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1 PROBLEM DEFINITION 
 
This report was prepared for Kadrmas, Lee and Jackson, Inc. who is provided consulting engineering 
services to the Crystal Springs Water and Sewer District (District), located several miles west of Billings.  
The report was prepared to follow the outline for a Preliminary Engineering Report.  The Preliminary 
Engineering Report is a major component required by agencies that may provide funding for 
improvements to public water systems in the State of Montana.  Only the water supply sections are 
included in the report. 
 
1.1 Water Supply 
 
1.1.1 Source Capacity Requirements 
 
The District presently includes 85 connections and an estimated population of 225 citizens (DEQ 
database).  The water system operator routinely records pumped volumes from the wells and has provided 
the data used here to determine water use statistics.1  Flow rate is metered using a Badger Magnetoflow® 
Mag Meter.  Based on review of the meter and lay lengths, the data are considered to accurately represent 
pumped volume.  Water use statistics and monthly usage based on year 2010 are provided in Table 1-1.   

 
TABLE 1-1 

WATER USE 
 

2010 Water Use 

Month Days 
Pumped Volume 

(gal) 
Percent of Total 
Pumped Volume 

Average Rate 
(gpm) 

Jan 31 392,096 1.41% 8.8
Feb 28 365,760 1.32% 9.1
Mar 31 479,672 1.73% 10.7
Apr 30 1,045,736 3.77% 24.2
May 31 2,785,056 10.04% 62.4
Jun 30 3,847,344 13.86% 89.1
Jul 31 6,323,601 22.79% 141.7

Aug 31 6,339,174 22.84% 142.0
Sep 30 3,626,605 13.07% 83.9
Oct 31 1,510,710 5.44% 33.8
Nov 30 465,365 1.68% 10.8
Dec 31 570,686 2.06% 12.8

 Total 27,751,805  
Statistics 

Population 
Average Day 

Demand (gpd) 
Unit Water Use 

(gpcd) 
Max Day Demand 

(gpm) 
Max Hour 

Demand (gpm) 
225 76,032 338 146 219 

 
Maximum day demand was determined based on reported water use during a five day period in August 
2010, during which a total of 1,050,000 gallons was pumped.  Water use on each of the five days was 
approximately the same, with a daily average of 210,000 gpd.  This rate was taken as the maximum day 
demand, and corresponds to a peaking factor of 3.0 (MDD/ADD).  The maximum hour demand of 219 
gpm is calculated by applying a peaking factor of 1.5 to the maximum day rate. 

                                                      
1 Personal communication Spencer Stone of Curb Box Specialists. 
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The standard applied for source capacity in a public water systems utilizing wells and hydropneumatic 
tanks is described in DEQ Circular DEQ-1, §3.2.1.1(b).  By this standard, source capacity is required to 
achieve peak instantaneous demand with the largest well out of service.  Applying this standard to the 
District based on the 2010 water use, source capacity must achieve a flow rate of 219 gpm with the largest 
well out of service. 
 
The unit water use for the District is typical of unmetered water systems.  The average per capita use for 
several small communities in Montana was determined to be 416 gpcd.2  By comparison, a similar subset 
of metered small systems was found to have a per capita usage of 173 gpcd.  The apparent effect of 
meters is approximately a 58% reduction in water use.  Applied to the District, metering of the water 
system could reduce per capita usage to about 140 gpcd.  In which case, average day demand is reduced 
to 31,500 gpd.  Corresponding maximum day demand and maximum hour demand would be 65 gpm and 
98 gpm, respectively.  The source capacity requirement would be reduced to 98 gpm with the largest well 
out of service.  It may be possible to operate a two well system under this condition. 
 
In the case that the District installed a storage tank meeting the storage requirements for the water system 
(e.g., storage sized to average day demand), the source capacity would be based on maximum day 
demand with the largest well out of service.  As this improvement would in all likelihood coincide with 
meter installations, the maximum day demand applied with storage would be approximately 65 gpm.  
Under this scenario, the District could operate a two well system. 
 
1.1.2 Well Construction and Completion 
 
Water for the public water system is derived from three wells installed into an alluvial aquifer, located 
where shown on Figure 1-1.  The well completions are compliant with the Montana Board of Water Well 
Contractor rules, however, the well seals are deficient with respect to good construction practices.3  None 
of the wells are built with a surface seal constructed into an oversized borehole, but rather were 
constructed using the ‘continuous’ bentonite feed seal.  This method does not result in a surface seal that 
prevents vertical flow along the well casing, which is considered critical to the observed water quality 
conditions, which are discussed below. 
 
Figure 1-2 provides well logs that were used in a water right change application prepared by the 
developer’s engineer (Aquaneering, Inc.).  It is presumed the developer’s engineer would be 
knowledgeable of the well constructions.  Based on this information, Wells #2 and #3 were constructed 
identically and a unique log was not prepared for one of the two.  These logs differ from the logs 
identified in the Source Water Assessment.4  Well videos could be used to clarify the constructions and 
well designations.  Table 1-2 summarizes the well construction data based on the logs of Figure 1-2. 
  

                                                      
2 Great West Engineering, Inc. (2008) Town of Broadview Preliminary Engineering Report. 
3 For example, AWWA Water Well Standards, ANSI/AWWA A100-06. 
4 Source Water Delineation and Assessment Report, the District Water System, June 3, 2006, prepared by Montana 
Bureae of Mines and Geology. 
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TABLE 1-2 
WELL CONSTRUCTION DATA 

 
Parameter 
 

Well No. 1 Well Nos. 2 and 3 

Driller Pro Pump and Equipment Pro Pump and Equipment 
Log Date 1/3/1995 10/23/95 
Formation / Aquifer Type Alluvium / Unconfined Alluvium / Unconfined 
Total Drilled Depth (ft bgs) 23.5 37 
Borehole Diameter (in) 6 10 
Casing Diameter (in) 6 10 
Screen (S) / Perforations (P) (ft bgs) None reported 18.7 – 26 
Static Water Level (ft) 12.75 11.33 
Test Pumping Rate (gpm)/Duration (hr) 60 / 7 200 / 16 
Pumping Water Level (ft)/Drawdown (ft) 13.33 / 0.6 15.6 / 4.3 
Specific Capacity (gpm/ft) 100 46 
 
The deficient surface seals are determined from the logs which indicate that all of the wells constructed 
have the same borehole and casing size.  Good construction practice would have used a minimum 10-inch 
diameter surface seal borehole for the 6-inch diameter casing size of Well #1.  A 14-inch diameter surface 
seal borehole would have been used for Wells #2 and #3.  The surface seal boreholes would be drilled to 
18-feet below ground surface and held open with temporary casing at the time of well construction.  A 
grout material consisting of bentonite chips, bentonite slurry, or cement would then be emplaced as the 
temporary casing is pulled from the borehole.  A nominal 2-inch thick annular seal would be constructed 
around the casing by this method. 
 

 Poor quality surface seals are considered a significant deficiency of the water system as they fail 
to prevent contamination of the wells by shallow groundwater. 

 
1.1.3 Well Capacity and Water Rights 
 
During late September 2010, each well was tested in order to determine actual installed capacity to the 
water system.  The pumps were run individually into the water system for a brief period and discharge 
rate was observed on the installed flow meter.  The water system operator recorded the data presented in 
Table 1-3.  A maximum capacity was estimated for each well based on these data and considering that 
pumping water level can be higher by several feet in the spring, resulting in less pump head and therefore 
greater pump output. 
 

TABLE 1-3 
WELL CAPACITY DATA 

 
Well Name 

 
Operator Reading (gpm) Maximum Capacity (gpm) 

Well #1 58 65 
Well #2 88 95 
Well #3 103 110 

TOTAL 249 270 
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The three wells pumping simultaneously are capable of discharging at the required rate of 219 gpm.  With 
the largest well out of service, source capacity is limited to 146 gpm (max 160 gpm), and is grossly 
deficient at meeting the minimum standard identified in Circular DEQ-1 §3.2.1.1.(b). 
 
The same wells in a metered system, and assuming a 58% water use reduction, would substantially satisfy 
the source capacity standard.  Under this condition, the required capacity is 98 gpm, whereas the installed 
capacity can achieve 146 gpm with the largest well out of service.  
 
The District is the owner of water right 43Q 92906-00.  This water right recently underwent DNRC 
verification and is in processing.  The water right includes three points of diversion corresponding to the 
three wells presently in use for the public water system.  The place of use is designated to include the 
service area shown on Figure 1-1.  The maximum instantaneous rate is designated as 270 gpm.  The 
maximum annual volume is designated as 126 af  (41Mgal).  The water right is sufficient for the intended 
and actual use. 
 

 Based on comparison of the installed and required capacity, the water system is grossly deficient 
to meet the Circular DEQ-1 standard §3.2.1.1(b). 

 
1.1.4 Water Quality 
 
Data to characterize the District’s water quality include those analyses performed for compliance 
monitoring that are published on the DEQ website, and also additional samples that have been collected 
for nitrate analysis due to high levels for this parameter. 
 
The general water quality is slightly alkaline, very hard, and moderately mineralized.  The pH is slightly 
greater than 7 su, hardness has not been reported, but calcium is present at 77 mg/L, which would be 
expected to result in very hard water.  Total dissolved solids is 608 mg/L, which exceeds the secondary 
standard of 500 mg/L. 
 
Water treatment consists of chlorine disinfection (calcium hypochlorite) and phosphorous for corrosion 
control.  The corrosion control is used to prevent copper levels from exceeding the MCL.  Dissolved lead 
is not detected or occurs at very low concentrations less than the MCL.  There have been no violations of 
the Total Coliform Rule. 
 
The occurrence of nitrate in the water has been problematic and resulted in a DEQ Administrative Order 
(12/7/2009).  Nitrate is acutely toxic to pregnant women and infants and can result in death when 
exceeding the MCL of 10 mg/L as nitrogen.  All users have been notified of the nitrate risk, and the water 
system provides bottled water to at-risk individuals using the water system. 
 
Two exceedences of the nitrate MCL occurred.  On March 31, 2008, a concentration of 11.2 mg/L as N 
was measured.  On January 28, 2009, a concentration of 11.4 mg/L as nitrogen was measured.  A time 
history plot of nitrate concentration is shown on Figure 1-3.  Most of the time history points are collected 
without differentiation of the wells that were operating at the time of sampling, and are designated as 
‘Wellfield’.  Since November 2010, individual samples have been collected for each of the three wells.  
Further evaluation of nitrate in groundwater is provided below. 
 

 The occurrence of nitrate in the public water system is a significant public health risk and has 
resulted in a DEQ Administrative Order. 
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1.1.5 Source Water Protection 
 
A source water delineation and assessment report (SWDAR) was completed by the State and can be 
obtained through the DEQ Source Water Protection Program.  The SWDAR identifies the aquifer from 
which the District derives its water supply as highly sensitive.  The loose sand and gravel formation 
materials of the aquifer, shallow water table, thin saturated thickness, and high transmissivity contribute 
to this designation.  There is no natural barrier that prevents movement of contaminants from the land 
surface to the water table, although the natural soil profile will have some attenuation effect. 
 
The SWDAR identifies agricultural crop land and on-site sewage systems as the highest risk sources of 
contamination in the area.  Both of these source types can contribute nitrate to groundwater.  The 
SWDAR did not identify any feed lots in the wellhead protection areas, although it noted one breeding 
facility.  Transportation spill risk was identified as a potential contaminant source due to the occurrence 
of both the railroad and Interstate 90 in the wellhead protection areas. 
 

 Highly sensitive aquifer conditions coupled with significant potential contaminant sources located 
up-gradient results in a high risk for contamination of the water supply.  

 
1.1.6 Summary of Water Supply Deficiencies 
 
The following summarizes significant deficiencies pertaining to the source of supply to the public water 
system, as discussed above. 
 

 Based on comparison of the installed and required capacity, the water system is grossly deficient 
to meet the Circular DEQ-1 standard §3.2.1.1(b). 

 
 Poor quality surface seals are considered a significant deficiency of the water system as they fail 

to prevent contamination of the wells by shallow groundwater. 
 

 The occurrence of nitrate in the public water system is a significant public health risk and has 
resulted in a DEQ Administrative Order. 

 
 Highly sensitive aquifer conditions coupled with significant potential contaminant sources located 

up-gradient results in a high risk for contamination of the water supply.  
 
 
2 NITRATE OCCURRENCE IN GROUNDWATER 
 
2.1 Public Water System 
 
The District has measured nitrate in the public water system since 1998.  A time history of the nitrate 
concentration measured in samples collected from the District wells was shown on Figure 1-3.  
Exceedences of the 10 mg/L as N MCL occurring in 2007 and 2008 were the basis for the administrative 
order issued by DEQ.  Subsequent to those peaks, nitrate concentration has declined.  Since June 2009, 
nitrate concentration has ranged somewhat erratically between about 3 and 7.5 mg/L as N.  Concentration 
appears to be on a declining trend based on recent sampling in 2010, which is being completed at a higher 
frequency of one sample per two weeks.  These data appear to show that Well #3 typically is measured to 
have a slightly higher nitrate concentration than Wells #1 and #2. 
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2.2 Local Wells 
 
During January 2011, water samples were collected from the District and from several neighboring wells 
that are privately owned and provide domestic water supply to homeowners.5  Figure 2-1 provides a map 
onto which these data have been posted.  These data show a range in nitrate concentrations from 0.67 to 
5.83 mg/L as N.  Pristine groundwater will typically have a nitrate concentration between <0.1 and 1.5 
mg/L as N.  Values of 2 to 3 mg/L as N are common in urban areas due to anthropogenic inputs, such as 
nitrogen fertilizer and wastewater effluents.  Where concentration data vary over short distances from 
pristine levels to levels which indicate anthropogenic input, the data are illustrative of point source 
contamination.  The data posted on Figure 2-1 follow this type of pattern and support that local nitrate 
concentrations are probably derived from point sources.  It is also possible to obtain this data pattern 
where the aquifer is heterogeneous and nitrate transport is occurring along preferential pathways, or 
channels, in the formation. 
 
2.3 MBMG Aquifer Study 
 
Montana Bureau of Mines and Geology (MBMG) completed an extensive groundwater study of the west 
Billings area to investigate land use impacts on the water resources (RI-10 Study).6  The District wells 
and service area are within the west central part of the study area. 
 
The findings of the RI-10 Study identify that 66% of groundwater recharge occurs from irrigation ditch 
leakage and from infiltration of flood irrigation water.  They estimate that only 0.4% of the recharge to 
groundwater occurs through on-site sewage systems.  Lawn irrigation is attributed to 5% of the 
groundwater recharge, and infiltration of precipitation is attributed to 29%.  In combination, irrigation 
water, excluding lawn watering, and precipitation account for 95% of the groundwater recharge. 
 
The RI-10 Study also investigated groundwater nitrate concentrations.  Based on calculated loading of 
nitrate to groundwater, the study determined that 7 to 14 tons per year of nitrate was added from on-site 
sewage systems, whereas the total loading was estimated at 68 tons.  The on-site systems, therefore 
account for about 10% to 20% of the total nitrogen loading to groundwater.  The remainder is derived 
from agriculture and natural organic nitrogen. 
 
Since the 1970s, nitrogen isotopes have been used to fingerprint the nitrate sources contributing to 
groundwater contamination.7  MBMG included isotopic analyses of nitrate and other elements in the RI-
10 Study.  A selection of these data are provided in Table 2-1.  Figure 2-2 provides information that is 
used to interpret nitrogen sources based on isotopic analysis of nitrate in water.  The data values shown in 
Table 2-1 indicate that nitrate appears to be primarily derived from animal wastes.  It is likely that δ15N 
values in the range from 15 to 20‰ are the result of animal waste inputs.  Values greater than 20‰ are 
probably the result of denitrification (see below) of nitrate from an animal waste source.  The low value 
of δ15N of 6.7‰ is likely from a fertilizer or soil nitrogen source. 
  

                                                      
5 Samples were collected by the Crystal Springs water system operator. 
6 MBMG Report of Investigation 10, 2002. 
7 Clark, I. and P. Fritz (1997) Environmental Isotopes in Hydrogeology, Lewis Publishers, NY, 328 p. 
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TABLE 2-1 
SELECTED DATA FROM THE MBMG STUDYA 

 
GWIC ID Date δ15N 

‰ 
δ18O (NO3) 

‰ 
Nitrate 
mg/L 

Chloride 
mg/L 

92840 9/28/99 18 -- 5.44 36.8 
93058 9/21/99 19.5 -- 12.26 26.4 
93305 9/29/99 14.1 -- 4.85 11.6 
94118 7/31/00 15.1 0.68 -- -- 
171243 9/29/99 23.7 -- 0.6 – 3.6 19 – 22 
171246 7/31/00 23 6.4 -- -- 
171250 9/21/99 6.7 -- 7.0 – 8.6 9.2 
171261 9/30/99 18.8  1.5 – 5.3 -- 
AData taken from RI-10, Table 5 and MBMG Open File Report 436. 
 
Denitrification is a process that converts nitrate to nitrogen gas with several intermediate steps.  During 
this process, both the δ15N and δ18O of nitrate are increased, while the overall concentration of nitrate 
declines.  The RI-10 Study shows that an approximately linear relationship of δ15N and δ18O (RI-10 
Figure 16, sample size = 4) may exist in the study area groundwaters, indicating denitrification could be 
an important process.   
 
Sample data corresponding to GWIC ID nos. 171243 and 171246 shown in Table 2-1 could be products 
of enrichment by denitrification.  Sample data for GWIC ID 171243 correspond to relatively low nitrate 
concentrations and substantially enriched δ15N.  Sample data for GWIC ID 171246 has both enriched δ15N 
and δ18O.  Both conditions occur in relation to denitrification. 
  
Although not explicitly stated in the RI-10 Study, the information presented can be interpreted to indicate 
that manure used as fertilizer, and/or manure applied by extensive grazing of crop lands (fallow and post-
harvest) is the primary source of groundwater nitrate.  Such agricultural practices, however, are 
considered to be limited in the study area.  Absent the isotopic data, the most obvious other sources are 
agricultural fertilizer and/or cultivation practices that facilitate oxidation of organic nitrogen to nitrate.   
These large source inputs are required in order to explain the mass balance.   
 
It is possible that fertilizers and natural organic nitrogen are dominant sources, and that enrichment (or 
other) processes are resulting in larger δ15N values than would be expected.  On-site sewage systems are 
also a contributor to the nitrate loading and would comingle with the agricultural sources.  Additional 
investigation could be completed to differentiate between these sources. 
  
2.4 Nitrate Mass Balance for the District 
 
Nitrate concentration and pumping rate data for the District water system were used to determine the total 
pumped mass of nitrogen for year 2010.  Table 2-2 presents these data, which indicate the total mass of 
nitrogen pumped from the wells during 2010 was about 1,100 lbs.   
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TABLE 2-2 
PUMPED NITROGEN FOR 2010 

 
Month Average Nitrate 

(mg/L as N) 
Pumped Volume 
(gallons) 

Pumped Volume 
(liters) 

Nitrogen Mass 
(lbs) 

Jan 6.82 392,096 1,484,083 22.3
Feb 6.74 365,760 1,384,402 20.5
Mar 7.20 479,672 1,815,559 28.8
Apr 6.64 1,045,736 3,958,111 57.8
May 5.16 2,785,056 10,541,437 119.6
Jun 4.43 3,847,344 14,562,197 141.9
Jul 4.50 6,323,601 23,934,830 236.7
Aug 4.99 6,339,174 23,993,774 263.4
Sep 4.38 3,626,605 13,726,700 132.1
Oct 3.54 1,510,710 5,718,037 44.5
Nov 5.21 465,365 1,761,407 20.2
Dec 4.97 570,686 2,160,047 23.6
 TOTAL 27,751,805 105,040,582 1111.3
 
 
For comparison, a typical residential on-site sewage system may discharge about 150 gpd with a nitrate 
concentration of 10 to 40 mg/L as N.  At 40 mg/L as N, the nitrate loading to groundwater, per dwelling, 
would be about 15.8 lbs per year.  At this loading rate, the discharges from 70 homes is required in order 
to balance the nitrogen mass determined for the District wells.  Although the subdivision and surrounding 
areas includes more than 70 homes, there are much fewer located where the discharge would be captured 
by the District wells.  As discussed below, the number of homes that are within the capture area of the 
wells is estimated at 16, which equates to a mass of 253 lbs per year.  This source type would therefore 
account for about 23% of the total nitrogen loading, leaving 858 lbs unaccounted. 
 
Water samples from the District wells have not been analyzed to assess the nitrogen isotopes.  However, 
the data appear to be consistent with the RI-10 Study, in that local on-site sewage systems are not 
contributing enough nitrogen to balance the mass of nitrogen pumped from the wells.  The majority of 
nitrate in the groundwater is unaccounted for by the on-site systems. 
 
Fertilizer applied to lawns is also a known important source of nitrate in groundwater.  The subdivision is 
about 55 acres in total area, of which approximately 65%, or 36 acres is irrigated turf.  A U.S. Geological 
Survey Study identified that 60% of applied lawn fertilizer was leached to groundwater, and that on 
average there were 2.2 lbs of nitrogen applied per 1,000 ft2.8,9  Applying these quantities to the District, 
total nitrogen application would be 3,400 lbs, with about 2,050 lbs leaching to groundwater.  The 
remaining 858 lbs needed for the mass balance would require that about 23 total acres of the subdivision 
be within the well capture zone, however, based on modeling work (see below) about 7 acres falls within 
this area.  This smaller area could contribute about 260 lbs of nitrogen per year to the wells, leaving 598 
lbs remaining, which appears to be derived from sources outside the subdivision. 
 
                                                      
8 Flipse, Jr., W. J. and others (1985) Sources of Nitrate in Ground Water in a Sewered Housing Development, 
Central Long Island,  New York, Ground Water, Vol. 22, No. 4. 
9 Based on review of internet fertilizer data, the USGS 60% leach rate is considerably higher than may actually 
occur.  However, the 2.2 lbs per 1,000 ft2 application rate could be only 50% of actual.  The porous, well-drained 
soils of the west Billings area are also highly susceptible to nitrogen leaching, especially when over-irrigated or 
when nitrogen is over-applied. 



February 17, 2011  Page 14 

Western Groundwater Services 

The time history plot of nitrogen measured in the District wells is possibly suggestive of a nitrogen 
loading derived from subdivision lawn care, and/or the lawn care of others (Figure 1-3).  The increasing 
trend from 2004 to 2007 corresponds to a time when the subdivision was newly occupied and 
homeowners were establishing their landscapes.  The two peaks in 2007 and 2008 that resulted in the 
DEQ administrative order could be reflecting seasonal application of nitrogen, which would be expected 
for the fertilizer source.  The occurrence of peaks in winter and early spring is consistent with a study 
conducted in southern New England that found most leaching of fertilizer nitrogen from turf occurred 
during this time period.10  The subsequent lower concentrations that are occurring at present may be 
reflecting a change in fertilizer practice by homeowners who are: 1) now aware of the nitrate problem in 
their water system; and 2) seeing less need for fertilizer application due to well established turf.  The 
economic recession also could be a factor in reduced fertilizer applications. 
 
 
3 WELLFIELD MODELING ANALYSIS 
 
Hydraulic analysis was completed to assess the potential capture area for the District wells.  This work 
was completed using MODFLOW, a numerical groundwater computer model written by the U.S. 
Geological Survey.  The capture area for the wells was delineated using MODPATH, a companion 
particle tracking program also written by the U.S. Geological Survey.  The two programs were run within 
the Groundwater Vistas user interface.11 
 
3.1 Model Setup and Calibration 
 
Figure 3-1 illustrates the model area, boundary conditions and simulated water table elevations.  The 
model was created to simulate groundwater flow in the water table, or unconfined aquifer, from which the 
District derives their water supply.  The aquifer has a total saturated thickness of 10 to 15 feet.  In the 
District’s Well #2, the saturated thickness was 14.5 feet at the time of well construction. 
 
Recharge into the aquifer was modeled to occur across the northwest boundary as a result of canal 
leakage.  The Billings Bench Water Company ditch and the Canyon Creek ditch traverse the entire 
northwestern boundary of the model.  Based on the RI-10 report12, recharge from these ditches over the 
length of the model is about 1,360 acre-feet per year.  The actual modeled recharge was 1,275 acre-feet 
per year.  The aquifer of the District wells is bounded along the northwest boundary by heterogeneity.  
This boundary limits or prevents recharge into the aquifer from the land areas farther to the north and 
northwest. 
 
Precipitation recharge was applied uniformly over the entire model domain and totaled 284 acre-feet per 
year based on a recharge rate of 1.6 inches/year determined from the RI-10 Study.  The Yellowstone 
River and the Danford Drain were included in the model.  A general head boundary was also used to 
allow for outflow along part of the east model boundary.  Bedrock and other formations south of the 
Yellowstone River were excluded from the active model area by designation as no-flow cells. 
 
Aquifer hydraulic conductivity was set at 260 ft/d based on manual calibration.  It was also necessary to 
set hydraulic conductivity to 1,000 ft/d in a few model cells at the District wells in order to prevent 
complete drawdown from occurring.  This small area of high conductivity does not have impact on the 
model away from the wells.   

                                                      
10 Guillard, K. and K. L. Kopp (2004) J. Environ. Qual., 33: 1822-1827. 
11 Environmental Simulations, Inc., www.groundwatermodels.com. 
12 BBWA estimated to leak on average 6.5 cubic feet per day (cfd) per ft.  Canyon Creek ditch estimated to leak on 
average 5.25 cfd/ft. 
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In a separate hydraulic analysis of the District wells using AQTESOLV13, hydraulic conductivity was 
determined to be near to 400 ft/d.  This analysis fit a well hydraulics formula to the Well #2 pump testing 
data recorded on the well log.  Figure 3-2 shows the results of this analysis, which determines a 
transmissivity of 6,000 ft2/d.  For a saturated thickness of 14.5 ft, the corresponding hydraulic 
conductivity is 414 ft/d.  Even at this high value, it was necessary to provide for a stimulated zone 
surrounding the well screen in order to match the test observation.  The model fit was subsequently used 
to compute a zone of influence for the well when operated over a 5-year period at monthly pumping rates 
as determined for year 2010 (for the entire water system pumped volume).  This analysis shows that at 
1,000 feet from the pumping well a 1-foot drawdown is predicted in the aquifer. 
 
Setup data for the MODFLOW model were imported from GIS data files.  Land surface elevation, 
obtained as a digital elevation model on 30 m grid spacing, was used to assign elevations to the aquifer 
top, bottom and river cells.14  The bottom of the aquifer was set at 23 feet below the land surface based on 
the Well #2 log.  The Yellowstone River elevation was set at three feet below land surface, and the river 
bottom at 8 feet below land surface.  The Danford Drain bottom was set at 12 feet below land surface, and 
its depth of water was set at 1 ft above the bottom.  The model calibration was targeting a saturated 
thickness of 14.5 feet, whereas the actual calibrated thickness was about 17 feet.    
 
The model results appear reasonable for the aquifer conditions.  The simulated water table elevation has a 
saturated thickness that is close to actual thickness, and a hydraulic gradient that also matches the 
observed gradient (approximately 0.005).  The measured water table contours shown on Figure 3-1 
provide a comparison to the modeled water table elevation.  These measured contours were taken from 
the RI-10 Study. 
 
3.2 Simulation Results 
 
Three pumping scenarios were evaluated, as listed in Table 3-1.  Pumping rates were developed based on 
the 2010 water usage.   In each case, the model was run in steady-state and pumping rates were therefore 
continuous and constant. 
  

                                                      
13 HydroSolve, Inc., www.aqtesolv.com 
14 The DEM data were downloaded from the USGS Seamless Data Warehouse. 
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Well Hydraulic Analysis
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TABLE 3-1 
MODEL PUMPING RATES 

 
Scenario Well #1 (gpm) Well #2 (gpm) Well #3 (gpm) 
Average Pumping 12.6 18.5 21.4 
Off-Peak Pumping 0 0 110 
Peak Pumping 0 32 110 
 
The average pumping rates are annual average rates, as if the wells ran continuously for the entire year.  
The off-peak pumping rate is based on only operation of Well #3.  This is the primary well in use by the 
water system, and can handle all of the off-peak demand.  The peak demand uses Well #3 continuously, 
and Well #2 part time resulting in average production of 32 gpm.  This is the rate of water use on a 
monthly basis during July and August. 
 
Simulation results are shown on Figures 3-3, 3-4 and 3-5.  Pathlines showing where groundwater flows to 
the wells delineate the well capture zone.  Arrowheads located along the pathlines are separated by a 
groundwater travel time of 30.42 days, or one month. 
 
Shown along with the pathlines are drawdown contours.  These contours show the depression of the water 
table due to well pumping.  Drawdown is shown to extend about 1,100 feet outward under the average 
pumping conditions.  For the off-peak pumping scenario, it increases to greater than 1,500 feet.  For the 
peak pumping scenario, drawdown is shown to extend outward to about 2,000 feet.  The shape of the zone 
of influence is being affected by the Danford Drain located to the north. 
  
The peak pumping simulation was used to assess potential sources of nitrogen in the well capture zone as 
delineated by the pathlines.  Within the field of view shown on Figure 3-5 there are a total of 19 on-site 
sewage systems, however, four of these were not yet built at the time of the air photo in 2009.  There is 
possibly one other on-site system that occurs inside the capture zone but outside the field of view, 
bringing the active total in 2009 to 16 units.  There are 4.55 acres of irrigated turf in the subdivision that 
occur within the capture zone, and 3.25 acres outside the subdivision.  There are 4-acres of active crop 
land located west-southwest from the wells.  There are no identified significant nitrogen sources located 
inside the capture zone and outside the field of view to the northwest. 
 
Based on the nitrogen sources identified inside the peak pumping capture zone (Figure 3-5), the annual 
nitrogen loading was estimated.  On-site systems (total of 16 at 15.8 lbs/yr each) are estimated to 
contribute 252 lbs.  Turf and agricultural fertilizer (60% of 2.2 lbs per 1,000 ft2) is estimated to contribute 
678 lbs.  The total for these sources is therefore 930 lbs.  Fertilizer contributes 73% of the nitrogen 
loading.  On-site systems contribute 27%.  These sources can account for 85% of the 1,100 lbs pumped 
from the District wells in 2010.  The apparent remainder may be accounted for by variation in parameter 
values used to make the calculations and leaching of soil nitrogen. 
 
These results would also vary due to changes in the hydrogeology conditions that were modeled.  For 
example, if the Danford Drain becomes a losing surface water during irrigation season, the flow direction 
will shift toward the north and more flow will pass below the subdivision.  Additional nitrate loading 
from both on-site systems and lawn care would therefore be derived from the subdivion.  
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4 ALTERNATIVE SCREENING 
 
4.1 Water Supply Sources 
 
Water supply sources for the District include three vertical wells installed into the unconfined aquifer.  
The primary problem identified regarding these sources of water supply is high concentrations of nitrate, 
resulting in an administrative order by DEQ.  The source capacity also is deficient to meet maximum day 
demand with the largest well out of service.   
 
The source capacity problem can be mitigated by the installation of service connection meters and 
implementation of water system rates based on metered volume.  This option is estimated to reduce water 
demand by approximately 58%.  The existing wells will easily satisfy the source capacity standard by the 
installation of meters.  Additional wells are not considered as an option to meet the source capacity 
standard, as public funding would be utilized for a new well project, and meter installations would be 
required as part of the funded improvements.15  
 
Source of supply alternatives identified to comply with the administrative order include: 1) no action; 2) 
nitrogen loading reduction; 3) wellfield relocation; and 4) water treatment.  Each of these alternatives is 
summarized below.  Additional details are provided in subsequent sections.  Development of a  
 
Development of a new surface water source is not included due to substantially greater costs and lack of 
access to reliable surface water.  Development of groundwater from a different aquifer also is not feasible, 
as the existing aquifer is the sole source of drinking water in the area.  Development of deeper 
groundwater would require in excess of 2,000 ft of drilling through a shale formation and would be of 
unsuitable mineral content for potable use.  There are also no feasible interties to existing public water 
systems.  Billings and Laurel are the nearest systems and both are several miles distant from the District 
service area.  In addition to the high costs of a connection over this length, there would be significant and 
perhaps prohibitive water rights changes required in order to increase the place of use for the existing 
systems. 
 
4.1.1 No Action 
 
The no action alternative is considered unresponsive to the DEQ administrative order and is therefore not 
feasible under the present conditions.  Although the water system nitrate concentrations are compliant 
with the MCL, the administrative order requires abatement or treatment.  No further consideration will be 
given to this alternative. 
 
4.1.2 Nitrogen Loading Reduction 
 
The nitrogen loading reduction project will implement local regulations for fertilizer usage to consist of 
agronomic rates of slow release forms, reducing nitrate leachability.  The project will include service 
meters and water rates based on metered volume as a means to reduce over-irrigating.  An in-line nitrogen 
analyzer will be installed in the existing treatment building with alarms at pre-set action levels.  Nitrate 
data will be evaluated monthly to assess water quality trends and project effectiveness, and will be 
submitted to DEQ.   
  

                                                      
15 The DNRC RRGL program would not require meters, however, the project is not considered to rank highly in this 
program due its lack of meters and over-use of the water resources. 
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4.1.3 Wellfield Relocation 
 
Wellfield relocation will consist of installing two new wells at a new location outside the subdivision 
where nitrate concentrations are compliant with the MCL.  This project also would include the installation 
of meters at service connections and water rates based on metered volume.  Because meters are included 
in this alternative, only two wells  are needed to meet the water demand 
 
4.1.4 Water Treatment 
 
Water treatment options that may be used to reduce nitrate in drinking water are being evaluated by 
Kadrmas, Lee and Jackson and presented in a separate report. 
 
 
5 ALTERNATIVE ANALYSIS 
 
5.1 Nitrate Loading Reduction 
 
The District Board will pass regulation applicable to all service connections regarding the use of slow 
release, low leachability, forms of nitrate fertilizer and application not exceed agronomic rates.  The 
fertilizer types and application rates will be determined in consultation with a horticulture professional.  
The selected fertilizers identified by the Board will achieve a nitrate leach rate of no more than 15% of 
the applied quantity, or such leach rate that is required to achieve a 75% reduction from the present leach 
rate.  This information will also be shared with neighboring properties that are outside of the Board’s 
jurisdiction.  
  
A 75% reduction in leach rate will approximately reduce nitrate loading by 1,500 lbs nitrogen per year 
within the subdivision, and 197 lbs nitrogen per year in the water produced from the District wells.  Based 
on the 2010 data, a reduction of 197 lbs of nitrogen will lower the annual average concentration from 4.8  
to 3.9 mg/L as N.  Based on this estimate, the water system should be able to sustain nitrate 
concentrations below the 5 mg/L-N action level. 
  
This project will be coupled with the installation of service connection meters in order to reduce over-
watering potential, which is known to enhance leaching.  Monitoring of water system nitrate will be 
recorded full-time using an in-line instrument with alarms set at action levels determined between the 
Board and DEQ.  
 
Costs to the public water system for implementation of this alternative are summarized in Table 5-1.  
These costs include service meters for each connection, legal and professional fees to formulate the 
fertilizer regulation, and fees to design and install the in-line nitrate analyzer.  A contingency of 15% is 
also included.  Annual operation and maintenance is estimated to increase by $4,750. 
  

TABLE 5-1 
ALTERNATIVE COST ESTIMATES 

 
Alternative 
 

Contractor 
 

Professional 
 

Contingency 
 

Property 
 

Total 
 

Nitrogen Loading 
Reduction  $   70,500   $    35,250   $     20,813   $         -   $  126,563  
Wellfield Relocation  $ 207,400   $    93,740   $     36,471   $50,000   $  387,611  
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5.2 Wellfield Relocation 
 
Easement access to a new wellfield location will be secured by the Board.  Test well drilling will be used 
to verify aquifer conditions and sample nitrate concentrations.  Two wells will be installed, each with 
capacity of 100 gpm.  The water system will install service connection meters and conduct billing based 
on metered volume.  The use of meters will result in a water use reduction of about 58%, with an 
estimated peak hour demand of 98 gpm.  The two well system will therefore comply with the source 
capacity standard of meeting peak instantaneous demand (hydropneumatic tanks) with the largest well out 
of service.  
 
Locating and securing access to a suitable parcel for a new wellfield is considered difficult, as it will 
require negotiation with a private landowner.  There are no government parcels in proximity to the public 
water system service area.  There are suitable open lands to the west of the District, within approximately 
500 feet of the public water system.  Other accessible land could be up to 2,600 feet when considering 
likely transmission main routing.  Figure 5-1 shows the locations of bare land parcels that would be 
anticipated to overly groundwater of low nitrate concentration and are considered candidate parcels for 
relocation of the wellfield.  The aquifer productivity is not verified in these areas.  It is also not presently 
known if the landowners in these areas will consider easements for new wells and a control building. 
 
A cost estimate for this alternative is provided in Table 5-1.  The most uncertain element of these costs is 
the price for a suitable property.  The estimated fee includes $35,000 as an up front lump sum payment 
and $15,000 to negotiate and execute a lease agreement.  This alternative also includes service meter 
installations.  Annual O&M is estimated to increase by $8,250, which includes a $5,000 lease payment. 
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6 PREFERRED ALTERNATIVE 
 
6.1 Water Supply 
 
The preferred alternative pertaining to the source of supply is the nitrate loading reduction project.  This 
project has the least cost and is the most feasible to implement.  Implementation of fertilizer controls and 
continuous nitrate monitoring could occur during 2011, making this alternative also the most timely.  The 
installation of service connection meters would be deferred to 2013 in order to utilize state funds (first 
available July 2013 for applications submitted in April/May of 2012). 
  
The value in implementing this alternative is two-fold.  Firstly, it may solve the nitrate problem for the 
least cost, which is important to water system operation.  Secondly, it will reduce nitrate loading in the 
area which is beneficial to the environment as a whole.   
 
The project includes continuous nitrate monitoring with alarms that can be acted upon well before MCL 
violation would occur.  The historical nitrate trends indicate that a gradual buildup in nitrate concentration 
over several months would occur prior to an MCL violation.  Under this circumstance, the public water 
system can take action to notify users and provide bottled water.  Should such an event occur or become 
imminent, the public water system can proceed with one of the other alternatives.  There is essentially no 
loss in investment by this approach, as both of the other alternatives would utilize service meters and 
nitrate monitoring.  Given that nitrate concentrations have remained acceptable for more than 18-months, 
a source reduction alternative is the most prudent action at this time. 
 
Service meters have been budgeted for in-home installations at 75 connections.  An allocation of 10 meter 
pits has been included in the budget estimate for cases where in-home meters cannot be installed.  It was 
assumed that there is no asphaltic repair as a result of this work.  The meter system is planned for radio 
reading capability.  This type of system can be read from a vehicle located in the street adjacent to the 
property where the meter is installed. 
 
6.1.1 Permitting and Approvals 
 
The District Board will be required to implement regulation concerning the use of nitrogen fertilizer 
within the service area.  It is expected this regulation will require approval by the Yellowstone County 
Commissioners. 
 
Installation of the in-line nitrate analyzer will require DEQ approval for modification of a public water 
system.  Plans and specifications must be approved by DEQ prior to when any construction occurs.  As-
built construction drawings must be turned into DEQ following construction.   
 
Installation of service connection meters will also require DEQ approval for modification of a public 
water system.  Plans and specifications must be approved by DEQ prior to when any construction occurs.  
As-built construction drawings must be turned into DEQ following construction.   
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6.1.2 Environmental Impacts 
 
There are minimal environmental impacts for this project.  The only new construction will consist of 
meter pits that are possibly planned for up to 10 locations.  There is temporary disturbance of the land in 
order to construct the meter pits, which are located in developed areas.  There could be temporary 
blocking of one traffic lane in a residential area as part of the work.  Depending on time of year, some 
dust could be generated.  Noise, while slightly increased during construction, is minimal.  The project will 
overall be beneficial to groundwater and surface water quality by reduction of nitrate. 
 
6.1.3 Design Requirements and Construction Recommendations 
 
As there are multiple vendors that sell continuous nitrate analyzers, the analysis methods and calibration 
requirements must be reviewed to determine the least cost, technologically sound, and reliable instrument.   
Manufacturer warranty and life-cycle costs should be included in the evaluation.  At time of installation, 
the instrument must be calibrated and tested for accuracy against laboratory data.   
 
An alternatives analysis should be prepared to evaluate meter technologies and manufacturers.  
Subsequent to engineer recommendation and approval by the Board, the design will be prepared to 
conform with public works standards. 
 
6.1.4 Operation and Maintenance (O&M) Requirements 
 
Increased O&M costs for the public water system are estimated at $4,750 per year.  O&M costs for meter 
reading are estimated at $2,750 per year based on monthly reading.  A monthly schedule is recommended 
to assist homeowners in best managing their water use.  O&M for service connection meters consists of 
repair and replacement of meter parts.  A budget estimate of $500 per year is included for these needs.   
 
The nitrate analyzer is a low maintenance but expensive instrument.  Information on the Hach 
NITRATAX™ instrument is provided below.  Hach offers a complete service program that presently 
costs $1,022 per year and includes four technician visits, as well as complete parts replacement and 
repairs.  This program is ideally suited for the District water system and has been included in the O&M 
budget.  The O&M budget also includes quarterly nitrate analysis at a local laboratory for submittal to 
DEQ, budgeted at $400 per year so as to include operator labor.  A budget estimate of $1,500 per year is 
therefore determined for O&M of the nitrate analyzer. 
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Hach Company NITRATAX ™ nitrate analyzer ( from www. Hach.com). 

 Automatic, low maintenance operation - The Hach NITRATAX sc UV Nitrate Analyzer 
measurement interval or cycle time is user-selectable from 1 to 30 minutes and can be changed 
easily at any time. The analyzer can be programmed to average up to 12 measurements per cycle 
time.  

 Self-cleaning system - A built-in self-cleaning wiper system ensures that the submerged probe is 
unaffected by surface films or particles.  

 Life-long factory calibration - Every NITRATAX sc UV Nitrate Analyzer is factory calibrated for 
long-term accuracy.  

 No reagents required - UV analysis provides stable, long-term operation with minimal 
maintenance requirements.  

 Flow-through cell - An optional bypass panel or flow-through sample cell is available for clean 
water applications when direct immersion in a sample stream is impractical.  The bypass panel uses 
the same probes as the immersion sensors for greater flexibility.   

 Full Featured "Plug and Play" with sc100 Digital Controller - There's no complicated wiring or 
set up procedures with the Hach sc100 controller.   Just plug in any Hach digital sensor and it's 
ready to use - it's "plug and play."  

o One or two sensors - Use the sc100 Digital Controller to receive data from up to two 
Hach digital sensors in any combination.  

o Communications - Multiple alarm/control schemes are available using three relays and 
two PID control outputs.  Communications use analog 4-20 mA and digital 
MODBUS®/RS485, MODBUS®/RS232 protocols.  (Other digital protocals are 
available.  Contact your Hach representative for details.)  Every sc100 controller is 
equipped with wireless communication through an infrared port.  

o Data logger - A built-in data logger collects measurement data, calibration, verification 
points, and alarm history for up to 6 months. 

6.1.5 Cost Estimation 
 
Additional details for the budget estimate of this alternative are provided in Tables 6-1 and 6-2. 
 

TABLE 6-1 
BUDGET ESTIMATE FERTILZER REGULATION AND NITRATE ANALYZER 

 
Regulation Development Budget 
Legal  $   5,000  
Fertilizer Evaluation & Report  $   5,000  
SUBTOTAL  $ 10,000  
  
In-Line NO3 Analyzer  
Engineering Design/Inspection  $   5,000  
Equipment Installed  $ 18,000  
SUBTOAL  $ 23,000  
  
SUBTOTAL  $ 33,000  
  
CONTINGENCY  (15%)  $   4,950  
TOTAL BUDGET ESTIMATE  $ 37,950  
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TABLE 6-2 
BUDGET ESTIMATE FOR SERVICE CONNECTION METERS 

 
Engineering    Budget 
Planning, Pre-Design     $  10,000  
Design & Approval     $    5,000  
Inspection (10%)     $    5,250  
SUBTOTAL     $  20,250  
     
CONTRACTOR Qty Unit Rate Unit Budget 
In-house Units 75  $     500  EA  $  37,500  
Meter pits 10  $   1,500  EA  $  15,000  
SUBTOTAL     $  52,500  
     
SUBTOTAL     $  72,750  
     
CONTINGENCY (15%)     $  10,913  
TOTAL BUDGET 
ESTIMATE     $  83,663  
 


