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Computations of Canal Seepage and Delivery 

For 2005
I. Federal Canals:


Federal canals are those with IDs 800 through 811 (806 skipped) in Table 4, a total of 11 canals.

DATA SOURCE (S):


Monthly diversion and delivery data for each federal canal were obtained from the U.S. Bureau of Reclamation (Craig Scott); six related Excel files are listed below and in Table 4. 

F-VAL3MWD.XLS

F-CAMB3MWD.XLS

NE-BOST3MWD.XLS

KS-BOST3MWD.XLS

C07-dly.xls

C348-dly.xls

METHOD:


Recharge from Federal Canals was computed according to the Accounting Method in Attachment 7 of the Settlement Document. All computations were carried out on a monthly basis.

[Canal loss] = [diversion] – [field delivery]

[Canal seepage] = [percent loss factor] * [canal loss]

[Field seepage] = [field loss factor] * [percent loss factor] * [field delivery]

*** For Courtland Canal above Lovewell Reservoir

[Canal loss] = [Headgate diversion] – [Nebraska delivery]

· [Kansas delivery] – [Courtland Canal inflow to Lovewell]

[Canal seepage] = [percent loss factor] * [canal loss]

The field loss factor and the percent loss factor for each canal are presented in Table 1.

Table 1 Loss Factors for Federal Canals

	Canal ID
	Canal Name
	Field Loss Factor
	Percent Loss Factor

	800
	Culbertson
	0.30
	0.82

	801
	Culbertson Ext.
	0.30
	0.82

	802
	Meeker-Driftwood
	0.30
	0.82

	803
	Bartley
	0.30
	0.82

	804
	Red Willow
	0.30
	0.82

	805
	Cambridge
	0.30
	0.82

	807
	Franklin
	0.35
	0.82

	808
	Naponee
	0.35
	0.82

	809
	Franklin Pump
	0.35
	0.82

	810
	Superior
	0.31
	0.82

	811
	Courtland
	0.23
	0.82


OPERATIONAL STEPS:

1. Copy previous year’s seepage values into corresponding cells for reference.
2. Replace those shaded cells with current year’s canal diversions and deliveries in the Inputs sheet.

RESULTS:

Monthly delivery and seepage for each canal are presented in USBR_Canal_Seepage05.xls. 

II. Central Nebraska Public Power & Irrigation District (CNPPID) Canals:

The Central system was broken into seven sections.  Four of these (Jeffrey Hydro, Jeffrey Hydro – J1, J1 – J2, J2 – Platte) make up the whole of the Supply Canal.  The remaining three (Phelps, E-65, E-67) are the primary irrigation ditch systems into which water from the Supply Canal is diverted.  The canals IDs for Central system are 815, 816, 817, 818, 819, 820, and 821. Seepage loss for Elwood Reservoir (827) was also estimated in this section.

DATA SOURCES:

Jeremie Kerkman of the CNPPID provided following three files:

2001 to 2005 data.xls
IRREFNCY.xls

Supply canal irrigation 2001 to 2005.xls

Craig Scott of the U.S. Bureau of Reclamation also provided following two files for computing the net evaporation rate at Medicine Creek Dam (Harry Strunk Lake):

Hs-pan.XLS

Hs-prec.XLS

Pre-processing of Data:

Canal diversions, hydro discharges/returns, reservoir storage/outflow, etc. are form: 2001 to 2005 data.xls; Annual deliveries for Phelps, E65, and E67 canals are from: IRREFNCY.xls; Direct irrigation information for Diversion Dam to Jeffrey, Jeffrey Hydro to J-1 hydro, and J-1 hydro to J-2 hydro reaches are from Supply canal irrigation 2001 to 2005.xls.

Based on 2001 to 2005 data.xls file, a new Excel workbook was created (CentralDataProcessing.xls) to derive following data:
1. Monthly diversions/inflows/outflows/hydro returns;

2. Annual storage changes for reservoirs; and

3. Monthly storage changes of Elwood reservoir.

Cautions: A user has to follow the exact steps on the each sheet in CentralDataProcessing.xls file!

Central canal areas utilized for net evaporation computation are presented in Table2. They are pulled out from old computation sheets.

Table 2 Central Canal Areas Utilized for Net Evaporation 

	Canal ID
	Canal Name
	Surface Area [acres]

	815
	Jeffrey Hydro*
	917

	816
	Jeffrey Hydro to J1*
	3790

	817
	J1 to J2*
	296

	818
	J2 to Platte
	94

	819
	Phelps
	631

	820
	E65
	301

	821
	E67
	21

	827
	Elwood Reservoir
	1200


* Total area includes reservoirs.

Net evaporation rate for Medicine Creek Dam (Harry Strunk Lake) is used for computing CNPPID system’s net evaporation losses, which was computed from the pan evaporation at the reservoir and precipitation at the dam (70% of pan evaporation minus precipitation) and stored in MedicineCrDamNetEvap05.xls.

METHOD:

The general process for computing seepage is as follows:

1) Start with annual diversions.

2) Subtract annual diversions into other canals, direct irrigation uses, storage changes, downstream deliveries, and any other such quantities relevant to a particular canal.

3) Based on (1) and (2), arrive at an annual value of total losses from the canal.

4) Subtract annual net evaporation from the total loss value.

5) We now have an annual canal seepage loss value.  

6) Compute the ratio of annual seepage to annual diversion.  This fractional value is assumed to be valid for all months of the year.

7) Generate monthly seepage loss values by a proportioning process.  Multiply the ratios computed in (6) by the known monthly diversion values to get estimates of monthly seepage.

8) Monthly irrigation delivery was computed by subtracting monthly seepage and monthly net evaporation from the monthly diversion.

Headgate to Jeffrey Hydro Reach:

[total loss] = [Central diversion] – [change in canal storage] – [change in Jeffrey storage] – [direct irrigation use] – [Jeffrey hydro discharge]

[total seepage] = [total loss] – [annual net evaporation]

Annual net evaporation was computed as a sum of products of monthly Medicine Creek Dam net evaporation and canal reach surface area. Monthly canal reach seepage was computed using monthly diversion and the annual ratio of seepage to diversion. These same computation steps were used for the rest of Central canals.

Jeffrey Hydro to J-1 Reach:

[total loss] = [Jeffrey hydro discharge] – [Jeffery return] - [change in canal storage] – [change in Johnson storage] – [T. M. siphon] - [direct irrigation use] – 
[E65 diversion (diversion for E65)] – [Elwood inflow (diversion for Elwood)] – [E67 diversion] – [J-1 hydro discharge]

[total seepage] = [total loss] – [annual net evaporation]

Note: Elwood Reservoir is located on the E-65 system, and inflow into this reservoir is actually diverted at the E-65 headgate. However, the data records separate these quantities.
J-1 to J-2 Reach:
[total loss] =  [J-1 hydro discharge] - [change in canal (J-2 Forebay) storage] – 
[direct irrigation use] – [J-2 hydro discharge]

[total seepage] = [total loss] – [annual net evaporation]

J-2 to Platte Reach:
[total loss] =  [J-2 hydro discharge] – [Phelps diversion] – [J-2 return]

[total seepage] = [total loss] – [annual net evaporation]

Phelps Canal System:

[total loss] = [Phelps diversion] – [farm delivery]

[total seepage] = [total loss] – [annual net evaporation]

[Monthly seepage] = [monthly diversion] * [annual seepage]/[annual diversion]

[Monthly delivery] = [monthly diversion] – [monthly seepage] 

– [monthly net evaporation]

E-65 Canal System:

[total loss] =  [E65 diversion] + [Elwood outflow] - [farm delivery]

[total seepage] = [total loss] – [annual net evaporation]

[Monthly seepage] = [monthly diversion] * [annual seepage]/[annual diversion]

[Monthly delivery] = [monthly diversion] – [monthly seepage] 

– [monthly net evaporation]

E-67 Canal System:

[total loss] =  [E67 diversion] - [farm delivery]

[total seepage] = [total loss] – [annual net evaporation]

[Monthly seepage] = [monthly diversion] * [annual seepage]/[annual diversion]

[Monthly delivery] = [monthly diversion] – [monthly seepage] 

– [monthly net evaporation]

Elwood Reservoir:

A monthly mass balance was computed for Elwood Reservoir in order to determine seepage losses from the reservoir. The mass balance was computed as 

[Elwood Reservoir mass balance] = [Inflow] – [Outflow] – [Net Evaporation] 

– [Storage Change]

Net evaporation was calculated using the Medicine Creek net evaporation data and a reservoir surface area of 1200 acres. Elwood Reservoir monthly change in storage was computed using its daily content (last day storage content minus first storage content of the month). If the mass balance calculation yielded a negative value, the seepage was set to zero.  Otherwise, seepage is equal to the result of the balance.

RESULTS:
The computed monthly seepage losses and irrigation deliveries are in CNPPID_System_Seepage05.xls.

III. Nebraska Public Power District (NPPD) Seepage:

NPPD system was broken into 4 reaches: Headgates to Sutherland Reservoir (Reach 1), Sutherland reservoir (Reach 2), Sutherland Reservoir discharge to Lake Maloney inflow (reach 3), and Lake Maloney inflow to South Platte return (Reach 4).

DATA SOURCES:
Daily flow and storage data are provided by NPPD (Paul Srock) in the file 2005 NPPD system data.xls, which was further processed in NPPDdataProcessing.xls to generate:
· Monthly Keystone diversion

· Monthly Korty diversion

· Monthly Sutherland Reservoir inflow and outflow

· Monthly Lake Maloney inflow and outflow (Sutherland power return)
· Monthly average storage for Sutherland and Maloney Lake, and
· Monthly storage changes for Sutherland and Maloney Lake

METHOD:

A monthly mass balance was carried out for each reach. The general equation is as follows:

[Mass balance] = [inflow] – [outflow] – [net evaporation] – [storage change]

If the balance is less than zero, the monthly seepage was set to be zero. Otherwise it is equal to the balance.

Net evaporation loss for each reach was computed as the product of net evaporation rate at Medicine Creek Dam (see MedicineCrDamNetEvap05.xls) and the reach’s surface area. NPPD system reach areas utilized for net evaporation loss computation are presented in Table 3. They are pulled out from old computation sheets.

Table 3 NPPD Reach Areas Utilized for Net Evaporation 

	Reach Name
	Surface Area [acres]

	Headgates to Sutherland Reservoir
	222.5446

	Sutherland Reservoir
	3050

	Sutherland Reservoir discharge to Lake Maloney inflow
	209.4545

	Lake Maloney inflow to South Platte return
	1718.982


Total seepage loss of the NPPD system is the sum of the losses of 4 reaches.

Headgates to Sutherland Reservoir (Reach 1):

[Mass balance] = [Keystone + Korty diversions] – [Net evaporation] –

 [Sutherland Reservoir inflow]

[Net Evaporation] = [Net Evap from Keystone diversion] +

 [Net Evap from Korty diversion] +

[Sutherland Canal Net evap from Paxton to Sutherland Reservoir]

Due to the fact that Keystone to Paxton reach drains to North or South Platte River, the computed balance was subtracted by about 51.3%:

[Mass balance] = (1.0-20.4/39.8) * [Mass balance]

Sutherland Reservoir (Reach 2):

[Mass balance] = [Sutherland Reservoir inflow] – [Net evaporation] –




[Change in storage] – [Sutherland Reservoir outflow]

[Change in storage] = [last day of month storage] – [first day of month storage]

[Net evaporation] = [weather-induced evaporation] + [heat-induced evaporation]

The heat-induced evaporation from Sutherland Reservoir was based on 21 cfs estimate quoted in Cassidy (1998, 2000).

Sutherland Reservoir Discharge to Lake Maloney Inflow (Reach 3):

[Mass balance] = [Sutherland Reservoir discharge] – [Net evaporation] – 




[Lake Maloney inflow]

Lake Maloney Inflow to South Platte Return (Reach 4):

[Mass balance] = [Maloney inflow] – [Net evaporation] –

 [Change in Lake Maloney storage] – [Maloney discharge (South Platte return)]

RESULTS:
Computed seepage losses for each reach and total NPPD system are presented in 

NPPD_System_Seepage05.xls.

IV. Private Canals Seepage:
Seven private canals are as follows:


Canal ID
Canal Name


812

Haigler


813

Champion (Discontinued)

814

Riverside


822

Six Mile


823

Thirty Mile


824

Orchard Alfalfa


826

Western

DATA SOURCES:
Recharge from canal seepage is assumed to be zero. All recharge from these canals is assumed to be from application of surface water to irrigated lands. Surface water deliveries from private canals were assumed to be equal to canal diversions. Recharge from private canals is stipulated to be 40% of diversion.

NPPD/Bridgeport Field Office provides monthly diversion data for Six Mile, Thirty Mile, Orchard Alfalfa, and Western canal.

Cambridge Field Office provides monthly diversion data for Haigler and Riverside. Champion Canal was abandoned in 1993.

Table 4 Data Sources

	Canal ID
	Canal Name
	Data Source File

	800
	Culbertson
	F-VAL3MWD.XLS    (USBR)



	801
	Culbertson Ext.
	

	802
	Meeker-Driftwood
	F-CAMB3MWD.XLS   (USBR)



	803
	Bartley
	

	804
	Red Willow
	

	805
	Cambridge
	

	807
	Franklin
	NE-BOST3MWD.XLS  (USBR)



	808
	Naponee
	

	809
	Franklin Pump
	

	810
	Superior
	

	811
	Courtland
	NE-BOST3MWD.XLS;

KS-BOST3MWD.XLS;
C07-dly.xls; C348-dly.xls     (USBR)

	812
	Haigler
	A fax from CO Div. Of Water Resources
00127000 2004.doc

	813
	Champion(Discontinued)
	

	814
	Riverside
	

	815
	Jeffrey Hydro
	CNPPID:

2001 to 2005 data.xls; IRREFNCY.xls;

Supply Canal  irrigation 2001 to 2005.xls

USBR:

Hs-pan.XLS; 

Hs-prec.XLS

	816
	Jeffrey Hydro to J1
	

	817
	J1 to J2
	

	818
	J2 to Platte River
	

	819
	Phelps
	

	820
	E65
	

	821
	E67
	

	822
	Six Mile
	InfoForState_Bridgeport.xls

	823
	Thirty Mile
	

	824
	Orchard-Alfalfa
	

	825
	NPPD
	2005 NPPD system data.xls   (NPPD)
Hs-pan.XLS; Hs-prec.XLS  (USBR)

	826
	Western
	InfoForState_Bridgeport.xls

	827
	Elwood Reservoir
	2001 to 2005 data.xls (CNPPID)
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