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l.r .~ed States Department of the Interior
Bureau of Reclamation

PO Box 36900, Billings Montana 59107-6900

TRANSMITTAl FORM

Reply to: GP-3800
September 17, 1999

To:

From:

Subject:

Jeris Danielson
P-urgatoire River Vvater Conservancy District
6805 West Fourth Avenue
Lakewood CO 80226

Grants and Agreements Office~ "ft7
Cooperative Agreement No. 99FC601330 for Water Conservation for Canal Loss
Study

A fully executed copy of the subject agreement is enclosed for your records. Funds in the
amount of $50,000 are hereby reserved to cover payment of all earnings under this
agreement for the period of iIscal year 1999. Total funds for this agreement is $50,000. It.
is to be expressly understood that the Government has no obligation to provide funds in
addition to those reserved in writing.

Please contact Leatha Frost at (406) 247-7818 if you have any questions regarding this
matter.

Enclosure

cc: Area Manager. Loveland CO
Attn: P. Sunde

GP-3300
(ea wI copy of enc])
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AGREEMENT NO. 99FC601330

COOPERATIVE AGREEMENT

BETWEEN
BUREAU OF RECLAMATION

GREAT PLAINS REGION
EASTERN COLORADO AREA OFFICE

AND
PURGATOIRE RIVER WATER CONSERVANCY DISTRICT

FOR
CANAL LOSS SEEPAGE STUDY

A. BACKGROUND~URPOSE

This agreement is in support with the Commissioner's Water Conservation Program and the Eastern
Colorado Area Office's 1999 Field Service Plan in supporting water conservation in the eastern
Colorado area. This agreement between the Bureau of Reclamation, herein referred to as
"Reclamation" and the Purgatoire River Water Conservancy District, herein referred to as "District."

The irrigated lands below the Trinidad Dam and Reservoir are served by the Trinidad Project
completeq in 1977. The 1ite\J "" Fal'li~8 mak 'I['!lie OJ.ldet These sitch eempmriw F@~ ttl

.:.:tIm llomdfThere are~'arfhcompanies and entities that receive water from the Trinidad Project
admin.istered by the District. Diverting water from the north side{f.thffiriver include the Salas,"" r.aJ1 c. PI c: e;jl.<1.1rr:. •Bums",Duncan, Hoehne, Model Inlet/Johns Flood, El Moro. lhe ewelmg-Mccormick, South
Side,Yi~, and Chilli Ditches divert water from the south side of the Purgatoire River. ·Tt

Although the project is relatively young, the ditch companies have been around for several years
with little maintenance work performed on the canals. In order to manage the system wiser a transit
loss study will be conducted within the District's boundaries. This study will help in the future
management of the system. In conjunction with the transit loss study identification of types of
measurement devices and drainage concerns will be developed.

B. OBJECTIVESIBENEFITS

The objective of this agreement is to provide cooperative efforts between Reclamation and the
District in collecting data on main canals to determine the amount of seepage occurring.

C. AUTHORITY

Section 210 of Public Law 97-293, known as the RECLAMATION REFORM ACT of 1982, and
the RECLAMATION ACT of 1902, as amended, established the Bureau of Reclamation's
involvement in water management and conservation.
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D. RESPONSIBILITIES OF THE PARTIES

Reclamation shall:
1. Provid e funds in the amount of $50,000 in Fiscal Year 1999 and 2000 and funds in the

amount of $25,000 in Fiscal Year 200 I
2. Provide National Environmental Policy Act Compliance
3. Approve District's selection of a contractor

District shall:
I. Select contractor for study (Study parameters will include transit loss for canals,

identification of types of measuring devices to be used in system, and drainage concerns)
2. Manage the contract
3. Provide updates on study and a final report (see Section E for a detailed outline of final

report)
4. Clearly mark public literature or publications with a notation which identifies Reclamation

as the funding agency; identify Reclamation funding in professional papers which may be
prepared as a result ofthis activity; and include Reclamation's logo in signs or other artwork.

Reclamation and District shall:

1. Identify test sites
2. Cosponsor workshops
3. Analysis data

E. PERFORMANCE SCHEDULE AND DELIVERABLES

Data collection
Data collection
Analysis data
Education (yVorkshops)
Final Report

July 1999-September 1999
April 2000-September 2000
September I999-September 200 I
April 200I-September 200 I
December 2001

1. Final Reports One copy of a final summary report, evaluating the activities carried out
under this agreement shall be provided to Reclamation upon completion of this
agreement Final Report shall contain Project Background, Goals of Project, Funding
Sonrces and Expenditnres, Design and Construction Methods, Project Methodology,
Water Application Information, Recommendations, Public Announcements,
Information, and Edncation, and Photographs

F. BUDGET

Contingent upon availability of funds, Reclamation will provide funding to the District not to
exceed a total of $50,000 in any given year.
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Budget FY'99 FY'OO FY'OI

Reclamation $50,000.00 $50,000.00 $25,000.00

District $20,000.00 $20,000.00 $10,000.00

TOTAL $70,000.00 $70,000.00 $35,000.00

G. PAYMENT

The District shall use Standard Fonn (SF) 270, Request of Advance or Reimbursement, to request
payment under this agreement. Reclamation will pay the District after receipt of an invoice showing
allowable and allocable expenses incurred. Request for forms and billing should be sent to
Reclamation's technical representative- Bureau of Reclamation, Eastern Colorado Area Office,
11056 W County Road 18 E, Loveland CO 80537.

All payments made by Reclamation pursuant to this agreement shall be in accordance with the
requirements and guidelines as set forth in OMB Circular A-I 02.

H. MODIFICATION

The parties to this agreement may mutually modify and/or extend this agreement and any such
modification or extension shall be confinned in writing prior to perfonnance or change.

I. TERMINATION

Either party may terminate this agreement upon 30 days written notice to the other party. Upon
tennination, each party shall bear its pro-rata share of the cost ofwork perfonned as of the date of
tennination. Payments made under this agreement, including payments under this article, shall not
exceed $50,000.

J. LIABILITY

To the extent allowed by Colorado law, th e District agrees that it shall be liable for the negligent acts
or omissions of its employees in carrying out the provisions of the work, and agrees to hold
Reclamation hannless in regard to any damages caused by the negligent acts or omissions of the
District or its employees in perfonning work financed under this agreement. Any liability of the
United States shall be limited to that allowed under the Federal Tort Claims Act, and any liability
of the District shall be limited to that allowed under the Colorado Governmental Immunity Act.

K. TECHNICAL REPRESENTATIVES.

The following individu als will be responsible for the administration of the terms of this agreement:
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Agreement No. C000179
Customer No. C0177

TIN 84-0716341

For'ni 9-1356
(May 1996)

U.S. Department of the Interior
U.S. Geological Survey

Joint Funding Agreement
FOR ..

Water Resources Investigations

THIS AGREEMENT is entered into as of the 1st, . day of . June .... 2000 by the U.S. GEOLOGICAL SURVEY,
UNITED STATES DEPARTMENT OF THE INTERIOR', partY of the first part, and the Purgatoire River Water Conser-
vancy District, party of the seco·nd part. . .

1. The parties hereto agree that subject to the aVCiiIabiIity of appropriations aryd in accordance with their respective authorities
.there shall be maintained in cooperation reconnaissance of ditches and beginning the 2nd· Phase of the .
conveyal1ce loss study, hereinafter called the progr,am.

. 2. The following amounts shall be contributed to cover all of the cost of the necessary field and analyticai work directly
.. related to this program.

(a) $20,000.00 by the party of the first !2art during the period
June 1, ~OOOto December 31~ 2000

(b) $37,200.00* by the party of the second part during the period
Junel~ 2000toDecember Jt, 2000

*Includes $17;200 1JlrnIatched funding

(c) Additional or reduced amounts by each. party during the above period or slJcceeding·periodsas :rnay be
. determined by mutLlal agreernentand set forth !l1an exchange of letters between the parties.

3. The costs of this program may be paid by either partY in. conformity with·· the laws and· regulations respebtively
governing each party. .

4. The field and analytical work pertaining to this program shall be under the direction of or subject to periodic review by
an authorized representative of the party of the first part. . ...

5. The areas to be included in the program shall be deterrnihed by mutual agreement between the parties hereto or j:heir
authorized representatives. The methods employed in the field and office shall be those adopted by the party of the
first-part to insure the required standards· ofaccuracy subject to modification by mutual agreement.

6. During the course 'of this program, aJl field ·and analytical work of either party pertaining to tllis program shall be open
to the inspection of the other party, and if the work is not being carried on in a mutually satisfactoryrnanner, either party
may terminate this agreement upon 60 days written notice to the other party. ~,

7. The original records resulting from this program will be deposited in the·office of origin of those records. Upon request,
copies of the original records will be provided to th.e office of the other party.

8. The maps, records or reports resultingfrbmthis program shall be made available to the pUblic as promptly as possible~
The maps, records or reports normally will be published by the party of theJirst p:art. However, the party of the. second
part reserves the right to pUblish the results of this program and, if already published by the party of the first part shall,
upon request, be furnished by the party of the first· part, at cost, impressions suitable for purposes ·of reproduction
similar to that for which the original copy was prepared. The maps, records or reports pub.lished by either party shall
containa statement of the cooperative relations between the parties.

9. Billing for this agreement will be rendered quarterly' . Payments of bills are due within
60 days after the billing date. If not paid by the due date, interest will be charged at the current Treasury rate for each
30 day period, or portion thereOf, that the payment is delayed beyond the due date. (31 USC 3717; Comptroller
General File B-212222, August 23,1983.). Pt' Ri ··W t C n'stri turga orre ver a er ons. 1 C

U.S. GEOLOGICAL SURVEY
UNITED STATES

D!=PARTMENT OF THE INTERIOR
By ----'-------'----'-------'---'------'-----'--------c--+--

By _

By _

~ -Z -

(SIGNATURE & TITLE)

V Distri~t Chief, Colorado District

(USE REVERSE SlOE IF ADDITIONAL SIGNATURES ARE REQUIRED)
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ATTACHMENT 1

'.:. :.: :~"':.. , .' .

\
I

i

Initial Scope ofWork

To better scope and estimate the cost ofquantifying ditch losses for eight of the PRWCD ditches,
the study will be divided into two phases.

Phase I:

Phase I will involve a detailed reconnaissance of the eight ditches, including obtaining GPS coor­
dinates of the diversions that must be measured as part of future gain/loss investigations, produc­
ing a GIS-basedmap showing location ofthese diversions, and developing a new workplan
detailinga revised approach and cost of conducting gainlloss investigations of the eight ditches,-

Phase I will be completed by late June '2000 and is estimated to cost $14,000, ofwhich PRWCD
provides $9,000 and USGS provides $5,000. After development ofa new workplan andobta.in.illg
agreement on the revised scope ofwork from PRWCD, BOR, andCWCB', USGS would begin
conducting gain/loss investigations (Phase II) later this summer. "

Phase II:

With funds remaining from the $57,200 in the attached Joint Funding Agreement, the second
phase ofthe study will be initiated. Phase II ofthe study will involve conductirig coPyeyance loss
investigations ofditches under the management ofthe PRWCD. Depending on revised cost and
approach, it is possible that remaining funds would be sufficient to do more than one conveyance,
loss investigation this year. , '

Phase II would not be started until agreement has been reached on the revised scope ofwork by'
PRWCD, BOR and CWCR
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WATER RESOURCES DIVISION
CENTRAL REGION

C()1JORADO DISTRICT
Proposalnu.mber coooL

Preliminary Proposal -- June 8, 2000

A. TITLE: Measurements of Irrigation Canal Seepage ;LbssesBelow Trinidad Dam, UIS
Animas County, Colorado, 2000-2003

B. SHORT TITLE:

PRWCD GAIN-LOSS

c. PROPOSAL AUTHOR:

Dash, Rus$¢U G. (Pueblo'Subdistrict dffice)

. D. LOCATION:

Southeas~emColorado, near city ofTrinidad, Las Animas County

E. PROBLEM:

The principal areas of irrigation in the Purgatoire River Basin are located in the vicinity ofTrinidad.

Eleven canals dqws'tTeam froW Trinidad Reservoir are part of the Purgatoire River Water

Conservancy District (PRWCD) and receive water from the Trinidad Project (BOR, 1964) to irrigate

about 20,000 acres of cropland. Conveyance losses ofwater carried in unlined canals have not been
. .

quantified. Quantification of the magnitude ofcanal losses for the unlined irrigation canals under the

PRWCD are needed to improve water management, develop better allocation plans,' and address some

Arkansas River Compact issues.

F. OBJECTIVE:

The objective of the study is to quantify gains and losses of eight unlined irrigation canals along the

Purgatoire River, operating under the PRWCD. Three of the 11 canals under the PRWCD currently

(2000) referred to as "The River Canyon Ditches" are concrete lined or non-project canals and will

not be investigated.
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,/-,,~. RELEVANCE AND BENEFITS:

Field studies will provide needed information to define conveyance losses in unlined irrigation canals.

The data and information from this study will contribute to improved system management of the

water resources and administration ofwater rights in the study area. The proposed work supports

priority water-resources issue # 9 outlined in "Strategic Directions for WRD, 1998-2008" activities.

The following broader goals of the USGS will be addressed by conveyance loss data: (1) furnishing

critical hydrologic data needed by multiple parties administering the Arkansas River Interstate

Compact; (2) provide water resource results that will be used by multiple parties for planning and

operational pmposes; (3) advancing understanding ofhydrologic processes; and (4) enhance

knowledge of the regional hydrologic system in southeastern Colorado.

H.APPROACH(S):

Between 1 to 3 gain/loss investigation~ are proposed to be made each year for 3 years on eight canals

under the PRWCD. Multiple gain/loss investigations on each canal will provide information on how

canal leakage varies under different head and flow conditions. The eight canals that are proposed to be

investigated are: Baca Joint (mc1udes Picketwire), Chilili, Enlarged Southside, El Mora, Model,

Johns Flood, and Hoehne. Parshall flumes that vary from small structures (6 ft3/s capacity) to

moderately large structures (700 fP/s capacity) are used to measure river flow into the canals. The

number oflateral diversions in each canal varies and has been reported t6 range from a couple to more

, than 65 diversions. However, the exact number oflaterals that can divert water directly from the main

canals is uncertain. Therefore, the study IS proposed to be done in two phases.

Phase I ofthe' study would be a field reconnaissance of the eight canals. All the diversions structures

along each main canal would be located and their coordinates would be determined using a global

positioning system. In addition to determining the exact number oflateral diversions; site access, type

ofmeasuring teclmiques to be used, and flow variations will be evaluated during field reconnaissance

so a detailed gain/loss investigation workplan for each canal can be determined.

Phase IT would be the gain/loss investigations. One of two approaches is proposed depending on the

hydrologic conditions encountered. Gain and loss in a canal cannot be detennined accurately with

Approach A ifthe flow regime is variable. The second approach (Approach B) will l:>~ mucQ IDQ:re __ _

manpower intensive and will be used only ifa variable flow (non-steady) regime exists during normal

~----- - - - - -~-- -- ---~------ -------------~ -----------~--
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operations ofthe PRWCD irrigation canals. The use ofseepage meters was also considered as another

alternative approach. However, previous field studies indicated that seepage meters have not been

successful for detenniningrepresentative canal seepage. Ther~fore, that approach is not proposed.

APPROACH A:

Assuming that flow ip. the canal is steady (~?t fluctuatll,?-g) for 4-7 days, determined by the headgate

discharge (chart readings) prior to the gain/loss measurement, the approach will be as follows:

1) Depending on the caJial1ength and nUlllber oflaterals in the canal, a field staffof3 to 7 people

will make discharge measUrements at mtiltip1e locations in the IIlain canal (3 t05 sites)and at all

lateral surface-water diversions and canal iJiflows within a I"day penod.

2) Discharge measurements will be computed, checked, and entered into an electronic database.

3) A mass balance of water volume in the .canal will be calculated,. and any missing or eXCeSS

water in the. system will be.attribllted to a gain fromor loss. to ground water by the. c~a1. Th¢ quantity

ofgain/loss will be determined for the entire main canal and for shorter canal reaches evaluated,

during thegainlloss investigation.

4) As addi~onalgain/loss investigations are completed, the relation between canal losses and

canal flow or head conditions would be evaluated. .

Discussions in April 2000 with local canal personnel indicatedthat flows in the project can~ls are

generally held constant during the irrigation season until the available water supplyin Trinidad

Reservoir is exhausted. Only following a heavy rain and during short periods of crop harvesting (hay

and grass cutting mainly) are river inflows to a canal system reduced. Under these circumstances of

steady-state flow in the irrigation canals a sUnpler gain/loss investigation is warranted.

APPROACHB:

Ifflow in the canal is not constant (non-steady), the measured differences in discharge will not be due

entirely to seepage arid ApproachA w011ld provide inaccurate results. Therefore, if the flow

conditions il1 the 'main canal are variable, or if the diversions to the field laterals are variable, thel1 the.

approach will be as foHows:
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1) The travel time of flow for each gain/loss investigation will need to be detennined. Based on

infonnationprovided by canal personnel, travel times have been reported to be about 0.5 mile per

hour. Assuming this travel time is correct, it will take several 10 hour days to complete a gain/loss

investigation for some of the longer canals. The main canal will be segmented into several shorter

reaches (approx. 5-mile lengths) that the water will travel through in a 10-hourperiod. A slug of

fluorescent soluble dye will be injected in each canal to estimate the time-of-travel characteristics.

2) Discharge measurements will be made as the injected dye tracer arrives at the beginning of

each canal segment, ,at all lateral surface-water diversions in each canal segment, and at the end of

each canal segment. By making discharge measurements on the same water parcel within each can'al

segment, gain/loss errors associated with non-steady flow conditions will be minimized. A minimum

of two measUrements will be made in each canal segment regardless of the total length of the reach.

3) Discharge measurements will be computed, checked, and entered into an electronic database.

4) A mass balance ofwater volume in the canal will be calculated, and any missing or excess

water in the system attributed to a gain from or loss to ground water by the canal. The quantity of

') gain/loss will be detennined for the main canal and for each shorter canal segment used during a run.

5) As additional gain/loss investigations are~completed, the relation between cana110sses and

canal flow or head conditions would be evaluated.

The dye tracers provide an accurate method to detennine the traveltimes ofwater ill irrigation canals.

A slug oforganic dye is injected into ~he canal at some lmown location and the resulting response, or

dye cloud, is measured moving downstream at the locations ofinterest (Kilpatrick and Wilson, 1989).

Rhodamine-WI is the tracer dye most commonly used by the U.S.G.S, Water Resources Division.

I. QUALITY ASSURANCE

Discharge measurements will be repeated for the main canal reaches one or more times each dye run.

The accuracy of a "good" discharge measurement using standard USGS methods is about plus or

minus 5 percent. Discharge meters and other field equipment will be checked at the beginning and

end of each field day.
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J. BENEFITS:

The study would benefitthe PRWCD and other water users by providing knowledge ofgains and

losses bfflow iiJ.6anals, and possibly traveltimes, for water releases made from ttinidad Resenf6ir.

The knowledge may In6rease field water supplies available to the Trinidad Project sharenolders a.nd.

enhance their project. The study would benefit the U.S. Geological SuiVey by increasing regional

knowledge about the hydrology bfthe Purgatoire River Drainage Basin.

K.PRODUCT/REPORT:

Results of the proposed stl.ldy willbedoctnnented in a USGS Water Resources. Investigations Report

or USGS Open-File Report at the completion of the study. In addition, aft~r tile results of each,gC),inl

loss investigation are re;viewed, the gainsllosses will be tabpli3,tt:::d apdprovided to, pRWGQ ,a:p.d other

interested parties. Additional products expected are rating tables for the eight main diversion flumes,

GIS maps showing't1lePR.:WCD can~lsystem and locations fofphysical canal features llsed during

the study, sucl~ as Piversion flumes (b,eadgates) and lateral diversion gates, and eyaluation of the gain!

loss to flow conditions in the canal.

L. REFERENCES

Kilpatrick,F.A., and Wilson, IF., Jr., 1989, Measurement oftime oftravel in streams by dye tracing:

U.S. Geological Survey Techniques ofWater-Resources Investigations, book 3, chapter A9, 27p.

Bureau ofReclamation, 1964, tnigationreport on the Trinidad Project, Colorado--v.l, Irrigation

Report: U.S. Depa~entof the Interior, Report 61, 76 p. (Revised September 1964.)

M. PERSONNEL REQUIREMENTS AND AVAILABILITY:

All manpower to complete the planned elements ofthis study are available in theColotado DistriGt.

The study will use personnel witil streamgaging experience (hydrologists and hydrologic techniciilIls)

in the Pueblo office, and as needed from other District offices (Denver and Lakewood). Some help

may be needed from the Colorado State :qngineers Q;Efice to provide diversion records for ri\i"er

headgates and to make additional discharge rating measurements between the gain/loss runs.
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_ N..WORK PLAN:
"

The following table shows the years and estimated calendar months for each element:

(AMJ--Apr, May, June; JAS--July, Aug, Sept; OND--Oct,Nov, Dec; JFM--Jan, Feb, Mar)

FY·2000 FY·2001 FY·2002 FY-2003
Workplan Element

AMJ JAS OND JFM AMJ JAS OND JFM AMJ JAS OND· JFM
I

Meetings with PRWCD Meet with PRWCD and canal personnel prior to first gain/loss investigation
and Canal Personnel and then on an as needed or requested basis

Reconnaissance of X X X
Irrigation canals

GainJLoss Runs X X X X X X

Data analysis X X X X X X X

Prepare interpretive report .
(

X X X

The proposed start date is June1, 2000. The reconnaissance would be completed by June 30, 2000. Thereafter a

Phase II workplan for each canl:j.l will be determined and field-data collection activities could begin.

"I
J. COSTS

·The cost of the study is dependent on a variety offactors including: total number of diversions, total

number of dis?harge measurements that need to be made, which of the two approaches are used, and

the number ofgain/loss investigations done on each canal. Because the number of diversions per

canal are uncertain, an accurate estimate of costs cannot be made. Phase I should provide sufficient

data to develop an accurate study plan and determine the cost ofconducting gain/loss investigations.
. .

The total yearly cost couid range from about $57,200 for a single, simple, steady-state flow condition,

to about $186,500 for three, complex, gainlloss investigations collected under variable flow regimes.

Depending on the study timing, it is likely that the U.S. Geological Survey would be able to provide

some matching funds, probably up to 35 percent of the total cost.

~-~~------------------- -~-- -~--------------------$~----~----------------~------------~-------



P. FUNDING:

I,.' '._..:

USGSApproximate costs (FY2000) PRWCD Total

PHASE I -- Reconnaissance '" $9,000' $5,00() $14,000

(required for either approach A or approach B)

PHASE II -- per gain/loss investigation1

for ApprOachA $28,200 $15,000 $43,200

for Appro~ch B $37,500 $20,000 $57,500

1 If a lower-cost alternative is chosen, then actual cost for the chosen alternative will be re-computed.

A lower-cost alternative to Approach A and B could be considered. For exaIllple, one or two gain/loss

ip.vestigations per year for 3 years"could be planned and a different j).ow regime targeted each year to

obtain irtfO!1l1ation at different flows. Finalization ofthe Phase II approach and funding by USGS and
, ' I

PRWCD will occur following Phase I work and further discussions between USGS and PRWCD.

Q. EXPENDITURES

Phase I Expenditures by Management Category

Salary (Reconnaissance)

Vehicle (Reconnaissance)

Travel (Reconnaissance)

Supplies & Equipment (R..econnaissancej

Overhead Assessm.ent

1Lotal------------------~-------------~---~-----~-------~------~~~------------~~

.Phase II,Expenditures (Preliminary Estimates)

Salary (one investigation assumed using approach A)

Vehicle

Travel

Supplies & Equipment

Overhead Assessment

1Lotal--------------------------------------------------------------------------

7

FY·2000

$5,800 .

$500.

$1,200

$250

,'$6,250

$14,000

FY·2000

$19,570

$800

$3,000

$500

$19,330

$43,200




