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This Feasibility Evaluation has been prepared in accordance with the CWCB Water 
Project Loan Program Guidelines, Revised January 2006.   

The Owner and other consultants working directly with the Owner have prepared work in 
the following outline sections and this work is presented in an italic font: 

 Section 1 - Introduction 

 Section 2 - Sponsor  

 Section 3 - Water Rights and Water Demands   

 Section 4 - Analysis of Alternatives  

 Section 10 - Impacts  

 Section 12 - Financial Plan  

RJH has prepared work in the following outline sections and this work is presented in a 
non-italic font:  

 Section 1 - Introduction 

 Section 5 - Selected Alternative 

 Section 6 - Subsurface Investigation and Site Stratigraphy 

 Section 7 - Typical Embankment Section, Seepage and Stability Analysis 

 Section 8 - Hydrologic Evaluation 

 Section 9 - Hydraulic Structures 

 Section 11 - Opinion of Probable Project Cost 

 Section 13 - Implementation Schedule 

 Section 14 - Limitations 

 Section 15 - References 
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SECTION 1 - INTRODUCTION 

1.1 Purpose  

The purpose of this loan application is to seek $9,990,000 in supplemental debt financing 
from the Colorado Water Conservation Board (CWCB) to compliment Two Rivers Water 
& Farming Company’s (Two Rivers) $12,533,793 of equity capital to be used for 
development of Phase I (4,110 ac-ft) of an estimated 25,000 ac-ft multi phase gravel pit 
reservoir storage facility located adjacent to the Arkansas River just east of the 
confluence of Fountain Creek and the Arkansas River (Arkansas Storage Facility or 
ASF).   

The ASF will be 100 percent “gravity in” via the Excelsior Ditch and approximately 80 
percent “gravity out” to the Arkansas River and consist of approximately 72 percent 
surface storage and 28 percent alluvial storage.  The ASF will immediately facilitate a 
viable rotational farm-fallowing program between farmers and municipal and industrial 
water users in the Arkansas River Basin located on the southern Front Range of 
Colorado.   

As a precondition to closing on the CWCB loan and as part of Phase I of the ASF, Two 
Rivers will use a portion of its $12,533,793 in equity capital to purchase a majority 
interest (53.77 percent or 1,792 shares) of the Excelsior Irrigation Company and 
approximately 323 acres of land which is capable of developing into approximately 
13,000 ac-ft of storage space to provide the CWCB with a first Deed of Trust as 
collateral for the CWCB Loan. Below is a table that describes how the money will be 
used, the cost per ac-ft, and the source of funds for the remaining project costs.  

ASF Phase 1 Project Use of Proceeds 
Acre Feet  4,110 
Excelsior Ditch   $140  $3,500,000 
Property Acquisitions  $216  $5,407,500 
Construction  $3,052  $12,543,731 
Finance Cost  $261  $1,072,562 
Total   $3,669  $22,523,793 

Source of Funds  Total  
Two Rivers, Equity Capital 56 percent  $12,533,793 
CWCB, Debt 44 percent  $9,990,000 
Total 100 percent  $22,523,793 
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1.2 Objectives 

The objectives of this report are to present the feasibility-level design of the selected 
alternative, an opinion of probable costs, and a proposed implementation schedule for the 
Arkansas Storage Facility, Phase 1 for use in obtaining a CWCB loan.  The selected 
feasibility-level alternative and cost opinion presented in this report were developed to 
enable an evaluation of technical, environmental permitting, and associated cost.  The 
selected alternative will be refined during final design based on analyses specific to the 
selected alternative.  These specific analyses will likely result in modifications to the 
concepts presented in this report.  Supporting calculations for the alternative included in 
final design will be developed and presented in future design reports. 

1.3 Scope of Work 

RJH Performed the following scope of work:  

 Developed a map of the Project that included proposed and existing components, 
floodplains, and inundation zones. 

 Developed feasibility-level sizes and layouts for the cutoff, reservoir, dam, outlet 
works, spillway, and inlet facilities.  Layouts were primarily developed based on 
judgment, general design criteria, and experience.  Specific analyses were 
performed only to support the relative size of facilities that could not be based on 
observation, experience, and judgment. 

 Prepared a preliminary elevation-capacity curve. 

 Performed wave run-up analysis to select the required freeboard height. 

 Performed preliminary hydrology analysis for use in developing an approximation 
of the inflow design flood (IDF).  Used this IDF and performed reservoir routing 
and peak discharge to support selection of the required spillway size. 

 Described previous field investigations, methodology, site geology and geologic 
mapping, availability of construction materials, and subsurface investigations. 

 Identified probable coordination required with federal, state, and local agencies. 

 Estimated quantities of primary materials required for construction and prepared 
an overall opinion of probable project costs to construct the Project.   

 Developed a Project schedule for design and construction of the dam and 
appurtenant facilities. 
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 Performed a preliminary permitting assessment to identify major technical 
permits and permitting issues for the Project.  Identified anticipated required 
technical permits (i.e., local, state, federal). 

1.4 Project Personnel 

The following personnel from RJH are responsible for the work contained in this report: 

 Project Manager    Robert J. Huzjak, P.E. 

 Project Engineer    Michael L. Graber, P.E. 

 Hydraulic Engineer    G. George Slovensky, P.E. 

 Geotechnical/Structural Engineer  Jennifer D. Forbes, P.E. 



Feasibility Evaluation – Arkansas Storage Facility, Phase 1 Project 
April 2013 

 
 

 

 

  13101 13-04-08 East Reservoir Feasibility 
 

4

SECTION 2 - SPONSOR 

Two Rivers has developed and operates a revolutionary new private farming and water 
business model suitable for arid regions in the southwestern United States whereby the 
Company synergistically integrates irrigated farming and wholesale water distribution 
into one company, utilizing a practice of rotational farm fallowing.  Rotational farm 
fallowing, as it applies to water, is a best methods farm practice whereby portions of 
farm acreage are temporarily fallowed in cyclic rotation to give soil an opportunity to 
reconstitute itself.  As a result of fallowing, an increment of irrigation water can be made 
available for municipal use without permanently drying up irrigated farmland.  
Collaborative rotational farm fallowing agreements between farmers and municipalities 
can make surplus irrigation water available for urban use during droughts and, 
conversely, make surplus urban water available for irrigation during relatively wet 
periods. The Company produces and markets high value vegetable and fodder crops on 
its irrigated farmland and provides wholesale water distribution through farm fallowing 
agreements in its initial area of focus on the Arkansas River and its tributaries on the 
southern Front Range of Colorado.  Two Rivers is a for-profit enterprise that is publicly 
traded on the OTC QB exchange under the symbol TURV.  Our financial information and 
other disclosures are filed with the United States Securities Exchange Commission 
(www.sec.gov).    

The Company owns a 95 percent interest in the Huerfano Cucharas Irrigation Company, 
which was purchased in 2010.  In 2011, the Company purchased the Orlando Reservoir 
and Butte Valley water rights.  In 2012, the Company purchased farmland along the 
Bessemer Ditch and Dionisio Farms and Produce, a produce business in Pueblo County. 
The Company currently has the capacity to store 15,000 acre-feet of water; when the 
reservoirs are fully restored and conditional rights are made absolute, the water rights 
are in excess of 64,000 acre-feet of water annually.  Two Rivers’ surface water rights 
total more than 50 cubic feet per second of stream flow, which historically yields 15,000 
acre-feet of water annually.  
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SECTION 3 - WATER RIGHTS AND WATER DEMANDS 

3.1 Water Rights and Water Demands 

The first phase of ASF development associated with the Excelsior Ditch provides 4,110 
acre-feet (ac-ft) of storage. The sources of water that could be placed into storage could 
include (a) water rights associated with the Excelsior Ditch, (b) water from the Two 
Rivers lease with the Pueblo Board of Water Works (PBWW), and/or (c) storage of 
PBWW and/or Colorado Springs Utilities (CSU) reusable return flows associated with 
the Restoration of Yield (ROY) as part of the Pueblo Flow Management Program 
(PFMP).  

3.2 Excelsior Ditch 

The Excelsior Ditch diverts water from the Arkansas River east of Pueblo, and 
downstream from the confluence of Fountain Creek and the Arkansas River, and has a 
decreed water right with an appropriation date of December 1861 (CA2535), which 
allows the Excelsior Ditch to divert up to 60 cubic feet per second (cfs) of water when 
this right is in priority.  The Colorado Decision Support System (CDSS) database was 
queried regarding the historic diversions under the Excelsior Ditch, and Table 1 
summarizes the monthly and annual diversions under the Excelsior Ditch for the period 
1911-2011.  As these diversion records indicate, the Excelsior Ditch has diverted an 
average of 4,223 ac-ft of water annually, with a maximum annual water diversion of 
10,953 ac-ft.  A graph of the annual historic diversions under the Excelsior Ditch is 
shown in Figure 1 of the engineering report. 

The two owners of the Excelsior Ditch water rights are Stonewall Springs Quarry, 
LLC/Stonewall Water, LLC (Stonewall) and the Arkansas Groundwater Users 
Association (AGUA).  Excelsior Ditch water is generally being used during the 
irrigation season for both direct use for irrigation and as a source for augmentation. 
Figure 2 shows the historic distribution of Excelsior Ditch water by month. When AGUA 
uses Excelsior Ditch water for augmentation, AGUA can either release water directly 
back to the river or the water can be sent to recharge ponds to cover lagged depletions 
during the non-irrigation season.  As such, surface storage would be valuable to allow 
irrigation water to be stored to make late-season irrigation water more consistently 
available and to provide a means for storing augmentation water that can be released to 
offset lagged depletions during the non-irrigation season.  As Figure 1 shows, while the 
historic ditch diversions have been 4,223 ac-ft per year (ac-ft/yr), the volume of  
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water available under the Excelsior Ditch has varied considerably from year to year. In 
addition, Figure 2 shows the average monthly distribution of diversions associated with 
the Excelsior Ditch, which indicates a relatively skewed distribution that could be 
designed to better-fit irrigation demands if surface storage is available.  

3.3 PBWW Lease 

Two Rivers currently has a water lease agreement with PBWW for the delivery of up to 
500 ac-ft/yr of totally consumable water from PBWW’s water supply sources (Appendix 
A).  Since this water would be released from Pueblo Reservoir, the water could be re-
diverted at the Excelsior Ditch headgate and routed to storage for subsequent use under 
this lease.  While this lease is for a term of 5 years (April 2012—April 2017), there is the 
potential for extension of the lease to provide water under a longer term.  Given PBWW’s 
multiple uses for its water rights, this water could be a supplemental source for AGUA. 

3.4  ROY Reusable Return Flows 

Under the PFMP, a ROY project was developed to provide facilities that would allow 
recovery of a portion of the yield lost related to participation in the PFMP.  While part of 
the ROY program has been storage in Holbrook Reservoir, which is located a significant 
distance downstream on the Arkansas River (between Rocky Ford and La Junta), storage 
in constructed reservoirs that can be fed by the Excelsior Ditch would provide more 
efficient means for the restoration of yield than the utilization of Holbrook Reservoir. 
Both PBWW and CSU have water reclamation facilities, which are upstream of the 
Excelsior Ditch headgate, and both of these facilities discharge reusable effluent.  Since 
it is difficult to continuously exchange water from downstream of the confluence of 
Fountain Creek back to Pueblo Reservoir, the means to facilitate restoration of yield is 
by storing water downstream when the exchange cannot be effectuated and then 
releasing water from storage when exchange potential exists to move water into Pueblo 
Reservoir.  Not only would water storage from the Excelsior Ditch facilitate restoration 
of water yield by improving the exchange capacity into Pueblo Reservoir, but there will 
also be less transit loss in moving water from the PBWW and CSU water reclamation 
facilities to the Excelsior Ditch, as opposed to sending this water approximately another 
45 miles downstream to the Holbrook Reservoir, the current downstream storage 
component in the ROY program. 

In summary, there are a number of water rights that are potentially available for storage 
in a facility that can be gravity-fed from the Excelsior Ditch, and the demands associated 
with this storage would include (a) continued irrigation use, (b) use for augmentation 
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releases, and (c) use for restoration of yield under the PFMP through an exchange 
process.		
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SECTION 4 - ANALYSIS OF ALTERNATIVES 

4.1 Enlarge Pueblo Reservoir  

The principal potential alternatives to the proposed water storage described in this 
application would be the potential to expand Pueblo Reservoir and/or continue to use 
Holbrook Reservoir.  The expansion of Pueblo Reservoir is not considered to be a 
practicable alternative, given that a recent Water Court Application by Southeastern 
Colorado Water Conservancy District to enlarge this reservoir was recently withdrawn, 
and the re-regulation of Pueblo Reservoir by CSU under the Southern Delivery System 
Project took approximately 8 years just to re-regulate uses in the reservoir—not to 
enlarge it.  In addition, the water sources that would help with the restoration of yield 
under the PFMP could not be reliably stored in Pueblo Reservoir, since these flows are 
generated downstream of the reservoir and an exchange potential only occasionally 
exists to move these waters into Pueblo Reservoir.  For all of these reasons, Pueblo 
Reservoir is not a good candidate site for additional water storage. 

4.2 Holbrook Reservoir  

Holbrook Reservoir is currently being used as part of the ROY project; however, there 
are significant transit losses associated with delivering this water to a point downstream 
of Rocky Ford and then potentially exchanging that water back up the river.  In addition, 
Holbrook Reservoir would not satisfy the needs of the current users of the Excelsior 
Ditch for direct irrigation water, and for augmentation water to offset out-of-priority 
depletions from the pumping of AGUA’s wells.  As such, the proposed reservoir in this 
application is ideally situated for a number of purposes and is superior to other storage 
alternatives in this reach of the Arkansas River.  
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SECTION 5 - SELECTED ALTERNATIVE 

5.1 Site Description and General Project Location 

The proposed Arkansas Storage Facility, Phase 1 will be located in eastern Pueblo 
County, approximately 10 miles east of Pueblo, Colorado, immediately south of US 
Highway 50 and approximately 1/4 mile north of the Arkansas River in Section 34, 
Range 63 West, Township 20 South of the Sixth Principal Meridian.  The site topography 
is flat and gently sloping south toward the Arkansas River channel.  The future reservoir 
site is currently being used to produce blue grass sod, which is irrigated by a single center 
pivot irrigation system.  The proposed project location (Site) is located on lands 
historically irrigated by the Excelsior Ditch, which has a diversion point approximately 
three miles to the west on the north bank of the Arkansas River.  The general site location 
and plan of key project components is shown on Figure 1. 

5.2 Arkansas Storage Facility, Phase 1 East Reservoir Project 
Description and Conceptual Plan 

The Arkansas Storage Facility, Phase 1 gravel pit reservoir will develop water storage 
above and below the existing ground surface by storing water in the granular alluvial 
soils, excavating a basin into the native soil profile, and constructing an embankment 
dam.  The embankment dam will be a ring dam and will vary in height from a few feet on 
the north end to approximately 30 feet on the south end.  The dam embankment will have 
3.5 horizontal to 1 vertical (H:V) upstream and 3H:1V downstream slopes.  A soil-
bentonite cutoff wall will extend along the dam centerline, completely encompassing the 
reservoir, from the existing ground elevation through the alluvial foundation and into the 
claystone bedrock  to provide foundation seepage control and isolate the water within the 
reservoir and cutoff wall from the groundwater.  The upstream embankment slope will 
have soil-cement erosion protection from the dam crest down to the existing ground 
elevation.  The downstream slope will be seeded with native grass.  Reservoir seepage 
through the embankment will be intercepted and safely conveyed with an embankment 
chimney drain, finger drains, and a toe drain.  The embankment will be approximately 
10,970 feet long, creating a reservoir surface area of approximately 152 acres at a normal 
maximum pool of Elevation (El.) 4548.0.  If most of the soils above the granular 
alluvium are removed, the bottom of the excavated reservoir would be at about El. 4528 
and the bottom of the alluvial storage would be at about El. 4503.0.  The facility would 
have total above and below ground storage capacity of approximately 4,110 acre-feet (ac-
ft).  Approximately 2,910 ac-ft would be reservoir storage and about 1,200 ac-ft would be 
alluvial storage. 



Feasibility Evaluation – Arkansas Storage Facility, Phase 1 Project 
April 2013 

 
 

 

 

  13101 13-04-08 East Reservoir Feasibility 
 

10

The reservoir will receive water from the Excelsior Ditch.  The Excelsior Ditch receives 
water from the Arkansas River through an existing diversion structure, approximately 4 
miles west of the Project site.  A new gated diversion structure located on the north side 
of the reservoir will divert flows from the Excelsior Ditch, which is an open channel, into 
a 60-inch-diameter buried pipeline that will flow into the new reservoir.  A concrete 
rundown chute at the discharge end of the buried delivery pipeline and energy dissipation 
structure will safely convey the diverted water into the reservoir.  A combined vertical 
pipe spillway and gated outlet structure will deliver reservoir releases to the Arkansas 
River through a 48-inch-diameter buried pipeline that will discharge into an energy 
dissipation structure.  A well will be used to remove water stored in the alluvium and 
convey that water to the outlet works.  A general plan of the primary project components 
is shown on Figure 2. 

5.2.1 Elevation-Capacity Table 

The elevation-storage capacity for the reservoir is provided on Figure 3.  Active reservoir 
storage is storage that can be released directly to the Arkansas River through the gated 
outlet works.  Active storage is approximately 2,910 ac-ft.  The alluvial storage capacity, 
which is the porous space in the alluvium, is approximately 1,200 ac-ft.  The total 
reservoir storage for the current project configuration is 4,110 ac-ft.  An additional 
storage volume of about 2,000 ac-ft would be available in the future if all of the alluvium 
is removed to the top of bedrock.    
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SECTION 6 - SUBSURFACE INVESTIGATIONS AND SITE 

STRATIGRAPHY 

6.1 Kleinfelder Investigation 

Kleinfelder drilled 11 borings around May of 2007 to identify the general stratigraphy at 
two proposed reservoir sites.  The borings were advanced to the top of bedrock using 
hollow-stem auger and SPT sampling methods.  No samples were recovered or tests 
performed.   

Four of the 11 borings were drilled within the reservoir footprint.  The upper soils were 
described as clay with average thickness of 9.8 feet overlying narrowly graded sands and 
sands with silt with an average thickness of about 25 feet.  The bedrock was described as 
Pierre Shale and was encountered at an average depth of 34.6 feet below the ground 
surface.   

Groundwater was measured during drilling at an average depth of about 11.8 feet below 
ground surface.  The elevation of the ground surface at the borings was not recorded. 

A summary of the Kleinfelder Investigation is included in Appendix A. 

6.2 RJH Investigation 

RJH performed a geotechnical investigation at the site between August 11 and September 
12, 2008.  Fourteen exploratory borings were advanced and eight test pits were excavated 
within or near the reservoir footprint.   

The borings were drilled by High Plains Drilling Company of Aurora, Colorado, under 
subcontract to RJH.  The purposes of the borings were to identify the subsurface 
stratigraphy and collect rock core samples for classification and laboratory testing.  An 
RJH engineer was onsite during drilling operations to photograph recovered samples, 
visually classify samples, and prepare field logs for each borehole.  The approximate 
locations of the borings are shown on Figure 4.  A stick log representation of the primary 
materials encountered in each boring is presented on a generalized centerline profile of 
the dam embankment on Figures 6, 7, and 8. 

Test pits were excavated by Southwest Farms, Inc. of Pueblo, Colorado, who was the 
owner of the property.  An RJH engineer was onsite during excavation to visually 
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classify the soil and rock, to collect samples, prepare field logs for each test pit, and 
record relevant excavation information.  The purposes of the test pit explorations were to 
observe surficial soil that could potentially be used as borrow material for the dam, 
observe the contact between clayey and granular materials, and obtain samples for 
laboratory testing.  Test pit locations are shown on Figure 4.  

6.2.1 Groundwater 

Groundwater was encountered in all borings and ranged between 14.0 and 29.0 feet 
below the ground surface.  The average elevation of the water table during the time of 
drilling was estimated to be about El. 4521.7.  Based on the information from the borings, 
the groundwater generally has a gradient of 0.4 to 0.5 percent to the southeast toward the 
Arkansas River. 

6.2.2 Drilling/Sampling Methods 

Borings were drilled using a CME 75 truck-mounted drill rig to advance  4 1/4-inch 
hollow-stem augers through overburden materials to competent rock.  Once rock was 
encountered NQ-size wireline continuous rock coring equipment utilizing water as the 
drilling fluid was used to advance the borings.  Core runs were generally 5 feet long.  
Borings ranged from 46 to 62 feet deep.  Samples suitable for laboratory testing were 
placed in a Ziploc bag and taped in compression to allow for transportation.  Upon 
completion of drilling, a piezometer was installed or the borehole was backfilled with 
cuttings. 

Soil and bedrock samples were obtained using either a standard split-spoon, California 
sampler, rock coring, or bulk sampling methods. 

6.2.3 Excavation Methods 

The test pits were excavated with a CAT 416C backhoe with a 3-foot-wide bucket.  Total 
depths ranged from 7.0 to 15.5 feet below the ground surface and were generally about 4 
feet wide and 12 to 18 feet long.  Each test pit was backfilled with the excavated material 
upon completion.  Each test pit was marked with a flagged lath and was subsequently 
surveyed by Edward-James Surveying, Inc.   
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6.2.4 Logging Method 

For the borings, soil samples were generally classified according to ASTM D 2488 
(visual-manual method) and rock cores were generally classified according to the U.S. 
Bureau of Reclamation (USBR) Engineering Geology Field Manual (USBR, 2001).  
Following laboratory testing, laboratory index test results were compared to field 
classifications and, if appropriate, logs were modified according to ASTM D 2487 
(Unified Soil Classification System).  Lithology between recovered samples is 
interpreted.  As appropriate, RJH field staff utilized indirect observations (e.g., drill 
chatter, drilling resistance, screening drill fluid, etc.) to interpret unobserved lithology.   

For the test pits, stratigraphy changes were measured from the middle of the trench 
(length wise).  For each different type of material identified during excavation, the field 
engineer recorded the classification and depth interval, and placed a representative 
sample in a large bulk sample bag. 

6.2.5 Laboratory and Field Testing 

Laboratory testing was performed on selected samples of soil and bedrock obtained in 
borings and test pits.  The following properties were evaluated:  index, strength, 
moisture-density, and permeability.  RJH engaged Advanced Terra Testing, Inc. of 
Lakewood Colorado and Hepworth-Pawlak Geotechnical, Inc. of Parker, Colorado to 
perform the testing.   

Laboratory testing included: 

 Four moisture content tests per ASTM D 2216 

 Fourteen Atterberg limits tests per ASTM D 4318 

 Seventeen grain-size analyses per ASTM D 6913 

 Two hydrometer tests per ASTM D 422 

 Two dry unit weight tests per ASTM D 2937 

 Two consolidated-undrained tests per ASTM D 4767 

 Two unconfined compression tests per ASTM D 2166 

 Five unconfined compression tests per ASTM D 7012, Method C 

 Two standard Proctor compaction tests per ASTM D 698 



Feasibility Evaluation – Arkansas Storage Facility, Phase 1 Project 
April 2013 

 
 

 

 

  13101 13-04-08 East Reservoir Feasibility 
 

14

 Two remolded back pressure permeability tests on specimens of proposed 
embankment material per ASTM D 5084 

A summary of the test results are included in Appendix B. 

Field tests included standard penetration resistance tests in the overburden soils and 
bedrock, pocket penetrometer tests on clayey standard split-spoon and California 
samples, and hydraulic conductivity tests (Packer tests) in competent bedrock.   

6.3 Site Geology 

The Site is located in the Colorado Piedmont Section of the Great Plains physiographic 
province.  Bedrock below the Site consists of Pierre Shale, which is an Upper Cretaceous 
sedimentary rock formation.  Surficial soils at the site consist of Post-Piney Creek 
alluvial deposits consisting primarily of clayey to sandy materials with occasional gravel 
deposits.  The site generally slopes to the south toward the Arkansas River.  Each of the 
geologic units are briefly described in the following sections.   

6.3.1 Topsoil 

Topsoil is present across entire Site at the ground surface and extends between 
approximately 0.5 and 1.0 foot deep.  Topsoil consists of mostly clayey soils with 
occasional organics and contains between 5 and 15 percent fine sand.  It is characterized 
as being soft to hard, light to dark brown, and dry to moist. 

6.3.2 Post-Piney Alluvium 

Alluvium underlies topsoil throughout the Site.  The thickness of alluvium encountered 
ranged from about 45 feet in the northeast corner to about 30 feet in the southwest corner.  
The thickness of alluvium in the Kleinfelder borings ranged from about 12 to 33 feet.  
The alluvium consists of clay, clay with sand, sandy clay, clayey sand, sand with silt, 
sand, sand with silt and gravel, and gravel with sand and silt.  Generally, the alluvium is 
divided into clayey and granular materials.  Clayey deposits generally consist of medium 
to high plasticity fines with sand contents ranging between 1 and 50 percent.  From the 
two samples tested, the liquid limit ranged from 38 to 62 with an average of 46 and the 
plasticity index ranged from 19 to 46 with an average of 29.  Clayey materials were 
classified as being very soft to hard, and dry to moist.   
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Granular deposits are relatively well distributed between fine, medium, and coarse.  The 
granular alluvium contains between less than 5 percent to about 60 percent gravel, with 
gravels grading from fine to coarse and typically shaped from sub-rounded to rounded.  
Gravel contents generally increase with depth.  Standard Penetration Test (SPT) N-values 
range between 1 and 65 with an average of 19, which is representative of medium dense 
soils.  SPT N-values generally increase with depth.  Densities within the coarse deposits 
are estimated to range from very loose to dense.  The granular deposits were described as 
typically moist to wet. 

6.3.3 Pierre Shale 

The claystone and sandy claystone is generally thinly bedded to laminated and varies 
between moderately weathered to fresh with a distinct weathering pattern that decreases 
with depth.  The claystone ranges from intensely to slightly fractured with higher 
concentrations of fractures near the top of the unit.  Generally, joints were tight to open, 
slightly rough to rough, with no to moderately thick infilling.  Hydraulic conductivity 
measured using Packer permeability tests range from 1.3 x 10-3 cm/sec to 1 x 10-7 cm/sec 
or less.  Calcite seams ranging between 1/2 and 1 ½ inches were observed in various 
borings.  Calcite tends to be moderately hard and react strongly with hydrochloric acid.  

6.4 Availability of Construction Materials 

Based  on  subsurface  investigation, testing, and analysis, the Site  appears suitable for 
the construction  of the proposed  reservoir.  In addition, materials required for the 
construction of the embankment fill, soil-cement slope protection, soil-bentonite cutoff 
wall, and embankment drain system are available on the Site.  The clayey alluvium 
overburden would be the primary material used to form the embankment.  The selected 
materials needed for the filter drains and soil-cement could be processed from the alluvial 
sand and gravels under or adjacent to the reservoir.   

6.5 Mineral Resources 

Gravel and sands are present under the overburden at the Site.  The Project work only 
includes removing the overburden soils and only the sands and gravels required for 
construction of the soil-cement slope protection, soil-bentonite cutoff wall, and the 
embankment drain system.  The reservoir would preserve the soil and gravel resource for 
the future when there is an economic need for the materials.   
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6.6 Reservoir Excavation 

Approximately 2,229,000 cubic yards of overburden will be excavated from the reservoir 
to develop the reservoir bottom shown on Figure 5.  Alluvium materials above El. 4528 
will be removed at the southwest part of the reservoir to provide hydraulic connectivity 
between the reservoir and the sand and gravel.  The area of removal is shown on Figure 
5.  About 4,300 cubic yards of alluvium above the invert of the outlet pipe is not planned 
to be removed initially.  This material may be removed during future phases of Project 
development.  Excavated overburden materials not needed for embankment construction 
will be stockpiled on private property to the east and immediately adjacent to the Site.  
The material has commercial value and may be incorporated into future projects. 
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SECTION 7 - TYPICAL EMBANKMENT SECTION, SEEPAGE AND 

STABILITY ANALYSIS 

7.1 General 

The Arkansas Storage Facility, Phase 1 embankment dam will be a ring dam and will 
vary in height from a few feet on the north side and along Excelsior Ditch to 
approximately 30 feet on the south side.  A soil-bentonite cutoff wall will extend along 
the dam centerline from the existing ground elevation and into the claystone bedrock.  
The upstream embankment slope will have soil-cement erosion protection from the dam 
crest down to the existing ground elevation.  A drainage layer will be constructed under 
the soil-cement to reduce uplift pressures.  The downstream slope will be seeded with 
native grass.   

Reservoir seepage through the embankment will be intercepted and safely conveyed with 
an embankment chimney drain, finger drains, and a toe drain.  The embankment will be 
approximately 10,970 feet long, creating a reservoir surface area of approximately 152 
acres at a normal maximum pool at El. 4548.0.    

A plan of the embankment is shown on Figure 5; a centerline profile on Figures 6, 7, and 
8; and typical sections on Figures 9 and 10. 

7.2 Typical Embankment Section 

Seepage and slope stability analyses were performed for one representative maximum 
cross section along the southern end of the reservoir and for one representative section at 
the north part of the dam at the existing Excelsior Ditch.  The analyses were performed 
based on a conservative long-term future condition when the sands and gravels are 
removed to top of bedrock.  The embankment crest was modeled at El. 4553.0 with a 
crest width of 15.0 feet for both cross sections.  The embankment upstream and 
downstream slopes were modeled as 3H:1V, which is the steepest slope anticipated and 
meets the State Engineer Office's (SEO's) requirements for dam safety.  The embankment 
slopes were modified early in concept development and the upstream slope modeled at 
3H:1V is steeper than the selected slope of 3.5H:1V.  Therefore, the slope stability 
analysis is conservative and the actual upstream slope stability factor of safety for the 
proposed cross section is greater than computed.  The upstream toe elevations were set to 
top of bedrock and downstream toe elevations were set to top of existing ground, which 
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vary for each cross section.  Both cross sections extend 350 feet into the reservoir bottom 
upstream of the embankment and extend 200 feet downstream of the embankment.   

The Arkansas River is located approximately 600 to 1,000 feet downstream of the south 
section embankment toe and a far field boundary condition was input into the model to 
represent the estimated total head in the river.  This cross section is estimated to be the 
most critical section along the dam perimeter.    

7.3 Slope Stability 

Two-dimensional stability analyses were performed to document the slope stability factor 
of safety for the embankment geometry.  Critical failure surfaces and minimum safety 
factors were computed using Spencer’s Method, which considers moment and force 
equilibrium.  We used the computer program Slope/W© 2007 to perform the iterative 
task of locating the critical failure surfaces and calculating the minimum safety factors.   

Slope stability analyses were performed for the north and south sections of the 
embankment dam for steady state seepage and rapid drawdown conditions.  The rapid 
drawdown load condition represents a condition where the reservoir is rapidly lowered 
from maximum normal pool.  The preliminary rapid drawdown analyses are based on a 
conservative assumption that drawdown is instantaneous and that drainage (pore pressure 
dissipation) does not occur in fine grained materials. 

Material properties were selected for the analyses based on laboratory testing of materials 
sampled from the Site and engineering judgment.  The material properties are presented 
in Table 7.1.  Conservative material properties were selected at this stage of design.  It is 
probable that once additional data is collected, the material properties will change.  Table 
7.2 provides a summary of the results of the stability analyses.   
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TABLE 7.1 
SELECTED PRELIMINARY MATERIAL PROPERTIES 

 

Material 
Properties 

 

Anticipated 
USCS 

Classifications 
 

Unit 
Weights Strength Properties Seepage Analysis Properties 

Moist Sat. 

c' 
(psf) 

ɸ' 
(deg)

Su 
(psf) 

Hydraulic 
Conductivity 

Anisotropy 
Radio 

Ɣm 

(pcf) 
Ɣsat 

(pcf)
kh 

(cm/s) 
kh 

(ft/s) 
kv/kh 

 
Embankment 
Fill 

CL, SC 122 128 0 25 1,000 2.5 x 10-6 8.2 x 10-8 1/9 

Clayey Alluvium 
CL, SC, SM, 
SH 

120 125 0 28 500 2.5 x 10-6 8.2 x 10-8 1/5 

Sand and 
Gravel Alluvium 

SP, SC, SM, 
SW, GM, GC, 
SP-SM, SW-
SM, GW-GM, 
GP-GM, GP-
GC 

122 132 0 30 -- 1.0 x 10-3 3.3 x 0-5 1/2 

Bedrock  135 140 1,200 25 5,000
5.0 x 10-4 1.6 x 10-5 

1/4 1.0 x 10-4 3.3 x 10-6 
1.0 x 10-5 3.3 x 10-7 

Sand Drain 
SP, SW, GW, 
GP 

-- 115 0 30 -- 1.0 x 10-2 3.3 x 0-4 1/2 

Soil-Bentonite 
Cutoff Wall 

  -- 125 0 28 500 1.0 x 10-7 3.3 x 0-9 1/1 

TABLE 7.2 
SLOPE STABILITY ANALYSIS SUMMARY 

 

Condition 
Recommend Minimum 

Factor of Safety(1) 

Computed Factor of Safety 

Max Section North Section 
Steady State Seepage 1.5 1.7 1.8 
Rapid Drawdown 1.2 1.3 1.2 
Note: 
1. Recommended minimum factor of safety for peak strength based on SEO Rules and Regulations for 

Dam Safety and Dam Construction (SEO, 2007).  

Computer outputs showing embankment sections, materials properties, and critical failure 
surfaces are presented in Appendix C. 
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7.4 Seepage Analysis 

Seepage analyses were performed to identify the probable location of the phreatic surface 
in the embankment and to estimate the expected seepage quantities through the 
foundation and embankment to support design of the internal drainage systems.  The 
seepage analyses were performed using the two-dimensional, finite-element program 
GeoStudio 2007, specifically, the SEEP/W module.   

The permeability of the various materials were based on field and laboratory test results, 
empirical correlations, and experience.  Anisotropy of the various embankment and 
foundation materials were developed based on engineering judgment.  RJH developed 
hydraulic conductivity functions based on Soil-Water Characteristic Curves presented in 
the SEEP/W manuals and the design values for saturated permeability.  The far field 
boundaries were set to the normal pool upstream of the dam embankment.  Downstream 
of the dam embankment, the far field boundaries were set to the existing groundwater 
levels based on drilling records for the north section and to the Arkansas River water 
level for the maximum embankment section.  

Generally, the bedrock along the proposed centerline of the cutoff wall can be divided 
into three distinct zones based upon Packer test results, fracturing, weathering, and 
hardness characteristics of the bedrock.  Based on the data, bedrock along the dam 
alignment is characterized as 4 to 7 feet of intensely to moderately fractured rock with 
closely to moderately spaced fractures being slightly open to open, slightly rough to 
rough, with no to moderately thick infilling.  Weathering is described as moderately to 
slightly weathered with a typical hardness of H7.  Bedrock below about 7 feet is 
characterized as being moderately to slightly fractured with slightly open fractures with 
no filling.  Weathering is described as being moderately to slightly weathered with 
hardness ranging between H7 and H6.  Recorded Packer test results range between 2.1 x 
10-4 and 1.0 x 10-7 cm/s.  Hydraulic conductivities tend to decrease with hardness.  The 
estimated hydraulic conductivities for the three layers are provided in Table 7.1. 

A soil-bentonite cutoff wall will be constructed from the existing ground and into 
bedrock.  The depth of penetration into bedrock will vary based on the variation of rock 
conditions.  For this preliminary analysis the soil-bentonite cutoff wall was modeled as 
3.0 feet wide and 5.0 feet into bedrock. 

A chimney drain will be constructed downstream of the dam embankment centerline.  
The preliminary width of 6.0 feet was selected based on constructability.  Based on the 
results from the seepage analysis at the maximum embankment section, the capacity of 
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the drain is estimated to be about 4,000 times the amount required to carry flow into the 
drain.  Seepage into the chimney drain will be conveyed through finger drains to the dam 
embankment toe, which will be constructed at a spacing required to carry the anticipated 
flow amount. 

Using the results from the seepage analyses, we estimated total losses through the dam 
and dam foundation by taking the results from the two-dimensional seepage analysis 
times the approximate length of the dam, which is conservative.  Annual losses could be 
up to about 107 gallons per minute (gpm) or 170 ac-ft per year (ac-ft/yr) if the reservoir is 
maintained at normal pool for the entire year.  These amounts are for seepage through the 
dam embankment and foundation only and do not include evaporation losses. 

The results of the seepage analysis are provided in Appendix D. 

Additionally, a model was preformed to estimate inflow into an empty reservoir 
excavated down to the top of bedrock to compare with lining criteria for gravel pits.  The 
criteria used were from the State Engineer Guidelines for Lining Criteria for Gravel Pits 
(SEO, 1999).  The maximum section (south section) was used for the analysis with the 
upstream boundary condition set as an estimated Arkansas River water elevation.  The 
downstream (reservoir) boundary condition was conservatively set to  the top of bedrock.  
The maximum allowed inflow to meet the design standard is estimated to be about 118 
gpm.  An inflow of about 111 gpm is estimated based on the model output, which meets 
the Design Standard and provides a safety factor of 3 on the Performance Standard. 

7.5 Slope Protection 

The interior slope of the dam will need to be protected from erosion caused by wave 
action.  Typically on reservoirs with an above and below ground storage volume, the 
upstream slope above original ground surface (the dam) is protected against erosion.  For 
this Project, soil-cement was selected because it is a proven and effective slope protection 
method, it can be manufactured using the on-site granular alluvial soils, and because 
there is not a close source of riprap.  This thickness of soil-cement varies based on many 
factors.  For this feasibility design we have selected a thickness (normal to the slope) of 
12 inches, based on experience and recommendations developed by the Portland Cement 
Association (PCA). 
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SECTION 8 - HYDROLOGIC EVALUATION 

8.1 100-Year Floodplain 

A portion of the proposed embankment is located within the Federal Emergency 
Management Agency (FEMA) regulatory 100-year floodplain for the Arkansas River.  
Floodplain mapping for this reach of the Project area is designated FEMA Zone A which 
denotes “approximate” mapping.  No flood discharges, hydraulic modeling, or base flood 
elevations are published for Zone A areas.  FEMA floodplain limits for the Project area 
are illustrated on Figure 2.  Evaluating the impact of the proposed reservoir on flood 
elevations requires that a 100-year discharge for the tributary 6,250 square mile drainage 
area of the Arkansas River upstream of the Site be estimated.  Detailed hydrologic and 
hydraulic modeling will need to be performed during design to establish base flood 
elevations.  The required analyses and modeling for the Site have been initiated but not 
completed at this time.  Completion of these analyses and floodplain permitting are 
expected to be a first step in the next phase of design.  Significant coordination with 
FEMA and the local floodplain administrator is anticipated for  establishment of an 
appropriate flood discharge.     

Generally,  increases in flood levels would require property or flood easement acquisition 
for impacted areas and any impacts to insurable structures would have to be eliminated 
through acquisition and removal, raising, or moving.  Because land use upstream of the 
proposed Site is agricultural with very few structures in the floodplain, small increases in 
regulatory flood levels are unlikely to have large implications.  If future analyses indicate 
the proposed reservoir would cause an unacceptable rise in base flood elevations, modest 
adjustments to reservoir limits could be made to reduce impacts. 

Floodplain permitting requirements will depend in part on how large an impact (if any) 
the proposed reservoir has on regulatory flood levels.  Likely permitting requirements are 
described in Section 8.1.    

8.2 Approximate Dam Breach Flow and Estimated Dam Hazard 
Classification   

The reservoir is expected to be classified as a Small, Low-Hazard dam in accordance 
with requirements set forth in the State Engineer Rules and Regulations for Dam Safety 
and Dam Construction (SEO, 2007).  A small, low-hazard classification is appropriate 
because the maximum dam height will be less than 50 feet and above grade storage is less 
than 4,000 ac-ft.  Breach flows from the dam would flow directly into the Arkansas River 
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channel to the south of the reservoir.  The estimated peak breach flow from the maximum 
reservoir section is on the order of 27,400 cubic feet per second (cfs).  The estimated 100-
year flood flow in the Arkansas River based on the current FEMA flood limits at the Site 
is approximately 57,700 cfs.  The breach flow from the maximum section of the dam 
would be easily contained within the 100-year floodplain of the Arkansas River but 
would exceed the existing channel capacity of the river, which is estimated to be 
approximately 6,000 cfs.  Only minor flooding beyond the river channel would occur and 
the breach flows would quickly attenuate because of the broad and flat floodplain 
downstream of the dam and reservoir. 

8.3 Wave Run-Up Analysis 

A wave run-up analysis was performed to evaluate the amount of minimum freeboard 
required by SEO guidelines.  The analysis was performed to evaluate long-term 
conditions with a reservoir bottom set at top of bedrock.  Guidance from the U.S. Army 
Corps of Engineers and the U.S. Bureau of Reclamation was used for the analysis. 

The total wave run-up is estimated to be about 3.8 feet, which is less than the minimum 
freeboard required by SEO of 5.0 feet.  It might be possible in future stages of design to 
reduce the freeboard to 4 feet. 

8.4 Inflow Design Flood and Reservoir Routing   

Given a classification of a small, low-hazard dam, the IDF required by SEO regulations 
will be the 100-year storm.  The reservoir will be an off-channel structure with no 
tributary inflow area.  A total embankment ranging in height from about 5 to 21 feet 
above existing ground will surround the entire reservoir isolating it from flood flows in 
the Arkansas River and runoff from local watersheds.  Runoff from local watersheds 
historically tributary to the Site is currently intercepted by Highway 50 and passed under 
the roadway in several culverts.  Discharge from these culverts is in turn intercepted by 
the Excelsior Ditch with any flows exceeding the ditch capacity overtopping the ditch 
bank and sheet flowing down to the Arkansas River.  The reservoir embankment may 
require erosion protection in limited areas but no off-site flows will enter the reservoir.  

Under these conditions, the 100-year inflow design event for the proposed reservoir will 
consist only of the volume of water that falls on the interior of the reservoir during the 
100-year rainfall event.  Rainfall depths for the 100-year event are available in the 
Precipitation-Frequency Atlas of the Western United States, Volume III, Colorado 
(NWS, 1973).  Based on this reference, the 100-year, 24-hour precipitation depth for the 
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Site is 4.6 inches.  Freeboard for the reservoir will be at least 4 feet (currently set at 5 
feet) and the 100-year event would therefore be easily stored within the reservoir.  An 
ungated outlet structure (spillway) will maintain reservoir pool between El. 4548.0 and 
El. 4548.4 and will allow a slow release of any 100-year event.  Information on the 
ungated spillway is provided Section 9.  
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SECTION 9 - HYDRAULIC STRUCTURES 

9.1 Reservoir Inlet Structures 

Water would be supplied to the proposed reservoir by the existing Excelsior Ditch.  The 
ditch and feasibility-level locations for water intake structures are shown on Figure 5.  
Reservoir intake structures would consist of a ditch check, an intake structure with a gate 
for flow control, pipeline to the reservoir, an outlet structure, rundown, and an energy 
dissipater.  Reservoir inlet structures are illustrated on Figures 11 and 12 and described in 
the following paragraphs.  

The reservoir intake would consist of a gated diversion structure on the Excelsior Ditch.  
A trashrack has been included to reduce the potential to plug the inlet pipe and convey 
debris into the reservoir.  The trashrack was sized to provide a 2 foot per second (fps) 
velocity through the trashrack with 30 percent plugging and a 6-inch bar spacing.  The 
intake face and trashracks would be vertical to provide easier installation and removal, 
limit debris accumulation, and provide access from the top for manual cleaning if 
necessary.  Internal concrete divider walls would provide support for the trashracks and 
openings or orifices between the walls could be added during the design phase to equalize 
inflows over the trashrack face.  Inflow equalization would help limit debris 
accumulation on the trashracks, plugging potential, and debris quantities delivered to the 
reservoir.   

A 5-foot-diameter pipe was selected to convey water from the intake structure to the 
reservoir.  For the expected low head levels in the ditch at the intake structure, the pipe 
flow is inlet controlled and a tapered inlet transition from the intake structure was used to 
improve hydraulic capacity.  The inlet pipeline is expected to be precast concrete pipe 
with gasketed joints.   

The intake pipeline would discharge to a concrete rundown structure on the interior of the 
reservoir embankment.  A level, elevated concrete crest at the top of the rundown would 
provide for spreading and even distribution of flow across the rundown.  Maximum 
velocities on the rundown would be less than 35 fps.  The concrete rundown channel 
would discharge to a concrete stilling basin depressed below the reservoir bottom.  The 
stilling basin would only be required when filling the reservoir from an empty condition.  
Once a substantial water depth is reached, the pool itself would provide energy 
dissipation. 
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The ditch check structure would be located a short distance downstream of the intake 
structure.  The check would be used to regulate the volume of flow through the ditch to 
enable all or a portion of the flow to be diverted to the reservoir.  The current concept 
includes two overshot gates.  Overshot gates were selected because they provide the 
advantage of opening from the top down and when full open, the gates are close to the 
channel invert.  This allows the gate to pass or flush surface debris when partially open 
and, when lowered fully, to flush bottom sediments.  Locating the check structure a short 
distance downstream of the intake for the reservoir should limit debris accumulation on 
the intake trashracks.   

9.2 Reservoir Outlet Structures 

The outlet works concept consists of a low-level intake for release of Project flows to the 
Arkansas River and an ungated service/emergency spillway.  Discharges from these 
facilities would be delivered to the Arkansas River by a steel pipe that terminates in an 
impact basin near the river.  The outlet works concept is illustrated on Figure 13 and 
described in the following paragraphs. 

The low-level intake would consist of concrete intake box with trashrack and 
hydraulically actuated sluice gate delivering water to a 54-inch-diameter steel pipeline.  
The trashrack has been sized to provide a 2 fps velocity through the trashrack assuming 
50 percent plugging and 6-inch bar spacing.  A 54-inch-diameter sluice gate has been 
included as a “guard gate.”  This gate will typically be positioned either fully open or 
fully closed and not used for flow control.  When delivering Project water, the sluice gate 
would generally be in the full-open position.  Closure of the gate would allow 
dewatering, inspection, and required maintenance of the entire downstream pipe and 
facilities.   

Water from the low-level intake would be delivered through the 54-inch pipeline to a 
valve and spillway tower near the dam crest.  The tower would contain a hydraulically 
actuated, knife gate valve to provide flow control for Project discharges.  A hydraulic 
power unit to operate this valve and the guard gate would be located within a valve house 
on top of the tower.  The tower would also function as a service and emergency spillway.  
A 10-foot-wide ungated overflow crest with trashrack would be located on the face of the 
tower.  The crest elevation of the spillway would be set at the maximum normal water 
surface at El. 4548.0.  The spillway would provide for controlled release of the 100-year 
design storm event and any more routine storm events that result in reservoir levels 
exceeding the maximum normal water surface. 
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Project water releases and any spillway flows would enter the 54-inch steel pipe at the 
bottom of the tower for delivery to the Arkansas River.  The 54-inch-diameter steel outlet 
works pipe would provide a discharge capacity of 150 cfs or greater for reservoir levels 
above approximately El. 4538.  Below this reservoir storage elevation, discharge capacity 
would gradually decrease.  Outlet works capacity would be reduced to about 100 cfs at a 
storage elevation at El. 4534.0 and to 50 cfs at about El. 4532.  These discharges assume 
low flow conditions and a water surface elevation in the Arkansas River at El. 4528.0.  At 
higher river flows, outlet works capacities would be less. 

A USBR impact-type basin for energy dissipation would be located at the discharge point 
to the river.  The discharge point is located on a bend to reduce pipe length.  Although the 
river channel appears to be reasonably stable, the stability of the channel and need for any 
type of erosion protection needs to be evaluated in future stages of design.  The outlet 
works outlet would be constructed so that excavation is not required below the normal 
high water line of the Aransas River. 

9.3 Alluvial Well 

An alluvial well would be constructed on the south part of the reservoir as shown on 
Figure 2.  The well would consist of 24-inch-diameter casing with a 40 horsepower motor 
capable of pumping about 700 to 1,000 gpm.  The water will be removed and conveyed 
to the outlet works tower. 
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SECTION 10 - IMPACTS 

Generally, this water storage project will provide a positive impact to regional water 
resource development, as described in the previous sections.  Since the water will be 
diverted at an existing diversion structure on the Arkansas River, we do not believe that 
there will be any Federal nexus related to Section 404 permitting under the Clean Water 
Act.  Since the water being stored is likely to be serving existing uses, we do not believe 
there will be any significant change in land use other than the actual building of the 
reservoir.  In terms of water quality, the ROY project can actually provide higher-quality 
water to PBWW and CSU water users, based on lower-quality water being captured at 
the proposed storage facility and then exchanged upstream with higher-quality water at 
Pueblo Reservoir. 
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SECTION 11 - OPINION OF PROBABLE PROJECT COST 

This opinion of probable costs are based on the feasibility-level design concepts 
presented in this report.  Quantities were estimated for the major construction items.  The 
lump sum item prices are based on qualitative estimates of the work required and the 
corresponding cost.  Estimated unit prices and costs for the primary work items were 
derived from the following sources:  

 Published and non-published bid price data for similar work from similar projects. 

 R.S. Means Heavy Construction Cost Data for 2013. 

 Manufacturer’s budgetary price quotes. 

 Our previous experience and engineering judgment.   

It is our opinion that this cost opinion represents a Class 4 level estimate as defined by 
the Association for the Advancement of Cost Estimating (AACE).  This level is 
appropriate for a study or feasibility phase where the design engineering is between 1 and 
15 percent complete.  The reliability of this level of estimate according to the AACE 
should be considered to be between about minus 15 to 30 percent and plus 20 to 50 
percent.   

The sum of the listed items for each category is defined for this study as the “Base 
Construction Subtotal” (BCS).  The sum of the BCS, mobilization, bonds, insurance is 
defined as the “Direct Construction Cost” (DCC).  For this study an allowance of 2.5 
percent of the BCS was included to account for the construction contractor’s costs for 
mobilization, bonds, and insurance. 

The Opinion of Probable Project Costs (OPPC) is the sum of the DCC, construction 
contingencies, and engineering and administration costs.  For this Project, the OPPC 
includes an allowance of 40 percent for contingencies, engineering, and administration as 
follows:   

 20 percent of the DCC to account for construction contingencies.  This allowance 
will decrease as project development progresses toward more detailed levels of 
design. 

 9 percent of the DCC for design engineering. 

 9 percent of the DCC for construction engineering. 

 2 percent of the DCC for legal fees, permitting, and owner administration. 
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A summary of quantities and our OPPC is presented in Table 11.1.  Costs are presented 
in 2013 dollars. 

This opinion of probable construction costs (OPCC) is based on professional opinion of 
the costs to construct the Project as described in this report.  Actual costs would be 
affected by a number of factors beyond current control, such as supply and demand for 
the types of construction required at the time of bidding and in the Project vicinity, 
changes in material supplier costs, changes in labor rates, the competitiveness of 
contractors and suppliers, changes in applicable regulatory requirements, and changes in 
design standards and concepts.  Therefore, conditions and factors that arise as Project 
development proceeds through construction may result in construction costs that differ 
from the estimates documented in this report. 

Much of the cost for this Project is earthwork and the cost for earthwork is highly 
sensitive to fuel costs.  If fuel costs change significantly in the next few years the cost of 
the Project could be directly impacted.  RJH has not attempted to predict changes in 
future fuel prices to develop this OPPC. 
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TABLE 11.1 
OPINION OF PROBABLE PROJECT COST 

 
Item 

 
Quantity 

 
Unit 

 
Unit Price 

($) 
Totals 

($) 
Dam Embankment Components 5,165,200
Soil-Bentonite Slurry Wall 2,126,250

Mobilization 1 LS 75,000.00 75,000
Soil-Bentonite Design Mix 1 EA 15,000.00 15,000
Cutoff Wall 452,500 SF 4.50 2,036,250

Dam Components 3,038,950
Embankment Fill 315,000 CY 2.00 630,000
Soil-Cement Slope Protection 27,000 CY 47.00 1,269,000
Drainage Layer 18,000 CY 25.00 450,000
Sand (Chimney) 21,000 CY 26.00 546,000
Sand (Trenched) 460 CY 25.00 11,500
Gravel 260 CY 30.00 7,800
Drain Pipe (8-inch-diameter) 8,310 LF 15.00 124,650

Inlet Works Facilities 283,070
Ditch Check Structure 110,170
Canal Diversion Structure 57,100
Intake Pipeline 45,920 
Reservoir Outlet and Rundown 69,880
Outlet Works Facilities 913,800
Low level Inlet Structure 87,800
Steel Outlet Works Pipeline 496,000
Valve House 154,500
Flow Monitoring Vault 31,500
Energy Dissipater 144,000
Alluvial Well 200,000
Base Construction Subtotal (BCS) 6,549,220

Mob/Demob (15% of BCC) 98,238
Bonds/Insurance (1% of BCC) 65,492

Direct Construction Cost (DCC) 6,712,951
Construction Contingencies (20% of DCC) 1,342,590
Final Design and Engineering (9% of DCC) 604,166
Construction Engineering (9% of DCC) 604,166
Owner Administration (1% of DCC) 67,130
Permitting (1% of DCC) 67,130
Excess Overburden Removal 1,913,000 CY 1.60 3,060,800

Opinion of Probable Project Cost 12,458,931
Cost Per Acre-Foot of Total Storage  3,031
Cost Per Acre-Foot of Total Storage (not including Alluvial Storage) 4,281
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SECTION 12 - FINANCIAL PLAN 

The total project cost is estimated at $22,523,793 with 44% LTV financing, this creates a 
loan request of $9,900,000.  Since we are constructing this storage to use in our 
agricultural operations, we are requesting a 10 year amortization at 1.25% annual 
interest rate.  

We plan to fund our 56% plus other costs through the Company’s cash on hand and 
availability of other cash resources through the equity markets.  The table below is a 
summary. 

 
TABLE 12.1 

PROJECT FUNDING, SUMMARY FINANCIAL INFORMATION AND 
REPAYMENT 

 

  
2013 2014 2015 2016 2017 

Farm Revenue   1,950,624   8,089,182   20,134,375   29,520,319   38,785,388  
Farm Cost of Revenue   1,170,374   4,061,473   9,540,999   13,265,445   16,622,549  
Farming Gross Margin   780,250   4,027,709   10,593,376   16,254,874   22,162,839  
Debt service: 

  
    

CWCB - New Loan 
 

 -     (92,813)  (1,059,330)  (1,059,330)  (1,059,330) 
Cash Flow After CWCB 
New Loan and Before 
G&A 

 

780,250 3,934,896 9,534,046 15,195,544 21,103,508 

As a precondition to closing on the CWCB loan and as part of Phase I of the ASF, Two 
Rivers will use a portion of its $12,533,793 in equity capital to purchase a majority 
interest (53.77% or 1,792 shares) of the Excelsior Irrigation Company and 
approximately 323 acres of land which is capable of developing into approximately 
13,000 ac-ft of storage space to provide the CWCB with a first Deed of Trust as 
collateral for the CWCB Loan. 

 



Feasibility Evaluation – Arkansas Storage Facility, Phase 1 Project 
April 2013 

 
 

 

 

  13101 13-04-08 East Reservoir Feasibility 
 

33

SECTION 13 - IMPLEMENTATION SCHEDULE 

The Two Rivers Water Company plans to construct the Arkansas Storage Facility, Phase 
1 as soon as practical.  A proposed implementation schedule is presented in Table 13.1. 

TABLE 13.1 
PROJECT IMPLEMENTATION SCHEDULE 

 
Item Schedule Date 

Loan Application and Feasibility Study to CWCB April 2013 
Feasibility Study Reviewed and Approved by CWCB May 2013 
Funding Approved by CWCB Board May 2013 
Final Project Engineering Design Started June 2013 
Permitting Started June 2013 
Project Design Completed April 2014 
Designs, Plans, and Specifications Submitted to SEO May 2014 
Flood Plan Permits Obtained November 2013 
Other Permits Obtained February 2014 
SEO Approves Project July 2014 
Bidding and Procurement June 2014 
Project Construction Started August 2014 
Project Construction Completed August 2015 

13.1 Permitting and Institutional Feasibility 

Permitting from and coordination with a number of governmental agencies will be 
required to construct the Project.  Following is a listing of the agencies and the 
anticipated permits that will be required. 

13.1.1 Floodplain Permitting 

Floodplain permitting requirements for the Project will consist of one or more of the 
following elements depending on the degree of impact:  

 Local Floodplain Development Permit.  Issued by Pueblo County and required 
in all cases regardless of the level of impact (or lack of) because a portion of the 
Project is within a FEMA mapped floodplain. 

 FEMA Conditional Letter of Map Revision (CLOMR).  Typical FEMA 
regulations for Approximate A Zones require a CLOMR application only if it is 
determined that a rise greater than 1 foot will occur. 



Feasibility Evaluation – Arkansas Storage Facility, Phase 1 Project 
April 2013 

 
 

 

 

  13101 13-04-08 East Reservoir Feasibility 
 

34

13.1.2 State Engineers Office 

The dam and reservoir must be designed and constructed in accordance with the SEO 
Rules and Regulations for Dam Safety and Dam Construction (SEO, 2007).  Review and 
approval of Project designs, plans, specifications, and construction by the SEO will be 
required. 

Design, construction, and performance standards will need to be considered in 
accordance with State Engineer Guidelines for Lining Criteria for Gravel Pits (SEO, 
1999).  A Gravel Pit Well Permit will also be required. 

13.1.3 Pueblo County 

A county Special Use and Land Use 1041 permit will be required to construct the Project.  
The Pueblo County Planning Department will review the Project application and the 
County Commissioners will approve the permits based on recommendation of the 
Planning Department staff.  The Pueblo County Planning Department staff will route the 
Special Use Permit application to all local and state agencies that might have comments 
on the Project. 
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SECTION 14 - LIMITATIONS 

The information presented in this report is suitable for feasibility design purposes only.  
The information in this report is based primarily on data obtained from review of existing 
documents, data, and studies for the subject site.  Significant additional data is needed to 
refine the concepts in this report.  Also, the nature and extent of variations between 
specific subsurface data may not become evident until future phases of exploration and 
construction.  Timely and comprehensive observation and evaluation of actual subsurface 
conditions, supported by appropriate field and laboratory testing, will be critical during 
future design and construction phases.  Variations in the subsurface profile described 
herein should be anticipated. 

RJH has endeavored to conduct our professional services for this Project in a manner 
consistent with a level of care and skill ordinarily exercised by members of the 
engineering profession currently practicing in Colorado under similar conditions as this 
project.  RJH makes no other warranty, expressed or implied. 

Opinions of Probable Project Costs presented in this report are based on our professional 
opinion of the cost to construct the Project as described in this report.  The estimated 
costs are based on the sources of information described herein, and our knowledge of 
current construction cost conditions in the locality of the Project.  Actual Project 
construction costs are affected by a number of factors beyond our control.  Therefore, 
conditions and factors that arise as Project development proceeds through design and 
construction may result in construction costs that differ from the estimates documented in 
this report. 

This report has been prepared for use by Two Rivers Water Company and for exclusive 
application to the Arkansas Storage Facility, Phase 1 Project. 
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APPENDIX E 
 

SUMMARY OF OPERATIONS AND DEBT SERVICE 
 



Two Rivers Water & Farming Company
Summary of Operations and CWCB Debt Service

12 mo 12 mo 12 Mo 12 mo 12 mo
2013 2014 2015 2016 2017

Farm Revenue     1,950,624        8,089,182      20,134,375      29,520,319      38,785,388 
Farm Cost of Revenue     1,170,374        4,061,473        9,540,999      13,265,445      16,622,549 
Farming Gross Margin        780,250        4,027,709      10,593,376      16,254,874      22,162,839 
Debt service:

CWCB - New Loan                  -   (92,813)               (1,059,330)      (1,059,330)      (1,059,330)
Cash Flow After CWCB New Loan and Before G&A        780,250        3,934,896        9,534,046      15,195,544      21,103,508 

CWCB - new loan
Prinicipal 9,900,000$       
Interest rate 1.250%
Life (years) 10
Yearly payment (1,059,330)$     




