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Expert Supplemental Report
Dated May §, 2013
Prepared for the
City of Pocatello

1.0 Introduction

On December 13, 2011, Rangen, Inc. (“Rangen”) filed a Petition for Delivery Call (“Rangen
Petition,” or “Rangen Call”) with the Idaho Department of Water Resources (“IDWR”) seeking
curtailment of ground water rights in the Eastern Snake Plain Aquifer (“ESPA”) with priority
dates junior to Rangen’s Water Right Nos. 36-02551 (July 13, 1962 priority) and 36-07694
(April 12, 1977 priority). Spronk Water Engineers, Inc. (“SWE”) has prepared the following
expert reports for the Rangen Call on behalf of the City of Pocatello:

e Expert Report dated December 21, 2012 (“2012 Expert Report™)
e Expert Rebuttal Report dated February 7, 2013 (“2013 Expert Rebuttal Report™)

e Expert Response to IDWR Staff Memorandum dated April 5, 2013 (“2013 Response
Report”)

On April 22, 2013, the IDWR Director issued an Order Granting in Part and Denying in Part
Rangen, Inc.’s Motion for Partial Summary Judgment Re: Source related to the source and point
of diversion for Rangen’s water rights (“April 2013 Order”). The ruling confirmed that the
source of water for Rangen’s water rights is the Martin-Curren Tunnel (“Curren Tunnel”) and the
point of diversion is limited to locations within a 10-acre tract of land identified as the SW1/4 of
the SW1/4 of the NW1/4 of Section 32, Township 7 South, Range 14 East (“10-acre Tract”). An
updated Figure 2-3 from the 2013 Response Report is attached showing the location of the

Curren Tunnel and the 10-acre Tract.

In response to the April 2013 Order, Rangen’s expert, Dr. Charles Brockway, conducted flow
measurements at the Rangen Hatchery and prepared a supplemental expert report with new

opinions (“Brockway Supplemental Report™).



I have prepared this report to respond to the data and opinions contained in the Brockway
Supplemental Report. In addition, in response to the April 2013 Order, I have revised several of
the figures and tables that were included in my prior reports to disaggregate Rangen’s total
historical water supply into the portion that was derived from the Curren Tunnel source and the
portion that was derived from other sources and which historically has been diverted by Rangen
at its Large Raceway Diversion located outside of the 10-acre Tract. None of the opinions

contained in my prior reports have changed as a result of the additional information provided

herein.

2.0 Response to Brockway Supplemental Expert Report

On April 22, 2013 Dr. Brockway visited the Rangen Hatchery to observe and measure the flows
of the Curren Spring complex that supplies the fish propagation and domestic water uses at the
Rangen Research Hatchery (“Rangen Hatchery™). The purpose of his visit was to identify and
quantify the portion of Rangen’s water supply that originates within the 10-acre Tract. During
his site visit, Dr. Brockway walked along the Rangen’s water delivery pipelines up to the outlet
of the Curren Tunnel and across other parts of the 10-acre Tract. During his walk, Dr. Brockway
took digital photographs of springs and seeps that contribute to Rangen’s water supply. He also
measured or estimated the flow of several of the springs and seeps. There were several tables
and a map included in the Brockway Supplemental Report that summarize the locations of the
springs and seeps and the measured or estimated flows. Copies of the digital photographs were
provided by Dr. Brockway in response to a request from Pocatello. A deposition of Dr.

Brockway was held on May 1, 2013 to inquire about his site visit and supplemental report.

Exhibit C to the Brockway Supplemental Report shows the location of his flow observations and
photographs. These locations are marked on Exhibit C with numbers ranging from 140 — 192,
and GPS coordinates for each location are attached to the report. The numerical order of the
photographs indicates the order in which the photographs were taken and the walking path that
Dr. Brockway followed during the site visit. The tour started near the Hatch House and
progressed along the pipes that deliver water to the Hatch House, Greenhouse, and Small

Raceways up to the Curren Tunnel that is the source for these pipes and continued in a counter-
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clockwise direction generally along the perimeter of the heavily vegetated area of the Curren
Spring complex. The remainder of the observations and photographs were along Billingsley
Creek from the area of the Large Raceway Diversion east to the confluence with the outfall from
the CTR Raceways.

Dr. Brockway testified in his recent deposition that there are numerous springs that emerge from
the talus slope apart from the flow of the Curren Tunnel. These springs, along with the portion
of the Curren Tunnel flow that is not diverted for use in the Hatch House, Greenhouse, or Small
Raceways, supply the water that is diverted at the bottom of the talus slope at the Large Raceway
Diversion. Dr. Brockway testified that he was unable to easily reconnoiter these springs due to
the rugged terrain and dense vegetation within portions of the talus slope. As to spring and seeps
that he was able to get to, Dr. Brockway was unable to measure the flows of most of them

because they were inaccessible to his flow measuring equipment.

Instead of directly measuring or estimating the spring flow that arises within the 10-acre Tract,
Dr. Brockway measured or estimated the flow into Billingsley Creek below the talus slope and
outside of the 10-acre Tract from various pipe outfalls, and these flows totaled 0.38 cfs. He then
subtracted this amount from the total Rangen flow of 12.44 cfs on that day (comprised as the
sum of the flows in the CTR Raceways and at the Lodge Dam in Billingsley Creek). The
difference of 12.06 cfs, or 97 percent of the total Rangen flow, is the portion of Rangen’s total

water supply that Dr. Brockway claims originates from sources within the 10-acre Tract.

Dr. Brockway’s approach for estimating the flow that arises within the 10-acre Tract by
subtracting the discrete point inflows to Billingsley Creek outside of the 10-acre Tract from the
total Rangen flow does not consider other sources of flow that make up the total Rangen flow.
Most of the flow that collects at the base of the talus slope and which is available for diversion at
the Large Raceway Diversion is comprised of overland flow and underflow from the talus slope.
Dr. Brockway did not attempt to identify how much of this flow arises inside the 10-acre Tract as

opposed to outside the 10-acre Tract.



Dr. Brockway did not address the portion of the April 2013 Order that affirmed that the source of
water for Rangen’s water rights is the Curren Tunnel. Rangen diverts discharges from the
Curren Tunnel within the 10-acre Tract at two locations. One location is within the Curren
Tunnel via a 6-inch PVC pipe that delivers water for use in the Hatch House, Greenhouse, the
on-site laboratory, and for domestic uses. This pipe is referred to by Rangen as the “6-inch white

pipe.”

Water that is not diverted into the 6-inch white pipe flows out of the Curren Tunnel into a
collection box known as the Farmers’ Box. The flow of the Curren Tunnel into the Farmers’
Box used to be split between Rangen and three irrigation water users with water rights senior to
Rangen’s 1962 priority water right. A separate water source known as the Sandy Pipeline was
developed for the three irrigation users in 2003, and there have been no significant deliveries of
water from the Curren Tunnel to the senior irrigation users since that time. Apart from the
diversions to the farmers that ended in 2002, water delivered into the Farmers’ Box either spilled
onto the talus slope, or was diverted into a pipeline that extends approximately 100 feet downhill
to another collection box known as the Rangen Box. From there, water is either diverted into a

steel pipeline that conveys water to the Small Raceways or spills from the Rangen Box onto the

talus slope.

The spills of Curren Tunnel water onto the talus slope from the Farmers’ Box and the Rangen
Box co-mingle with the flows of other springs, and these flows are collected at the base of the
talus slope and are diverted at the Large Raceway Diversion for delivery to the Large Raceways
and the CTR Raceways. The Large and CTR Raceways are also supplied from the outflow of
the Small Raceways. Dr. Brockway’s observations during his April 2013 site visit indicated that
there were several small springs between the Farmers’ Box and the Rangen Box, but that most of

these did not collect in the Rangen Box and instead flowed down the talus slope.

Based on my review of Dr. Brockway’s supplemental report and my other work on the Rangen
Delivery Call, it is my opinion that virtually all of the water that Rangen diverts from its two

existing diversion facilities within the 10-acre Tract (the 6-inch white pipe diversion from within



the Curren Tunnel and the steel pipe diversion from the Rangen Box) originates as water
discharged from the Curren Tunnel. Other water that originates within the 10-acre Tract apart
from the discharge of the Curren Tunnel flows down the talus slope and can only be diverted by

Rangen at the Lower Raceway Diversion located outside of the 10-acre Tract.

3.0 Disaggregation of Rangen Water Supply

Rangen currently quantifies its water use based on the sum of the measured flows in the CTR
Raceways and the flow over the Lodge Dam in Billinsgley Creek. The sum of these flows
represents the total flow available for Rangen’s use and includes (a) discharges from the Curren
Tunnel, (b) other spring flows arising within the 10 acre Tract, and (c) spring flows and other
flows that originate outside of the 10-acre Tract. As a result of the Director’s summary judgment
ruling that the water supply that Rangen is authorized to divert is limited to the flow from the
Curren Tunnel, we performed an analysis to disaggregate Rangen’s historical water supply into
the amounts that originate at the tunnel and the amounts derived from other sources. We had
previously provided this information in the 2012 Expert Report for the period since 1993 when
IDWR began measuring the flow of the Curren Tunnel. The analysis described herein uses the
1993-2011 data to back-cast the Curren Tunnel flow prior to 1993 when separate measurements
are not available. The back-cast analysis is similar to an analysis performed by Dr. Charles
Brendecke and reported in his December 21, 2012 report prepared on behalf of the Idaho Ground
Water Appropriators (“IGWA”).

From 1993 — 2011, IDWR measured the flow from the Curren Tunnel based on the depth of flow
in the tunnel and a stage-discharge relationship. According to IDWR, these historical
measurements do not include diversions into the 6-inch white pipe. Records of the flow of the 6-
inch white pipe have been reported by Rangen to IDWR, and these records are available from
beginning in 1996. The total flow of the Curren Tunnel may be computed as the sum of IDWR’s
measurements of the tunnel flow and the measurements of the 6-inch white pipe. A summary of
the Curren Tunnel flows and the total Rangen flows from 1993 — 2011 is shown in the attached

updated Figure 2-7 from the 2012 Expert Report.



The Curren Tunnel flows prior to 1993 were estimated or back-casted using a linear regression
relationship between the monthly records of the Curren Tunnel flow and the total Curren Spring
flow. The linear regression equation was applied to the reported monthly total Curren Spring
flows from 1966 — 1992 to compute the portion of the total flow of the Curren Spring complex

that came from the Curren Tunnel prior to the time that the Curren Tunnel flow data became
available in 1993.

A scatter plot of the total flows of the Curren Spring complex and the Curren Tunnel is shown in

the attached Figure 1. The linear regression equation that relates these two data sets is shown

below:
Curren Tunnel Flow = 0.7488 x Total Curren Spring Flow — 5.8636

The regression relationship has an R-squared value of 0.9465, which indicates an excellent

correlation between the Curren Tunnel flow and the total Curren Spring flow.

The regression equation was used to compute the monthly Curren Tunnel flows from 1966 —
1992, and the results are plotted in an updated Figure 2-5a from 2012 Expert Report. The
Curren Tunnel flow in Figure 2-5a reflects the total flow of the Curren Tunnel including
diversions from the Farmers’ Box for irrigation prior to 2003. Figure 2-5b was prepared to
show the historical Curren Tunnel flow that was available for use by Rangen by subtracting the
estimated and actual irrigation diversions from the total Curren Tunnel flow. The monthly

average flows in Figure 2-5b are summarized as annual average flows in Figure 2-Sc.

There has always been significant seasonal variability in the Curren Tunnel flow. An updated
Figure 2.6a from the 2012 Expert Report is attached and shows the computed monthly total
Curren Tunnel flows for each year from 1966 — 1975 when the tunnel flow was likely at its
historical peak. The portion of the historical Curren Tunnel flow from 1966 — 1975 that was
available for use by Rangen is shown in Figure 2.6b. During this period, the Curren Tunnel

flow available to Rangen generally ranged from a low of 10 to 20 cfs in May to a high of 35 to



50 cfs in October. Only in October of 1971 and 1972 was there sufficient flow from the Curren
Tunnel to fully satisfy Rangen’s 1962 priority water right (36-2551).

Appendix A contains tables showing the backup data for the regression analysis. In addition,
tables are provided in the appendix to show the monthly figures that were plotted in the figures
described above. Additional details regarding the monthly flow figures are documented in the

notes at the bottom of the tables.

4.0 Effect of Curtailment on the Curren Tunnel Flow

The prior expert reports prepared on behalf of Pocatello and the IDWR staff Memorandum
summarize the simulated increase in the total Curren Spring flow resulting from curtailment of
ESPA ground water rights junior to July 13, 1962. As a result of the Director’s April 2013
Ruling, it is necessary to estimate the portion of increased Curren Spring flow that would occur
at the Curren Tunnel. This information is not directly available from the Eastern Snake Plain
Aquifer Model Version 2.1 (“ESPAM 2.1”) because the Curren Spring is simulated as a single
drain in the model. It may be possible to modify the model to separately simulate the flows of
the Curren Tunnel and the talus slope springs, but it would be necessary to reconfigure and

recalibrate the model to accomplish this.

In lieu of reconfiguring and recalibrating the ESPAM 2.1, the portion of the predicted increase in
the total flow of the Curren Spring as a result of curtailment that would occur at the Curren
Tunnel was estimated using the regression equation described in Section 3.0. The increased flow
at the Curren Spring from curtailment was computed by multiplying the predicted increase in the
total Curren Spring flow from the ESPAM 2.1 curtailment run (17.9 cfs at steady state) by the
slope of the regression equation (0.7488). The result is an estimated increase in the flow of the
Curren Tunnel at steady state of 13.3 cfs. An updated Table 2-1 from the 2013 Response Report

showing the results of the curtailment run is attached.



As described in the 2013 Response Report, a substantial portion of the increased flow from
curtailment will accrue to water rights that are junior to Rangen’s July 13, 1962 priority water
right. The updated Table 2-1 shows the percentages of the combined decreed flow rates for the
water rights at each spring that are junior to Rangen’s July 13, 1962 priority date.

An updated Figure 2-1 from the 2013 Response Report is attached to show the estimated
increase in the Curren Tunnel flow at steady state (13.3 cfs) that would result from curtailment of

ESPA ground water rights junior to July 13, 1962.

Table 2-3 and Figure 2-2 of the 2013 Response Report showed the estimated increase in the
monthly flows of the Curren Spring and the Curren Tunnel from curtailment. These results were
based on the regression relationship developed by Dr. Brendecke. In reviewing Table 2-3 and
Figure 2-2 it was discovered that Dr. Brendecke’s regression equation had been applied
incorrectly to estimate the portion of the increased flow from curtailment that would accrue to
the Curren Tunnel. Updated versions of Table 2-3 and Figure 2-2 are attached with the
regression equation described in this report applied to disaggregate the total Curren Spring flow
into the portion that will accrue to the Curren Tunnel and the portion that will accrue to the talus

slope springs.

The red dashed line in the upper chart in Figure 2-2 shows the increased flow at the Curren
Tunnel at steady state following curtailment. The predicted increase in flow following

curtailment ranges from 10 cfs during February — April to about 18 cfs during August and
September.

As shown in Figure 2.5¢, the current average annual Curren Tunnel flow is approximately 5 cfs.
Adding the approximately 13 cfs of increased flow to the Curren Tunnel results in a predicted
total Curren Tunnel flow of about 18 cfs at steady state following curtailment. Review of the
annual flow data in Figure 2.5¢ shows that the total Curren Spring flow that Rangen has been
using in recent years (a portion of which was used in violation of Rangen’s water rights based on

the April 2013 Order) was last at 18 cfs in 2001. This means that if curtailment was ordered as



proposed by Rangen, the flow that would be available to Rangen at steady state from the Curren
Tunnel would be approximately the same flow that Rangen was using from all sources in 2001.
Based on this, Rangen’s historical use of water prior to 2001 would seem to be of little relevance
to their delivery call as Rangen could not expect a return to conditions that existed before that

time, even if the curtailment that Rangen seeks actually occurs.

Figures 8-1 and 8-2 in the 2012 Expert Report illustrated the computed benefit to the Curren
Spring flow that would result from curtailment of Pocatello’s wells within the ESPA Area of
Common Ground Water Supply. Updated Figures 8-1a and 8.2a are attached to also show the
estimated increase in the flow of the Curren Tunnel that would result from curtailment of
Pocatello’s ESPA wells. The results in Figures 8-2a shows that the Curren Tunnel flow would
increase by approximately 0.014 cfs at steady-state from curtailment of Pocatello’s ESPA wells.
This equates to an increased flow of about 6 gallons per minute, which is less than the flow of a

typical garden hose.

Figure 8-3 of the 2012 Expert Report shows the location of various assumed trim lines from
IDWR’s ESPAM 2.1 steady-state curtailment run. An updated Figure 8-3a is attached to
illustrate the location of the trim lines relative to accrual of water to the Curren Tunnel rather

than the Curren Spring.

Figure 8-4 in the 2012 Expert Report was prepared to illustrate the steady-state accrual of water
to the Curren Spring for various trim lines. The information in the original Figure 8-4 was from
ESPAM 2.0 runs made by IDWR. Figure 18 of the IDWR Staff Memorandum updated the
results shown in Figure 8-4 based on runs of ESPAM 2.1. An updated Figure 8-4a is attached
that shows the ESPAM 2.1 results from the IDWR Staff Memo. In addition, the updated Figure
8-4a shows the estimated steady-state accrual of water to the Curren Tunnel within various trim
lines. The Curren Tunnel results shown in the updated Figure 8-4a are based on the Curren

Spring results multiplied by the slope of the Curren Tunnel regression equation described herein
(0.7488).
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Table A-1

Monthly Average Flow
Martin-Curren Tunnel

September 1993 - 2011
Values in CFS

1a. IDWR Measured Tunnel Flow (1)

Ann Ann Total
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Avg | Max | Min (AF)
1993 113 154 163 134
1994 115 101 87 6.2 7.0 6.6 5.6 81 128 167 156 127|101 | 167 | 5.6 7,325
1995 108 9.2 8.4 6.5 5.8 7.1 6.6 77 119 160 165 149|101 | 165 | 5.8 6,417
1996 136 122 114 102 91 9.7 85 115 160 195 201 18.7 | 134 | 201 | 85 9,708
1997 175 164 16.0 151 136 141 171 17.2 216 232 239 232} 182 ] 239 136 13,217
1998 19.8 188 179 177 170 13.8 126 170 210 228 203 181 | 22.8| 126 12,065
1999 181 168 154 142 128 133 120 132 177 219 223 203 | 16.5 | 223 | 120 10,701
2000 187 173 158 131 123 111 102 122 169 203 203 180 | 155 | 203 | 10.2 11,251
2001 157 142 121 94 7.1 6.1 5.8 6.7 9.2 119 130 116 | 102 ] 15.7 | 5.8 7,382
2002 87 69 60 51 35 25 23 24 54 105 99 80 | 59 ]|105]| 23 4,287
2003 65 51 46 32 26 23 19 32 61 98 90 75|51 )] 98] 19 3,259
2004 6.7 5.8 5.0 3.5 3.6 4.0 3.5 3.9 5.8 5.0 3.8 3.1 45 6.7 3.1 3,245
2005 26 2.2 21 20 2.0 15 11 13 31 6.4 5.7 4.5 29 6.4 1.1 2,082
2006 3.4 34 2.9 2.9 3.1 4.5 5.6 5.0 78 103 9.9 7.8 5.5 103 | 29 4,022
2007 S.1 4.7 3.6 2.5 2.7 3.6 3.0 2.7 81 118 107 89 56 | 11.8| 25 3,520
2008 7.2 6.5 4.2 2.7 i6 26 1.9 2.1 34 8.2 7.5 4.2 43 8.2 1.6 3,140
2009 33 29 2.0 11 1.2 16 1.8 14 39 8.7 6.7 5.5 33 8.7 11 2,419
2010 39 3.8 26 14 1.7 3.0 1.9 0.8 1.8 5.8 6.0 41 31 6.0 0.8 2,217
2011 3.0 2.9 2.6 2.6 2.8 2.4 1.9 2.0 4.4 8.2 9.3 6.9 4.1 9.3 19 2,543

1b. White Pipe (6-inch) in Tunnel (2)
Ann Ann Total
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Avg | Max | Min (AF)
1993 06 04 03 0S5
1994 0.5 0.4 0.4 0.6 0.6 0.5 0.5 0.6 0.6 0.4 0.3 05 0.5 0.6 03 351
1995 0.5 0.4 0.4 0.6 0.6 0.5 0.5 0.6 0.6 0.4 0.3 0.5 0.5 0.6 0.3 323
1996 o6 07 07 07 09 07 10 09 08 08 05 09|08 ]| 10| 05 559
1997 0.9 0.7 0.7 0.8 0.9 09 1.0 0.9 0.9 1.0 1.0 0.8 0.9 1.0 0.7 627
1998 0.9 0.9 0.9 11 1.2 13 1.2 1.2 11 0.6 0.1 0.0 0.9 i3 0.0 633
1999 0.0 0.1 0.1 0.3 0.6 0.9 0.8 1.2 0.7 0.5 0.6 0.7 0.6 1.2 0.0 358
2000 06 06 07 09 07 07 09 10 08 06 04 04 07| 10| 04 495
2001 03 0.3 0.3 0.6 0.7 0.9 1.0 0.1 0.4 0.1 0.1 0.5 0.4 1.0 0.1 325
2002 0.6 0.8 0.9 0.6 0.6 0.7 0.5 0.7 0.7 0.4 1.0 09 0.7 10 0.4 499
2003 0.9 11 0.6 0.2 0.3 0.2 0.2 0.2 03 0.1 0.2 0.2 0.4 11 0.1 262
2004 01 01 03 06 02 02 02 02 03 02 03 01]02] 06| 01 173
2005 0.3 0.1 0.3 0.2 0.3 0.2 0.3 0.2 0.2 0.2 0.3 0.2 0.2 03 0.1 168
2006 0.5 0.1 03 0.4 0.2 0.2 0.2 0.2 0.3 0.7 0.3 0.4 03 0.7 0.1 227
2007 0.7 0.1 0.1 0.4 0.7 0.2 0.2 0.6 0.5 0.1 0.1 0.4 0.3 0.7 0.1 214
2008 07 01 02 07 05 01 01 06 10 08 01 06| 05 1.0 | 0.1 334
2009 0.5 0.1 0.2 0.6 0.5 0.1 0.1 0.3 0.7 0.4 0.1 0.5 0.3 0.7 0.1 243
2010 o6 01 02 O07 02 01 01 04 06 02 01 03|03} 07| 01 210
2011 0.4 0.1 0.1 0.5 0.5 0.1 0.1 0.3 0.6 0.3 0.1 04 0.3 0.6 0.1 186
Notes:

(1) Martin-Curren Tunnel flow provided by IDWR (September 8, 1993 - 2011).

(2) 6-Inch white pipe flow (domestic, irrigation, hatch house, greenhouse, and lab) provided by IDWR from 1996 - 2011; flow from
1993 - 1995 estimated using average monthly flows from 1996 - 2011.
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Table A-2

Monthly Average Flow
Martin-Curren Tunnel

September 1993 - 2011
Values In CFS

2a. Tunnel Flow to Farmers (1)

Ann Ann Total
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Avg | Max | Min (AF)
1993 5.8 3.0 0.0 0.0
1994 00 00 00 25 25 25 50 50 25 25 00 00} 19 50| 00 1,369
1995 0.0 0.0 0.0 2.0 3.0 35 3.0 3.2 2.0 0.0 0.0 0.0 14 35 0.0 1,012
1996 0.0 0.0 0.0 1.2 25 2.6 2.8 23 24 0.4 0.0 0.0 1.2 2.8 0.0 861
1997 0.0 0.0 0.0 21 3.0 3.1 3.6 3.9 33 1.7 0.0 0.0 1.7 3.9 0.0 1,256
1998 0.0 0.0 0.0 21 3.0 3.1 3.6 3.9 3.3 1.7 0.0 0.0 1.7 3.9 0.0 1,256
1999 00 00 00 21 30 31 36 39 33 17 00 00| 17| 39 ] 00 1,256
2000 00 00 00 21 30 31 36 39 33 17 00 00| 17| 391 00 1,256
2001 0.0 0.0 0.0 21 3.0 3.1 3.6 3.9 3.3 1.7 0.0 0.0 1.7 3.9 0.0 1,256
2002 00 00 00 21 30 31 36 39 33 17 00 00| 17| 39| 00 1,256
2003 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
2004 00 00 00 00 0O 00 00 OO OO ©0O0 OO OO ]| 00| 00| 00 0
2005 00 00 00 00 OO OO0 OO 0O 00O 00 00 00| 00 00 ] 00 0
2006 00 00 00 00 00 00 00 00O 0O 00O 0O 00| OO ]| OO} 00 0
2007 00 00 00 00 0O 00 00O OO OO ©0O0 OO 00|00} 00| 00 0
2008 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
2009 00 00 00 00 00 00 OO 00 00 0O 0O 00|00 | 00| 00 0
2010 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
2011 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0

2b. Tunnel Flow to Smali Raceways (2)
Ann Ann Total
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec [ Avg | Max | Min (AF)
1993 55 124 163 134
1994 115 101 87 3.7 4.5 41 0.6 31 103 142 156 1271 82 | 156 | 06 5,956
1995 108 92 84 45 28 36 36 45 99 160 165 149 | 87 | 165 28 5,405
1996 136 122 114 90 6.6 7.1 5.7 9.2 136 191 201 187 ] 122 ] 201 | 57 8,847
1997 175 164 16.0 131 106 110 135 133 182 215 239 23.2] 165 23.9| 106 11,961
1998 19.8 i8.8 158 147 138 102 87 136 193 228 203 | 16.2 ] 228 | 87 10,809
1999 18.1 168 154 122 938 102 84 93 144 202 223 203|148 | 223 ] 84 9,445
2000 187 173 158 11.0 93 8.0 6.6 83 135 186 203 180138 203 | 66 9,995
2001 15.7 142 121 73 4.1 3.0 2.2 2.8 58 103 130 116 | 85 | 157 | 2.2 6,126
2002 87 69 60 30 05 00 00 00 21 89 99 80| 45| 99| 00 3,240
2003 65 51 46 32 26 23 19 32 61 98 90 75| 51 98| 19 3,259
2004 6.7 5.8 5.0 3.5 3.6 4.0 3.5 3.9 5.8 5.0 3.8 3.1 4.5 6.7 31 3,245
2005 2.6 2.2 21 2.0 2.0 1.5 11 13 31 6.4 5.7 4.5 29 6.4 1.1 2,082
2006 3.4 3.4 2.9 29 3.1 4.5 5.6 5.0 78 103 9.9 7.8 55 | 103 | 29 4,022
2007 5.1 4.7 3.6 2.5 2.7 3.6 3.0 2.7 81 118 107 89 56 | 118 | 25 3,520
2008 7.2 6.5 4.2 2.7 16 2.6 19 21 34 8.2 7.5 4.2 43 8.2 16 3,140
2009 3.3 29 20 11 1.2 1.6 1.8 1.4 3.9 8.7 6.7 5.5 33 8.7 11 2,419
2010 3.9 3.8 2.6 14 1.7 3.0 19 0.8 1.8 5.8 6.0 41 3.1 6.0 0.8 2,217
2011 3.0 29 26 2.6 2.8 2.4 1.9 2.0 4.4 8.2 9.3 6.9 4.1 9.3 1.9 2,543
Notes:

(1) Diversions to farmers provided by George Lemmon from 1992-1996; diversions to farmers from 1997-2002 estimated using the 1992-1996.
(2) Martin-Curren Tunnel flow provided by IDWR (Table A-1a) minus farmers diversions (Tabie A-2b).
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Table A-3

Monthly Average Flow
Martin-Curren Tunnel

September 1993 - 2011
Values in CFS

3a. Total Tunnel Flow (1)

Ann Ann Total
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Avg | Max | Min {AF)
1993 120 159 166 139
1994 121 105 91 6.7 7.6 7.1 6.1 87 134 171 159 13.1]1106| 171 | 6.1 7,676
1995 113 96 8.8 7.1 6.4 7.6 7.1 83 125 165 168 154 | 106 | 168 | 64 6,740
1996 142 129 121 109 100 104 94 124 168 204 205 196 141 | 205| 94 10,267
1997 183 171 167 159 145 150 181 182 225 242 249 240|191 249 | 145 13,843
1998 20.7 19.7 190 189 182 150 138 180 216 229 204 | 189 ] 229 13.8 12,647
1999 18.2 169 156 145 134 142 128 144 185 224 229 210|171 | 229 128 11,059
2000 193 179 165 140 130 118 111 132 177 209 206 184 | 16.2( 209 | 111 11,746
2001 16.0 144 124 100 7.8 7.0 6.8 6.9 95 120 131 121|107 | 16.0] 6.8 7,708
2002 9.3 7.6 6.8 5.7 4.1 3.2 2.8 3.1 6.1 109 109 89 66 | 109 | 2.8 4,785
2003 7.3 6.2 5.2 3.4 2.9 2.6 21 34 6.5 9.9 9.1 7.8 5.5 9.9 2.1 3,521
2004 6.8 59 5.3 4.1 3.8 4.2 3.7 4.1 6.1 5.1 4.1 3.2 4.7 6.8 3.2 3,418
2005 29 2.3 24 2.2 2.3 1.7 14 1.5 34 6.5 6.0 47 31 6.5 14 2,250
2006 39 35 3.2 3.2 33 4.7 5.8 5.2 81 110 101 81 59 | 11.0| 3.2 4,249
2007 5.7 4.8 37 29 33 3.7 3.2 3.4 86 119 107 93 59 | 119 | 29 3,734
2008 7.9 6.5 4.4 3.4 2.2 2.6 2.0 2.7 4.4 9.1 7.6 4.8 4.8 9.1 2.0 3,474
2009 3.8 3.0 2.2 1.7 1.7 1.6 19 1.7 4.6 9.1 6.8 6.0 3.7 9.1 1.6 2,662
2010 4.6 3.8 2.8 21 1.8 3.1 2.0 1.2 24 6.0 6.1 4.4 3.4 6.1 1.2 2,427
2011 35 29 2.8 31 33 25 2.0 2.3 5.0 8.6 9.4 7.3 44 9.4 2.0 2,729

3b. Tunnel Flow to Rangen (2)
Ann Ann Total
Year Jan Feb Mar Apr May Jun Ju Aug Sep Oct Nov Dec | Avg | Max | Min {AF)
1993 6.2 129 166 139
1994 121 105 94 4.2 5.1 4.6 11 3.7 109 146 159 131 87 | 159 11 6,307
1995 113 96 8.8 5.1 3.4 4.1 4.1 514 105 165 168 154 | 9.2 | 168 | 3.4 5,728
1996 142 129 121 9.7 7.5 7.8 66 101 144 200 205 196 | 13.0| 205 | 6.6 9,406
1997 183 171 167 138 115 119 145 143 191 225 249 240 174 ] 249 | 115 12,587
1998 20.7 19.7 169 159 151 114 99 147 199 229 204170 229]| 99 11,391
1999 18.2 169 156 125 104 111 92 105 151 208 229 210 153 229| 9.2 9,803
2000 193 179 165 119 100 87 7.5 93 143 19.2 206 184 145]| 2061] 7.5 10,490
2001 160 144 124 79 4.8 3.9 3.2 3.0 62 103 131 121 | 89 | 160 3.0 6,452
2002 9.3 7.6 6.8 3.6 11 0.1 0.0 0.0 2.7 9.2 109 89 5.0 | 109 | 0.0 3,629
2003 73 6.2 5.2 3.4 2.9 2.6 21 3.4 6.5 9.9 9.1 7.8 S5 9.9 2.1 3,521
2004 6.8 5.9 53 4.1 3.8 4.2 3.7 4.1 6.1 5.1 4.1 3.2 4.7 6.8 3.2 3,418
2005 2.9 23 24 2.2 23 1.7 1.4 1.5 34 6.5 6.0 4.7 3.1 6.5 14 2,250
2006 3.9 3.5 3.2 3.2 33 4.7 5.8 5.2 81 110 101 81 59 | 11.0] 3.2 4,249
2007 57 4.8 3.7 2.9 33 3.7 3.2 3.4 86 119 107 93 59 | 119 | 29 3,734
2008 7.9 6.5 4.4 3.4 2.2 26 20 2.7 4.4 9.1 7.6 4.8 4.8 9.1 2.0 3,474
2009 3.8 3.0 2.2 1.7 1.7 i6 19 1.7 4.6 9.1 6.8 6.0 3.7 9.1 1.6 2,662
2010 4.6 3.8 2.8 21 1.8 3.1 20 1.2 2.4 6.0 6.1 4.4 34 6.1 1.2 2,427
2011 35 2.9 2.8 3.1 33 25 2.0 23 S.0 8.6 9.4 7.3 4.4 9.4 2.0 2,729
Notes:

{1) Martin-Curren Tunnel flow provided by IDWR (Table A-1a) plus six-Inch white pipe flow provided by the IDWR (Table A-1b).
(2) Total Martin-Curren Tunnel flow (Table A-3a) minus diversions to farmers (irrigation) from 1993 - 2002 (Table A-2a).
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Table A-4

Monthly Average Flow
Martin-Curren Tunnel

1996 - 2011
Values In CFS

4a. Predicted Total Tunnel Flow (1)

Ann Ann Total

Year Jan Feb Mar Apr May Jun Ju  Aug Sep Oct Nov Dec | Avg | Max | Min (AF)

1993 146 212 175 147
1994 123 108 90 69 83 68 87 108 148 191 157 135 114 | 191 ) 6.8 8,257
1995 110 96 102 79 6.0 6.1 49 6.5 106 17.2 197 168 105 | 197 | 49 6,604
1996 144 129 120 109 86 6.9 6.6 95 147 186 209 194 | 129 | 209 | 6.6 9,398
1997 179 168 166 163 143 158 160 176 211 263 26.6 239 19.1 | 26,6 | 14.3 13,841
1998 213 194 173 150 13.6 165 124 124 155 238 254 229 180 | 254 | 124 12,995
1999 215 186 169 150 147 151 122 129 164 221 222 19.2| 17.2 | 22.2| 12.2 11,288
2000 178 160 156 129 114 109 101 127 167 208 197 163 | 151 | 208 | 10.1 10,946
2001 144 124 116 116 90 6.5 6.7 8.0 101 129 122 10.7 | 105 | 144 | 65 7,599
2002 9.3 8.1 71 7.1 5.9 5.3 5.0 5.3 74 108 9.9 8.5 7.5 108 | 5.0 5,401
2003 6.4 5.5 4.6 3.9 3.8 3.7 2.9 3.1 5.1 7.5 7.8 6.2 5.0 7.8 2.9 3,265
2004 S.1 41 3.9 29 2.6 3.3 3.0 3.0 3.9 4.9 4.4 3.7 3.7 5.1 2.6 2,711
2005 33 2.7 24 2.7 2.7 2.8 2.2 21 3.4 5.9 5.5 4.6 3.4 5.9 2.1 2,434
2006 40 35 36 37 28 33 29 39 70 99 88 73] 51 99 | 2.8 3,671
2007 5.8 5.1 49 4.1 43 4.5 3.7 3.1 69 102 95 8.4 59 | 102} 31 3,742
2008 6.7 5.5 4.7 4.2 3.6 3.6 2.6 2.9 4.4 7.6 7.1 5.7 49 7.6 2.6 3,541
2009 4.7 4.0 35 3.1 2.3 27 3.0 33 5.0 7.6 7.0 6.2 4.4 7.6 23 3,163
2010 5.0 4.2 3.4 3.1 3.0 3.6 2.9 3.2 4.7 7.4 7.9 6.5 4.6 7.9 2.9 3,316
2011 5.3 4.5 4.2 3.9 3.7 41 34 3.4 4.7 89 103 7.7 53 | 103 ]| 34 3,398
4b. Predicted minus Measured Total Tunnel Flow (2}

Ann Ann Total

Year Jan Feb Mar Apr May Jun Ju Aug Sep Oct Nov Dec | Avg | Max | Min (AF)

1993 26 54 09 09
1994 0.3 04 -01 0.2 07 -03 2.6 2.2 14 21 02 03 0.8 2.6 -0.3 581
1995 03 00 15 08 04 -15 -21 -18 -19 0.7 2.9 15 | 01 29 | 21 -136
1996 0.2 00 -01 01 -15 -36 -28 -30 -22 -17 04 -02] -1.2 04 | -36 -869
1997 04 -03 0.0 04 -01 0.7 21 05 -14 2.2 17 -01] 00 22 | 21 -2
1998 0.6 -25 -40 53 -17 25 -14 -25 2.2 2.6 26 | -1.1 26 | 53 348
1999 34 17 13 04 13 09 06 -15 -21 03 -07 -19} 02| 34 | -21 229
2000 -5 -18 09 -1 -16 -09 -10 04 09 01 09 -21(-11]-01]-21 -800
2001 16 20 09 16 12 -05 -01 11 06 09 09 -14]|-02]| 16| -20 -109
2002 0.0 0.4 03 14 1.8 21 2.2 2.2 i3 -01 -10 -04| 08 2.2 -1.0 616
2003 09 -07 -07 05 0.8 11 09 -03 -13 -24 -14 -16| -05 11 | -24 -256
2004 <17 -18 -14 11 -12 -10 07 -11 -22 -03 03 05 | -1.0 0.5 -2.2 -708
2005 0.3 0.4 0.0 0.5 0.5 1.1 0.7 0.6 01 06 -05 00 0.3 1.1 -0.6 183
2006 0.1 0.0 0.4 04 06 -15 -29 -13 -11 -10 -13 -08] -08 0.4 -29 -579
2007 0.1 03 1.2 1.2 1.0 0.7 04 02 -17 -17 -12 09| -01 1.2 | 1.7 8
2008 12 -1.0 03 0.9 1.4 1.0 0.6 0.2 00 -15 -05 09 0.1 14 | 15 67
2009 0.8 11 13 14 0.7 1.0 1.1 1.6 04 -15 0.1 0.2 0.7 1.6 -1.5 501
2010 04 03 0.6 1.0 1.2 0.6 0.9 2.0 2.2 14 1.8 2.1 1.2 2.2 0.3 889
2011 1.9 1.6 15 0.8 0.4 1.6 1.4 1.1 -03 0.4 0.9 0.4 1.0 1.9 -0.3 669
Avg 00 -01 0.1 03 0.0 0.0 -02 00 -05 0.2 0.2 00 { -01 i6 | -19 228
Notes:

(1) Predicted Martin-Curren Tunnel using SWE's regression of Total Curren Spring Flow vs. Total Martin-Curren Tunnel flow.
{2) Predicted Total Martin-Curren Tunnel flow (Table A-4a) minus measured Total Martin-Curren Tunnel flow (Table A-3a).
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Table A-5

Monthly Average Flow
Martin-Curren Tunnel

1996 - 2011
Values in CFS

Predicted Total Tunnel Flow'!

Ann Ann Total
Year Jan Feb Mar Apr May Jun Ju Aug Sep Oct Nov Dec | Avg | Max | Min (AF)
1966 33.2 302 27.8 230 19.7 281 326 340 409 465 379 310 321 | 465 | 19.7 23,221
1967 270 236 191 215 223 296 30.8 337 382 461 446 423|316 | 461 | 191 22,898
1968 33,7 284 250 211 217 278 320 382 452 452 432 414 336 | 45.2| 211 24,388
1969 322 266 227 191 19.8 282 313 379 435 442 426 37.0| 321|442 | 191 23,263
1970 314 261 256 201 200 260 318 386 436 46.0 415 39.1 | 325| 46.0] 20.0 23,551
1971 31,7 250 234 220 245 266 323 394 427 493 467 416 | 338 493 | 220 21,939
1972 354 302 263 245 285 376 398 445 495 511 452 441|381 | 511 245 27,657
1973 375 309 287 223 238 257 339 354 374 434 403 355329434 223 23,842
1974 272 290 249 209 199 266 294 353 385 463 412 375 314 | 463 | 199 22,732
1975 263 240 187 192 221 237 265 330 358 375 362 378\ 284 | 378 18.7 18,261
1976 316 273 249 189 210 226 23.7 295 364 403 381 33.8| 290|403 | 189 21,064
1977 294 237 224 205 185 218 203 195 225 233 259 223 225 294 | 185 16,288
1978 19.1 16.2 167 153 148 146 150 193 315 26.2 243 215195 | 315 146 14,147
1979 199 168 161 125 93 132 144 212 299 299 257 228|193 299| 93 12,583
1980 200 179 147 135 111 173 186 200 224 296 249 203 | 19.2 | 296 | 111 13,939
1981 174 141 109 119 91 102 147 191 218 234 248 197 ]| 164 | 248 | 9.1 11,909
1982 171 167 164 126 122 114 159 189 262 29.1 298 255 193] 298| 114 13,985
1983 218 189 183 153 16.8 159 204 264 297 330 305 29.1) 23.0] 33.0] 153 14,899
1984 248 242 221 193 177 203 225 257 263 298 284 27.2| 240 | 298| 17.7 17,445
1985 242 228 212 200 179 173 188 281 308 331 309 26.0]| 242|331 173 17,557
1986 224 215 20.2 184 198 197 22,7 313 335 358 327 308 25.7| 358 184 18,655
1987 266 227 212 171 167 207 220 280 283 333 296 281|245 333 16.7 16,041
1988 223 195 17.2 148 149 167 165 209 239 29.7 264 225 204 | 29.7 | 148 14,846
1989 199 176 156 10.8 115 129 147 206 203 263 231 216179 263 ] 10.8 12,969
1990 198 179 157 98 108 128 140 169 205 255 20.8 182 169 | 255 | 9.8 12,228
1991 156 145 146 75 83 9.0 9.7 147 202 208 187 183|143 | 208| 7.5 9,246
1992 147 113 105 6.4 59 5.7 7.7 82 101 127 94 83 9.2 | 147 | 5.7 6,708
1993 6.7 6.9 5.7 6.4 45 5.5 6.0 99 146 212 175 147|100 ] 212 | 45 7,226
1994 123 108 9.0 6.9 83 6.8 87 108 148 191 157 135|114 | 191 638 8,257
1995 110 96 102 79 6.0 6.1 49 65 106 172 197 168 1051 19.7 | 49 6,604
1996 144 129 120 109 86 6.9 6.6 95 147 186 209 194|129 ]| 209} 6.6 9,398
1997 179 168 166 163 143 158 160 176 211 263 266 239|191 | 26.6 | 14.3 13,841
1998 213 194 173 150 13.6 165 124 124 155 238 254 229 | 180 254 | 124 12,995
1999 215 186 169 150 147 151 122 129 164 221 222 19.2 | 17.2 | 22.2 | 12.2 11,288
2000 178 160 156 129 114 109 101 127 167 208 197 163 | 151 | 208 | 10.1 10,946
2001 144 124 116 116 9.0 6.5 6.7 80 101 129 122 10.7| 105 | 144 | 6.5 7,599
2002 93 8.1 74 7.1 5.9 5.3 5.0 5.3 74 108 9.9 8.5 7.5 108 | 5.0 5,401
2003 6.4 5.5 4.6 3.9 3.8 3.7 2.9 3.1 5.1 7.5 7.8 6.2 5.0 7.8 29 3,265
2004 5.1 41 3.9 2.9 2.6 33 3.0 3.0 3.9 4.9 4.4 3.7 3.7 51 2.6 2,711
2005 33 2.7 24 2.7 2.7 2.8 2.2 2.1 3.4 5.9 5.5 4.6 3.4 5.9 2.1 2,434
2006 4.0 3.5 3.6 3.7 2.8 33 29 39 7.0 9.9 8.8 7.3 5.1 9.9 2.8 3,671
2007 5.8 5.1 49 4.1 43 4.5 3.7 3.1 69 102 95 84 59 | 10.2] 3.1 3,742
2008 6.7 5.5 4.7 4.2 3.6 3.6 2.6 2.9 4.4 7.6 7.1 5.7 49 76 2.6 3,541
2009 4.7 4.0 3.5 3.1 23 2.7 3.0 33 5.0 7.6 7.0 6.2 4.4 7.6 2.3 3,163
2010 5.0 4.2 3.4 3.1 3.0 3.6 29 3.2 4.7 7.4 7.9 6.5 4.6 79 2.9 3,316
2011 5.3 45 4.2 3.9 3.7 4.1 34 3.4 4.7 89 103 7.7 53 103 | 3.4 3,398

Notes:

{1) Predicted Martin-Curren Tunnel using SWE's regression of Total Curren Spring Flow vs. Total Martin-Curren Tunnel flow.
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Table A-6

Monthly Average Flow
Martin-Curren Tunnel

1966 - 2011
Values in CFS

Estimated and Actual Diversions to Farmers
Ann Ann Total
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Avg | Max | Min (AF)
(1) 1966 0.5 0.4 0.4 2.3 8.4 7.8 8.4 7.5 5.2 2.2 0.8 0.5 3.7 8.4 0.4 2,698
1967 0.4 0.4 0.8 6.9 8.8 9.4 84 85 7.8 5.6 0.9 0.0 4.8 9.4 0.0 3,508
1968 03 03 02 00 91 65 84 04 39 06 06 05| 26| 91| 0.0 1,869
1969 03 00 00 06 87 88 69 96 52 27 10 051} 37| 96| 00 2,697
1970 0.7 03 03 0.3 8.2 7.8 8.4 7.5 4.4 2.2 0.8 0.5 3.4 8.4 0.3 2,516
1971 05 04 04 33 74 58 84 93 80 00 08 10| 38| 93| 00 2,671
1972 1.0 1.0 0.4 4.7 7.5 8.7 9.0 9.6 49 2.2 0.8 0.5 4.2 9.6 0.4 3,044
1973 0.5 0.5 0.5 0.5 9.2 7.8 9.4 7.5 25 2.2 0.8 0.5 35 9.4 0.5 2,550
(1) 1974 0.0 0.4 0.4 2.3 8.4 7.8 8.4 75 5.2 2.2 0.8 0.5 3.7 8.4 0.0 2,670
(1) 1975 0.5 0.4 0.4 23 8.4 7.8 8.4 7.5 5.2 2.2 0.8 0.5 3.7 8.4 0.4 2,668
(2) 1976 0.4 0.4 0.3 23 8.1 7.6 8.1 73 5.1 2.2 0.8 0.5 3.6 8.1 03 2,614
(2) 1977 04 0.4 0.3 23 7.8 73 79 7.1 5.0 2.2 0.7 0.4 3.5 7.9 0.3 2,528
(2) 1978 0.4 0.3 0.3 23 7.4 7.0 7.6 6.9 49 21 0.7 0.4 3.4 7.6 0.3 2,443
(2) 1979 03 03 03 23 71 67 73 66 48 21 06 04|32 73] 03 2,336
(2) 1980 0.3 03 03 2.2 6.8 6.5 7.0 6.4 4.7 2.1 0.6 0.3 3.1 7.0 0.3 2,274
(2) 1981 0.3 03 0.2 2.2 6.5 6.2 6.7 6.2 4.6 2.0 0.5 0.3 3.0 6.7 0.2 2,189
(2) 1982 03 02 02 22 62 59 64 60 44 20 05 03] 29| 64| 02 2,104
(2) 1983 0.2 0.2 0.2 2.2 5.9 5.6 6.2 5.8 4.3 2.0 0.4 03 2.8 6.2 0.2 2,003
(2) 1984 0.2 0.2 0.2 2.2 5.5 5.3 59 5.6 4.2 19 0.4 0.2 2.7 5.9 0.2 1,935
(2) 1985 0.2 0.2 0.2 2.2 5.2 5.1 5.6 5.4 4.1 19 03 0.2 2.5 5.6 0.2 1,850
(2) 1986 0.2 0.1 0.1 2.2 49 4.8 5.3 5.2 40 1.9 03 0.2 24 5.3 0.1 1,765
(2) 1987 01 0.1 0.1 2.1 4.6 4.5 5.0 5.0 39 1.8 0.2 01 23 5.0 0.1 1,671
(2) 1988 0.1 0.1 01 2.1 4.3 4.2 4.7 4.7 3.8 1.8 0.2 0.1 2.2 4.7 0.1 1,590
(2) 1989 0.1 0.1 01 2.1 39 3.9 4.4 4.5 3.6 1.8 0.1 0.1 2.1 4.5 0.1 1,494
(2) 1990 0.1 0.0 0.0 21 3.5 3.6 4.1 4.2 35 1.7 0.1 0.0 19 4.2 0.0 1,391
(2) 1991 0.0 0.0 0.0 21 31 3.2 3.7 4.0 34 1.7 0.0 0.0 1.8 4.0 0.0 1,281
1992 0.0 0.0 0.0 25 4.0 4.0 4.0 4.0 4.0 25 0.0 0.0 2.1 4.0 0.0 1,516
1993 0.0 0.0 0.0 2.1 3.0 3.0 3.2 5.0 5.8 3.0 0.0 0.0 2.1 5.8 0.0 1,522
1994 0.0 0.0 0.0 2.5 25 25 5.0 5.0 25 25 0.0 0.0 19 5.0 0.0 1,369
1995 0.0 0.0 0.0 2.0 3.0 3.5 3.0 3.2 2.0 0.0 0.0 0.0 14 35 0.0 1,012
1996 0.0 0.0 0.0 1.2 25 2.6 2.8 2.3 24 0.4 0.0 0.0 1.2 2.8 0.0 861
(3) 1997 0.0 0.0 0.0 2.1 3.0 3.1 3.6 3.9 3.3 1.7 0.0 0.0 1.7 39 0.0 1,256
(3) 1998 0.0 0.0 0.0 2.1 3.0 31 3.6 3.9 33 1.7 0.0 0.0 1.7 3.9 0.0 1,256
(3) 1999 00 00 00 21 30 31 36 39 33 17 00 00| 17| 39| 00 1,256
(3) 2000 00 00 00 21 30 31 36 39 33 17 00 00| 17| 39| 00 1,256
(3) 2001 00 00 00 21 30 31 36 39 33 17 00 00| 17139} 00 1,256
(3) 2002 0.0 0.0 0.0 21 3.0 31 3.6 3.9 33 17 0.0 0.0 1.7 3.9 0.0 1,256

(4) 2003
(4) 2004
(4) 2005
(4) 2006
(4) 2007
(4) 2008
(4) 2009
(4) 2010
(4) 2011
Notes:

(1) Average 1967 - 1973 farmers diversions from Curren Tunnel log books were used in years of missing data 1966 and 1974 - 1975.
(2) Average monthly flows from 1976 - 1991 were estimated using an interpolation between the 1967 - 1/1974 averages and
and the 1992 - 1996 averages.

{3) Average 1992 - 1996 farmers diversions were used in years of missing data from 1997 - 2002.
{4) There are minimai farmers diversions from 2002 - 2011 after construction of the Sandy pipeline.

Spronk Water Engineers, Inc. 5/6/2013



Table A-7

Monthly Average Flow
Martin-Curren Tunnel

1996 - 2011
Values in CFS

Predicted Tunnel Flow to Rangen w

Ann Ann Total
Year Jan Feb Mar Apr May Jun Ju  Aug Sep Oct Nov Dec | Avg | Max | Min (AF)
1966 328 29.8 274 206 113 203 241 265 356 443 371 305|284 | 443 113 20,523
1967 266 23.2 183 146 135 202 224 253 305 405 437 423|268 | 43.7| 135 19,390
1968 334 281 248 211 126 213 236 37.8 413 446 426 409| 310 446 | 126 22,519
1969 319 266 227 185 111 194 244 283 383 415 416 365|284 | 416| 111 20,566
1970 307 25.8 25.3 198 11.8 181 234 311 39.2 438 407 386 290 | 43.8 | 11.8 21,035
1971 313 246 230 187 171 208 239 302 347 493 460 406 | 30.0| 493 | 171 19,268
1972 344 292 259 198 210 290 308 349 446 489 445 436|339 | 489 198 24,613
1973 37.0 304 282 218 14.6 178 245 279 350 412 395 351|294 | 41.2| 146 21,292
1974 272 285 245 186 115 188 21.0 278 333 440 404 37.0| 277 | 440 115 20,062
1975 259 236 183 169 137 159 181 255 306 353 354 373|247 | 373|137 15,593
1976 311 269 246 166 129 150 156 222 313 381 373 334 | 254 ) 381 | 129 18,450
1977 200 233 220 182 108 146 124 125 175 211 252 219 15.0| 29.0( 10.8 13,760
1978 18,7 158 164 130 74 7.6 75 124 266 241 237 211|162 ) 266 | 74 11,703
1979 195 165 158 102 2.2 6.4 71 145 252 278 251 224|161 | 278 2.2 10,247
1980 19.7 176 145 112 43 108 116 135 178 276 243 199|161 | 276 | 43 11,664
1981 171 139 107 97 2.6 4.1 80 129 173 214 243 194|134 | 243 26 9,720
1982 168 164 16.2 104 6.0 55 9.4 129 217 271 293 252164 ) 29.3| 55 11,881
1983 216 187 181 131 110 102 143 206 254 310 301 288 20.2| 310 10.2 12,895
1984 246 240 220 171 122 150 166 201 220 278 281 269 214 | 281 | 12.2 15,510
1985 241 226 210 178 127 123 132 227 266 312 306 258|217 | 31.2) 123 15,708
1986 223 213 201 162 149 150 174 261 295 339 324 306 | 233|339 149 16,890
1987 264 226 211 150 121 162 17.0 23.0 244 315 294 279|222 | 315 121 14,370
1988 222 194 174 127 106 125 118 162 201 279 262 224|183 ] 279 | 106 13,255
1989 19.8 175 156 8.7 7.6 9.0 103 161 166 245 230 215|158 | 245| 76 11,475
1990 198 178 157 7.7 7.3 9.2 99 127 170 238 207 181|150 238 7.3 10,836
1991 155 145 146 5.4 5.2 5.8 60 108 16.8 191 187 183|126 191 | 5.2 7,965
1992 14,7 113 105 3.9 1.9 1.7 3.7 4.2 6.1 102 94 8.3 7.2 147 | 1.7 5,192
1993 6.7 6.9 5.7 4.3 15 25 2.8 4.9 88 182 175 147 )| 79 | 182 15 5,705
1994 123 108 9.0 4.4 5.8 4.3 3.7 5.8 123 16.6 157 135 95 166 | 3.7 6,888
1995 110 96 102 59 3.0 2.6 19 3.3 86 172 197 168 9.2 | 197 | 19 5,592
1996 144 129 120 9.7 6.1 4.3 3.8 7.2 123 182 209 194 | 118 | 209 3.8 8,537
1997 17.9 168 16.6 142 113 127 124 1377 178 246 266 239|174 266 | 113 12,585
1998 213 194 173 129 106 134 88 85 122 221 254 229 16.2 | 254 | 85 11,739
1999 215 186 169 129 117 120 86 9.0 130 205 222 192|155 222 | 86 10,032
2000 178 160 156 108 84 7.8 6.5 88 134 191 197 163 134|197 | 65 9,690
2001 144 124 116 95 6.0 3.4 3.1 41 68 112 122 107 ]| 88 144 | 31 6,343
2002 9.3 8.1 71 5.1 2.9 2.1 14 14 4.0 9.1 9.9 8.5 5.7 9.9 1.4 4,145
2003 6.4 55 4.6 3.9 3.8 3.7 2.9 31 5.1 7.5 7.8 6.2 5.0 7.8 29 3,265
2004 5.1 4.1 3.9 2.9 2.6 3.3 3.0 3.0 3.9 4.9 4.4 3.7 3.7 5.1 2.6 2,711
2005 3.3 2.7 24 2.7 2.7 2.8 2.2 21 3.4 5.9 5.5 4.6 34 5.9 21 2,434
2006 4.0 3.5 3.6 3.7 2.8 3.3 29 3.9 7.0 9.9 8.8 7.3 5.1 9.9 2.8 3,671
2007 5.8 51 4.9 4.1 43 45 3.7 31 69 102 95 8.4 5.9 10.2 | 31 3,742
2008 6.7 5.5 4.7 4.2 3.6 3.6 2.6 2.9 4.4 7.6 7.1 5.7 4.9 7.6 2.6 3,541
2009 4.7 4.0 3.5 31 23 2.7 3.0 3.3 5.0 7.6 7.0 6.2 4.4 7.6 23 3,163
2010 5.0 4.2 3.4 3.1 3.0 3.6 29 3.2 4.7 7.4 79 6.5 4.6 7.9 2.9 3,316
2011 5.3 4.5 4.2 3.9 3.7 4.1 34 3.4 4.7 89 103 7.7 5.3 103 | 34 3,398

Notes:

(1) Predicted Martin-Curren Tunnel using SWE's regression of Total Curren Spring Flow vs. Total Martin-Curren Tunnel flow (Table A-5)

minus farmers diversions from the Martin-Curren Tunnel (Table A-6).

Sprank Water Engineers, Inc.
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Table A-8

Monthly Average Flow
Martin-Curren Tunnel

1996 - 2011
Values in CFS

AMEC Predicted Total Tunnel Flow ™!

Ann Ann Total
Year Jan Feb Mar Apr May Jun Ju Aug Sep Oct Nov Dec | Avg | Max | Min (AF)
1966 335 305 280 232 200 284 328 342 411 467 381 312323 467 | 200 23,397
1967 273 238 194 218 225 299 311 340 385 464 449 425|318 464 | 194 23,074
1968 339 287 252 213 219 281 322 385 455 455 434 416|338 | 455 213 24,565
1969 324 269 230 194 201 284 315 382 437 445 428 37.2( 323\ 445] 194 23,439
1970 317 264 258 204 202 262 320 389 43.8 463 418 393|327 | 463 | 20.2 23,728
1971 32.0 25.2 237 222 247 269 326 397 429 496 470 419|340 496 22.2 22,101
1972 356 304 266 248 287 379 401 448 497 514 455 443|383 514 | 248 27,835
1973 377 311 290 225 240 259 341 356 37.7 437 405 358 33.1]43.7| 225 24,019
1974 27.4 292 252 212 201 269 296 356 387 465 414 377|316 | 465 | 201 22,908
1975 266 243 189 195 223 240 267 332 360 377 365 380 286 | 380/ 189 18,421
1976 31.8 275 252 192 213 228 240 297 36.6 405 383 341} 292|405 19.2 21,240
1977 296 240 226 207 188 221 205 198 228 235 261 225|227 | 296 18.8 16,461
1978 193 164 169 156 150 148 153 195 317 264 246 217} 198 | 317 | 148 14,319
1979 201 171 163 127 96 134 147 214 302 301 260 231|195 3021 96 12,741
1980 203 181 150 137 114 175 189 202 227 299 252 205|194 ] 299| 114 14,111
1981 177 144 111 121 93 105 150 193 221 237 251 199167 | 251 93 12,080
1982 17.3 169 166 129 124 116 161 19.2 264 293 300 258 195 | 300 | 116 14,157
1983 221 19.2 186 155 171 161 207 267 299 332 30.8 29.3| 233 33.2| 155 15,057
1984 251 244 224 195 180 206 228 259 265 300 287 274|243 300| 180 17,619
1985 245 231 214 202 181 176 19.0 283 310 333 311 262|245 333|176 17,731
1986 227 217 204 186 201 200 230 315 33.8 360 329 310|260 360 186 18,829
1987 26.8 230 214 174 169 210 222 282 285 335 299 283|248 335] 16.9 16,200
1988 225 198 174 150 151 169 16.8 21.2 241 299 267 228|207 29.9| 150 15,019
1989 201 178 159 11.0 117 131 150 208 205 265 234 219 181 | 265 11.0 13,141
1990 201 181 159 100 111 130 142 171 207 258 210 184 17.1| 258 10.0 12,399
1991 15.8 147 148 7.7 8.5 9.3 99 150 204 210 189 186|146 | 210 7.7 9,402
1992 149 115 10.7 6.6 6.1 6.0 7.9 84 103 129 96 8.5 95 | 149 | 6.0 6,878
1993 6.9 7.1 59 6.6 4.8 5.8 6.2 101 148 215 177 150|102 | 215 4.8 7,396
1994 126 111 9.2 7.2 85 7.0 89 111 150 194 159 13.7| 116|194 | 7.0 8,427
1995 112 99 105 82 6.2 6.3 5.2 6.7 108 174 200 17.1| 108 | 200 5.2 6,759
1996 147 131 122 112 88 7.1 6.9 9.7 149 189 212 196|132 21.2| 69 9,569
1997 182 170 169 150 123 137 135 150 189 253 268 24.2| 181 | 26.8| 123 13,073
1998 215 196 17.5 152 13.8 16.8 127 127 158 240 257 23.1|18.2 ] 25.7| 127 13,167
1999 218 188 171 137 126 130 97 102 141 211 224 194 | 162 | 224 | 97 10,504
2000 181 163 158 116 94 8.8 76 100 145 197 200 165|140 | 200\ 7.6 10,177
2001 146 127 118 102 70 4.4 4.2 5.3 79 119 125 109} 94 | 146| 4.2 6,828
2002 9.5 8.3 7.3 5.8 3.9 3.2 25 2.6 5.1 9.8 101 87 64 | 1011 25 4,629
2003 6.7 5.7 4.8 41 4.0 3.9 3.2 33 5.4 7.8 8.0 6.4 5.3 8.0 3.2 3,419
2004 5.3 43 4.1 3.2 2.9 3.5 33 3.2 4.1 5.1 4.6 4.0 4.0 5.3 2.9 2,879
2005 3.5 2.9 2.7 2.9 29 3.0 24 24 3.7 6.1 5.7 49 3.6 6.1 24 2,601
2006 4.3 3.8 3.8 3.9 3.0 3.5 31 4.1 72 102 91 7.5 53 | 102 ] 3.0 3,839
2007 6.1 5.3 5.1 4.3 4.6 4.7 3.9 3.4 71 104 9.8 8.7 6.1 1041 34 3,896
2008 6.9 5.7 4.9 4.4 3.8 3.9 2.9 3.1 4.7 7.8 7.3 59 5.1 7.8 29 3,709
2009 4.9 4.3 3.8 33 2.6 2.9 3.2 3.5 5.2 7.8 7.2 6.5 4.6 7.8 2.6 3,331
2010 5.2 4.4 3.6 3.3 33 39 3.1 3.5 4.9 7.6 8.2 6.7 4.8 8.2 3.1 3,484
2011 56 48 45 42 39 43 36 36 49 91 106 80 | 56 |106| 36 3,552

Notes:

{1) Predicted Total Martin-Curren Tunnel flow computed using regression of total Curren Tunnel flow with Total Rangen flow
provided in Flgure 3-9 Brendecke's 2012 Expert Report (AMEC).
Predicted Total Martin-Curren Tunnel =.7491 x Total Rangen Flow - 5.6357

Spronk Water Engineers, Inc.
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Table A-9

Monthly Average Flow
Martin-Curren Tunnel

1996 - 2011
Values in CFS

Difference (AMEC minus SWE Predicted Total Tunnel Flow) w

Ann Ann Total
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Avg | Max | Min (AF)
1966 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 176
1967 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 176
1968 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 177
1969 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 176
1970 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 176
1971 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 03 0.2 0.2 0.2 0.3 0.2 161
1972 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 03 0.3 0.2 0.2 0.2 0.3 0.2 178
1973 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 176
1974 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 176
1975 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 160
1976 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 176
1977 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 173
1978 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 172
1979 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 158
1980 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 173
1981 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 171
1982 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 172
1983 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 159
1984 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 174
1985 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 174
1986 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 174
1987 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 159
1988 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 173
1989 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 172
1990 02 02 02 02 02 02 02 02 02 02 02 02]02]02] 02 172
1991 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 156
1992 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 170
1993 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 170
1994 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 170
1995 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 155
1996 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 171
1997 0.2 0.2 0.2 .13 20 -21 25 -27 -23 -10 0.2 02 | -11 0.2 -2.7 -769
1998 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 172
1999 0.2 0.2 0.2 <13 -20 -21 -25 -27 -23 -10 0.2 02 | -11 0.2 27 -784
2000 0.2 0.2 0.2 13 20 -21 -25 -27 -23 -10 0.2 02| -11 0.2 -2.7 -769
2001 0.2 0.2 0.2 13 20 -21 25 -27 23 -10 0.2 02 | -11 0.2 -2.7 -771
2002 0.2 0.2 0.2 13 -20 -21 -25 -27 -23 -10 0.2 02 | -11 0.2 | -2.7 -772
2003 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 154
2004 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 168
2005 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 168
2006 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 168
2007 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 154
2008 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 169
2009 02 02 02 02 02 02 02 02 02 02 02 02]02]02] 02 168
2010 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 168
2011 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 154

Notes:

(1) AMEC's predicted Total Martin-Curren Tunnel flow (Table A-8) minus SWE's predicted Martin-Curren Tunnel flow (Table A-5).
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Table A-10

Monthly Average Flow

Rangen Total Flow

1996 - 2011
Values in CFS

Total Rangen Flow o

Ann Ann Total
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Avg | Max | Min (AF)
1966 52.2 482 449 385 342 454 513 532 624 699 584 49.2| 507|699 34.2 36,680
1967 439 393 334 366 376 474 450 529 589 694 674 643|500 694 | 334 36,248
1968 52.8 458 412 360 368 450 505 589 682 682 655 631|527 682]| 36.0 38,253
1969 50.8 434 382 334 343 455 496 585 659 669 647 572|507 | 669 | 334 36,736
1970 49.8 42,7 420 347 345 425 503 594 660 693 633 600 51.2| 69.3| 345 37,121
1971 50.2 412 391 37.2 405 434 510 605 648 737 702 634 529| 737 37.2 34,486
1972 55.1 481 430 406 459 581 610 673 739 761 682 667|587 | 76.1| 40.6 42,619
1973 57.9 491 46.2 376 396 421 531 551 578 658 616 553|518 65.8| 37.6 37,510
1974 441 465 411 358 344 434 471 550 59.2 696 628 579 | 49.7 | 69.6 | 344 36,027
1975 43.0 399 328 335 373 395 432 519 556 579 56.2 583|458 | 583 | 32.8 29,575
1976 50.0 443 411 331 359 380 395 472 564 616 587 530|466 | 616 33.1 33,815
1977 47.1 395 377 352 326 370 349 339 379 389 424 376|379 | 471 326 27,421
1978 333 294 301 283 276 273 279 336 499 428 403 365]1339] 499 273 24,562
1979 34.4 303 293 245 203 254 271 361 47.8 477 422 383|336 | 478 203 21,992
1980 34.6 317 275 258 227 309 327 345 378 474 411 349|335 | 474 | 227 24,299
1981 311 26,7 224 237 200 215 275 333 370 391 410 341 298| 41.0] 20.0 21,573
1982 306 301 297 247 241 230 290 331 428 467 476 419 336 | 476 | 23.0 24,345
1983 37.0 3314 323 282 303 29.0 351 431 475 519 486 467|386 | 519 28.2 25,084
1984 41.0 401 374 336 315 350 379 421 429 476 458 441|399 | 476 | 315 28,982
1985 40.2 383 361 345 317 310 329 453 489 520 491 425 40.2 | 52.0( 31.0 29,116
1986 37.8 365 34.8 324 343 342 382 496 526 556 515 489|422 ] 55.6| 324 30,582
1987 433 38.2 364 307 301 355 372 452 456 523 474 453|406 | 523 | 301 26,610
1988 376 339 308 276 277 301 299 358 39.7 475 431 379|351 | 475| 276 25,510
1989 344 313 287 222 232 250 275 353 349 429 387 36.7|317| 429 22.2 22,989
1990 34.3 317 288 209 223 249 265 304 352 419 356 321 304|419 209 21,999
1991 28.6 27.2 273 17.8 189 199 208 275 348 356 328 323 270 356 | 17.8 17,535
1992 27.4 229 218 164 157 155 181 188 213 248 204 189 20.2]| 274 155 14,643
1993 16.8 170 154 164 139 152 158 210 273 362 31.2 275 211 | 36.2| 13.9 15,320
1994 243 223 198 171 189 169 194 223 276 334 288 258 231 | 334/ 16.9 16,696
1995 22,5 207 215 184 158 159 144 165 220 307 342 303|219 | 34.2| 144 14,007
1996 27.1 250 238 224 193 17.0 167 205 274 327 358 337|251 | 358 16.7 18,235
1997 31.8 302 300 275 240 258 255 275 327 413 433 398 316|433 | 240 22,898
1998 36.2 33,7 309 278 260 299 245 244 286 396 418 384|318 | 418 244 23,023
1999 36.6 326 304 258 244 249 205 212 264 357 374 334|291 | 374 205 19,006
2000 31.6 29.2 286 230 201 193 177 209 268 339 342 296 26.2 | 342|177 19,047
2001 271 244 233 21,2 168 134 131 146 180 234 242 221201} 271|131 14,561
2002 20.3 186 173 153 127 117 108 110 143 206 211 191 ) 1611 211 | 108 11,626
2003 16.4 15.2 139 13,0 129 127 117 120 147 179 182 161|146 | 182 | 11.7 9,548
2004 14.6 133 130 118 114 122 119 118 131 143 137 128 128 | 146 | 114 9,304
2005 12.2 114 111 114 115 115 107 107 124 157 152 140|123 | 157 | 10.7 8,919
2006 13.2 126 127 128 115 122 117 130 17.2 211 196 176 | 146 | 211 | 115 10,571
2007 15.6 146 144 133 136 13.8 127 120 170 214 206 191 | 157 214 | 120 10,184
2008 16.7 15.2 141 135 126 127 113 117 137 179 173 154|143 | 179| 113 10,413
2009 141 132 126 120 110 114 118 122 145 180 171 16.2 | 13.7 | 180 | 11.0 9,893
2010 14.5 134 124 120 119 1277 117 121 141 177 184 165 139 | 184 | 11.7 10,098
2011 15.0 139 135 131 127 133 123 124 1431 197 216 181 | 150 | 216{ 123 9,726

Notes:

{1) Total Rangen monthly flow as provided by Rangen {1966 - 2/1995) and total Rangen monthly flow as provided by the iDWR

(3/1995 - 2011).
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Monthly Average Flow
Total Curren Spring Flow
1996 - 2011

Estimated Total Spring Flow w

Table A-11

Values in CFS

Ann Ann Total
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Avg | Max | Min (AF)
1966 522 482 449 385 342 454 513 532 624 699 584 492|507 | 699 | 34.2 36,680
1967 439 393 334 366 376 474 490 529 589 694 674 643|500 694 | 334 36,248
1968 528 458 412 360 368 450 505 589 682 682 655 63.1|527|68.2] 36.0 38,253
1969 50.8 434 382 334 343 455 496 585 659 669 647 57.2| 507 | 66.9 | 33.4 36,736
1970 49.8 427 420 347 345 425 503 594 660 693 633 600] 5121693 | 345 37,121
1971 50.2 412 391 372 405 434 510 605 648 737 702 634|529 ]| 73.7]| 37.2 34,486
1972 55.1 481 430 406 459 581 610 673 739 761 68.2 667|587 ]| 761 ] 406 42,619
1973 579 451 46.2 376 396 421 531 551 578 658 616 553 | 51.8| 65.8| 37.6 37,510
1974 441 465 411 358 344 434 471 550 592 696 628 579|497 | 69.6 | 34.4 36,027
1975 430 399 328 335 373 395 432 519 556 579 56.2 583|458 | 583 | 32.8 29,575
1976 500 443 411 331 359 380 395 472 564 616 587 53.0| 466 | 616 | 33.1 33,815
1977 47.1 395 377 352 326 370 349 339 379 389 424 376|379 471 | 326 27,421
1978 333 294 301 283 276 273 279 336 499 428 403 365|339 499 | 27.3 24,562
1979 344 303 293 245 203 254 271 361 478 477 422 383|336 ] 47.8| 203 21,992
1980 346 317 275 258 227 309 327 345 378 474 411 349|335 | 474 227 24,299
1981 311 267 224 237 200 215 275 333 370 391 410 341 298| 41.0| 200 21,573
1982 306 304 297 247 241 230 290 331 428 467 476 419|336 | 476 | 230 24,345
1983 370 331 323 282 303 290 351 431 475 519 486 46.7) 386 | 519 | 28.2 25,084
1984 410 401 374 336 315 350 379 421 429 476 458 441|399 | 476 315 28,982
1985 40.2 383 361 345 317 310 329 453 489 520 49.1 425402 | 520 31.0 29,116
1986 378 365 348 324 343 342 382 496 526 556 515 489 | 422|556 | 324 30,582
1987 433 382 361 307 301 355 37.2 452 456 523 474 453|406 | 523} 30.1 26,610
1988 376 339 308 276 27.7 301 299 358 397 475 431 379|351 | 475 276 25,510
1989 344 313 287 222 232 250 275 353 349 429 387 36.7| 317 429 22.2 22,989
1990 343 317 288 209 223 249 265 304 352 419 356 321|304 419 209 21,999
1991 286 272 273 178 189 199 208 275 348 356 328 323|270 356 | 17.8 17,535
1992 274 229 218 164 157 155 181 188 213 248 204 189 20.2 | 274 | 155 14,643
1993 168 170 154 164 139 152 158 210 273 362 312 275|211 | 36.2| 139 15,320
1994 243 223 198 171 189 169 194 223 276 334 288 258|231 | 334 16.9 16,696
1995 225 207 215 184 158 159 144 165 220 307 342 303|219 34.2| 144 14,007
1996 271 25.0 238 224 193 170 16.7 205 274 327 358 33.7{ 251 | 35.8 ]| 16.7 18,235
1997 318 302 300 296 27.0 289 291 314 360 430 433 398|333 ] 433 27.0 24,153
1998 362 337 309 278 26.0 299 245 244 286 396 418 384 | 318 418 | 244 23,023
1999 366 326 304 278 274 281 241 251 29.7 374 374 334|308 374 241 20,262
2000 316 29.2 286 250 231 224 213 248 30.2 356 342 29.6| 280 | 356 | 213 20,303
2001 271 244 233 233 198 166 167 185 214 250 242 221|219 | 271 | 16.6 15,817
2002 203 186 173 174 157 149 144 149 177 223 211 191|178 | 223 | 144 12,882
2003 164 15.2 139 130 129 127 117 120 147 179 182 16.1 ) 146 | 18.2] 11.7 9,548
2004 146 133 13,0 118 114 122 119 118 131 143 13.7 128 128 | 146 | 114 9,304
2005 122 114 111 114 115 115 107 107 124 157 152 14.0| 123 | 157 | 10.7 8,919
2006 132 126 127 128 115 122 117 130 172 211 196 176 146 211 | 115 10,571
2007 156 146 144 133 136 138 127 120 170 214 206 19.1) 157 | 2141 120 10,184
2008 16.7 15.2 141 135 126 127 113 117 137 179 173 154|143 | 179 113 10,413
2009 141 132 126 120 11.0 114 118 122 145 180 171 16.2| 13.7 | 18.0 | 11.0 9,893
2010 145 134 124 120 119 127 117 121 141 177 184 165 139 ] 184 | 11.7 10,098
2011 150 139 135 131 127 133 123 124 141 197 216 181 15.0] 216 | 123 9,726

Notes:

(1) Total Curren Spring flow is equal to the sum of (a) total Rangen monthly flow data (Table A-10) and (b) farmers diversions in 1997
and from 1999 - 2002 (Table A-6).
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Estimated Total Curren Spring Flow to Rangenu’

Table A-12

Monthly Average Flow
Total Curren Spring Flow

1996 - 2011
Values In CFS

Ann Ann Total
Year Jan Feb Mar Apr May Jun Juu Aug Sep Oct Nov Dec | Avg | Max | Min (AF)
1966 51,7 478 445 362 258 37.6 429 457 57.2 677 576 487|469 | 67.7| 25.8 33,982
1967 435 389 326 297 288 380 406 444 511 638 665 643|452 665 | 288 32,740
1968 525 455 410 360 277 385 421 585 643 676 649 626|501 | 676 | 27.7 36,384
1969 50.5 434 382 328 256 367 427 489 60.7 642 637 56.8| 47.0| 64.2| 25.6 34,039
1970 491 424 417 344 263 347 419 519 616 671 625 595|478 | 67.1 | 26.3 34,605
1971 49.7 408 387 340 332 376 426 513 569 737 695 624] 492|737 332 31,815
1972 541 471 426 359 384 495 520 577 691 739 675 66.2|545| 739 | 359 39,576
1973 574 486 457 371 304 343 437 476 554 636 608 548|483 | 636 304 34,960
1974 441 461 407 335 260 356 387 475 540 674 620 574|461 | 674 | 260 33,357
1975 425 395 324 312 289 317 34.8 444 504 557 554 57.8| 421|578 289 26,907
1976 496 439 408 308 278 304 314 399 513 594 579 525430594 | 278 31,201
1977 46.7 391 374 329 248 297 27.0 268 329 367 417 37.2} 344 ] 46.7 | 24.8 24,893
1978 329 291 298 260 20.2 203 203 267 450 407 396 36.1| 306|450 20.2 22,118
1979 341 300 290 222 13.2 187 19.8 295 43.0 456 416 379|304 | 456 13.2 19,656
1980 343 314 272 236 159 244 257 281 331 453 405 346|303 453 159 22,025
1981 308 264 222 215 135 153 20.8 271 324 371 405 338 268|405 135 19,384
1982 30.3 299 295 225 179 171 226 271 384 447 471 416|307 (4711171 22,241
1983 36.8 329 321 260 244 234 289 373 432 499 482 464 | 358|499 | 234 23,081
1984 40.8 399 372 314 260 297 320 365 387 457 454 439|373 | 457 26.0 27,047
1985 40.0 381 359 323 265 259 273 399 448 501 488 423377 | 501 ]| 259 27,266
1986 376 364 347 302 294 294 329 444 486 537 512 487 398|537 294 28,817
1987 43.2 381 360 286 255 310 32.2 402 417 505 472 452|383 | 505 255 24,939
1988 375 338 307 255 234 259 252 311 359 457 429 378} 329 4571 234 23,920
1989 343 312 286 201 193 211 231 308 313 411 386 366 297|411 | 193 21,495
1990 342 317 288 188 188 213 224 262 317 402 355 321|285 | 40.2] 188 20,607
1991 286 27.2 273 157 158 167 17.1 235 314 339 328 323 252|339 157 16,254
1992 274 229 218 139 117 115 141 148 173 223 204 189 181 | 274 | 115 13,127
1993 16.8 170 154 143 109 122 126 160 215 332 312 2751 191 | 33.2] 109 13,798
1994 243 223 198 146 164 144 144 173 251 309 288 258 212 309 | 144 15,327
1995 225 207 215 164 128 124 114 133 200 307 342 303]1205] 342|114 12,995
1996 27.4 250 238 21.2 168 144 139 182 250 323 358 337|239 358 139 17,375
1997 31.8 30.2 300 275 240 258 255 275 327 413 433 398|316 433 | 240 22,898
1998 362 337 309 258 230 268 209 205 252 379 418 384 30.1 | 418 205 21,767
1999 36.6 326 304 258 244 249 205 212 264 357 374 334|291 374 205 19,006
2000 316 292 286 230 201 193 17.7 209 26.8 339 342 296 26.2 | 34.2| 17.7 19,047
2001 2714 244 233 212 168 134 131 146 180 234 242 221|201 271 | 131 14,561
2002 203 186 173 153 127 117 108 110 143 206 211 19.1 | 161 | 21.1| 10.8 11,626
2003 164 152 139 130 129 127 117 120 147 179 182 16.1)| 146 18.2| 11.7 9,548
2004 146 133 13.0 118 114 122 119 118 131 143 137 128 128 | 146 | 114 9,304
2005 122 114 111 114 115 115 107 107 124 157 152 140 123 | 157 | 10.7 8,919
2006 13.2 126 127 128 115 122 117 130 172 211 196 176 | 146 | 211 ] 115 10,571
2007 15,6 146 144 133 136 138 127 120 170 214 206 191|157 | 2141 120 10,184
2008 16.7 152 141 135 126 12,7 113 117 137 179 173 154 143 | 179} 113 10,413
2009 141 132 126 120 110 114 11.8 122 145 180 171 16.2| 13.7 | 1801 110 9,893
2010 145 134 124 120 119 127 117 121 141 177 184 165 139 | 184 | 11.7 10,098
2011 150 139 135 13.1 127 133 123 124 141 197 216 181 | 150 216 123 9,726
Avg 331 300 280 235 203 229 242 286 345 411 401 368 | 30.2 | 42.2 19.6 21,380.3
Notes:

{1) Total Curren Spring Flow (Table A-11) minus reported total Rangen flow (Table A-6).
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Updated Figures
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Figure 2-6a

Monthly Average Flows
Total Curren Tunnel (Predicted)

1966 - 1975
Valuesin CFS
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Source: {1) Curren Tunnel flow back-casted/predicted using regression between Curren Tunnel and

Total Curren Spring flow.
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Figure 2-6b

Monthly Average Flows
Total Curren Tunnel to Rangen (Predicted)
1966 - 1975
Valuesin CFS
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Source: (1) Total Curren Tunnel flow back-casted/predicted using regression between Total Curren Tunnel

flow and Total Curren Spring flow minus diversions to farmers (actual data from 1967 - 1973)
Missing data for 1966 and 1974 - 1975 filled in using 1967 - 1973 average.
(2) Rangen's 1962 and 1977 water rights include Rangen's senior water right (1.46 cfs).
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Figure 2-2

Predicted Increase in Curren Spring Flow at Steady-State from
Curtailment of Ground Water Rights Junior to July 13, 1962

Steady-State Increase in Curren Spring Flow Following Curtailment
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Notes:

(1) ESPAM 2.1 Model results provided by AMEC for effect of curtailment after 80 years (~ steady state).
(2) Curren Tunnel Flow calculated using Total Curren Spring vs. Curren Tunnel regression (SWE).

(3) Monthly Rangen flow data provided by IDWR.

(4) Curren Tunnel flow data provided by IDWR plus 6" white pipe flow data provided by the IDWR.

(5) Calculated as present Curren Spring flow (3) minus present Curren Tunnel flow (4).

(6) Calculated as present flow (3, 4, 5) plus predicted increase in flow (1, 2).

Spronk Water Engineers, Inc. Updated 5/5/2013
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Updated Tables



Table 2-1

Predicted Increase in Flow at Steady State
from Curtailment of All ESPA Ground Water Rights

Junior to July 13, 1962 ()

2

Increased Flow Increased Flow Spring Rights Junior
(cfs) (% Total) to 7/13/1962 (%)
Spring Reach: Kimberly to Buhl

Niagara 32.0 1.9% 91%

Crystal 45.7 2.7% 100%

Blue Lakes 20.0 1.2%

Elison 0.1 0.0%

Devils Corral 7.4 0.4%

Devils Washbowl| 5.7 0.3% 100%

Other Springs 10.8 0.6% 100%

Total Kimberly to Buhl 121.7 7.1% 98%

Spring Reach: Buhl to Lower Salmon Falls

Clear Lakes 41.8 2.5% 83%

Briggs 11 0.1% 43%

Banbury 33 0.2% 84%

Box 68.7 4.0% 100%

Sand 18.3 1.1% 95%

Thousand 50.1 2.9% 60%

NF Hatchery 114 0.7% 57%
(3) Rangen 17.9 1.0% 30%

Tucker 11 0.1% 30%

Three 13.0 0.8% 74%

Big 7.1 0.4% 29%

Birch 01 0.0%

Other Springs 8.4 0.5% 81%

Total Buhl to Lower Salmon Falls 242.4 14.2% 63%

Spring Reach: Lower Salmon Falls to King Hill

Bancroft 0.7 0.0% 100%

Malad 43.9 2.6% 100%

Other Springs 7.1 0.4% 79%

Total Lower Salmon Falls to King Hill 51.8 3.0% 99%

River Reaches

Ashton to Rexburg 158 9.3%

Heise to Shelley 206 12.1%

Shelley to Near Blackfoot 230 13.5%

Near Blackfoot to Minidoka 695 40.8%

Total (All Spring and River Reaches) 1,705 100.0%

Notes:
(1) Results of ESPAM 2.1 model runs provided by IDWR on February 27, 2013.
{2) Percentage of water rights with spring water sources in the ESPAM 2.1 spring cells that have partial decrees or licenses
that are junior to Rangen's July 13, 1962 water right. Computed as:
Total rate of diversion for junior water rights / total rate of diversion for all water rights.
Water rights were identified from IDWR water right points of diversion shapefile intersected with ESPAM 2.1 spring cells.
(3) Of the 17.9 cfs that would accrue to the Rangen spring cell, an estimated 13.3 cfs would accrue at the Curren Tunnel; this is
approximately 75% of the total curtailment gain based on a regression of Curren Tunnel vs. Total Curren Spring flow.

Spronk Water Engineers, Inc. Updated 5/5/2013
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