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RECE1VED
MAR \'3 2009
DEPARTMENTR'6ES

WATER RESOU

LAWRENCE G. WASDEN
Attorney General

CLIVE J. STRONG
Deplfty Attorney General
Chief, Natural Resources Division

DAVID J. BARBER (ISB #2597)
Deputy Attorney General
P.O. Box 44449
Boise, Idaho 83711-4449
Telephone: (208) 334-2400
Facsimile: (208) 854-8072

IN THE DISTRICT COURT OF THE FIFTH JUDICIAL DISTRICT

OF THE STATE OF IDAHO, IN AND FOR THE COUNTY OF TWIN FALLS

InReSRBA

Case No. 39576

)
)
)
)
)
)

---------)

Subcase Nos. 63-02529, 63-03323, 63-03324, & 63-10435

STATE OF IDAHO'S LIST OF EXHIBITS

The State of Idaho (hereinafter "Idaho"), submits the following list of exhibits for

swnmary judgment:

Idaho Exhibit 1:

Idaho Exhibit 2:

Idaho Exhibit 3:

Idaho Exhibit 4:

Idaho Exhibit 5:

Director's Report for water right no. 63-02529.

Director's Report for water right no. 63-03323.

Director's Report for water right no. 63-03324.

Director's Report for water right no. 63-10435.

Water right license no. 63-02529.
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Idaho Exhibit 6:

Idaho Exhibit 7:

Idaho Exhibit 8:

Idaho Exhibit 9:

Idaho Exhibit 10:

Water right license no. 63-03323.

Water right license no. 63-03324.

Water right license no. 63-10435.

Affidavit of Jan Shurte Dated March 11,2009.

Affidavit ofJeffPeppersack Dated March 11, 2009.

RESPECTFULLY SUBMITTED this 12th day or March 2009.

LAWRENCE G. WASDEN
ATTORNEY GENERAL

CLIVE J. STRONG
DEPUTY ATTORNEY GENERAL
STATE OF IDAHO
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CERTIFICATE OF SERVICE

I certify that o'n this 12th day of March 2009, I caused to be served the original and/or
copy of the STATE OF IDAHO'S LIST OF EXHIBITS on each of the following persons by the
indicated method:

1. Original to:

Clerk of the District Court
Snake River Basin Adjudication
253 Third Avenue North
PO Box 2707
Twin Falls, ID 83303-2707

2. Copies to the following persons:

Special Master Theodore Booth
Snake River Basin Adjudication
253 Third Avenue North
PO Box 2707
Twin Falls, ID 83303-2707

Jerry 1. Tlucek and Mary Lou Tlucek
Rebekah Tlucek, Kevin Tlucek, Shelley Tlucek
& Byron Tlucek
Pioneer Irrigation District
clo Scott 1. Campbell & Dylan B. Lawrence
Moffat Thomas Barrett Rock & Fields, CHTD.
101 S: Capitol Blvd., 10th Floor
P.O. Box 829
Boise, Idaho 83701-0829

United States Department of Justice
Environment and'Natural Resource Division
550 West Fort Street, MSC 033
Boise, ID 83724

IDWR Document Depository
STATEHOUSE MAIL
322 East Front St.
Boise, ID

STATE OF IDAHO'S LIST OF EXHIBITS

o U.S. Mail, postage prepaid
[B] Hand Delivery
o Federal Express
o Facsimile: (208) 736-2121
o Statehouse Mail

o U.S. Mail, postage prepaid.
[B] Hand Delivery
o Federal Express
o Facsimile: 345-8800
o Statehouse Mail

o U.S. Mail, postage prepaid
[B] Hand Delivery
o Federal Express
o Facsimile:
o Statehouse Mail

[B] U.S. Mail, postage prepaid
o Hand Delivery
o Federal Express
o Facsimile: (303) 312-7379
o Statehouse Mail

o U.S. Mail, postage prepaid
o Hand Delivery
o Federal Express
o Facsimile:
[B] Statehouse M~a=il-----
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Chief ofNatural Resource Division
Office of the Attorney General
State ofldaho '
P.O. Box 44449
Boise, Idaho 83711-4449

STATE OF IDAHO'S LIST OF EXHIBITS

Not Applicable

DAVID J. BARB
Deputy Attorney eneral
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12/14/2006

IDAHO DEPARTMENT OF WATER RESOURCES
RECOMMENDED WATER RIGHTS ACQUIRED UNDER STATE LAW

RIGHT NUMBER: 63-2529

NAME AND ADDRESS: PIONEER IRRIGATION DISTRICT
PO BOX 426
CALDWELL ID 83605

SOURCE: GROUND W1>.TER TRIBUTARY:

QUANTITY: 87.100 CPS
44,918.30 AFY

PRIORITY DATE: 12/21/1936

POINT OF
DIVERSION: ';['03N ROlW 57 NWNW Within CANYON County

T03N R02W 51 SWSE Within CANYON County

T03N R02W 52 SWSW Within CANYON County

T03N RD2W 54 NW5W Within CANYON County

TD3N R02W 510 5WNE Within CANYON county

T03N R02W 511 SESW Within CANYON County

T03N R02W 514 SWSW Within CANYON County

TD3N R02W 515 SWSE Within C1>.NYON County

TD3N R02W 519 NENE Within CANYON county

T03N R02W 821 NENW Within CANYON County

T03N R02W 822 SWNE Within CANYON County

T03N R03W 83 NWNW Within CANYON County

T03N R03W 811 NESE Within CANYON County

T04N ROlW 830 SESW Within CANYON County

T04N R02W 52' NESW Within CANYON County

T04N R02W 527 NENW Within CANYON County

T04N R02W 527 SWSE Within CANYON County

T04N R02W 533 NWNE Within CANYON county

T04N R02W 534 SESW Within CANYON county

T04N R02W 535 SESW Within CANYON county

T04N R02W 53' 5ENE Within CANYON county

T04N R02W 536 5WNW Within CANYON county

T04N R02W 536 NESW Within CANYON County

T04N R03W 825 NESE Within CANYON County

T04N R04W 522 SESE Within CANYON county

T04N R04W 825 5ENW Within CANYON County

T04N R04W 826 5ENE Within CANYON County

RECEIVED

MAR 13 2009
DEPARTMENT OF

WATER RESOURCES

PURPOSE AND
PERIOD OF USE:

PLACE OF USE:

PURPOSE OF USE
IRRIGATION

PERIOD OF USE

03/01 11/15

34204.61 ACRES TOTAL

QUANTITY
87.~00 CFS

44,918.30 AFY

The boundary encompassing the place of use for this water right is
described with a digital boundary as defined by I.C. Section 42-202B(2) and
authorized pursuant to I.C. Section 42-1411(2) (h). The data· comprising the
digital boundary are incorporated herein by reference and are stored on a
CD-ROM disk issued in duplicate originals on file witn the SRBA District Court
and the Idaho Department of Water Resources. A map depicting the place
of use is attached hereto to illustrate the place of use described by the
digital boundary.

This right can be used to irrigate up to 34,204.61 acres within the boundary
of the Pioneer Irrigation Dis~rict.

EXHIBIT

Director's Report Basin 63 Part 3
I
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oTHER PROVISIONS NECESSARY FOR DEFINITION OR ADMINIS~_TION OF THIS WATER RIGHT:

This partial decree is subject to such general provisions necessary for
the definition of the rights or for the efficient administration of the water
rights as may be ultimately determined by the Court at a point in time no
later than the entry of a final unified decree. Section 42-1412(6), Idaho
Code.

EXPLANATORY MATERIAL: BASIS OF CLAIM - License

Director's Report Basin 63 Part 3 Page 195



12/14/2006

IDAHO DEPARTMENT OF WATER RESOURCES
RECOMMENDED WATER RIGHTS ACQUIRED UNDER STATE LAW

RIGHT NUMBER: 63-3323

NAME AND ADDRESS: JERRY L TLUCEK
15188 SCAN-ADA RD

MELBA ID 8364~

MARY LOU TLUCEK
15188 SCAN-ADA RD
MELBA ID 83641

SOURCE: GROUND WATER TRIBUTARY:

QUANTITY:

PRIORITY DATE:

POINT OF
DIVERSION:

PURPOSE AND
PERIOD OF USE:

2.400 CFS
1,111.50 AFY

Right Nos. 63-3323 and 63-3324 are limited to a total combined annual
diversion volume of 1111.5 AF.

01/02/1963

T01N R02W S26 NWNW Within CANYON County

PURPOSE OF USE PERIOD OF USE QUANTITY

IRRIGATION 03/01 11/15 2.400 CPS
11,111.50 AFY

PLACE OF USE: IRRIGATION in CANYON County

T01N R02W 82. NWNW 39.00 T01N R02W 826 SWNW 40.00

T01N R02W S2. SENW 40.00 T01N R02W S2. NESW 40.00

TOIN R02W S2. NWSW 39.00 TOrn R02W S27 NENE 34.00

T01N R02W S27 NWNE 18.00 T01N R02W S27 SWNE 4.00

T01N R02W 827 SENE 31.00

285 ACRES TOTAL

Right Nos. 63-3323 and 63-3324 are limited to the irrigation of a combined
total of 247 acres within the place of use described above in a single
irrigation season.

OTHER PROVISIONS NECESSARY FOR DEFINITION OR ADMINISTRATION OF THIS WATER RIGHT:

This partial decree is subject to such general provisions necessary for
the definition of the rights or for the efficient administration of the water
rights as may be ultimately determined by the Court at a point in time no
later than the entry of a final unified decree. Section 42-1412(6), Idaho
Code. .

EXPLANATORY MATERIAL: BASIS OF CLAIM - License

Right includes accomplished change in place of use pursuant to Section
42-1425, Id~o Code.

EXHIBIT

z.
Director's Report Basin 63 Part 3 Page 597



~2/~4/2006

ID1iliO DEPARTMENT OF WATER RESOURCES
RECOMMENDED WATER RIGHTS ACQUIRED UNDER STATE LAW

RIGHT NUMBER: 63-3324.

NAME AND ADDRESS: JERRY L TLUCEK
~51BB SCAN-ADA RD

RECEIVED
MAR U 2009
DEPARTMENT OF' .

WATER RESOURCESTRIBUTARY:GROUND WATER

2.030 CFS
1,111.50 AFY

Right Nos. 63-3323 and 63-3324 are limited to a total combined annual
diversion volume of 1111. 5 AF ..

MARY LOU TLUCEK
15188 SCAN-ADA RD
MELBA ID 83641

MELBA ID 83641

SOURCE:

QUANTITY:

PRIORITY DATE:

POINT OF
DIVERSION:

PURPOSE AND.
PERIOD OF USE:

01/02/196;3

TOIN R02W 526 SWNW Within CANYON C-ounty

P~POSE OF USE PERIOD OF USE OUANTITY

IRRIGATION 03/01 11115 2.030 CF5
1,111.50 APY

PLACE OF USE: IRRIGATION in CANYON County

TOIN R02W S26 NWNW 39.00 TOlN R02W 52. 5WNW 40.00

T01N R02W 52. 5ENW 40.00 TOIN R02W 52. NE5W 40.00

TOIN R02W 52. NW5W 39.00 T01N R02W 527 NENE 34.00

TOIN R02W 527 NWNE 18.00 TOIN R02W 527 5WNE 4.00

TOIN R02W 527 5ENE 31.00

285 ACRES TOTAL

Right Nos. 63-3323 and 63-3324 are limited to the irrigation of a combined
·total of 247 acres within the place of use described above in a single
irrigation season.

OTHER PROVISIONS NECESSARY FOR DEFINITION OR ADMINISTRATION OF THIS WATER RIGHT:

This partial decree is subject to such general provisions necessary for
the definition of the rights or for the efficient administration of the water
rights as may be ultimately determined by the Court at a point in time no
later than the entry of a final unified deCree. Section 42-1412(6), Idaho
Code. .

EXPLANATORY MATERIAL: BASI$ OF CLAIM - License

Right includes accomplished change in place of use pursuant to Section
42-1425, Idaho Code.

EXHIBIT

.3
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12/14/2006

IDAHO DEPARTMENT OF WATER RESOURCES
RECOMMENDED WATER RIGHTS ACQUIRED UNDER STATE LAW

RIGHT NUMBER: 63-10435

NAME AND ADDRESS: REBEKAH TLUCEK
4619 SCAN-ADA
MELBA ID 83641

KEVIN TLUCEK
4619 SCAN-ADA
MELBA ID 83641

SHELLEY TLUCEK
4619 SCAN-ADA
MELBA ID 83641

BYRON TLUCEK
4619 SCAN-ADA
MELBA In 83641

RECEIVED

MAR U 2009
DEPARTMSNT OF

WATER ReSOURCES

PURPOSE OF USE PERIOD OF USE OUANTITY

IRRIGATION 03/15 11/15 0.740 CFS
306.00 APY

The use of water for irrigation under this right may begin as early as March
1, provided other elements of the right are not exceeded. The use of water
before March 15 under this remark is subordinate to all water rights having
no subordinated early or late irrigation use and a priority date earlier than the
date a partial decree is entered for this right.

SOURCE:

QUANTITY:

PRIORITY DATE:

POINT OF
DIVERSION:

PURPOSE AND
PERIOD OF USE:

PLACE OF USE:

GROUND WATER

0.740 CFS
306.00 AFY

05/09/1987

T01S R01W S18 NENW Within ADA County

IRRIGATION in ADA County

TRIBUTARY:

T01S R01W 818

T01S R01W S18

NWNE

NWNW

4.00

30.00

T01S R01W S18 NENW 34.00

68 ACRES TOTAL

OTHER PROVISIONS NECESSARY FOR DEFINITION OR ADMINISTRATION OF THIS WATER RIGHT:

This partial decree is subject to such general provisions necessary for
the definition of the rights or for the efficient administration of the water
rights as may be ultimately determined by the Court at a point in time no
later than the entry of a final unified decree. Section 42-1412(6), Idaho
Code.

EXPLANATORY MATERIAL: BASIS OF CLAIM - License

This rigtit when combined with all other rights shall provide no more than .02
cfs per acre nor more than 4.5 afa per acre for irrigati9n of the lands above.

EXHIBIT

Director's Report Basin 63 Part 3 Page 1636
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License and Certificate of Water Right

Water License.No._ 18448 _...

Water District No_...•:. _

AmounL..a7...~_se.c.QIllLteet .

Priority.__~_Q.~!I!P_~,! ..?1.1._1936

TffiS IS TO CERTIFY that PIONEER lilBIGATIGN DISTRIcYr .' '... f

of ca19:v,Je~1;. Id~ho , made application for a permit tQ appropriate th'e

public Waters' of the State of Idaho, dated December 21 ;19336' ; that Permit No~' 18446

was iSsued uJ;ld~ said application; that C~cate 'of Completion of ~orks, with: a. .l:arryfug capacity, of.

87.1 second feet, was issued thereunder on Fe~ 6 ,19 43 ,,~oWingthatsaid works

were co~pleted on the 27th day of May ,1942 ; and· that on the 2?th

dayof ~ llay ,1942 ,

." ...., ,"

EXHIBIT

. i:·:,~'...__.:~:~_.~ ..~.;rAMEs...sF.0..t!.:.iniID.::~'~~ __._~."-, ..:.~._.
. " < COmm~~~'Of Re~iniUign-

•..~
'!F'-'!i'!'.",,,'

oli ••

PIONEER IRRIGATION DISTRICT
of, Caldwell . , State of Idaho ,made proof to the satisfaction.of tlie

Commissi9ner .of J!e~1~t.ion '. of Idaho, of the right to use ~he"'w;ilia:suii said subterranean

waters ~~b. ,for the pui'pose of,: irrigation a~d dOJOOstic

use :' , under Use Permit No. 18448 of the. Conu:n,iss:i. onEil."! .,?f ,nec1a~t.ioll,..

ahd that.!l8id right to the,.ufle of sai,d waters has ~een perfected in accordance with the laws of Idallo; and:iS

hereby confirmed by .tbe'.c~nimissjonerof· Reclai:ri.ation 6f Idaho and entered of record ip.,-Volt¥tte: .. 7 ',-:

9fLi~,atpage. 4l4~ ~~n·the 6th' ·day;of·~. February '.'

Th~ right hereby:'"''
. 1.2

The--r.oJJl~{
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~tatr nf 31ba~D

License and Certificate of Water Right

Water License No.9"-=JQS7.Q _

Water District No.. _

~ouni-_ 2.4 Cof.s.

Priority_J:a~__2.1__l9.93

of

THIS IS TO CERTIFY that

Nampa, Idaho

KENNETH D. CAsPER

• made application for a permit to appropriate the

public waters of the State of Idabo, dated January 2 ,1963 ; that PennitNo. 30870
was issued under said application; that certificate of Completion of works, with a carrying capacity of

2.4 second feet, was issued thereunder on February 11 ,19 65 • showing thatsaid works

were completed on the lOth day of August .1964 : and that on the loth

day of August ,19 64

KENNETH D. CASPER

of N",pa 1 State of ldahc:! I made proof to the satisfaction of the

State Rec1an:a.tion Engineer of Idaho, of the rIght to Use the waters ofa well

• a tribUtarY of SUbterranean flow •for the purpose of irrigation

• under Use Permit No. 30870 of the Department of Reclama~on

,and that said right to the use of said waters has been perfected in accordance with the laws of Idaho,

and is hereby confirmed by the State Reclamation Engineer of Idaho and entered of record in Volume

of Licenses at page 8090 ,on thell day of February , 1965

The right hereby confirmed dates from

The Point of Diversion is located

January 2

Near NE corner of Sec. 27

,1963

in the :lh.. Sec._ ,Tp.. 1 N ,R. 2 W , B. M. Canyon County

That the amount of water to which such right is entitled and hereby confirmed, for the purposes

aforesaid, is limited to an amolUlt actually needed and beneficially used for said purposes, and. shall

not exceed ~bic feet per second.

Description and location of use.:

Twp. Raoge sec. Forly·acre Tract No. Acres No. Acres
Descrjbed in Pennit Actually Irrigated

1N 2W 26 NWf; NW! 40 38
SE~ NWt 40 38
SWi; Nil! 40 40
NWl SW

1
40 26

~:
40 40

27 40 30
NW> NEt 40 13SEt NE! 40 ~

Total number f acres to be irriga ed: 247

The right to the use of the w~ter aforesaid .hereby conimned is restricted to the lands or place

of use herein described, as provided by the laws of Idaho.

WITNESS the seal and signature of the State Reclamation Engineer, affixed at Boise, Idaho, this

11th day of

(SEAL)

February

SCANNED

SEP 2 02UGZ

,19 65 .

RALPH W. THoo.S
Deputy State R~~ationEngineer.---

EXHIBIT



B>tatr of 31~tt1Jn

license and Certificate of Water Right

AmounL2.03 c.r.s.

Water District. No _

TIllS IS TO CERTIFY that KENNETH D. CASPER

of Nampa, Idaho • made application for a permit to appropriate the

public waters of the State of Idaho, dated January 2 ,19 63 i that Permit No. G-30871

was issued under said application; that certificate of Completion of works, with a can-ying capacity of

2.03 second feet, was issued thereunder on February II ,19 65 • showing that said works

were completed on the lOth day of ~ugust I 19 64 ; and that on the lOth

day of August ,19 64 •

KENNETH D. CASPER

of Nampa • State of Idaho •made proof to the satisfaction of the

irrigation

State Reclamation Engineer

• a tributary of

of Idaho, of the right to use the waters of

subterranean floW" ,for the purpose of

a well

, Wlder Use Permit No. G-30S71 of the Department of Reclamation

and that said right to the use of said waters has been perfected in accordance with the laws of Idaho,

and is hereby confizmed by the state Reclamation Engineer of Idaho and entered of record In Volume

,-19 65 ;

,1963 ;

February

January 2

of Licenses at page 0091 , on the II day of13

The right hereby commned dates from

The Point of Diversion is located

in the sw lA, 1M tA., Sec. 26 ,Tp.1 N ,R. 2 W ,B. M. Canyon C01Ulty

That the amount of water to which such right is entitled and hereby confirmed, f9r the pw-poses

aforesaid, is lbnited to an amount actually needed and beneficially used for said purposes, and sh~

not exceed 2.0J cubic feet per second.

Description and location of use:

Twp. Range Se~ Forty..acre Traqt No. Acres No. Acres
Described in Permit Actually Irrigated

1 N 2" 26 NW1 NWl. 40 38
SE! ""t 40 38Stolt NWl 40 40

""I sw1 40 26
NE SW. 40 ·40

27 NEt NEt 40 30
NWlj: NE... 40 13
SEi; NEi; 40 ---Za-
Total number of acres to be irriga ed: 247

The right to the use of the water aforesaid hereby confirmed is restricted to the lands or place

of use herein described, as provided by the laws of Idaho.

WITNESS the seal and signature of the State Reclamation Engineer, affixed at Boise, Idaho, this

lith day of

(SEAL)

February ,1965 .

RALPH W. THOMAS
Deputy state Reclamation Engineer.----

SCANNED

SEP 202002

...-
EXHIBIT

The foregoing Is a true and certified copy of
the document on file at the department of

~.~k.d



State of Idaho
Department of Water Resources

WATER RIGHT LICENSE
WATER RIGHT NO. 63-10435

Priority: "May 9, 1987 Maximum Diversion Rate:
Maximum Diversion Volume: 1

0.74 CFS
306.0 AF

This is to certify, that RICHARD L. REINEKE
JANICE 1. REINEKE

RT. 1 BOX 125
MELBA, ID 836410000 has complied with the terms and conditions ~

of the permit, issued pursuant to Application for Permit dated April 22, 1987; and ~

has submitted Proof of Beneficial Use on July 18, 1988. An examination indicates
that the works have a diversion capacity of .740 cfs of water from a~ ~
source, and a water right has been established as follows:

NENW , Sec. 18, Township 01S, Range 01w
ADA County

Total number of acres irrigated:

TOTAL

68

68

306.0 AF

ACRES

1INNUAL VOLUME

LOT l(NWNW) 30

0.74 CFS

ACRES

RA':I:'E OF DIVERSIOO

NENW 34

03/15 to 11/15

PERIOD OF USE

ACRES

NWNE 401S 01W 18

IRRIGATION

BENEFICIAL USE

LOCATIOO OF POINT(S) OF DIVERSION:

iWN RGE SEC

PLACE OF USE: IRRIGATION

CONDITIONSjREMIIRKS:

1. The maximum diversion volume is defined as the maximum allowable
volume of water that may be diverted annually from the source
under this right. The use of water confirmed by this right is
limited to the amount which cart actually be beneficially used.
The maximUm diversion volUme "may be adjusted tqrnore accurately
describe the beneficial use or to implement accepted standards
of diversion and use efficienCy.

2. This water right is appurtenant to the described place of use.
3. This right is subject to all prior water rights and may be

forfeited by five years of non-use.
4. Modiflcatipns to or variance from this license must be made

within the" limits of Section 42-222, Idaho Code, or the
applicable Idaho law.

5. This right when combined with all other rights sha.ll provide no
more than .02 cfs per acre nor more than 4.5 afa per acre for the
lands above.



Acting for R. Keith Higginson,

State of Idaho
Department of Water Resources

PAGE 2

WATER RIGHT LICENSE
WATER RIGHT NO. 63-10435

This license is issued pursuant to the provisions of Section 42-219, Idaho c~.
Witness the seal and signature of the Director, affixed at Boise, this I~

day of Dec.Z"A/lCi'e:.-e ,19"7'0.

;

·l~~~~



RECEIVED

MAR 13 2009
DEPARTMENT OF

WATER RESOURCES

LAWRENCE G. WASDEN
Attorney General

CLIVE J. STRONG
Deputy Attorney General
Chief, Natural Resources Division

DAVID J. BARBER (ISB #2597)
Deputy Attorney General
P.O. Box 44449
Boise, Idaho 83711-4449
Telephone: (208) 334,2400
Facsimile: (208) 854-8072

IN THE DISTRICT COURT OF THE FIFTH JUDICIAL DISTRICT

OF THE STATE OF IDAHO, IN AND FOR THE COUNTY OF TWIN FALLS

In Re SRBA

Case No. 39576

)
)
)
)
)
)

---------)

STATEOFIDAHO )
) ss

County of Ada )

Subcase Nos. 63-02529,63-03323,63,03324, & 63-10435

IDAHO EXHlBIT 9: AFFIDAVIT OF JAN SHURTE
DATED MARCH ll, 2009

JAN SHURTE, being first duly sworn, deposes and states:

1. I am a competent adult, over the age of eighteen years, and have personal

knowledge of the matters stated herein. I graduated from Meridian High School in May 1972

and began working for the Idaho Department of Water Resources (hereinafter the "IDWR") in

IDAHO EXHIBIT 9: AFFIDAVIT OF JAN SHURTE DATED MARCH 11,2009 Page 1



1974. I have worked on applications to appropriate water, on licensing of water rights, on

transfer applications, and on beneficial use examinations. I began working on the Snake River

Basin Adju4ication (hereinafter the "SRBA") in 1988. Presently, I am the Water Rights

Supervisor in the Adjudication Bureau for the Western Regional Office. I supervise resource

agents that actually prepare the Director's Recommendations in the SRBA; I also prepare

recommendations as well.

2. The preparation of a recommendation for a water right in the SRBA with a ground

water source involve several steps. If a water right in question with a ground water source had

an annual volume of diversion for irrigation described in the original license, then IDWR would

use that amount in its recommendation for an annual volume of diversion for irrigation

limitation. In the absence of an annual volume of diversion for irrigation limitation in the

license, IDWR's procedure for calculating a ground water volume is a two step process. IDWR

first calculates a volume by multiplying the number of days in the irrigation season by the rate of

flow and multiplying that number by a conversion value of 1.9835 to convert to acre feet. This

calculation reflects the amount of acre feet capable of being diverted based on system capacity

(hereinafter referred to as "system capacity method"). IDWR then calculates a volume by

multiplying the number of acres of irrigated land and multiplying that amount by the

Department's beneficial use standard for the area (hereinafter referred to as "beneficial use

method"). This calculation reflects the amount of water that can be beneficially used by the

irrigator. IDWR then compares the two calculations and uses the smaller of the two amounts for

the recommended volume in the SRBA. Thus, the volume is limited to the lesser of the system

capacity or the amount of water IDWR has determined that can be beneficially used.

3. (a) The IDWR recommended an annual diversion volume for water right no.

IDAHO EXfllBIT9: AFFIDAVIT OF JAN SHURTE DATED MARCH 11, 2009 Page 2



63-02529 in the amount of 44,918.30 acre feet. The IDWR used the following values to

calculate this annual diversion volume:

an irrigation season of 260 days from March 1st of each year to November 15th of the
same year.
a diversion amount of 87.1 cubic feet per second.
A conversion value of 1.9835 to convert one cubic foot per second diversion amount for
24 hours into an acre foot per day volume.

Thus, the annual diversion volume was calculated as the product of those three amounts

as follows: 260 * 1.9835 * 87.1 = 44,918.30 acre feet per year.

This calculation assumes that these pumps ran 24 hours a day for the period of 260 days

at a full capacity of 87.1 cubic feet per second. Thus, this calculation used the system capacity

method.

(b) The IDWR issued a license for water right number 63-2529 in the diversion

amount of 87.1 cubic feet per second. This amount was the sum of the measured discharges

from 27 wells. The IDWR made the measurements in 1940 and 1941. The IDWR did not

conduct an additional field examination for the SRBA notice of claim for this water right. The

decision to recommend the' annual diversion amount described in subdivision (a) was based upon

the policies contained in the updated Claims Investigation Manual, Adjudication Memo 34, and

policies derived from the following regulations: IDAPA 37.03.02.035.01(0), IDApA

37.03.02.040.01(b); IDAPA 37.03.11.020.03, which are attached hereto and incorporated herein

by this reference.
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4. (a) The IDWR recommended an annual diversion volume for water right no.

63-03323 in the amount of r, 111.50 acre feet.' The IDWR used the following values to calculate

this annual diversion volume:

247 acres of irrigated land..
an annual diversion amount of 4.5 acre feet per acre.

Thus, the annual diversion volume was calculated as the product of those two amounts as

follows: 247 * 4.5 = 1,111.5 acre feet per year. Thus, this calculation used the beneficial use

method.

(b) If the IDWR had recommended an annual diversion volume in accordance with

the system capacity method, it would have used the following values to calculate this annual

diversion volume:

an irrigation season of 260 days from March 1st of each year to November 15th of the

same year.

a diversion amount of 2.4 cubic feet per second.

A conversion value of 1.9835 to convert one cubic foot per second diversion amount for

24 hours into an acre foot per day volume.

Thus, the annual diversion volume would have been calculated as the product of those

three amounts as follows: 260 * 1.9835 * 2.4 =1,237.7 acre feet per year.

This calculation assumes that these pumps ran 24 hours a day for the period of 260 days

at a full capacity of 2.4 cubic feet per second.

I The IDWR's recommendation describes the annual diversion amount in the QUANmy element as 1,[ 11.50 AFY
and in the PURPOSE AND PERIOD OF USE element as 11,111.50 AFY. The PURPOSE AND PERIOD OF USE
element obviously includes a clerical error of including one two many number ones in the amount of annual
diversion volume.
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"

(c) Since IDWR conducted a field exam in 1965 prior to issuance of a license, IDWR

did not conduct an additional field examination for the SRBA notice of claim for this water right.

The decision to recommend the annual diversion amount described in subdivision (a) was based

upon the policies contained in the updated Claims Investigation Manual and Adjudication Memo

34, and policies derived from the following regulations: IDAPA 37.03.02.035.01(0), IDAPA

37.03.02.040.0l(b); IDAPA 37.03.11.020.03, which are attached hereto and incorporated herein

by this reference.

5. (a) The IDWR recommended an annual diversion volume for water right no.

63-03324 in the amount of 1,111.50 acre feet. The IDWR used the following values to calculate

this annual diversion volume:

247 acres of irrigated land.
an annual diversion amount of 4.5 acre feet per acre.

Thus, the annual diversion volume was calculated as the product of those two amounts as

follows: 247 * 4.5 = 1,111.5 acre feet per year. Thus, this calculation used the beneficial use

method.

(b) If the IDWR had recommended an annual diversion volume in accordance with

the system capacity method, it would have used the following values to calculate this annual

diversion volume:

an irrigation season of 260 days from March 1st of each year to November 15th of the
same year.

a diversion amount of 2.03 cubic feet per second.
A conversion value of 1.9835 to convert one cubic foot per second diversion amount for

24 hours into an acre foot per day volume.

Thus, the annual diversion volume would have been calculated as the product of those three

amounts as follows: 260 * 1.9835 *2.03 =1,046.9 acre feet per year.
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This calculation assumes that these pumps ran 24 hours a day for the period of 260 days at a full

capacity of 2.03 cubic feet per second. The amount of 1,046.9 acre feet per year is less than the

amount stated in the recommendation of 1,111.50 acre feet per year. Since water right nos.

63-3323 and 63-3324 have the same place of use, a combined use limitation was added for each

water right with the amount of 1,111.50 acre feet as the recommended amount.

(c) Since IDWR conducted a field eXam in 1965 prior to issuance of a license, IDWR

did not conduct an additional field examination for the SRBA notice of claim for this water right.

The decision to recommend the annual diversion amount described in subdivision (a) was based

upon the policies contained in the updated Claims Investigation Manual and Adjudication Memo

34, and policies derived from the following regulations: IDAPA 37.03.02.035.01(0), IDAPA

37.03.02.040.01(b); IDAPA 37.03.11.020.03, which are attached hereto and incorporated herein

by this reference.

6. (a) The IDWR recommended an annual diversion volume for water right no.

63-10435 in the amount of 306 acre feet.

(b) Since IDWR conducted a field exam in 1989 prior to issuance of a license, IDWR

did not conduct an additional field examination for the SRBA notice of claim for this water right.

The decision to recommend the annual diversion amount described in subdivision (a) was based

upon water right license no. 63-10435.

7. The methods· and amounts of the annual diversion volume for irrigation for these

four water rights may be summarized as follows:

Water right number Limitation amount Method
63-02529 44,918.30 acre feet System capacity method
63-03323 1,111.50 acre feet Beneficial use method
63-03324 1,111.50 acre feet Beneficial use method
63-10435 306 acre feet License contained the limitation
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8. Further your affiant sayeth naught.

URTE

SUBSCRIBED AND SWORN to before me, a Notary Public in and for the State of
Idaho, this I1 day of March 2009.
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CERTIFICATE OF SERVICE

I certify that on this I2mday of March 2009 I caused to be serVed the origiJial and/or
. copy of the IDAHO EXHIBIt 9: AFFIDAVIT OF JAN SHURTE DATED MARCH 11, 2009

on each of the following persons by the indicated method:

1. Original to:

Clerk of the District Court
Snake River Basin Adjudication
253 Third Avenue North
PO Box 2707
Twin Falls, ID 83303-2707

2. Copies to the following persons:

Special Master Theodore Booth
Snake River Basin Adjudication
253 Third Avenue North
PO Box 2707
Twin Falls, ID 83303-2707

Jerry 1. Tlucek and Mary Lou Tlucek
Rebekah Tlucek, Kevin Tlucek, Shelley

Tlucek & Byron Tlucek
Pioneer Irrigation District
c/o Scott 1. Campbell & Dylan B. Lawrence
Moffat Thomas Barrett Rock & Fields,

CHID.
101 S. Capitol Blvd., 10lb Floor
P.O. Box 829
Boise, Idaho 83701-0829

United States Department of Justice
Environment and Natural Resource Division
550 West Fort Street, MSC 033
Boise, ID 83724

o U.S. Mail, postage prepaid
. 00 Hand Delivery
o Federal Express
I;J Facsimile: (208) 736-2121
o Statehouse Mail

o U.S. Mail, postage prepaid
00 Hand Delivery
o Federal Express
o Facsimile: 345-8800
o Statehouse Mail

o U.S. Mail, postage prepaid
00 Hand Delivery
o Federal Express
o Facsimile: (303) 312-7379
o Statehouse Mail

00 U.S. Mail, postage prepaid
o Hand Delivery
o Federal Express
o Facsimile: (303) 312-7379
o Statehouse Mail
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IDWR Document Depository
PO Box 83720
Boise, ID 83720-0098

Chief of Natural Resource Division .
Office of the Attorney General
State of Idaho
P.O. Box 44449
Boise, Idaho 83711-4449

o U.S. Mail, postage prepaid
o Hand Delivery
o Federal Express
o Facsimile: c-=-=----­
~ Statehouse Mail

Not Applicable
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IDAHO ADMINISTRATIVE CODE
Department of Water Resources

IDAPA 37.03.02
Beneficial Use Examination Rules

returned to the applicant If the director determines an applicant is qualified, a certificate of appointment will be
. issued. (7-1-93)

04. Expiration. Every water right examiner certificate of appointment shall expire March 31 of each
year unless renewed by application in the manner prescribed by the director. A non-refundable fee in the amount
provided by statute shall accompany an application for renewal. (7-1-93)

OS. Refusal or Revocation. An appointment or renewal may be refused or revoked by' the director at
any time upon a showing of reasonable cause. A party aggrieved by an action of the director may request an
administrative hearing pursuant to Section 42-170IA(3), Idaho Code. (7-1-93)

06. Reconsideration. An application for appointment or renewal which has been refused or revoked by
the director may not be reconsidered for six (6) months. . . (7-1-93)

07. Liability. The state of Idaho shall not be liable for the compensation of any water right examiner
other than department employees. The pennit holder shall be responsible for costs associated with proof submittal
including examination and field report preparation. (7-1-93)

08. Examinations. Department employees who have the knowledge and experience necessary to
satisfactorily complete water right field examinations as detennined by the director, may be appointed as water right
examiners for the purpose of completing water right examinations during the course and scope of their employment
with the department. Upon tennination of employment with the department, such examiners, unless reappointed as a
non-department certified examiner under provisions of these rules, are not authorized to conduct field examinations.
The fee provisions of these rules are waived for appointments of department employees. (7-1-93)

09. Ingress or Egress Authority. Appointment as a w:ater right examiner does not grant ingress or
egress authority to non-department examiners and does not convey authority unless explicitly prescribed in these
rules. (7-1-93)

10. Reports. The director will not accept a field examination report prepared by a certified water right
examiner who has any past or present interest, direct or indirect, in either the water right pennit, the land or any
enterprise benefiting, or likely to benefit, from the water right. Among those that the director will presume to have an
actual or potential conflict of interest and from whom he will not accept a field examination report are the following:

(7-1-93)

3. The person or persons owning the water right permit or the land or enterprise benefiting from the
water right permit, members of their families (spouse, parents, grandparents, lineal descendants including those that
are adopted, lineal descendants of parents; and spouse of lineal descendants), and their employees. (7-1-93)

b. The person or persons, who sold or installed the diversion works or distribution system. (7-1-93)

11. Money Received. All moneys received'by the department under the provisions ofthese rules shall
be deposited in the water administration fund created under Section 42-238a, Idaho Code. ,(1-1-93)

031. - 034. (RESERVED).

035. EXAMINAnON FOR BENEFICIAL USE (RULE 35).

01. Field Report. (7-1-93)

a. All items of the field report must be completed and must provide sufficient information for the
director to determine the extent ofthe water right developed in order for the report to be acceptable to the director.

(7-1-93)

b. Permitted uses partially developed by the permit holder shall be described. Permitted uses which
were not developed by the permit holder shall be noted. Uses determined to exist which are not authorized by the
permit being examined shall also be noted. (7-1-93)
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IDAHO ADMINISTRATIVE CODE
Department of Water Resources

IDAPA 37.03.02
Beneficial Use Examination Rules

c. A concise description of the diversion works and a general description of the distribution works
shall be given. This description must trace the water from the point of diversion to and including the place of use and
the return to a public water source, if any. The make, capacity, serial number and model number of all pumps,
boosters or measuring devices associated with the point of diversion at the source of the water supply shall be
described on the field report. (7-1-93)

d. Any interconnection of the water use being examined with other water rights or with other
conveyance systems shall be described on the field report. Any reservoir, diversion darn, headgate, well, canal, flume,
pump and other related structure shall be included. This description shall be in the fonn of a concise word picture of
the storage ofwater, if stored, its release, rediversion and conveyaflce to the place of use. A schematic diagram of the
project works shall also be provided in the field report. (7-1-93)

e. If water is returned to a public water source after use, a legal· description of the. point where the
water is returned and source to which discharge is made shall be provided. Examples of uses which generally have an
effluent discharge include fish propagation and power facilities. (7-1-93)

f. The method of compliance with each condition of approval ofa permit shall be shown on the field
report by the examiner.· (7-1-93)

g. If the water is used for irrigation, the boundaries of the various irrigated areas and the location of
the project works providing water to each shall be platted on the proof maps and the full or partial acreage in each
legal subdivision offorty (40) acres or government lot shall be shown. (7-1-93)

b. Irrigated acreage shall be shown on the field report to the nearest whole acre in a legal subdivision
except the acreage shall be shown to the nearest one-tenth (0.10) acre for pennits covering land of five (5) acres or
less. (7-1-93)

i. Where a permit has been developed as separate distribution systems from more than one point of
diversion, the separate areas irrigated from each point of diversion shall be shown on the proof maps as described
herein before and the legal subdivisions embracing the irrigated areas for each such respective point of diversion
together with the total irrigated area shall be described. . (7-1-93)

j. The field examiner does not need to show total volume of water for municipal and fire prptection
uses on the field report unless the project works provide for storage of water. (7-1-93)

k. The total number of holding/rearing ponds and the dimensions and volume of the ponds sball be
shown on the field report for fish rearing or fish propagation use. The annual volume shall be calculated based on the
changes ofwater per hour. (7-1-93)

l. Information shall be submitted concerning the beneficial use that has been made ofthe water unless
the purpose of use is for irrigation. For example, for stockwater use, the number and type of stock watered shall be
provided. Similar indications ofthe extent of beneficial use shall be provided for all other non-irrigation uses.

(7-1-93)

m. Infonnation on the period during each year that the water is used shall be described for each use.
(7-1-93)

D. For permits having more than One use, the diversion rate measured for each use shall be described.
(7-1-93)

o. The amount (rate and/or volume) of water shall be limited by the smaller of the pennitted amount,
the amount upon which the license examination fee is .paid, the capacity of the diversion works or the amount
beneficially used, including any statutory limitation of the duty ofwater. (7-1-93)

p. .Suggested amendments shall be noted on the field report when the place of use, point of diversion,
period or nature of use is different from the approved permit or from previously approved amendments. (7-1-93)
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IDAHO ADMINISTRATIVE CODE
Department of Water Resources

IDAPA 37.03.02
Beneficial Use Examination Rules

q. Ali aerial photo must accompany field reports involving ten (10) or more irrigated acres unless
waived by the director. [f existing photos are not available, the director will accept a USGS Quadrangle map at the
largest scale available. . (7- I-93)

02. Field Report Acceptability. (7-[-93)

a. All field reports shall be prepared by or under the supervision of certified water right examiners.
The report must be properly endorsed with an engineer or geologist seal and signature. Field reports received from
certified water righ.t examiners will be accepted if the report includes all the infonnation required to complete the
report and provides the information required by Rule Subsection 035.01. (7-[-93)

b. Field reports not completed as required by these rules will be.retumed to the certified water right
examiner for compJetion. lfthe date for submitting proofof beneficial use has passed. the penalty provisions ofRule
055 shall apply. (7-[-93)

c. If the director determines that a field report is acceptable but that additional information is needed
to clarify the field report, he will notify the certified water right examiner in writing ofthe infonnation required. If the
additional information is not submitted within thirty (30) days or within the time specified in the written notice, the
priority date of the permit will be advanced one (1) day for each day the information submittal is late. Failure to
submit the required infonnation within one (1) year ofthe date of the department's request is cause for the director to
take action to cancel the permit. (7-1-93)

. d. Field reports which indicate that a measuring device, required as a condition of approval of the
permit, has not been installed, are not acceptable and will be returned to the examiner unless the measuring device
requirement has been formally waived by the director. (7-[,93)

03. General. (7-1-93)

a. For irrigation purposes, the duty ofwater shall not exceed five (5) acre feet of stored water for each
acre of land to be irrigated or more than one (I) cubic foot per second for each fifty (50) acres of land to be irrigated
unless it can be shown to the satisfaction of the director that a greater amount is necessary. (7-1-93)

b. For irrigated acreage of five (5) acres or less, a rate of diversion not in excess of three one-
hundreths (0.03) cfs per acre may be allowed on the license to be issued by the director. (7-1-93)

c. Conveyance losses ofwater from the point of diversion to the place of use which are determined by
actual measurement may be allowed by the director if the loss is determined by the director to be reasonable.

(7-1-93)

d. The duty of water described in Rule 035.03.a. may be exceeded ifthe.department has authorized a
greater diversion rate when the pennit wCl:s issued and good c'!:use acceptable to the qirector has been demonstrated.

(7-1-93)

e: For irrigation systems which cover more than twenty-five thousand (25,000) acres, the field report
does not need to describe the irrigated land by legal subdivision, but may be described generally as the lands under
the project works i.f the total irrigated acres has been accurately determined and is shown on the field report. The
amount of water beneficially used under such projects must be shown on the field report. (7-1-93)

04. Requests. Requests to the department for computerized data, copies, or other information
involving research of department records must be accompanied by a fee as required in Section 42-221, Idaho Code.

. (7-[-93)

036.- 039. (RESERVED).

040. WATER MEASUREMENT (RULE 40).

O~. Measurement"Terminology.
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IDAHO ADMINISTRATIVE CODE
Department ofWater Resources

IDAPA 37.03.02
Beneficial Use Examination Rules

a. Rate of flow measurements shall be shown in units of cubic feet per second (cfs) with thr!,e (3)
significant figures and no more precision than hundredths. (7-1-93)

b. Volume measurements shall be shown in units of acre-feet (AP) With three (3) significant fignres,
and no more precision than tenths. . (7-1-93)

02. Rate of Diversion. The rate of diversjon measurement shall be conducted as close as reasonably
possible to the source of supply and shall be measured with the project works fully in place operating at normal
capacity. For example, if a sprinkler system is used for irrigation purposes, discharge from the pump must be
measured with the sprinkler system connected. . (7-1-93)

03. Measurements. Water measurements may be made by vessel, weir, meter, rated flume, reservoir
capacity table or othenccepted standard method of measurement: The field report shall describe the method used in
making the ~easurement, the date when made, the name ofthe person making the measurement, the legal description
of the location where the measurement was taken and shall include sufficient information, including current meter
notes, rating tabl'es, and/or calibration infonnation to enable the director to check the quantity of water measured in
each case. (7-1-93)

·04. Unacceptable Measuren;Lents. Theoretical diversion rates or theoretical carrying capacities are not
acceptable as a measure of the rate of diversion except for some diversion systems where an exception is granted by
the director. Systems for which a measuring device, access port, or certified water measurement is not a permit
requirement, are considered exempt from this rule. (7-1-93)

05. Method. Rate of flow measurements shall he determined using equipment and methods capable of
obtaining an accuracy of plus or minus ten percent (10%). (7-1-93)

041. -044. (RESERVED).

045. DRAWINGS, MAP, AND SCHEMATIC DIAGRAM (RULE 45).
The following provisions shall apply to the submittal of drawings. maps, photos and the schematic diagrams.

(7-1-93)

01. Submittal of Drawings, Maps, Photos and Schematic Diagrams. Drawings, maps, photo~ and
schematic diagnuns used as an attachment to the field repQrt shall be on eight and one-halfby eleven (8 1/2 x 11) inch
paper whenever pQssible. A margin of two (2) inches at the top and one-half (1/2) inch on the other three (3) sides
should be provided. (7-1-93)

02. Attachment Sheets. Attachment sheets shall depict information on one (1) side only. (7-1-93)

03. Scale of Map. The map depicting the point of diversion and place of use shall b~ of a reasonable·
scale but not less than two (2) inches equals o~e (I) mile. The map shall show the location ofthe point(s) ofdiversion
to the nearest forty (40) acre tract or to a ten (10) acre tract for springs. The locatitm of ditches, canals, mainlines,
distribution systems and the place of use by forty (40) acre tract must be shown. (7-1-93)

04. Drawings. Drawings need to generally depict the size and type of diversion worl<s, measuring
device, conveyance system, water application method., and the location of any measurements taken. (7-1-93)

05. Photographs. Photographs of the diversion works, the typical distribution works and other
prominent features ,of the system shall be provided with the field report. (7-1-93)

·046. - 049. (RESERVED).

050. LICENSE EXAMINATION FEE (RULE 50).

or. Exam,inations Conducted by Department Certified Water Right Examiners. (7-1-93)

a. The examination fee shall be payable to the Department of Water Resources unless the field
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IDAHO ADMINISTRATIVE CODE
Department of Water Resources

IDAPA 37.03.11· Conjunctive Management of
Surface & Ground Water Resources

19. Reasonably Anticipated Average Rate of Future Natural Recharge. The estimated average
annual volume of water recharged to an area having a common ground water supply from precipitation, underflow
from tributary sources, and stream losses and also water incidentally recharged to an area having a common ground
water supply as a result ofthe diversion and use afwater for irrigation and other purposes. The estimate will be based
on available data regarding conditions ofdiversion and use afwater existing' at the time the estimate is made and may
vary as these conditions and availahle information change. (10-7-94)

20.
are initiated.

Respondent. Persons against whom complaints or petitions are filed or about whom investigations
(10-7-94)

21. Senior-Priority. A water right·priority date earlier in time than the priority dates of other water
rights being considered. (10-7-94)

22. Surface Water. Rivers, streams, lakes and springs when flowing in their n!lwral channels as
provided in Sections 42-101 and 42-103, Idaho Code. (10-7-94)

23. Water District An instrumenta1ity of the state of Idaho created by the Director as provided in
Section 42-604, Idaho Code, for the purpose of performing the essential governmental function of distribution of
water among appropriators under Idaho law. (10-7-94)

24. Watermaster. A person elected and appointed as provided in Section 42-605, and Section 42-801,
Idaho Code, to distribute water within a water district. (10-7-94)

25. Water RIght The legal right to divert and use or to protect in place the public waters ofthe state of
Idaho where such right is evidenced by a decree, a permit or license issued by the Department, a beneficial or
constitutional use right or a right based on federaIlaw. (10-7-94)

011. -019. (RESERVED).

020. GENERAL STATEMENTS OF PURPOSE AND POLICIES FOR CONJUNCTIVE
MANAGEMENT OF SURFACE AND GROUND WATER RESOURCES (RULE 20).

01. Distrib~tion of Water Among the Holders of Senior and Junior-Priority Rights. These rules
apply to all situations in the state where the diversi6n and use ofwater under junior-priority ground water rights either
indiyidually or collectively causes material injury to uses ofwater under senior-priority water rights. The rules govern
the distribution'of water from ground water sources and areas having a common ground water supply. '(10-7-94)

02. Prior Appropriation Doctrine. These rules acknowledge all elements of the prior appropriation
doctrine as established by Idaho law. . (10-7-94)

03. Reasonable Use of Surface and Ground Water. These rules integrate the administration and use
of surface and ground water in a manner consistent with the traditional policy of reasonable use of both surface and
ground water. The policy of reasonable use includes the concepts of priority in time and s!1periority in right being
subject to conditions of reasonable use as the legislature may by law prescribe as providel;! in Article XV, Section 5,
Idaho Constitution, optimum development of water resources in the public interest prescribed in Article XV, Section
7, Idaho Constitution, and full economic development as defined by Idaho law. An appropriator is not entitled to
command the entirety of large volumes of water in a surface or ground water source to support his appropriation
contrary to the public policy ofreasonable use of water as described in this rule. (10-7-94)

04. Delivery Calls. These rules provide the basis and procedure for responding to delivery calls made
by the holder of a senior-priority surface or ground water right against the holder of a junior-priority ground water
right. The principle of the futile call applies to the distribution of water under these rules. Although a call may be
denied under the futile call doctrine, these rules may require mitigation or staged or phased curtailment of a junior­
priority use if diversion and use of water by the holder of the junior-priority water right causes material injury, even
though not immediately measurable, to the holder of a senior-priority surface or ground water right in instances where
the hydrologic connection may be remote, the resource is large and no direct immediate relief would be achieved if
the junior-priority water use was discontinued. (10-7-94)
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IDAHO ADMINISTRATIVE CODE·
Deparlment of Water Resources

IDAPA 37.03.11 - ConjunctiVe Management of
Surface & Grounri Water Resources

05. Exercise of Water Rights. These rules provide the basis for determining the reasonableness ofthe
diversion and use afwater by both the holder of a senior-priority water right who requests priority delivery and the
holder of a junior-priority water right against whom the call is made. (10-7-94)

06. Areas Having a Common Gronnd Water Supply. These rules provide the basis for the
designation ofareas of the state that have a common ground water supply and the procedures that will be followed in
incorporating the water rights within such areas into existing water districts or creating new districts as provided in
Section 42-237ag., and Section 4.2-604, Idaho Code, or designating such areas as ground water management areas as
provided in Section 42-233(b), Idaho Code. (10-7-94)

. 07. Sequence of A.ctions for Responding to Delivery Calls. Rule 30 provides procedures for
responding to delivery calls within areas having a common ground water supply that have not been incorporated into
an existing or new water district or designated a ground water manage~ent area. Rule 40 provides proc:edures for
responding to delivery calls within water districts where areas having a common ground water supply have been
incorporated into the district or a new district has been created. Rule 41 provides procedures for responding to
delivery calls within areas that have been designated as ground water management areas. Rule 50 designates specific
known areas having a common ground water supply within the state.· (10-7-94)

08. Reasonably Anticipated Average Rate of Future Natural Recharge. These rules provide for
.administration of the use of ground water resources to achieve the goal that withdrawals of ground water not exceed
the reasonably anticipated average rate offuture natural recharge. (Section 42-237a.g., Idaho Code) (10-7-94)

09. Saving ofDefenses. Nothing in these rules shall affect or in any way limit any person's entitlement
to assert any defense or claim based upon fact or law in any contested case or other proceeding. (10-7-94)

. 10. Wells as Alternate or Changed Points of Diversion for Water ~hts from a Surface Water
Source. Nothing in these rules shall prohibit any holder of a water right from a surface water source from seeking,
pursuant to Idaho law, to change the point of diversion of the water to an inter-connected area having a common
ground water supply. (10-7-94)

n. Domestic and Stock Wateriug Ground Water Rights Exempt. A delivery call shall not be
effective against any ground water right used for domestic purposes regardless of priority date where such domestic
use is within the limits of the definition set forth in Section 42-111, Idaho Code, nor against any ground water right
used for stock watering where such stock watering use is within the limits of the definition set forth in Section 42­
140lA(12), Idaho Code; provided, however, this exemption shall not prohibit the holder of a water right for domestic
or stock watering uses from making a delivery call, including a delivery call against the holders of other domestic or
stockwatering rights, where the holder of such right is suffering material injury. (10-7-94)

021. -- 029. (RESERVED).

030. RESPONSES W CALLS FOR WATER DELIVERY MADE BY THE HOLDERS OF SENIOR­
PRIORITY SURFACE OR GROUND WATER RIGHTS AGAINST THE HOLDERS OF JUNIOR­
PRIORITY GROUND WATER RIGHTS WITHIN AREAS OF THE STATE NOT IN ORGANIZED
WATER DISTRICTS OR WITHIN WATER DISTRICTS WHERE GROUND WATER REGULATION HAS
NOT BEEN INCLUDED IN THE FUNCTIONS OF SUCH DISTRICTS OR WITHIN AREAS THAT HAVE
NOT BEEN DESIGNATED GROUND WATER MANAGEMENT AREAS (RULE 30).

01. Delivery Call (petition). When a delivery call is made by the holder of a surface or ground water
right (petitioner) alleging that by reason of diversion ofwater by the holders of one (I) or more junior-priority ground
water rights (respondents) the petitioner is suffering material injury, the petitioner shall file with the Director a
petition in writing containing, at least, the following in addition to the information required by IDAPA 37.01.01,
"Rules ofProcedure ofthe Department of Water Resources," Rule 230: (10-7-94)

a. A description of the water rights of the petitioner including a listing of the decree, license, permit,
claim or other documentation of such right, the water diversion and delivery system being used by petitioner and the
beneficial use being made of the water. (10-7-94)
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RECEIVED
MAR, 3 2009

W~fPARTMENT OF
ER RESOURCES

LAWRENCEG. WASDEN
Attorney General

CLIVE 1. STRONG
Deputy Attorney General
Chief, Natural Resources Division

DAVID J. BARBER (ISB #2597)
Deputy Attorney General
P.O. Box 44449
Boise, Idaho 83711-4449
Telephone: (208) 334-2400
Facsimile: (208) 854-8072

IN THE DISTRICT COURT OF THE FIFTH JUDICIAL DISTRICT

OF THE STATE OF IDAHO, IN AND FOR THE COUNTY OF TWIN FALLS

InRe SRBA

Case No. 39576

)
)
)
)
)
)

~--------)

STATE OF IDAHO )
) ss

County ofAda )

Subcase Nos. 63-02529, 63-03323, 63-03324, & 63-10435

IDAHO EXHIBIT 10: AFFIDAVIT OF JEFF
PEPPERSACK DATED MARCH 11,2009

JEFF PEPPERSACK, being first duly sworn, deposes and states: -

1. I am a competent adult, over the age of eighteen years, and have personal

knowledge of the matters stated herein. I graduated from the University of Idaho in May 1983

with a Bachelor of Science degree in Civil Engineering. I am a registered professional civil

IDAHO EXlITBIT 10: AFFIDAVIT OF JEFF PEPPERSACK DATED MARCH II, 2009 Page 1



engineer in the State of Idaho.

2. My employment history is as follows: I worked for the U. S. Geological Survey

from 1983 to 1984 as a Hydrologic Technician. I have then worked for the Idaho DepartriJ.ent of

Water Resources (hereinafter the "IDWR") from 1984 to the present. I started as an Engineering

Specialist in the Energy Bureau from 1984 to 1987, which involved, among other tasks, pump

efficiency tests and irrigation system audits. From 1987 to 1999, I worked as an Engineer,

Technical I, in the Adjudication Bureau, which was a senior engineering position for the Snake·

River Basin Adjudication. From 1999. to 2007, I worked as Manager, Water Right Permits

Section, which supervised staff and oversaw programs for review of water right applications.

From 2007 to the present, I have worked as the Chief, Water Allocation Bureau, which manages

the Water Right Permits and Water Distribution Sections.

3. I am familiar with the policies of the IDWR regarding the development of

standards for annual volume of irrigation diversion limitations that are included as an element of

a water right. The IDWR has prepared several reports on the development of irrigation diversion

limitations. These reports include the following: (l) Report Regarding Development of

Standards for Annual Volume of Irrigation Requirements at the Field Headgate, In Re SRBA,

Twin Falls County Civil Case No. 39576, Sub-Case No. 36~08649 (August 1, 1996) and (2)

Report Regarding Evaluation of Irrigation Diversion Rates, In Re SRBA, Twin Falls County

Civil Case No. 39576, Sub-Case No.: 00-0000 (January 14, 1999). Those two reports are

attached as Attachments I and II and are incorporated herein by this reference.

4. A brief summary of the process used to develop an annual diversion volume

limitation for irrigation is as follows:

IDAHO EXHIBIT 10: AFFIDAVIT OF JEFF PEPPERSACK DATED MARCH 11, 2009 Page 2



a Irrigation water is intended to make up for the deficiency in natural

precipitation so that a target crop may be grown in an area. Published studies were

undertaken to determine the amount of deficiency in water for target crops at sites in

Idaho. A detailed study would determine (i) the water needs of the target crop on a daily

basis and (ii) the amount that that need is satisfied by precipitation for each day for the

irrigation season. The difference between those two amounts is the deficiency that

, irrigation water must provide. The daily deficiencies are then added up to determine the
, '

amount of the water deficiency on an annual basis. Since each irrigation season differs in

the amount of solar radiation striking the surface of the earth, the wind at the site in

question, and the other factors affecting evaporation and transpiration for the target crop,

the amount of the water deficiency will vary from year to year. The IDWR Used average

values for the most water consumptive crop in each area of the state where crop

consumptive irrigation requirement data was available. The average values were rounded

up to the next highest one-half acre foot value to account for variability between

irrigation seasons.

b. The crop consumptive irrigation requirement is converted into a field

headgate.amount by projecting a certain efficiency for the irrigation system. If the crop

consumptive irrigation requirement for a target crop was 3 acre feet per year' and if the

irrigation efficiency was 70 per cent, then the field headgate amount would be calculated

by dividing the crop consumptive irrigation requirement of 3 acre feet by 0.70, which is

equal to 4.29 acre feet per year. That amount was then rounded to the nearest one-half

acre foot value. Thus, in that example, the field headgate requirement would be rounded

to 4.5 acre feet per year. The IDWR has expected irrigation systems to attain an
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·,

efficiency of 70 to 75 percent based on published values for modern irrigation systems.

After determining a field headgate amount for various locations in the state, the IDWR

.divided the state into several different areas with similar headgate amounts and assigned

a single standard for field headgate volume to each area. Using this methodology, the

IDWR determined that 4.5 acre feet per acre per year is a standard ~or the maximum

amount of water that can be beneficially used in the Treasure Valley area. This

determination was based on a, study of crop consumptive irrigation requirement by

Richard C. Allen, Ph.D., P.E. and Charles Brockway, Ph.D., P.E. Richard C. Allen,

Ph.D., P.E. recently updated the analysis of the crop consumptive irrigation requirement

for crops in Idaho. The IDWR has not re-evaluated standards for the Treasure Valley or

other areas of the state based on this new work.

5. Further your affiant sayeth naught.

SUBSCRIBED AND SWORN to before me, a Notary Public in and for the State of
Idaho, this J./!day of March 2009.

NOTARYPUBLI9FORIDAHO
Residing at '-£)0)~
My Commission expires: 1/-- /4.-;;l tJ/ d
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CERTIFICATE OF SERVICE

I certify that on this 12!h day of March 2009 I caused to be served the original and/or
copy of the IDAHO EXHIBIT 10: AFFIDAVIT OF JEFF PEPPERSACK DATED MARCH 11,
2009 on each of the following persons by the indicated method:

1. Original to:

Clerk of the District Court
Snake River Basin Adjudication
253 Third Avenue North
PO Box 2707
Twin Falls, ID 83303-2707

-2. Copies to the following persons:

SpeCial Master Theodore Booth
Snake River Basin Adjudication
253 Third Avenue North
PO Box 2707
Twin Falls, ID 83303-2707

-Jerry L. Tlucek and Mary Lou Tlucek
Rebekah Tlucek, Kevin Tlucek, Shelley

Tlucek & Byron Tlucek
Pioneer Irrigation District
clo Scott L. Campbell & Dylan B. Lawrence
Moffat Thomas Barrett Rock & Fields,

CHTD.
101 S. Capitol Blvd., 10th Floor
P.O. Box 829
Boise, Idaho 83701-0829

United- States Department of Justice
Environment and Natural Resource Division
550 West Fort Street, MSC 033
Boise, ID 83724

o U.S. Mail, postage prepaid
lRl Hand Delivery
o Federal Express
o Facsimile: (208) 736-2121
o Statehouse Mail

o U.S. Mail, postage prepaid
lRl Hand Delivery
o Federal Express
o Facsimile: 345-8800
o Statehouse Mail

o U.S. Mail, postage prepaid
lRl Hand Delivery
o Federal Express
o Facsimile: (303) 312-7379
o Statehouse Mail

lRl U.S. Mail, postage prepaid
o Hand Delivery
o Federal Express
o Facsimile: (303) 312-7379
o Statehouse Mail
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IDWR Document Depository
POBox 83720
Boise, ID 83720-0098

ChiefofNatural Resource Division
Offi.ce of the Attorney General
State ofIdaho
P.O. Box 44449
Boise, Idaho 83711-4449

o U.S. Mail, postage prepaid
o Hand Delivery
o Federal Express
o Facsimile:
[R] Statehouse ~M'-a1""'l----

Not Applicable

DAVID J. BAR%R .
Deputy Attorney General
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REPORT REGARDING DEVELOPMENT OF STANDARDS FOR ANNUAL
VOLUME OF IRRiGATION REQUIREMENTS AT THE FIELD HEADGATE

·In Re SRBA.·
Twin Falls County Civil Case No. 39576

Sub-Case No.: 36~08649 .

Report to the SRBA District Court

Prepared by the Idaho Department of Water Resources
.Karl J. Dreher, Director

David R. Tuthill Jr., Acting Adjudication Bureau Chief

August 1. 1996
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REl>ORT REGARDING DEVELOPMENT OF STANDARDS FOR ANNUAL VOLUME OF
IRRIGATION REQUIREMENTS AT THE FIELD HEADGATE

INTRODUCTION

The purpose of this report is to document the methodology used by the Idaho
Department of Water Resources (IDWR) to develop standards for annual volume of
irrigation requirements at the field headgate. The standards used by IDWR are based
on the annual volume of consumptive use for the most water-consumptive. crop grown ...
!n an area and an irrigation application efficiency which is.considered achievabl~using .
the benefits of modern irrigation design and practices. In order to fully describe the
field headgate requirement standard, this paper will first describe IDWR standards for
the annual volume of consumptive use for irrigation. Development of these standards
was first described in a December 18, 1991 memorandum which is attached to this

. report for reference (Attachment 1).

DEFINITION OF TERMS

Consumptive Use (CU): - This term has both a technical definition and a statutory
defillition, as follows:

Technical Definition: The amoun.t of water transpired by an actively growing
or photosynthesizing plant plus water evaporated from soil and foliage in the
area occupied by the growing plant. This ·term is synonymous with
evapotranspiration (ET) (AlIen.and Brockway, 1983, p. 2).

Statutory Definition: Section 42-1401A(21 of the Idaho Code provides the
following definition: "the amount of water that does not remain in the water
system after use or is not returned to the water system through return flows
or seepage ... for an irrigati90 water right [consumptive use} shall be 'based
upon the most· water consumptive crop that can be grown in the area during

··the period of the year when water is used for irrigation."
~ .

Units for consumptive use for irrigation are expressed in acre-feet per year per acre
(AFY per acre) in this report.

Evapotranspiration (ET): See "Consumptive Use" {technical definition} defined above.

Consumptive Irrigation Requirement (CIR): The amount of water required for
consumptive use that is artificially applied to the soil through irrigation {Sutter and
Corey, 1970, p. 1}. Units for CIR are expressed in units of AFY per acre in this
report.
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Effective Precipitation (EP): The amount of water provided by precipitation which· is
capable of satisfying a part of the consumptive use" (Sutter and Gorey, 1970, p. 1).

Field Headgate Requirement "(FHR): See "Irrigation Requirement" defined below.

Irrigation Requirement: The amount of water required to" be delivered to the irrigation
system to meet the consumptive irrigation requirement {Sutter and Gorey, 1970, p.
1I. This term is also called the field headgate requirement in this report and "is
expressed in units of AFY per acre,

Irrigation Efficiency (IE):· The ratio of the average depth of irrigation waterbeneficially
used to the ave.rage depth applied, expressed as a percentage (USDA, 1993, p. 2­
164). This term is also called the irrigation application efficiei1cy in this report.

DiSCUSSION OF CONSUMPTIVE USE TERMS

Technical literature considers the consumptive use (CU) for irrigated cropland to be
provided by two components, irrigation and precipitation (Sutter and Corey, 1970, p.

---1-h.....Measurements-0f-quantities-ef-water-required·f0r-gr-ewing-cr0ps-typically-identify----­
the total CU, without specifying whether this amount is provided by irrigation or by
precipi!:ation.'

On the other hand, the CU for irrigation as defined by Idaho statute, and thus the CU
" reported by IDWR for the recommendations of water rights, is the crop water use

amount that must be provided by the irrigation system. This amount is technically the
consumptive irrigation requirement {CIRl, which is computed by subtracting the
effective"precipitation (EP) from the evapotranspiration (ET). For clarity in this report,
the two types of consumptive use will be assigned subscripts, as follows:

CUT = Technical Consumptive Use = ET

CUs = Statutory Consumptive Use = ET - EP = CIR

BACKGROUND

The computation of irrigation consumptive uses in Idaho has been refined through the
decades. An initial basis for computation of consumptive water uses was provided
in a 1970 publication prepared by Sutter and. Corey entitled "Consumptive Irrigation

1 Based on communication with Dr. James l. Wright of the USDA Agricultural Research Service on June
27,1996.
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Requirements for Crops in Idaho. n This study applied the SCS-Modified Blaney-Criddle
method to data obtained at 42 weather stations in or near Idaho to compute
consumptive use (CUT) and consumptive irrigation requirement (CIR) (equivalent to
CUs)' These values were reported as functions of crops and months for various
frequencies of occurrence.

the Sutter and Corey study was used as the basis for lDWR irrigation standards for
consumptive use (CUs) and field headgate requirements (IDWR, 1982). IDWR
developed a reference map for field headgate requirements based on the 80th

.percentile2 values of CIR for alfalfa and an irrigation efficiency of 60%. The.reference
map presents field headgate requiremen1:s in 0.5 AFY per acre increments. This map
is shown as "Irrigation Requirements at the Field Headgate" in Attachment 1 of this
report.

In 1983, AI.len and Brockway reported updated' consumptive use estimates. In this
study Allen and Brockway found that the FAO Blaney-Criddle method provided a more
accurate prediction of the consumptive use of alfalfa hay, winter and spring grain and
corn at Kimberly than had been achieved via the SCS-Modtfied Blaney-Criddle method.
Thus the· FAO Blaney-Criddle method was utilized to compute monthly.values for CUT
and CIR for 12 crops at 98 stations across the 'state.3

'Results of the AUen' and Brockway study were adopted by IDWR as the basis for
standards for consumptive use {IDWR, 1984). IDWR developed a reference map for
consumptive.use {CUs) based on average annuai CIR for alfalfa presented in 0.5 AFY
per acre increments. This map is shown as n Annual Volume of Consumptive Use for
Irrigation tt in Attachment 1 of this report. '

DEVELOPMENT OF-NEW REFERENCE MAPS

, Initiation oftiJe Snake River Basin Adjudication prompted additional work in this arena.
Two concerns were identified regarding the current standards at that time. The first
concern was the use of different CIR estimates for ,the consumptive use (CUs) and
field headgate requirement (FHR) standards. At the time, the Allen and Brockwa:y cm

2The 80th percentile value represents the probability value which will not be exceeded 80 percent of
the time.

'IOWR currently has a contract with the Idaho Water Resources Research Institute to update the Allen
and Brockway ET .estimates statewide. The update will incorporate climatic data available since the
original report' was completed. The contract is expected to be completed in early 1997. It is
anticipated thatthe updeted· estimates will be utifized by IOWR, as necessary, to, update atandards for
consumptive use and field headgate requirements.
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estimates were used for CUs standards and the field headgate requirement standards
were still based on CIR estimates from Sutter and Corey. In addition, the reference
'maps for CUs and FHR did not use the same boundaries to outline the areas with
'similar values. Since CUs and FHR both use CIR as the basis, the boundaries should
be the same for each reference map. The fact that the CUs map was based on more
recent estimates of CIR resultad in inconsistent recommendations.

The second concern was the obscurity of the boundaries shown on the existing
reference maps. Consistent recommendations were difficult without 'knowing. the
exact locations of the boundaries relative to the irrigated acreages.

A reference map should present data simply and accurately in' order to ensure
yonsistent use. Since the existing maps did not accomplish that, new reference maps
were developed for CUs and FHR based on em values from the Allen and Brockway
study. Boundary lines were drawn along existing identifiable lines such as pUblic land
,survey lines or county lines. IOWR's administrative boundaries also served as good
boundariesfor the reference maps especially where boundaries crossed irrigated areas.

To aid in ,the determination of boundaries between areas with different CIR values,
IDWR developed a 1:1,000,000 scale map showing the irrigated areas within' the
state based on Landsat digital data.4 Weather station locations used in the Allen and
Brockway study were plotted on the map to show the locations of ClR estimates in
the state. This map was overlaid by a map showing IOWR's administrative boundaries
and the public land survey lines. Other aids inCluded- climatic area maps from the
Corey and Sutter report and the Soil Conservation Service (now known as the Natural
Resources Conservation Service).

It should be noted that there are no true boundaries between climatic areas within the
state. Most changes are gradual so .the use of boundaries on a reference map is only
necessary to provide consistency for the users. The use of boundaries requires s.orrie
generalization and rounding of the data. '

Consumptive Use

The revised CUs reference map was based on the average annual consumptive
irrigation requirement for the most water-consumptive crop in an area as required by
statute. The table entitled "Consumptive Irrigation Requirement of the Most Water

'Consumptive Crop{s) ror Weather Stations in Idaho" in Attachment 1 of this report

'Landsat: digital data is remotely-sensed data from the eanh's surface via satellite Sensors commonly
used for land use classification.
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lists the CIR values used to develop the revised CUs reference map. The state was
divided into several areas with similar CIR values. Boundary lines were drawn as
descr.ibed above. Each subdivision was assigned a CIR value which was generally

. rounded to the next highest 0.5 AFY peracTe. .

Reid Headgate Requirement

The field headgate requirement (FHR), as defined earlier, is the amount. of water
required by the irrigation system (at the field headgate) to meet the consumptive
irrigation requirement (CIR) of the crop (s). Due· to the unavoidable losses of any·
ii"rigation system, the amount of water applied :i:hrough an irrigation·system must be
greater than the consumptive irrigation requirement .of ·the crop{s). The irrigation
efficiency (lE) is the ratio of the amount of irrigation water used to satisfy the CI!:i .for
the crop to the amount of water applied through the irrigation system (FHR). This can
be expressed by the relationship shown below:

IE = CIR/FHR

By rearranging.the equation, FHR can be calculated as shown below:

FHR = CIR/IE

The revised FHR reference map was based on the CIR values from the CUs
subdivisions described above, divided by an irrigation efficiency of 70 to 75%. The
efficiency range of 70 to 75% is considered to be an attainable efficiency for modern

. irrigation systems when properly designed and managed {Hagan, Haise, and
Edminster, 1967, p. 1136}: The FHR was calpulated for each CUs subdivision within
the state and then rounded to the nearest 0.5 AFY.per acre.

SUMMARY

Current IDWR standards for the annual volume of consumptive use {CUs} for irrigi>tion
and the annual field headgate requirements (FHR) are based dn consumptive irrigation
requirement estimates from a study by Allen and Brockway. CUs is based on the
most water-consumptive crop in an area and generally rounded to the next highest 0.5
A~Y per acre..FHR is based on the CUs standards divided by an. irrigation efficiency
of 70 to 75% which is considered attainable for modern irrigation systems based on
proper design and management. The results were rounded to the nearest 0.5 AFY per
acre. The standards are presented in map form to ensure consistency in a simple
format. This map, dated December, 1991, entitled nConsumpiive Irrigation
Requirement, Field Headgate Requirement and Season of Use" is included with this

5



REPORT REGARDING DEVELOPMENT OF STANDARDS FOR ANNUAL VOLUME OF IRRIGATION
. REQUIREMENTS AT THE FlaP HEADGATE ..

report for reference. The reference map was adopted as a standan:! by IDWR in 1992
(see Attachment 2 of this report). .
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State of Idaho l
l ss.

, ' CountY ofAda l

Jeff,Peppersack, being first dUly sworn; upon oath, deposes and says:

That l' am an Engineer for the AdjUdication Bureau of IDWR, that I have
prepared the foregoing rep,ort, know its contents, arid that the statements contained
therein are 'true to the best of my knowledge and belief.

'Jeff Peppersack

Subscribed and sWorn to before me this . day of August, 1996.

Notary Public for Idaho
Residing at:,-:-__.,.- ~

My commission expires:

Certificate of Mailing

I certify that on the _'_' day of August, 1996, I mailed copies of the foregoing
document, including all attachments to the follOWing:' .

Ray and Alice McCord
Route l'
Wendell, ID 83355

Person Mailing Document{sl
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December 18, 1~91

To: ltile

From: Jeff peppersack

Subject: Reference Maps for Consumptive Irrigation Requi~ement,

Irrigation Field Readgate Requirement, and· Irrigation
Season of Use . .

In response to Regional Office· cbnce"ns arising during the· course
of .SRBA review I have been assigned the task of reviewing arid
possibly updating our· reference maps·on irrigation water use and
seCj.son of use. The difficulties encountered by regional
personnel are related to the origin of evapotranspiration data
used to produce our current maps and the obscurity of the
boundaries shown on each ·of these maps.

CURRElfr REFERENCE .MAPS

The Department currently uses three reference maps. The
consumptive use map is based on the average annual. consumptive
i=igation .requirements for alfalfa from the report ESTIMATING
CONSUMPTIVE IRRIGATION REQUIREMENTS FOR CROPS IN IDAHO, by R.G.
Allen. and C.E. Brockway, August, 1983. Data from this ;report was
put i.nto map form by the Department using 0.5 acre-foot per acre
increments (see Attachment 1) . .

The field headgate·map is based on the 80th percentile ..
co~sumptive irrigation requirements for alfalfa ·from the. report
CONSl:JMPTIVE IRRIGATION REQUIREMENTS F()R CROPS IN IDAHO 1 by oR. J •
Sutter and G.L. Corey, July, 1970... Data from this teport was
combined with an irrig~tion app1ieation efficiency of 60% and put
int.o map fOJ:Il! by the bepartment using 0 ..5 acre-fbot per acre .
increments (see Attachment 2) .

The season of use map is reportedly based on a 50% prObability of
a 28 degree frost occuring after a specified date in the spring
and before a specified date in the fall. The source of data is
the report SPRING AND FALL FREEZING TEMPERATURES IN IDAHO, by
D.J. Stevlingson and D.O. Ever·son, 1968. Data from this report
was put into map form by the Department (see Attachment 3). A
review of this data found very. little correlation between the



data and the map presently used.

DEVELOl?MENT OF NEW REFERENCE MAJ?S·

The' purpose o~ a reference map is to provide a simple and
consistent way to ];lresent data. our current maps do not meet
these requirements. First of all, consumptive irrigation
requirements and field headgate requirements'should be.based on
the same, evapotranspiration data. Also, the ,boundaries use<;i to
separate different 'climatic areas within the state should be the
same for consumptive irrigation requirements and field headgate
requirements. The season of use map could also. use the same set:
of boundaries .since the parameters affecting season of use are
closely related to the parameters affecting evapotranspiration
(t:emperatiir"" elevation, etc.). Lastly, a larger scale map with
definite boundaries ,is reqUired to provide the consistency

. desired., '

It should be noted that there are no true boundaries between
climatic areas within the state. Most. changes are gradual and
boundaries are only necessary to provide consistency for the
users. The use of boundaries requires soine generali.zation and
rounding of the dat'a. '

Boundaries should be drawn along existing identifiable lines such
as pUbiic 1and.su~ey lines or county lines. IDWR's

. administrative basin boundaries serve as good boundary lines
,especially where it 'is necessary to divide irrigated areas.
Several aids were used to develop these boundaries. A
:1.::1.,000',000 scale' map, was produced by the Department's Technieal
Services Bureau to show the irrigated areas within the state
based on Landsat data. This map also shows the locations of each
of the weather stations used to report evapotranspiration data.
This map was overlaid with a map showing the Department's
administrative boundaries., Other aids included climatic area
maps from the Corey and Sutter report and the Soil Conservat.ion '
Service irrigation guide .

.The 'most recent study· of consumptive irrigation requirements for
Idaho crops is the Allen and Brockw.ay report which was \:ompleted
in 1983 ~ . The purpose of ,this stUdy was to evaluate existing

, methodS and choose. the best method fpr, application to weather
stations in Idaho. The Allen and Brockway report estimates
consumptive use based on the FAD-modified Blaney-Criddle (FAO-BC)
method. This method has a primary data requirement, of air
temperature only but can use measured values. of wind, humidity,
and solar radiation when available. In the report, the'FAO-Be
estimates were adjusted for elevation. Data from this report.
will be used as the basis for our updated consumptive irrigat.ion
requirement and field headgate requirement referen~e maps. .



,

CONSUMPTIVE IRRIGATION REQUIREMENT MAl?

The revised consumptive irrigation requirement map is based on
the average annual consumptive irrigation requirement for the
most water-consumptive crop in a particular area as required by
statute (see. Attac,.'1ment 4). The state was divided into seve;t'al
areas with similar climatic conditions; 'each subdivi~ion was .
assigned a consUmptive irrigation ,requirement value generally
rounded to the next highest 0.5 acre-foot per acre.

FIELD HEADGATE REQUIREMENT MAP

The revised field headgate requirement map is based on the.
average annual consumptive irrigation requirement, from 'above,

'divided by an irrigation'application efficiency of 70 to 75%.
The efficiency range of 70' to 75% is. considered to be a
reasonable design efficiency for modern irrigation systems. This
was done for each subdivision within the state and then rounded
to the nearest 0.5 acre-foot per acre.

IRRIGATION SEASON OF USE MAP

The revised. irrigat,ion. season of· use map ·is based on· the growing
season of grass pasture. In the' report entitled "WATER USE BY
NATIVE GRASSES IN HIGH ALTITUDE COLORADO MEADOWS" .by E.G. Kruse
and H.R. Haise, February, ~974, the growing season for grass
pasture is reported to occur when the minimum tel1?-perature is
above' 24 degrees Fahrenheit. This same report.also uses ,a
growing season based on accumulated degree-days above a mean
temperature of 40 qegrees Fahrenheit. In the report entitled

. SPRING AND FALL FREEZING TEMPERATURES 1'.ND GROWING SEASONS IN
ID.1\RO" by D.O. Everson, M.. Faubion, and D.E. Amos, January, ~978;
the ~ower temperature threshold for all pl~nts is 24 degrees
Fahrenheit. In the report entitled IRRIGATION WATER

"REQUIREMENTS, by ,the Soil Conservation service, April, ~967; the
growing season 'for· grass pasture is reported to begin at the '
first occurrence of a 45 degree ·Fahrenheit·mean temperature and
end at the, last ,occurrence of a 45 degree.Fahrenheit mean
temperature. .

Data from several weather stations in Idaho were checked to see
how well the 45 degree Fahrenheit mean temperature correlated
with the 24 degree Fahrenheit occurrence. The growing'season
based on the 45 degree mean temperature was much longer than the
growing season based on a 24 degree occurrence (see Attachment
5). It should be noted that actual start and end dates using
either method would be highly variable from year to year. A.good



estimate is probably somewhere between the two methOds because
short-.tenn weather ·changea wou1.d have less effect. An average of
the two methods is shoWn in the attachment. '!'his average
compares fairly well with the·data for a 75t chance of a 24
degree Ii'. from the report SPR.ING AIv'"D FALL FREEZING TEMPERATURES
ANi:> GR.OWING SEASONS IN IDAHO, referenced above. '!'his data will
be used as the basis for the s·eason of use map.

Growing seasons were broken down into five categories statewide.
'!'hese seasons are May 1 through Septeri'lber 30, April 15 through
October 15, April 1· through October 31, ·March 15 through November
15, and 'Mai-ch '1 through November 30. One of the five categories
was assigned to each subdivision within:the state.
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ATTACBHENT Z

IRRIGATION REQUIREMENTS AT FIELD
HEADGATE. (acra ft./aCfeiseason)
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50% ch= of a 28° frost occurring
before or after the dates given.

IDmMarch I-December!

rnMarch 15 - November 15

iiApril 1- November I

~April 15 - October 15
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ATTACEMENT 4

CONSUMPTIVE IRRIGATION REQUIREMENT OF THE MOST WATER CONSUMl?TIVE
CROP{S) FOR WEATHER. STATIONS IN IDAHO (ALLEN AND BROCKWAY, ~983)

WEATHER STA:'I'ION

ABB;RDEEN EX!'. STATION
ll-.MERICA..~ FALLS ~ SW
lINDERSbN DAM
ARBON'2 NW
ARCO 3 SW
ASHTON
BAYVIEW MODEL, BASIN
BLACKFOOT 2 SSW
BLISS
BOISE WSO All
BQNNERS FERRY'~ SW

'BRUNEAU,
BUI?LEY FAA All
CABINET'GORGE
CALDW:l!:LL
CAMBRIDGE
CASCADE ~ NW

,CASTLEFORD 2 N
CHALLIS
CHILLY BARTON Fl;JAT
COEUR D'~ENE 1 E
COTTONWOOD
COUNCIL
DEER FLAT DAM"
DRIGGS
DUBOIS EXP. STATION
EMMETT 2 E
FAIRFIEW RANGER STATION
FORT HALL INDIll-.N AGENCY
GARDEN VALLEY RS
GLENNS FERRY
GRACE
GRAND VIEW 2 W
GRANGEVILLE
RAIDEy R.1\NGER STATION
HAMER 4 NW

, HAZELTON
'HILL CITY
HOLLISTER
HOWE
IDAHO CITY
IDAHO FALLS 2 ESE
IDAHO FALLS ~6 SE
IDAHO FALLS FAA AI'
IDAHO FALLS 46 W
ISLAND PARK DAM

,JEROME
KELLOGG
KILGORE
KOOSKIA
KUNA 2 IN''NE
LEWISTON WSO AI'
LIFTON PUMPING STATION

MOST WATER CONSUMPTIVE CROP (S)

PASTURE, ALFALFA
PASTURE, ALFl'.LFA
PASTURE, WINTER. GRAIN
PASTURE
WINTER. GRAIN, pASTURE
PASTURE
ALFALFA, PASTURE
PASTURE
PASTURE, ALFALFA
ALFALFA, PASTURE,' HOPS
ALFALFA, PASTURE
PASTURE, ORCHARD
PASTURE, ORCHARD'
ALFALFA, 'PASTURE
,ALFALFA, HOPS, PASTURE
PASTURE, ALFALFA, ORCHARD
WINTER' GRAIN, PASTURE
ALFALFA, PASTORE, ORCHARD
PASTORE i ALFALFA
PASTURE
,ALFALFA
ALFALFA~ PASTlm.E
PASTURE
HOPS, ALFl'.LFA, PASTORE
WINTER GRAIN
WINTER GRAIN, PASTURE
HOPS, ALFALFA,PASTORE
PAST,URE, WINTER GRAIN
PASTURE
PASTURE
PASTURE, ORCHARD, ALFALFA
PASTURE, ORCHARD, WINTER GRAIN

, ORCHARD, PASTORE
ALFALFA, PASTORE
PASTORE; WINTER GRAIN
PASTURE" ALFALFA
ALFALFA, PASTORE, ORCHARD
WINTER GRAIN, PASTURE
PASTURE
,PAS'l:'ORE, ALFALFA
,PASTURE, WINTER GRAIN
PASTURE
PASTURE
PASTURE, ALFll,LFA
PASTURE, ALFALFA
PASTURE
ALFALFA, PASTORE
ALFALFA
PASTURE
ALFALFA, PASTORE
ALFALFA, PASTURE
ALFALFA
WINTER GRAIN

CIR

2.8*
2.8
2.7
2.5 '
2.5
2.3
1..8
2.8
'3.2
2.9
2.0
3.:1­
2.8
1..8
3.:1­
2.7
2.:1­
3.0
2.6
2.2
2.~

1..8'
2.6
3.~

2.2
2.3
3.:1­
2.6
2.9
2.5
3.0
2.4
3.2
1..7
2.5
2.5
2.9
2.5
2.7
2.5
2.3
2.7
2.3
2.6
2.4
1..6
3.0
1..9
1..6
1..9
3.~

2.6
2.3



MACKAY RANGER. STATION
MAL1'.D
MALAD CITY
M!lLTA 2 E
MAY
Me CALL
MINIDOKA· DAM
MONTPELIER. R.1lNGER. STATION
MOSCOW-UNIV. OF IDAHO
MOUNTAIN. HOME"
.NEW MEADOWS RANGER. STATION
J:>i"EZPERCE
OAKLEY
OLA. 4 S.
OROFINO
PA:!;JISADES DAM
PARMA. EXP. STATION
PAUL 1 ENE
PAYETTE
PICABO
POCATELLO WSO AP
POR'J;'HILL
POTLA.TCH 3 NNE
PRESTON SUGAR FACTORY
REYNOLDS
RICHFIELD
RIGGJ;NS
RUPERT
ST ANTHONY 1. WNW
SAINT MARIES
SALt40N
SALMON ,1 N
SlUIDPOINT EXi? STATION
SHOSHONE 1. WNW
STANLEY
STREVELL
SWAN FALLS POWER HOUSE
SWAN VALLEY

. TENSED

. TETONIA EXP. STATION
THREE CREEK
TWIN FALLS 2. NNE

. TWJ;N· FALLS 3 SE
TWJ:N FALLS WSO
WEISER 2 SE

PASTORE
ALFALFA, PASTORE
ALFALFA, PASTORE
PASTURE
PASTURE
WINTl'--R GRAIN, PASTURE
ALFALFA, PASToRE
WINTER. GRAIN
ALFALFA'
PASTURE, ORCHARD, ALFALFA
WINTER. GRAIN
ALFALFA
PASTURE
PASTURE, ALFALFA, pRCIDIiID
ALFALFA.
PASTURE,' WI!II""TER GRAIN
HOPS, ALFALFA.
ALFALFA, PASTURE, ORCHARD
HOPS, ALFALFA, .PASTURE
WINTER. GRAIN, PASTURE
PASTURE, ALFALFA
ALFALFA, PASTURE
ALFALFA, PASTURE
PASTURE,' ALFALFA
PASTURE
PASTURE, ALFALFA
ALFALFA
ALFALFA, PASTORE
ORCHARD, PASTURE
ALFAL)i'A, PASTORE
PASTURE, WINTER GRAIN, ALFALFA
PASTURE
ALFALFA
PASTURE, ALFALFA
PASTURE
PASTURE
PASTURE
WINTER GRAIN, PASTURE
ALFALFA
WINTER GRAIN
WINTER GRAIN, PASTURE

. ALFALFA, PASTURE'
ALFALFA, PASTURE
ALFALFA, PASTURE, ORCHARD
HOPS

'2.5
2.4
2.4
2.7
2.4
1..9
2.9
2.2
2.1..
2.9
2.1.
1..8
2.7
2.6
2.3
2.2
3.1.
2.8
3.1.
2.6
2.7
1..9
1.9
2.3
2.4"
2.8
2.5
3.0
2.4
1.9 .
2.3
2.4
1.7
3.0
1.6
2.5
3.3
2.1.
1.9
2.2
2.1.
3.0
3.0
2.8
3.1.

*NOTE: CIR REPORTED IN ACRE-FEET PER SEASON



. ATTACHMENT 5

WEATHER. DATA

Weather Station

Aberdeen

45 Deg Mean :g. Deg

3/17-11/11 4/29-10/8

Average .75% 24 Deg

4/8 -10/25 4/20-10/16

3/27-11/17

3/23-11/3

3/22-11/114/11-11/3

4/3 -10/26 . 3/6 -11/132/6 -12/1

3/1 -11/19

2/27-10/31

·4/4 -11/1 4/25~10/12 4/15-10/22 4/14-10/22

Coeur d'Alene AP

Coeur d'Alene RS

Caldwell

. Dubois

Idaho Falls

Lewiston

Montpelier

$almon

. Salmon KSRA

3/19-11/3 4/17-10/15 4/3 -10/25 ·4/7 -10/24

1/21-12/14 3/7 -11/23 2/13-12/4 2/20-12/10

4/8 -11/1 5/9 -9/24 4/24-10/13 4/24-10/9

3/16-11/4 4/28-10/6 4/7 -10/21 4/20-10/14

3/10-11/7

Twin Falls WSO 2/24-11/28 4/13-.10/12. 3/20-11/5 4/3 -10/19

45 Deg Mean = the average occurrem:;e of the first and last 45
degree F. mean temperature in the spring and. fall
(from· Dr. Myron Molnau, State Climatologist,
University of Idaho, November, 1991)

24 Deg = the average occurrence of the first and last 24
degree F. minimum temperature in the· spring ci.nd
fall (from Spring and Fall· Freezing Temperatures
and Growing Seasons in Idaho, Everson, Faubion,
and Aritos, 1978) .

Average = average of the 45 Deg Mean and 24 Deg date·s

75% 24 Deg = 75% c~ance of a 24 degree F. or lower temperature
occurring on or after the indicated date in the
spring aildon or before the indicated date in the
fall (from Spring and Fall Freezing Temperatures
and Growing Seasons in Idaho, Everson, Faubion,
and Amos, 1978) .
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ADMINISTRATOR'S MEMORANDuM

To:' ,Water Management Division
Adjudication Bureau,

From: Norman C. Young pcJt

Appl.ication Processing Memo #52
Lic'ensing Memo #'9 . ...
Transfer 'Processing Memo #~6

Adjudication Memo 139

Re: STANDARDS FOR IRRIGATION CONsuMPTIVE, USE . REQUIREMENTS,
'IRRIGATION FIELD E'EADGATE REQUIREMENoj;oS, p.ND IRRIGATION SEASON OF
USE

Date: April. 27,,1992

A i:l,OOQ"OOO 'scale map of the state of Idaho dated Decelllber
1991 and entitled "consumptive Irrigation ReqUirement, Fiel.d
Headgate Requirement aIi~ Season of Use" is the official. map for use
in ~ter right adjudications and for water right licenses, permits, ,
and transfers. A reduced reproduction of the map is attached to
this :memoj the reduced reproduction is for illustrative purposes
only. The official copy of the map is filed in the SRBlI. map files;
copies are available from Jeff Peppersack.

The purpose of the-map is to provide consi~tent' standards in
a simple format. Further information as to the basis for these
standards is available from,JeffPeppersack.
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REPORT REGARDING· EVALUATION OF IRRIGATION DIVERSION RATES

INTRODUCTION

The purpose of this report is to -clocument the methodology used by the Idaho
Department of Water Resources (IDWR) for recommending lrrigation diversion rates
greater than 0.02 cfs per acre. This methodology incorporates both technical
procedures and policies to establish the extent of beneficial use of water for irrigation
by determining amounts reasonably neceSsary using acceptable irrigation practices.
The development cif this methodology included consideration of alternatives· with

.. regard to varying ·conditions ·and practices commonly found within the Snake River
Basin in Idaho. ·It is anticipi!ted that this methodology wiil be used for'-all present and
future recommendations of irrigation diversion rates unless chan·ges·are warranted due
to further improvements in analytical techniques or changing conditions.

OVERVIEW OF METHODOLOGY

Idaho Code §42-220 states that"... when water is used for irrigation, no ... license or
decree ·of the court allotting such water shall be· issued co·nfirming the right to the use
of more than one second foot of water for each fifty (50) acres of land [0.02 cfs per
acre] so irrigated, unless it ·can be shown to the satisfaction of the department of
water resources in granting such license, ·and to the court in making such decree; that
a. greater amount is necessary .•• " The necessity of a greater amount can be difficult

. to determine. On one hand, the use of modern irrigation technology would ensure
that an amount greater than 0.02 cfs per acre would rarely be necessary; on the other
hand, many historical systems still in use today· require an amount greater than 0.02
cfs per acre to maintain present production capabilities. In order to determine the
necessity of a given irrigation diversion rate, crop water. needs and water application
and conveyance methods. must be evaluated.

Hubble Report

IDWR contracted with Hubble Engineering, Inc. and Associated Earth Sciences, Inc.. in
July, 1990 to develop guideliT\es for evaluating irrigation diversion rates. The
guidelines developed were completed in 1991 as two reports entitled, "Guidelines for
the Evaluation of Irrigation Diversion Rates" and "Evaluation Workbook for Irrigation
Diversion Rates." The first report (guidelines) provides background material,
·documentation, and an expanded explanation of the procedures including alternatives
.when:i possible. The second report (workbook) provides a systematic process for
evaluation. These reports are collectively referred to as the "Hubble report." As
guidelines, they are intended to inform IOWR personnel of the considerations involved
in evaluating irrigation diversion rates and to guide them in making recommendations

1



REPORT REGARDING EVALUATION OF IRRIGATION DIVERSION RATES

that are consistent and accurate. Copies of the Hubble report are included with this
.report for reference.,

The Hubble report is based on widely accepted methodologies developed primarily by
the U.S. Soil Conservation Service (SCS), now known as the Natural Resources
Conservation Service (NRCS). In a 1994 report to the Hagerman Water Right Owners
Association (HWR01, the University ot Idaho found that, in general, "the report is well

. done", that IDWR's procedure is " ... a sound engineering method", 'and that certain
" ... methods described are widely accepted" (Hazen, Gibson, and Neibling, p. 8). A
copy of the University of Idaho'report is inClUded with this report for reference. The
University of' Idaho report also out~ned some specific concerns which' will be
discussed later in this report. Some refineinents have been made to the original
methodology to improve or clarify the procedure; these will also be discussed later in
this report.

,It should be noted that the procedure outlined in the Hubble report is not the only way
to evaluate irrigation diversion requirements. ,In fact, within the' report itself there are
several alternatives suggested for individual steps to allow flexibility depending on the
availability of data. It is also important to note that the Hubble report does not provide
judgements concerning the reasonableness of a particular diversion rate. it provides
information' about specific irrigation practices and conditions so that the necessity of a
particular diversion rate can be determined based on reasonable policy decisions.

The basic methodology used to determine 'an krigation diversion rate includes an
assessment of crop water needs, irrigation system application losses, and conveyance
losses from the source of .water to the farm. 1 Figure 1 shows a simple flow chart
presenting the basic data needs and sequence of calculations and estimations
required. Climatic data and crop characteristics are used to estimate crop water'
requirements (consumptive use rate). Soil qnd crop characteristics are used to
estimate the amount of water to apply' during an irrigation (net irrigation application).
The net irrigation application is then used along with information about,the irrigation
system to estimate Josses during application of water to the fields. The net irrigation
application is added to the application losses to estimate the diversion requirements
for each field (field irrigation requirement). Lastly, the sum of the' field requirements
(on-farm irrigation requirement)' are added to the conveyance losses to determine the
total irrigation diversion requirement. '

'The glossary found on pages 59-62 of the Hubble report guidelines may be useful to define many
of the terms used in this report.

2
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REPORT REGARDING EVALUATION OF IRRIGATION.DIVERSION RATES

This report describes the evaluation of an irrigation diversion rate by initially focusing
on' the field 'requirements. Each of the elements necessary to determine the field
irrigation requirements 'will be explained, in detail, in the next several s~tions of this
report. The remaining sections will describe the determination of the on-farm irrigation
requirem,ent and conveyance' loSses in order to obtain the total irrigation diversion rate
necessary at the poiht of div,ersion from the'source. '

Reid Irrigation Requirements'

"The diversion rate. necessary at the fiel(j is dependent on the water needs of the crop
, arid the methods used to apply water to the field. The field Irrigation requirement is

estimated through use of the' following equation:'

FIR = 4.2 X {CU/FAEl

where: FIR = field irrigation requirement in cfs/ac
CU = crop consumptive use rate in in/day
FAE = field application efficiency in percent
4.2 = factor to convert units'

This equation estimates the diversion rate required per acre at the field based on
continuous use of the water. '

EVAPOTRANSPIRATION {CROP CONSUMPTIVE: USEl

Evapotranspiration {Ell is the "rate of water losS through transpiration from vegetation'
plus evaporation from' the soil" {Hubble Engineering and Assoc. Earth Sciences,
1991b, p. 59l. In other words, it is the amount of water consumed by a crop and
evaporated from the surrounding soil during crop growth. F9r all practical purposes,
evapotranspiration arid crop consumptive iJse are the same. This water requirement is
supplied by irrigation, preci'pitation, and soil moisture carryover from, the 'non-irrigation
season." '

"The equatiDn shDwn, Uses slightly different nomenclature than that shown Dn page 31 Df the
Hubble repDrtguidelines, The reasDn fDr ~his is to clarify that the Dn-farm irrigation requirement is
determined by adding the requirements fDr the individual fields that make up a farm. The iield
irrigation requirements are estimated individually because Df varying crops, soils, and system
cDnstraints.

'For short intervals during the peak water-use periDd, precipitatiDn and sDil mDisture carryDver will
be considered negligible in mDst cases. It is assumed that irrigatiDn water will supply the entire ET
requirements.

4



R!=PORT REGARDING EVALUATION OF IRRIGATION DIVERSION RATES

- The ET rate d_epends primarily on the local climate, the crop tYP-e, -the stage of groWth
of the crop, the condition or health of the crop and the availability of water. Figure 2
is a simple illustration representing crop ET curves for various crops. The ET curves
represent the amount of water used during a growing_ season for each crop type. It

- can be seen from the -figure that a crop will use- different amounts of water at various
times throughout the growing season. "Most crops have a higher consumptive use
rate- during certain stages of growth and for a relatively short time period. This is

_perhaps the most critical factor in the sizing of distribution systems" (Hagan, Haise,
and Edminster, 1967, p. 775).

ET Estimation

ET is not normally measured directly for irrigation system design or management. This
is -due to the complexity and cost of measurement techniques-. Direct measurements
have been- used in the development and calibration of equations used to predict ET.
Numerous equations have been developed to estimate ET from climatic data such as
.air temperature; solar radiation, humidity. and wind. Selectiofl of an appropriate
equation depends on the intended use of the- estimates and the availal;>i1ity of climatic
data. In a-1983 report to IDWR, Allen and Brockway reported that "the FAD-modified
Blaney-Criddle (FAD-Be) method was selected as the best method for estimating
consumptive use on a statewide basis, based on accuracy and responsivness [sic] of
the equation and the primary data requirement of air temperature, only" (Allen and
Brockway, 1983, p. 78). Monthly ET estimates were calculated for 98 National
Oceanic and Atmospheric Administration (NOAA) sites in Idaho based on 12 or more
years of climatic data for each location. These estimates were presented as Appendix
E (uflPublished) of the Allen and- Brockway report and are available at IDWR (see
Appendix A for sample data). The Hubble report recommends use of these data for
the evaluation of irrigation diversion rates. -

Peak Period ET

The University of Idaho report to HWRD identified a concern in the Hubble report
regarding- the use of Allen and Brockway monthly ET estim_ates instead of estimates
over _a shorter period of time. This report stated that "because the IAllen and
Brockway] report lists total consumptive water [use] by month, based- on average
monthly"temperatureS, it does not represem accurately the high demand that can exist
for a short period of time" (Hazen,Gibson, and Neibling, 1994, p. 10):

5
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REPORT REGARDING EVALUATiON OF IRRIGATION DIVERSION RATES

. The design capacity of an irrigation system is generally based on the peak ET of the
cropping pattern for' the period between irrigations (Jensen, 198'3, p. 224).
Unfortunately, short-term estimates of ET do not exist on a statewide basis.4 In
response to this concern, IDWR reviewed methods to estimate peak perio~ ET from
the Allen and, Brockway monthly ET estimates. One method, developed by fIIRCS,
uses an empirical equation to estimate peak period ET. Another method,
recommended by the Food and Agriculture Organization (FAD) of the 'United Nations,
uses a simple graphical' procedure (Jensen, 1983, pp. 222-223). These methods
aooount for the period between irrigations by considering the depth of irrigation water
applied~ The second method- (FAO m.ethod) was adopted by IDWR becaUse it also
oonsiders clImatic conditions'lsee Adjudication Memo #42 attaohed in Appendix B).5
Appendix C presents a oomparison of this method to actual short-term ET ,estimates
,based on Agrimet6 climatic data for Twin Falls, Idaho•

.To use the' FAO method, the Allen and Brookway monthly ET estimate (labeled "AVE
ETn

, see Appendix A sample) is multiplied by a ratio which repre{>ents the peak period
ET divided by the monthly ET. The appropriate ratio is dependent,on the net irrigation
application. The net irrigation application will be discussed later in this report. The
Allen and Brockway monthly ET estimate should be used instead of the monthly
consumptive irrigation requirement estimates (labeled nAVE lR", see AppendiX A
sample), oalled for,in Adjudication Memo' #42 (Appendix (3). The 'Allen and Brockway
corisumptive irrigation requirement estimates represent the depth of irrigation water
necessary to meet crop ET requirements, exciuslve of precipitation. Rainfall is not
relied on in arid areas to determine irrigation diversion requirements for short intervals
during the peak' water~use period.

41DWR currently has a contract with the Idaho Water Resources Research Institute to update the
Allen and Brockway ET estimates .statewide. The update will incorporate climatic data available
since the original report 'was completed. The update will also include ET. estimates for shorter

, periods in order to account for higher demands during those periods. Also, the update will include
probability distributions for the estimates to allow focan assessment of the risk or confidence level
associated with the estimates. IDWR anticipates adopting the updated estimates upon completion
for use in evaluating irrigation diversion rates. '

, 'Short-term estimates of ET could be calc~lated based on the statistical outputs included with the
Allen and Brockway monthly ET estimates. This would require adjustment to the standard
deviations of ET, estimates to account for the use of long-term secondary weather parameters in the
estimates (Alleh and Brockway, 19B3, pp, 16-1 B, 79-Bl). This method was not adopted because it
does not provide a means to vary the period between irrigations. '

•AgriMet is the Northwest Cooperative Agricultural Weather Network, a satellite-based network of
automatic agricultural weather stations that proVides data support for irrigation management and
scheduling programs. Daily ET estimates, based on the 1982 Kimberly-Penman equation, are
available for several locations in,ldaho:

7
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Peak Period Alfalfa Hay ET

\)se of the Allen and Brockway monthly ET estimates to determine peak period alfalfa
hay ET estimates requires use of the reference ET' values rather than the alfalfi;l hay
values. The Allen and Brockway monthly alfalfa .hay ET estimates are based on a
mean alfalfa hay IT curve which smoothes the effects of cuttings over the entire

.growing season (see Figure:); this is to account for variable harvest dates during the
growing season (Allen and Brockway, 1983, p. 69). The smoothed curves do not
represent the actual ET distributions when cuttings are considered. The actual ET .

. values may be higher or lower than the smoothed values depending on the timing of
harvests. During the peak water-use period, water requirementS for alfalfa hay are
better represented by the reference ET estimates.s The Allen and Brockway report
shows that the ET for a second cutting of alfalfa hay (peak water-use period)· will
reach the same level as the alfalfa reference (Allen and Brockway, 1983, pp. 64 and
71): To estimate the peak period ET· for alfalfa hay, the FAO method recommended
above is applied to the Allen and Brockway monthly reference ET values.

Cropping Pattern

Most farmers practice· crop rotation for·8 variety of reasons. The cropping pattern in
any given year will have an effect on the irrigation diversion rate required. Referring
back to Figure 2, it can be seen that some crops, such as pasture, have a relatively
long growing season and will use water for a long period of time. .Others, such as
beans,have a shorter season but a. higher water use during their peak water-use
period. Some crops, like grain, rnay have their peak water-use period earlier than
other crops. It is important to consider the cropping pattern on a farm because some
conditions will require more water than others. For example, a small. farm ·with
permanent pasture would require a IDwer diversion rate than the same farm with a

. crop rotation consisting of beans and grain grown in alternate ye.ars, all other things

'The Allen and Brockway reference ET is based on alfalfa grown continuously wit!lOut the effects of
cuttings. The reference ET is a standard whicH other crops can be compared against to determine
ET estimates.for those crops. .

~Based on communication with James l. Wright of the V.S.D.A. Agricultural Resesrch Service, June
4. 1996.

8



;
i" Alfalfa ET Curves

10

'",..-
~..
w

-- Alfalfa
. Reference

". • ,
•
~.. '. •

Mean J'-'I'"
Hay •

(Smoothed Curve)

Act~al Hay

.......-..
'. ,

.', .
. ,•..,-, .,

9
~
~ 8

e-
... 7s::

o
~ 6
"-
'0.

'" ~ 5

e-&. 4
<tS
>

W 3
>--­,-
<tS
C 2

1

APR MAY

Month



REPORT REGARDING EVALUATION OF IRRIGATION DIVERSION RATES
.
being equal.· This is because in the years when beans are grown, the ET is much
higher thEm the ET for pasture (or grain) during the peak water-use period. .On farms

.growing multiple crops, the historical cropping pattem with the.highest diversion
requirements should be selected. This will establisti the historical extent of water use
for iiTigation.

Probability Distribution

Crop ET requireml'lnts will vary from year to year for the same crop type in the same
. 10catiDn. This is due to changes hthe weather. "In selecting ET for project planning.

and design, knDwledge should be Dbtained Dn [the} level and frequency at which high
dema·nds fDr water ca!' be expected, particularly in the months Df peak water use"
(Doorenbos and Pruitt, 1977;p. 55>. "Several recent studies have shDwn that the
design ET rate should be based on a.probllbility level of expected ET which changes
throughout the grDwmg seaSDn" (Jensen, 1983, p. 221}. This is diffElrentthan the
procedure recDmmended In the Hubble report,. which dDes not, account for' the
vllriatiDn in ET from year tD·year.

" .

Historic climatic data is necessary to calculate a probabilitY distribution of ET
estimates. The Allen. and, BrDckway monthly ET estimates include statistical outputs
which can be used to calculate probability percentile values fDr the estimates.1O An
appropriate probability percentile value depends Dn many' factors: Maximum crop
prDductiDn on the farm is Dne gDal but sizing a system tD maximize prDductiDn in all
years may nDt b,e cDst-effective. DiverS,iDn requirements based Dn maximum prDbable
ET rates wDuld nDt result in the Dptimum utilization of the water resources of the state
and are nDt justified for, reSDurce allocation purpDses. DODrenbos' and Pruitt
recDmmend a probability percentile value of 75 or 80 percent (DoorenbDs and Pruitt.
1977, p. 56) and Hoffman et al. implied that irrig,ation systems in the western U.S. are
cDmmonly designed to fully utilize water supplies tWD years out of ten, (Hoffman,
Howell, and Soiomon, 1990, pp.. 636-637). This suggests that water is nDt fully
utilized eight years out ,of ten which· is equivalent to design based Dn an 80th
percentile value. IDWR applies this criteria to determine EI requirements:

91n all likelihood. all 6ther things would not be equal. For· example, the irrigation application
efficiency may be different for each crop due to differences in crop root depth and other factors.
Application efficiency must be considered along with ET rate to determine which crop has a higher
diversion requirement.

, ,oAssumption of normal distributions should give satisfactory results based,on communication with
C.E. Brockway of the University of Idaho Kimberly Research and Extension Center on April 17.
1996. Also see footnote 4.

10
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IDWR has developed a computer spreadsheet to simplify ~he calculations required to
determine the 80'" percentile value of monthly ·ET. Figure 4 shows a sample output of
the spreadsheet. '

ET EStimates for Non-Reported Areas

Allen and Brockway's ET estimates at the 98 NOAA sites provide reasonable
representation of the irrigated areas in the state. Some areas, such as the Hagerma'n
Valley, have a unique local climate and are not well represented by any of the existing
estimate sites. IDWR has considerep other ET estill)ation methods for the Hagerman

.Valley, but the results of those methods are questionable due to the lack of
appropriate' climatic data.

In the University of Idaho's report to HWRO, the modified Penman method was used
to estimate ET for the Hagerman Valley for the years .1991 and 1!39.2 (Hazen, Gibson,
anq Neibling, 1994, p. 3). Temperature'data were taken from 'a weather station n'ear
Hagerman and. other climatic data were taken from a station near Kimberly. IDWR
contacted the U.S. Bureau of Reclamation (BOR) for assistance to estimate·ET for the
Hagerman Valley using temperature data from Hagerman and other climatic data from
an AgriMet station near Grandview (tDWR, 1996). BOR uses the 1982 Kimberly­
Penman equation to estimate ET (USDI, BOR, 1995, p. 1). The Penman equation used
in these estimates is very sensitive to changes in the climatic, data used.' The

. cOl11bination of temperature' data from Hagerman and C?ther climatic'data from
dissimilar stations resulted in questionable.estimates' due to that sensitivity." Also,
due to the lack of long-term temperatur!'l data for the Hagerman Valley, probability
.distributions could not be calculated.

In a method c;:lescribed by Brockway and Robison, the Allen and BrockiNay ET
estimates from nearby stations can be adjusted for temperature and altitude to
estimate ET for the Hagerman Valley or o:ther locations'" Temperature adjustments
are based on published ,sensitivity analysis of ET estimation methods (Brockway, et
aI., 1985). The Allen and Brockway ET estimates were based on actual monthiy
mean air temperature d,ata from each location and 'secondary weather parameters
from reg'ional data. Regional secondary weather parameters were used because the
data are only available 'at limited sites in 'Idaho. Since the estimates are prim'arily
temperature dependent ,within a climatic region, adjustments for nearby, stations based

"Based on communication with C.E. Brockway and Clarence Robison of the University of Idaho
Kimberly Research and Extension Center on Ap(i117, 1996.

"Based on communication with- C.E. BroCKway and Clarence Ro!;>ison of the Un,iversity of Idaho
Kimberly Research and Extension Center, April 17, 1996.
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on temperature differences should give reasonable results.- Temperature differences
are based on springtime ,!verage temperature ,differences to avoid 'the effects of
station aridity."

The altitude, adjustment used in the Allen and Brockway report is' suggested by
Doorenbos and Pruitt (Doorenbos and Pruitt, 1977, p. 4). The ,altitude adjustment is a
ten percent decrease in ET for each 1000 meter increase in elevation.

The results of the method described are monthly ET estimates. Probability percentile
values for the' monthly estimates can be calculated as noted earlier. Monthly ET

, estimates {including 80th percentile values} for the Hagerman Valley adjusted from the
Bliss station are presented in Appendix D, The'values in Appendix D can be used to
estimate peak period ET as described earlier in this report.

NET IRRIGATION APPLICATION

The net irrigation application represents the' portion of the total amount of water
, applied during an 'irrigation that is available to satisfy the ET requirements of a crop.14
It is also referred to as the' application depth. Tlie net irrigation application is one
factor necessary to estimate'the field application efficiency.

The design vaiue used for the net irrigation application (also referred to as the design
application depth) is the optimum or desired' amount of water to be applied during an
irrigation. Generally, larger design appfication depths will result in more efficient use
of water for irrigation. This is because larger application depths reduce the frequency

'of irrigations' required and therefore minimize the losses asSociated, with the
application of water. Several factors affect.the determination of the design application
depth. The primary factors are the crop root 'zone depth, available water' capacity of '
the soil, and the crop stress level.

The crop root zone depth is the depth that a crop's roots penetrate the soil.
Impervious hardpan or bedrock can limit. the extent of root oevelopment in the soil
profile. The root deptl1 is also dependent on 'the crop type. Normal crop root depths

. for mature crops are shoyvn in Appendix A-6 of· the Hubble report, gUidelines.
Knowledge of the crop root .zone depth is necessary because irrigation water applied

13Station aridity ca!" affect ET estimates due to increased 'air temperature measurements at arid sites
versus measurements over irrigated lands. The effects are least significant in the spring. .

"The net irrigation appiication is not the total amount of water applied during an irrigation. When
water is appiied to a field, only a portion of that water is available for use by the crop. "fhe
remainder is called the application loss. Application losses will be discussed later in this report.

. ' " ...- _. _.~ - ~_. -- ...._-_._--- .
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beyond th~'storage capacity of the soH within the root zone will percolate below the
root zone and will not be available for use by the crop. This Is an application loss
called- deep percolation.

The available water capacity (AWe) of the soil is the amount of water that can be
Stored in the soil and used by crops. AWC is depencent on the soil characteristics.
Field capacity is the condition where soil moisture storage is at a maximum. Further
irrigation beyond- this point wm result in deep percolation losses and, in some cases,
additional surface runoff. When the available water in the soil is depleted to -a point
where plants can np longer remove water from the soil, the permanent wilting point is
reached. Plants -will wilt and die at this point. -

Crops are subjected to stress at some point before reaching the permanent -wilting
point. This is due to the increased difficulty of water removal by the plants as the
available water decreases in the root zone. At some point, full crop ET requirements
will not be met and stress will result. This depends on the stress level (or stress point)
of a particular crop. Many crops reach their stress level when about 50 percent of the
total available water has been depleted. This means that when half of the field
capacitY amount has been used by the crop, the crop will oogin to show signs of

. stress and a reduction of yields or crop quality may result. Maintaining the soil
moisture in the crop root zone above the crop stress level will provide adequate
moisture for full crop production.

It is desirable to allow crops to use the maximum amount of soil moisture -in the crop
root zone as 10I1g as the crop stress level -is not exceeded. Management aUowed
deficit (MAD) is defined on page 60 of the Hubble report guidelines as "the emount of
available water a crop can relJ10ve from the soil before the crop's groWth or quality is
affected." It is normally expressed as a depth of water removed from the root z0l!e.
MAD can _elso be viewed -as the depth of water normally applied or replaced during an
irrigation. - : - -

The normal irrigatiqn application represents the amount of water (expressed _as -a
percentage of the AWC) normally appli~d or replaced during an irrigation that will
achieve the most efficient application of water. The _normal irrigation appiication
amount (based on crop stress level) for common crops is shown in Appendix A-6 of
the Hubble report guidelines.

The design application depth can be quantified for ,specific conditions by determining
the available water capacity (expressed as a depth of water) of the soil within the crop
root zone and muitiplying by the normal irrigation application amount for the crop
(expressed in decimal form). This will be equivalent to the MAD (expressed as a
depth of water).

.. -. -_.- _... '--"-' - .. _.. _---.- .._.----
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Available Water Capacity

The 'avC!ilable water capacity of a soil is dependent on many factors. Soil texture is a
primary factor. The soil texture is determined by the proportion· of the different sizes
of particles that make up the soil. There are three general size categories to be
considered: sand (largest), silt, and clay (smalleist). Sandy soils are classified as
coarse-textured sons. Loamy soils, which have proportionately similar amounts of
sand, silt, and' clay, are classified as medium-textured soils•.Soils high in clay content

" are 'clasSified.as fine-textured soils.

. ~Wate(js retained in the soil by a combination' of th.e attraction of 'particle, sUrfaces,for
,water and the capillary, action of water in the soil pores", (Jensen, 1983, p', 80).
'Coarse'soils have the least amount of t01;al particle surface area to attract water. '
They also have the least amount of capillary attraction 'due to the larger pore sizes.

'Therefore, water' infiltrates coarse soils rapidly and drains easily, resulting in a
relatively low AWC. Coarse or sandy soils require frequent irrigations be.cause of their
low AWe.

Rne spils have the greatest amount of total partiole surface area and very small pore
sizes. Since water is held very tightly in these soils the water, infiltrates and drains
very slowly. The water-retention capability is ,high but due to the properties of clay,
the availability of that water to plants'is reduced. Water must be applied slowly,to
fine soils or it may' run off the surface before it infiltrates and occupies the pores'
within the soil.

, Loamy or medium-textured soils are ideal for irrigation and plant growth. The
in~ltration rate is manageable and the AWe is still high.

Other fi;lctors that have an effect on AWC· are the existence of ,gravel or other coarse
fragments, organic matter content, and soil salinlty~ ,Also, the soil profile may be

, made up of several distinct layers of soil withdiffererit characteristics. These factors
must b~ considered )Nh~n determining AWC.

AWC of soils has already, been determined for crop land in Idaho by' NRCS. This
information is available as published soil survey data or 'computer-generated tables

, ,

from local NRCS offices. The Hubble 'report cautions that AWe values. given in NRCS
soil surveys published before 1981 need to be adjusted for texture, coarse fragments,
organic matter and salinity. NRCS soil surveys published in 1981 or'later and all
computer-generated tables currently available include, adjusted AWC values. Soil
maps which show boundaries for different soil types are <'lIsa available in the published
soil surveys or from local NRCS offices. Appendix E shows a sample soil map and
computer-generated tables with AWe and textural classifications for the soils.

-------.. , , " .. _._--,----..~-.
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.The procedure' for using AWG from NRGS data ,is given on pages 7 and 8 of the
Hubble report workbook. The first step is to locate'the field' on the appropriate soil
map and note the map unit symbol(s} which cover the field. If a field is covered by
more than one soil map unit, on.ly those that cover a significant portion of the field
{ten percent or more of the total field area is considered significant} should be used.,
The NRCS AWC data is specified in units cif inches of water per inch of soil for each
soil layer in' the profile. A range of AWC values is given for each soil layer. The
ranges reflect the natural variability of the soil ,that can be expected on'the land. The
Hubble report recommends using the average values for each range. ,The table
following page 7, of thll' Hubble report workbook can be used to tabulate the
calculations. The AWC of each soil layer is found by multiplying the averaged AWe

, for that layer by' the depth {in inches} of the soil layer. The total AWC for a specific
depth (e.g: crop root zone depth) is found by accumulating the AWCfor each layer or
the proportional amount, for any partial layer down to the desired depth. Figure 5 is an
example using a soil type 'from Appendix E. The example gives the accumulated AWC
at each soil layer and at even foot depths (crop root depths are specified in even foot
depths). ,.

Calculation of Net Irrigation Application

When the appropriate values of crop root zone depth, normal irrigation application
amount {based on crop stress level}, and AWC are determined the design value of net
irrigation application, can be calculated, It should be calculated for all crops
considered, for each significant soil within each field. Page 8 of the Hubble report
workbook describes the procedure to calculate the net irrigation application. 'The
AWC at the appropriate crop root zone deiJth is multiplied by the decimal.value ofthe
normal irrigation application amount. The result is the MAD which is also, the design
value used for the net irrigation application. . .

The table, follOWing page 8 of the Hubble report workbook can be used to tabulate the
calculations. This table, already has appropriate values .for crop rooting depth and
stress point (normal irrigation application) from AppendiX A-6' of the Hubble report

,guidelines. When using this table 'it should be remembered that the crop root zone
depth may be limited by the existence of a h.ardpan or bedrock layer. , Figure 6 gives
an example using AWC values from the example in Rgure 5. ' '

. IDWR has developed a computer spreadsheet to simplify the calculations required to
'determine AWe and MAD. The spreadsheet also includes soil data and' calculations
necessary to estimate the soil intake family which will be discussed later in this report:
Figure 7 shdws the spreadsheet with the same data and calculations used in Figures 5
arid 6.
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Figure 6
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PAST. 3 0.50 da <".0 I )( .,-S =3.00•
ORCHD 5 0.5

HOPS· 5 0.5

LENl1LS 3 0.5

'iEGES USE BELOW

TOMAT 5 0.5

[rnCKA\l 1 0.35 . 0

rnCK...\2 2 0.35

i'IRCKA\3 3 0.5

_MaON 5 - 0.5

\1 lET11JCE, RADISHES, ONIONS \2 CABBAGE. BROCCOU. CAUUFlOWER. SPINACH
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soiL CH~RACTERISTICS initia:ls:

Figure 7

d.llte:

Soil Type ,= Harpt coarse sandy loam ~aa.B}
Souree of Soits Data = SCS eomputerpgenerated tables for Gem County Area

so; t AWe
depth (im;hes)
(ft)

soi l depth ~\IC PH
( inches) (in/in)

lower- upper lower upper. lower upper
0_ 10 0.11 0.13 6.-1 7.3

10 46 0.16 0.21
46 60 0.13 0.18

orgenre
(~) -

lower upper'
1 2 1

2
3
4

-$

intak.e
'family

flood furro'W
1.$7 _ 2 0.55
3.79
6.01
8.17 alternate

10.03 method

3 0.7

Management Allowed Deficit (MAD)

crop root stress MAD
depth point (inches~

(It)

a\fatfa (hay or seed)
corn (field or silage)
grain (winter or spring)
pasture (or grass "hay)
other (enter below)

5
4
4
3

0.5 5.01
0.$ 4.0B
0.5 4.08
0.$ 3.00
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IRRIGATION APPLICATION SYSTEMS

The most common water application methods can be classified generally as surface
systems or sprinkler systems. Surface systems distribute water over ·the soil surface
by 'grairity flow. Sprinkler systems apply water by spraying or .sprinkling water
through the 'air' to the. soil surface. The diversion rate necessary for any irrigation '
application system is dePendent on the ET requirements of the crops grown and the
losses associated with 'the application of water by the system.

No irrigation system can apply. 'water without, some losses', The' two primary
application losses are runoff and deep, percolation. Runoff occurs when water is
applied to the soil surface at a faster rate than the water can infiltrate the soil. The
Water will run off to other parts of the field or off the, field entirely, Deep percolation
occurs when water is applied beyond the storage capacity of the soil within the crop
ropt zone. The water moves downward below the crop root zone and is.not available
for use by the crop. Figure B is a simple·drawing illustrating these losses. To account
for the unavoidable losses; an amount greater than the net irrigation application must
.be. applied to- the fields. This amount is called the gross irrigation application. The
gross irrigation application is expressed as a depth of water in inches.

Most irriga1;ion systems apply water to manageable portions of a field, called sets,
which are irrigated one at a time in succession until the field is completed. 'For each
set, the gross irrigation application is applied over a period of time called the inflow
time or the set time (expressed in hours). After the field is completed, it is not
'irrigated again until the amount of water available to the crop in the root zone is
depleted to, a point not exceeding the stress level of the crop, The time period

, between the start of 'successive irrigations of a field is called the irrigation interval or
the irrigation trequency (expressed in number of days). The required irrigation interval
during the peak water-use period can be calculated for a' crop by dividing the crop's
MAD by the peak: period ET. This irrigation interval ~equires continuous use of the
water during the peak water-use period to prevent crop stress.

Surface Irdgation Systems

Surface irrigation systems rely on gravity to distribute the water over the soil surface.
Water is applied to, a set from a ditch or a pipeline at the upper end of the field and
progressively covers the set to the lower end. As the water moves across the soil .
surface it infiltrates the soil and is stored in the, root zone where it becomes available
for use by the crop. Some of the' factors used to characterize a surface irrigation
system are the infiltration rate of the soil, the gradient or slope of the field in the
direction of flow, the length of the field in the direction of flow, and the method used
to phy~ically ~~!~,~_the water do.,:,!:,n th.~_~e.:l~,:_ ,:file i~f~ow rate, set time an~ design----
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Figure 8
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application are management factors that the irrigator uses to apply the water to obtain
a full irrigation with minimal losses. "

There are many good references that describe, in detail, various kinds of surface
irrigation systems." The more common surface systems found in Idaho' are briefly

, described below. These arefultow and corrugation SYstems, border systems, and
wild flooding systems.

Furrow irrigation is the application of, water, through small, closely spaced channels
used to guide the water down the field. The water does not 'flood the entire surface;

,instead, it is conveyed through thEl chaimels and infiltrates the sqit' both downward
and laterally between the furrows. Water can be applled to the furrows through
siphon tubes, from open ditches or from gated pipes.'s An irrigation set consists of
numerous furrows. depending on'the available supply of water. Corrugation irrigation
is a type of furrow irrigation used o'n close-growing crops such as pasture, hay or
grain. The channels are,' smaller and, convey less water than other' types of furrow
systems.

'Border irrigation is the application of water by flooding wide strips of land over the
entire soil' surface, The 'strips are' bounded by ridges or dikes, which are used to guide
the water, down the field. ""ater is applied at a rate sufficient for it to advance as a '
uniform sheet to the end of the field. , An irrigation set consists of one or more border
strips. Border irrigation is used on close-growing crops such as pasture, hay or grain.

Wild flooding is a surface flooding method where water is released from an open ditch
and allowed to flow uncontrolled down to the end of the field. Typically, there is little
or no land preparation attempted for these systems. , In some cases, shallow soils or
large rocks make land preparation impossible. Land, irregularities result in uneven
distribution of water and high application losses. Wild flooding systems are' often
used on marginal farm land to improve growth of 'natiye g~asses or meadow hay.

Soil Intake Family

The rate at which water can move into the soil is called the soil infiltration rate
(usually expressed as a depth of water infiltrated per hour). This is an important
factor in surface irrigation system design or evaluation. In order to, minimize
application losses there must be a balance between the amount of water infiltrating

'·See (Jensen, 19831.

-'·Gated pipe is portable pipe with small gates (used for flow controll used to distribute water into
furrows. ' ,
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'the soil and 'the amount required to evenly distribute the water as. it moves to the end
of the field .. A high infiltration ra~e can result in excessive deep percolation losses at
the upper end of a field before the crop root zone: is filled 'at the .Iower end. This is
because water is "in contact with the soil surface at the upper end for a longer period
of time and at a higher rate than it is at th'e lower end. A low infiltration rate can'
result in excessive runoff at the lower end of the field because the time it takes for

.water to fill" the 'crop root zone is much greater than the time it takes for ·the water to
advance to the end of the field. Appropriate selection of field length, set time, inflow
rate'and other factors with regard to the soil infiltration rate can help to minimize these
losses.

. The infiltration rate or intake rate of a soil is dependent on the characteristics of the
soil.· Soil texture is a primary factor but other factors can 'influence the soil intake
rate. In general, soil intake rate is highest for coarse-textured or sandy soils•.This is
due to their low soil particle surface area and large pore sizes which allow· quick
drainage of water.

Soil intake .rate also v'aries with the soil moisture level. As water is added to the soil
through irrigation the intake rate will initially decline. and then stabilize. NRCS
developed a series of general groups called inta~e families that relate the cumulative
depth of infiltration" to the time water is in contact with the soil surface. Solis with
similar intake characteristics can be grouped into one of these intake families.

Soil intake family is dependent on the type of irrigation application system used.
Water infiltrates surfllce flooding systems (e.g. border systems) by moving downward
from the soil surface. Furrow systems reiy on vertical and horizontal infiltration from
the furroWs. The cumulative depth of water infiltrated for ea~h system type is
different over the same time period for the same soil, so the intake t.;lmily assigned to
that soil would be different for each system type. .

Ideally, soil intake family for an irrigation application system would be determined by
on:sfte measurements to obtain 'the most accurate results. " Due to resource

. constraints, it.is impractical for IDWR to determine soil int<!ke family by on·site
'measurements for every system being evaluated. The Hubble report guidelines .
provide a procedure to estimate soU intake families for surface irrigation systems
beginning on page 47.

Soil intake families for flood type systems are based on soil texture and are adjusted
for the organic matter and sodium content (indicated by pH"level) of the soils. NRCS
soil maps are used to identify the significant soil types in a field (soil types covering
ten percent or more of the total field area is considered significant). The soil texture'
of the surface soil layer is identified using NRCS data from published soil surveys or

-.-- _..~_ , _.. . - .':._-q---~-_ .._ .
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computer-generated tables. NRCS data are also used to identify the organic matter
content and the soil reaction (pH) for the surface soil layer (see Appendix El.

The flood.intake family is initially identified based on th~ soil'texture using the table
from Appendix A·2 of the Hubble report guidelines. .The flood intake family is
modified for. organic content'by hlcreasing one intake family for soils with two to five
percent organic matter and increasing two intake families for soils with more than five

.percent organic matter. This organic matter adjustment is not necessary for soils with
sUiface layer textures of sand, very fine sand, or loamy sand. The flood intake family
is modified for soil reaction (pH) by decreasing one intake family for soils with pH of
8.5' to 9.0 and decreasing two intake families for soils with pH of 9.0 to 9.5.

Flood intake family can also be determined for many Soils in Idaho by using Appendix
A-3 of the Hubble report guidelines. This is 'a further refinement of the adjustment
procedure presented above and it should be used where possible.

,
Furrow.' intake family can be determined for a soil by first determining. the flood intake
family'for that soil and then using the table from Appeildix A-2 of the Hubble report
guidelines to convert to a furrow intake family'. The conversion is based on a
relationship between flood intake values and furrow intake triais run on 'soils in Idaho
and southeastern Oregon (Hubble Engineering and Associated Earth Sciences, 1991 b,
p. 49 and Appendix A-2). Figure 9 gives an example of flood and furrow intake family.
determination for a soil type from Appendix E.

The spreadsheet developed by IDWR to determine AWe. and MAD. from NRCS soil
data (see Figure 7) also simplifies the' procedure to determine' flood and furrow intake
families. The altern?\te method shown in Figure 7 is based on AppendiX A-3 of the
Hubble report guidelines or actual measured values if available. The alternate or
measured values should be used when available.

. Sprinkler Irrigation Systems

Sprinkle'r irrigation systems apply water \lnder pressure through nozzles which spray
or sprinkle water through the air and 'onto the soil surface. When the water reaches
the soil'surface it infiltrates the soil17 and is stored iri the root zone where it becomes
available for use by the crop. Some of the factors that characterize a sprinkler system
are the water application rate, the size and spacings of nozzles, and the configuration
of the' pipe distribution system u"ed to convey the water to the nozzles. Sprinkler
systerns are adaptable to many crops, .soils, and topographic conditions.

17lf the Water application rate exceeds the intake rate of the soil. some of the ",ater applied may be
lost to surface runoff. .

--------_.__ ' ----------_ _._-_.--_.- -
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Sprinkler Systems utilize.· pressuriz~d pipelines in various configurations to convey
water to sprinkler nozzles of various sizes and spacings. Due to the variety of pipe
configurations, nozzle sizes, and nozzle spacings available, the water can be uniformly

· distributed over the soil surface. This is a sharp contrast to surface irrigation systems
which rely heavily on' the soil characteristics to distribute water across the field.
Runoff losses are minimal·as· long as water is applied at a rate'which does n.ot exceed
the infiltration rate of the; soil. Deep percolation losses are' minimal as long as water is
applied for an appropriate period of time so that the design application depth is not
exceeded.

Th~re are many types of spririkler .irrigation systems used today. They are usually
classified based on the way that the pipe distribution systems are operated. Some of

· the more common· systems are portable (hand-move), side-roll (wheel line), solid set,
· center· pivot, and linear move. There are many good references that describe, in

detail, the various kinds of sprinkler irrigation systems. 'B

System Description

An accurate description of the irrigation application systems on a farm is necessary for
a proper evaluation. Information is required for each field because the combination of

.field dimensions, system configuratiQn, and system management will have a large
influenc:e on the efficiency of water application for each field. It is especially
important to include a good map or drawing identifying each field, field dimen'sioris,
location of ditches or pipelines, direction of flow, and information specific to the type
of application system. The description should also' include farm cropping patterns and
crop rotations, set times, and irrigation frequencies (during th~ peak water-use period)
for each field. .

A questionnaire was developed to aid in data collection (see AppendiX F). The
irrigator is the best source for most of the information concerning the application
system. The questiorinaire can also be used as an inventory list by the. evaluator
during on-site visits. In some cases, information from the questionnaire will need to

· .be supplemented with information from aerial photographs, topographic maps and on­
site measurements.

'"See (Jensen, 19831.

------_._-_..

2G



REPORT REGARDING EVALUATION OF IRRIGATION DIVERSION RATES

FIELD APPLICATION EFFICIENCY

The field application efficiency (FAE) is defined as an "expression in percent of the
amount of water appfied to a field that becomes available to the crop" (Hubble.
Engineering' and Associated Earth Sciences, 1991 b, p. 60). Alter an irrigation, the
gross irrigation application is not entirely available to the crop. Some of the' water is

. lost to deep percolation, runoff or other losses. These losses are not stored in the
crop ro'ot zone and are not available to satisfy the ET requirements of the crop. The
net irrigation :apprtcation, as explained earlie'r in this report, is that portion of the total
amount of water applied during an irrigation that is available to satisfy the ET'
requirements of the crop. FAE can be calculated by dividing' the net irrigation
application by the gross irrigation' application' and then multiplying.by 100.

Typical or expected values of FAE Clln be found in existing literatUre. Some typical
FAE values for various systems are as follows: 30 to 80 percent for furrow'irrigation
systems;. 35 to 75 percent for graded border systems, and 50 to 87 percent for
'sprinkler systems (Idaho Irrigation Water Conservation Task Force, 1994:, p. 38) •. The
higher. values for .each of the ranges given are typical for well designed and properly
managed irrigation systems.

The FAE is used, along with the ET requirements of the crop, tq de;termine the field
irrigation requi~ements; The FAE depends on the irrigation system type, system
design, and management. Many other factors can influence the FAE such as .soil
characteristics and field dimensions.

fleasonable Efficiency .

The determination of the necessity of an irrigation diversion rate greater than 0.02 cfs
per acre must include the determination of reasonable field application efficiencies
based on acceptable irrigation practices. IDWR has strived to balance the needs of
individual water users 'with"the ne.edsof all water users in order to provide for the
greatest benefit from the ~esource while.~maintainingseniority protection. Designation
of a minimum acceptable 'FAE was considered as one option to apply to all irrigation

. systems but that option. does not consider the unique combination of conditions that
may exist for each individual system on a farm or for various locations around the
state.

Economic feasibility plays a large part in the selection of irrigation methods used by a
farmer. Other factors include water avanability, physical limitations of the land, crop
types and water requirements, and local customs and practices, to nama a few.
These factors need to be considered when determining reasonable efficiencies. "The
Department [lDWRJ does not intend' to place an insurmountable financial burden upon

..............---'--
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farmers by reql,liring.huge capital expenditures to change and improve their systems in
order to obtain higher efficiencies. Instead, the determination of a reasonable

. efficiency should focus on' proper' management and low-cost improvements that can
be made within the confiries of the existing system type's and soil characteristics"
(IDWR, 1992).

The Hubble report guidelines provide a variety of procedures to estimate FAE. Several
alternatives for efficiency improvement are' suggested as well. Reasonable efficiencies
will b~ determined based on the optimum FAE estimated I,.Ising acceptable alternative
irrigation practices. The optimum FAE should be calculated for each field based on
the historical cropping pattern of the farm with the highest diversion requireme.nts.

. Procedures to determine the optimum FAE are provided below for the more common
systems found in the state.

Furrow Irrigation Systems

The optimum FAE will be estimated for furrow· irrigation systems by considering the
individual factors that affect efficiency and by examining' practical alternatives based
on acceptable irrigation practices: A computer program, developed by NRCS, was
provided with the Hubble report to ,estimate FAE for furrow and corrugation irrigation
systems. The 'program inputs can be changed to see the effects of alternative
irrigation practices. The Hubble report guidelines (beginning on page 57) provide

several alternative'irrigation practices ,for consideration. The optimum FAE will be
estimated using some of these altematiyes as described below.

Each field should be evaluated separately unless conditions are similar enough to
justify simplification, by combining, fields. In some cases, fields may need to be split
and evaluated in par):s due to dissimilar conditionl? or extreme lengths.

, The NRCS furrow program requires inputs of furrow intake family, desigl') application
. (inches), furrow slope (ft/tt), furrow spacing (tt), furrow length (tt), inflow rate (gpm),
and'inflow time (hrs). Program outputs include advance time19 (inirJutes), gross

, 'irrigation application (inches), net irrigation application20 (inches), runoff (inches), deep
percolatitin (inches), and irrigation efficiency (percent). A full irrigation is attained

"Advance time i:; the time required f(jr the furrow stream to reach the lower end of the field.

"oThe net irrigation application used in the program is the total depth oJ water applied' at the lower
end of the field. This is used as a comparison to the design application to indicate when the design
appllcation has. been met or exc~eded throughout the entire field length. This is not the same as the
net irrigation application defined elsewhere in this report,

._----_., ._"
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when the net irrigation application equals or exceeds the design application. The
irrigation efficiency is equal to the design application divided by the gross irrigation
application. FAE estimates below 15 percent and above 70 percent are considered
outside the practical limits of the program.21 An FAE greater than 70 percent may
also be an unreC!listic expectation ·in·actual practice without a higher level of design•. If
.FAE estimates by the program are outside these limits, then values of 15 percent or
70 percent should be used instead. Rgure 10 is a sample output trom the furrow

. program..

The furrow intake family and design appiication are determined, based on soil and·
crop characteristics, as described earlier in this report. If two or more dissimilar soil
types exist in a field, it may be necessary to splitthe field and evaluate each portion
separately. The NRCS. recommends thC!t soil characteristics should be considered
during layout of an irrigation system. . "Where soils have appreciable differences. in
intake rate and water-holding capacity, the fields should be divided as nearly alolig soil
boundaries as· is practicable and prOVide uniform row lengths" (USDA, SCS, :1984,p.
.5-131. For evaluation of existing tield.s the determination of an appropriate split will
.depend on the.Iocation and configuration of the soil boundaries.

If a soil boundaiy closely parallels the direction of flow in the field, then it may be
appropriate to evaluate each section separately. Efficient use of water, in such cases,
would require an irrigator to manage each section differently.

. .
If a soil boundary runs perpendicular· to the direction of flow in the field, the intake
rate of the soil should be considered.. "The outlet end of the rows can cross the
boundary between a slow intake rate soil and a somewhat higher intake'rate soil and
still permit efficient application. Crossing the boundary between a high intake rate soil
and a lower intake rate soil for any appreciable distance should be avoided" (USDA,
·SCS, 1984, p. 5-131. A field can be split across the direction of flow by using cross­
ditches or gated pipe to supply water at the desh'ed location. For· evaluation of
existing systems, splitting the field length should only be·considered in extreme c;i3ses
where a proper analysis would not .be otherwise possible. .

In some cases it may not be practical to split a field for better water management.
This may be due to random occurrences of different soils or resultant field lengths
which are impractical for other farm cultivation practices (lengths of 300 feet are
considered a minimum practical length for evaluation purposesi. In these cases the·

"Based on communication with C.E. Brockway and Clarence Robison of the UniversitY of Idaho
Kimberly Research and Extension Center on April 17, 1996. The NRCS furrow program is
considered reasonably accurate within these limits when appropriate inputs are used.

. - . -- -.. ---- - ..-_ _._--- -._--- _ .
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evaluation of the 'field should be based on the soil with intake famll,; and MAD values
that result in the lowest attainable efficiencies. This will ensure that the crop will not

. be stressed in certain parts of the 'field.

The furrow slope is the ratio of the elevation difference between the upper and lower
ends of the· 'field to the horizontai distance between the ends of the field (in the
direction of flow). Furrow slope information can be obtained from the irrigator {if
known), :from topographic maps of the area. or from on-site measlirements. Graded

. furrow irrigation systems are best suited to land with slopes ranging from 0.' to 3
percent (0:001 to 0.03- ftlft) in arid areas and corrugation systems are best SUited to

. land with slopes ranging from 1 to 4 percent (0.01 to 0.04 ft/ft) (USDA. SCS. 1984,
pp. 5-6 and 5-11 ). On fields wh~re the soil surface is un·even, land leveling will help
provide more uniform water application. A major slope change may be cost­
prohibitive and is not considered a practicil.l.alternative irrigation practice.

.The furrow spacing is the distance measured between the furrows in a field. The
furrow spacing can be obtained from the irrigator, or from on-site measurements. If
alternate-row irrigation is practiced during the peak w<:Jter-use period, the spa~!ng to
be used in the program is the distance between the furrows where water is actually
applied during an irrigation. Althou·gli a change in furrow spacing can affect the FAE.
the spacing must be compatible with the crops grown and with the farm machinery
used so changes may not be practical. .

The furrow length is the length of the furrows in the direction of flow. The furrow
length can be obtained from the irrigator, from aerial photography, or from on-site
·measurements. The length representative of the majority of the furrows in the field
should be used. The av~rage length can be used if the furrow lengths are fairly'
uniform. if .furrow lengths vary significantly. the field may need to be split with·each
portion evaluated separately.

The optimum furrow length for efficient water use is very i;lependent on the intake
rate of the soil~ "Other factors being equal .. furrows must be much shorter on· coarse.­
textured soils with high intake rates than on fine-textured soils with low intake rates" .
(USDA, SCS, 1984-. p. 5-19)•. Long furrow lengths used on' fields with high intake'
rate soils can result in excessive deep percolation losse!> at the upper end of the field

. and incomplete irrigation at the lower end of the field. This is because the water is in
contact with the soil surface at the upper end of the field for a longer periQd of time

. and at a higher rate than it is at the lower end.

As explained earlier, the furrow length can be· reduced by use of cross-ditches or
gated pipe to divide the field in half or in thirds as long as lengths are not reduced
below practical limits (300 foot minimum lengths}. SoU boundaries must be

--- .- --_. . - -._ .._"._--"'-' __._ .
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considered along with optimum length before determining the placement of cross­
ditches or gated pipe.· For evaluation of existing systems, splitting the field length
should only be considered where the· analysis indicates an incomplete irrigation due to

. extreme furrow lengths.

The inflow rate is the rate of flow into an individual furrow. Changes in inflow rate
will have a significant effect on the FAE. . A high inflow rate can reduce deep
percolation losses in fields with high intake rate soils. The high flow rate will allow the
water to advance to the end of the field faster. . This reduces the difference in·
infiltration "lime between the upper and lower ends of the field. The result is a more

.,. uniform applica"lion of water and less deep percolation. A low inflow rate can reduce
runoff losses in fields with low intake rate soils. Since water infiltrates slowly, a low
inflow rate will limit the amount of runoff at the end of the field. .

Inflow rate is limited by the carrying capacity of the furrow. A practical upper limit of
inflow rate for furrows is 50 gpm and for corrugations is 10 gpni (USDA, SCS, 1984,
p. 5-23). Inflow rate is also limited by soil erosion. The maximum nonerosive inflow
rate Un gpm) for erodible soils can be cil1culated as 10. divided by the furrow slope Un
percent) for furrows and 40 divided by the slope for corrugetions (USDA, SCS, 1984,
p. 5-23). A practical lower limit of inflow rate for both furrows and corrugations is
three gpm.22

The optimum inflow rate can be found for various conditions using the furrow
program. Start with an inflow rate that does not exceed the capacity limit or the
erosive flow limit and then decrease the inflow values to the lowest value (but not Jess
than three gpm) which still allows the <;Iesign application to be met (the program will
indicate when the design application is no longer met). In some cases, an increase in
the inflow time or set time is required to meet the design application value specified.

The inflow time is the amount of time Water is applied,to an irrigation set. The inflow
time cim have a significant effect· on the FAE. Deep percolation and runoff losses wili
increase if the inflow time. e·xceeds the amount of time necessary to ·fill the crop root
zone•. The inflow time is usually some mUltiple of 12 hours although 8 hours .or less is
not uncommon for many systems. A reasonable FAE may not be attainable on high

. intake rate soils unless the ,inflow time is relatively short. Inflow times shorter th~m 12
hOurs are not considered practical on a continuous basis.

The optimum inflow time can be found for various conditi.ons using the computer
program. Start with a 12-hour inflow time and find the optimum inflow rate. as
described above. If the design application cannot be met without exceeding inflow

"Based on communication with Burke.·Scholer of lDWR on September 18, 1997.

. ._-,--_.
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rate limits, then change the inflow time to 24 hours or more in incremehts of 12,
hours. Continue as above until the optimum inflow rate is found. In some cases, a
longer 'set time may result in'a higher FAE.

Several runs of 1I1e program using various lengths, inflow times, and inflow rates may
be required to find :the optimum FAE. The procedure can be summarized as follows.
Using 'the NRCS 'furrow program' (analysis option), input the appropriate values of
furrow intake family, design application, furrow slope, and furrow spacing. 'Start with
the existing furrow lengths and an inflow time of 12 hours. Input the maximum inflow
rate (based on furrow ca'pacity,:and maxil1)um' nonerosive flow). If the design
application is not met, then incr.ease tl)e inflow time to 24 hours or more in increments '
of 12 'hours. When the c:lesign application'is met, decrease the inflow rate to the
lowest v~lue which still allows the design' application to be' met (but not less than
three gpm). If it is apparent that the design application cannot be met with reasonable

" ,

set times, then repeat this process using shorter furrow lengths. Next, compare the
efficiencies resulting from each trial. The highest efficiency will' be the'optimum FAE.
Figures 11 and ,12 present optimum FAE estimates for various furrow lengths, slopes,
and application depths for a loamysand or similar type soil (0.7 intake family) using
2.5 foot furrow spacings and the procedure described above.

"The procedure to determine the optimum FAE for furrow irrigation systems will serve'
as a, standard for comparison to other surface irrigation systems. Furrow systems are
adaptable to many types of cr()ps, they are flexible regarding the available water
supply, and they reflect the necessity of flow rates greater than 0.02 cfs per acre
under various combinations of crops, soilS, and field conditions. '

Graded Border Irrigation Systems

Under the right conditions, border irrigation can be a highly efficient method of
irrigation. ;'Bord,er-strip irrigation is complicated and requires the highest level of

,manageme)1t skill of 'any ,surface irrigation 'method to achieve high efficiencies"
(Jensen, :19B3, p. 733). 'The inflow rate must be high enough to spread evenly across'
the border strip and adva'nce to the end of the field as a continuous "sheet", of water,
Water flow into the border strip is' generally shut off before the stream reaches the
end of the field. This prevents excessive runoff because the water already in the field
will continue to infiltrate the soil, as it advances to the end of the field. Appropriate
inflow rates and set times are required to ensure that the design application depth is
not exceeded. These' values are very dependent on the intake rate of the soil and the
border length. A computer program; developed by NRCS, was provided with the
Hubble report to estimate FAE for border irrigation systems., This program can be
used to estimate the appropriate inflow rate for an existing system. Experrence with
~e program has shown that border systems require high infiow rates and short inflow

---",-------, ..._---_....- ..
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Figure 11

Optimum Field Aoplication Efficiencies ("10) , Furrow'
Length Slope Design Application Depth (Inches)
(feet) (ftlft). 1 1.5 2 2.5
300 .001 15 24. 32 35
300 .005 22 32 43 54
300' .01 22 32 43 54
300 .03 22 32 43 54
600 .001 14* 22 '. 27 32

.. 500 :005 24 35 47 59
500 .01 '25 39 52 55
500 :03 12* .19 25 31
900 .001 13* 19. 2.4 30
900 .005 24 37 4.9 5[

900 .01 24 . 37 49 61
900 .03'
1200 .001
1200 .005
·1200 .01
1200 .03

12*
24' .
14*

17.
35
21

23
47
27

28
54
34

I Based on NRCS Furrow program under conditions descn'bed below:
- loamy sand or similar I)-pe soils with furrow intake family of0.7
,'set times of 12, 24. Of 35 hours
- furrow spacing of2.5 feet
. maximum furro)\' inflow of 1015 up to 50 gpm capacity (S=slope in %)
.. minimum furrow inflow of) gpm ' .
.. design application depths are typical for crops in sandy soilS'
.. * indicates efficiencies greater than 70% or less than 15% which are outside recommeuded

limits of program .
- [blank] represents conditions not recommended due to erosive flow requirements

._---_ -_... .... _.- ------
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Figure 12

Opw.:.wn Field Application Efficiencies (%}. Corrugation'
Length . Slope Design Application Depth (mches)
(feet) (fl/ft) 1.5.' 2' 2.5
300 .001 24 32 41
300 .005 32 43 54
300 .01 32 43 54
300 .02 32 43 54
300 .04 32 43 54
600 .001 22 29 '34
600. .005 30 40 50
600 .01 32 43 54.

·600 .02 32 43 54
600 .04 35 47 59
9"00 .001
900 .005 16 22 27
900 .01 ·29 39 49
900 .02 31' 41 51
900 .04 34 . 46 57
1200 .001
1200 .005
1200 .01
1200 .02 14" 18 23
1200 . .04 19 26 32

, Based on NRCS Furrow program underconditions described below:
-loamy sand or similar type soils with furrow intake family of 0.7
• set times of n, 24, or 36 hours
• corrugation spacing of2.5 feet
- maximum corrugation inflow of40/5 up to 10 gpm capacity (S=slope in %)
- minimum corrugation inflow of 3 gpm
- design application depths are trPical for crops in sandy soils
• • indicates efficiencies greater than 70% or less than·15% which are outside recommended

limlts ofprogtain . '. . . . .
• [blank] represents.conditions not recOmmended due to erosive· flow requirements· ..

---_•... _- . "M_ •• _.,_ •• ._••_ .•_. ••_ •••
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times in order to obtain acceptable efficiencies. This is especially true for high intake
rata soils. Appendix G shows several runs of the program for a typical border strip i,n .
a loamy sand or similar type soil (3.0 flood intake family). Acceptable application
efficiencies are not achievable for these soils unless the set times are substantially less
than 12 hours. However, set times less than 12 hours are not considered practical on
·a continuous basis.

·Most filillds using border irrigation systems require large flows on an· intermittent basis.
Water is not required continuously because th.e field or fields can· be irrigated in· a very

· short time. This period of time is usually much shorter than the required irrigation
frequency during the peak water-use periqd. For water allocation purposes, the
diversion rate required for irrigation must be based on the amount of water required on
a continuous basis during the peak water-use period. This is to ensure a dependable

· supply of water for other water users.

Since border irrigation systems require high flows and short set. times on an
intermittent basis, use of the FAE estimated by the border program will not result in a
determination of field irrigation requirements based on continuous use of the water.
Because of this, the border program will not be used to estimate the optimum FAE for
border systems. Instead, the procedure described above for corrugation ·systems
·using the furrow program will be· used as a .stendard to determine the optimum FAE
for border systems. Corrugation systems are adapteble to the same types of crops as
border systems. They are· flexible regarding the uS,e of a continuous supply of water.
And, they reflect the necessity of diversion rates greater than 0.02 cfs per acre. under
conditions very similar to those found on border irrigation systems.. The procedure
described above for ·corrugatlon systems should be· followed using. the appropriate
furrow intake family and design application, the existing field slope; and a reasonable
corrugation spacing. For consistency, use 2.5 feet for alfalfa and 2 fe~t ·for pasture
ancl grain. The optimum lengths, inflow rates, and inflow times obtained from the

· furrow· program will provide an optimum FAE to be used in the· determination of the
field irrigation requirements. . .

It should be noted that the use of the furrow irrigation procedure as a standartl does
not prohibit the use of border irrigation systems. The use of border irrigation systems
is considered an acceptable irrigation practice. Water can be applied very efficiently.
where a flexible· water supply exists. Flexible. water supplies often exist on large
'farms with multiple crops. and systems, farms with storage reservoirs, and canal
companies or other situations where water rotation is practiced.

--~---_.....
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Wild Rooding Irrigation Systems

Wild flooding systems are common in many parts of the state. They are most
commonly used on farmland. with marginal value Where other types of water
appfication systems are not economical. or prae:tical. Land preparation and
improvements are minimal or nOl)existent and the water management level· is very
low.

. Wild flooding irrigation systems are .not like other surface irrigation systems which
retain some control. of the water as it flows down to the end of the field. The
distribution of. yvater is very dependent on the condition of the .land surface. After
leaving ·the supply ditch, the water spreads randoiTlly to low spots and infiltrates the
soli as it moves towards the end of the field. Long set times are normal to allow the
water to spread laterally through the soil from the braided streams that form on the
land surface. Due to the lack of control on the water; the distribution is often .uneven
and the FAE is usually very low. In general, this. method of water application is not

. considered an acceptable .irrigatlon·practice. .

The level of benefit gained to crops irrigated with wild flooding systems is variable and
primarily dependent on the condition of the land where the systems are used. When
comparing the amount of water applied and the benefit gained between wild flooding
systems and .conventional surface irrigation systems, the level· of efficiencies cannot
be justified for water allocation purposes•

. Since there is some benefit gained from these systems, there is a need for a standard,
based on· acceptable irrigation practices, to determine· an acceptable level of
efficiencies for wild·flooding systems; The procedure described above for corrugation
systems using the furrow program will be used as a standard to determine the
optimum FAE for wild flooding systems. The procedure. for corrugation systems
should be followed using the. appropriate furrow intake. family and design· application,
the existing field slope, and a reasonable corrugation spacing. For consistency, use
2.5 feet for alfalfa anti 2 feet for pasture and· grain. The. optimum lengths, inflow
rates, and inflow times ·obtained from the furrow program·will proVide an optimum
FAE to be used in the determination of the field irrigation requ)rements.

In some cases, wild flooding systems are used in isolated areas, near the headwaters
of small drainage basins or along intermittent streams. These systems rely heavily on
spring runoff. Water is diverted early in the season when spring runoff occurs and
allowed to flood lands adjacent to the source. Runoff from the fields flows ba9k into
the stream· where it becomes available. for other fields or other farms situated
downstream. In these situations,. the amount of water. available is controlled by the
amount of spring runoff; water application losses have no real effect on water users
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downstream because the lOsses end up back in the stream•. Upstream water users, if
they exist, generally share the same practices and operate under the same .local
cuitoms or understandings. In these cases, where no impacts or potential injury' to
.other water users can be identified. the diversion rates required under the existing
systems and conditions are considered reasonable and necessary.

Sprinkler Irrigation Systems

Sprinkler ir~igation systems are typically Illora efficient than surface irrigation systems.
Historically, many surface systems have been replaced by sprinkler . systems. The
decision to use a particular irrigation .system may depend on "f?ctprs' beyond the
control of the. farmer (e.g. crop prices. energy costs); To overcqme the variability of
those factors, farmers should be aHowed some flexibility to return to a. surface system
as necessary. In cases where a water right was originally developed as a surface
system, the optimum FAE will be based on the surface system using acceptable
irrigation practices as described earlier in this repprt. .

. For those sprinkler systems which were originally developed as sprinkler systems, the.
optimum FAE will be' estimated based .on typical or expected values found in existing
literature. Sprinkler systems are' very flexible in their ability to apply water at the
necessary rates and time periods. for various crops and soil conditions. Properly
designed and'managed systems will achieve these expected efficiencies under normal
conditions.

The Hubble report guidelines (page 25 and Appendix A-7} provide a range of
efficiencies for various. types of sprinkler systems. The University of Idaho questioned
the reasonableness of these efficiency vi;llues in their. report to HWRO (Hazen, Gibson,
arid Neibling, 1994, p. 9}. The University of Idaho report provided' an alternative.
range of efficiencies for various types of sprinkler systems. These values were
originally presen:ted in a 1994 report ·by the Idaho Irrigation. Water COl1Servaticin' Task,
Force and are reprinted below (Idaho Irrigation Water Conservation Task' Force, 1994,
p.38). .. .

sprinkler system

stationary lateral
(wheel or hand move}
solid set lateral
traveling big gun
stationary big gun
center pivot lateral
moving lateral (linear)

---- _... __ .'

application
efficiency
60 -75%

60·85%
55 - 67%
50 - 60%
75 - 85%
80- 87%
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The average values for each range can be used for normal conditions. In windy areas,
use of'the lower values may be warranted because wind can have a large impact on

, the FAE ,of sprinkler systems and it may be difficult to overcome for some system
types.' '

A complete description of the sprinkler system used on a farm is helpful for evaluation
purposes. The description'should include a good drawing or map showing the layout
'for the type of sprinkler system(s) used. The des,cription should also include the
historical cropping pattern for the farm. Knowledge' of the nozzle sizes,:spacings, arid
operatjng pressures can be used to estimate,the water application rate of a 'system
based on sprinkler manufacturer's specificatIons or other sprinkler system design,
Iitera)1Jre. ,Other useful information includes the irrigation frequency and the irrigation
,set time.

The soil type in each field is necessary to determine the appropriate design application
value. 'The design application value is necl'issary to determine the ratio used to
,estimate the peak period crop ET (described earlier In this report). If two or more soil,
types exist in a field, the design application value (MAD) should be based on the
lowest v'alue because sprinkler systems are generally operated on that basis. This is
to ensure that the crop will not be stressed in certain parts of the field.

Other Irrigation Systems

Trickle or drip'irrigation'systems apply water directly to the soil around 'the plant roots
through emitters which are situated on or beneath the soil surface. Due to the high
level of control on the amount of water applied, these systi;lms are very efficient.
Typical application efficiencies range from 85 to, 95' percent (Idaho Irrigation Water
Conservation Task Force, 1994, p. 39). The' Hubble report guidelines (page 28)
suggest that trickle' or drip irrigation systems should operate on diversion, rates well
within 0.02 cfs per acre. '

There may be other types of irrigation systems or special circumstances which are not
, cQvered in this report. These will,need to be'evaluated on a case-by-case basis.

ON-FARM IRRIGATION REQUIREMENT

The on-farm irrigation requirem~mt is the sum of the diversion rates required for each
field on the farm during the peak water-use period. It should be based on the

, historical cropping pattern with the highest diversion requirements. The diversion rate
required for each field is based on a reasonable FAE and the peak period crop ET. The
reasonable FAE is the optimum FAE estimated for the irrigation system using'

.p •• _-- •• _. --'--~----- "' ' __" __ OR _ ~
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acceptable irrigation practices.' The field irrigation requirements can be calculated
based on the equation described earfier in this report:,

FIR = 4.2 X (CU/FAEI

This equation is simply a calculation of the daily gross irrigation application (in inches)
required for a field on a continuous basis (during, the 'Peak water-use period) and
converted to units of cfs per acre.

, The table folloWing page 2 of the Hubble report workbook was intended for use as a '
summary of the calculations for the field irrigation requirements in order to determine
the o,n-farm irrigation r~quirement. This table should not be used as instructe~ in the
workbook' (pages' 2-4) because of an eiTor identified in the procedure. Use ot' the

, procedure in the -workbook will result in an incorrect determination of the on-farm
irrigation requirenient bec:ause it does not'provide a proper summation of the individual
field irrigation requirements {see Appendix HI. ' ' '

As an alternative to the HUbble report workbook procedure, IDWR' has developed a
computer spreadsheet to perform the calculations required to determine the' on-farm
irrigation requirement (see Rgure 131. The spreadsheet requires input of the' crop,
type, irrigated acres, system type,' application' efficiency, trop ET, and net irrigation,

, appfication for each field. The application efficiency is the optimum FAE which is
estimated as described earlier in this report. The crop ET value's are the 80th

,percentile monthly crop ET values which are calcUlated as described earlier ,in this
,report. The net irrigation application is determined as described earlier in this report.

The spreadsheet calculates the daily gross irrigation application required during the
peak water-use, period of each month based on' the peak period !;:rop ET and the
optimu(\1 FAE. The peak period crop ET is calcUlated within the spreadsheet using the
appropriate ratio of peak period ET to monthly ET as described earlier in this report.
The gross irrigation application values are summarized for each month using weighted
averages (based on trap acreage) in order to identify, the month -when the gross
irrigation application is highest on the farm for all the fields combined. The highest
summary value of gross irrigation application IS converted to units of cfs per acre and
is output as the ,on-farm irrigation diversion requirement. This value is equal to the
sum of the field irrigation requirements during the peak water-use period.

Since the field, irrigation requirement equation is based on continuous use, an
adjustli)ent is requireq for hand move sprinkler systems because the operation time for
these sprInkler systems is less than 24 hours per day. This is due to the time required
to move 'the sprinkler pipe between irrigation sets. The easiest way to make the

~ ... ._-------,---_.~.__._--- -.-..._.... -
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adjustment is to divide the results of the field irrigation requirement equation by the
ratio of actual operation time (in hours per day) to 24 hours per day. .For use in the .
spreadsheet, the most convenient adjustment is to multiply the FAE by the ratio
described above.

The appropriate ratio should be based on the actual number of sets irrigated per day
for a particular system. There are normally one, two; or three sets per day for hand
move sprinkler systems. .This will depend on the number· of sprinkler fines in a field
and the required irrigation frequency. A standard quarter-mile hand move sprinkler

·Ilne tYpically takes about one-half hour to move. A ratio of 0.94 (22.5 divided by 24)
would be used for a system with three sets per day re€luiring one-half hour per set to
move.

CONVEYANCE LOSS

Conveyance loss is the loss cif water during transport from the point of diversion (at
the source) to the place of use on the farm. Losses are due to seepage through the
soil, leakage through headgaies and other structures, evaporation from the water
surface, and transpiration from plants growing·in or near the channel.. These losses
can all be controlled to some extent, but cost may be prohibitive in many cases.

Seepage losses through the· soil are dependent ·on the soil texture of ·the channel bed
materiCjI but other factors can influence the seepage· rate. Silt and sediment carried ·in
the water will often reduce·the seepa·ge rate over time. A high water table can also
affect the seepage rate qf a· channel. ·Seepage losses can be controlled by lining the
channel or conveying the water through pipelines. Due to the ·high costs, channel
lining or pipelines are not considered practical exceptin cases of extremely high losses
in short reaches· of a· channel. .

Conveyance losses due to leakage through headgates, valves, or other structures can
be controlled through proper maintenance. .Losses through evaporation are
considered insignificant, especially when compared to the other types of losses that
can occur. .Transpiration from plants growing in or near the channel can cause high
water losses. Plants growing in a channel can also restrict the flow and reduce the
capacity of a channel, This causes higher seepage losses due· to an increase in the.
wetted surface area of the channel. Losses due to plant growth should be minimized
by removing plants through regular maintenance.

------ _._._ .._... - .. _. __._- _.._... _.
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Since seepage losses are the primary losses that are the least practical to control, they
must be quantified to determine the necessity of any additional water which m~lY be
required to overcome those losses for irrigjltion purposes. ~eepage losses are usually
highest when wa1:\3r is first turned into irrigation canals and ditches at the beginning of
.the irrigation season. Later in the season, woen the demand for water is highest, the
seepage rate will be reletively constant unless there are significant changes due to
other factors. These factors may include changes in th(l water table, increased plant
growth, or changes to the channel bed .during removal of plant material or excess
sedimE\nt.

The seepage losses in a canal.can. be measured by vanous methods. These methods
can be ·difficult and/or costly' and the expected level of accuracy does not warrant use
of these methods in most circumstances. Measured values may also reflect a poor
level of maintenance 0(1 a canal. . .

Seepage losses can be estimated for irrigation canals based on the seepage rate of the
soU and the surface area of the soil where seepage occurs. The Hubble ·report
guidelines suggest several formulas which can be. used to estimate seepage losses.
Each of these methods requires an estimation of the. seepage rate of the canal
material, the wetted perimeter of the canal, and the length of the canal. The seepage
·rate is usually expressed as cubic feet of water lost per square foot of soil surface per
day. The seepage rate is ·multipUed by the wetted perimeter of the canal (in feet) and
then converted to units. of cfs per mile. The result is multiplied by the canal length (in
miles) to obtain the total loss in cfs.

In 1975, IDWR comP<lred several seepage loss estimation forll)ulas to actual measured
losses in two reaches of a canal (see AppendiX I). Three of the seepage loss
estimation formulas. used in the study are given in the Hubble report gUidelines (pages .
36-381. The estimated losses calculated using ·those formlJlas compared' well with thj'l
rileasured losses especially when higher estimates of soil seepage· rates were used in
the formulas. It was determined that all of the formulas would give similar results.

Th.e seepage I~ss estimation procedure most commonly·· used by.IDWR is shown on
. page 38 of the Hubble report guidelines as the Worstell method. This method requires

an estimation of the soil seepage rate, measurements of the top width of the water
surface at Various points along. the canal, and the canal length. The formula used is
shown below:
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S - 0.0667 X (i) X (W)

where: S = seepage loss in cfs/mile
i .=. seepage rate in ftlday

W . = top width of water surface in ft
0.0667 = factor to estimate the wetted perimeter

as a function of Wand to convert units
. .

The seepage loss estimated from the equation is multiplied by the canal length (miles)
to o.btain the total Conveyance loss. for the canal•. ' . .

To estimate the soil seepage rate in· the canal, NRCS soil survey maps and data can be
. used to identify the dominant soif texture for the soil layers penetrated by the canal.
The tables on page 35 of the Hubble report gUidelines can be used to choose the
appn:.priata seepage rate cased on the soil texture identified. Where a range of values
is given, the higher values should be selected because, based on past stUdies, they
give better results when. compared to actu·al measurements. .

.In·some cases, it may be possible to estimate the seepage· rate hi a canal by direct
measurement of the conveyance losses in a representative section of the canal. The
flow rate ·in the canal Is measured at each end of the section, then the conveyance
ioss is obtained by calculating the difference between the two flow measurements.
The conveyance loss is converted to a loss per mile value by dividing by the length
{miles} of the section. The seepage rate is calculated by substituting the known
values of seepage loss and canal top width into the Worstell equation and solving for
the seepage rate. This seepage rate can be applied to the remainder of the canal.

. This appn;>ach may be reasonable if the ·conditions along the entire canal are relatively .
uniform and the mea$ured reach is. properly maintained.

The top width of the canal is measured across the cimal along the water surface or at
the high water marks of the. Ganal. Several representativ.e measurements should be
taken ·aloftg the canal length' anil averaged together. The canal length can tie .
determined from maps and .aerial photography.

In many cases, significant changes in soil textures or canal dimensions will occur
along the length of a canal.· Also, a canal may haVe several delivery points along its
length if it is shared by many water users.. In these cases, it is necessary to analyze
each section or reach separately. The canal is divided into reaches based on the

·IOcation of soil changes, canal dimension changes, Of delivery points.. nie seepage
losses are calculated for each. reach and added together ·to obtain the total losses in
the canal. tn the case of several water users, the losses can be prorated among all
the users based on the size and location of their deliveries.
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IDWR' has developed a computer spreadsheet to simplify the cal«ulations required to
determine conveyance losses on a canal with multiple water users (see Figure 14).

, ,The spreadsheet requires input of the length (feet), average width {feet}, seepage rate
(ft per day), and delivery amount (cfs) for ea6h reach of the canal. The delivery
amount is based on the amount of water required at the end of a reach which is
delivered to lateral canals to satisfy the on-farm requirements plus any conveyance
losses in the lateral canals.

The spreadsheet calculates the total loss for each ,reach and the ioss'es to be assigned
to the water, user,s at each delivery point. The losses are assigned based on the size
of the deliveries in each reach and the location of the deliveries on the canal. If there
are several deliveries 'to individual water users at one delivery point; the delivery losses
'are prorated among those water users based on the size of their individual deliveries.

TbB example shown in Figure, 14 has four separate reaches. Farms A and Bare
delivered water at the end of reach 1. 'Farms C and Dare delivE!red water at the end
of reaches 3 and 4 respectively. The canal was divided for analysis between reaches

, 2 a':ld 3 because of a change in the average width and the soil seepage rate. There
are no deliveries assigned in reach 2. The delivery losses assigned to farms C and D
are sho\IVn under the heading "DEUVI::RY LOSS" as 0.74 cfs and 1.16 cfs
respectively. F'arms A and B share the .delivery loss shown at the end of reach 1
(O.37 Cfs) based on the 'sizes of their individual deliveries.

IRRIGATION DIVERSION RATE

The irrigation diversion rate is calculated by adding the on-farm irrigation requirement
to the conveyance losses. This is the total diversion rate necessary, measured at the
point of 9iversion from the source. '

The irrigation diversion rate determined using the methodology described in this report
is the amount reasonably necessary for an irrigation system based on acceptable
irrigation practices. Since the diversion rate is based on an' 80th pe~centile value of
peak, period ET for the historical cropping pattern with' the highest div'ersion
requirements, it should be recognized that the diversion rate will not. be, necessary
every year or even tl')roughout an entire irrigation season in a single year. If the actual
c~paci:tY of an irrigation system is less than the irrigation diversion rate determined
using, the methodology described in this report, then the irrigation diversion rate
recommended may need to beHmited to the actual irrigation system capacity.

~--_.'-""--" .. .~ .._------------_. - .-_. --.- .. _.
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FLOW
(CFS)

03/01194

2.26

DELIVERY
LOSS
(CFS)

0.37
0.00
0.74
1.16
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00'
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

DATI;:

0.0540
0.0740
0.0570
0.0947

.0.0000
0.0000 .
0.0000
0.0000.
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

DELIVERY LOSS
LEFT FACTOR

(CF'S)
14.60

7.78
7.78
4.00
0.00
0.00
0.00
0.00
0.00
0.00

.0.00.
0.00
0;00
0.00
0.00
0.00
·0.00
0.00
0.00
0.00

6.82
O.QO
'3.78
4.00

14.602.26

WORSTEL DELlVER~

LOSS (CFS)
(CFS)

0.79
0.58
.0.52
0.36
0,00 .
0.00
0.00 .
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

CONVEYANCE.LOSS. WORSTELL

6'1': .. JP

2.00
2.00
1.50
2.00

SEEPAGf
(FTIDAY)

AVE
WIDTH
(FT)

12.0
12.0
11.0
10.0

2600
1900
2500
1500

1
2
·3
4
5
6
7
6
9

10
11
12
13
14
15
16
17
16
19
20

REACH LENGTH
iFT)

i
1
I

NAME OF piTCH: SAMPLE DITCH

I,

TOTALS j 8500

REACH = ECTION OF CHANNEL
LENGTH"tENGTH OF REACH, THE CHANNEL CAN BE DIVIDED INTO EQUAL LI;NGTH REACHES

OR Ae>TUAL LENGTHS BETWEEN DELIVERY POINTS
AVE WIDTJ!l" AVERAGE TOP WIDTH OF WATER SURFACE IN REACH
SEEPAGE FSOiL SEEPAGERATE OF REACH
WORSTEll,. LOSS" CONVEYANCE LOSS IN REACH BASED ON WORSTELL METHOD
DELIVERY!= TOTAL DELIVERIES IN REACH • .
DI;LIVERYlLEFT" SUMtDELIVERIES OF CURRENT AND REMAINING REACHES)
LOSS FACTOR" WORSTELL LOSS/DELIVERY LEFT .
DELIVERY'LOSS" SUM(LOSS FACTORS OF CURRENT AND PREVIOUS REACHES) X DELIVERY;

REPREseNTS THE LOSSES ASSIGNED TO THE DELIVERIES IN THE REACH,
111 MULTIPLE RIGHTS WITHIN REACH, DELIVERY LOSSES SHOULD 6E .

1
'RORATED 6ASED ON SIZE OF DELIVERY FOR EACH RIGHTWITHIN REACH

FLOW = T TAL FLOW AT 6EGINNING OF EACH REACH

S::. C),O("(,,l W: 'JIll. c.h!Y">II<_

iN ;;::.. +Op w·,J·th.,f W",..+o?r <;:" ..vf",c<. (..{:i)
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REPORT REGARDING EVALUATION OF IRRIGATION DIVERSION RATES

CLOSING REMARKS

This report does not cover every conceivable condition that may be encountered
when evaluating the necessity of a particular irrigation diversion rate. There may be
unforeseen or special circumstances that require different or additional methods for
evaluation. .

----_._--- ., ... " _._..--, .._----.-..
. -, -------.
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APPENDIX A

Allen and Brockway ET Estimate
. _Sample Output .
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1:n
.15,.
.36 .
•24

-'.67
8.41' 4.40
5.92' 4.03

.36 .25-

.60 .5~.6 ..6-.35 ~.3
ll>
I

.....

Eot. OJ ond GIR. 811s. (AlI"on I. 8rQCk~OY, 198:;)' mmfday and 11I/I,/sedson

, : MO NYRS PREC em III.fH. 6EIINS f.CRN SILGE S.CRN PEAS POTAT S8EET SGRIIN NORAN PAST. YEOES
AVE ET 3 48 .87 2.\4 . .98
AVE IR 3 48100.0Q .58
STOOIET 3 46 .66 .35 .16. STOD IR 3 481DD.QO. .34
SKEW ET :;., 48 1.44 -.00 -.00
SKEti IR 3 48100.00 -1.28
AVE T 4 47 .72 5.20 3.30 1.50 1.50 1.50 1.65 4.82 3.27
AVE R 4 ~~IOO.OO 2;00 1.25 1.29 1.20 1.31 4.37 2.85
STUD ET 4 4 .59 .47 .29 .14 .14 .14 .J' .43 .29
STOD IR ·4 4 IUO.OO .57 .39 .34 .42 .38 .59 .55
SKEW or 4 47 1.18 .20 .20 .20 .20 .20 .20 .20 .20
SKEW IR 4 47100.00 -.39 -.61 -.54 -.85 -.59 -.22 -.38

AVE $r 5 47 .87 8.79 8.29 2.04 2.04 2.04 2.04 3.85 2.19 ~.04 ';11 8.79 5.23
AVE m 5. 4795.74 5.80 1.84 1.59 1.59 1.59 3.39 1.05 1.59 4.82 8.20 4.80
S1DD,ET 5 47 .•85 .49 .48 .15 ." ." .15 .• 20 .18 ." .•37 .49 .36
STDD.IR 5 47 95.74 .77 .40 .43 .43 .43 .53 .37 .44 .82 .78 .87
SKEW: ET 5'47 1.18 .24 .24 .24 .24, .,24 .24 .24 .24 .24 .24 .24 .24
SKEI( In 5 47 95.74 -.42 -.72 -.74 -.74 -.M -.53 -.85 -.75 ",.42 -.36. -.•48

AVE or 8 47 .84 8.41 7.32 3.25 3.66 3.·56 3.53 8.82 5.77 3.91 8.39 8.41
AVE IR 8 47 91.49 5.72 2.88 3.20 3.20 3.07 8.30 5.38 3.43 7.83 7.81
STOO,ET 8 47 .82 .47 .41 .18 .21 .21 .20 .3B .32 .22 .47 .47
STDOtlR 8 47 91.49 .69.53 .51 .51· ·.80 .78 .03 .63 .89 .93
SKEW ET 6 47 .99 .64 .83, .6:; .6:; .63 .63 .61 .64 .82 .82 .M,
SKEW ·In 8 47 91.49 -.31 -.55 -.55 ~.58 -.58 -.25 -.20 -.55 -.15 -.21

AVE 7 47 .30 8.54 8.94 7.37 7.8B 7.66 7.47 2.99 7.17 8.14' 7.05 8.60 8.57 6.57
AVE R 7 4772.34 8.79 7.24 7.53' 7.53 7.32 2.B9 7.08 7.96 6.n 8.87 8'44 8.47
STOO ET 7 47 .32 .28 .21 .23 .24 .24 '.23 .09 .22 .25 .22 .21 '.20 .20
STOD In 7 47 72.34 .37 .3·5 .36 .3B .36 .21 .32 .40 .34 .35 .34 .30
SKEII ET 7 47 2.40 .05 -.82 -,03' -.04 -.04 -.03 .03 .02 -.11 .02 -.04 .02 .03
SKEij IR 7 4772.34 -1.55 -1.32 ~1,44 -1.44 -1.45 -2.06 -1.t7 -1.44 -1.35 -1.48 -1.54 -1.22

AVE ET 8 46 .37 7.t8 5.41 4.97 8.83 8.83 8.3B 5.57 7.08 1.47 1.32 5.53 5.72
AVE In 0 4885.22' 5.T1 4.85 6.48 8.48 8.23 5.48 8.96 .37 1.21 5.39 5.81
STOD ET 0 48 .60 .33 .25 .23 .30' .30 .29 .26 .32 .07 .08 .25 .28
STOD In 8 48 85.22 .51 .44 .57 .57.55 .44 .80 .27 .28 .50 .45
SKEII ET 8 46 3.27 .Z4 .• 25 .23 .22 .22 .25· .25 .28. .25 .24 .25 .25
SKEII: IR 8 46 65.22 -2.48 -2.33 -2.2·1 -2.21 -2.25 -1.98 -2.16 -3.38 -3;47 -2.38 -1.95

AVE ET 9 48 .49 '.50 3.67 .77 4.19 4.19' 3.29 4.B8 4.32 3.83
AVE IR 9 4870.28 3.44 .81 3.91 3.97 3~12 4.82 4.09 3.85·
STOO,ET 9 46 .60 .41 .27 .08 .31 .31 .24 .38 .32 .28
STDD.IR 9 487B.2G .49 .2B .52 .52 .39 .57 .53 .43
SKEtI'ET 9 48 1.75 -.34 -.34 _.34 -.34 -.34 -.34 -.34 -.34 -.34
SKEW·IR 9 4878.28 -1.04 -1.75 -.93 -.93 -.86 -.88 -.91 -.79

AVE <tT 10 47 .•61 3.73 1.28 1.04 2.48 2.B8
AVE IR 10 479'.74 .%.71; 2.17 2.55
STDDIET 10 41 .81 .35 .12 .10 .24 .27
STODIIR 10 479'.74 .39 .36 .46 I .51
SKEW ET \0 47 1.84 -.04 -.04 -.04 -.04 -.04
SI<EW,IR 10 47 95.74 . -1.32 , -:1.37 -.96 • -.89

AVE Er SE 45118.' 1457. 1044. %8. 774. 742. 59B. 464; 7BI •. 921. 722. 868.1047. 892.­
AVE jR SE 45 0.0 O. 908.- 529. 721. 69B. 561. 420. 738. 854. 673. 617·. 91,5. 858.
STDD ET' SE 45 42.9 43. 3D. 15•. 20: 19•. 18. 17. 21. 23. 23. 31. <9. 18.
S1'00 In SE 45 0.0 D. 54. 31' 36. 36. 34. 39. 39. 4'., 46. 56. 51 • 32.
S\<EII ET SE 45 .30 .08 .29 • 5 .66 .03· .20 .33 .22 .09 .34 .25 .20 .O~
SKEIl IR SE 45 -.0' -.54 -.30 -.41 -.,50 -.29 -.28 -.30 -.12 -.12 -.12 -.3,
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.ADJUDICATION MEMO #42

NCY
DBS

Approved:To: Adjudication Staff
From: Jeff peppersack
Date:· May 5 •. 1995·

Re: Irrigation Diversion Rate Calculations - Peak Consumptive Use

This memo·is notification of·a change in our standard procedure to .
caJ.culate irrigation diversion rates as described in .the ENALUATION

. WORKBOOK FOR J:R.R.IGATION DIVERSION RATES and GUIDELINES FOR. THE·
EVALUA.TION OF IRRIGA.TION DrvERSION Rll..TES by Hubble Engineering.
Inc. ·and Associated.Earth Sciences Inc. This change will affect
the applicat:.ion of cons\llllptive use· values from the AJ.len and
BrockwaY tables.

. ,.- .
The design capacity of an irrigation system· is general+y· .based on
the peak co~sumptive use of the expected ·cropping pattern for ·the
period between irrigations. Since peak consumptive use data is not
widely . available for crops in Idaho. the Hubble wor:kbook and
gui9.elines direct you· to.use average monthly consumptive use values
for the most water consumptive crop in the area or in the rotation.·
This method may underestimate diversion requirements, especially in
cas·es where a single crop ;i.s grown..

A method. of estimating peak consumptive use rates from monthly
estimates is available from the ASAE publication entitled,· DESIGN
~ OPERATION OF . FARM IRRIGATION SYSTEMS by Marvin Jensen. ~9a3.

The table below was derived from ·Figure 6.6 (page 223) of that
publication. These table values will·be used in conjunction with
the A.llen and Brockway consumptive use tables.

Estimating Peak Consumptive Use From Monthly Estimates

Irrigation
A.pplication
Depth. (in)

~

2
3
4
5
6
7
a

Ratio of
Peak co: to
Monthly CU

1.14
1.11
~.09

l.07
l.OS
1.04
1.03
LQ2

~~- - _.- _-----_.
Irrigation application depth, the amount applied during an
irrigation. is calculated for each crop using Table 4 in the Hubble

.....-.w.e~~e<:m,....--- ------------ .----.
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T~le :L in the H1J1:>ble workbook requires '1nput of the crop's "AVE
IR", f~r each month, . from the Al.len and. BrockWay tables. The "AVE
IR" represents the average tnonthly consumptive i:c:rigation
reqUirement for. each crc:P. The monthly values should be multipli.ed
by the appropr1ate rat10 from the table above. The results are

. estililate$ of the crop's peak consumptive i=igation. requirement for
each month. These values are entered into Table :L. of the RuDble
workbook. . 'This tml.st. be done for the· most water~con9Umptive
cropping patt:.ern. or Iilix of crops in the' crop rotation, instead of

. just. t.he most water consumptive crop as was done in the .past..

lQca.mple: A farmer in Aberdeen' grows grain and alfalfa hay on a
. :LOO -ac.re farm. The crop rotat.ion practiced never allows' more than

7S acres of eit~er crop in: any given year. From Table 4 in the
HUbble workbook you calculate a MAD (irrigation application depth)
of 2.4 inches. for the grain and 3.1. i.nches for the alfalfa. From.
the table cibove you choose a ratio of :L .:L:L for the grain and· :1..09 .
for the alfalfa. The attached sheets show the calculations using
the Al.len and. E;rockway table' for the Aberdeen station and· the
entries into ~able :L of the Rubble workbook.

. '.'-,'-.. ' .._------------- ,.,
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EXAM. PLE

. .t. aJ end elR. ,\bord..n Ex.p. Stotlon. Mllon & Ur~k..y"\lO)1 ..../dIY and .../s.as••

, m /1111$ I'REC Em ALFH. ALf$. IJli,\US SllG. S.OlU PEIIS FOTAT SOEET SGfWl;~GMH PIIST. VEefS I <- n PAl" ' .
nY~f/; ~ 49 .70 1.56=. ~ .52 ALFAL.FA· oJ. \::"'1 "I
H~~ ~~I ~ :1.&.. .
SToe YR . ~91 00.00 . .29
SKEW n' , 49 1.9' -.~I . ~.41
SllEW IR ) 4P100.00 -.76
~YE OT 4' -49 .8) ~,'6 ,2,22 7." l.lI .' l.lI 1.3i ';42 2."
~YTEo 11 "lJloo'f8 1.74 2.2' .9' ,66.92 2.94 1.86." 0 ~" , 8 .'4 .23 .s. .16 .16 .16 .<l .29

~
lOD .4 \00. t) '.' .!i8 .}6 .41 .• '0 .6~ .,z
KEM E. 4 4 .7' -.00 -.0 -.00 -.00 ·-.00 -.00 -.00 -.00_____ SKEli J 4 4100.00 -.Hl -.Il ~.29· -.)2 -.7D -.0;:;6-:-:'-.:;16;-;:-;;; -If- ...,-__~
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KEM IR , 0 97.9 .)6 ." .15 .• 15 .26 .2. .f' .'1 .30 • <I • 2. .

~Y~ e~ 6 49 .95 ·7.96 ~.99 7.05 2.rD 2.76" 2.10 6.14 ·~.93 i,n '7.01 7.96 6.11 4.¥6 ' .'
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...)LAN

. Jv..l
~YE Ef 7 49 .'2 0.'1 6.0' 6.20. 6.6~ 6.13 6.~2 }.G4 7.0i 7.7~ 6.08 7.99 6.4'-6.4' r'
~VE IR 7 4967.76 6.'0 '6.02 .6.42 6.48 6.27 '.4' 6.0 1.40 7.0} 7.72 6.20 6. 2 .
'51 T ., 49 ".ilZ .'2 .76 .24 .26 .26 .1' • 4 .2 .'0 .JJ .)1. • S. _ .:slBB f~ 1 4907.76 .4' .43 .40 .44 .43' J~ .39 .'8 .'7 .'0 .n Jif&,S0-YI.O'l). ".11 1.9>):,.11)" 'O."''!
~KEM E 7 49 1.41. .0' .04 .04 .0' .o~ .o~ '.04 .O~ .04 .06. .03 .05 .OJ" . .
,SKEW I 7 <1907.76 -1.00 -I.OJ -.92 -.97 -.99 -1.16 -.62' -.97 -.8' -.90' -.99 -.0'

w

'"

S€:."P

. A.fA C,
lhYEE ERr 8 ~9 '11. 46 6.74 '.10 3.16 '.33 G." 6.16 '.29 6.~6· 2.2g 2.oi '·'f· -"J7 .Y« 0 0119 ..' '-4.02 2. I. ',00. 6~O' ,~a1 '.00 6,)' 2,Or 1,61 4.9 '~6 . .
~{gg f~ i~~ 97;U . •31 . ;~~ :b ;j~ :~g ;l? . ;~g :6! ;h :fZ :f :f,l.J/1Ii.YI'<>'ll"s. zs12 <"elyl.tt); 2,.31
I~x~w ET 8 ~9 '.62 -.7' -.76 -.78 -.77 -.7' -.74 -.74 -,74 -.7' -.' -. , -. 4 •
SXEW IR 8 4997.96 - ••80 -'.88 -2.69 -2,47 -2.63 -2.'0 -~.66 -J.~6.-', 0 oz. 1 - •• '7 . .

,Yg ET 9 12 "l.61 ,.~o '.J! l'~f .89 4:1."- '.09 ~"41 - J.6' . J.u .- ; . ' .
I I c. fll 9 ~ ~ .84 Z.91.....(iIf 3...10 2.0 04.04 ). J~ .

r
d88fJ ~ 2 91 :66 .40 ;27 ;1 :fl ;" ;l~ :l~ ;~f Jrz.··nYt'O'l) ... 3.l.4

" ISKew e? 9 1§ 2'?: -.,a -J3 -.'6 ~. 6 _.R~. -. 0 -.,a -.,% -.' , .
SKEW.JR 9 4991.84 "1.01'''1.):4 -t. Z ....89 -,7 ....07· -.9f ...,6 .

~V§ fA 10 40 .8j ,.2OT.~K·35 _.~.......- i'F i·4~
Oc..T ~~oo ET 8 1P':~0 .J6 ;12:~' ;2g ;~8 (o ....13'X)·Q')=::O.1'/

. 5100 IR ~ 40 9'.03 . .41 .J7 . .'9 .'0 •
SKEW· ET 10 ~8· 1.49 -.49 -.49 -.~9 -.49 -.49 ",.~

:SKEW 1ft 0 "1$ 9'.8' ....1.5 ".91 ...40 ....3' ~ ,
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VA LlA.r::.. (f~OM. \1)w/'<. ADj.

M E-MO -# i..\: 2..')

701 0.23 0.200.160.170.23.0.230.220.230.210.200.22 0.190.190.22.
7020.280.240.190.200.260.260.27.0.26 0.Z6 0.25 0.27 0.23 0.230.27
7030.240.200.160.170.240.240.240.240.220.22 0.23·0.20 0.20 0.23.­
7040.25 0.Z1 0.170.170.250.25 O,Z5 0.Z5 0.23 0.23 0.240.210.21 0.24
705 0.31 0.26 0.21 0.20 0.31 0.31 0.31 0.3~ 0.29 0.26 0;29 0.27 0.27 0.30
7060.290.250.200.180.290.290.290.290.270.260.28 0.26 0.26 0.28
7070.320.270.220.190.31 0.320.320.320.300.290.300.290;290.31
7000.300.260.200.170.290.300.300.300.260.260.26 0.27 0.27 0.29
7090.320.270.220.170.31 0.320.320.320.300.300.300.290.290.31
710 0.29 0.250.200.150.260.290.290,290.270.270.260.270.270.26
711 0.220.190.150.11 0.190.220.220.220.200.200.210.21· 0.21 0.21
712 0.Z6 0.24 0.19 0.13 0.23 0.26 0.2S0.26 0.26 0.26.0.27 0.27 0.27 0.27
713 0.31 0.26 0.21 0.14 0.24 0.31 0.31 0.31 0.29 0.29 0.29.0.30 0.30 0.30
7140.34 0.290.230.14 0.24 ~.34 0.34 0.34 0.32 0.32 0.32 0.34 0.34 0.33
7150.360.310.240.140.24·0.36 0.36·0.36 0~33 0.33 0.34 0.36 0.36 0.35
7160.340.290.230.130.22.0.340.340.340.32·0.320.32 0.34 0,34 0.33
7170.34 0.290.23 0.12 0.20 0.34 0.34 0.34 0.32 0.32 0.32 0.34 0.34 0.33
7180.300.260.20 0.10 0.17 0.29 0.30 0.30 0.26 0.260.260.300.300.29
7190.30 0.260.200.090.150.290.300.300.280.260.280.30 0.300.29
7200.320.270.220.000.15 0.30 0.32 0.32 0.30 0.30 0.30 0,32 0.32 0.31
721 0.320.270.22 ., 0.14 0.Z9 0.32 0.32 0.30 0.30 0.300.320.32·0.31
722· 0.360.31 0.24 .~ 0.140.300.360.360.33 0.33 0.34 0.36 0.36 0.35
723 0.31 0.260.21 •• 0.11 0.25 0.31 0.31 0.29 0.290.290.31 0.31 0.30
724 0.29 0;25 0.20 •• 0.09 0.22 0.29 0.29 0.27 0.27 0.28 0.29 0.29 0.26
725 0.2S·0.24 0;,9 .• 0.00 0.20 0.28 0.28 0.26 0.260.27 0.Z6 0.28 0.27
726 0.30 0.26· 0.20" •• 0.20 0.30 0.30 0.26 0.28·0.28 0.30 0.30 0.29
7270.31 0.260.21 •• .. ·0.200.31 0.31 0.28 0.290.290.31 0.31 0.30
728 0.33 0.28 0.22" •• 0.20 0.33 0.33 0.30 0.31 0.31 0.33 0.33 0.32
729 0.35 0.30 0.24" ., 0.19 0.35 0.35 0.32 0.33 0.32 0.35 0.34 0.34
730 0.31 0.260.21 ., .- 0.160.31 0.31 0.260.290.26 0.31·0.30 0.30
731 0.330.260.22·- .- 0.15 0.33 0.33 0.30 0.31 0.29 0.33 0.320.32

I
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SOth Percentile values of monthly ET estimated for
the Hag.nn.n Vall.y adjusted f'om the BlISS 51alion

(mmJdaY}

MO ETR A1J'H: BEANS F:CRN SILGE S.CRN PEAS J>OTAT SBEET SGRANWGl'W,PAST. VEGES
AVEET 4 526 3.30 1.60 1.56 1.56 1.65 4.62 327
TMPADJ, 4 5.66 3.65 1.72 1.70 1.70 1.77 5.16 3.52
ALTADJ 4 5.75 3.59, 1.74 1.72 1.72 1.80 525 3.56
STODET 4 0.47 029 0.14 0.14 0.14 0.15 0,43 029
80PCTET 4 6.14 3.64 1.66 1.64 ' 1.64 1.92 5.61 3.60

AVEET 5 6.7!1 829 2.04 2.04 2.04 . 2.04 3.65' 219 2.04 5.11 6.7.9 5.23 207
TMPADJ 5 7.16 6.65 2.16 2.16 2.16 2.16 4.07 2.31 2.16 5.40 i16 5.53 2.19
ALT ADJ' 5 727 6.73 2,18 2.16 2.18 2.16 4.12 2.34 2.18 5.47 727 5.80 2.21
STODET 5 0.4!1 0.46, 0.15 0.15 0.15 0.15 0.26 0.16, 0.15 0.37 0.49 0.36 0.15
8QPCTET 5 7.56 7'.12 2.31 2.31 .2.31 2.31 4.36 2.46 2.31 5.76 7.66 5.!l2 2.34

AVEET '6 8.41 7.32 326 3.56 3.66 3.53 8.82 5.77. 3.91 6.39 8.41 6.47 4.40
TMPADJ ,6 8.82 . 7.66 3.42 M4 3.64 3.70 7.15 6.05 4.10 6.S0 8.82 6.79 4.62
ALTADJ 6 8.93 . 7.77 . 3.46 3.89 3.89 3.75 724 6.13 4.15 6.91 8.93 6:67 4.67
sTDDET 6 0.47 0.41 0.18 021 021 020 0::J6 0.32 022 0.47 0.47' 0.36 025
80PCTET . 6 9.33 6.12 3.61 4.06 4.06 3.92 7.56 6,40 4.34 9.31 :9.33 ' 7.17 4.88

AVEET 7 8.54 6.~4 7,37 7.68 7.66 7.47 2.99 7.17 6.14 7.05 6,80 6.57. 6.57
TMP,ADJ .7' 8.89 722 7.67 ' 7.99 7.!l9 7.76 3.11 7,46 6.47 7.34 7.06 6.84 6.84
ALTADJ 7 9.00 7.31 7.77 6.09 8.09 7.81 3.15 '7.58 6.58 7,43 7.17 6.92 6.{12
STOOET 7 0.26 0.21 023 0.24' 0.24 023 0.09 0.22 025 022 021 0.20 020
60PCTEr 7 9.22 7.49 7.96 8.30 8.30 6.07 323 7.74 6.79' 7.61 7.34 7.09 7.09

AVEET. 8. 7.16 5,41 4.97 6.63 6.63 8.,36 5.57 7.06 1.47 1.32 5.53 5.72
TM? ADJ 8 7.50 5.65 5.19 6.92 6.92 6.66 5.82 7.37 ' 1.53 1.36 5.77 5.97
ALTADJ 8 7.59 5.72 5.25 7.01 .7.01 6.74 5.89 7,46 1.55 1,40 5.84 6.05
STODEr 6 0.33 0.25 0.23 0.30 . 0.30 0.29 0.26 0.32 0.0;: 0.06 0.25 0.26
60PCTET 8 7.67 5.93 5,45 7.26 7.26 6.99 6.11 7.73 1.61 1,45 6.05 626

AVEET 9 5.60 3.67 0.77 4.19 4.19 3.29 4.86 4.32 3.63
TMPAOJ 9 5.90 3.57 0.81 4.42 4.42 :M7 5.12 4.55 4.04
AlT ADJ 9 ,5.97 3.92 0.62 4.47 4.47 3.51 5.19 4.61 4.09
STDOET 9 0.41 0.27 0.06 0.31 0.31 0.24 0.36' 0.32 028
50~CTET 9 6.32 4.14 0.67 . 4.73- 4.73 3.71 5.49 4.66 4.32

AVEET 10 3.73 1.26 1.04 2.48 2.86
TMPADJ' 10 4.02 . 1.36 1.12 2.67 3.10
ALT ADJ 10 4,07 1.37 1.13 2.70 3.14
STODET 10 0.35 0.12 0.10 0.24 0.27
BOPCTET 10 4.36 1.47 1.22 2.91 3.37

ET and standard d.viation data (AVE ET and STOD ET) for Bliss weather station taken from
. Appendix E (unpubllshad) of 8,ocl<way, C.E., and R.G. Allen, 1963, Estimating
.ConsumptiVelrrig.lion Requirements for Crops in Idaho,ldaho Waler and Ena,gy
."Resources Researcfi Institute. .

TamperalUre adjuslmant (TMP ADJ) based on temperelUie differencas betwaen Biles and
Hagerman and temperature sensil!vlly of ET estimates gillen in Brocl<way, C.E., G.S.
Johnson, J.L. Wl1gh~ and A.L. Coiner, 1965. Remola Sensing for Irrigated Crop Wate,
use· Phase 1, Waler Resourcas Resaaroh Inslilute, pp. 101·107.

p;ltihJde edjuslmenl (ALT ADJ) based on Doorenbos. J .. and W.O. Pru1ll. 19n. Crop Waler
ReqUirements, Food and AglicullUre Organiza~on of the Unned Na~ons, p. 59.

~D!ila ETvalues (SOPCT En calculated based on Walpole, R.E., and RH. MeyelS.
19~5, third edition, PROBABILITf AND STATISTICS FOR ElolhlNEERS AND BelEN 115 I5, New
York; Maomman Pubflshlng Company, pp.132~144 and 574.
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TEMPERATURE AND ELEVATION DATA FOR BLISS AND HAGERMAN

YEAR 1983 1985 1966 1989 1990

MAAIAPRiMAYAVG. TEMP. FOR HAGERMAN 50.2 50.7 51.5 52.8 54.1
MARIAPRIMAY AVG. TEMP. FOR BLISS 48.5 47.7 50..6 52.4 52.3
TEMPERATURE DIFFERENCES 1.S 3.1 0.9 OA 1.B

AVG. OF TEMP. DIFFERENCES '1.6
ELEVATION OF HAGERMAN. (FT.) 2875
ELEVATION OF BUSS' (FT.) 3280
ELEVATION DIFFERENCE [FT.) -405

SOURCE OF INFORMATION: IDAHO STATE CLIMATOLOGIST
NOTE: ALL TEMPERATURES ARE IN DEGREES FAHRENHEIT

--- - _-----
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TEMPERATURE SENSITMTY OF eT ESTIMATES FOR BLISS
BASED ON A +1.6 DEGREE F. TEMPERATURE CHANGE

APRIL +7.5%

MAY +5.7%

JUNE +4.9%

JULY +4.1%

AUG +4.4%

SEP +5.4%'

OCT . +7.7%

BUSS ET ESTIMATES BASED ON FAD-BC FROM ALLEN AND BROCKWAY, 1983
TEMPERATUflE SENSITIVITY BASED ON BROCK:WAY ET AL.,. 1985 .. .

ALTITUDE ADJUSTMENT FOR ET ESTIMATE FROM BLISS TO HAGERMAN

10% DECREASE FOR EACH 1000 M INCREASE IN ELEVATION

. ELEVATION DIFFERENCE FROM BLISS TO HAGERMAN = -405 FT = -123.4 M

-10%/+1000 M + {-123.4 Ml = +1.23%

. --._--_._-------'---
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· 80TH PERCENTILE CALCULATIONS FOR HAGERMAN ET ESTIMATES

FOR NORMAL DISTRIBUTION

80TH peT ET '" {Z • STOOl + AVE ET

Z = 0.842

EXAMPLE FOR BEANS IN JULY:

(0.842' 0.23) + 7.77 = 7.96 MM/DAY

D - 4

------',-- ._- _. ..



APPENDIX E

NRCS Soil Map and Computer-Generated Tables
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~.S. O<,ar;'<o> .1 Agriculture
Pase -.7Soi I C'Dsemti •• Service'
61Zim

PH'iSlCAL AND CIEltlCAL ~T1ES tii' n£ OOILS

Sumy Arn- GEl\ crJUNl'i AAEA, IDAlilJ

.---------------------------------------.._----------------------_._--._._------_._----._--------~------------------------------.
J:ja~ ~.ist Blk PerE"b- Avai lable Stdl Sa-I ill" Shrir,k trtrsion Wir,d OrQini c .SY"D'I S. i IN",. DEpth Ci,y Densi~ ili~ Inhr cap Ileact ity

. .
S~eli ~actor trCld. r.1.tternD) (pet) IghlO31 tinfhr} Iln/in} (phI l!Mlhosftm) hi. K' T SrosJ.p (pet)

----------~--------------------------------------------- -------------------------------------------------------------------.----
16-ZO

G\oIF . ·swm 0- 5 10-20 1.20-1.30 0.6- Z.O 0.08-0.11 6;6-T.Z LW .10 8 z.- ~,.5-16 IT-35 1.20-1.40 0.2- 0.6 O.OT-O.ll 6.6-7.3 LOW .1016-ZO
GwS \;WiN 0- 5 10-20 U~-1.30 0..6- ZoO 0.08-0.11 6.6-7.:? UJ'14 .10 l' S 2.- 3.5-16 27-35 I.ZO-1040 0.2- 0.6 0.07-0.11 6.6-7.3 I.i»l .~o

11,-20
H;ll IWlPT 0-10 8-12 1.6O-1.TO 2.0- 6,0 0.11-0.13 6.H.3 0- Z LO'Ii .~4 5 3 1,- ~

~.10-46 20-21 1.50-1.60 0.6- 2.0 0.16-0.21 6.1-7.3 0- Z LOW .~7
46-60 10-15 1.40-1.10 ' 0.2- 0.6 0.13-0.18 6.1.-T~S 0- 2 LOW .28H.C IWlPT' 0-10 8-n 1.60-1.70 2.0- 6.0 0.1l~0.13 6.1-7:3 0- 0 LOW ,. 5 3 i.- -... .., ..10-46 20-IT 1.50-1.60 0.1,- Z.O O. i6-0~21 6.1-1.3 Q- 2 LO~ ."37
46-60 10..15 1AO-1,70 0..2:- O.~ 0.13-0.18 6.1-7.8 Q- 2 LOW .23

HaD HARPi 0-10 8-\2 1.60-1.70 2.0- 6.0 O.a"O.13 6.1-T,3 0- " L(*< .. • ~ 1.- 2: •~ .~.., "10-46 ZH1 1.:50"LbO {)~6- 2.0 O~ 16-0.21 6.1-T.8 0- ~ LOJ;i -.,• .';'1
'46-60 10-15 1.40-1,10 0.2- 0.6 0.13-0.1e 6.1-T.S . 0- t LOll .28

HaE HI\ili'T 0-10 B-1Z 1.60-1.70 2.0- 6.0 0.11-0.1'3 6.1-7.3 0- Z LOW .24' 5 3 r ... ?..10-46 20-21 1.50-1.60 0.6- 2.0 0.16-o.2l 6.1-7.3 0- Z LO'~ .~1
46-60 10-15 1.40-1.70 O.Z- 0.6 0.13-0. IS 6,l-7.8 0- 2 Lclll .1Bkl .. KARPT 0-10 lZ-tz 1.50-1.60 0.6- Z.O 0.16-0.18 6.1-7.3" .0- 2 L(~ .32: " " 1.- 2.10-46 ZO-V 1.;.0-1.60 0.6- 2.0 0.16-0.Z1 6.1-7.8 0- 2 1O'1i .~7
~6"60 10-15 1.40-1.70 0.2- 0.6 O.13-Q.iS 6.1-7.8 0- 2 LO'Ii .ta

HrB HAR?T 0-10 12-~ 1.00-1.60 0.6- Z.O 0.16-0.18 1,.1-7.3 0- 2 LOll 0' 5 5 ,.- ?
.~t. . ..

. 10-46- ZO-27 1.50-1.60 0.6- 2.0 0.16-0.21 6.1-7.S 0- 2 LL:W ~ ...,
46-60 10-15 1.40-1,TO .0.2- 0.6 0:13-0.13 6.1-T.S 0- 2 LOll oL.'B

H.n: HARP! 0-10 12-22 l.bO-1.6O 0.6-,. 2.0 0.16-0.18 6.1-7.3 0- 2 LO'at .32 " !> 1.- .2.10-46 ZO-ZT 1.50-1.60 0.6- 2.0 0.16-0.Zi 6.1-T.8 0- 2 LOW .37
46-60 10-15 1.40-1,10 O.Z"· 0.6. 0.13-0.18 6.1-7.8 '0- 2 LOW .23

HrD HARPT 0-10 IH2 1..5Q-1.6O 0.6- Z.O 0.16-0.13 6.1-7.3 0- 2 .Lai .32 5 5 1.- 2.10-46 20-ZT 1.50-1.60 0.6- 2;0 O.16-0.Z1 . 6.1-1.8 0- 2 . LOW, .~1
;1,-60 10-15 1.40-1.10 0..2- 0.6 0.13-0.1S 6.1-7.S Q- 2 LtM .2S '

HrE HARPT 0-10 1'l-22 1.50-1.60 0.6- 2.0 0.16-0.1S 6.1-7.3 0- 2 LOW _A b " 1.- 2..,f.
10-46 ZO-LT 1.50-1.60 0.6- 2.0 0.16-0.21 6.1-7.e 0- 2 L'J'R .37
1,6-60 10-15 1.40-1.10 0.2- 0.6 0.13-0.18 6.1-7.3 0- 2 Lt]4 .28

ff.lB HAW 0-12 10-20 1~Z5-1.35 0.6- 2.0 0.16-Q.21 6.1-T.3 LOW .43 4 5 Z.- 4.
12-13 10-20 1.30-1.40 0.6- 2.0 0.16-0.21 6.1-1.8 LIM .43
13-30 ZZ~34 1.30'1.45 0.2- . 0.1, 0.IH.21 6.1-7.8 MDD-::R .•;;1
30-49 )o-Zll 1.35-1.4~ 6,0- 20 O.l1~O.lB 1.4-9.0 0- 2 lilli .23
49-60 2-7 1.05-1.70 20- 20.0 0.03-0.00 , 7.4-9.0 0- 2 L(I.l .i5

HIIC HRW 0-12 10-20 1.25-1.30 0.6- 2.0 0.16-0.21 6.1-7.3 LtM, .43 4 .~ Z.- 4.
12-18 10-20 1.30-1.4\1 0.6- 2.0 0.16-0.21 6.1-7.3 liM .43
18-30 Z2~~ 1.30-L4b 0.2:- 0.6 O.lH.Zt 6.1-7.3 l'iiJ1JI:ll .37
30·49 10-25 1.35-1.45 6.0- ZO 0.11-0.18 7.4-9.0 6- 2 lilli .23

.._.... -- .._....-. 49-611 2- L.1.!_5:i~i, 70 20- 20.0 0.03-0.00 1.4-9.0 0- 2 WA .15
HAW o-n IHO 1.25-1.35 0.6- 2.0 0.16-0.ll 6.1~'t.S--· .- - .. illI .43 4 5---'27 ...,,~-~._, .. _ .......
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i.6-Z0 00:
naB ilM?; 0-10 COSt S~ 1.-2 A:"f:.

10-~6 SlL L fSL CL-ilL tL SC S1j-SC k-~ H
;<;-60 art- COS\.. t... s.~ 1(:_ A-;

HaC HARPT 0..10 C051 Sl\ A-l H
10-';<' SiL L FS. Ct-M!.. CL SC SM-SC A-r, A-6
I;6c6O SR- O:lSL CL Sl\ III k.-4

Hill HARPr Q"~O C05l S~ A-l A-4
10-"6 SIL L FSL CL-iiI, C\. Sf; SHe A-4 H
';6-60 SR- C05l Cl ·s~ l\'" k.;.

HoE HARP; O-iO COSt SlIi A-Z H
10,.46 Sll, l FO'. Cl-IlL CL SC Si'I-SC A-4 A-6
46-60 SR- CDSL Ct. Sll Ml. A-~

HrA HARPY 0-10 L Ct.-v.. A-4
10-"6 SIL l FSL CL-Ml. Ci. se Si'I-se A-4 A-6

.46-60 sR- COsL Ct. .Sll Ml. A-r,
HrB HARf'Y 0-10 L Ci.-Ml. H

10-46 Sll L FS. Ct.-,,"- CL SC Sl'.-SC A-4 A-6
46-60 SR- CDSL Ct. Sl'illL A-4

HrC HARPT O-iO l Ct.-m. A-4
10-46 Sll L FSL (;L-fil.. Q SC SM-SC A-, H
';<'-60 Sll- C"DSi.. Cl SlIm. A-4

HrD HARi'T 0-10 .l CL-M\. H
10-46 Sil l FSL CI..om. CI.. se S~-SC A-4 A-t,·
46-60 SR- toS!. tl. 510"- A-4

HrE HARPi 0-10 L CL-KL A-4
1Q-4:,; Sll L FSL Ct.-1IL CL SC sr.-se A-; H
"6-60 SR· CDSL CI.. Sl'i1lL A-,

HoS fW1 o~~z L MI.. CI..-lIL A-4
12-18 L SIL I'lL Ct.-ML A-4
~8-~:O Ct. SCI.. l CLSC +6
30-49 C[a l SL s;.; III sC CL A-2 A·4 A-6

._-._-
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IRRIGATION FLOW RATE QUESTIONNAIRE
. ..

The information required in this questicinnaire will describe your water delivery system and irrigation
l1!ethods. This information is· esse·ntial in order for IDWR staff to evaluate your irrigation water
.requirements. Much of the information is technical, and you may wish to contact your County Extension
Agent. the Natural Resources Conservation Service {formerly SCSI or other professionals for assistance

. with this form. . .

·1. Please provide your name, address. and phone number where you may be contacted for further
. information or clarification. Include the· claim mlmber(sl for those claims where the irrigation flow rate

is greater than 0.02 cfs (1 miner's inchl per acre.

. Name

.Addres"'·s-'--~_------------------------'----'-------
Phone ,-- -'- ,-- _
Claim No{s). __-'- ....,- -'- ----' _

2. Provide the total number of acres irrigated for the claims listed.

3. Provide a detailed diagram or copy of an aerial photograph showing the complete irrigation system
for the claims listed. Please include the location of wells, pipelines, canals or ditches, field.headgates.
and individualfield bo.undaries. Please label by name (or identify by number) each of the elements shown,

-'--------_..- .. _-_ ... _----:------ .._...--
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4. Provide a description of the water conveyance system from the source to the farm and any major on­
-m laterals. This information should include: general soil type lfor earthan ditches or canals}. type of

" ..ing. {for lined ditches or canals\, length of canal. width of canal at water surface. total depth from. land
surface 'to bottom of canal. Us.e·average values. Also include any pipeline lengths and diameters.

this conveyance system shared by other water users? __~__ If yes, please describe.

Is the water supply for the claims listed rotated with other water users? If yes. please
describe.

------_..--_.. -.- ...- -_..-------
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5. For each field, _please provide the following information (this page may be copied for each individual
field if necessary):

field nama or identifying number _

historical crop rotation _

type of irrigation system ~_--'-__

number .of acres irrigated _

Provide the following information, for each field, based on the peak water-use period for the highest
water~use crop hi$torfcally grown. .

crop type requiring highest flow rate_~ ~_

number of days to irrigate entire field ____ irrigation Set tIme thrsJ _

irrigation frequency {number of days from the start of one irrigation cycte to the start of the next
for a given field}

-Please draw a diagram of each field showing general shape and dimensions, inClude the following
informatiOn:

For sorinkter systems

location of mainlines
number of laterals
spacing between sprinklers and laterals
nozzle size
average nozzle pressure
average nozzle flow

For surface systems
(furrow, corrugation, border, wild flood; etc.)

field length
direction of flow
slope of field in direction of flow
spacing between furrows, borders, etc.

F-'- :> -



6. Are you aware of any irrigation system design, evaluations or farm soil surveys completed for this
-rm by.the Natural Resources Conservation Service, private consultants, irrigation equipment dealers or

"thers?

If "yes, please describe or attach copies.

7. Please include any additional comments which will aid in the evaluation of your irrigation water
requirements.

. .
lDWR may rely on the informatipn in this questionnaire for recommendation of your water right to the

. SRBA District Court. In order to minimize objections to IDWR's recommendation of your water right.
ease be sure that all information provided is as accurate as possible.

I certify that the information provided in this questionnaire is accurate and true to the best of my
knowledge and belief.

signature

PLEASE RETURN FORMS TO:

----_.. ---_ _-------

date

.- .__.... .. " ..-_._----~_.

F - 4
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J name:
By:

Roughness coetficient (n)=
Slope (S)"= 0.0100 ft/ft
Net application (Fn)= 2.50
Inflow time (Ti)= B hours,

GRADED BORDER. EVALUATION

. Location:
Date: Jun 25, 1996

0.250 Intake family {If)=3.00
Border width (W)= 40 ft

inches Border length ·(L)= 600 it
o minutes

Flow·Der
Border
(cfs)

Unit
Flow

(cfs/ft)

Gross
l'-ppl icat ion

(in)

Deep
Percolation

(in)

Runoff

(in)

Application
Efficiency

(percent)
Notes

1 •. 50 Gross depth is less than required gross application depth
1.51 Gross depth is less than required gross .application depth
1.52 Gross depth if> less than required gro"ss application depth
1.53 Gross depth is less than required gross application depth
1.54 Gross depth is less than· required gross application depth
loSS Gross. :depth is less than required gross application depth
1.56 Gross depth is less than required gross application depth
1.57 0.039 22.61 20.08 0.03 n.].
1.5B 0.04.0 22.75 20.08 0.11 11.. 0
1 ..59 0.04.0 22.90 20.08 0.32 10.9
1.60 ·0.04.0 23.04 20.0B 0.46 10.9

--_.._- _---_._---- .._.._-.-._..- __.._---------_ _ -._---,...--
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fob name:
ly:

toughness coefficient (n)=
nope (8) = 0.0100· ft/ft· .
'et application (Fn).= 2.50
Cnflowtime (Ti)= 4 hours,

GRADED BORDER EVALUATION

Location:
Date: Jun 25, 1996

0.250 Intake family (If)·=3.00
Border width· (W) ,;, 40 ft

inches Border length '(1.) =. 600 ft
o minutes

now per
Border
(cf.s)

Unit'
Flow

(cfs/ft)

. Gross Deep Runoff
Application Percolation

(in) (in) . jin) .

Application.
Efficiency

(percent)
Notes

1. 75 GrosF! depth is less than required gross application .depth
1. 76 Gross. depth is 'less than required gross application depth
1.'77 Gross depth is less than required gross application depth
1. 7B Gross depth is less than required gross application depth

.1.79 Gross depth is less than required gross application depth
1. 80 0.045 12.96 10.46 0.00 19.3
1.81 . 0.045 13.03 10.46 o ..OB 19.2.
1.82 0.045· 13.10 10.46 0.15 19.1
1. 83 0.046 B.1B 10.4.6 0.22 19,0
1.84 0.046 13 .25 10.46 0.29 18.9
1. 85 0.046 13 .32 10'.46 0.36 18.8

------_.._... . .•..... --------
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J(. name:
By:

Roughness coefficient (n)=
Slope (S)= 0.0100 ft/ft
Net application (Fn)= 2.50
Inflow time (Ti)= 2 hours,

GRAl:JED BORDER EVALUATION

Location:
Date: Jun 25, 1996

0.250 Intake family (If)=3.00
Border width (W) = 40 ft

inches : Border length (L)= 600
,0 minutes

ft'

Flow per Unit' Gross Deep Runoff 'Application
Border 'Plow Application Percolation Efficiency 'Notes
(cfs) (cfs/ft) , (in) (in) (iii) (percen,t)

2.05 Gross depth, is 'less than required gross application'depth
2.06 Gross depth is less than required gross application depth
2.07 ' ,Gross depth is less than required gross application'depth
2.08 Gross depth is less than required gross application depth
2.09 0.0,52 7.52" '5.00 0.03 33.2
2.10 0,052 7.56 5.00 0.06 33.1

, 2.11 0.053 7.60 5 .00 ' 0.1.0 32.9
2.12 0.053 7.63 5.00 0.14 32.8
2 .13 0.053 7.67 5.00 0.17 32.6
2.14' 0.Ci53 7.70 5.00 0.21 32.5
2.15 0.054 7.74 5.00 0.24 32.3

G - 3



fob name,
ly,

toughness coefficient (11,) =
l~ope (8)= 0.0100 ft/ft
ret application (Fn)= 2.50
:nflowtime (Ti)= 1. hours,

GRADED BORDER EV1>.1JUATION

LocatioI1,: .
Date: Jun 25,1996

0.250 IntaJcefamily (If)~3.00
. Border width (W)= 40ft

inches Border length (L)= 600 ft
o minutes

?loW" per
Border
·(cfs).

. Unit
Flow

{cfs/ft)

Gross
Application

(in)

. Deep
Percolation·

. (in)

Runoff

(in)

Appl ication
Efficie12cy

(percent)
Notes

2.40
2.41
2.42
2.43
2.44
2.45
2.46
2.47
2.·48

.2.49
2.50

Gross depth
Gross depth
Gross depth
Gross depth

.Gross depth
0.061
0.061­
0.062
0.062
0.062
0.062

is less than required. gross
is less than required gross
is less than required gross
is less than required gross
is less than required gross

4.41 1.90
4.43 1.90

·4.45 1.90
4.46 1.90
4.48 1.90
4.50 1.90

application 'depth
application ~";pth ..
application'depth
application depth'
application depth.

0.01 . 56.7
0.03 56.5
0,05 56.2
0.06 56.0
0.08 55.8
0.10 55.6

(2)
(2)
(2)
(2)
(2)
(2)

(2) .' .Erosive stream-- non-sod form~ng crops.

-----_.----.._._ ..-._--------- '-- _..... '- ...-._------_. .- ... , ..
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ADJtiDI:CATI:ON MEMO # 43

To,AdjudicationStaff
From:. Jeff Peppersack
Date: July 27, ~99S

Approved: NCY·
nElS

..
Re: Irrigation Diversion Rate· calculacions - Weighted Averages

This memo is notification of a change in our standard procedure to
calculat.e irrigat.ion diversion rates as.described in the EVALUATION
WORKBOOK FOR IRRIGATION DIVERSION RATES by Hubble Enginee!ring, Inc.
and Associated Earth·Sciences Inc. This change will affect the
calculation procedure descriped for Table ~ of the report. .

Table 1 requires calculation· of a weighted average for efficiency
and net irrigation requirement based on acreages of each crop.·
.These "l;lummary". values are used in the next step' which requires
selection of the largest. summary monthly value· of· net ir:dgation
requirement to divide by the sUIlllt'l.<i.ry eff~ciency which results iIi
the field requirement. .

The· change to chis procedure is described as follows:· After·
e.neering each .crop' S net- irrigat-ion requirement for each monch (see
'~djudicationMemo ~~2). divide by che efficiency of the individual
system for each crop. The result· will, be the crop's peak field
requirement or t.he. gross. applicat.ion amount for each month. Next:,
calculace a weight-ed average (based on crop acreages) of the gross
application amount. for each monCh. Select ehe largest sUJilmary
value of gross. application' amount and convert to cis/acre as
described in ehe Hubble workbook.

A new spreadsheet has been developed to aid in ene calculations
. required for. Table ~ of the Hubble workbook (see example attached) .
This spreadsheet al.so incorporates the changes t.o the Hubble·
methodology descrtbed 'in Adj udication Memo #42 .. AVerage irrigation.
requirement: values· can. be .. entered directly. from the Allen and
BrockwaY tables. Peak consumpt.ive irrigacion requirement values
will be calculated automatically in the sp~eadsheet.

Please discontinue· using all past spreadsheets 1,lsing, the old
methodology. Copies'of the new spreadsheet. can be obtained from
JefE l?eppersack .

. - ""'." '-" ..~---
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R. Keith Hig;imoll
tJirk:tot

STATE OF I]jAHO
DEPARTMENT· OF WATER RESOURCES

SUtehou••
Bo",_, It1aha 83720

troBl 384-2215

December 3, 1975

TO: Gary Page

FROM: John BessawA..=. '.
SUBJECT: Payette·Seepage Study

Due to the· many mifes of canal in the Payette drainage, it was decided
. that it would be impractical to try to )lleasure the actual seepage losses.
It was felt that less direct approach would be better.. This was to measure
the actual losses through a selected reach of canal and compare the values
obtained with those· calculated from existing formulas, derived from previous
seepage studies. After it was Seen how the two values compared, it appears
ti,e use of the equations would be a better way to obtain a seepage valu~

for the entire system of canals..· .

Four formulas were found for estimating seepage loss in canals. Two
formulas, ~loritz and Etcheverry would require that a large amount of
additional field work be done. They a;:e based on flow and velocity in
addition to the soil seepage rate. The· Etcheverry formula would also
require additional information on the side slope and bottom width of the
canal.

Two other formulas were found.· These were somewhat simpler in form
. and would only require a top width measurement and a·value for ~he·soil

seepage rate. One was developed by. Robert Worstell in reviewing past .
·seepage studies and combined with work he performed. on seepage in Idaho.
The· other was one used by Brent ~. Claiborn in a masters thesis stUdying
irrigation efficiencies in the upper Snake Ri~er.

Values from all four equations were· compared a·gainst values. obtained
from an inflow-Qutflow test on the Emmett Irrigation Oi~trict north side
canal. The test was conducted at the end of the season to reduce the
number of inflow-outflow measurements that would be rec;uired, since all
the farm headgates could be closed off.

-------- - -.-.----0----,----- ------
Two reaches were seiected, both on the main canal. The ·upper reach

was from the end of the. flume near the point of diversion to the siphon
at Bissel Creek. This canal ran along the si<ieflill through mostly .sandy
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'soil. It was boarded up to maintain the' water ,surface at approximately
normal operation level. The second reach was on the lower, end of the main
canal frolll the siphon to Sand Hollow. This section of canal also ran along
the hillside and passed',through sandy soils. - '

The results obtained from the actual'inflow-outflow tests were '~om­
pared to the values calculated from the four equations. The following two
tables show the- different values obtained from both the'upper and lower
end, of the Emmett Irrigation District's Main Canal.

TABLE I

SEEPAGtl LOSSES
UPPER END

Loss cfs/mile

Measured loss
~Ioritz

Etcheverry
Worstell
Cl,aiborn

3.1
1.4 to 2.8
1:2 to '2.4
1.4 to 2.9
1.5 to 3.0

The rro\ge of values was obtained 'from using different soil seepage ,
rates. From an' onsite inspection and the use of soil maps the soil seepag~

rate was estimated an4, range from 1.0-2.0 feet/day for the upper reach and
.5 to 1.5 feet/day on the lower reach of the canal.

TABLE II

SEEPAGE LOSSES
LOWER END

Loss cfs/mile

Heasured loss
~\oriu

Etcheverry
Worstell
Claiborn

1.3
.5 to 1.5
.4 to 1.2
.6 to 1.7
.6 to 1.9

'The results obtained from the different equations were quite similar
to those measured, especially in the upper teach in most cases. It seemed
that, the hi"gh~r_?!oi! seepage rates gave_,.1'l!e_ R~,s,!:_ comparison with actl!~!,_,_,

measured losses. It would appear from this limited test that no matter
which e~uation was used that final results W0t;?.d.l.be approximately the, ,same.
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The measured.loss in the lower reach didn't compare quite as well to
those obtained from the. equations. This could partly be due to the fact
that the 'water surface, in the· lower reach could not be liIaintaineq. as close
to the nonal operation level as it was in the· upper reach.

There ,are' some limitations to 'the 'field measurements' thai were taken.
Due to the amount of time and money aVailable, only one set of measurements
could be made and are estimated to be within + st. Another limitation is
that the measurements were taken at the' end 01 the season. This could tend
t,o reduce the ~osses sin'ce the soil around 'the canal would be saturated
'and the bottom would t~nd to seal off fr?m silt.

There also could be some question to how well the reaches selected
would represent other canals in the drainage. Since both were along the
hillside and passed through sandy soils, this could represent higher than,
average losses.

.
To use either of the simpler forms of the equations to calculate

seepage losses, some additional information is going to be required.
Measurements of the canal: or lateral top width along with the length
of each canal would be. required. The department does have 'a computer
program that calculates the seepage loss using the equation developed by
Cl,aiborn. it is presently set up to use measurements from SCS aerial'
photos, 8" = 1 mile but could be changed to use data already collected o·r
from other sources.

Additional information would be reo.uired on the canal systems operation
if an acre foot value is going to be calCUlated for the entire season. The
formulas alone will only give an estimate of the loss in cfs/mile during
the ·periods when the canals are flowing full.

JB:nc
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