MEMORANDUM

To:
ESPAM2 Model Files

Fr:
Bryce Contor

Date:
2 September 2009

Re:
Calculations of aquifer flux in Mud Lake area

________________________________________________________________

1.  Background

For calibration of ESPAM2, net flux to and from the aquifer in the Mud Lake area is required as input data.

Figure 1 illustrates the physical features in the Mud Lake area that are important for this calculation.
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Figure 1.  Physical features in Mud Lake area, downstream of Camas Creek at Camas USGS gage.

Fluxes to the aquifer include:

1. Pr

Percolation in the wildlife refuge

2. Pl

Percolation in the lake and in Camas Creek

3. Pi

Percolation on irrigated lands

4. Pf

Percolation at the flood-control site

5. Pc

Percolation in canals

6. Pnir

Percolation from precipitation on non-irrigated areas

Flux from the aquifer includes:


1. Sr

Springs in the wildlife refuge

2. Sl

Springs and gains to the lake and Camas Creek

3. Wr

Well pumping on the refuge

4. Wl
Well pumping of irrigation wells that deliver water to Mud Lake for storage

5. Wi
Well pumping of irrigation lands located within the tract of irrigated lands

Because some of these fluxes are difficult to observe and measure, in ESPAM2 we approach calculation of net flux to the aquifer using mass-balance calculations with fluxes we can measure.  To define these calculations, we must consider the flux of water to and from land surface.  In the long term, (i.e. ignoring changes in storage in the lake), surface flux can be expressed with inflows to the surface on the left hand of Equation (1) and outflows on the right hand:

C + PCP + Sl + Sr + Wi + Wl + Wr = 



ETi + ETl + ETr + ETnir + Pr + Pl + Pi + Pf + Pc + Pnir

(1)



C 
= Camas creek inflows


PCP
= precipitation


ETi
= evapotranspiration on irrigated lands


ETl
= evapotranspiration from lake, creek and associated wetlands


ETr
= evapotranspiration from refuge


(other terms as defined above)

Equation (1) can be rearranged to show surface fluxes on the left hand and net flux to/from the aquifer on the right hand:

C + PCP - ETi - ETl - ETr - ETnir = 



Pr + Pl + Pi + Pf + Pc + Pnir- Wi - Wl - Wr - Sl - Sr

(2)

2.  Approach for ESPAM 2

Equation (2) provides the correct overall water balance.  However, the physical location of wells and irrigated lands, combined with seasonal changes in storage in Mud Lake, introduce spatial and temporal differences between aquifer discharge Wl and aquifer recharges Pl, Pi and Pc.  At the spatial (one mile) and temporal (one month) resolution of ESPAM2, these differences are likely to be important enough that Equation(2) should only be used to check calculations and not to calculate net flux for aquifer model input.

In order to capture the spatial and temporal variability, in ESPAM2, we represent these fluxes using a variety of input data sets for the Recharge Tool.  These include:

1. Non-irrigated lands recharge.  This is recharge from precipitation on all lands except lands represented as irrigated farms.


2. Irrigated lands.  This represents the net impact of irrigation within irrigated parcels.


3. Fixed points.  In the Mud Lake area this data set is used to represent pumping of Mud Lake irrigation wells as well as evapotranspiration on wetlands.


4. Perched river seepage.  This data set includes a GIS component which describes physical locations, and a tabular data set that describes net impact to the aquifer.  Positive numbers indicate aquifer recharge and negative numbers indicate discharge.
  Features in the Mud Lake area important to this data set include:

4.1. Basin 31 flood control basin. 

4.2. Camas wildlife refuge.

4.3. Mud Lake.  The part of net gains/losses to Mud Lake that are not implicit in other data sets are represented in the Mud Lake perched seepage data, as described below.

4.4. Camas Creek below the Camas gage.  Calculations for Mud Lake implicitly include any flux between the aquifer and this short section of Camas Creek.  This may introduce a small amount of spatial distortion, but perhaps less than the alternative, which would be an arbitrary partition of net recharge between the lake and the creek.

4.5. Camas Creek above the gage is explicitly represented in the Perched Seepage data set, outside the geographic scope of this memo.

Details of these calculations follow:

Non-irrigated lands recharge.

This data set provides a depth of non-irrigated in recharge for each model cell, for each stress period.  The depths assume dry land, with various depths of soil cover to store moisture for future evapotranspiration.  The Recharge Tool subtracts irrigated lands from total acreage in each model cell and applies the non-irrigated recharge depth to the remaining area.  Note that this recharge depth will be also applied to wetlands, but that the wetlands calculations are adjusted to prevent double-counting of recharge.
Irrigated Lands

The net impact of irrigated lands upon the aquifer is calculated using the following data:

1. Irrigated lands GIS data.  These data delineate the irrigated portion of each model cell.

2. Reduction for non-irrigated inclusions.  This data set adjusts the areas of irrigated lands to allow for areas that are actually not irrigated, but are represented as irrigated in the GIS data set.  Small roads, corrals, haystack yards and buildings are examples of the kinds of features that are observed.

3. Precipitation.  This data set provides the depth of precipitation for each model cell, for each stress period.  The total depth of precipitation is added as an aquifer recharge on irrigated lands

4. Evapotranspiration on irrigated lands.  This data set provides a depth of evapotranspiration for each model cell.  It is subtracted as an aquifer discharge.

5. Evapotranspiration adjustment factor.  This is a data table of multipliers that can be used to adjust nominal evapotranspiration depths upwards or downwards.

6. Canal seepage.  This is a data table of fractions for each entity and stress period, defining the fraction of diversions that are to be attributed as aquifer recharge along the length of canals.

7. Diversions.  This data set includes the gross diversion of water to irrigated lands.  In the Mud Lake area, watermaster data record volumes of water delivered from the lake to irrigated lands.  Physically this includes water in the lake from springs, surface-water sources and well pumping.  May through October diversions are from the watermaster's "allotment" worksheets.  April diversions are calculated as the total annual diversions from watermaster reports, minus the May - October volumes from the allotment sheet.  This estimation method provides good correlation between pumping and diversions and appears to be compatible with ESPAM1.1 data.  

8. Returns.  In some areas, diversions must be adjusted by returns to surface water.  There are no returns represented in the Mud Lake area.


The calculation can be simplified to the net effect:


Net Irr. effect = PCPi + Di - ETi





(3)


PCPi

= precipitation on irrigated lands

Fixed-points -  Pumping

Pumping volumes for wells that deliver water to Mud Lake are obtained from a watermaster-maintained worksheet called the "allotment sheet," which provides additional detail of water deliveries between May 1 and October 31.  For the months May-October we apply the allotment-sheet volumes.  The water rights also authorize "early pumping," which is stored in the lake until irrigation season starts.  The "beginning well balances" in the allotment sheet are used to give the volume of early pumping, arbitrarily assigned 50% to March and 50% to April.  Note that allotment sheet practice is to zero out any remaining well balance at the end of the season, so it is valid to apply all beginning well balance as pumping.

Fixed points - Wetlands

For each cell containing wetlands, the area of the wetland is multiplied by the net depth (precipitation minus wetland ET), with precipitation adjusted to reflect the fraction of precipitation already counted as recharge in the non-irrigated lands data set.

Perched Seepage - Basin 31 Flood Control

Volumes delivered to the flood control basin are derived from watermaster records.  Note that in ESPAM2 we confirmed that no deliveries to flood control have been made since 2001, so the ESPAM2 data set is derived entirely from ESPAM1.1.  In ESPAM1.1 we obtained annual data, which we have arbitrarily applied to May and June for ESPAM2.

Perched Seepage - Camas Wildlife Refuge

Within the refuge, the only aquifer recharge is percolation.  Discharges include pumping of refuge wells, springs and phreatophyte extraction.  The wells and springs are not explicitly represented, but their net impact implicitly results from the application of the non-irrigated lands and fixed-point data sets, as shown in Equation (4):


Fn = PCPnir + Dr - FPwr






(4)


Fn 

= implicit net flux 


PCPnir

= recharge from precipitation on non-irrigated dry lands 


Dr

= surface-water diversions to refuge


FPwr

= wetlands fixed-point withdrawals within refuge

Note that FPwr has been adjusted to avoid double counting of the precipitation represented to contribute to recharge in the non-irrigated lands data.

This implicit calculation is accomplished in ESPAM2 by representing PCPnir in the non-irrigated lands data set and FPwr in the wetlands fixed point data.  

The values for Dr are applied in the perched seepage data set.

Perched Seepage - Lake and Creek

Figure 2 shows the features of the lake that were considered in calculating the Perched River Seepage values for the features representing Mud Lake and Camas Creek below the Camas gage. 
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Figure 2.  Physical features affecting Mud Lake perched seepage.

Physically, we expect the net flux into/out of the Lake to be represented by Equation (5):

[C - Dr ] + PCPl + Wl - Di - Df - Pl - ETl = Δls




(5)



Dr

= diversions to refuge


[C - Dr] 
= net Camas Creek inflow (gage is above refuge diversion)


PCPl

= precipitation on lake and associated wetlands


Di

= diversions from lake for irrigation


Df

= diversions from lake for flood control


Δls

= change in lake storage (positive value means storage has





increased)

Because the net of evapotranspiration and precipitation are represented in the wetlands fixed-point ESPAM2 data set, these must be omitted from the model perched seepage data.  Model perched seepage for each month is calculated as follows:


PSlc = [C - Dr] + Wl - Di - Df - Δlsi 





(6)


Δlsi  

= change in storage for month i (equation (6) below)


PSlc

= ESPAM2 perched seepage for lake and creek


Δlsi  = LCi + 1 - LCi







(7)


LCi + 1

= lake contents on 1st day of month following month i

LCi

= lake contents on 1st day of month i

This calculated perched seepage is different from the actual perched seepage, by the net amount of non-irrigated recharge and wetlands fixed-point values.  This is required to avoid double-counting of water.  An alternate method would have been to zero out the fixed-point and non-irrigated recharge over the lake and represent actual net effect in the perched-seepage data.  However, that would have created inconsistency with recharge calculations in the rest of the model.

3.  Checking Net Effect of ESPAM2 Practice

If the calculations outlined above appropriately calculate overall net impact to the aquifer, they will neither miss nor double count any water-budget components.  This can be checked by seeing if the ESPAM2 calculations above can be manipulated algebraically to equal the left-hand side of Equation (2):


NR = C + PCP - ETi - ETl - ETr - ETnir




(8)



NR 
= Mud Lake area net recharge


The ESPAM2 calculations can be represented conceptually by Equation (9), in terms of Recharge Tool components:


NR = 
{recharge on non-irrigated lands}


+ {net recharge on irrigated lands}


+ {fixed points - refuge wetlands}


+ {fixed points - lake wells}



+ {fixed points - lake wetlands}



+ {perched seepage - flood control}



+ {perched seepage - refuge}



+ {perched seepage - lake and creek}



(9)

Substituting values from Equation (3) through Equation (7), and using the explanations provided above, Equation (9) can be expressed using the values discussed in this memo:


NR = 
{PCPnir - ETnir}



(non-irr. lands)


+ {PCPi + Di - ETi}



(irr. lands)



+ {PCPr* - ETr}



(refuge wetlands)



- Wl





(lake wells)


+ {PCPl* - ETl}



(lake wetlands)



+ Df





(flood control)


+ Dr





(refuge perch seep)



+ {[C - Dr] + Wl - Di - Df - Δlsi}

(lake & creek seep) 












(10)

Like terms can be combined and reordered:


NR = C + [PCPnir + PCPi + PCPr + PCPl]



+ [ - ETnir - ETi - ETr - ETl]



+ [ Di + Df + Dr - Di - Df - Dr]



+ [ - Wl + Wl]



- - Δlsi








(11)

Equation (11) can be simplified by combining all precipitation values and by removing terms that sum to zero.  One can further assume that over time, the change in storage term will average to zero, recalling that change in storage was neglected in defining Equation (2).  In that case, Equation (11) simplifies to be identical to Equation (8), confirming that area-wide aquifer flux is appropriately represented:


NR = C + PCP - ETi - ETl - ETr - ETnir




(12)

4.  Implications

It appears that the manipulations described above redistribute water temporally and spatially, but do not distort the net water budget in the area.  Spatial and temporal resolution will be as good as the underlying data, or in some cases, as good as IWRRI's spatial or temporal disaggregation of values.  

It will be important to remember that the Mud Lake and the Camas Wildlife Refuge perched seepage values do not represent the actual values.  They are values that will provide our best estimate of actual when added to the Fixed Point and Non-irrigated Recharge values, as will be done when the Recharge Tool is applied to the data.







� Aquifer discharge cannot occur in reaches that truly are perched, but in reality this data set is used for all river/aquifer interaction in water bodies that are not part of the Snake River target data set.  Some hydraulically-connected reaches are included, and some of these at times are gaining reaches.


* Note that precipitation on wetlands is adjusted to avoid double-counting net effect of precipitation in overlapping non-irrigated-recharge calculations.
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