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EXECUTIVE SUMMARY 
  

City of Buffalo Water Supply 
 
The City of Buffalo’s (City) drinking water supply is treated surface water from Clear 
Creek.  The location of surface water diversion, transmission, storage, and treatment 
facilities are shown on Figure ES-1.  The City’s primary diversion on Clear Creek is 
located 3.5 miles west of the water treatment plant (WTP).  Water from this diversion is 
conveyed to the WTP in a 14-inch buried pipeline.  The City has a secondary diversion 
off a branch of Clear Creek (North Prong) located 0.7 miles southwest of the WTP. 
 
The City has 17.1 million gallons per day (MGD) of direct flow rights off Clear Creek.  
Only 2 MGD of that have high seniority, but the City has 1,647 acre-ft of storage right in 
Tie Hack Reservoir and 150 acre-ft of storage in Willow Park Reservoir dedicated for 
municipal use in case of direct-flow regulation.  The upper and lower ponds adjacent to 
the WTP provide an additional 20 million gallons of raw-water storage. 
 
In addition, the City has an alluvial groundwater collection system (aka infiltration 
gallery) located immediately south of the lower pond (Figure ES-1) that was installed in 
the 1940s.  In 1995, the infiltration gallery reportedly produced by gravity flow 
approximately 700 gallons per minute (gpm) or 1.0 MGD.  Raw (untreated) water from 
the infiltration gallery is conveyed eastward to a 400,000 gallon buried storage tank.  
From the tank, raw water is used in the summer to irrigate City parks, golf course, and 
school athletic fields.  In the winter, the infiltration gallery simply fills the tank and flows 
to waste to the adjacent channel (North Prong).  Prior to construction of the current WTP 
in 1995, the infiltration gallery was part of the City’s potable water supply. 
 
Introduction to Level II Study 
 
The Buffalo Groundwater Supply Level II Study (study) was initiated by an opportunity 
for the City to acquire/share a portion of the artesian flow from an existing well, Drury 1, 
completed in the Madison Limestone and located 13 miles south-southwest of Buffalo.  
 
The objective of this study is to identify, compare, and evaluate a groundwater alternative 
within a 13-mile radius of Buffalo that can provide a temporary replacement water supply 
in the event that the City’s surface water supply from Clear Creek is unavailable due to 
contamination or infrastructure failure.  The temporary water supply must be capable of 
providing production and water quality suitable for municipal purposes. 
 
In an emergency situation, water use by customers would be restricted to domestic use 
which is approximated by the current winter-time demand (0.5 MGD or 350 gpm).  A 
summer-time demand in an emergency situation may be somewhat higher due to seasonal 
increase in population.  City representatives have suggested a value of approximately 1.3 
MGD (900 gpm) is a desirable target.  To provide flexibility in this bare-bones supply 
scenario, the City wants a groundwater alternative to provide at least 700 gpm to satisfy 
the basic water needs of the community.  
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Full replacement of the surface water supply with a groundwater supply represents the 
ultimate in municipal water supply development, operational flexibility, and insurance 
against water supply loss or interruption.  The design maximum day demand of 3.1 MGD 
(2,100 gpm) documented in the 2015 Master Plan represents full replacement or 
redundancy of the peak-day water supply under future growth conditions. 
 
In either case, emergency supply or full replacement/redundancy, the controlling surface 
water contamination event would be a severe forest fire impact with a duration of one 
month in which the existing surface water intake facilities on Clear Creek and/or WTP 
would be inoperable or undesirable due to contamination. 
 
Prospects for Potential Groundwater Development 
 
Five groundwater supply alternatives or “prospects” were investigated.  Figure ES-2 
shows the location of each prospect area as defined by proposed locations for multiple 
wells assumed needed for wellfield development to produce up to 2,100 gpm.   
 
Table ES-1 summarizes aquifer targets and relevant aspects of each prospect with a focus 
on the estimated cost of infrastructure construction and additional monthly cost to City 
water customers.  The Drury Prospect is the most expensive, due to well construction and 
infrastructure associated with 17 miles of pipeline.  The Pediment Prospect is less 
expensive due to a “less deep” aquifer target and only 2.6 miles of pipeline.  The other 
prospects – Diversion and Alluvium – are relatively inexpensive due to shallow well 
depths and proximity to the existing 14-inch diversion pipeline that conveys surface 
water to the WTP. 
 
Two other special-case options were identified and included in the cost estimates shown 
in Table ES-1.  Development of the existing alluvial groundwater collection system as an 
emergency supply (i.e., 700 gpm) is a relatively low-cost, fast-track project.  Water 
quality data from the Wasatch Formation indicates potential as a blending supply to 
increase alkalinity and hardness concentrations to improve finished water quality from 
the WTP.  
 
To summarize, the City has a wide range of alternatives/prospects to consider in an effort 
to develop an emergency or redundant groundwater supply.  All alternatives, however, 
have substantial uncertainty regarding the quantity (i.e., gpm per well), and in some 
cases, the quality of groundwater that can be extracted and require further detailed field 
evaluation (i.e., well drilling and aquifer testing). 
 
Selection of Preferred Alternative 
 
On October 26, 2017, the WWDO and City were provided a draft interim report for 
review and consideration of groundwater alternatives.  A phone conference was held 
whereby WWDO, City representatives, and the consultants discussed groundwater 
development alternatives.  The preferred alternative, as expressed by City representatives 
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and concurred to by the WWDO, was the development of an alluvial wellfield near the 
WTP with full redundant supply capacity (i.e., 2,100 gpm for one month).    
 
The consultant was directed by the WWDO to submit an alluvial aquifer investigation 
work plan for review and approval.  The consultant was subsequently authorized to 
proceed with the proposed work plan, as constrained by study budget. 
 
Investigation Objectives and Approach 
 
The study area for the alluvial aquifer investigation is on City-owned property west of the 
WTP and upper pond, north of Clear Creek, and south of Highway 16 (Figure ES-3).  
Prior to this study, the alluvial aquifer in this area had not been subject to investigation or 
evaluation.  The investigation approach was to install as many small-diameter exploration 
wells as the budget could accommodate to obtain information, listed below, needed to 
evaluate the alluvial aquifer. 
 

• Lateral and vertical extent and basic lithology 
• Depth to groundwater and saturated thickness 
• Hydraulic gradient 
• Transmissivity and specific yield 
• Water storage capacity and volume of extractable groundwater 
• Groundwater flow boundaries (e.g., connectivity with surface water features) 
• Water quality  
• Gravity flow production from the existing infiltration gallery 

 
Alluvial Aquifer Field Investigation 
 
Drilling and testing activities began on January 30, 2018, and were completed on 
February 15, 2018.  Seven (7) exploration wells, Well 1 through Well 7, were installed at 
locations shown on Figure ES-4.  Exploration wells consist of 6-inch diameter steel 
casing with a 10-foot section of 6-inch telescoping screen set at or near the base of the 
alluvium.  Drilled depths ranged from 37 to 54 feet depending on alluvial thickness and 
penetration of the underlying Wasatch Formation needed to confirm full penetration of 
the alluvium. 
 
The alluvial deposits consist of silt, sand, gravel, cobbles, and boulders.  As listed in 
Table ES-2, the thickness of the alluvium varies from 30 to 42 feet with an average depth 
to water of 8 feet during the summer (July 2018 measurements1).  Thus, at the 
exploration wells, the saturated thickness of the alluvial aquifer ranges from 23 to 36 feet 
with an average of 29 feet.  
 
On February 7-8, 2018, 1 to 2 hour constant-rate pump tests were performed at Wells 1 
through 5 at discharge rates ranging from 49 to 106 gpm.  Table ES-2 lists the duration 
and discharge rate of each test and the calculated specific capacity of the well at the end 

 
1 In February 2018, the average depth to water at the exploration wells was 11 feet. 
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of the test period.  Drawdown during these tests ranged from 2 to 5 feet.  The most 
productive wells appear to be Well 3, Well 4, and Well 5.  Transmissivity values 
estimated from analysis of the time-drawdown data range from 12,000 to 46,000 gpd/ft.  
Specific yield values from these tests range between 0.04 and 0.06 (i.e., 4 to 6%)  
 
On February 14 – 15, 2018, Well 3 was pumped for 20 hours at a constant rate of 105 
gpm.  By the end of the test, Well 3 experienced 3.8 feet of drawdown and had a specific 
capacity value of approximately 27 gpm/ft of drawdown.  The transmissivity value 
estimated from analysis of time-drawdown data from the pumped well and observation 
well (Well 7) was 39,300 gpd/ft.  The specific yield value calculated from the observation 
well was 0.012.   
 
Specific Yield 
 
Published minimum values of specific yield for fine sand to coarse gravel (i.e., Clear 
Creek alluvial material) range from 10 to 21%.  Compared to published values, the 
specific yield values of 1.2 to 6% estimated from the pump tests are much lower than 
anticipated. 
 
Water Quality 
 
Groundwater samples collected from all wells indicate that water quality parameters are 
well within drinking water standards and that the alluvial groundwater is fully suitable for 
municipal purposes (Table ES-3).   
 
Alluvial Aquifer Characteristics 
 
In the area defined by the west end of City-owned property, Clear Creek on the south, 
Well 4 and the upper pond on the east, and Highway 16 on the north, an average 
saturated thickness of 29 feet, and a specific yield value of 0.05 suggest there are 
approximately 10,350,000 ft3 (77.4 million gallons) of groundwater stored within this 
area of the aquifer.  This calculated volume is, of course, directly proportional to the 
assigned specific yield value, which is thought to be conservative for these materials.  In 
terms of production rates, this estimated volume, if 50% is available to a 
collection/extraction system, equals approximately 1,600 gpm for 17 days.   
 
In the area of field investigation, the contact elevation of the bottom of the alluvium / top 
of the Wasatch Formation decreases to the south (Figure ES-4).  The thinnest saturated 
thickness occurs at the northern wells, Well 1 and Well 2, and the saturated thickness 
appears to increase towards Clear Creek.  On the south side of Clear Creek, Wasatch 
bedrock (Tw) is present at the surface (Figure ES-3) such that the alluvial aquifer 
thickness is zero south of the creek.  The configuration of the base of the alluvial aquifer 
between the wells and the south boundary of the aquifer is unknown.   
 
Water levels at the exploration wells were measured on February 7-8 and on June 29, 
2018.  As shown on Table ES-2, water levels in the wells in June were 1.7 to 4.4 feet 
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higher than water levels measured in February.  Stream stage data from the USGS gage 
on Clear Creek near the west edge of the area of field investigation identify a fluctuation 
in stage (water surface elevation) of approximately 3 feet over the period of investigation.  
Groundwater level measurements in early February were at a time of seasonally low 
flows and low surface water elevation.  Groundwater level measurements made in late 
June follow a substantial stream stage peak in late May.  Both the period of higher water 
level elevations in Clear Creek and the opening of ditches along the north side of the 
study area are the likely causes of the higher groundwater levels, as surface water 
recharge to the aquifer was increased.  
 
Water level elevation contours derived from June 29, 2018 depth-to-water measurements 
indicate that groundwater in the alluvial aquifer flows generally west to east under a 
hydraulic gradient of approximately 0.032.  This same gradient is reflected in February 
2018 water level data. 
 
As determined from pump test analysis, a representative transmissivity value for the 
alluvial aquifer is approximately 40,000 gpd/ft.  The specific yield value is uncertain but 
thought to be between 5 and 10%. 
 
The hydraulic interaction between surface water features and groundwater establishes 
“boundary conditions” that control aquifer recharge/discharge and may impact 
performance of groundwater extraction systems.  In the area of investigation, there are 
four surface water features to consider (Figure ES-3): 
 

• Clear Creek 
• Unnamed drainage channel 
• North Prong of Clear Creek and the upper pond supply ditch 
• Upper Pond 

 
Investigations performed during this study indicate recharge of the alluvial aquifer from 
the surface water features in the area of field investigation.  However, the investigations 
are insufficient to provide quantification of the degree of hydraulic connection.  The one 
test directly addressing this issue, the 120-minute pump test of Well 4, suggests recharge 
rates are not increased by groundwater drawdown.  If this is the case across the area, 
surface water would continue to recharge the aquifer under aggressive pumping (or 
infiltration trench extraction), but at pre-pumping rates.  Substantial “mining” of the 
groundwater reservoir would occur.  Conversely, if aquifer drawdown induced increased 
surface-water recharge, an increasing component of “new” recharge would be 
encountered over the course of a pumping period, with attendant impacts on the realized 
water quality. 
 
 
 
 
 
 



 
Executive Summary, Final Report 
Buffalo Groundwater Supply, Level II Study 

6

Gravity Flow Production from Existing Infiltration Gallery   
 
The earliest reported values for gravity flow production from the existing infiltration 
gallery are 990 gpm in 1947 and 800 gpm in 1964.  In the absence of more detailed and 
authoritative documentation, we assume 800 to 1,000 gpm represents production soon 
after completion of the collection system. 
 
As part of the field investigation, gravity flow from the infiltration gallery was measured 
by partially draining, then timing the re-filling of the 400,000-gallon buried raw-water 
storage tank into which this system discharges (Figure ES-1).  On January 30, 2018, 
gravity flow into the tank was 304 gpm.  On June 29, 2018, gravity flow into the tank 
was 415 gpm.  The 36% increase in flow measured in June is probably due to higher 
water levels in the alluvial aquifer in June (i.e., 2 to 4 feet) compared to water levels in 
late January.  
 
After 70 years of operation, the apparent reduction in flow production from 
approximately 1,000 gpm to 400 gpm may be due to the combined effect of 
approximately 10 feet of aquifer drainage (i.e., water level decline) and flow restrictions 
around and inside the collection laterals and transmission pipeline.   
 
Groundwater Development Concepts 
 
Development concepts for the alluvial aquifer are based on the following assumptions 
and operational strategies. 
 

• Demand for groundwater will be short-term, on the order of 30 days, in 
response to a temporary interruption of the Clear Creek surface water 
supply. 

• Frequency of use of the groundwater supply is unknown, but may be 
relatively infrequent, depending on the occurrence of a surface water 
supply interruption event.  

• A surface water supply interruption event (e.g., a forest fire) may be more 
likely to occur during the summer than in the winter. 

• Short-term production demands range from an emergency supply of 700 
gpm to full replacement of the surface water supply of 2,100 gpm during 
peak demand periods.  An intermediate demand of 1,400 gpm would 
satisfy summer demands with water use restrictions. 

• Given the episodic and short duration of anticipated groundwater 
extraction, the temporary mining of the alluvial aquifer is acceptable.  The 
alluvial aquifer will have adequate opportunity to recharge during 
extended periods of non-use. 

• Groundwater from the alluvial aquifer will be treated at the WTP.  
• The City may benefit from a continuous low-volume extraction of 

groundwater useful for blending with the current Clear Creek supply. 
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• The City-owned property north of Clear Creek and west of the WTP is 
available to develop groundwater extraction facilities.  This area is herein 
referred to as “area of potential development”. 

 
 
Two groundwater extraction methods were evaluated using data acquired from the field 
investigation: Wellfield and Infiltration Trench.  The evaluation used aquifer parameter 
values described previously and production estimates of 2,100 and 1,500 gpm for 30 
days.  It was assumed that the existing infiltration gallery would remain in service as a 
raw-water supply for City landscape irrigation. 
 
Wellfield Evaluation 
 
A preliminary well/wellfield configuration and design consists of ten (10) identical wells, 
8-inch in diameter, completed with 10 feet of screen at the bottom of the aquifer.  The 
wells are distributed on City property in the area of potential development (Figure ES-5).  
 
Potential Wellfield advantages include the following: 
 

• Shallow well depths of 35 to 45 feet; 
• Proven method of well construction; 
• Build-out can be incremental, adapting subsequent well design and 

location as performance experience is accumulated; and  
• Well and wellfield construction is easier and less expensive than the 

alternative extraction method of an infiltration trench. 
 
Potential Wellfield disadvantages include the following: 
 

• Multiple wells (10+) distributed over a large area will require extensive 
infrastructure (e.g., pumps, pipeline, power) through difficult terrain and 
subsurface material. 

 
A.  Wellfield Analytical Modeling
 
An analytical model was used to evaluate preliminary wellfield design and performance.  
Figure ES-6 presents the idealized locations of ten groundwater extraction wells within 
the conceptualized alluvial aquifer.  The analytical model is based on the superposition of 
drawdown using the Theis equation and the effect of boundary conditions between the 
alluvial aquifer, Clear Creek, and the Wasatch Formation.  
 
Idealized modeling of the alluvial aquifer indicates the feasibility of full-replacement 
groundwater production if the specific yield of the aquifer is on the order of 0.10 or if 
there are significant sources of aquifer recharge above (ditches) or alongside the aquifer 
(Clear Creek).  The latter factor may decrease the “security” of this groundwater source 
somewhat with respect to complete avoidance of Clear Creek contaminants, but could 
significantly enhance productivity.   
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The following are suggestions to improve aquifer modeling and extraction system design. 
 

• Better characterization of aquifer geometry and hydrologic properties  
• Use numerical modeling techniques able to explicitly account for surface 

water recharge from seasonally variable sources, complex aquifer 
geometries/boundaries, and the reduction in saturated thickness under 
sustained pumping 

 
Figure ES-5 shows a proposed well and pipeline layout for an idealized 10-well wellfield.  
Specific construction items, quantities, and estimated costs for wellfield construction 
indicate a construction cost of approximately $1,600,000. 
 
Infiltration Trench Evaluation 
  
The infiltration trench alternative consists of a single 1,600-feet long infiltration trench 
installed perpendicular to the groundwater flow direction.  The infiltration trench would 
be similar to the existing infiltration gallery in that it would collect water in a lateral drain 
pipe.  However, the infiltration trench drain pipe would be set deeper into the saturated 
alluvium and would not have laterals radiating from and to a central collection point.  
 
The trench would be located west of the upper pond, somewhere within the east-half of 
the area of well installation and testing shown on Figure ES-3.  The trench would run N-S 
between Clear Creek and the north edge of the alluvial aquifer.  The trench would drain 
into a clear well, from which water would be pumped as needed to the desired location.  
Installation of the trench perpendicular to the groundwater flow direction would require 
pumped discharge, but would allow groundwater levels and flows to remain 
uninterrupted when the trench was not in use.   
 
A.   Infiltration Trench Analytical Modeling
 
The infiltration trench was modeled as a “picket fence” of individual, one-foot diameter 
wells at a spacing of 1 foot.  Preliminary analysis is made using the Theis Equation for 
transient flow of groundwater to a well, with the drawdown in the aquifer at any point 
being the sum of the drawdown impacts at that point from each of 1,600 individual 
wells.  In all scenarios, aquifer parameters are the same as used in wellfield modeling, the 
trench is pumped at combined rates of 1,500 and 2,100 gpm, and drawdown is calculated 
at the end of 30 days. 
 
Analytical modeling of a conceptual infiltration trench indicates that a production rate of 
2,100 gpm appears difficult to achieve due to large design trench depths (e.g., 37 feet) 
unless Clear Creek provides abundant recharge (constant head boundary) and/or specific 
yield is significantly larger than the modeled value of 0.05. 
 
Similar to the wellfield modeling, the ability to achieve more reasonable trench depths of 
20 to 30 feet at modeled pump rates would require a specific yield of the aquifer on the 
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order of 0.10 and significant sources of aquifer recharge above (ditches) or alongside the 
aquifer (Clear Creek). 
 
Conditions indicate that trenching is the only reasonable option for drain pipe installation; 
although serious construction issues will need to be resolved.  Traditional trenching 
methods will be difficult and dewatering during construction will be a significant part of 
the pipe installation process.  It is possible to install the infiltration trench using 
traditional trenching methods, but construction will be very difficult and costs will be 
high. 
 
Preliminary design and construction costs were developed for installation of an 
infiltration trench in the alluvium capable of producing 1,500 gpm (i.e., installation depth 
of 30 feet) and 2,100 gpm (i.e., installation depth of 37 feet or bottom of alluvium).  Due 
to the excavation depth and abundance of water, it is assumed that the trench will be 
excavated with 2H : 1V side slopes.  This will allow for both layback for safety and 
potential instability for partially saturated materials.  
 
Trench construction and extraction system items indicate a preliminary cost of 
approximately $2,700,000 for a 30-feet deep trench (1,500 gpm).  
 
Trench construction and extraction system items indicate a preliminary cost of 
approximately $3,900,000 for a 37-feet deep trench (2,100 gpm). 
 
Conclusions 
 
Water quality from the alluvial aquifer is suitable for municipal use. 
 
Infiltration trench development can provide full replacement capacity only under 
favorable boundary conditions and specific yield of 10% or greater.  Given anticipated 
depths, construction will be expensive, difficult, and somewhat uncertain.  Depth 
limitations associated with trench construction make trench feasibility very sensitive to 
aquifer specific yield, transmissivity, and boundary conditions. 
 
Wellfield development can provide full replacement capacity only under favorable 
boundary conditions and specific yield of 10% or greater.  The limited saturated thickness 
of the alluvial aquifer makes acceptable wellfield performance very sensitive to aquifer 
specific yield, transmissivity, and boundary conditions.  Compared to the infiltration 
trench alternative, wellfield construction will be less expensive, less difficult, and more 
predictable. 
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Recommendations for Additional Field Study 
 
A. Proposed Additional Field Study of Alluvial Aquifer
 
Parameters and hydraulic relationships that should be better defined prior to extraction 
system design and construction include: 
 

• Specific yield; 
• Aquifer geometry: thickness, lithology, and permeability over the larger 

area of potential wellfield development; and 
• Surface water - groundwater interaction and boundary characteristics. 

 
Based on the current level of analysis, we propose that additional field study be 
comprised of the following: 
 

• Additional wells to the west and south to define aquifer geometry and 
production characteristics beyond the area of well installation and testing 
shown on Figure ES-3; 

• Pump tests of longer duration and higher discharge rates, with 
accompanying observation wells to establish critical specific yield values; 
and 

• Numerical modeling of alluvial aquifer and surface water system to 
evaluate potential wellfield performance and to inform consideration of 
alternative extraction systems and design components. 

 
B. Cost Estimate for Additional Evaluation of Alluvial Aquifer 
 
A preliminary cost estimate for additional field study of the alluvial aquifer is $430,000.  
The field study report should provide a “go / no go” assessment of alluvial groundwater 
development and design elements for final design and contract specifications. 
 
Additional field study deliverables should include data analysis and documentation that 
determines the viability of wellfield/infiltration trench options and design parameters that 
adequately inform design of a Level III construction project.   
 
Preliminary Project Financing  
 
Financing and estimated monthly service fees for an emergency (700 gpm) supply, 10-
well wellfield, and infiltration trenches (30 and 37 feet depth) are presented in Table ES-
4.  The project cost estimates (except the emergency supply) used in Item A is the sum of 
the construction cost estimate and the recommended additional field study cost estimate.   
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Figure ES-6 - Modeling Idealization of Alluvial Aquifer
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Table ES-1 :  Summary of Reconnaissance-Level Groundwater Prospect/Option Evaluation and Cost Estimates
                    Buffalo Groundwater Supply, Level II Study

Assumptions/Explanations:  
   1.  Project Financing - WWDC:  67% grant for project cost
   2.  Project Financing - State Revolving Fund: loan for remaining 33% of project cost: @ 2.5% interest for 20 years 
   3.  2,248 service taps  
   4.  Prospects are full replacement/redundacy of supply (2,100 gpm capacity)
   5.  Options address emergency supply and blending needs, as noted

Estimated
Estimated Estimated Estimated Additional

Proposed Proposed Infrastructure Annual O&M Annual Debt Monthly Cost
Target Pipeline Cost Cost Obligation to Customer

Prospect Aquifer(s) Length, miles $ $ $ $ / service
Drury Madison 17.1 12,703,000 20,000 268,900 10.71

Pediment Tensleep 2.6 5,244,000 15,000 111,000 4.67

Diversion Flathead - Madison 0.04 1,539,000 15,000 32,600 1.76

Alluvium Alluvium 0.06 756,000 12,000 16,000 1.04

Option
Alluvium Alluvium 0.29 470,000 10,000 10,000 0.74

Emergency
(700 gpm)

Wasatch Blending Wasatch 0.05 807,000 12,000 17,000 1.08
(300 gpm) 



  Table ES-2 :  Exploration Well and Alluvial Aquifer Data Summary; Buffalo Groundwater Supply, Level II Study
         See Figure ES-4 for well locations

Depth to Depth to Water Pump Test
Top of Qal/Tw Water, ft. Water, ft. Level Saturated Screen Rate and Specific Specific

Ground Casing (TOC) Drilled Alluvial Contact  rel. TOC rel. TOC Elevation, ft Thickness, ft. Interval, Duration Capacity Transmissivity Yield
Well ID Elevation, ft. Elevation, ft. Depth, ft. Thickness, ft. Elevation, ft. 2/7-8/18 6/29/18 6/29/18 6/29/18 rel. grd., ft.  gpm / hour gpm/ft gpd/ft ft3/ft3 

Well 1 5121.4 5123.68 43 33 5088 14.56 11.31 5112.4 24 23 - 33 76 / 1.5 21 29,000 0.04
Well 2 5128.0 5130.37 38 30 5098 13.35 8.96 5121.4 23 16.5 - 26.5 49 / 1.1 9 12,000 0.05
Well 3 5125.7 5127.91 54 42 5084 13.71 9.87 5118.0 34 30 - 40 76 / 1.0 33 46,000 0.06

105 / 20 27 40,000
Well 4 5100.5 5102.37 45 42 5059 9.44 7.70 5094.7 36 27 - 37 106 / 2.0 23 24,000
Well 5 5110.8 5112.84 37 > 37 < 5074 13.55 11.33 5101.5 >23 18 - 28 106 / 2.0 58 40,000

"Well 6" 5153.0 34 > 34 < 5119 N.M. N.M. N.M.
Well 7 5125.0 5127.05 41 41 5084 14.21 10.21 5116.8 31 29.5 - 39.5 ob. well / 20 40,000 0.012

Ave: 37 Ave: 29



Table ES-3 : Water Quality Data from Alluvial Aquifer, Clear Creek, and Madison Aquifer, units in mg/l unless otherwise noted

Alluvial Alluvial Alluvial Alluvial Alluvial Alluvial Existing Madison
Aquifer Aquifer Aquifer Aquifer Aquifer Aquifer Infiltration WTP Clear Creek Aquifer

Parameter Well 3 Well 1 Well 2 Well 3 Well 4 Well 5 Gallery (Clear Creek) Turkey Ln at Drury 1
Bicarbonate 125 198 215 123 111 168 88 33 21 280
Chloride 6 10 11 6 5 9 2 1 < 1 < 1
Sulfate 8 29 45 8 8 18 5 2 1 < 5
Nitrate, as N 0.97 2.18 2.53 1.02 0.77 1.77

Calcium 31 56 63 28 27 46 23 8 4 48
Magnesium 6 12 14 7 7 10 6 2 1 29
Sodium 7 14 15 8 5 11 4 3 2 2
Potassium 2 2 2 2 1 2 1 1 < 1 1
Silica 12.4
Fluoride < 0 .1
Radionuclides v low or ND
Trace Metals v low or ND

Hardness, as CaCO3 102 189 215 99 96 156 82 29 14 230
Total Diss. Solids, calc. sum 186 323 368 183 165 266 129 50 29 359
Conductivity, umhos/cm 236 424 480 239 215 350 36 430

Total Suspended Solids < 5
Turbidity, NTU 0.51
Total Organic Carbon 2.1
Langelier Saturation Index* -1.20 -0.82 -0.75 -1.30 -1.30 -0.92 -1.6 -2.1 -0.1
Ryznar Stability Index* 9.6 8.7 8.5 9.7 9.8 9.0 11 12 7.8
pH, standard units 7.1 7.0 7.1 7.0 7.0 7.0 7.7 7.6
Temperature, field, ºF 46.6 47.3 47 approx. 38 56.5 59
Sample Date 2/15/2018 2/7/2018 2/7/2018 2/7/2018 2/8/2018 2/8/2018 3/2017 3/2017 6/29/18 3/2017
A/C Balance -1.36% -0.37
Conductivity, umhos/cm, 6/29/18 340 417 208 183 294
Temperature, field, ºF, 6/29/18 53 52 50 50 51

* unitless
Ryznar Stability Index value > 7 indicates corrosive conditions   
Negative Langelier Saturation Index value indicates water is undersaturated with respect to calcium carbonate (no scale formation)

N.D. Not Detected (below analytical detectin limit)



Table ES-4 : Financing and Monthly Service Fee Summary for Alluvial Aquifer Development, Buffalo Groundwater Supply, Level II Study

Wellfield + Ex. IG Wellfield Infiltration Trench Infiltration Trench
Emergency Supply 10 Well (30 ft.; 1,500 gpm) (37 ft.; 2,100 gpm)
67% WWDC Grant 67% WWDC Grant 67% WWDC Grant 67% WWDC Grant

SRF Loan SRF Loan SRF Loan SRF Loan
GRANTS AND LOANS

A ROUNDED PROJECT COST ESTIMATE
1 Conceptual Construction Cost 920,000$                   2,019,000$                  3,130,000$                  4,311,000$                   

B GRANTS
1 Total of WWDC Grant Eligible Items 920,000$                   2,019,000$                  3,130,000$                  4,311,000$                   
2 WWDC Grant (67% of B1) 616,400$                   1,352,730$                  2,097,100$                  2,888,370$                   
3 Amount Left to Fund 303,600$                   666,270$                     1,032,900$                  1,422,630$                   

4 SRF Grant (0% Loan Forgiveness) -$                              -$                                 -$                                -$                                 
5 Grant Total (B2+B4) 616,400$                   1,352,730$                  2,097,100$                  2,888,370$                   

C SPONSOR (Cash)
1 Sponsor Contribution -$                              -$                                 -$                                -$                                 

D. LOANS
1 Loan Amount (A1-B5-C1) 303,600$                   666,270$                     1,032,900$                  1,422,630$                   

E. ANNUAL LOAN PAYMENTS

1 SRF Loan
SRF interest 2.50%

n, years 20 19,475 42,739 66,258 91,258

F. O&M COSTS  - ANNUAL COST OVER 20 YEAR PERIOD (2017 Dollars) 10,000$                     12,000$                       5,000$                         5,000$                          
Total O&M 10,000$                     12,000$                       5,000$                         5,000$                          

G. TOTAL ANNUAL COST (E + F ) 29,475 54,739 71,258 96,258

ADDITIONAL MONTHLY SERVICE FEE
Monthly Service Charge Increase # of service taps 2248 1.09$                         2.03$                           2.64$                           3.57$                            

Note: See Table ES-1 for reconnaissance-level cost comparison with all groundwater prospects 
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