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The method currently proposed by CO and NE to account for pumping impacts and imported water supply credit was first proposed by Jim Schneider for Nebraska in 2007. It was also suggested by Willem Schreuder in his expert report to the Arbitrator in 2009. Their proposed method does not affect how the Imported Water Supply (IWS) Credit is calculated, but differs from the RRCA Accounting Procedures (AP) in that the states’ groundwater pumping impacts, or groundwater computed beneficial consumptive use (gw CBCU), are calculated with mound imports excluded from the model.

A memo dated Aug 12, 2007 [1] examined the above accounting method and a second alternative, in which mound imports are included in the model for the base case, consistent with RRCA accounting, but which uses a single impact case excluding both Nebraska pumping and mound imports to calculate their combined impacts. Both alternatives were rejected in the 2007 memo on the basis of the discrepancy between the sum of separate impacts and the combined impact for the virgin water supply case (with all stresses off).
Although the RRCA AP showed significant discrepancies according to this criterion, the discrepancies were significantly greater for the two alternative methods. Additionally, the discrepancies for the two alternatives were very similar (see Fig 5, from [1], in Appendix). The 2007 memo explained this by showing that Nebraska’s net impact is mathematically equivalent under the two methods, and Colorado’s pumping impact is practically identical. The two methods showed relatively small differences in Kansas’ pumping impact associated with mound imports, which if excluded from the base case reduced Kansas imports slightly: for 1990-2005, mean change = -260 ac-ft/yr, standard deviation = 510 ac-ft/yr.

A variation on the method of calculating the impacts defined by the RRCA AP has been explored recently that can be described as numerical integration: Impacts are given by adding the responses to incremental stresses [2]. One technique for doing this, based on ten-percent stress increments, reduces the above-noted discrepancy to nearly zero; but, significantly, this outcome is not specified as an objective, in contrast to the Ahlfeld method previously proposed by Nebraska.
The same technique of numerical integration was then applied to an alternative version of accounting that serves as a close approximation to the method recently proposed by Colorado and Nebraska. This note shows that by using this technique, the net Nebraska impacts and pumping impacts for Colorado and Kansas are practically identical to the calculated impacts based on the RRCA AP definitions. Additionally, the discrepancy between the sum of impacts and the combined impact of the vws case is nearly zero.
Introduction

The sums over impacts for the three accounting methods were denoted in the 2007 memo as follows (see Table 2 in the Appendix for definition of impact terms):

1. RRCA Accounting Procedure:
sum of impacts(a|base+b|base +c|base +d|base)

2. Previously studied version:

sum of impacts(a|base +b|base +cd|base)

3. Nebraska’s proposed version:
sum of impacts(ad|d+bd|d+cd|d+d|base)

The sum of the last two terms of method 3 is equivalent to the last term of method 2, so that the sum of impacts according to Nebraska’s proposed method is also expressed by

3’. Equivalent to NE proposal:
sum of impacts(ad|d+bd|d+ cd|base)

Additionally, Colorado’s CBCU is nearly identical under methods 2 and 3 because of the negligible effect of mound imports on Colorado, so the first term of method 3 is nearly identical to the first term in methods 1 and 2. The only practical difference between methods 2 and 3 is in the second term, corresponding to Kansas’ CBCU. 

Integration of impacts under version 1 (RRCA accounting)
Under the RRCA AP, the calculated impact of each stress is based on a stress reduction from ON to OFF, i.e. from one to zero as a fraction of the stress. As a variation on this, groundwater CBCU and IWS credit as defined for the RRCA AP were calculated by numerically integrating impacts over the range of stresses of each state’s pumping and imported water supply by increments of stress. The integration is described in a separate note [1]. This approach to calculating impacts was found to reduce the discrepancy between the sum of separate impacts and the joint impact for the virgin water supply (vws) case. The technique described under the section “interval-centered depletion response” was found to be particularly effective in reducing this discrepancy. For the batch commands used for the second half of this operation, see “Listing: model runs and impact calculations under accounting version 1*.”
Applying this technique with 10-percent stress increments reduced the discrepancy over years 1981-2010 to nearly zero (mean = -1 ac-ft/yr, std deviation = 7 ac-ft/yr). Table 1 lists calculated impacts and discrepancies averaged over years 2001-2010; mean and standard deviation of discrepancy are in rightmost columns.
Integration of impacts under accounting version 2
The same incremental calculation of impacts as defined for the RRCA AP was applied to the previously studied accounting version 2, in which impacts of Nebraska pumping and mound imports are calculated jointly. For the batch commands to do this, see “Listing: model runs and impact calculations under accounting version 2.” This listing shows that the Nebraska pumping and Imported Water Supply stresses are varied together; Colorado and Kansas pumping impacts are calculated the same way as for version 1.
By integrating impacts over incremental stresses, the jointly calculated impact of Nebraska pumping and Imported Water Supply under accounting version 2 was found to be nearly identical to the sum of the separately calculated impacts of Nebraska pumping and Imported Water Supply under accounting version 1. In Table 2, the column labeled “NE – MD” lists the mean discrepancy over years 2001-2010 for each account Note that a separate impact is not calculated under the accounting version 2, but the integrated version of IWS credit based on RRCA accounting is assumed. The separate Nebraska pumping credit (col. NE”) is taken to be the sum of the IWS credit and the jointly calculated pumping and mound credit.

Colorado and Kansas pumping impacts were also found to be the same under accounting versions 1 and 2, as shown by the discrepancies in Table 2.

Integration of impacts under accounting version 3

The same incremental calculation of impacts as defined for the RRCA AP was applied to the previously studied accounting version 3, in which mound imports are excluded from the base case and from the state pumping impact cases. Mound credits are calculated according to the original (one-step) RRCA AP. State pumping impacts were calculated by running the batch commands shown under “Listing: model runs and impact calculations under accounting version 3.” The listing shows that the Imported Water Supply stress is held at zero for all cases. Joint impacts are calculated for all states’ pumping held at a specified stress fraction with IWS off.
Conclusions

The 2007 memo showed a significant discrepancy between the net sum of separate impacts of Nebraska pumping and IWS Credit under accounting version 1 (RRCA) and the joint impact of Nebraska pumping and IWS Credit under accounting version 2; see Table 4 of the 2007 memo. 
By integrating the impacts over stress increments, this discrepancy disappears. Notably, this happens without specifying a discrepancy of zero as an objective, in contrast to Ahlfeld’s solution previously proposed by Nebraska.
Pumping impacts according to accounting version 3 (the “5-run proposal” were also calculated by integrating over 10-percent stress increments. Each state’s net impacts according this scheme are the same as under versions 1 and 2.

By applying the method of integrating impacts referenced here (and described in a separate memo), the following are shown in Table 4 for average total impacts over years 2001-2010:
1. Nebraska’s net impact of pumping and mound imports are identical under the three accounting versions described in the 2007 memo, including the version 3 proposed by Colorado and Nebraska;
2. Colorado’s pumping impacts are also identical under RRCA accounting and Nebraska’s proposal, because the mound imports have no effect on Colorado’s impacts;
3.  Kansas’ pumping impacts are greater by 16 ac-ft/yr under RRCA accounting than Nebraska’s proposed method due to the inclusion of mound imports in the base case.
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Table 1. RRCA accounting, 10-pct integration intervals, response calculated from both sides of each interval and averaged.

	Account
	ALL (joint)
	CO
	KS
	NE
	MD
	NE-MD
	Sum (separate)
	mean dis-crep
	std dev

	Arikaree
	1632
	1249
	123
	260
	0
	260
	1632
	0
	2

	Beaver
	9687
	0
	5098
	4589
	0
	4589
	9687
	0
	0

	Buffalo
	3780
	357
	0
	3423
	0
	3423
	3780
	0
	0

	Driftwood
	1324
	0
	0
	1324
	0
	1324
	1324
	0
	0

	Frenchman
	83137
	3170
	0
	79990
	23
	79968
	83138
	1
	2

	North Fork
	15401
	14563
	0
	836
	0
	836
	15399
	-2
	1

	Above Swanson
	10219
	-2098
	205
	12112
	0
	12112
	10219
	-1
	5

	Swanson - Harlan
	22709
	0
	-6
	37815
	15097
	22718
	22712
	3
	4

	Harlan - Guide Rock
	25221
	0
	0
	25670
	453
	25217
	25217
	-4
	4

	Guide Rock - Hardy
	2900
	0
	56
	2833
	-5
	2838
	2894
	-5
	5

	Medicine
	10387
	0
	0
	20601
	10213
	10387
	10387
	0
	0

	Prairie Dog
	5253
	0
	5243
	9
	0
	9
	5251
	-1
	2

	Red Willow
	6649
	0
	0
	6704
	55
	6649
	6649
	0
	0

	Rock
	3889
	71
	0
	3817
	0
	3817
	3888
	0
	0

	Sappa
	3232
	0
	1199
	2038
	2
	2035
	3235
	3
	1

	South Fork
	18678
	11653
	5786
	1235
	0
	1235
	18674
	-4
	8

	Hugh Butler
	1696
	0
	0
	1696
	0
	1696
	1696
	0
	0

	Bonny
	1269
	1263
	0
	0
	0
	0
	1263
	-6
	2

	Keith Sebelius
	492
	0
	492
	0
	0
	0
	492
	0
	0

	Enders
	4468
	0
	0
	4464
	0
	4464
	4464
	-4
	1

	Harlan
	855
	0
	60
	809
	11
	797
	857
	2
	4

	Harry Strunk
	342
	0
	0
	347
	0
	347
	347
	5
	1

	Swanson
	353
	9
	0
	340
	0
	340
	350
	-4
	3

	Mainstem Total
	61047
	-2100
	259
	78429
	15539
	62890
	61049
	2
	7

	Total
	233568
	30241
	18268
	210912
	25855
	185057
	233566
	-1
	8


Source: file incr_impacts_1918-2010_sum_pt1_NEMD.xls, sheet avg_2001-2010_sum_pt1avg, range a1:j26; copied from file incr_impacts_1918-2010_annual_vs_Ahlfeld.xls, sheet acct_avg_2001-2010_sum_pt1avg, range a1:j26.
Table 2. Differences between accounting version 2 compared to version 1 (RRCA accounting), applying 10-pct integration intervals, response calculated from both sides of each interval and averaged (interval-centered depletion response).

	Account
	ALL (joint)
	CO
	KS
	NE
	MD
	NE-MD
	Sum (separate)
	mean dis-crep
	std dev

	Arikaree
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Beaver
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Buffalo
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Driftwood
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Frenchman
	0
	0
	0
	-1
	0
	-1
	-1
	-1
	-1

	North Fork
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Above Swanson
	0
	0
	0
	1
	0
	1
	1
	1
	0

	Swanson - Harlan
	0
	0
	0
	-1
	0
	-1
	-1
	-1
	-3

	Harlan - Guide Rock
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Guide Rock - Hardy
	0
	0
	0
	5
	0
	5
	5
	5
	-4

	Medicine
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Prairie Dog
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Red Willow
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Rock
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Sappa
	0
	0
	0
	-3
	0
	-3
	-3
	-3
	-1

	South Fork
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Hugh Butler
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Bonny
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Keith Sebelius
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Enders
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Harlan
	0
	0
	0
	-2
	0
	-2
	-2
	-2
	-4

	Harry Strunk
	0
	0
	0
	-5
	0
	-5
	-5
	-5
	-1

	Swanson
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Mainstem Total
	0
	0
	0
	-1
	0
	-1
	-1
	-1
	-2

	Total
	0
	0
	0
	-1
	0
	-1
	-1
	-1
	-1


Source: file incr_impacts_1918-2010_sum_pt1_NEMD.xls, sheet avg_2001-2010_sum_pt1avg_NEMD, range m1:u26.

Table 3. Differences between accounting version 3 compared to version 1 (RRCA accounting), applying 10-pct integration intervals, response calculated from both sides of each interval and averaged (interval-centered depletion response).

	Account
	ALL – [no MD] (joint)
	CO
	KS
	NE
	MD
	NE-MD
	Sum (separate)
	mean dis-crep
	std dev

	Arikaree
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Beaver
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Buffalo
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Driftwood
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Frenchman
	3
	0
	0
	-21
	-23
	2
	2
	-1
	-1

	North Fork
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Above Swanson
	0
	0
	0
	1
	0
	1
	1
	1
	0

	Swanson - Harlan
	7118
	0
	-15
	-7964
	-7979
	15
	0
	0
	-3

	Harlan - Guide Rock
	244
	0
	0
	-209
	-209
	0
	0
	0
	0

	Guide Rock - Hardy
	-6
	0
	0
	4
	4
	0
	0
	5
	-4

	Medicine
	9780
	0
	0
	-434
	-434
	0
	0
	0
	0

	Prairie Dog
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Red Willow
	36
	0
	0
	-19
	-19
	0
	0
	0
	0

	Rock
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Sappa
	14
	0
	-3
	12
	12
	0
	-3
	-3
	-1

	South Fork
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Hugh Butler
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Bonny
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Keith Sebelius
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Enders
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Harlan
	16
	0
	0
	3
	5
	-2
	-2
	-2
	-4

	Harry Strunk
	5
	0
	0
	0
	0
	0
	0
	-5
	-1

	Swanson
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Mainstem Total
	7356
	0
	-16
	-8168
	-8183
	15
	-1
	-1
	-3

	Total
	17211
	0
	-19
	-8626
	-8644
	18
	-1
	-1
	-1


Source: file incr_impacts_1918-2010_sum_pt1_NoMD.xls, sheet avg_2001-2010_sum_pt1avg_NoMD, range m1:u26.

Table 4. Summary of total joint and separate impacts by state, IWS credit, sum of impacts and discrepancy between sum of separate impacts and joint impact.
	Case
	ALL
	CO
	KS
	NE
	MD
	NE-MD
	sum
	mean dis-crep
	std dev

	Method 3 (NoMD)
	250779
	30241
	18250
	202286
	17211
	185075
	233565
	-2
	6

	Method 2 (NEMD)
	233568
	30241
	18268
	210911
	25855
	185056
	233565
	-2
	6

	Method 1 (rrca, pt1avg)
	233568
	30241
	18268
	210912
	25855
	185057
	233566
	-1
	8

	Total (rrca orig)
	233568
	27150
	16290
	209486
	17211
	192275
	235714
	2147
	4507


Listing: model runs and impact calculations under accounting version 1*

 (*) incomplete listing: shows only second half, 10 pct increments from f=0 to 1.

File run_pt0_to_1_pt1_incr.txt:

:: run_pt0_to_1_pt1_incr.bat   spp 5/18/2012

::

:: runs for h=0.1:

::    args:         %1  %2  %3 %4

call incr_stress_v2 0   0.1  0  1

call incr_stress_v2 0.1 0.2  1  2

call incr_stress_v2 0.2 0.3  2  3

call incr_stress_v2 0.3 0.4  3  4

call incr_stress_v2 0.4 0.5  4  5

call incr_stress_v2 0.5 0.6  5  6

call incr_stress_v2 0.6 0.7  6  7

call incr_stress_v2 0.7 0.8  7  8

call incr_stress_v2 0.8 0.9  8  9

call incr_stress_v3 0.9 1    9  1

cd..\2000

..\bin\acct_basemon_incr impacts_basemon\12p_impacts_sum_pt0_to_1_pt1_incr.par > impacts_basemon\12p_impacts_sum_pt0_to_1_pt1_incr.log

cd..\bgn2001

..\bin\acct_basemon_incr impacts_basemon\2001-2010_impacts_sum_pt0_to_1_pt1_incr.par > impacts_basemon\2001-2010_impacts_sum_pt0_to_1_pt1_incr.log

:: previous runs for h=0.5:

::

:: call incr_stress_v2 0 0.5 0 5

:: call incr_stress_v3 0.5 1 5 1

:: previous run for h=1:

::

:: call incr_stress_v3 0 1 0 1
Listing: model runs and impact calculations under accounting version 2

:: run_pt1_impacts_NEMD.bat from gw\rrca\2000s

:: spp 5/23/2012

::

:: stress 0.1 decrements:

:: begin by re-running all impact cases for first two decrements to name output sfi files

:: consistent with other sfi file names. For remaining 10-pct decrements, run only the combined NEMD impact cases.

:: Then run the 10-pct increments.

::

call sub_ptxx 0.9 1 1 1 9CO_pt1

call sub_ptxx 1 0.9 1 1 9KS_pt1

call sub_ptxx 1 1 0.9 1 9NE_pt1

call sub_ptxx 1 1 1 0.9 9MD_pt1

call sub_ptxx 0.8 0.9 0.9 0.9 8CO_pt1

call sub_ptxx 0.9 0.8 0.9 0.9 8KS_pt1

call sub_ptxx 0.9 0.9 0.8 0.9 8NE_pt1

call sub_ptxx 0.9 0.9 0.9 0.8 8MD_pt1

call sub_ptxx 1   1   0.9 0.9 9NEMD_pt1

call sub_ptxx 0.9 0.9 0.8 0.8 8NEMD_pt1

call sub_ptxx 0.8 0.8 0.7 0.7 7NEMD_pt1

call sub_ptxx 0.7 0.7 0.6 0.6 6NEMD_pt1

call sub_ptxx 0.6 0.6 0.5 0.5 5NEMD_pt1

call sub_ptxx 0.5 0.5 0.4 0.4 4NEMD_pt1

call sub_ptxx 0.4 0.4 0.3 0.3 3NEMD_pt1

call sub_ptxx 0.3 0.3 0.2 0.2 2NEMD_pt1

call sub_ptxx 0.2 0.2 0.1 0.1 1NEMD_pt1

call sub_ptxx 0.1 0.1 0   0   0NEMD_pt1

cd..\2000

..\bin\acct_basemon_incr impacts_basemon\12p_incr_impacts_sum_pt1_NEMD.par > impacts_basemon\12p_incr_impacts_sum_pt1_NEMD.log

cd..\bgn2001

..\bin\acct_basemon_incr impacts_basemon\incr_impacts_2001-2010_sum_pt1_NEMD.par > impacts_basemon\incr_impacts_2001-2010_sum_pt1_NEMD.log

:: stress 0.1 increments:

cd..\2000s

call sub_ptxx 0   0   0.1 0.1 0_pt1NEMD

call sub_ptxx 0.1 0.1 0.2 0.2 1_pt2NEMD

call sub_ptxx 0.2 0.2 0.3 0.3 2_pt3NEMD

call sub_ptxx 0.3 0.3 0.4 0.4 3_pt4NEMD

call sub_ptxx 0.4 0.4 0.5 0.5 4_pt5NEMD

call sub_ptxx 0.5 0.5 0.6 0.6 5_pt6NEMD

call sub_ptxx 0.6 0.6 0.7 0.7 6_pt7NEMD

call sub_ptxx 0.7 0.7 0.8 0.8 7_pt8NEMD

call sub_ptxx 0.8 0.8 0.9 0.9 8_pt9NEMD

call sub_ptxx 0.9 0.9 1   1   9_1NEMD

cd..\2000

..\bin\acct_basemon_incr impacts_basemon\12p_impacts_sum_pt0_to_1_pt1_incr_NEMD.par > impacts_basemon\12p_impacts_sum_pt0_to_1_pt1_incr_NEMD.log

cd..\bgn2001

..\bin\acct_basemon_incr impacts_basemon\2001-2010_impacts_sum_pt0_to_1_pt1_incr_NEMD.par > impacts_basemon\2001-2010_impacts_sum_pt0_to_1_pt1_incr_NEMD.log
Listing: model runs and impact calculations under accounting version 3

:: run_pt1_centered_impacts_NoMD.bat   spp 8/7/2012

::

:: 10-pct stress decrements

:: args:         %1  %2 %3 %4

call incr_stress_NOMD 0.9 1.0 9 1

call incr_stress_NOMD 0.8 0.9 8 1

call incr_stress_NOMD 0.7 0.8 7 1

call incr_stress_NOMD 0.6 0.7 6 1

call incr_stress_NOMD 0.5 0.6 5 1

call incr_stress_NOMD 0.4 0.5 4 1

call incr_stress_NOMD 0.3 0.4 3 1

call incr_stress_NOMD 0.2 0.3 2 1

call incr_stress_NOMD 0.1 0.2 1 1

call incr_stress_NOMD 0.0 0.1 0 1

cd..\2000

..\bin\acct_basemon_incr impacts_basemon\12p4_incr_impacts_sum_pt1_NoMD.par > impacts_basemon\12p4_incr_impacts_sum_pt1_NoMD.log

cd..\bgn2001

..\bin\acct_basemon_incr impacts_basemon\incr_impacts_2001-2010d_sum_pt1_NoMD.par > impacts_basemon\incr_impacts_2001-2010d_sum_pt1_NoMD.log

call incr_stress_v4 0   0.1  0  1

call incr_stress_v4 0.1 0.2  1  2

call incr_stress_v4 0.2 0.3  2  3

call incr_stress_v4 0.3 0.4  3  4

call incr_stress_v4 0.4 0.5  4  5

call incr_stress_v4 0.5 0.6  5  6

call incr_stress_v4 0.6 0.7  6  7

call incr_stress_v4 0.7 0.8  7  8

call incr_stress_v4 0.8 0.9  8  9

call incr_stress_v5 0.9 1    9  1

cd..\2000

..\bin\acct_basemon_incr impacts_basemon\12p4_impacts_sum_pt0_to_1_pt1_incr_NoMD.par > impacts_basemon\12p4_impacts_sum_pt0_to_1_pt1_incr_NoMD.log

cd..\bgn2001

..\bin\acct_basemon_incr impacts_basemon\2001-2010d_impacts_sum_pt0_to_1_pt1_incr_NoMD.par > impacts_basemon\2001-2010d_impacts_sum_pt0_to_1_pt1_incr_NoMD.log

:: sub incr_stress_NoMD.bat args %1 %2 %3 %4

:: %1 and %2 are cmd STRESSF args for prog rrpptestv4:

:: %1: stress fraction for impact case; %2: stress fraction for other cases

:: %3 and %4 are used to name cases, and refer to significant digits:

:: %3: significant digits of impact case stress fraction;

:: %4: significant digits of stress increment

:: example: call incr_stress 0.95 0.975 95 025

::

:: call sub_ptxx %1 %2 %3 %4 %5 for CO KS NE MD fractions of full stress; use arg %5 to name files.

:: spp 3/20/2012

::

cd\gw\rrca\2000s

call sub_ptxx_NoMD %1 %1 %1 0 %3ALL

call sub_ptxx_NoMD %1 %2 %2 0 %3CO_pt%4

call sub_ptxx_NoMD %2 %1 %2 0 %3KS_pt%4

call sub_ptxx_NoMD %2 %2 %1 0 %3NE_pt%4
:: sub incr_stress_v4.bat args %1 %2 %3 %4

:: example (desc.): call incr_stress_NoMD 0.8 0.9 8 1

:: example (asc.): call incr_stress_v4 0.8 0.9 8 9

::

:: call sub_ptxx %1 %2 %3 %4 %5 for CO KS NE MD fractions of full stress; use arg %5 to name files.

:: spp 3/20/2012

::

cd\gw\rrca\2000s

:: call sub_ptxx_NoMD %1 %1 %1 0 %3ALL

call sub_ptxx_NoMD %2 %1 %1 0 %3_pt%4CO

call sub_ptxx_NoMD %1 %2 %1 0 %3_pt%4KS

call sub_ptxx_NoMD %1 %1 %2 0 %3_pt%4NE

:: sub incr_stress_v5.bat args %1 %2 %3 %4

:: example: call incr_stress_v5 0 1 0 1

::

:: call sub_ptxx_NoMD %1 %2 %3 %4 %5 for CO KS NE MD fractions of full stress; use arg %5 to name files.

:: spp 3/20/2012

::

cd\gw\rrca\2000s

:: call sub_ptxx_NoMD %1 %1 %1 0 %3ALL

call sub_ptxx_NoMD %2 %1 %1 0 %3_%4CO

call sub_ptxx_NoMD %1 %2 %1 0 %3_%4KS

call sub_ptxx_NoMD %1 %1 %2 0 %3_%4NE

:: sub_ptxx_NoMD.bat args %1 %2 %3 %4 %5 for cmd STRESSF CO KS NE MD fractions of full stress and suffix %5

::                   args %1 %2 %3 %4: pass to rrpptestv4: cmd STRESSF CO KS NE MD fractions of full stress

::                   arg  %5:  suffix %5

:: spp Mar 9, 2012

:: spp Jun 20,2012: revised to extract heads at end of 2010 for input to 2011 annual update test.

::

:: begin in \gw\rrca\2000s>

..\bin\rrpptestv4 rrpp\12p4_ptxx.par STRESSF %1 %2 %3 %4 > rrpp\12p4_pt%5.log

cd..\2000

..\bin\mf2k nam\12p4_ptxx.nam

copy/y in\12p4_ptxx.rch in\12p4_pt%5.rch

copy/y in\12p4_ptxx.wel in\12p4_pt%5.wel

copy/y out\12p4_ptxx.sfi out\12p4_pt%5.sfi

copy/y out\12p4_ptxx.out out\12p4_pt%5.out

:: copy/y out\12p4_ptxx.head out\12p4_pt%5.head

..\bin\readHeads_revisit < heads\readheads_12p4_ptxx_Dec2000.par > heads\readheads_12p4_ptxx_Dec2000.log

cd..\bgn2001

..\bin\rrpptestv4 rrpp\2001-2010d_ptxx.par STRESSF %1 %2 %3 %4 > rrpp\2001-2010d_pt%5.log

..\bin\mf2k nam\2001-2010d_ptxx.nam

..\bin\readHeads_revisit < heads\readheads_2001-2010d_ptxx_Dec2010.par > heads\readheads_2001-2010d_ptxx_Dec2010.log

copy/y 2001d_ptxx.bas 2001_pt%5.bas

copy/y shead\2001d_ptxx.shead shead\2001d_pt%5.shead

copy/y shead\2011d_ptxx.shead shead\2011d_pt%5.shead

copy/y in\2001-2010d_ptxx.rch in\2001-2010d_pt%5.rch

copy/y in\2001-2010d_ptxx.wel in\2001-2010d_pt%5.wel

copy/y out\2001-2010d_ptxx.sfi out\2001-2010d_pt%5.sfi

copy/y out\2001-2010d_ptxx.out out\2001-2010d_pt%5.out

:: copy/y out\2001-2010d_ptxx.head out\2001-2010d_pt%5.head

cd..\2000s

Appendix. Comparison of methods in August, 2007 memo.

The three methods analyzed in the 2007 memo are summarized as follows:

1. RRCA: base case includes mound imports; calculate each state’s gw CBCU and IWS credit separately.

2. Previously studied version: variation on (1): calculate combined impact of NE gw CBCU and IWS credit.

3. NE proposal: base case excludes mound imports for purpose of calculating each state’s gw CBCU; IWS credit is calculated by RRCA procedure.
Table 1 compares the discrepancies between the sum of separate impacts with the combined impact for each of the three methods. Table 2 (below) defines the notation used to represent the model runs. Sums over the impact terms for each of the three methods were denoted in the 2007 memo as 
(1):
z1( = base + (a – base) + (b – base) + (c – base) + (d – base)

(2):
z2( = base + (a – base) + (b – base) + (cd – base)

(3):
z3( = base + (ad – d) + (bd – d) + (cd – d) + (d – base)

Note that eqn. (3) for the Nebraska proposal is equivalent to the following:

(3’):
z3( = base + (ad – d) + (bd – d) + (cd – base)

This shows that methods 2 and 3 are equivalent for calculating the net Nebraska impact. Additionally, the differences between methods 2 and 3 appear negligible for Colorado impacts and relatively small for Kansas impacts, as shown in the 2007 memo (Table 5, columns 3 and 4).
The two alternative accounting methods were compared against the RRCA Accounting Procedures (AP) on the basis of how well the sum of the separate impacts of each state’s pumping and imported water supply approximated the combined impacts of the virgin water supply case. The resulting discrepancy was shown to be smallest among the three for the RRCA AP, averaged over years 1990-2000 and 2001-2006. The discrepancies with respect to the virgin water supply for the three methods are shown in Fig. 5 of the 2007 memo, reproduced below, for historical years 1960-2006 and future years 2007-2056. Discrepancies for the two alternative methods were significantly greater than those for the RRCA AP. Based on this comparison, the method proposed by Nebraska was rejected by Kansas.

Tables 1-4 of the 2007 memo summarize calculated impacts and discrepancies under the RRCA AP and the two alternative accounting methods. The 2007 memo shows that the two alternative methods produce exactly the same net Nebraska impacts, and that this is because the net Nebraska impacts are mathematically equivalent under the two methods. The Appendix shows this equivalence, and reproduces Tables 1-4 from the 2007 memo. These results also show that excluding mound imports from the base case under Nebraska’s proposal has practically no effect on Colorado impacts: for 1990-2005, mean change = -2 ac-ft/yr, standard deviation = 8 ac-ft/yr. The exclusion has a small effect on Kansas’ impacts: for 1990-2005, mean change = -260 ac-ft/yr, standard deviation = 510 ac-ft/yr.

Table 1a.  Average total impacts of virgin water supply case, sums of impacts under formulas 1-3, and discrepancies with respect to virgin water supply case in acre-feet using program acct_pc.

	period
	vws (z) af
	Total (1) af
	Total (2) af
	Total (3) af
	Discrep (1) af
	Discrep (2) af
	Discrep (3) af

	1990-2000
	208198
	208047
	201875
	201676
	-150
	-6323
	-6522

	2001-2006
	223914
	225967
	211133
	210710
	2053
	-12781
	-13205


Table 1b.  Average discrepancies of impact formulas 1-3 with respect to virgin water supply case in acre-feet (columns on left) and as fractions of mound impact (columns on right) using program readccf.

	period
	Discrep (1) af
	Discrep (2) af
	Discrep (3) af
	discrep(1)/ impact(d)
	discrep(2)/ impact(d)
	discrep(3)/ impact(d)

	1990-2000
	-556
	-6637
	-6871
	0.03
	0.37
	0.38

	2001-2006
	2148
	-12681
	-12949
	-0.17
	0.99
	1.02


Table 2.  Cases of the RRCA model used to compare separate and combined impacts

	case
	description

	base
	historical pumping and irrigation recharge from Platte River (mound) imports

	a
	No CO pumping, mound ON

	b
	No KS pumping, mound ON

	c
	No NE pumping, mound ON

	d
	Mound OFF

	z
	No pumping and no mound

	ad
	No CO pumping and no mound

	bd
	No KS pumping and no mound

	cd
	No NE pumping and no mound


.
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Fig. 5.  Computed baseflow discrepancy with respect to virgin water supply case for the sum of flows for the base case and impacts for alternate versions of impact formulas, including one proposed by Nebraska (1960-2056) [from 2007 memo]
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