DRAFT

MEMORANDUM
To:
ESHMC

Fr:
B. Contor

Date:
23 December 2009

Re:
Adjustments to Canal Seepage and Mixed-source Fraction

Background
The canal-seepage algorithms and treatment of mixed-source lands were originally adopted with the assumption that both changed only the spatial distribution of recharge, but neither changed the water budget.  This was true with the Recharge Tool paradigm of calculation used in ESPAM1.1 and incorporated in the data preparation for ESPAM2.

With the adoption of the On-Farm budget method, this assumption is not true; the water budget is affected by the treatment of both canal seepage and application of surface water to mixed-source lands.  Therefore, at the last ESHMC meeting the committee approved a more careful look at canal seepage and surface-water contributions to mixed source lands.  
This memo describes the first step in that process and invites input.
Methodology

For each entity, the implied consumptive use fraction for each summertime irrigation period (April – October) was calculated using the agreed-upon canal seepage algorithm, the return flows indicated by data, and the existing surface-water application to mixed-source lands.  For most entities, the reported consumptive-use fraction was the in-field consumptive use fraction.  A few entities do not have canals explicitly represented, and for these entities the fraction is the system-wide consumptive use fraction.  In both cases, it is calculated as (irrigation requirement)/(net diversions).  Irrigation requirement is (ET – precipitation) and net diversions are (gross diversions – returns) or (gross diversions – returns – canal leakage).  ET is based on reference ET from ET Idaho, crop coefficients from ET Idaho, crop mix from National Ag Statistics Service and other data, and ET adjustment factors calculated using year-2000 METRIC estimates.  Each entity has a unique pair of adjustment factors.
For each entity, I visually compared the time series of consumptive-use fraction with my subjective expectations, based on the following:

1. Anecdotal indications of relative reliability of supply and enjoyment of large storage rights or senior natural flow rights.

2. General crop, soil and irrigation conditions.

3. An assumption that long-term acreage patterns adjust to water supply, so that very high consumptive-use fractions are more likely to be an acute rather than chronic condition.

4. An assumption that the marginal cost of surface water is near zero for most entities, so there is no price-induced chronic deficit irrigation.

In a separate spreadsheet for each entity, I manually adjusted the parameters of the canal-seepage algorithm and the mixed-source fraction, to improve the match of the time series to the subjective expectations described above.  The spreadsheet included the capability to adjust return flows, but I did not use this adjustment.
Results

The results are shown in presentation “Review of Canal Seep Calculations.ppt” and described in the appendix to this memo.

In most cases, I was able to achieve reasonable consumptive use fractions with what appeared to be reasonable adjustments.  For those where this was not possible, I have identified possible data problems to investigate.  These are described in the appendix.

Discussion

Conceptually, this exercise is troubling.  I have subjectively adjusted parameters to achieve what appear to be reasonable consumptive-use fractions, based on existing data for return flows.  These parameters will be used to generate an input data set for the On-Farm calculation procedure, which will use assumptions about reasonable consumptive-use fractions to generate estimates for return flows.  The reasoning may be circular. 
The exercise is also troubling practically; I have used these subjective estimates and expectations because we don’t have and can’t reasonably acquire data for objective determination of these parameters.  It is sobering that I am making changes that alter the water budget, on the thinnest of arguments.
In some cases, the On-Farm method (to the extent that it correctly represents changing consumptive-use fractions under supply limitations) may help overcome apparent difficulties.  In a few cases, the ESPAM1.1 assumptions may be more appropriate.  Both are discussed in the appendix.

Input Requested

Please comment on the following, by 8 January 2010:

1. The acceptability of this procedure, or suggestions for improvement.


2. The temporal patterns of consumptive-use fraction on any entity.


3. Any insight or local knowledge you may have on any entity.

4. The adjusted parameters for any entity.

5. The advisability of adjusting the boundary between the “A” and “B” units of entity IESW001 (A and B Irrigation District).  The current partition assigns the “A” unit as 100% surface water and the “B” unit as 100% groundwater, with a few parcels along the boundary with Minidoka Irrigation District represented as surface-water or mixed-source.  Figure 1 illustrates the current boundary with existing water-right points of diversion for irrigation wells in the name of the United States.  Surface-water-only lands are blue, groundwater-only are red, and mixed-source are green.
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Figure 1.  IESW001 irrigated lands and Irrigation wells in the name of United States of America.

I propose to change this representation as follows:  
a)  All surface-water and mixed-source lands east of the A division, on the south edge of the B division, should be changed to groundwater only.

b)  All surface-water lands in the A division within 1.5 miles of a US irrigation well should be changed to mixed-source lands, with the source fraction adjusted to achieve reasonable consumptive-use fractions of applied water in the entity.


6. The advisability of manually reducing the ET adjustment factors for IESW029 (Mud Lake Water Users Association).  The analysis shows what appear to be unreasonably high consumptive use fractions, even when canal leakage is set low to deliver as much water as possible to field headgate delivery.  This will have the effect of increasing indicated incidental recharge.

From living and working in the area for nearly ten years, I feel comfortable that chronic deficit irrigation is not a problem in that entity.  I have high confidence in the diversion data, directly from watermaster reports.  The ET adjustment factor for that entity is quite high relative to other entities, but it is influenced by proximity to the Monteview Agrimet station which was used in the METRIC calculation algorithms.  In previous work with METRIC, I have noted that the Monteview station and METRIC estimates in the Mud Lake area seem to show very high ET, which would cause the ET adjustment factor to be high.

On the other hand, the gravity irrigation in Mud Lake is graded or level border, with ideal text-book soil and delivery conditions.  The sprinkler irrigation is nearly all center pivots or linears.  The soil is deep and alfalfa is a predominant crop.  These factors could all point towards high consumptive-use fractions, but not as high as indicated in the current data set.

7. The advisability of removing IESW015 from the irrigated lands and treating it as a wetland, with the diversions to the entity treated as a line source in the perched-seepage data set.  Sometime during the calibration period, this entity was converted to a wildlife refuge.  It may not make sense to attempt to apply an irrigation algorithm to these lands.

8. The advisability of reducing the uniform application depths applied to IESW000, IESW031 and IESW041.

9. The advisability of combining IESW008 and IESW053.  Please see discussion in the appendix under IESW053.

Appendix
General Discussion.  The appendix contains a brief discussion of the slides in “Review of Canal Seep Calculations.ppt,” which contains one slide for each entity.  Figure 2 illustrates one of these slides, with some notes and description added.
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Figure 2.  Sample slide with notations.

The canal parameters are parameters used in the equation discussed in the ESHMC meetings and Design Document:


Frac = max(B0 + B1(ln(Index)),0.90)




(1)


Frac 
= fraction of net diversions 
that becomes canal seepage


B0
= parameter, set at 0.30 in Design Document


B1
= parameter, set at -0.10 in Design Document


Index
= diversion index, (monthly diversions)/






(max monthly diversions)

Parameter B0 defines the minimum seepage fraction, which will be represented in the month with highest diversions.  As long as B1 is less than zero, all other months will have a larger fraction, with a maximum of 0.90.  The larger the absolute value of B1, the more the seepage fraction increases in months of low diversions.

Note that canal seepage will be calculated based on the data for net diversions (diversions minus returns) but the water budgets delivered for calibration will have zero returns, to avoid double-counting with returns estimated by the On-Farm method.  The built-in canal seepage algorithm in the Recharge Tool will not be used; it cannot accommodate this convention.  Instead, canal seepage will be manually calculated for each cell and applied in the perched-seepage data set as a specified flux.
In the spreadsheet, the mixed-source multiplier is applied the to the weighted-average fraction of surface-water supply to mixed-source lands.  Additional work will be needed to translate any changes in mixed-source fraction to the irrigated-lands data sets, because we have gone to an algorithm of graded mixed-source fractions based on proximity to irrigation wells.

IESW000.  This entity is a residual entity to pick up odd tracts of irrigated lands not in any other entity.  Diversion volume is based on an estimated application depth.  It has no canals represented, so the consumptive use fractions are system-wide fractions.  Even so, they seem low.  Please comment on the advisability of reducing the estimated application depth.

IESW001.  This entity represents the “A” or surface-water portion of A and B Irrigation District.  Diversion volume comes from IDWR records.  Canals are represented.  We believe there are no returns, and this data set assumes returns are zero.
The indicated consumptive use fractions are unreasonably high.  If this represents an actual chronic deficit irrigation condition, the On-Farm method may address it.  However I believe it is the result of an inappropriate mapping of lands to water sources, as discussed in the “Input Requested” section.

IESW002.  This represents the Aberdeen-Springfield canal company.  I propose adjusting the canal-seepage parameters to increase the indicated consumptive-use fraction and to correspond with manager reports of unusually high leakage.

IESW005.  Even with adjustments to the parameters, this entity shows both questionably low and questionably high consumptive use fractions.  Physically I believe this is a reflection of the fact that the Big Lost has highly variable water supplies, and mixed-source practices and infrastructure that actually do allow a change in mix of water source from year to year.  Therefore, I believe that years that suggest very low consumptive-use fractions are actually years when little supplemental groundwater was pumped into the canals, and years with high consumptive-use fractions represent years when a large amount of supplemental groundwater was applied.

If this interpretation is correct, the ESPAM1.1 algorithm would correctly indicate full consumptive use in years of low diversions and support it with groundwater withdrawals.  The On-Farm algorithm would implicitly reduce consumptive use and therefore either overestimate recharge or underestimate pumping.

IESW008.  The IESW005 discussion applies to this entity.  From farming in the Little Lost for 10 years, I know that most of these mixed-source parcels are truly mixed source.  In some years they will be 100% supplied from surface water and in other years nearly 100% from groundwater.  Please also see IESW053.
IESW009.  This entity is on the Rigby Fan south of the Great Feeder, characterized by stony soils, small parcels, gravity irrigation, and less-intensive management.  The adjusted parameters seem to make sense, though I can’t explain an apparent downward trend in consumptive use fraction.  It may be a result of data imprecision.  Physically it could represent a transition from better-managed commercial farms to more casually-managed lifestyle properties, but I doubt there would be anything in our data that could capture such a change.

IESW010.  This is the Burley Irrigation District.  I’m not very familiar with this district, but the results do not seem unreasonable.  The increase in consumptive use fraction is consistent with conversion to sprinklers.

IESW011.  This is the Butte Market Lake canal company west of Roberts.  It is another area characterized by well-managed border irrigation on deep soils with alfalfa, or center pivots.  Except for the values for 2001, 2002 and 2003, its results seem reasonable, after adjustment.  Perhaps the On-Farm method will improve results in this entity.

IESW012.  This is the Canyon Creek area east of Newdale.  The adjustments needed to achieve reasonable consumptive use fractions are acceptable:  Low canal leakage is acceptable because most surface-water delivery is piped.  Low surface-water delivery to mixed-source lands is acceptable because physically there are a lot of wells in that area, the Canyon Creek supply is small and variable, and growers tend to avoid pumping from the Teton due to energy costs and costs to purchase storage water.

IESW014.  This area is east of the river between Idaho Falls and Blackfoot.  I’m not comfortable with how low the adjusted canal seepage is, or how high the indicated consumptive use fractions are.  The period 1997 – 2003 where consumptive use fractions are much lower exactly matches one particular irrigated lands data set.  I plan to carefully reconsider the mixed-source lands and mixed-source fractions in this entity.


IESW015.  The consumptive use fraction in earlier years seems too high, and in later years too low.  The five very low years at the end correspond to a single irrigated-lands data set, and may represent a blunder in entity identification.  Please see the discussion in “Input Requested” about this entity.

IESW016.  This is the Egin Bench area.  The high canal seepage required to achieve reasonable consumptive use fractions matches anecdotal evidence and our field observations during last year’s recharge experiment.  The increasing consumptive use fraction over time is consistent with increasing sprinklers.  Note that our field work indicates there are very few surface returns from this entity.

IESW018.  This is the Falls Irrigation District, which has a few short canals but uses a significant amount of piping and supplemental groundwater.  The adjustments seem reasonable to me.  Perhaps the On-Farm method will improve results for 1983.

IESW019.  This is the Fort Hall Irrigation District.  The adjustments and adjusted results seem reasonable, except for 2004.  We will double check to see if that is a data error, or if something unusual happened to deliveries in 2004.

IESW020.  This is also in the Rigby Fan area.  The results seem reasonable, though my adjustment to canal seepage may not have been warranted.

IESW022.  This is the Idaho Canal Company and associated smaller ditches.  As with IESW020, my adjustment to canal seepage may not be warranted.

IESW025.  This is the Carey area.  Our diversion data here are simply estimates.  The results do not look unreasonable, but my adjustment to canal leakage may not be warranted.

IESW027.  The results for the Milner Irrigation District seem reasonable, except for 2004.  The On-Farm method may improve the estimates.


IESW028.  This is the Minidoka project and miscellaneous lands irrigated directly from the Snake River to the east.  I am not familiar with this area, but the results tend to suggest sprinklers and piped distribution systems.  Consumptive use fractions seem high.  
IESW029.  This is the Mud Lake area.  Please see discussion under “Input Requested” above.

IESW030.  This is the New Sweden Irrigation District and the Osgood area.  Results seem reasonable to me.

IESW031.  This area was represented with a simple assumed application depth, because much of the diversion volume is for lands outside the study area, for which we have only incomplete irrigated-lands maps.  Canals are not represented but the consumptive-use fractions do assume some returns.  Please comment on the advisability of reducing the diversion depths.

IESW032.  The adjusted canal seepage fraction for the Northside Canal company seems low.  This may reflect imprecision in the return-flow data.  The consumptive use fractions are high, but this is an area with high-value crops (implying more careful management) and many sprinklers.


IESW034.  This is the Peoples Canal Company.  Results seem reasonable to me. 

IESW035.  Results seem reasonable for the Progressive Irrigation District, which is similar in character to IESW020 and IESW022.  The lower consumptive use fractions for 2004-2008 are troubling.  We will review the final irrigated-lands data set.


IESW036.  This is the Lyman/Archer area north of the South Fork.  Canal leakage (as adjusted) seems low to me, and indicated consumptive use fractions seem high.


IESW037.  This is the Reno Ditch Company.  In 1987 an old surface ditch was abandoned in favor of a pipeline, and delivery patterns changed significantly.  It appears that we have either incorrectly represented the associated changes in deliveries and use of supplemental groundwater, or have missed changes in irrigated acreage that may have occurred.

IESW038.  This is the Rexburg area.  Results seem reasonable, except for the odd apparent deficit irrigation event in 1998.

IESW039.  Results do not seem unreasonable for the Curr Ditch/Silkey Ditch area.  The odd reduction in consumptive use fraction in 2004/2005 does not correspond to a single irrigated-lands data set; 2006-2008 used the same irrigated lands.

IESW040.  This is the Oakley/Goose Creek area.  I am less familiar with this area, but I believe the IESW005 (Big Lost) and IESW008 (Little Lost) discussion apply here also.  The ESPAM1.1 algorithm implicitly assumes pumping of supplemental wells when surface supply is short.  In this case, this may be preferable to implicitly reducing ET as in the On-Farm method.


IESW041.  This is the Twin Falls tract, treated similarly to IESW031.  It is represented with an assumed diversion depth, no canal leakage, and no return flows.  Please comment on whether the diversion depth should be reduced.

IESW044.  This is represented as a surface-water entity in order to accommodate the offsite-pumping algorithm, but it is 100% groundwater irrigated.  I have yet to analyze it, so it is not in the slides.
IESW051.  This is the Camas Creek/Kilgore area above the wildlife refuge.  No canal leakage is represented.  The irrigation is almost all low-intensity irrigation of pasture and native hay.  When water supplies are short, it is likely that acreage is reduced.  The On-Farm method should capture this effect better than the ESPAM1.1 algorithm.

IESW052.  This is Medicine Lodge Creek.  Results seem reasonable.  No canal leakage is represented in this entity.
IESW053.  This is the private water rights in the Little Lost Basin, where IESW008 represents the Blaine County Canal company.  Please comment on the advisability of combining the two entities.  The rationale would be that the variability in the IESW008 record represents imprecision in mapping diversions to irrigated lands, combined with imprecise understanding of mixed-source irrigation.  
Combining the entities would smooth out this variability.  If the variability is real, that would be a bad thing; if it is spurious, it would be a good thing.


IESW055.  This is the tract between the Great Feeder and the South Fork.  Results seem reasonable.


IESW056.  This is the irrigated lands between St. Anthony and Rexburg, southeast of the Henrys Fork.  Results seem reasonable.  Note that Dr. Rob VanKirk has noted from his field work that there are very few return flows.  This confirms my informal observations.
IESW057.  This is irrigation from the Blackfoot River and Reservation Canal, with data from Bureau of Indian Affairs.  Results seem reasonable but I have little knowledge of that area.

IESW058.  These are lands irrigated from the Milner Gooding Canal, upstream of the Wood Rivers and Dietrich area.  The high canal losses obtained by adjustment are consistent with the physical reality that the canal is conveying not only the supply for IESW058, but a large part of the supply for IESW059.  


IESW059.  This is the Wood Rivers, Dietrich and Richfield area.  The variable consumptive-use fraction is consistent with anecdotal indication of unreliable water supply.  Higher fractions generally appear during drier periods, consistent with a hypothesis of deficit irrigation.  If typical user response is to reduce acres rather than spread the water, the On-Farm method may improve results in this entity.

Diversions are net diversions based on mass-balance of inflows and outflows; therefore appropriate application of the On-Farm method should indicate zero return flows in this entity.
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