using the same present value 
technique and discount rate, the present value of losses to Mayfield households is $407,753.  Thus, the 
total losses to the water users in the area, as estimated using available data, is between $7 and $12 
million for both irrigation companies, and between $3.3 and $4.5 million for Mayfield Irrigation 
Company alone.  Using the 3.5 percent discount rate would increase these values to $8 to $13.5 million 
and $3.6 to $5.2 million, respectively. 
 
Economic Impact Analysis 
 
 The economic impact analysis was accomplished using IMPLAN© modeling for Sanpete County.  
Several assumptions were made relative to this modeling.  First, only the “export” value of any change 
should be used in an IMPLAN regional model.  This is because local expenditures by local residents may 
or may not take place in the local community as a result of a given change.  Thus, only the change in 
exported values can be considered.  The hay produced by the growers in the Mayfield and Gunnison 
Irrigation Districts is exported, sold to local dairies, and used for feed for livestock in about equal 
proportions.  However, there is no formal way to link reduced quantities of milk produced and exported 
by local dairies to the loss in RFV.  Thus, it is assumed that that value is lost to potential exports of hay, 
rather than to local sales of hay to dairies or to livestock feeders.  It is likely, however, that local dairies 
would indeed have to purchase higher quality hay from outside the local area, so this “import 
substitution” is the basis for the analysis.   Local household expenditures on sprinkling systems were not 
included in the analysis, because they are, in fact, not directly linked to exports.  Those expenditures 
cannot be assumed to be import substitutions, but rather the expenditures would probably have been 
made locally for other goods and services.  
 
Thus, the annual loss of from $393,704and $787,409 of direct payments to irrigators (representing 2007 
and 2008 RFV prices) was used as the (negative) change in final demand for the hay.  That value was 
adjusted to take account of “local purchase coefficients” which IMPLAN generates by county to account 
for the fact that only a part of total expenditures on hay production would be made in Sanpete County 
(about 2-3% would be non-local according to the IMPLAN model data).  The local (county) output (total 
sales) multiplier is about 1.3; that is, for every $1.00 of reduced direct payments, about $1.30 in total 
payments will be lost, or an additional $0.30 will be lost to the whole economy as a result of the $1.00 
loss.  The local annual impact of lost hay value would be a loss of between 4 and 8 total jobs, $122,000 
to $245,000 in household income, and $244,000 to $487,500 in value added (household income plus 
returns to capital investments).  To examine the effect on the State of Utah, the same output multiplier 
is about 1.35.  Thus, the major portion of the secondary impacts of the loss of hay value occurs in 
Sanpete County.   
 
Summary and Conclusions 
 
 There is a substantial loss in economic value due to the heavy sedimentation in Twelve-Mile 
Creek.  The loss in net present value of hay quality ranges from aboug $400,000 to almost $800,000 per 
year.  Added to that loss are the increased maintenance costs, which total approximately about 
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$140,000 per year.  The net present value to irrigators ranges from about $7 million to $12 million.  
Another $400,000 in present value is lost to households in Mayfield as a result of increased maintenance 
on their sprinkling systems.  These present values are probably underestimates of the losses, since 
household time for sprinkler maintenance was not included, nor was any loss in productivity (other than 
RFV value) to irrigators.  Thus, for a benefit-cost analysis, these values should be compared to a project 
cost to determine if there are sufficient benefits to warrant action.  It should also be noted, however, 
that it was implicitly assumed that whatever  project would be proposed would eliminate the heavy 
sediment load.  Should these projects only reduce that sediment load, additional analysis of benefits 
would be required. 
 
Recommendations 
 
 This reconnaissance study focused only on the losses of RFV values to hay producers and on the 
maintenance costs of both irrigation companies and households as a result of the heavy sedimentation 
of Twelve-Mile Creek.  Data on reductions in crop production and/or quality for all crops grown in the 
two irrigation districts were not available, nor were data on the effects of sediment loading on 
downstream water users.  Moreover, much of the sediment is deposited in Yuba Reservoir, resulting in a 
loss of reservoir capacity, which was not taken into account also due to lack of data.  Other losses, such 
as recreational fisheries, should also be considered in a detailed analysis.  Thus, the losses described 
above should be considered as a significant underestimation of total losses due to sedimentation. 
 
Citations 
 
Parker, Jason.  2004-2007.  Reports to the Yardley Dairy on the Relative Feed Values of Hay in the 
Mayfield and Gunnison Irrigation Districts. 
 
Boore, Danny, 2008.  Personal Communications. 
 

 
5.0    Phase I Conclusions 
 
As previously mentioned this report is a compilation of the data gathered for Phase I of the three 
phase plan. Phase I required the gathering of the following data types: Geotechnical, 
hydrogeological, economic, aerial mapping, topographical, and water quality. Based on the 
compilation and review of the data gathered the following conclusions, which are not 
comprehensive but encapsulate the major findings, have been drawn. 
 

1. Suspended sediment loads in Twelvemile Creek from 1983 to the present exceed 
previous suspended sediment loads recorded from 1975 to 1980 (only records available) 
and likely are the highest since the irrigation systems were created in the mid 1800’s. 
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2. In 2008 very little slide activity occurred in Twelvemile Canyon, therefore most of the 
suspended sediment within Twelvemile Creek is likely attributed to the erosion of 
stream banks by meandering stream channels through old slide deposits. Also in 2008 
even with very little slide activity suspended sediment concentrations were over four 
times greater that sediment concentrations recorded in 1975 to 1980.  

3. Sediment samples from the South Fork drainage showed the presents of dispersed clays, 
which cannot be feasibly settled out in conventional settling basins. 

4. The hydrogeologic study showed that totally replacing Twelvemile Creek water with 
groundwater was not feasible due to the quantity of groundwater that would be 
required and the lack of groundwater potential in the area.  

5. Economic losses to the Mayfield and Gunnison Irrigation Companies are estimated to be 
between $400,000 and $800,000 annually. Additional losses to individual residents are 
being calculated based on submitted survey results. 

6. Based on the annual losses the present value over a 20-year life of the proposed 
siltation prevention project ranges from about $7 to $12 million. 
 

 
6.0   Phase I  Recommendations 
 

We recommend proceeding into Phase II with the objective of generating and evaluating 
the feasibility of mitigation alternatives. In addition the following items should be 
continued from Phase 1: 
 

1. With only a small amount of historic suspended sediment data, sampling efforts should 
continue in Phase II. These efforts should include continued sampling at the designated 
sites for comparison and to determine any trending in the data. Also more frequent and 
earlier (May, June) sampling at the locations within the South Fork Drainage will aid in 
determining which areas within this watershed are contributing the most to the amount 
of suspended sediment observed in Twelvemile Creek. And lastly, a sampling site within 
the Mayfield pressurized irrigation system downstream of the pond will allow the 
amount of sediment entering the pressurized irrigation system to be determined.   

2. Although the hydrogeologic study showed that totally replacing Twelvemile Creek water 
with groundwater was not feasible in the future, a well siting study within the Gunnison 
Valley may indicate potential for groundwater replacement, and future test wells in the 
Mayfield area may be useful in determining the feasibility of replacing a portion of 
Twelvemile Creek water with groundwater. 

3. Additional geotechnical information will be required in order to formulate mitigation 
effort alternatives. This additional geotechnical information will include drill sites 



 

TWELVEMILE CANYON WATER QUALITY STUDY                                                                                       PAGE  35 
REPORT FOR PHASE I 

located on the slide areas in the South Fork drainage. Soil samples from these drill sites 
will indicate the depth and physical condition of the slipping plane of the associated 
slide. Permitting for this activity is currently under way. 

4. Based on what is known, at this point, the following is a list of conceivable mitigation 
alternatives. 

a. Channelizing work (realign & armor) 
b. Piping selected areas (hydroelectric plant possibilities) 
c. Revegitation (seeding) 
d. Collect spring/seep water near sources and divert from slides 
e. Stream diversion 
f. Subsurface water collection (French Drain) 
g. Retention devices – for settling out the suspended sediments 
h. Chemical treatment for more rapid settlement 
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Figure 2-A  Twelvemile Creek near the Mayfield Diversion

Figure 2-B  Cooley Creek (1998) Landslide

Figure 2-C Cooley Creek erosion of landslide deposits

Figure 2-D South Fork (1983) Landslide

Figure 2-E South Fork Twelvemile Creek erosion of landslide deposits

Figure 2-E South Fork (1983) Landslide currently active portion
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Water Quality Sampling Plan 
Twelve Mile Canyon Water Quality Study - 2008 

 
 
OBJECTIVES 
 
For this project the purpose of collecting water samples is to quantify constituents, namely 
suspended sediment, which is being transported in Twelve Mile Creek. The quantification of 
water borne constituents supports this project in five ways: (1) Quantifying the loading and 
determining the particle size distribution of the suspended sediment allows mitigation 
strategies, such as settling basins, to be better designed; (2) Collecting samples at all the 
major influent streams indicates which watershed areas are contributing most to the total 
suspended sediment, which allows mitigation strategies aimed at stabilizing the sediment 
within the watershed to be more focused; (3) Quantifying constituents that exceed state 
regulatory standards for the beneficial use of Twelve Mile Creek gives justification for 
federal and state funding in addition to permits for work to be completed on state and federal 
lands; (4) Comparing samples before and after the mitigation strategies are in place indicates 
how well the mitigation strategies are performing; (5) Comparing results to historical data 
gives greater understanding of how the watershed has changed over time. 
 
 
CONSTITUENTS OF INTEREST 
 
The major constituent of interest in Twelve Mile Creek is suspended sediment. The 
suspended sediment is classified by determining the concentration, loading and particle size 
of the suspended sediment. The concentration is determined by collecting a sample, using 
standardized methods, and analyzing the sample using standard laboratory methods to 
determine the volume and/or mass of the undissolved solids. This mass or volume of 
undissolved solids is divided by the total volume of the collected sample to determine the 
concentration (e.g. mg/L or mL/L). The loading of suspended sediment is the mass or volume 
of suspended sediment that passes a point over a set period of time (e.g. mg/sec or mL/sec). 
The loading is determined by multiplying the concentration of suspended sediment by the 
flow.   The particle size distribution of the sediment is determined by drying a sample and 
running the dry material though gradually varied sieve sizes.  
 
Although suspended sediment is the foremost constituent of concern, a sweep of other 
chemical constituents is measured to get a better view of the overall water quality of Twelve 
Mile Creek.  
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SAMPLING PLAN 
 
In order to accomplish the objectives outlined above, water samples were collected at 20 
sampling sites (See Figure 1 attached) on a weekly or monthly basis. The sampling site 
locations selected represent the water flowing from the major drainages within Twelve Mile 
Canyon and indicate the change in sediment loading along each reach, particularly in the 
slide areas. Table 1 describes the frequency of sample collection for each sampling site.  At 
each sampling site a 1 liter sample is collected and the stream flow is recorded when a weir 
or flume is in place or estimated by measuring the width and average depth of the stream 
channel and then estimating the velocity using floatable matter. Flow estimated by 
multiplying the measured area by the estimated velocity resulted in theoretical flow rates 
higher than the measurement at the downstream weir. This result is expected because the 
velocity measured using a floatable material is higher than the velocity at the stream channel 
boundaries. A reducing factor of 0.8 is multiplied by the flow for each stream where the flow 
is estimated. This factor is determined by dividing the measurement made at the flow 
measuring device by the total flow from all streams above the flow measurement device.  
 
Sampling Site 1 is the most downstream sampling site and is located downstream of the San 
Pitch River and Twelve Mile Creek confluence. The flow is not measured at this site. 
 
Sampling Site 2 is located along the San Pitch River just upstream of the confluence with 
Twelve Mile Creek. The flow is not measured at this site. 
 
Sampling Site3 is located just downstream of the Gunnison Irrigation Company’s diversion 
within Twelve Mile Creek.  At this location the flow is determined using an existing flume. 
  
Sampling Site 4 is located just upstream of the Mayfield Irrigation Company’s diversion 
structure within Twelvemile Creek. This is the most frequently sampled site because it 
represents the entire Twelve Mile Watershed and the water flow can easily be measured. 
During high flow conditions samples and flow measurements were made three times 
(morning, noon, night) on the sampling day.  
 
Sampling Site 5 is located along Clear Creek. The flow is estimated at this site. 
 
Sampling Site 6 is located along Birch Creek. The flow at this site is calculated based on the 
depth of water flowing through a culvert. 
 
Sampling Site 7 is located along Beaver Creek. The flow is estimated at this site. 
 
Sampling Site 8 is located along Twelve Mile Creek upstream of the confluence with the 
creek coming from the Narrows (South Fork). The flow is estimated at this site. 
 
Sampling Site 9 is located along South Fork upstream of the confluence with Twelve Mile 
Creek.  Samples from this site were collected weekly because it represents the watershed 
with the majority of the slide activity.  The flow will be estimated at this site.  
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Sampling Site 10 is located along Cooley Creek at the base of the New Slide. The flow is 
estimated at this site. 
 
Sampling Sites 11 and 12 are located along streams near Julius Flats and Cooley Creek, 
respectively, before it enters the new slide. The amount of sediment material being added to 
the downstream water from the Colley Creek Slide is able to be calculated by subtracting the 
loading at sampling sites 11 and 12 from sampling site 10.  The flow is estimated at these 
sites. 
 
Sampling Site 13 is located along South Fork just upstream of any debris caused by the 
Cooley Creek Slide. The flow is estimated at this site. 
 
Sampling Site 14 is located just south of Shingle Mill Reservoir, upstream of any slide 
activity. The flow is estimated at this site. 
 
Sampling Sites 15 and 16 take samples from the influent stream going into the Mayfield 
Irrigation Company’s Reservoir and near the outlet from the Mayfield Irrigation Company’s 
Reservoir, respectively. Data from these sampling sites in conjunction with data from 
Sampling Site 4 indicates how much sediment is being deposited in the reservoir, upstream 
canal, and desilting structure. The flow is measured at the Mayfield Diversion. 
 
Sampling Site 17 and 18 are located on Gunnison Irrigation Company’s Highline Canal just 
upstream and downstream of the settling basin located near State Route 137. The purpose of 
this sampling site is to determine how much sediment is being removed due to the settling 
basin and upstream canal. The flow is measured using the flume located along the Highline 
Canal. 
 
Sampling Site 19 is located along the Highline Canal just downstream of the confluence of 
the water coming from Nine Mile. This sampling site is necessary to define the amount of 
sediment initially in the irrigation water prior to entering the over excavated canal and 
settling pond associated with Sampling Sites 17 and 18. The flow is measured using the 
flume located along the Highline Canal. 
 
 
Sampling Site 20 is located close to the end of the Highland (in Axtell). Data from this 
sampling site indicates the amount of sediment being deposited along the length of the 
Highland Canal. 
 
 
SAMPLE COLLECTION & FLOW MEASUREMENT 
 
The Gunnison and Mayfield Irrigation Companies collected the majority of the suspended 
sediment samples and recorded the measured or estimated stream flow. The sediment 
samples are collected using a DH-81 suspended sediment sampler for flow depths of greater 
than 1 foot. This sampling device allows a depth integrated sample to be collected, assuming 
that heavier or more massive sediment particles are located closer to the stream bed than 
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lighter or smaller sediment particles. Flow depths of less than 1 foot are assumed to be well 
mixed due to agitation of the stream by the rocky stream bed.  
 
The stream flow is recorded when a weir or flume is in place or estimated by measuring the 
width and average depth of the stream channel and then estimating the velocity using 
floatable matter. Flow estimated by multiplying the measured area by the estimated velocity 
resulted in theoretical flow rates higher than the measurement at the downstream weir. This 
result is expected because the velocity measured using a floatable material is higher than the 
velocity at the stream channel boundaries. A reducing factor of 0.8 is multiplied by the flow 
for each stream where the flow is estimated. This factor is determined by dividing the 
measurement made at the flow measuring device by the total flow from all streams above the 
flow measurement device.  
 
 
SAMPLE ANALYSIS 
 
Jones and DeMille Engineering ran gradations on the suspended sediment and determined the 
amount of solids by dry weight (drying the sample) and the amount of settleable solids by 
volume (using an Imhoff cone). A qualified lab is used to determine the concentrations of 
other chemical constituents.  
 
QUALITY ASSURANCE  
 
A duplicate sample is taken at one sampling location each week. The location of the 
duplicate sample varies over the course of the sampling period.  
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The information included on this graphic representation has been
 compiled from a variety of sources and is subject to change 
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rights to the use of such information.  This document is not intended
for use as a land survey product nor is it designed or intended as a
construction design document. The use or misuse of the information
contained on this graphic representation is at the sole risk of the 
party using or misusing the information.
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