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1 

1 Warning! The following is a rough draft of the within 

2 deposition transcript which has been provided upon 

3 request with the specific understanding and 

4 acknowledgment that: 

5 Such Transcript is not in final form and is not 

6 an official transcript of the proceeding. The nature 

7 of stenographic writing necessitates that the reporter 

8 may have to make various corrections and/or changes as 

9 a result of human error and/or stenographic notes not 

10 being fully translated by the equipment from steno to 

11 English. As a result the final transcript my vary 

12 significantly. 

13 Such transcript is being provided as a special 

14 service, to be used for limited purposes as may be 

15 appropriate in the discretion of the recipient; 

16 however, the reporter and/or M & M Court Reporting 

-----....,:1-7- - Se1:-v-:i:ees,,- L-ne .• -,- w.j,...l -l- n0t- be- l:'esponsible- Eor- any- of- the-----------I----I-

18 content of such transcript and/or any variance from the 

19 final official transcript. 

20 

21 

22 

23 

24 

25 
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1 testimony that we restricted access to the questioning. 

2 And I suspect that these are areas you want to explore 

3 Ms. McHugh. 

4 MS. McHUGH: Yeah, I just wanted to confirm what 

5 he was not offering opinions in. 

6 THE HEARING OFFICER: And I suppose in addition, 

7 you know, you'll have flexibility in having 

8 Dr. Brockway present his rebuttal testimony in a desire 

9 not to have him come back I think would be cause to at 

10 least go beyond the scope of some of the examination. 

11 Objection overruled. 

12 

13 

MS. McHUGH: Thank you. 

Q. Just to confirm that in this case and in 

14 your reports that are here that you are not offering an 

15 opinion as an expert in aquaculture or fish production; 

16 is that true? 

119 

----------~aq-I,--------~~-. ---Nots-~~~e~~t~s-~0-~he-ee0nom~e-or--~he-----------------------I------I-

18 physiology of fish rearing. As it relates to water 

19 management relative to fish, I am. 

20 Q. You did not review any of Rangen's 

21 fish-production records; correct? 

22 

23 

A. 

Q. 

Did I not. 

And you have no opinion regarding the 

24 amount of water Rangen needs for fish propagation 

25 purposes? 
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1 

2 

3 

4 

5 

more 

A. 

Q. 

fish 

A. 

Q. 

Not for specific purposes, no. 

And you don't know if Rangen could raise 

with current water supply; correct? 

I have an opinion that he could, yes. 

You would agree that fish propagation is 

6 not your area of expertise; correct? 

7 A. Well, fish propagation is a pretty broad 

8 topic. If you want to expand on that, I might be able 

9 to narrow my opinion down. 

10 MS. McHUGH: Jeff, could I have you get 

11 Mr . Brockway's deposition. 

12 

13 

THE HEARING OFFICER: Off the record. (recess) . 

Q. (BY MS. McHUGH): Dr. Brockway could I have 

14 you turn -- in front of you you've been handed a copy 

15 of your deposition taken March 67 

16 A. , 2,013. 

-----,1-7- 1·-----A.--:y,es .• 

18 Q. Do you recall having your deposition taken 

19 on March 6th, 2,0137 

20 

21 

22 

23 

A. 

Q. 

A. 

Q. 

Yes. 

Could I have you turn to page 1727 

Okay. 

And if you look at line 18. I'll read the 

24 question if you could read the answer. Question, are 

25 you offering an opinion on the amount of water Rangen 

Rough Draft - Hearing - May 14, 2013 (Day 10) 
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1 

2 

3 

4 

5 

6 

7 

needs for 

A. 

Q. 

A. 

Q. 

A. 

Q. 

fish propagation purposes. Your answer? 

I must have the wrong page. 

Page 172. 

Line what. 

Starting on line 18? 

Oh, yeah, okay. 

I'll do that again. Question, are you 

8 offering an opinion on the amount of water Rangen needs 

9 for fish propagation purposes? Your answer? 

10 

11 

A. 

Q. 

No. 

Question, is it your opinion that Rangen 

12 optimizes fish production at its facility. Answer? 

13 

14 

A. 

Q. 

I have no opinion on that. 

Could I have you turn turn to page 97 of 

15 your deposition., line 5. Are you there, Dr. Brockway? 

16 A. Yes. 

121 

__________ 1 ], Q. ____ QuestioD,_ down if Rangen could raise ___________________________ 
I 
______ 

I
_ 

18 additional fish with there existing water supply. 

19 Answer? 

20 

21 

A. 

Q. 

I don't know that, no. 

You did not review any of Rangen's research 

22 records for your opinions in this case; is that true? 

23 

24 

A. 

Q. 

Did I not. 

Awe r-and you don't know any details of 

25 Rangen's research efforts? 
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1 

2 

A. 

Q. 

I don't know the details, no. 

And you're not offering an opinion on how 

3 much water Rangen needs for research purposes; is that 

4 correct? 

5 

6 

A. 

Q. 

Not specifically for research purposes. 

And you have no opinion on how much water 

7 Rangen needs to raise the same number of fish they did 

8 in the past? 

9 A. I can't tell you how many cfs it takes to 

10 raise a thousand pounds of fish, no. 

11 Q. Okay. And then that helps right there. 

12 And then as far as Mr. Director, with that background 

13 in mind, there are places in Dr. Brockway's reports 

14 where he offers opinions about aquaculture industry 

15 standards, the amount of water need today rehabilitate 

16 there research facilities and those kinds of things. I 

122 

__________ ~1~7~1 __ ~c~a~n~p.oint you sRecifically' to those p'ortions of h~i~s~ _______________________ I_----_~ 

18 report and ask that they be struck or given due weight, 

19 given the fact in light of his current testimony or I 

20 can rely on you to understand that based on his 

21 testimony what portions of his report he would not be 

22 competent to offer opinions in? 

23 THE HEARING OFFICER: Okay, I guess I want to 

24 ask the parties how they want to address these kinds of 

25 issues in reports that are already received into 
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1 significant, wouldn't you agree? 

2 

3 

A. 

Q. 

You could raise some fish with that, yes. 

So if we went from underpredicting flows in 

4 the early period to overpredicting flows at the end, 

5 isn't that right, based on this residual graph? 

6 

7 

A. 

Q. 

That's what that would tell you, yes. 

And why would that be? Because something 

8 changed on the ESPA? 

9 

10 

A. 

Q. 

Well, yes, something. 

But the model doesn't currently have 

11 anything in it to compensate for that, correct, 

12 whatever that change is? 

13 

14 there. 

A. Well, the compensate or for it wouldn't be 

15 Q. Thank you. That's all I have. 

16 THE HEARING OFFICER: Ms. McHugh. 

137 

__________ 1~, __ I,---------MS .• - McHUGH:--Nothing urther. __ Thank_you. _________________________ I. _____ I_ 

18 THE HEARING OFFICER: Mr. Rigby? 

19 MR. RIGBY: No, Mr. Director. 

20 THE HEARING OFFICER: Okay. Thank you, 

21 Mr. Brockway. Next witness? 

22 MR. MAY: I'm going to call Dave Colvin VIN. 

23 THE HEARING OFFICER: Okay. Very good. 

24 Mr. Colvin. And we have some question about 

25 Mr. Sullivan and his testimony today. 
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1 MS. KLAHN: We don't need to do it today now 

2 that we have the whole week. 

3 THE HEARING OFFICER: Okay. Mr. Sullivan is 

4 taking up residency, I assume. 

5 MS. KLAHN: He's probably not happy to hear 

6 that. We can probably do it tomorrow. Let's not 

7 interrupt Rangen's pre rebuttal. 

8 MR. MAY: I was going to say he took up 

9 residence awhile ago. Hels been here awhile. 

10 THE HEARING OFFICER: Raise your right hand 

11 please (swear swear). 

12 

13 

14 seated? 

15 

THE WITNESS: Yes. 

THE HEARING OFFICER: Thank you. Please be 

Q. (BY MR. MAY): Good afternoon, Mr. Colvin. 

16 Could you please state -- state your name for the 

138 

17 record and spell your last name? -------------1 ----------------------------------------------1------1-
18 

19 

20 

21 

22 

23 

24 

A. My name is David Colvin. Last name is 

spelled c-o-l-v-as in victor i-n-

Q. And where do you currently reside? 

A. 

Q. 

A. 

Q. 

Colorado Louisville Colorado. 

Where are you ly currently employed? 

Leonard Rice Engineers. 

I've got up on the screen I'm going to show 

25 to you what's been marked as Exhibit 1271. Do you 
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1 recognize this document? 

2 

3 

A. 

Q. 

Yes, that's my resume. 

Okay. And could you talk about your 

4 education starting with college? 

5 A. Sure. I've got a bachelor of science in 

6 geology from Syracuse University and a master's of 

7 science in environmental science and engineering from 

8 Colorado School of Mines. 

9 Q. And if you could, would you walk us through 

10 a little bit some of your work experience related to 

11 the matters on which you're going to be offering 

12 testimony today? 

13 A. The work I've done in the past is primarily 

14 hydrogeology as it relates to aquifer characterization, 

15 testing, and ground\'1ater modeling. 

16 Q. And where did you -- where did you perform 

139 

__________ ~1~7~1 that work, where have you had that work experi~e=n~c~e~? ________________________ .I ___ __ 

18 A. Various companies, including at the time 

19 raw tech and geo mega and various locations *CHECK 

20 SPELLING*, mostly throughout Colorado and the west. 

21 Q. And you mentioned hydrogeology and also 

22 modeling. Do you have any particular training in 

23 modeling, groundwater modeling? 

24 A. I do. I took classes in groundwater 

25 modeling, two classes in graduate school and then 
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1 significant change on the effects at Rangen; right? 

2 A. Using an erroneous prediction minimization 

3 as a target, yes, it did. And •.. 

4 Q. Aside from your opinion regarding the 

5 prediction target? 

6 

7 

A. 

Q. 

Yes. 

Setting that aside, if half of the -- if 

8 the model has changed in a manner that allowed half of 

9 the model domain parameters to be changed, you would 

10 expect that to have more of an impact than changing 

11 parameters than just a few handful of cells arounds 

12 Rangen? 

13 

14 

A. 

Q. 

If it were calibrated may be. 

Okay. Under the composite model did you 

15 compare calibration at other spring targets besides the 

16 Rangen Spring? 

17 A. I did not. 

18 Q. Okay. Let me ask a you few questions, some 

19 of these were asked of Dr. Brockway and we covered 

20 these in your deposition. So I know the answers, but 

21 we need them for the purpose of clarifying the record 

22 what your area of expertise is and opinions you're 

23 offering? 

24 

25 

A. 

Q. 

Sure. 

You don't have any opinions regarding fish 
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1 production? 

2 

3 

4 

5 

6 

7 

A. 

Q. 

A. 

Q. 

A. 

Q. 

No. 

Or water quality? 

No. 

No engineering opinions? 

No. 

You didn't review any fish-production 

8 records for Rangen? 

9 

10 

11 

12 

A. 

Q. 

A. 

Q. 

No. 

Or research records? 

No. 

You don't have an opinion on aquaculture 

13 industry standards? 

14 A. No. 

15 Q. Or fish hatchery management? 

16 A. No. 

166 

___________ 1_7_ 1, ________ ~Q~. ____ O __ kay_. ___ YoU didn't make any investig=a~t=i~o~n~o~f ___________________ I------I-

18 

19 

20 

21 

22 

23 

the feasibility of utilizing vertical wells above the 

rim to supplement Rangen's water supply? 

A. We reviewed the alternatives presented in 

our initial expert report. We reviewed them in a 

conceptual sense. 

Q. Okay. But you did not make any 

24 investigations of the physical feasibility of using 

25 vertical wells to augment Rangen's water supply? 
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A. Background 
Rangen Inc. (Rangen) submitted a new Petition for Delivery Call to the Idaho Department of 
Water Resources (IDWR) on December 13, 2011 requesting relief from material injury to spring 
flow water rights held by Rangen. This Petition addressed the Injury to Rangen's water rights 
36-02551 and 36-07694 for the Rangen Aquaculture Research Center (Research Hatchery). 

This report addresses the procedures and analytical approaches documenting the Injury to the 
Rangen water rights and the procedures which the Department utilized In evaluating the trends 
In historical discharge and the seasonal and pumping-impacted variability In discharge of the 
Rangen water supply at the time of appropriation. The report outlines alternative procedures to 
evaluate spring responses and injury resulting from changes in water use on the ESPA, 
particularly the pumping of ground water by junior water right holders. The report also 
addresses the particulars of the recently completed ground water model, ESPAM 2.1, and the 
methods of utilizing the model to determine impacts or Injury to existing spring water rights and 
appropriate uses for the model. Figure 1 shows the location of the Rangen facility. 

The previous determination (Second Amended Order of May 19, 2005) of the estimated 
Increase at Rangan Spring at steady state with the effective response constrained to wells 
providing more than 10% of pumped volumes was 0.4 CFS. The best available science for 
predicting beneficial Impacts of curtailing ground water pumpers junior to July 13, 1962 Is 
ESPAM 2.1. ESPAM 2.1 predicts a steady state impact of 17.9 CFS from curtailment of ground 
water pumping within the area of the model, under water rights junior to July 13, 1962. The 
measured average flow available to Rangen over the last 10 years Is 14.1 cfs. Restoration of 
the depletion of flow caused by junior priority ground water pumping would more than double 
the available flow to Rangen spring. 

A.1. Eastern Snake Plain Aquifer Geology and Hydrogeology 

The Snake River Plain is a 15,600 square mile regional aquifer system In the southern portion of 
Idaho. The plain exists In a graben-like feature, likely created by Middle Miocene crustal 
extension forces. The graben is primarily filled by Tertiary and Quaternary basalts intercalated 
with less extensive sedimentary rocks. Basalt deposits are made up of many thinner basalt 
flows (tens of feet thick) that combine to create cumulative thicknesses in excess of 1,000 feet. 
The eastern plain aquifer system Is dominated by the Snake River Group basalt layers. Snake 
River Group basalt deposits are known to be up to 5,000 feet thick In some locations. 
(Whitehead, 1992) 

The Eastern Snake Plain Aquifer (ESPA) Is primarily an aquifer consisting of relatively shallow 
(a few hundred feet deep) and highly transmissive rubble and pillow basalts. Deeper aquifer 
conditions exist and are likely confined, but little data Is available to evaluate them. 
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Sources of recharge Into the aquifer Include infiltration of precipitation, natural surface water 
losses, Irrigation canal losses, deep percolation of Irrigation water, recharge projects, and 
ground water Inflow from tributary basins. Discharge out of the aquifer Includes well pumping, 
spring discharge, ground water flow into surface water features (including the Snake River), and 
evapotranspiration. 

Most ESPA ground water pumping occurs In the Quaternary basalts of the Snake River Group. 
Most wells are shallow and many can produce sustained flow rates in excess of 1,000 gallons 
per minute (GPM), or 2.28 cubic feet per second (CFS). 

Another source of aquifer discharge Is through springs In and near the canyon walls between 
Milner and King Hill. These springs also exhibit high flow rates and can exceed total flows of 
6,000 CFS. (VVhitehead, 1992) 

A.2. Historical Response of Aquifer to Changing Water Use 
The Eastern Snake Plain Aquifer, as outlined In Section A.1., has been described geologically 
as a graben fined primarily with basalt from volcanic activity throughout geologic history. The 
North Fork (Henry's Fork) of the Snake River enters onto the Eastern Snake Plain near the city 
of Ashton and the South Fork flows from Wyoming onto the ESPA at the town of Heise. Early 
Irrigation, beginning around 1871 consisted of a myriad of canals diverting from the Snake River 
and tributaries and flood Irrigating lands near the river (carter, Kate, 1955 Pioneer Irrigation, 
Upper Snake River Valley). Early development of Irrigation Is documented by Stearns (1938) 
and later by the U.S. Geological Survey (Garrabedlan, 1992). Deep percolation of irrigation 
water from the Snake River and tributaries began to raise water tables within the aquifer and 
Increase discharge from the various springs issuing from the aquifer and increase the ground 
water reach-galn In the Snake River In hydraulically connected reaches. 

------gata~provided by.stearns·~1933rIAdieate·that many springs Issuing fram the·ESPA-doubied-ln-----
discharge between 1902 and 1917. USGS records for Curren Tunnel Indicate 50 cfs In 1902 
and 96 cfs in 1917 (USGS, 1958), which corresponds with the development of large Irrigation 
projects on the ESPA. Mundorf (1964) compared early measured ground water levels In 
selected wells from the early 1900s to 1959 and showed that some water levels had increased 
between 35 and 45 feet during that period. Garrabedlan (1992) estimated irrigation 
development for various dates during the period 1899 to 1980 Indicating that major Irrigation 
from surface sources began about 1880 and major ground water pumping for Irrigation 
Increased rapidly after 1945. The ESPAwater levels rose rapidly after 1900 with some wells 
showing Increases of 60 to 70 feet from 1902 to 1917. Spring flows, particularly on the western 
boundary of the aquifer (Thousand Springs area) responded to the Increased aquifer water 
levels and began to peak about 1950. Data on continuous measured spring flows prior to 1950 
are sparse; however, Kjelstrom (1986) developed an empirical procedure for estimating the total 
spring flow from Northside Springs which shows the general response of ESPA outflow from 
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1902 through 1980. This graph, Figure 2, has been updated annually by the USGS and shows 
that the total spring flow peaked In about 1950 and has been declining since then. 

Garrabedlan (1992) reported that pumping for ground water for Irrigation increased rapidly after 
1945 and by 1959 had reached about 400,000 acres; by 1966, 640,000 acres of Eastern Snake 
Plain (ESP) land were irrigated with ground water and by 1979, 930,000 acres or 40 percent of 
the irrigated lands on the ESP were irrigated with ground water. 

Figure 3 Is a graph of the cumulative discharge authorized by water rights issued by IDWR for 
ground water In the Eastern Snake River Plain from 1867 through 2005. A plot of the number of 
ground water rights issued versus the estimated Northside Spring flow (Kjelstrom) shows the 
relationship between estimated ground water extraction and spring response over the ESPA. 
The magnitude of the decline in Northside Spring flow is caused by decreases in net recharge to 
the ESPA caused by changes in water use, including conversion from surface irrigation to 
sprinkler irrigation, ground water pumping for irrigation, and, to a lesser extent, changes in 
climate or drought. 

A.3. Rangen History of Development 

Historic anecdotal evidence indicates that the Curren Tunnel was advanced Into the Malad 
Basalt above the Rangen Research Hatchery In order to facilitate delivery of high quality spring 
water. Curren tunnel water was utilized for Irrigation around the turn of the 20th century. 
Several Irrigation water rights exist at the Curren Tunnel and are described In section A.4. 

Rangen Is one of the largest suppliers of high yield. low waste feeds for the aquaculture 
industry. The Rangen Research Hatchery was built In 1963 near Hagerman, Idaho for the 
purpose of testing experimental feed diets on a production basis. The Research Hatchery was 
located downstream of the Curren Tunnel ..... l:teFe the uAiquelV e*eelieAt spRAg 'fJater qyallty 

-----I~llfiiwiHii=_u:lABiEI=i&_iRi~iGG4Hi;_. · FeEiCtrformulas are teStel:rto assure optlmOm'tftfea------
conversion, low mortality, high health, optimum quality, excellent growth and economy In the 
raising of trout. The FeseareA that Is peFfGrmed aAB Ole Rut that Is pr9BYG8B is aA ImpaFtaAt 
oempeAeAt af the suaaee6 at RaAgeA AquasultuFe. 

A.4. Rangen Water Rights and Water Call 
Rangen owns flve (5) water rights with the designated point of diversion as the Rangen Spring 
or Martin-Curren tunnel which issues from the Eastern Snake Plain Aquifer (ESPA). Table 1 
shows the Rangen water rights. 
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Table 1 Rangen Water Rights (Pg 2 Petition for Delivery Call Dec 13,2011) 

Water Right 36-001348 36-00135A 36-15501 36-02551 36-07694 
No. 

Priority Date: October 9,1884 April 1, 1908 July I, 1957 July 13, 1962 April 12, 
1977 

BeneOclal Irrigation Irrigation Fish Domestic (0.10 Fish 
Use: (0.09 cfs) and (0.05 cfs) and Propagation cfs) and Propagation 

Domestic Domestic Fish 
(0.07cfs) (0.05 cfs) Propagation 

(48.54 cfs) 

Diversion O.09cfs 0.05 cfs 1.46 cfs 48.S4cfs 26.0 cfs 
Rate: 

Period of Jan.l- Jan.l- Jan.l - Jan.l- Jan.l-
Use: Dec. 31 Dec. 31 Dec. 31 Dec. 31 Dec. 31 

Domestic Domestic 

Feb. 15 - Nov 30 Feb. IS-Nov 30 
Irrigation Irrigation 

Rangen filed Its first delivery call on September 23, 2003. Former Director Karl Dreher Issued 
an order finding material Injury to Rangen water rights 36-02551 (priority July 13. 1962) and 36-

+-____ ~07!..!6~9~4 (erl0rnv.hRrIl12,...1m) caused b Rum Ing.QyJunlor RrI~rity_ground water Irrlg~at~o~rs:....!'o~n _____ _ 
the ESPA. The Director recognized that the then current available discharge was about 10 cfs 
compared to the decreed water rights of 76.14 cfs. Figure 4 shows these water rights, the 
observed Rangen Spring flows, and the ESPAM 2.1 predicted spring flows. The Director found 
that there was continuing material Injury to the Rangen water rights and Issued an order on 
February 25.2004 based on slmulattons of the ESPAM1.1 ground water model calling for 
curtailment of pumpers with priority water rights junior to July 13, 1962 In Water DIstrict 130 or 
for submittal of an acceptable mitigation plan for the Injury. Subsequently, on May 19, 2005 the 
Director Issued an amended order based on a re-callbrated ESPAM 1.1 model. In which he 
detemllned that the Rangen call was futile due to what was perceived uncertainty In the model 
based upon assumed river gauge error (+1- 10%, i.e. "trim lineD). 

Rangen filed a request for a hearing on the May 19. 2005 order. Rangen renewed that request 
on June 5, 2005 and again on March 31, 2009. The Department refused to act on Rangen's 
repeated requests and failed to convene a hearing. Rangen submitted a new Petition for 
Delivery call on December 13, 2011 which resulted In these proceedings. 
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B. Evaluation of Historical Availability of Water Supply 
at Rangen 

8.1. Water Measurement Procedures and Data - Rangen Facility 
Brockway Engineering PLLC (Brockway Engineering) and Leonard Rice Engineers (LRE) 
toured the Rangen Research Hatchery located at 2928 B South 1175 East. Hagerman. Idaho 
83332 on multiple occasions. Rangen staff (Wayne Courtney. Joy Kinyon. and Dan Maxwell) 
and/or IDWR District 36A Water Master Frank Erwin provided tours of the Research Hatchery 
operations focusing on water sources and water use. Brockway Engineering and LRE 
photographed pertinent water features. observed standard flow measurement. and mapped 
water structures. 

Water delivered to the Research Hatchery is supplied by the Curren Tunnel and spring water 
issuing from the talus slope beneath the tunnel (Figure 5). Neal Farmer of IDWR reported that 
the Current Tunnel elevation is 3.145 feet above mean sea level (FT AMSL). with lower 
elevation spring discharge in the talus slope down to approximately 3.100 FT AMSL (Farmer. 
2009). Figure 6 shows that Rangen has Inserted a pipeline Into the tunnel for collection of 
higher qli:lsilly water that ie Ret ElegFaEleEI by apeR air e)fpeeYre (IDWR Site 10 360410089). 
Rangen has also constructed a screen cover that prevents animals from getting Into the tunnel. 
The Curren Tunnel water Is piped down to the Research Hatchery building and Is shown In 
Figure 5. Water flowing out of the Research Hatchery building Is then routed either to the Inlet 
for the 36 inch pipe or is discharged Into the Lodge Pond. At the tima af the eite tJleits. theFe tJJ8S 

Ret eRGygh flew te eperate the small Fa_ .... ays. lea'llng them Ell)'. The limited flew als9 da:ieEiup 
three af the five large raseY/aye aAEI eRe af the feYF "CTRn FaSetlfayS. 

Additional spring water coming out of the Curren Tunnel and in the talus below the tunnel Is 
collected into a concrete retaining structure. The retaining structure has several pipes coming 

------o-.ut:-of It. la6EileCi as tile Cancty (IDWR Site 10 360410038). usser (WtV1IS #410(40), ana 
MorrisiCrandelmire (WMIS #410039) pipelines in Figure 7. These pipes are associated with 
irrigation water rights from the Curren Tunnel. Frank Erwin Indicated that the 
MorrlsiCrandelmire pipe was diverting a small amount of water as a maintenance flow that 
prevents pipe creep due to thermal expansion and contraction. Figure 6 shows the locatian of 
discharge of the water where approximately 50 gallons per minute (0.1 CFS) Is flawing into a 
waste ditch on the Morris Property. Frank Erwin Indicated that the Musser pipeline has been 
sealed and unused since the Sandy Pipeline was constructed in 2004 to use Northside Canal 
Company water for these irrigation rights. Since that time, the Candy pipeline has been used to 
water trees at approximately 70 gallons per hour (0.003 CFS) and for watering a small 
residential grass area once a week during the summer. Since the Sandy Pipeline was 
constructed In 2004. It has always met the Morris needs except for one time In 2006 when 
approximately 1 CFS was diverted from the Curren Tunnel for one month. 
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Spring water from the Curren Tunnel and a lower discharge zone flows into and around the 
retaining structure, cascades down a talus slope, and Into a natural drainage channel that 
delivers water (IDWR Site 10 360410041) to the top of the large raceways Identified on Figure 5. 
Spring discharge Is diverted by Rangen using a 6-lnch PVC pipe In the Curren Tunnel, a 12-lnch 
diameter steel pipe at the retaining structure, or a 36-lnch concrete pipe In the channel. These 
pipes can convey 3.6,14.3, and 59.0 CFS, respectively. 

Water Is taken out of the channel via the concrete pipeline Intake structure and Is routed Into the 
large raceways. Water flows from the large raceways through a 36-1nch underground concrete 
pipeline to the aCTR" raceways. Each of the raceway groups has a drain which can route 
cleaning flows Into the Lodge Pond Identified on Figure 5. These drains were not operational at 
the time of the visit and are reportedly used Infrequently. 

It Is el:lF epinlen that, at the time at the 'Jisit&, there '10'88 lReuffiGlent disGharge available to 
adeql:lately epGFato the naeeways and the available RangeR spFtng ftewe '.veRl being utilized 
epprepFtately and efliaieAtIy aeoordiAg to the adjudlaated water Flghta (8eGtleR AJi.). Flow 
measurement of Rangen's water rights are documented by combining the measured flow at the 
CTR raceways and Lodge Pond Dam locations Indicated on Figure 5 (Dreyer, 2004). 

During site visits LRE and Brockway Engineering observed Rangen employees collecting flow 
measurements. The discharge table used by Rangen employees appears to match most 
closely with a standard rectangular contracted weir formula with a coefficient of 3.09 rather than, 
the typical 3.33 coefficient. This would account for the fact that the 2 Inch boards over which 
water flows are not sharp crested, as Is assumed In the standard rectangular contracted weir 
formula. The I:I8B ef e ",edified '.velr eeeflleieAt at 3.09 applied to beard e ... erflev.' Ie eeA8lateAt 
vlilh staAd. praatlee en aqYaGYltl:lRl faQllttes. 

Simplified weir flow calculations and a plot of the comparison of the Rangen discharge table and 
a standard rectangular contracted weir are presented In Appendix A along with the look up table 

------'tlfat Rtmg'erntaff"ose. Review1Jf1tnnmmsurements"tmllc:ates ttmt'the"'Rangerrstaff'loo1rup'------
tables are likely to be more accurate than the flow calculations presented In Appendix A. The 
standard rectangular weir discharge using a USBR weir flow calculations were within 8% of the 
Rangen staff reported flows. Additionally, Frank Erwin Indicated that he has checked the 
Rangen staff measurements and that they are accurate. Furthermore, he has stated that 
Rangen measurements are more accurate than his own. (Deposition of Frank Erwin, Sept 13, 
2012) 

B.2. Evaluation of Alternatives 
Rangen has evaluated altemative points of diversion which could possibly Increase the water 
supply necessary for operation of their Research Hatchery. Rangen evaluated the following 
altematlves: 

1. Divert Curren Tunnel water currently used for agricultural Irrigation to the Rangen facility; 

9 



2. Withdraw water from a vertical well (or wells) located at the Rangen facility; 
3. Construct a horizontal well (or wells) below and near the Curren Tunnel; 
4. Augment Curren Tunnel flows using water from Weatherby SpringsIHoagland Tunnel; 
5. Reduce possible downward vertical flow through existing wells in the area upgradlent of 

the Curren Tunnel; 
6. Treat and re-use water from the Rangen Research Hatchery. 

Rangen submitted alternatives 1-3 as grant applications to the Idaho Department of Commerce 
and Labor's Eastern Snake Plain Aquifer Mitigation Program~ (May, Sudweeks, and Browning, 
2004) The Idaho Department of Commerce approved grant funding for the first alternative of 
diverting Curren Tunnel water to the Rangen facility Instead of for Irrigation uses. However, this 
grant funding was never needed or used because conveyance structures were built to deliver 
Sandy Pipeline water to the Candy property for Irrigation use on lands previously Irrigated by 
Curren Tunnel water. 

Alternative 2 explores the possibility of using vertical wells to pump water from locations below 
the canyon rim at the Rangen facility. The geologic evidence supports current theories that the 
Curren Tunnel water Is flowing through pillow basalts overlaying less permeable sediments. 
Any viable vertical well location would have to provide a sufficient quantity and quality of water 
from a source that would not further deplete the Curren Tunnel flows, or that Is not currently 
collected by Rangen. The upgradlent geology above the Rangen facility effectively funnels the 
high quaMl)' spAng water to Rangen's collection pOints at the tunnel, the retaining structure 
below the tunnel, and at the pipe Intake further down In the Billingsley Creek channel. Possible 
well locations with sufficient water quantity Bnd qUBl1ly would likely reduce the flow of water to 
the Curren Tunnel, or the spring flow In the talus slopes below. The other possible well 
locations would likely encounter less permeable sedimentary deposits with lower well yields, 
unsaturated basalts, or reduced water quality affected by overlying agricultural land use. Any 
location for possible vertical well drilling that Isn't providing water to the current Rangen 
collection locations Is unlikely to provide the quantity BAd Etuallty of water necessary to make 

------'thls a feaslSle option ran alfernatlve poiiitO'faiversion. 

Alternative 3 evaluates the possibility of drilling a horizontal well below the Curren Tunnel. This 
alternative is subject to the same requirements listed above. A horizontal well must access 
water of sufficient Etual~ aREI quantity that Is not already available to Rangen. The geologic 
evidence and field observations show that ground water flow In the area above Rangen Is 
discharging primarily at the Curren Tunnel and the talus below. Any water flow not coming to 
the Curren Tunnel discharges Into the talus slopes below and Is collected by Rangen's lower 
Intake structure In the Billingsley Creek drainage. While a new horizontal well might Increase 
flow at the Curren Tunnel location, it would reduce flow to the lower talus discharge area and It 
Is therefore unlikely that it would Increase flow to the Rangen facility. Furthermore, a horizontal 
well has the potential to Injure the other Curren Tunnel water rights-by drying up the tunnel flows 
(Erwin, 2012). A horizontal well alternative Is not a feasible option for these reasons. 
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Alternative 4 assesses the possibility of piping water from the Hoagland Tunnel to the Rangen 
Research Hatchery. Rangen has researched this alternative and determined that only 0.7 CFS 
would be physically available for seasonal, Inconsistent delivery to the Rangen facility. The 
expense of delivering this water to the Rangen Research Hatchery would be high. The water 
from the Hoagland Tunnel has been fully appropriated and would not be legally available for 
transfer to the Rangen Research Hatchery. For these reasons, an alternative that utilizes 
Hoagland Tunnel water at the Research Hatchery Is not feasible. 

Alternative 5 suggests Investigation of a theory that shallow aquifer water Is being moved 
deeper Into the aquifer, or Into a deeper aquifer, by downward gradients In existing wells. This 
Is unlikely to show a significant Impact on the Rangen Spring flows. A constant flow of water 
through wells deeper Into the aquifer, or Into deeper aquifers, Is highly unlikely to be of a 
magnitude greater than that of the pumping out of the aquifer for Irrigation use. The primary 
flow of water Is hOrizontally through the aquifer. Seasonal variability In the aquifer water levels, 
pumping patterns, and spring flow are all correlated and discussed In Section E below. 

Alternative 6 presents the Idea of pumping back used water from below the Rangen Research 
Hatchery back up to the research building and raceways. This would require algRifiaant 
vestment ef the water, redundant power systems, and could Injure downstream senior water 
rights. Rangen's use of water has historically been non-consumptive and a sustainable 
pumpback system vAth aYlfieleAt .. '..ater tFeatmeAt would likely be an expensive system with 
some amount of water consumption. 

It Is Sl:Ir splnlen that the SI:IrreAt RangaR ResearM HateheF)1 dlve.asA stFl:lslI:Ires are reassRable 
aAd that they NAy I:Itillza awllable water te RaRgeR's vf8ter Figl1te. The dl'leF8lsR struelures are 
eoASiateAt with the iFldtlStry staFidard fer aElua8l:lltl:lre faGillties In #Ie Magie VaAey. Sased upan 
atlr knew.'ledle af ather area faGillties, the RaRlen ReseaF6J:I HatmeFY 1& S9AslsteAt 'tIiIh the 
iAduBtt\1 staFidaRt of praetiGe fer 88F1SeFYltiaA SAd benefiGlal1:l6e of available water aAd deee net 
waste dl'Jerted water. Rangen has made significant efforts, and yet no alternative method of 

------WIterCI�9m'1lCHrhB'If~ldm1tlfle_d·thlItwould·pmvldettife-Rlfngerrfa-cllltV'atlditicmal wat&l"WIth-a.----
viable quantity and Elualit)' that Isn't already being accessed by existing diversion structures. 

c. ESPAM 2.1 

C.1. ESPAM Development History 
Initial ground water modeling of the Eastern Snake Plain Aquifer was performed by the U.S. 
Geological Survey (USGS) who built an analogue model of the aquifer In 1960's. This model 
was a research tool and, as with all hard-wired analogue models, was difficult to operate. The 
need for better analytical procedures for aquifer/Snake River relationship became evident In the 
eariy 1970's when IDWR was evaluating and planning for the first State Water Plan. The Idaho 
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Technical Committee on Hydrology (ITCH) conducted a water resources needs assessment In 
1988 and identified an Eastern Snake Plain Aquifer ground water model update as a priority. 

IDWR contracted with the University of Idaho Water Resources Research Institute (IWRRI) to 
develop a digital model of the ESPA aquifer. This effort was conducted at the University of 
Idaho Kimberly Research Center. The model was developed by a Civil Engineering graduate 
student from the Netherlands, Jos de Sonnevllle. The model code was a finite difference, non
proprietary code with cumbersome data management routines. This model was utilized by 
IDWR to better understand the aquifer responses to changes In water use and was manually 
calibrated. Subsequent additions and changes were made to this model, primarily by graduate 
students at the University of Idaho. 

In 1999, the model code was converted to the USGS MODFLOW code since it was non
proprietary, supported by the USGS, and had been utilized on a significant number of modeling 
projects. This work was performed by IWRRI under the direction of Gary Johnson. 
Subsequently IDWR embarked on a major upgrade of the ground water model with funding 
assistance from various entities including canal companies. The upgrade was contracted to 
IWRRI and resulted in ESPAM 1.1 in 2004 which was calibrated with an automated calibration 
routine and was utilized both for planning purposes and for conjunctive administration. ESPAM 
1.1 was re-calibrated in late 2004 and used by IDWR until another upgrade was initiated to 
improve the resolution of the model grid, revise input data and management routines, and 
improve calibration utilizing individual historical measured spring flows. This upgrade. ESPAM 
2.0, was recommended by the ESHMC and adopted by IDWR In July 2012. The ESHMC 
recognized the improvements to the prior model and recommended that IDWR begin using 
ESPAM 2.0 instead of ESPAM 1.1. 

In October 2012, a water balance mistake was found in the model inputs for Mud Lake. IDWR 
presented information regarding the mistake and the revised calibration results for model 
E121025A0011n the November 9th

, 2012 ESHMC meeting. Since then. IDWR has accepted 
-----....,m"""oo"... el E'f2T02'5:(001 as ESPAM 2.1. IDWR tias provlClEKI egF'"AM 2.1 calioratlon result·~s:""'. ------

steady state response functions, a superposition model. curtailment scenarios. validation model 
runs, and is currently working on an analysis of predictive uncertainty. None of these exercises 
Indicate that there Is substantive difference regarding the comparison of ESPAM 2.0 to ESPAM 
2.1 predictions for the Rangen spring. Director Spackman has indicated that ESPAM 2.1 Is now 
being used for ground water modeling by I DWR and that it will be used to evaluate the Rangen 
call. (Rick Raymondl email to ESHMC dated November 27. 2012) 

C.2. IDWR Procedure for Determining Individual Spring Flow 
The Department has the responsibility to evaluate material Injury to senior water rights and to 
use the -best science avallableN when analyzing the impacts or Interference caused by out of 
priority water rights. An adviSOry committee to IDWR. the Eastern Snake Hydrologic Modeling 
Committee (ESHMC), contributed to the ESPAM update and reviewed the procedure and final 
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model. The ESPAM 2.1 ground water model was adopted after a satisfactory canbratlon, 
validation, and comparison with the output from the ESPAM 1.1 model as requested by the 
Director of IDWR. 

Brockway Engineering used the ESPAM 2.1 ground water model and IDWR curtailment 
methodology to simulate the Impact of junior priority ground water rights to the latest Rangen 
priority water right (April 13. 1977) and July 12. 1962 for the Research Hatchery. The 
procedure used the calibrated ESPAM 2.1 model to simulate the steady state change In 
Individual spring flows. Snake River reach gains and aquifer water levels attributable to aquifer 
depletion changes. Utilization of a ground water model In the superposition mode to simulate 
change In an output variable caused by changes In depletion within the aquifer Is Implicitly more 
certain than modeling differences In the simulation of the absolute value of the output with a fully 
populated model. IDWR saves computing time by using the superposition version of ESPAM 
2.1 to evaluate changes In spring flows due to curtailment Instead of the fully populated model. 
The superposition mode requires only that differences In recharge or depletion be Input at 
specific locations within the model and not the entire Input data set. The simulated differences 
using this method eliminates the need to run the fully populated model twice to determine the 
simulated Impact of changes In specific Input. 

The evaluation of the depletive Impact to the springs relied upon Rangen. utilizing the above 
IDWR procedure and the ESPAM 2.1 ground water model. shows an Impact from curtailment of 
ground water pumping within the area of the model under water rights junior to July 13, 1962 of 
17.9 CFS at steady state. It is estimated using the transient ESPAM 2.0 model that a recovery 
to 90% of the steady state value (16 cfs) win occur within approxlmately15 years. 

C.3. ESPAM 2.1 Calibration 
IDWR used PEST (Doherty, 2005) automated calibration software to calibrate ESPAM 2.1. 
Model calibration Is the process of comparing actual observations with model output or 

------predlctlons.and adjusting the=modellnput parameters untllcthe error between-observations and-----
modeled predictions Is minimized. A model Is well calibrated If the model output closely 
matches what Is observed In historic time series data sets. The quality of the overall model 
calibration depends on the quantity. location. time, and type (water level, flow, aquifer property) 
of observations compared to model results. Model calibration quality varies spatially and 
temporally and is Improved In those locations where observation data are available. 

Adjustable Input parameters used during ESPAM 2.1 calibration Include aquifer transmiSSivity, 
aquifer storage coefficients, river bed conductance. drain conductance. non-Irrigation recharge. 
evapotranspiration on surface water Irrigated land. non-snake river seepage. tributary valley 
underflow. canal seepage, deep percolation, and soli moisture. 

Canbratlon targets are real world observations used to compare to model predictions. The 
selection and development of calibration targets reflects the Intended predictive capacity of the 
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model. ESPAM 2.1 calibration targets include river reach gains, spring flows, aquifer water 
levels, base flow, and Irrigation return flows. 

The difference between each model prediction and calibration target Is called a residual. 
During calibration, PEST attempts to minimize these residuals and reports a sum of squared 
residuals, also called the objective function or phI. The objective function value is a primary 
measure of calibration quality and Is used by modelers throughout the calibration process. 

IDWR calibrated ESPAM 2.1 by starting with a steady state stress period consisting of average 
model Inputs. A transient "warm up period" follows from May, 1980 through April, 1985, where 
no calibration is attempted. Transient model calibration occurs from May, 1985 through 
September, 2008. Calibration is an iterative process, and IDWR developed several calibration 
runs. The calibration of the ESPAM 2.1 model and validation procedures were reviewed by the 
ESHMC and comparisons of simulated historical individual spring discharge data sets were 
compared with model-simulated output. In the November 9, 2012 meeting, ESHMC accepted 
calibration run E121025A001 as the final ESPAM 2.1 calibration run. 

Based on the approved, calibrated model and the performance of the model In simulating 
Individual spring historical flows, the ESPAM 2.1 model Is capable of simulating impacts on 
individual springs, including the Rangen spring. It is our opinion that the ESPAM 2.1 model Is 
the 'best science available' to evaluate Impacts on spring flows caused by pumping junior 
ground water rights in the ESPA .. 

ESPAM 2.1 utilizes the MODFLOW Drain Package to represent 90 spring discharges from the 
aquifer In the Snake River Canyon between Kimberly and King Hill. The main Input components 
of the Drain package Include the elevation and hydraulic conductivity of the drain. IDWR and 
ESHMC separated springs into groups A, B, and C. Group A springs have flows measured and 
reported by the USGS or IDWR. Group B springs are measured and reported by water users. 
Group C springs are all of the other springs In the model that have less reliable historic flow 

-------=measurement data. -----.-------

In the Thousand Springs area of the Snake River, selected springs with adequate measured 
historical discharge data were utilized as targets in the calibration process to which simulated 
output was matched as closely as possible by allowing PEST to adjust the Internal parameters 
of the model such as hydraulic conductivity, storatlvity, target spring coefficients, target spring 
elevations, and external input parameters. Examples of the use of target springs are shown In 
Appendix 8, which contains IDWR calibration graphs of the measured discharges at the select 
springs versus the simulated output of the ESPAM 2.1 model for the same period. Appendix 8 
model comparisons of simulated and measured spring flow shows the simulated discharge at 
springs versus historical measured discharge for the ESPAM 2.1 calibration. This close "fir 
indicates the model, If calibrated properly, is capable of simulating the historical spring 
discharge from the model ceU(s) representing the Blue Lakes springs. Similarly, the ESPAM 2.1 
simulated output versus measured for the calibration period for Box Canyon Spring and all other 
spring targets are included in Appendix B. 
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Other springs In the Thousand Springs area of the Snake River (Milner to King Hili) were used 
as targets In the ESPAM 2.1 model calibration. They were designated as Class B and Class C 
springs and were chosen on the basis of adequate discharge measurements over the period of 
calibrations. Some of these springs were: Briggs Spring, Clear Lake Springs, Devils 
Washbowl, Devll's Corral, Thousand Springs, Rangen Spring, and Malad Gorge. Historical 
measured discharge of the Rangen Spring was also used as a calibration target for the ESPAM 
2.1 ground water model calibration. The discharge measurements for Rangen Spring were 
submitted to IDWR by Rangen and Included measurements from May, 1980 through October, 
2008. 

Use of the ESPAM 2.1 model as currently calibrated for simulation of Impacts from junior ground 
water pumping Is the "best science available" In our opinion. The Rangen Spring Is the only 
spring In Its' model cell (Row 42, Column 13). It has a long historical record of flow observations 
that were used as targets and resulted In a high quality calibration. IDWR's current update of 
the ESPAM model to ESPAM 2.1 Improves the calibration Input parameters credibility, and 
Improves the procedures for crop evapotranspiration determination and distribution of Irrigation 
sources. It also corrects some previous oversights In target spring flow determinations. 

C.4. Use of Historical Rangen Spring Flow Data for Calibration 
Prior versions of ESPAM did not represent the Rangen Spring as an Individual spring. The 
Impact on Rangen Spring was represented as a flxed percentage of river gains in the Thousand 
Springs to Malad reach of the Snake River as a result of changes In ground water pumping or 
other depletion changes In the aquifer. ESPAM 1.1 was calibrated to match the calculated 
gains In each Snake River reach and also to match some of the major springs. Rangen Spring, 
and the remaining springs, were represented as percentages of river gains based on the 
published Covington and Weaver spring flow estimates. This approach to spring flow estimates 
Is problematic because the Covington and Weaver estimates had not been substantiated. 

------ FtJrthermore';1he-magnitude-and responses of river'galns-and-spring'flows"are-not·simllarand-----
should not be grouped together 

With contributions of work from IDWR and also Individual ESHMC member stake-holders 
Including Rangen, many more historical spring flow time series were calculated, reviewed and 
accepted by the ESHMC, and made available to the IDWR ESPAM modelers. Therefore In 
ESPAM 2.1, the calibration targets were expanded to Include many more Individual spring flows, 
reducing the calibration reliance on river reach gains calculations where possible. The 
Improvement in the ESPAM 2.1 calibration and Individual spring flow simulation performance 
was remarkable. 

The evaluation of historical Rangen spring flows was presented by LRE (Jim Brannon) In the 
September, 2009 ESHMC meeting. These data, and historic flow data for other springs were 
approved by the ESHMC for IDWR use in calibrating the ESPAM 2.1 model. The historic 
Rangen spring flow data are shown in Figures 4 and 9. 
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C.s. Analysis of Rangen Spring Calibration Results 
The Rangen Spring Is a group B spring represented as a single drain set at an elevation of 
3,138 feet. The drain hydraulic conductivity Is an adjustable parameter that Is estimated during 
the calibration process (see Section C.3., above). There are no other springs represented In the 
Rangen cell. 

Figure 9 shows the E121025A001 (ESPAM 2.1) calibration results distributed by IDWR for the 
Rangen Spring. The top graph shows the measured and modeled spring flow from May, 1980 
through September, 2008. There are multiple scales of patterns that emerge when reviewing 
the graph qualitatively. The longest pattern evident is a long term (multl-decadal) linear 
decrease In spring flows. The 1981 measured and modeled spring flows average approximately 
32 and 30 CFS, respectively. The measured and modeled spring flows decrease to an average 
of approximately 14 and 19 CFS, respectively, in 2008. Through the 1980-2008 model run, the 
mean error Is reported as 0.04 CFS with a mean absolute error of 4.57 CFS. The signal 
(prediction magnitude) to noise (error) ratio decreases as the spring flow decreases. However, 
the long term drop in average spring flow Is modeled accurately by ESPAM 2.1 and indicates 
that the model Is representing long term Impacts to the spring flow. These impacts reflect well 
pumping changes, climate changes, and changes in Irrigation practices. 

Figure 9 shows a decadal scale, sinusoidal trend in observed spring flow that Is matched well by 
the modeled spring flow predictions. Both data sets show decadal scale highs in 1987 and then 
again in 1998. The measured and modeled spring flows also show decadal scale lows In 1993 
and 2005. The model matching these spring flow changes indicates that decadal scale impacts 
from changes in climate and irrigation practices are being accurately modeled. 

Figure 9 also shows an annual seasonal and pumping-impacted variation In measured and 
modeled spring flows. In general, the model accurately represents both the magnitude and 
timing of seasonal and pumping-Impacted spring flow fluctuations. This Is represented In the 

------Iawer. Genter. graph showing Aver-age Monthly Spring.Flow. :r.he tap.graph shows seasonal-------
measured versus modeled spring flow matches are better earlier in the calibration model run 
when average spring flow is higher and the seasonal magnitude of change Is greater. This Is 
another expression of the model signal to noise analogy discussed above. The seasonal 
variations In the spring flows are attributable to seasonal pumping and are accurately 
represented by the model. 

The lower right graph on Figure 9 Is a scatter plot showing modeled versus measured spring 
flow. These data remove the element of time from the evaluation and show the overall quality of 
modeled predictions compared to measured spring flows. The trend line of the scatter plot 
shows a coefficient of determination, or R-squared value, of 0.75. A perfect match would be a 
value of 1.0. The R-squared value is diminished by the quality of fit below 20 CFS on the 
modeled spring flow axis. This is another expression of the model having less accurate low flow 
predictions, as discussed above. Appendix B includes similar plots of ESPAM 2.1 calibration 
simulations compared to measured flows for Box Canyon, Crystal Springs, and Blue Lakes 
Spring with the same statistical parameters as shown In Figure 9 for Rangen Spring. The 
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calibration or 'fit' for these springs shows that the ESPAM 2.1 model is well calibrated and 
adequately simulates the historical responses of the calibration target springs. 

IDWR has stated In their ESPAM 2.1 final report that, U Unlike ESPAM 1.1, ESPAM 2.1 was 
calibrated to the discharge of 14 springs, and spring cells without transient targets were 
calibrated using a ranking scheme, see section VI.C. Thus ESPAM 2.1 can be used to compute 
regional Impacts on selected springs" (IDWR 2012). It is our opinion that the ESPAM 2.1 
calibration quality at the Rangen Spring and other major springs Is an Indication that the model 
Is an excellent predictor of long term Individual spring flow changes and decadal spring flow 
changes. The Rangen Spring is one of the best points of prediction for the ESPAM 2.1 model 
because It was a calibration target, It Is the only spring In the model cell, and It has excellent 
calibration results. 

C.6. Evaluation of IDWR Analysis of Uncertainty, Validation and 
Comparison to 1.1 
In a letter to the ESHMC dated June 9, 2011, then Interim Director Gary Spackman Indicated 
that before ESPAM 2 could be used for water management and administration, the model must 
undergo a series of quality evaluations. 

-In order to accomplish the foregoing, I have Instructed IDWR technical staff to 
subject ESPAM 2.0 to rigorous testing, Including: 1) calibration; 2) validation; 
and, 3) uncertainty analysis. In addition, ESPAM 2.0 must be run usIng factual 
Inputs and additional hypothetical factual Inputs. Simulations from these Inputs 
must be compared with the outcomes of the previous model version." 

In an effort to comply with the Director's request, and In some cases Improve the model, IDWR 
performed uncertainty, validation, and comparison to ESPAM 1.1 exercises. 

C.6.1. Uncertainty 

IDWR ijtJlJZe(j lie -Clual calil5ratlon" preCIlctive analysis moCie Of PEST softWare (Doherty, 2005) 
as a tool to explore predictive uncertainty In the model. -A comprehensive predictive 
uncertainty analysis could not be conducted In a reasonable tlmeframe, so the ESHMC chose to 
conduct a maximization/minimization uncertainty analysis. In lieu of a probability distribution, the 
maximization/minimization analysis provides upper and lower bounds for the probability 
distribution, with output from the ESHMC-chosen calibrated model supplying the most likely 
outcome. (IDWR Wylie 2012a) 

This method relies on the modeler to induce a large stress on the aquifer at a distance from a 
prediction, and then PEST determines the minimum and maximum prediction values of specific 
output possible while keeping the model calibrated. The current IDWR uncertainty analysis 
procedure relies on allOWing models to have a larger objective function, or worse calibration, 
and stili be considered calibrated. Because of this, the original calibration model stUI provides 
the best predictions. This method of uncertainty analysis Is useful In determining what 
parameters are well constrained by the observation data. It does show that utilizing models with 
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different calibrations provide differing ranges of output of predictive values for specific output 
locations (specific springs or reach gains). However, there Is no uniform range of output 
predictions at all locations and specifying a single uncertainty value to the entire model Is not 
technically valid. It does show that utilizing models with different calibrations provide differing 
ranges of output of predictive values for specific output locations (specific springs or reach 
gains). However, there is no uniform range of output predictions at all locations and specifying a 
single uncertainty value to the entire model Is not technically valid. It also provides information 
about the spatial variability In parameter uncertainty, and what Impact that can have on 
predictions. The uncertainty results distributed by IDWR are valuable In guiding Mure data 
collection activities that will improve upon ESPAM 2.1. ;however, at this point, a complete 
uncertainty analysis has not been performed that can appropriately be used to apply a 
confidence interval range or probability distribution on the predictions of ESPAM 2.1. The best 
estimate of the Impact on a spring or river reach by any change In depletion (pumping or 
recharge or other changes) Is the unmodified prediction from the ESPAM 2.1 model. Any other 
result using the current model Is statistically less probable and would be Inappropriate to use. 

Ground water models can and are regularly used without performing a comprehensive 
uncertainty analysis. Depending on the nature of the use of the model, availability of data for 
verification, computing facilities and time constraints and the modeling entity experience, 
comprehensive uncertainty analysis mayor may not be performed. It is common in the industry 
to utilize a ground water model without validation or extensive uncertainty analysis. The model 
output should be the most reliable values and any modification of the output to qualify the 
results based on limited or no statistically evaluated procedures is not warranted. 
In summary, our opinion is that the current uncertainty analysis has no bearing on the model 
predictions. Any output value other than the specific model output wiD provide a lower 
confidence level or more uncertainty because It results from a model with a less stringent 
calibration than the base model. 
Although the limited uncertainty analysis performed by IDWR is useful In understanding some 
aspects of the model, It cannot be used to technically justify any range of model predictive 

--------re~su-.lt~s-.,. A complete uncertaintY analYsiS fias not Ileen peiforme ttlat can appropriately 6e usiil 
to apply a confidence Interval range or probability distribution on the predictions of ESPAM 2.1. 
The best available predictions of junior pumping impacts to the Rangen Spring are those made 
by calibrated model E121025A001 (ESPAM 2.1). 

C.6.2. Validation 

Validation is an attempt to demonstrate a calibrated model's performance for a period of time 
outside the calibration period. The comparison perlod(s) must have independent observation 
data to which the modeled predictions can be compared. The result of a model validation 
assessment will not be validation of the model. Rather, the result of this assessment would only 
be to Invalidate the model, or not invalidate the model. 
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ESPAM 2.1 validation was performed by using the accepted, calibrated model (E121 025A001) 
to evaluate a two year period (2009-2010) after the calibration period (1985-2008). Another 
validation run was performed with ESPAM2.1 for 1900 model Inputs. 

C. B. 2. 1. 2009-2010 Validation 

IDWR contracted a statistician, Maxine Daklnes, Ph.D., to develop statistical measures for 
evaluation of the validation results. Two of the measures she recommended using were the 
Root Mean Squared Error (RMSE) and the Median Absolute Deviation (MAD) (Daklnes, 2012). 
These measures were applied to the 2009-2010 validation run results and the ESPAM 2.1 
calibrated model. 

Validation statistical results were within the range of calibration statistical analysis results except 
for the weighted spring discharge results. These results Indicated that ESPAM 2.1 had a 
tendency to over predict spring discharges, which Is consistent with review of the model 
calibration results 

C.B.2.2. 1900 Validation 

The 1900 validation run was based on Input data and observation data from rough estimates 
and historic documents that are much less reliable than the calibration period data and the 
2009-2010 validation data. For this reason, ESHMC members and IDWR agreed that the 1900 
validation run was less slgnlflcant The nature of the 1900 data available precluded a statistical 
analySis of the results, and so only a qualitative description was provided by IDWR. IDWR 
concluded, and we agree, that the 1900 validation results do not limit the use of the model In 
any way (IDWR Wylie 2012b). 

C.6.3. Summary-Validation 

IDWR's conclusion presented In their ESPAM 2.1 validation re~rt IDWR lie 2012b)~s~tat~ed~ ____ _ 
that calibration results for ESPAM 2.1 Indicate that the validation evaluation raised no ·signlficant 
concerns or limitation regarding the use of ESPAM 2.1." We agree with the IDWR conclusion 
and It Is our opinion that these validation results further support the use of ESPAM 2.1 as the 
best available science 

C.6.4. Comparison of ESPAM 2.1 to ESPAM 1.1 

IDWR completed a comparison of ESPAM 2.1 to the previous version used for administration, 
ESPAM 1.1. The procedure they Implemented Included a comparison of ESPAM 2.0 to 1.1 
while being run as tranSient, fully populated and superposition models. This test was performed 
to determine If the simplified superposition model was accurate enough to complete curtailment 
scenarios. The superposition model predictions were less than 1% different from the transient, 
fully populated model. The superposition model was sufflclentiy accurate and so was used for 
each of the curtailment runs because It required fewer data, decreased computing time, and 
simplified the process. 
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IDWR used ESPAM 2.1 to run curtailment scenarios using five priority dates and where run as 
steady state models, 150 year transient models with average annual, and 10 year continuous 
curtailment models with seasonal average stresses. The process representing curtailment of 
junior well pumping Is complicated by the relationships between real world well pumping, water 
rights databases, and the way well pumping is represented in the model. A detailed discussion 
of these issues follows In the next section. 

Improvement in the estimates of model input and calibration target data for version ESPAM2.1 
resulted In the consumptive use curtailed using ESPAM 2.1 being 17-21 % higher than with 
ESPAM 1.1. This Is generally attributed to increased confidence in model inputs and calibration 
targets, and their contribution to increased confidence in model output. 

C.7. Using ESPAM 2.1 to Simulate Impacts of Well Pumping 
Curtailments 
With the successful calibration to the historical period data, the next phase of ESPAM 2.1 model 
use Is to simUlate responses of the aquifer system to conditions representing scenarios of 
Interest to stake-holders In the basin. One common administrative water rights scenario of 
Interest to many In the basin is the Impact that curtailment of pumping and/or aquifer recharge 
projects would have on spring flows and reach gains. 

C.7.1 2011 LRE method 
In late 2011, as ESPAM 2.0 was nearing Its final calibration, LRE began using the available 
version of the ESPAM 2.0 model and the IDWR POD and POU water rights databases to 
simulate the Impacts of pumping curtailment, especially on the Rangen spring. The objective 
was to obtain a general understanding of the hydrologic and hydraulic behavior of the systems 
as represented In the ESPAM model and data, and anticipate the spring flow responses to a 

_____ Rump-In curtailment caused b~ a water right call with the Rangen p-riori date (July 13, 1962). 
These analyses have been superseded by IDWR work and are not being relied upon except as 
an Independent, qualitative comparison of the appropriateness of the IDWR curtailment 
methodology. 

Because the Rangen spring historical flows are explicit calibration targets, ESPAM 2.1 has 
proven to be an excellent model of the East Snake Plain Aquifer and Rangen spring flows. The 
pumping curtailment scenario Is well within the ESPAM 2.1 historical model Ustate spaceD used 
during calibration, as the reduction in pumping would return water levels (and therefore spring 
flows) to values that are stili well Inside the historically observed range. 

LRE (Independently from IDWR) developed a spatial and logical algorithm using the IDWR 2011 
POD and POU water rights databases that resulted in junior and senior water rights fraction 
values per ESPAM model cell based on a certain calling priority date. This algorithm was 
designed to handle the foreseen major water rights data management issues and also to be 
conservative in nature when water rights data was unclear or In error. These fractions were 

20 



then used to adjust the ground water acreage values in the ESPAM 2.0 IAR files used by the 
MKMOD utility (MOOFLOW data pre-processor). The MKMOO and MOOFLOW programs were 
then rerun with the modified data and the model output (river reach gains, spring flows, etc.) 
compared to determine pumping curtailment impacts. 

C. 7.22012 IDWR method 
During 2011 and 20121DWR created a set of data pre-processing tools based within the ESRI 
ArcGlS environment. One of the features completed during 2012 was a ·pumping curtaUment 
scenario" data creation tool. 

The IOWR tool is also based on POD database data, but used a different algorithm. Rather 
than adjust an existing IAR file, it recreates the irrigated acreage data (and'IAR file) from scratch 
using the base ESPAM 2.1 spatial and temporal data. It also includes additional refinements to 
the underlying data (such as ground water vs. surface water irrigated percentages) to improve 
the accuracy. 

C. 7.3 Comparison of LRE and IDWR Curtailment Scenario Results 
When the IDWR tool became available, LRE acquired it and the necessary IDWR data. An 
ESPAM 2.0 pumping curtailment scenario Identical to the previously developed scenario (using 
the LRE approach) was constructed and run through the ESPAM 2.0 model. The results 
showed excellent agreement, even though the systems were developed independently. 
The excellent agreement verified LRE's earlier estimates of pumping curtailment spring flow 
impacts, and is an encouraging indicator of the robustness of the IDWR curtailment tools. 
Brockway engineering also completed simulations with the calibrated ESPAM 2.1 model and 
the IDWR algorithms for determining curtailment priority locations, which duplicated the IOWR 
process and results. 
It is our opinion that the IDWR curtailment methodology Is an accurate evaluation of Impacts 
caused by junior ground water pumping and that it provides accurate Input for the ESPAM 2.1 
model. 

D. Benefits from Curtailment for Rangen Call 
Evaluation of the benefits of curtailment of ground water rights junior to July 13, 1962 results In 
increases in Rangen Spring of approximately 17.9 cfs average annual flow at steady state. this 
evaluation was performed using the ESPAM 2.1 ground water model assuming curtanment to 
July 13, 1962, over the entire aquifer. 

UtillHtlGn ef the InGFeaselit spring litieGhalie vliUlln the Rangen ReeeSFGh HatGhery ... AII aDEM' 
inRaselit fish predYBtiGA as well as rehebilitalen ef FeS8aFM faeilities aAd hlsteFi.1 fish 
prepegatien reeeaFeh. Additional benefits would also be realized by hundreds of water rights 
downstream of the Rangen Research Hatchery in the Billingsley Creek water rights system. 
(Erwin, 2012) 
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The Idaho Comprehensive Aquifer Management Plan and State Water Plan call for an 
additional 600,000 acre-feet per year of water to be returned to the ESP A. Curtailment to effect 
mitigation for historical decreases In Rangen Spring results in significant increases In discharge 
at other developed springs and benefits to water rights holders who utilize the Increased 
discharge for irrigation or other uses. Table 2 shows the results of the ESPAM 2.1 curtailment 
scenario on Snake River reach-galn and the A, B, and C springs designated by IDWR as 
calibration targets in the ESPAM 2.1 development. Most of these springs are either fully 
developed for aquaculture purposes or have some non-aquacultural development. For 
Instance, the Rangen Spring discharge, after the non-consumptive use for aquaculture by 
Rangen Inc, serves as the source of irrigation for water rights on Billingsley Creek, other fish 
producers, and canals diverting from the Creek. Increases in Malad springs benefit Idaho 
Power hydroelectric facilities and Increases in Blue Lakes spring benefit two major fish 
hatcheries (Blue Lakes Trout and Pristine Springs), as well as the City of Twin Falls municipal 
water supply. 

Similarly, increases in Upper Snake River reach-galns as a result of ground water pumping 
curtailment for Rangen Inc, benefit Irrigators with senior water rights as well as fish producers 
utilizing spring water. 

Table 2 shows that a total of '1,679 ets (or 1.22 million acre feet annually) of enhanced Upper 
Snake River reach gain and flow In the A, B, and C springs In the Thousand Springs area will 
accrue from ground water pumping curtailment for the Rangen Spring. Increases of 389 cfs or 
282,200 acre feet per year in the flow of named A, B, and C springs only will accrue from 
ground water pumping curtailment for the Rangen Spring. These increases represent only the 
target calibration springs which are the larger springs In the reach from Minidoka to King Hili. 
Other springs in the area which were not selected as target springs for ground water model 
calibration have some degree of development and benefit from Increased discharge. 

Snake River reach-gain Increases as a result of curtailment for the Rangen Spring and those 
reach gains are beneficial for stabilizing existing water supplies for irrigation, for in-stream 
beneficial uses, Including hydropower production Increases. Reash gains inCH8ae thFGwgheut 
IRe eRtiFe year, 1*9".-I&e beRefieialtl5es el:ltelEle the ImlstieR seasen fer water Ell:lality aREI 
fiaheR8B aRRanGement. 

Water levels within the ESPA will Increase as a result of curtailment of junior ground water 
pumping. Simulation with ESPAM 2.1 of curtailment to July 13" 1962 priority water rights results 
In significant Increases In water levels within the aquifer. It Is estimated that full aquifer 
curtailment results In a decrease in ESPA depletion of 1,456,405 acre feet per year(AFA). The 
same simulation Indicates that the average water level increase over the ESPA as a result of 
this curtailment may be as much as 24 feet. 
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Table 2: Simulated River Reach/Spring Gain (ESPAM 2.1) from curtailment on entire 

ESPA with water rights Junior to 7/13/1962 
Gain (CFO)cublc 

River Reach feet/day Gain (CFS) Gain (AFA) 
Ashton - Rexburg 13,632,890 158 114,312 
Heise to Shelley 17,841,178 206 149,598 
Shelley to Near Blackfoot 19,837,276 230 166,335 
Near Blackfoot to Minidoka 60,067,316 695 503,664 

Specific Spring Spring Class Gain (CFO) Gain (CFS) Gain (AFA) 

BANBURY C 284.855 3.3 2.389 

BANCROFT C 59.840 0.7 502 
BIGSP C 612.377 7.1 5,135 
BIRCH C 5,764 0.1 48 
BLUELK B 1.729.410 20.0 14,501 
BOX A 5,939.274 68.7 49.801 
BRIGGS A 98,073 1.1 822 
CLEARLK B 3,614,815 41.8 30,310 
CRYSTAL B 3,952,452 45.7 33;141 
DEVILC A 638.568 7.4 5,354 
DEVILW A 489,835 5.7 4,107 
ELLISON C 9.951 0.1 83 
MALAD B 3.797,106 43.9 31,839 
NIAGARA B 2.762,952 32.0 23,167 
NTLFSHH B 982,322 11.4 8,237 
RANGEN B 1.545,320 17.9 12,957 
SAND B 1,583,856 18.3 13,281 
THOUSAND B 4,325.425 50.1 36,269 
THREESP B 1,125,718 13.0 9,439 
TUCKER C 97,535 1.1 818 

Total 33,866,448 389 282,200 

Total Springs 146,034,108 1,679 1,216,109 
Below Milner 
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E. Alternative Procedures to Estimate Spring 
Discharges 

E.1. Individual Spring Simulation with ESPAM 2.1 Model 
The primary hydraulic parameter affecting spring discharge is the water level in the aquifer 
immediately up-gradient from the spring outlet. The spring orifice or outlet acts like a weir in an 
open channel where discharge is a function of the head or water level difference between the 
weir crest and the upstream pool water level. The MODFLOW code for the ESPAM model 
incorporates an algorithm for treatment of spring outflow called the Drain Module (McDonald 
and Harbaugh, 1988) where the relationship between spring discharge and aquifer water level is 
given by; 

ad = Cd(h-d) 
where 

ad = spring discharge or flow to a drain 
Cd = drain conductance constant value 
h = head(elevation of water level) in the aquifer 
d = elevation of the drain(weir crest) 

This equation is a linear equation which assumes that the coefficient Cd does not change with 
elevation and that the discharge changes proportionately with the change in aquifer water 
level(h) compared to the spring elevation. McDonald and Harbaugh (1988) Indicate that the 
constant drain conductance incorporates converging flow lines, aquifer hydraulic conductivity 
and other hydraulic considerations of the spring geology. The drain module equation shows 
the dependence on an accurate determination of spring elevation in correctiy modeling the 

------=response 0 a spnng to water leve l elevations ifiifhe a~e (train parameters are adjustEKI 
by the automatic calibration routine, PEST. 

E.2. Method 2: Regression of Spring Discharge vs. Aquifer Water 
Levels 
The algorithm which is used to simulate spring flow in ESPAM 2.1 Is essentially a form of weir 
equation for which the operating variable is water surface elevation up-gradient of the drain cell. 
Therefore, the expected response of the spring discharge must be related to changes in up
gradient water levels. With this as the hypothesis, the relationship between target spring flow 
versus historical measured water levels in wells up-gradient of the spring should be relatively 
well defined. If that is the case, the relationships developed by regression methods using 
historical measured water levels and measured spring flows should be adequate for estimating 
the spring discharge response:. 
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There are several wells within the ESPA which are adjacent to and up-gradient of target springs 
in the Milner-King Hili reach of the Snake River. These wells have records of measured water 
revels with as much as 60 years of data and measured discharge attarget springs began as 
early as 1950. Well data are available online from IDWR through Hydro.Online 
(http://www.idwr.idaho.qovlhydro.online/gwl/default.html). 

As an example, to evaluate the relationship between up-gradient ground water levels and 
Rangen Spring flows, a correlation was performed between historical water levels In observation 
wells 06S13E25DBC1, 07S14E29CDC1, 07S15E12CBA4, 06S14E12CBC1,08S14E16CBB1, 
08S15E32CBB1,and 08S16E17CCC1 which are up-gradient of the Rangen Spring (Appendix 
C) and measured discharge from the Rangen Spring. 

The data set used Included measured discharge and corresponding measured water levels In 
the well for the period of record for the observation wells. App'endlx C contains figures that 
show the correlation between aquifer water level and discharge with a correlation coefficient. 
For example, observation well located at 07S15E12CBA4 has a correlation coefficient, C, of 
0.8851; this coefficient Indicates that over 88% of the variabUlty In Rangen Spring discharge can 
be explained by the water level variability In a predictor well. Table 3 shows the regression data 
for the seven wells with Rangen Spring and the average regression fit to measured discharge 
for the wells. 

This analysis corroborates the procedure of using a regression approach to estimating spring 
discharge. Further, It supports the current procedure for Inclusion of Rangen Spring In the 
ESPA model and that the flow at Rangen Spring Is from the regional aquifer. In addition, the 
well to spring regression procedure eliminates the concem of Inaccurate drain elevations at 
springs and provides a statistically defensible confidence level to the estimate If the water level 
change Is known. 

Analyses and data evaluated by Koreny (2009) and previous work by Janzak (2001) and HRS 
------(2'C107} suggestecr tJratTeliitionshlps i5etween water levels In ftieESPA and spring flows mlgtit I)e 

developed with sufficient reliability to be utilized as altemative methods to estimate benefits to 
spring flows from curtailment of junior ground water pumpers. Dr. Wylie's testimony at hearing 
also supported such review and recommended that additional analysis would be 
necessary.(Deposltion of Allan Haines Wylie, PhD. November 13, 2009, p51) 

The physical justification and methodology of developing the regression relationships Is outlined 
in detail In Appendix C. The conclusion of the Investigation Into utilization of aquifer level vs. 
spring discharge correlation is that the regression with observation wells Is a justifiable 
altemative procedure to ESPAM 2.1 simulation to evaluate Rangen Spring discharge and 
provided additlonal'validlty to the use of ESPAM 2.1 for Individual spring Impact predictions. 

F. Summary of Opinions 
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This report presents the opinions of Jim Brannon, Chuck Brockway, and Dave Colvin regarding 
the evaluation Qf Impacts by junior pumpers to Rangen's water rights, the application of these 
Impacts to a determination of Injury, and the appropriate use of the ESPAM 2.1 model. These 
opinions are couched to address the requirements contained in the Conjunctive Management 
rules. 

In summary, our opinions are as follows: 
1. Pumping by junior ground water rights impacts the exercise of Rangen water rights 36-

02551 (priority July 13, 1962) and 36-07694 (priority April 12, 1977). 
2. It Is eur eplAlefl tNt U:\er-e Is IAsyffieieAt SpAAg tlew a'Jallalile le epeF81e tAe RaAgeA 

faGiIit;' ami that U:\e at.'8l1able RaAgen SpAAg ftev.'s aFe beiAg utilized appr-epFiately aAd 
effteieAUy aeaerEliAg te tAe aEljudleateEI water Fights. Ther-e Is Ae evfdeA8e at ' .... asted 
wateF: 

3. It Is our opinion that the best available science (ESPAM 2.1), predicted a steady state 
impact of 17.9 CFS from curtailment of ground water pumping within the area of the 
model, under water rights junior to July 13, 1962. 

4. It Is our opinion that the flow measurements collected at-the Rangen facility are 
accurate and eGAsl_At 'fmh the iAdustFy pc:aetiee. 

5. It is our opinion that no alternative method of water diversion has been Identified that 
would provide the Rangen facility additional water with a usable and acceptable 
quantity and quality that Isn't already being accessed by existing Rangen Intake 
structures. 

6. It Is our opinion that IDWR has appropriately developed the ESPAM 2.1 model and that 
the ESHMC has provided guidance and oversight of the modeling process. 

7. It is our opinion that the ESPAM 2.1 model represents the best available science for 
simulating hydraulic behavior of the ESPA. 

8. It Is our opinion that the Mud Lake Input data mistakes discovered In October 2012 did 
not have any significant Impact on the ESAPM development process and that ESPAM 
2.1 should be used for all IDWR ground water modeling at this time. 

----------------~----~~ ---=~~~--~~~~~==~~----------------9. It Is our opinion that the historic Rangen Spring flows presented to the ESHMC are 
accurate and that the ESHMC approved IDWR use of these data during calibration. 

10. It Is our opinion that the ESPAM 2.1 calibration quality at the Rangen Spring and other 
major springs and Snake River reaches Indicates that the model Is an excellent 
predictor of changes to spring flow an river reaches. 

11. It Is our opinion that the current IDWR ESPAM 2.1 uncertainty analysis Is not sufficient 
or useful for quantifying the uncertainty of any particular model prediction. Its prnmary 
value will be to guide future calibrations and data collection efforts. The best available 
predictions of junior pumping Impacts to the Rangen Spring are those made by 
calibrated model E121025A001 (ESPAM 2.1). 

12. It Is our opinion that the results of the IDWR Validation and Comparison to 1.1 
exercises do not preclude the use of ESPAM 2.1 in any way. 

13. It Is our opinion that the IDWR curtailment methodology is reasonable and sufficient for 
calculating the impacts of curtailment on ESPA water levels and spring flows using the 
ESPAM 2.1 model.. 
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14. It Is our opinion that curtailment to mitigate Injury to a senior water right Is not a waste 
of the water resource. The relationships between ESPA water levels and Rangen 
Spring flows are well correlated. this correlation Is an Indication that ESPA well 
pumping and spring flows are hydraulically connected and that the spatial distribution 
of the correlated data Indicates that the Rangen Spring source water is a large regional 
area. 

15. It is our opinion that specific components of uncertainty (uncertainty in model Inputs, 
calibrated aquifer parameters, observation target measurement, and numerical 
calculation) by themselves cannot be used as a definition of model prediction 
uncertainty. 

16. It Is our opinion that model predictive uncertainty has not been adequately quantified 
and that It would be Inappropriate to use any adjustment to model predictions other 
than the calibrated ESPAM 2.1 model predictions. 

G. References and Documents Relied Upon 
Contor, B.A. and Johnson, G.S., 2006. Enhanced ESPA Ground Water Model, July, 2006, Idaho 
Water Resources Research Institute, University of Idaho. 

Covington, H.R. and Weaver, J.N., 1990. Geologic map and profile of the north wall of the 
Snake River Canyon. U.S. Geological Survey Miscellaneous Investigation Series, Maps 1-1947A 
through 1-1947E. 

Covington, H.R. and Weaver. J.N., 1991. Geologic Maps and Profiles ofthe North Wall of the 
Snake River canyon Thousand Springs and Niagara Springs Quadrangle, Idaho. USGS Misc. 
Investigations Series, Map 1-1947-C. U.S. Geological Survey, Boise, 10. 

Cosgrove, D.M., Contour, B.A., and Johnson, G.S., 2006. Enhanced Eastern Snake Plain 
------,Aqulfer Model.F-1nal Report. Idaho Water Reseurces =rilChnlcal Report e&>002:-tluly, 2066,-. ------

Dakins, M., 2012. The Statistical Evaluation of the ESPAM2 Model. White Paper Presented to 
the ESHMC June 22, 2012. 

Doherty, J., 2004. PEST Model-Independent Parameter Estimation Users Manual, Watermark 
Numerical Computing, 336 Cllveden Avenue. Corinda 4075, Brisbane, Austrafia. 

Dreyer, K, 2004. February 25, 20041DVVR Order requiring curtailment of junior priority rights In 
water District No. 130 effective April 1, 2003. 

Erwin, F., 2012. Deposition of Frank Ervin, Sept. 13, 2012. 

Farmer, N., 2009. Review of Hydrogeologic Conditions Located at and Adjacent to the Spring at 
Rangen Inc., Idaho Department of Water Resources Open File Report. March 4, 2009. 

27 



Hamilton, J.R., 2004. "Economic Importance of ESPA-Dependent Spring flow to the Economy of 
Idaho, Hamilton Water Economics, 2004. 

HIli, M.C., and Tiedeman, C.R., 2007. Effective Calibration of Environmental Models with 
Analysis of Data, Sensitivities, Prediction ·and Uncertainty. 

HRS Water Consultants, Inc, 2007. Evaluation of Localized Spring Flow Source Areas from 
Crystal Spring to Box Canyon Spring. September, 2007. 

IDWR, 2012. Draft Enhanced Snake Plain Aquifer Model Version 2.1 Final Report, Idaho 
Department of Water Resources with guidance from the Eastern Snake Plain Hydrologic 
Modeling Committee. 

Janczak, L., ·2001. Relationships between Spring Discharge and Aquifer Water Levels In the 
Thousand Spring Region, Idaho. M.S. Thesis, University of Idaho, October 2001. 

Johnson, G.S. et aI., 2002. Spring discharge along the Milner to King Hill Reach of the 
Snake River, Idaho Water Resources Research Institute. 

Koreny, J., 2008. "Research on ESPA Ground Water Conditions and Eastern Snake Plain 
Aquifer Model In Preparation for the Blue Lakes Trout Farm Delivery Call-. Memo to Dan 
Steenson, November 2008. 

Koreny, J., Brockway, C.E., Schreuder, W., Bowling, J., Brannon, J., 2009. White Paper 
Technical Evaluation of Trim Line. Submitted to the Eastern Snake Hydrologic Modeling 
Committee. 

May, Sudweeks, and Browning, 2004. Letter to Idaho Department of Commerce and Labor, 
_____ --",uR,...a.,...n~9-en_io,.,...ln .... c-. +A~pplications for Aquifer Mitigation Assistance Gran,...ts_n._~2'-"" __ 

Ralston Hydrologic Services, Inc., 2008. Hydrogeology of the Thousand Springs to Malad 
Reach olthe Enhanced Snake Plain Aquifer Model, September 2008. 

Rangen, 2012. http;Uraoaeo.com/historv.html, accessed 9/4/12. 

Raymondl, R., 2012. Rick Raymondl email to ESHMC dated November 27,2012. 

Sukow, J., 2012b. DRAFT Comparison of Eastern Snake Plain Aquifer Model Version 2.1 with 
Version 1.1 via the Curtailment Scenario, Idaho Department of Water Resources. November 26, 
2012. 

Sukow, J., 2012a. Comparison of Superposition Model with Fully Populated Model for Eastem 
Snake Plain Aquifer Model Version 2.0, Idaho Department of Water Resources. July 18, 2012. 

28 



Shaw, D., 2008. -Review of Allocation of Replacement Water in the Thousand Springs Area." 
Memo to John Simpson, November 2008. 

U.S. Bureau of Reclamation, 2001. Water Measurement Manual, U.S. Bureau of Reclamation, 
Denver, CO. 

U.S. Department of the Interior, 1984. Techniques of Water-Resources Investigations of the 
USGS, Discharge Measurements at Gauging Stations: Book 3, Chapter A8 pg 3,1984. 

U.S. Dept of the Interior, 1984. Techniques of Water-Resources Investigations of the USGS, 
Computation of Continuous Records of Streamflow: Book 3 Chapter A 13 pgs 45-52, 1984. 

USGS, 1958. Records of springs In the Snake River valley, Jerome and Gooding Counties, 
Idaho, 1899-1947,1958, Nace, Raymond L.; Van't Hul. A., McQueen, I. S., USGS Water Supply 
Paper: 1463. 

Whitehead, R.L., 1986, Geohydrologlc framework of the Snake River Plain, Idaho and Eastern 
Oregon. Atlas HA-681. 

Wylie, A., 2012a. DRAFT Enhanced Snake Plain Aquifer Model Version 2.1 Uncertainty 
Analysis, Idaho Department of Water Resources, December 2012. 

Wylie, A., 2012b. DRAFT ESPAM2.1 2009-2010 Validation Scenario and 1900 Validation 
Scenario Report, Idaho Department of Water Resources, December 2012. 

29 



1 

02 .. 
, I .... 

Subslanll8l ellotta h_ bHn 
This PfOIIUd i. for reference 

"* Rangen Springs 

CIty 

D County 

- Snake River 

-- Streams 

--eIJ c:ompIJe GIS ota MIll documentation. Accurecy is not QUIllan ..... 
onIr end Is nol 10 be conSltu .... e legm document or survey instrument. 

Figure 1 
Rangen Fadllty 

location 

LeonardRice 
(NGINUtS. INC 

rx;, c"lws.t.a , e....oo,t 
melt"" ___ '''SIt . Jo..J04acu~ 

_tl ...... 



= !E 

B 
1 .. 
f 
J 
I 
.I 
i 

· s 

t 
------II--Q 

I 
1 
i 
t 
J 

" 

i 



Average Annual lliii.n.'1nlli Discharge to Snake RIver between MDner and King Hill 
and ESPA Groundwater Diversions by Priority Date 

8,000 

7,000 

!6,000 

I .. 
.c 
~ 5,000 , 
Ii. 4,000 
en 

1 c 
~ 3,000 

t 
1 2,000 
c 

1,000 

o 
1900 1920 

Avg Annual Spring nlcr'hsan:rA 

Figure 3. Eastern Snake River Plain Ground 

25,000 

-.; -! 
20,000 Q 

f 
i 
..1' 

15,000 Ii 
1! 
J 
Q .. 

10,000 j 
1 
~ 

e 
" 5,000 I 
1 a 

o 

- Groundwater Diversion by Priority Date (lDWR) 

Rights vs. Estimated Northside Spring Row 

32 



Ol ... _. yl ~d and Modeled Rangen Spring Flows 
80 

i 

70 

60 

so <, 

i" 
!:!. 

140 
!' , i. 
'" 

30 , 
~ 

n 20 - Observed Spring Flow 1 

M - 36-15501 Water Right 

- 36-02551 WaterRlght 
10 

- 36-07694 Water Right 

- ESPAM 2.1 Predicted Spring Flow 

0 
Jan-66 Jan-71 Jan-76 Jan-81 Jan-86 Jan-91 Jan-96 Jan-01 Jan-06 

Date 

Figure 4. Rangen Spring Flows - Obs :OJ wad and Modeled 

33 





Figure 6. Photo Showing Curren Tunnel 

35 





-----------------------.-



Spring Flows Rangen Spring ESPAM2.1 E12102SAOOl 

Rangen Spring Flow -Mea5IRd 
c.obndlon PerIod (May 1986 - Sep 2008) - E121025A001 

70 1: .' - ESPAM2.0 .. : ~ ,ri 

60 
J 50 A " .' ,I 

A' IA "Al ItA 1\. , '" ~~ . 
~ - .l ·1 II " '. i 40 .... 

f1 \ . ntt'18 \ ~ l 
, , \ '\ ~\ l\ A I k\ 1\ &1\ lA\ I/At c: 30 ,-.. , 'I ~ '1 , , I " 1 ~ , ~\ A 11'\ 1\ J' IJ v ~ J u" ~ l:! 1\ 1),. 0 A l\ 20 

U ~ ~ 'J ., 'II 

'" ~ JA.: ;..J 'J~ 'J~ t ~ 10 , 
0 

0 ' m ~ I II :B CD .... II II 0 - N .., 
Cfi ." CD .... I m g (; N .., X ." i s !! IB ! ID m m m m m m m m 0 0 0 

~ ~ m ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ CD ~ ~ 0 0 ~ ~ ~ ~ ~ - - .., N ... 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i;- ~ ~ i;- ~ 15' 15' 15' 15' i;- ii' ~ 15' 15' 15' 15' iI' ~ i;-
:E :E :E :E :E :E :E :E :E :E :E :E :E :E :E :E :E :E :E :E :E :E :E :E :E :E :E :E :E 

. 

Residuals -~.(cf.) I Avg Monthly SprIng Flow -MusurIId Scatter Plot 
1180.21008 -19IISao& Cum DepaIl (LW') 1_" - UocI8IIad 1986 - 21008 

20 O.~~ 40 R2=0.7319 

i 70 
15 

i " .~ 
O. ~ 35 ,.. 

S eO 10 , ! 1n. . l Mil -O~O1 ~ 30 ~ " c: 

~ 
- 5 -0.01 ::- - 11 50 • , ~V f .A g 0 ~ A 1\ 11' I v v.. -0.1)2 :I i 25 0 

A IIMI, ~'lI' .r I V . -0:02 1i -- """'" 
'U 40 

'U -5 - 20 ~ 
'iii I II ~~ . ' 1 V I~ -O.m g c: .. 30 
& -10 I 15 'U 

f '" 0 
-15 -Om E 10 :& 20 

~- /0 :I 
-20 -004 u 5 10 .,-

2 i IS s: I ~ ~ § 
~ m ~ 0 0 - ... N 0 50 100 i;- ii' ~ i;- i;- ii' i;- ~ .... M .. May Jul Sep Nov 
:E :E :E :E :E :E :E :E ......... Galn cera) 

" 

Mean Error Cds) 0.04 Mean AbsoIuta Enor (ds) 4.57 R-8quand 0.733 
0.2% 17.4% 

Figure 9. IDWR ESPAM 2.1 Rangen Spring Calibration Results (Adapted from IDWR. 2012) 

38 



Appendix A 
Comparison of Rangen Weir Flow Calculations 
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Appendix B 
IDWR ESPAM 2.1 Spring Statistics 
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Appendix C 
Development of Relationships between Groundwater Levels and 

Rangen Spring Discharge and map of Candidate Wells 



Rangen Spring vs. Well 08S14E-16CBBl 

• Series1 -2nd order poly fit 
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Rangen Spring vs. Well 07S15E12CBA4 

• Data - Exponential fit 
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Rangen Spring vs. Well 06S13E25DBCl (lDWR Well No. 797) 
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APPENDIXC 
Table 3 Rangen Spring Discharge vs. Aquifer Water Levels for Seven Nearby Wells 

Summary-Analysis of Water level vs Rangen Spring Flow 
Brockway Engineering, PLLC December 2, 2012 
Regression Analysis See atached map for well locations 
Average Monthly Rangen Spring Discharge vs Single Well Elev. Same Month 

Well Number TypeofF1t 
08S14El6CBBl 2nd order poly 0.8426 

OSS14E12CBCl 2nd order ,poly 0.8686 

07S15E12CBA4 Exponential 0.8851 

OSS16E17CCCl 2nd order poly 0.8633 

OSS15E32CBBl 2nd order poly 0.8891 
IDWR#1l46 

07S14E29CDCl 2nd order poly 0.9353 
IDWR#989 

06S13E25DBCl 2nd order poly 0.8553 
IDWR#797 

Average 0.8770 
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Introduction 

Expert reports on the water call by Rangen Inc. were submitted by Charles Brendecke of AMEC, Bern 

Hinckley and Thomas l. Rogers for the Idaho Ground Water Appropriators, inc. (IGWA) and by Gregg 
Sullivan of Spronk Engineers for the City of Pocatello. 

This report responds to various assertions in the reports by Brendecke, Sullivan, Spronk and Hinckley. 
A separate report addresses comments by Bryce Contor. 

Specifically, we assert that the water rights issued by IDWR for the Rangen facility and the 
administration of those define and treat the entire Rangen Spring as a single source. The historical 
water measurement data, upon which the determinations of impacts from Junior ground water pumping 

are determined and which were utilized for ESPAM 2.1 model calibration are correct. 

The apefiltlan of the RangeR #aelllties far aquaeultuFe reseaFEh BnEi fish preduetleA are eanslsteAt tNlth 
the standard af eare in the Industp( aREI the dl\'eFSlan faellitles are reasanalile, hvdfilullealltf aElequate, 
anEi appre'Jed bylD-'NR. Multiple uses af the SPAng re5aYFee t,'oIlthln the Rangen facllitv enhanees water 
use effielenE'( and pFe¥ents eperatlsnal waste within the s'(5teM. 

The geologic framework of the Rangen Spring is not anomalous compared to other springs emanating 
from the ESPA in the Thousand Springs area and the hydrogeologic conceptual model of the spring as 
modeled by IDWR with the ESPAM2.1 model is consistent with the known geology and ground water 

modeling protocols. Hypothetical interpretations of the Rangen Spring geology offered by IGWA 

consultants Hinckley and Brendecke are not Justified and different conceptual models, as proposed by 
IGWA consultants, are incorrect. The total Rangen spring source, the Martin-Curren Tunnel outflow and 

the spring outflow through the talus, as developed for the Rangen water supply and authorized by valid 
------S'tate water rlghu,ISflie reglonarESP:t\ anasliOUICr6e moaeleCi as sucti. 

These expert reports can be characterized as a sudden reversal of a decade of open and collaborative 
ESPAM model development led by IDWR and with the cooperation and oversight of the members of the 
ESHMC, including Brendecke and Sullivan. 

The ESPAM 2.1 ground water model is the best tool available for evaluation of responses and Impacts to 

the ESPA from changes In water use. This model has been fully and adequately calibrated and validated 
by IDWR and the development guided and evaluated by the ESHMC, the members of which are eminent 
and qualified ground water modelers, hydrologists, and engineers. 

The calibration of the ESPAM 2.1 ground water model utilized measured historical spring flow as targets 
to allow the automated calibration software, PEST, to obtain the best-fit (minimum sum of squares of 

deviations) of the simulated output and water levels in the ESPA. Rangen Spring historical calibration 

period discharge was a target in the PEST calibration. All of the Director's requirements for IDWR 
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adoption of ESPAM2.1 have been met. These requirements Include model calibration, validation, 
uncertainty analysis and comparison to ESPAM1.1. 

Modification of the ESPAM 2.1 model to unilaterally reflect alleged differences In local geology without 
evaluation of Impacts on other springs In the system Is not justified. The utilization of alternative ESPA 
models, reflecting only differences In local geology of one spring with re-calibratlon of the modlfled 
model Is notjustlfled. The ESPA aquifer is a coherent hydraulically Interconnected water body and 
manipulation of Individual components (springs) without regard to the Impact caused by re-dlstrlbutlon 
of flow through the aquifer Is not justified and does not provide other water users any opportunity to 

evaluate Impacts on their water sources. 

IGWA consultants developed what they termed alternative ESPA models, the alternatives being changes 
to the geology of Rangen Spring, Including simulation of a hydraulic barrier one or two miles long, down 
gradient of the Rangen Spring model cell, assumption of two separate springs within the Rangen Spring 
cell, addition of head target data, and arbitrary weighting of the Importance of the more recent 
measured Rangen Spring total flow In the calibration process. There were apparently at least eight (8) 
different model configurations which were evaluated prior to selection of a representative alternative 
model. Results and documentation of alternative models #3 and #8 were the only model data provided 
for evaluation. Simulation runs using ESPAM2.1 and the two alternative models show that there Is 
essentially no difference In the Impact of curtailment of junior pumping to mitigate for Impacts to the 
June IS, 1962 Rangen water right using the three models. Any differences between the Simulated 
Impact on Rangen Spring of curtailment using the alternative models and ESPAM2.1 are the result of 
application and manipulation of a trlmllne. 

These expert reports Introduce new and unvetted Ideas, data, analyses and assertions In an 
Inappropriate venue where they can neither be utilized nor explored objectively. They provide 
Incomplete data for their "alternative models" without sufficient explanation as to why some results are 
Included and others are not. And all of the "alternative model" curtailment scenario results are (lst-
processed with the so-called "trim line" procedure, an arbitrary process for excluding data that Is a non
scientific, administrative procedure that Is Inappropriate to Introduce Into groundwater modeling 
discussions and essentially renders the results useless and Incomparable the standard IDWR curtailment 
modeling scenarios. 

Our analysis of these reports and the alternative models presented concludes that they do not 
contradict the efficacy of IDWR's calibrated ESPAM 2.1 for quantifying the impact of junior well pumping 
on model boundary spring flows such as Rangen Spring. Quantifying these Impacts Is one of the key 
reasons ESPAM was developed and was used as a guiding objective during ESPAM calibration and 
uncertainty analyses. In fact, If the "alternative models" are used with the trlmllne post-processing fllter 
removed, they actually reinforce the accuracy and robustness of the IDWR ESPAM 2.1 model. 

As a result these reports have no Impact on our opinion that the IDWR ESPAM 2.1 Is stili the best science 
available for understanding and quantifying the Impacts of junior well pumping on spring flows tributary 
to the ESPA. IDWR should continue to use ESPAM 2.1 to estimate the reduction In spring flows at 
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Rangen Spring due to junior ESPA well pumping. Furthermore, the open and collaborative model 
(ESPAM2.1) that has worked so well should continue to be used. The alternative modeling and 

hydrogeology ideas and data should be introduced Into the ESHMC as previous efforts have done, where 
It can be vetted and utilized constructively to enhance the ESPAM system. 

The best estimate of the impact of junior pumping on Rangen Spring is the unmodified output from 

ESPAM 2.1. Utilization of a trimllne of any percentage magnitude, justified by an unsubstantiated 
estimate of ground water model uncertainty, arbitrarily limits the true hydraulic impact of junior 
pumping and is not hydraulically or statistically supported. There has never been an uncertainty analysis 

performed on ESPAM2.1 or any ESPA ground water model to support the use of a trimllne as currently 

configured. 

B. Water Measurement Adequacy, Water Rights, SRBA Decreed and Permit 

Points of Diversion 
The historical flow measurements made by Rangen personnel at the facility have been done correctly 
and are aeEllrate aRd adequate fer the pllrpeses fer whieh they ha ... e l3eeR usea, including the historical 

1980-2008 Rangen Spring complex flows for the IDWR ESPAM 2.1 calibration efforts. 

nte aper:atlaR af the RaRseR faeilities fer aqllaellltllral FeSeafEh afta fISh prealletien aFe Eensistent 'Nith 
the staRdara at £are In the in8ustry ana the aiversl8n fatilltles are reas8fta131e, hraraulieally aaequate, 

and appFa .. 'ea 13'; I9'"NR. M\:Iltlple use af the spring Fe5aUFEe within the Rangen faellties enhanEeS water 

use effielenE'f afta ,re'/eAts aper:atisnal waste wlthlA the s';stefll. 

Brendecke criticizes Rangen's flow measurement accuracy with a statement that Is extracted from the 
memo by Cindy Venter to Karl Dreher (December 15, 2003). The statement was based on Ms. Venter's 

site visit on November 24, 2003 during which she compared Rangen's reported flows in the CTR and 
______ Large.ra~t.ewa¥s witb.meas.uremeots wbtch.she and.8rlan P-atton took 00 the da¥. after. the nows wer.e, _______ _ 

measured by Rangen. Ms. Venter reported that the Rangen measurements on the previous day were 

10% to 12% lower than her measurements. Ms. Venter reported that she did not actually observe the 
Rangen employee measuring the flow In the CTR and Large raceways, but attributed the likely 

difference to the error caused by the use by Rangen employees of a metal 2 inch wide ruler to measure 
the head on the weir as compared to a standard staff gage. If a 'standard staff gage' as used by Ms. 

Venter it Is a Leopold and Stevens enamel Type C staff gage, 2.5 inches wide as compared with the 2 inch 
wide metal ruler used by Rangen. Use of a gage of different width to Ustick" a weir or, In this case, the 

flow over dam boards, is highly unlikely to cause a 10% to 12% difference In calculated discharge. Table 

5-4 from Brater and King (967) and included in Appendix A shows the calculated error In discharge for 
various sized weirs as a result of errors in measurement of the head. The weir boards on the Rangen 

CTR raceways for measurement of discharge are, on average, about 2 Inches wide. When a staff gage or 

ruler is used to measure the head on a weir, the bottom of the gage is placed on the upstream edge of 
the board and turned so that the velocity of overflow causes the water surface to 'run up' on the gage. 

This maximum 'run up' is measured to account for the velocity head. The difference In 'run up' on a 2 
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Inch wide gage as compared with the 'run up' on a 2.S Inch wide gage cannot be more than 0.01 feet. 
This run up Is equal to the velocity head over the boards as calculated by the formula, hv=v2/2g where 
hv is the velocity head, v Is the overflow velocity, and g is 32.2 ft/sec2 or gravity. The over flow velocity 
for average heads of 0.4 ft as measured on the CTR boards Is less than 2 ft/sec and the calculated 
velocity head, hv, Is less that 0.06 ft. It Is therefore not likely that the error or difference In heads 
measured using a 2 Inch wide ruler versus a 2.5 Inch staff gage would be as much as 0.01 feet. The 
difference In discharge, If the 'error" In staff gage reading Is 0.01 ft, would therefore be less than 4 
percent and not 10 to 12 percent. Ms Venter Indicates that Brian Patton applied the Francis formula 
Individually to each set of data which included different widths of boards on each raceway and 
measurements of head at three points across the width of the boards. It Is significant that flow 
measurements over 2 Inch wide boards violates the assumption on which the Francis formula Is based. 
Standard weir formulas assume a sharp crested weir Is In place and not a 2 Inch thick board. Studies 
conducted on flow over check boards at the ends of raceways on aquaculture facilities Indicate that the 
weir coefficient that should be used for flow over check boards, Is near 3.09 as compared to the 
standard Francis formula, which assumes a sharp crested weir with a coefficient of 3.33 (USBR Water 
Measurement Manual, 1967). King and Brater, (Appendix A) 1967 complied research on broad crested 
weir coefficients which shows a weir coefficient for use on a broad crested weir of approXimately 2 Inch 
width of 3.08. This would be applicable to flow over check boards with heads between 3 and 4.5 Inches. 
This difference In weir coefficients between the standard suppressed rectangular weir with C=3.33 and 
the more appropriate 3.09 results In a difference of 8%. The Rangen discharge table comports with a 
weir coefficient of about 3.08 (BCB report) 

Sullivan also Indicates that the memorandum from Cindy Venter to Karl Dreher of December 15, 2003 
contained "Insufficient Information as to fully understand why IDWR concluded that the Rangen staff 
was under-measuring the flows through the hatchery raceways". This conclusion Is warranted. In fact, 
the statement by Ms. Venter Is based on comparison by IDWR staff of one measurement of flow through 
the large raceways not made on the same day as the measurement reported by Rangen staff. The 

______ comparlson.Js.f!awed.also because IDWR staff utilized the discharge rating curve for-a'standard·sharp-------

crested weir when In fact the flow was over dam boards, which Is best represented by a modified weir 
coefficient resulting In a discharge rating similar to that utilized by Rangen personnel. 

Sullivan also Indicates that the difference In measured flow from the Martln-Curren Tunnel, which IDWR 
began measuring In 1993, and the total flow through the hatchery Is the flow that originates below the 
tunnel. This Is an Incorrect observation In that, the flow from the Martin-Curren Tunnel flows Into a 
concrete box from which several Irrigation pipes convey part of the flow to Irrigation Interests or to the 
hatchery. Depending on the level of discharge from the tunnel, any excess flow from the box overflows 
Into the talus slope and appears as flow at the toe of the slope and has not originated below the tunnel. 
Any calculation of the 'flow originating below the tunnel' utilizing this assumption Is Incorrect. So, 
Sullivan's assertion that Martin-Curren Tunnel flows averaged 40 percent ofthe total Rangen flow 
during 1993-2011 and 30 percent of the total Rangen flow since 2001 Is likely In error. 
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Utilization of monthly average flow data to evaluate whether or not there was or could be beneficial use 
of a water right neglects the shorter term fluctuations In discharge which are characteristic of all springs 

In the Thousand Springs area. For instance, Sullivan Indicates (P12, Sullivan Report) that the reported 
monthly average flow In April 1977 was 35.2 ds and this is far less than would have been necessary to 

supply any portion of Rangen' April 12, 1977 priority water right. However, the model calibration data 

set as shown as utilized by IDWR shows values higher than 35.2 ds during 1977. 1977 was the lowest 
single year flow record in the Snake River basin and this Is reflected In the 1977 and 1978 flow records 

for most springs emanating from the ESPA. 

Sullivan's analysis of Rangen Spring Flow records and estimates of water utilization from the Spring 
source Implies that, In order for beneficial use to be effected, the total water right must be present at 

all times and must be utilized In some part of the facility to meet some beneficial use criteria. Figure 4-

10 which Sullivan has complied shows Total Unused Flow as complied from monthly Idaho Power 
Hatchery Production Summaries and Total Rangen flow reported by Rangen and Martin-Curren Tunnel 
flow reported by IDWR. The assumption was that the Unused Total Flow Is equal to the Total Rangen 

Flow minus the greater of the flows measured In the (Troughs plus Small Raceways), Large Raceways or 
CTR Raceways. This assumption Implies that any water available from the source at any time that does 

not flow through a production facility is, In fact, unused or not beneficially used and Is therefore a 

measure of Inefficiency or waste. ;his assllmp'llaA Fefteets aA lin famlliaFit', with the apeFatlaA af 

aqllilcYltYFe fadlltles • ...... ieh Feqwlre pel4edlc l'Iilf\'estlng aAd ms\'emeAt af steek '.'lIthiA the faellity ~.'hle'" 

Fesldts iA tempaFaF¥ ReA use af specific Fileewa'/S SF reaAAB faeilities. 

Use of the historic flow measurement data collected by Rangen staff are accurate for water rights 
analysis and for the development of ground water model calibration targets. 

c. Facilities operations, Diversions, Multiple Use, and Waste within System 
------HistoFic·fI)WR water-rlght-s<admlnistratlon and-ESPAM2.1 modeling treaHhe--Rangen SpFing,flow·as-a--------

single spring source that Includes Martin-Curren Tunnel and lower talus spring discharge. The RaASeR 
d~eFsleA structures etfectlvely Elell'o1eF the availatlie water fer lise IR the faeility, wheFE! It Is put te 

efficient wse aCEeRting te stanEiard aqllacllitwre practices. 

The Martln-Curren Tunnel Issues from the basalt compriSing the upper member ofthe Glenns Ferry 
formation. The tunnel was excavated nearly horizontal Into the basalt In order to enhance existing 

spring flows. This construction Is similar to the construction of the many ganats or karezes which have 
been In use for hundreds of years In Pakistan, Afghanistan, Iraq, and Iran and across the arid regions of 

southwestern Asia. The horizontal tunnel intercepts the sloping water table, providing a hydraulic 

gradient toward the tunnel and Induces additional flow out ofthe tunnel. This was and is a standard 

procedure which has been utilized to develop and enhance flow from various major springs Issuing from 
the ESPA (Crystal Springs, White Springs, Hoagland Tunnel). The Impetus by early Irrigators (1884-1908) 

to enhance the existing spring by excavating the Martin-Curren Tunnel was the presence of a significant 
amount of flow from the spring at or near the elevation of the tunnel mouth. Current geologic 

Page 6 



evaluations and interpretations are not adequate to conclude that the Martin-Curren Tunnel outflow Is 
separate from the flows emanating from the lower talus slope, Idaho Code 42-230b states the 

deflnltlon of a well as, "Well' Is an artificial excavation or opening In the ground more than eighteen (18) 
feet In vertical depth below land surface by whkh ground water of any temperature Is sought or 

obtained, There Is no statutory definition of a "horizontal well", The water rights for the source of 

water for the Rangen facility are decreed as springs and not a well or wells, 

Capture of water from the stream just downstream from the talus slope (headwaters of Billingsley 

Creek) would require pumping Into the small raceways and then re-use of the pumped water In the large 

raceways EStlsl"g etflt'Se" flepletia" IA the ISIIe raeev,'8y5, There Is no Indication In any of the beneficial 
use exams conducted by IDWR for any of the Rangen water rights that the diversion system Is 

Inadequate or unreasonable, To our knowledge, there are no aquaculture facilities on springs Issuing 

from the ESPA that utilize pumping for primary water supplies, The Fisk af pump failure Is tee hllh 8AfI, 

eveA theugh the £eAee"t ma'l be h'/draullEall.,' feasible, the risk aAEI to','sler quallt\' ElegraEiatleA has Aet 

seeA EleemeEi a feasible alternatwe b'l the EeFAmerdal tFeut IAEiustFy, 

Pumping water out of Billingsley Creek Into the small raceways and thence Into the Large Raceways 

""etllEi restlll IA water ~tlallty Impeets eA allallable Large Raea'ta't' aAd GFR Raeeways aAd would require 

Interruptible electrical power, which represents a risk to the reliability of continuous flow through the 
raceways, The faet that !:Ise sf p!:ImpeEi v/eter fer EeFAmerEial aquaEtllltlFe Is Aet IftIll!eEi IA the 

Thel:lsaAEi 5"FiAg5 area IAEiieates that the IAEitlstry ,ealiees the risks 1,,' .. el'leEi with this t'lpe ef 59t1rEe BAd 

has elKed Ret tel:ltill!e pumpeEi water, 

D. Geologic Interpretations and Conceptualization 
Brendecke and Hinckley present hypothetical geologic Interpretations as the basis for ESPAM2.1 

conceptual changes. The geologic data they rely on are generally too sparse and uncertain to provide 

clear and convincing evidence In RRQMf their. cO.oceptsJur.thermore,..f1lUch of the geologia ---------
------~ 

Information has little bearing on the modeling of Impact to the Rangen Spring caused by junior ground 

water pumping, Hinckley presents three main geologiC Interpretations and Implies that they are 

controlJlng factors on the Influence of ground water pumping on spring flow, Three concepts he puts 

forth are hypothetical concepts of the base of the Quaternary basalts, a reinterpretation of the 

potentiometric surface, and a concept that the eastern rim of the Hagerman Valley acts as a barrier to 

ground waterflow. 

These hypothetical concepts, while adding locally significant complexity, do very little to change the 
major regional aquifer behavior observed and accurately simulated by the calibrated IDWR ESPAM 2.1. 

Even though they may Influence locally ground water flow direction and rates they are not the primary 

controlJlng factors on the relationship between regional ground water pumping and Rangen Spring 
discharge, 

The USGS recently published a circular aimed at correcting common misconceptions about depletion 

caused by ground water pumping (Barlow and leake, 2012), In this publication, the authors Identify 
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four misconceptions, one of which is described as, uMlsconceptlon 2. Depletion is dependent on the rate 
and direction 0/ water movement In the aquifer." 

The fundamental hydrogeologic principais controlling depletion of the Rangen Spring flow are that: 

Widespread ground water flumping causes a regional decline in aquifer head; 

Regardl~ss of ground water flow direction or velocity, head declines cal,lsed by pumping propagate as 

pressure changes; 

Head decline or pressure change propagation is controlled by aquifer properties of transmissivity and 
storage coefficient. These properties create large regional areas that affect discharge of springs in the 

Thousand Springs area, including Rangen Spring. 

When evaluating the depietion caused by large areas of pumping within the ESPA, the aquifer properties 

are dominated by horizontal propagation of stresses. Because of this, depletion caused by ground water 

pumping is accurately and appropriately modeled by ESPAM2.1 as a single layer, confined aquifer. 

The USGS summarizes these points: 

"The Independence of depletion and rates and directions of groundwater flow in most systems allows 

calculation of depletion by a number of different methods. These methods include analytical solutions, 
superposition models, and groundwater-flow models (see "Analytical and Numerical Modeling" section). 

In using either analytical solutions or superposition models, the natural rates and directions of 

groundwater flow are ignored." (Barlow and Leake, 2012) 

The sources of data cited by Brendecke (Farmer, 2009 and 2011) show that the hydrology of the 
subsurface indicates aquifer material that creates large areas of contribution to the Thousand Spring 

------,area·spring,diseharges. These-large areas of contribution are-the primary-controls on the interaction 

between junior pumping within the areas of contribution and the spring discharge rates. Furthermore, 
it is these highly complex features referenced by Brendecke that interconnect the primary aquifer of the 

ESPA. 

When he presents his Interpretation of the bottom of the Quaternary basalts, Hinckley uses It to define 

the bottom of the Uprimary aquifer". He acknowledges that there is some flow within the Tertiary 

sedimentary iayers and basalt layers. He presents geologic data indicating high transmissivity In the 

upper part of the Tertiary basalts. While describing localized geologic conditions, Hinckley summarizes 
them in his Figure 8. Hinckley describes the data on this figure In the following way: 

"Contourlng distant/rom control pOints and in areas with only "less-than" control points Is 
hypothetical, presenting an Interpretation consistent with the available data, but more 
conceptual than precise." (Hinckley, 2012) 
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The "Iess-than" control points Hinckley refers to are 11 wells up to 14 miles away from Rangen where 
the well does not reach the bottom ofthe Quaternary basalt, and yet Hinckley uses these wells to plot 
the bottom of the Quaternary basalt. West of Rangen, the vast majority of Hinckley's data are these 
niess-than" control points and are not appropriate, accurate, or reliable data for this sort of 
Interpretation. His hypothetical representation of the subsurface calls into question all of the 
conclusions based on It and does not represent clear and convincing evidence of the "hlghly localized 
conditions" repeatedly referenced by Brendecke and Hinckley. 

Hinckley further misrepresents the influence of the local geology on Rangen Spring flows when he 
discusses the available ground water level data. On page 13, Hinckley states, 

"Groundwater flow directions on this and other figures in this report are Inferred based on 
perpendicularity to equal-head contours. In basalt aquifers, this generalization Is more appropriate 
over larger areas than at very local scales." (Hinckley, 2012) 

This is a true statement and Is supported by the tracer study work presented by IDWR tracer study 
results (Farmer and Blew, 2011). Localized groundwater flow In the basalt dominated ESPA is 
controlled by preferential flow through localized high transmissivity zones. Additional complexities may 
be added by faults that can act as either preferential flow paths or barriers. The data available in the 
area of the Hagerman Rim are too geographically sparse to determine the influence of these localized 
conditions. ESPAM2.1 appropriately approximates the hydrogeology as a regional system that is 
interconnected by all of these locally compiex flow features. Hinckley supports this claim with his 
statement: 

"Although data density in the area is insufficient to delineate local gradients in detail, the contouring of 
Figure 16 offers an Interpretation that Is more consistent with the available data than previous 
mapping." (Hinckley, 2013) 

------mnckleY's Figure 16"relles on a sul5set of tile iDWR November 2011 synoptic sampling data (iDWR, 

2012). The reason to perform a synoptic sampling is to have one comprehensive data set that is 
collected at the same time by one team of scientists collecting the data. This approach allows for 
greater quality control and continuity of hydrologic conditions during the data collection. In his 
reinterpretation of the synoptic data, Hinckley selectively removed water levels that he Interpreted to 
be from a deeper, disconnected aquifer. He then added in additional data points collected at different 
time periods. Two measurements were within 2 months of the synoptic sampling, and one 
measurement from 4 years prior. Inclusion of the data point from 4 years prior is particularly 
problematic and inappropriate because the data from this well shaws variability and decline in water 
levels (IDWR hydro.online, 2013). 

in support af his theory that the Hagerman Rim is a barrier to ground water flow, Hinckley describes the 
Hagerman Rim as a "westward termination of groundwater flow". It would be more accurate to state 
that the Hagerman Rim Is the location where ground water discharges through the rim as spring flows. 
The Hagerman Rim does not restrict subsurface flow anywhere where there are Quaternary Basalts, 
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transmissive Tertiary sediments, or transmissive Tertiary basalts are near the rim. Current and historic 
spring locations are evidence of this. A rise In ground water head would cause more water to flow out 

of the Hagerman Rim. Anecdotal evidence (personal communication with Frank Erwin, June 21, 2012) 
indicates that many more springs existed near Rangen in the past. 

As supported by Hinckley's statements and the available data Inappropriately used In his report, the 
localized geologic complexity In the Rangen area cannot be accurately resolved. Furthermore, this 

localized complexity contributes to the connection between the Rangen Spring and Its' regional area of 

influence, the ESPA. Section E.2. of the BCB report presents the analysis of the relationship between 

regional water levels and Rangen Spring flows supports the connection of the regional ESPA to the 
Thousand Springs area. These objective, measurable data refute the hypothetical theory put forth by 

Hinckley that localized geologic features disconnect Rangen Spring flows from the Impacts of regional 

ground water pumping. 

E. ESPAM 2.1(Development, ESHMC, Adequacy, Calibration) 
ESPAM2.11s the culmination of decades of ESPA ground water research and model development. The 
ESHMC has provided guidance and oversight to create an open environment for fair and technically 

sound model development. The model objectives are best summarized by the IDWR modelers In their 

final report. 

UA primary objective ofthe model development and calibration was the characterization of the 

Interaction between the aquifer and the river. Although thousands of aquifer water level observations 
were used during the model calibration, the model was optimized for prediction of hydrologic Impacts 

to the river and to Group A and B springs. The model can be used to provide a general sense of 
groundwater to groundwater Impacts; however, the model Is best used for prediction of Impacts to 

surface-water resources resulting from regional groundwater use or from changes In the magnitude, 

------'tlmlng, and spatial distribution af aquifer. r.echarge." (IDWR, 2Ql2:) 

ESPAM 2.1 adequately simulates the outflow of the spring system at Rangen which Includes flow from 
the Martln-Curren Tunnel and the remaining flow emanating from the talus slope the total of which Is 

the source of water for the Rangen water rights. It Is not necessary to 'separate' the Individual flows 

since they both originate from the regional system and are Included In the source for the SRBA decreed 
water rights. 

Spring discharge Is affected by changes In water use by surface water entities Including conversions to 

sprinkler Irrigation from surface irrigation, ground water pumping for Irrigation, and variations In 
irrigation water requirements over the ESPA. These affects are regional perturbations In the net flux or 

Input to the ESPA and all springs emanating from the ESPA respond to these changes. The Input data 

set to the ESPAM 2.1 model Incorporates these temporal changes and the model simulated output 
reflects these regional Impacts and changes In water budget. These man-made temporal changes In 

water use do not Impair the use of ESPAM 2.1 to simulate Impacts to Rangen Spring due to Junior 
ground water pumping. 
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Constant model thickness and constant transmissivity are model assumptions accepted by the ESHMC as 
a necessary Simplification of the natural system. Accepting this does not preclude the usefulness of 
model results. The high quality of model predictions at the Rangen Spring Is evidence that the model Is 
appropriately conceptualizing the regional water system that contributes to the flow conditions at the 
springs. 

ESPAM2.1 has a large number of parameters, which Is by design, and approved by the ESHMC. A large 
number of parameters does not equate to Increased likelihood that the model Is not unique, especially If 
specific calibration techniques are employed. ESPAM2.1 was calibrated using PEST automated 
calibration software and a powerful technique that allows for (and even encourages) the use of a large 
number of parameters. Large numbers of parameters and the procedures used during ESPAM2.1 
calibration are common practice when using PEST to calibrate groundwater models. 

ESPAM2.1 was designed to predict total Rangen Spring flows and cannot differentiate the Martin-Curren 
Tunnel. The IDWR modelers and the ESHMC are conSidering changing some of the ESPAM springs from 
one drain to two drains. 

Brendecke makes the statement, "ESPAM2.1 simulates conditions that are not physically possible and 
conditions that are In direct opposition to observed conditions .•• " This is unjustified and a dramatized 
textual attempt to skew the reader's opinion of ESPAM2.1. The claim of impossibility of ESPAM2.1 
simulated conditions Is unjustified and an over exaggeration of the required and commonly accepted 
modeling practice of simplifying assumptions. Hinckley and Brendecke provide no data to support the 
claim that ESPAM2.1Is In direct opposition to observed conditions. The use of the words "direct 
opposition" Is not a SCientifically sound description. 

Relative to the other springs, the Rangen Spring flow predictions are both accurate and precise. In the 
1980-2008 calibration period, the mean difference between the observed and modeled Rangen Spring 
flows Is reported as 0.04 CFS with a mean absolute error of 4.57 CFS. We discuss Identified inaccuracies 

______ with-tbe lower: flow-predictions In-our repo~ln seellon c.s. of"our report. 

A thorough evaluation of uncertainty does involve other components In addition to a predictive 
component The predictive component attempts to quantify the range of specific simulated output as a 
result of allowing calibration within a specific range of the objective function. As outlined In the expert 
report of Brockway, Colvin and Brannon (BCB report), the result of the IDWR predictive uncertainty 
analysis, proposed by Doherty, the author of the PEST program, does provide a measure of the 
calibrated model's ability to simulate output within a reasonable range of the objective function. The 
best estimate of the simulated output Is the result from the calibrated model for which PEST has 
minimized the objective function. Changing hydrogeologic parameters at speCific locations to prevent 
"Improper conceptualization" of geologiC and hydraulic conditions Is speculative at best and should not 
be conducted arbitrarily without a thorough model-wide evaluation of all parameters. IDWR deCided, 
and the ESHMC agreed, that a full uncertainty analysis which would likely Involve a Monte Carlo 
approach was not achievable and not mandatory. Changing the geologic parameters and configuration 
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In ESPAM2.1 for a particular spring without evaluating all other spring configurations and recallbratlng 

would not be justified. 

Alternative conceptual models could be proposed providing that adequate evidence exists to justify 

alternative concepts. However, any proposed alternative model should be vetted and receive a 
thorough review and approval by qualified hydrologists and ground water modelers before being 

utilized for administrative purposes. 

The AMEC alternative models further support that the ESPAM2.1Is a robust model and that using any of 
the models above to evaluate full ESPA curtailment show virtually Identical results for Rangen Spring 

flow Impacts. Put another way, the non-unique models created by AMEC come up with the same 

predictions. As further demonstrated by Brendecke's work, It Is the arbitrary application of a "trim line" 
that results In different predictions. This further illuminates the non-technical and problematic nature 

of a "trimllne". 

F. AMEC Alternative Models and Curtailment Analyses 
Brendecke has developed alternative models to test the Impact of conceptual and calibration changes to 

ESPAM2.1. These changes are based on the hypothetical concepts put forth by Hinckley and have not 
been vetted In an open, collaborative environment such as the ESHMC. 

Improving the ESPAM to better reflect geologic complexity Is an effort that IDWR and the ESHMC are 
currently addressing. In doing so, the IDWR modelers and the ESHMC are weighing the benefits of 

adding complexity to the ESPAM based on available data. When enough clear and convincing data are 

not available to guide a conceptual model, a modeler Is required to make assumptions. 

Alternative calibrated models, as defined by Brendecke, Include hydraulic barriers to east-west ground 

waterflow patterns, not substantiated by Indisputable hydrologic and hydraulic evidence; weighting of ----------------- ~--~-----------------arbitrary segments of the calibration spring discharge data set, and reconfiguratlon of the drain cell 

treatment In an attempt to reflect multiple aquifer sources for which adequate evidence Is lacking. One 

could arbitrarily configure the spring hydrogeologic parameters so that curtailment would beneficially 

produce almost any percentage of curtailed depletion. Utilization of an arbitrary 10% trlmllne or any 
trlmline Is not justified since use of the trimllne, which is model specific, drastically reduces the defined 

curtailment area within the common ground water boundary. Use of a 10% trlmline with ESPAM 2.1 

reduces the contributing Irrigated area to Rangen Spring from ground water pumping to 406 acres out of 
a potential 479,199 potentially curtailed acres within the common ground water boundary on the ESPA. 

Similarly, the potential curtailed discharge within the common ground water boundary on the ESPA to 
the Rangen July 1962 priority water right Is estimated at 17.13 cfs. (IDWR Rangen Scoping). Utilization 

of a 10% trim line reduces the curtailed discharge to 0.19 cfs within the 406 acre curtailed area or 1.1% 

of the common ground water ESPA discharge from junior ground water pumping. This arbitrary 

reduction to only 1.1% of the junior ground water pumping affecting the Rangen Spring cannot be 
justified hydrologically or hydraulically and can only be justified by a desire to minimize the required 

mitigation for Impact to the Rangen water rights. 
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ESPAM 2.1 was configured (number of drain cells and calibrated elevation) in a manner similar to all 
other A &B springs in the Devll's Washbowl to King Hill reach of the Snake River. The decision to utilize 
one drain within the model cell representing Rangen Spring was made by IDWR and reviewed by ESHMC 
because geologic data and information indicates that a two-drain configuration is not warranted. The 
purpose of utilizing two-drain configurations Is not necessarily because there is geologic evidence to 
support two different spring sources but to allow PEST more latitude to better simulate the range of 
measured spring flow over the calibration period. 

It should be noted that ESPAM 2.1 has been calibrated with measured total spring discharge ranging 
from over 50 ds to just over 10 ds or a range of about 40 ds. This range in measured and simulated 
response is an adequate range to support predictive simulations required for evaluation of curtailment 
or other mitigation measures. Simulations of impacts from the Rangen water call using ESPAM2.1 
predict an Impact of up to 18 cfs for curtailment of the July 12, 1962 water right over the entire aquifer. 
This simulated change In spring flow Is not "radically different from those extant In the model calibration 
period" so the ESPAM 2.1 model can be expected to represent and predict accurately the expected 
behavior of the aquifer and springs due to this magnitude of flux change. Brendecke (p 6-8) concludes 
that "Relatlvely minor changes In ESPAM2.1 conceptualization, made to more closely reflect the local 
conditions at Rangen, result In model predictions that differ substantially from those of ESPAM2.1." 
The proposed 'minor changes in model conceptualization' are not In any sense minor. 

Table 6.1 of Brendecke's report shows what he characterizes as "._model predictions that differ 
substantially from those of ESPAM2.1." This table shows the comparison of ESPAM2.1 and two 
alternative models which predict the impact of curtailment using the unjustified and technically 
Inappropriate "trlmline". The spring flow predictions presented In Table 6.1 range from 0.01-0.21 ds. 
These flow amounts would be extremely difficult to measure in the field and are very likely under the 
predictive precision of the model. Brendecke's statement that his alternative model produces 5% of the 
ESPAM2.1 result Is misleading. The change Is small in volume, and the result was primarily due to the 
number 0 acres curtailed. The alter:natlve model curtalled.24 ac:r.es.compar.ed to-406 acr-es curtalled-------
using ESPAM2.1. In addition, model runs using Brendecke's alternative model showed virtually no 
difference from ESPAM2.1 predictions of Rangen Spring flow when using a full ESPA curtailment. The 
alternative model presented by Brendecke actually further verifies that the ESPAM2.1 model Is an 
accurate and appropriate predictor of impacts to Rangen Spring flow from regional Junior ground water 

pumping. 

The alternative models proposed by Brendecke confirm the results of ESPAM 2.1. Table 1 shows the 
results and comparison of curtailment model runs utilizing ESPAM 2.1 and alternative Models #3 and #8. 
All three of the models were run to determine the simulated impact on Rangen Spring from curtailment 
of ground water rights in the ESPA Junior to July 13, 1962, IDWR procedures and protocol were use for 
all three model runs with the models run In steady state and superposition model. Table 1 Indicates 
that the steady state response at Rangen Spring not significantly different for any of the three models. 
If anything, the ESPAM 2.1 model Is conservative In Its prediction of the curtailment response to Rangen. 

Page 13 



Table 1 July 13, 1962 superposition, steady state, full curtailment results from ESPAM 2.1, 

AMEC-3, and AMEC-8 

Model Steady State Response at Rangen 
(ds) 

ESPAM2.1 17.9 cfs 

AMEC-3 IS.S cfs 

AMEC-S 18.0cfs 

Determination of selected contributing model cells for the alternative models Illustrate the Irrational 
nature of arbitrarily eliminating model cells from Inclusion in the contributing aquifer area for springs. 

Table 2 shows a comparison of response functions to Rangen (Cell No. 42, 13). Model cells listed were 
Identified by IDWR as the contributing model cells to Rangen Springs for Scoplng calculations evaluated 
for ESPAM 2.0. Cells with a more than 0.5% change In the response functions as determined by the 
different models are highlighted. 

Page 14 



Table 2 Response of Rangen Spring to Pumping at Various Model Cells (Response Functions) 

ModelCeU ESPAM2.1 AMEC-3 AMEC-8 

40, 13 9.5% 9.7% 9.5% 

41,13 10.5% 10.7% 10.4% 

41, 14 9.5% . 9.7% 9.5% 

42, 12 11.6% 

42,13 16.0% 15.9% 15.5% 

42, 14 10.7% 10.8% 10.5% 

43, 13 9.5% 9.1% 9.1% 

Table 2 shows that only one model cell (42, 12) shows a significant difference In the percentage of 

contribution from any of the seven model cells Identified by IDWR as contributing cells. Cell 42, 12 Is 
the cell down-gradient of the Rangen Spring and down-gradlent of the hydraulic barrier Inserted In 
alternative models #3 and #8 by Brendecke. Again, there Is no basis for the selection of non
contributing cells proposed as the 10% criteria for exclusion was Identified by IDWR for ESPAM 1.1 
because of potential errors In the Snake River Gage readings. 

Therefore, when the AMEC alternative model output Is taken as a whole (with and without the 
application of a trim line), It actually Indicates that It Is only the trim line method that has an 
unacceptably large arbitrary and uncertain behavior, and It Indicates that the ESPAM 2.1 base model Is 
robust and stable In terms of the relationship between pumping stresses and spring flows. All the 
alternative model output provided by AMEC used a trim line. When compared to ESPAM 2.1 output 

______ uslng a trimllne"BrendeGke showed wlde"Variatlens In-the'TeSUfts. Ho'Weve°r,<thls lS"alf'fittfact of·~a ---------
trlmllne approach that excludes all but a tiny fraction of the original model results. As commonly known 
by engineers and scientists, comparing two very small numbers at the limits of the precision of the 
system can create an appearance of variability and uncertainty. On the other hand, as shown above, 
when comparing the full AMEC alternative model output to the full ESPAM 2.1 model output without a 
trim line, there Is stili very good agreement on the impacts of Junior pumping on Rangen Spring flows. 

IOWR (Sukow, 2012) performed an evaluation of model linearity and the appropriateness of using a 
superposition model. 

''The superposition version of the model is expected to be acceptable for simulation of curtailment of 
groundwater pumping, managed recharge, most ESPA water right transfers, and mitigation activities 
Including conversions from groundwater to surface water irrigation, the Conservation Reserve 
Enhancement Program (CREP), and voluntary reductions In Irrigation." (Sukow,2012) 

IOWR compared five different curtailment scenarios, Including one with a 1/1/1961 curtailment date. 
They found that the difference between superposition ESPAM2.0 curtailment models and those using a 
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fully populated model were less than 1% for the spring flow predictions. This Is an Indication that the 

non-linearity Issues raised by Brendecke do not adversely affect the accuracy of the spring flow 

predictions and that curtailment modeling using a superposition model Is appropriate. 

G. Unjustified Application of the "Trim Line" 
Use of any statistical parameter to limit the result of a ground water model simulation, if not justified by 

some recognized statistical parameter and applied in a defensible manner should not be consldeted. 
Brendeke and Sullivan consistently utilize what might be termed a one-way exclusion parameter 

(trimllne) to limit the liability of junior ground water pumpers for mitigation of Impacts to the Rangen 
water rights. This one-way exclusion parameter assumes that no junior ground water pumping which 

does not Impact the Rangen Spring flow by 10% or more at steady state Is not, In fact, Impacting the 

Rangen Spring flow. Not only Is the concept of a 'trim line' not hydraulically justified, the arbitrary 
assignment of a 10% exclusion limit Is not justified by any statistically recognized procedure and 

certainly not by any rigorous statistical uncertainty analysis. We are not aware of any statistics textbook 

or publication which even mentions the term 'trlmllne'. 

To infer or conclude that any deferred pumping as a result of curtailment of junior ground water 

pumping that does not benefit the calling spring or target spring Is 'waste' Implies a short-sighted view 

of the ESPA system. Granted that target curtailment for mitigation Is not effiCient, however, the 
deferred pumping Impact that shows up In adjacent springs or as Snake River reach gain Is not 'wasted'. 

All springs and reach-gains in the ESPA/Snake River system have shown declines over the last 50 years 

and most of these sources either have water rights for Irrigation, aquaculture, hydropower, or aesthetic, 
recreation, and wildlife purposes. Supplies for these water rights have been Impacted; any Increases In 

these sources can be beneficially utilized and are therefore not 'wasted'. 

Brendecke's assertion that the 'uncertainty derives from use of a regional model to predict discharge 
------·from a-partlcularsprlng outlet~at the-edge-of-the aqulfer'system~ls an erroneous assumptlon.o-----------

ESPAM2.1Is a regional model and calibration of target springs shows that It Is capable of adequately 

simulating spring flow responses from regional changes In water use (Appendix B, BCB report). 
Correlations of Rangen Spring historical discharge and other target springs with Individual wells as much 
as 11 miles away exhibit excellent correlation coefficients (R2) (Appendix C, BCB report). Measured 

seasonal discharge and testimony of the Watermaster and Rangen employees attest to the seasonal 

response of the springs to the commencement and cessation of Irrigation on the Northside Canal lands 
and to ground water pumping up-gradient of the springs. 

H. Conclusions and Recommendations 
The overarchlng conclusion of this report is that nothing presented in the AMEC, Spronk, or Hinckley 
reports, refutes ESPAM2.1 as being the best available science for the evaluation of junior ground water 

pumping Impacts at the Rangen Spring. The results of ESPAM2.1 modeling Indicate that a full ESPA 
curtailment of junior ground water pumping would be a hydrologically feasible mitigation of the Impact 
to Rangen Spring. 
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Nothing presented In the aforementioned reports changes the opinions originally presented In our BCB 

report. Our opinions contained In this report are summarized as follows: 

1. Pumping by junior ground water rights Impacts the exercise of Rangen water rights 36-02551 
(priority July 13, 1962) and 36-07694 (priority April 12, 1977). 

2. TtteFe 15 IASyffisieAt spriAg fI&w available ta ape rate ttte RaAgeR faelliW aAd tttat the availahle 
RangeA SprlRg flaws are belAg ytlllil!ed apPF6prlatel\· aRd effieleAtl't' aeeardiAg ta the adjYdleated 

'lo'fter rights. ~ere Is Aa e""ldeREe et ' .... asted water. 
3. Rangen staff historical measurements have been collected accurately. 

4. Historical measurements are adequate for use as calibration target data for ESPAM2.1. 
s. The source of ESPA water for Rangen's water rights Includes flow from the Martin-Curren 

Tunnel and the talus slope below It. 

6. Rangen's water rights are decreed as springs and not as a well or wells. 
7. RaAgeR's ttltterslsA stRletYFeS are effieleRt BRd apPF6prlate fer aeilYBeyla.Fe Yse af water. 

8. Yse ef water wlthlR RaAgeR'S s'lStem Is iA eEEaFdeREe wUh staAdem 8eilyaEYlttlFe praetlees. 

9. The geologic Interpretations presented by Hinckley are not applicablelapplicable when 
evaluating ESPAM2.1's ability to predict the Impact of junior ground water pumping on the 

Rangen Spring. 
10. The geologic Interpretations of Hinckley are hypothetical and rely on sparse data which Is 

Inappropriately used In some cases. 

11. ESPAM2.1 has been developed In an open and peer reviewed manner to have appropriate 

Simplifications and assumptions that result In accurate predictions of the Impact of junior 

ground water pumping on the Rangen Spring. 

12. IDWR has appropriately designed ESPAM2.1 and that, according to IDWR model documentation, 
" ... the model was optimized for predIction of hydrologic Impacts to the river and to Group A and 
B springs. n Rangen is a group B spring. 

13. IDWR has demonstrated that the superposition version of ESPAM2.1 Is accurate for curtailment 
_________ scenarlos and tbat.there.ls-ver.y-little differ-ence In the superposltlon~and full\n,.~j:rula~et-------

results. 
14. The "trlmline" has no technical justification and should not be applied. 

15. The best estimate of Impact of junior ground water pumping on the Rangen Spring Is the 

unaltered output of ESPAM2.l. 
16. The similarities between the results from alternative models presented by Brendecke and 

results from ESPAM 2.1 prove that ESPAM2.1 Is a robust model. Even when inappropriate 

changes are made to the conceptualization of the model, it predicts virtually the same Rangen 

Spring response to full ESPA curtailment of junior ground water pumping. 

17. The alternative model results also point out that It is the arbitrary and technically unjustified 

application of a "trlmline" that causes variability In predictions of Rangen Spring flow Impacts. 
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where 8 is defined R8 £ollows: 

In Eq. (5-52), a, is the weir area corresponding to 
the weir area corresponding to HI. Mavis also prese,nted 
interesting data which resulted from tests made 
Poleni. It W88 found that Poleni'a resulta agreed 
4 per cent with the Mavis data. 

The Author hR8 plotted the curves shown in Fig. 
tbe results of the work of Villl'monte And Mavie. IDlronnat.ion 
regarding the experimental IIJTDDgementa for the 9Q" V-noteb 
weirs and rectangular weirs is given in the foJlo.Jing table. 
It may be noted that the channel widths differed for the two 

I 
Mavis ViDelDOll1e 

ChaDDel wld\b •••••••• U\ DID. 3.02 f\ 

P for 110" V·DOtch weire 1(\ 6 iD. 2.0 n I 
I' for reetaDlIJ\ar werre 1 rt 10 ill. 2.01\ 1.0r\ 1.Un 

Widu.. of DotA:bett of 
reetaDgular..mn ... 1 f\ 3 iD. 3.02ft 0 .1It\ 1.00 ft 

I 
sets of testa, that P W88 different for nil eases, and that rec
tangular weirs of four different widtlis were tested. I Curves 1 
nod 2 are compositfl curves bMed on tbe results if the \wo 
investigators for the 90° V-notch weirs and tbe ~ 
weirs, respectively. Curvl'S 1 nod 2 differ by no m~re than 1 
per cpnt from the test results. I 

Because Eqa. (5-50) nod (5-51) both indicate thai 0/0. is a 
function of (H./H.)-, the author baa prepared ~ 3, which 
is an average of results obtained from Eqa. (~) and (5-51). 
Results obtained from either eql1ation differ by less ~ 1 per 
cent from curve 3. Curve 3 may be used \0 computs UIe 
diacbarge of IL submerged IIhsrp-eftllted weir of lny shape. 
This curve is also in reasonable agreement witb tb~ results of 
the inveetigationa B111l1JIUIriIed by Vennard and Weatl,n, 88 well 

6-21 
liS with data presented by Stevens. I It should be noted, bow. 
ever, that Cor some ()f the weirs teated, tbe results could be repre
&Cntad more c.loaely by an equation differing slightly from Eqa. 
(5-50) and (6-51) and by a curve dilJ'l'ling slightly from curves 1 
to 3. Therefore, if great accuracy is _nUal, it is recom
mended that tbe particular weir, or a similar one be tested in 
a la~ratory under conditione comparable with fieid conditions. 
In uamg the curves sbown in Fig. 5-5, i' is recommended. tbat 
HI bE' measured at Il'ast 2.5H I upstream from the weir and that 
H, be measured beyond ~be turbulence caused by tbo nappe. 

Ezampla 5-4. Detennme the diseho.rge of a 90° V-notcb 
weir if HI is 0.9 ft, H. is 0.3 ft, !lDd Q. - 2.5H.I.I. 

11. Use curve 1 of Fig. 5-5. 

0. - 2.5 X 0.9'" - 1.92 eec:-ft 
H. 0.3 0.333 
11; ... 0.9 -
o 
QI - 0.972 Cfrom eurvo I) 

o - 0.972 X 1.92 - 1.86 BCC-f' 

". Use curve 3 of Fig. 5-5.. 

c;;r os (0.333)1.1 = 0.004 

:. - 0.972 (from curve 3) 

Q - 0.972 X 1.92 co 1.86 sec-ft 

Emmpk 5-5. Determine tbe dischArge of 1\ pambolic weir if 
H. is 0.8 ft, HI is 0.4 ft, and Q. _ 2.0HI ' ·0. 

01 - 2.0 X (0.8)1-0 co 1.28 sec-ft 

(::r -(~::r' -0.25 

:. - 0.89 (from curve 3) 

0" 0.89 X 1.28 - 1.14 sec-n 
Weirs Not Sbarp-crested 

Shnrp-c:reated weirs, if used to obtain discharge recorda for 
comparatively long periods, are dilJieult to mnintain. The 

A 
I I. C. s\nma, Esperimmu OD Small Weln aod lIoladulm Bnf/ ,v~ •• 

.... 18.11110. • . •. 

1 
i: 
I 
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crest is likely to become dulled or l'UIIted. or it may be dallIiaj~ed 
by fIoatiu& ice IUld debris. Undcr IlUch conditions it 
advisable to use a weir with a thicker crest. It is often con
venient to use IUl exillting weir or overflow dam for meaatuing 
disebargea. Weirs of variou. .. dimcoaiona and shapes areluaed 
in hydraulic structures. When designing IUch structureS it is 
important to be able to estimate approximately the diac:bpges 
over these WI'.irs (p. 2-lfi). 1 -

The amount of wlLter which will pD88 over a weir. not e~ 
crested, depends to a large extent upon its sectional fond IIIld 
the shape of its crest. and it is necl!IIII8q to resort to experi}nent 
to determine tbe discbarge over ony po.rt.icu1ar llhape. IInu. 
mucb Be the number of shapes of weirs is unlimited. it ~ not 
to be oxpected that experimental data are or ever wm be 
available for them aU. There are available, bowevert-the 
reeults of eeveral series of experiments on weirs of difrerent 
c:roee eeetione which furnish much valuable informatioU for 
determining discharges over weirs of the same or aimilar ahapee. 

The avu.ilable experiments are not extel1llive euouch or a 
comprehensive study of the effect of velocity of approaCh 011 

weirs not sharp-ereeted. The coefficients given in thill cbfpter 
probably apply more aecl1l'lLtely where the velocity of ap~&eh 
ill not high. From a consideration of abarp.ereeted weirs it 
ILPpeara that discharges. for high velocities of ILPProach, wiD 
be 10m_bat greater than is givftD by formula (5-10).. I . 

Since experimental conditione wiD etldom be duplica, d m 
praetlee. it is probable that. errors mlLy result from the qnera1 
uae of the coefficients given in thill chapter. Extreme &eC1f1LCY. 
however. is not alwaya nt!CelllU')' ill deaign. where uncert8inty 
88 to tbe exact. quantity of water to be p~.d for may b ill\. 

The problem of establishing IL fixed relAtion between bead 
and ~. for weirs not ebarp-c:restod. Is complicated by 
the fut that t.he nappe mlLY asIIUme a variety of forma in 
pueing over the weir. For eacb modification of nappe form. 
there is a corresponding change in the rel&tIon between brad 
IIIld discharge. The elJ'cct of Lhi. .. condition is more notiCeabl

l 
e 

for low beads. 
The nappe may IIndergo several of tht'!18 modi6catiOnl ill 

IUccetaon as tbe head i. .. wried. The IlUcl.'e!Iive fonne that 
appear with IUl increasing stnge may differ from thos~ per~ 
taining to similar eLIIges with a dccreuiing bead. 'The head at 
which the changes of nsppe form occur varies with tbe rate of 

WEIRS 6-23 

change of beaLd. wbether increasing or dearcasing. and with 
other conditione. 

Among weirs of irregular section t.here is a large e1ua for 
which. from the nature of their section. the nappe can ~e 
onlJ one form unlceII drowned. Sucb weirs, it is suggested, 
may. if properly calibrated. equal or exceed the ueefulness of 
tbe tbin-edged weir for purpo8eII of atream gaging. becAuee of 
their et.ability of eeetion and because the U1in-edged weir is 
not free from modification of nappe form for low beads. 

Broad-crellted Weirs. A weir approDmlLtely rectangular ill 
crotIS section ill termed a broad-ereeted weir. Unless otherwise 
noted. it will be lLIIIUD1ed to bave vert.ical f_. a plane level 

~---- b -----001 

Fao. 5-6. Broecl-e~ weir. 

crest. and Ibarp right-angled comer&. Figure 5-6 represents 1\ 

broad-crested weir of breadtb b. The head B should be 
meuured at leut 2.58 upetream from the weir. BecaUlle of 
the sharp upstream edge. contraction of the nappe occure. 
Surface contr&ction begins at a point eligbtly upstream from 
the weir. 

The cliacbarp over broad-erested weirs is 1IIIUAlly expreesed 
by the equ&tion 

0" CLIlH (5-10) 

Experiments on broad-crested weirs have been performed by 
BlacltweIl, Buin. Woodburn. the U.S. Deep Waterw&ya Board. 
and the u.s. Geologieal Survey. Theae experiments cover a 
wide I'1lDgC of conditionl &II to head, breadth. IUld height of weir. 
Coll8lderable cliacrepancy exiatII In the reRul\8 of tbe dilrerent 
Gperimontcrs. especinlly for beade below 0.5 ft. For beads 
from 0.5 to about 1.5 ft the coefficient becomes more uniform. 
and for heads from 1.5 ft to that at which the nappe becomea 
detached from tbe creaL. the eoef&eient Be given by the dilrerent 
eq,enmentll ill nearly cone\DDt IIIld equale approximateJ,r 2.63. 
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When the head reacheR ODe to two times the breadth, the 
nappe becomes det.ached aDd the weir becomes essen 
1IharJHreated. Tho ell'eet OD dlllcharp of roupn81111 or the 
crest can he computed by applyiDg the principlee of 1 in 
open chanDeia. 

In order to put the result .. oE the varioll8 experiments m a 
rorm convenient ror use, Table 5-3 hu been prepared by 
graphieally iDterpoiating the results of aU experim.enta, giying 
more weight t.o thole of the U.s. Geological Survey. This 
table should give values of C within the limits of accuracr of 
the original experiments. Table ~1 gives three-balves porem 
ofnumbera. 

The ell'm or rounding the upstream corner of a broad
creat.ed weir is to incr.M the ctiacharge for a given head. 
Table 5-4 gives a rc!eunuS of experiments OD this type of weir. 
The elI'm of rounding the upstream corner on a radius of 4 in. 
is to increase the coefficient C approximately 9 per cent. CcieJIi.. 
cients by WoodblU1l1 Eor Sat weirs with roUDded u~ 
COMem and gently sloping create are given in Table 6-&z. 

Blackwell experimented with three weirs 3.0 It broad having 
a alight17 ineliDed crest. IneliDiDg the crest appeal'll IIliglltly 
to increase the coefficient of discharge. The results or t.Iae 
experiments are rather inconBiltent, eapecfaUy for low he'iuJa. 
Table 5-56 h .. been obtained from BIacbrelI's aperimeuta. 
Sloping the top of a broackrested weir makes k aimflar to " 
tria.nguJar weir with the upstream face verticaL The 
cienta givm in Tables 5-6 and ~7 will therefore he 
eeJectiDg coefficients for broad-ereat.ed wein with 

U the upstream corner of a weir is 10 rounded .. 
prevent CODtrDct.ion, and if the slope of the.crest is .. 
the 1011 of head due to friction, lIow OCCUl'll at critical 
and diacharp is given by the rational formula 

Q .. 3.~LlIH 

For further diacuaiOll of Bow at critical depth, .. Sec. 
should he DOted that C - 3.087 is the muimum value 
coefficient that is obtainable for broad-erest.ed weirs nn<I..r I IlD'll~:~ 
conditioll& 

Weirs of Trlallplar Section. Figure 5-7 represents the 
aection of a weir having the upper face vertical and the 

'1. O. WoodbarD. T ..... lID .... Cftmd W_ rnm.. ASCH. 
lea. 
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lace inclined downwurd, the two faces meeting iD a aherp angle 
which forma the erest. 

Basin hu experimented with weirs of tJUs type, 148 It high 
having various slopes or the dowustream face. The coefBc1eu~ 
resulting from thOle experiments are given in Table S-8. 

It will he obaerved that t~ coefficient for a given slope, in 
each case shown by the expenmenta, is DearJ,y coustaut for heads 
above 0.7 ft.. It 8eeD1I fair to IIIIUJIle, therefore, that these 
values could be extended to higher heads with reaaonable 
IIIIS\JrIU1ce. The average values of tho coeBicients given in 

Plo. 5-7. Trianau1ar weir. 

Table ~, for heads a.bove 0.7 It, were plotted logarithmically 
and found to faU very aecurately OD a straight Hue. This liDe 
wu then extended to include slopes of 20 horizontal to 1 verti
cal, from which ,he valnes given in Table ~7 were taken. 
Table ~7 may be used for computing discharges over weirs 
01 the types shown in Fig. 5-7 for heads above 0.7 ft. These 
coefficieDts are to he used for broad-crested weirs with ineliDed 
tapa only when the breadth is lII1f6cient to prevent the nappe 
from springing clear. In the 
latter C8II8 the weir becomes in ~ 
priuci!,le a tbin-ed~ed weir. . ]~ 

Bum also ezpenmented WIth 
weirs of triangular CI'OII8 sections 
1.84 It high, having both faces 
inclined (Fig. 5-8). CoefB.. FlO. 1-9. Trapaoldal weir. 

cients covering the I'IUI&8 of these experiments are given in 
Table 5-8. 

Welta of Trapezoidal Section. Figure 5-9 representll a weir 
d trapesoidal sectioD with both upstream and dowunream 
laces inclined. Experiments on this type of weir were made 
by Baain and the U.s. Deep Waterways Boord. Buill'. 
czperimenta wen aU on weirs 2.84 It high, the bradth of 
creet AS VII'}'fng from 0.88 to 1.32 ft. &perimeuta OD two 
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TAble 5-3. Values or C in the Formuln Q - CLm! 
("!"CS1 rd W drs 

1.2 
1.4 
I.e 
1.8 
11.0 

2.11 
3.0 
3.11 
4.0 
'.11 
11.0 
11.11 

lJrcadtb of CI'I!IIt of woIr In feet 

Table ~. Values of C in the Formula Q - CLHn for!Modeu 
of Broad-erested Weirs with Rounded Upstream 
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Table 5-5. Values of C in t.he Formub Q = CLHH ror Broad
crested Weirs with Crests Inclined Slightly Downwllrd 

(4) 

ED • .." bead '" H. 

Cnn 

.~ ... ~~ ... ~~~l' Len! ................... 12.182•79 2.80 .812.82 .83I2.Il52.85 2.86 
Slope - 0.G04 ........... 12.052.94 2.03 2.92 2.01 .9012.88 2.87 .87 
Slape - O.D2ll ........... p. 3.06 p.OIIr.04 3.03 .02~.OO .00 

(6) 

Leqtb Bead 10 feet. B 
Slope of of •• 

0.1 I 0.21 0.3 1 0•4 I 0.11 I 0.41 I 0.7 
tired Inr .. t 

12tol ............ 3.0 2.11B 2.87 2.117 2.l1li 2.114 2.lll 2.70 
18 to 1. ........... 3.0 2.01 2.92 2.113 2.80 

2::' 
2.n 2.412 

III to 1 ............ 10.0 2.112 2.88 2.73 2.80 2. 2.80 1.88 

Table 5-6. Values of C in the Formula Q = CLIDi for Weirs of 
Triangular Cross Section with Vertiea1 Upstream Face 

and Sloping DoWll8tream Face 

-~p. Bad III feat, H 00 __ of .. 
.,,_ feet, 

0.2 1D.3 10•4 10•11 r· e 10•7 10•8 10•11 11.0 11.211.11 r- p 

Bar. Vert. 
3.111 Ito 1 '·"~itu '·i·· .. ~ .. 3.111 3.811 3.86 

Ito 1 2.48 .48.48 3.411 a.49 .11( 3.110 .110 3.1i! 3.110 3.111 1a.1I1 
Ito 1 1.M .1III.f 3.41 3.111 .114 13.117 .IIB 3.1IB 3.11B 3.1ID ja.1I7 
Btol l.M ..... 903.11 3.D .211 3.83 .1ft Ia·" 3.40 3." p ... 
lito 1 2.441 .... • a.OII a.0II3.06 3. 3.011 1.12 3.13 p.u 3.13 

10 to 1 2.48 .... . 1I21.1IlI 12.114 .811 p.80 1.011 /1.111 p.lll 12·92 2.113 
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Ta.ble 5-14. Errors in Weir Discharge Resulting from Errors in 
Measurement of Head 

Error 
Dlsoharge in 

head in In seoond .. feet feet 
0 

0.0& 0.001 
0.006 
0.010 

0.10 0.001 
0.005 
0.010 

0.50 0.001 
0.005 
0.010 
0.050 . 

1.00 0.001 
0"3 0.01 
0.050 

2.50 0.001 
0.006 
0.010 
0.050 

5.00 0.001 
0.005 
0.010 
0.050 

10.00 0.001 
0'~8 0.01 
0.050 

25.00 0.001 
0.005 
0.010 
0.050 

Weir Weir Weir Weir 
1 ft. long 2 ft: long 5 ft. Long 10ft. long 

. 1 Per 
1 

Per "d Per 
1 

Per 
oent. cent. 

~ 
cent. cent. 

GI error II) error error error III inQ III inQ inQ III InQ 

0.06 2.6 0.04 4.0 0.02 8.0 0.01 12.0 
13.2 21.2 41.0 68.0 
26.6 43.6 85.0 144.0 

0.09 1.6 0.06 2.6 0.03 S.O 0.02 8.0 
8.1 13.2 25.0 41.0 

16.4. 26.6 51.5 86.0 

O.IT 0.1 0.17 0.9 0.09 1.6 0.06 2.6 
1.'1 4..3 8.1 13.2 
1.1 8.7 16.4 26.6 

IT.I 45.1 S9.5 

0.44 0.3 O.IT 0.1 0.16 1.0 0.09 1.6 
1.7 1.7 5.0 8.1 
3.4 1.1 10.1 16.4 

17.0 1".1 53.6 89.& 

0.82 0.2 0.11 0.1 O.IT 0.1 0.17 0.9 
0.9 1.1 1.'1 4.8 
1.8 I.' 1.1 8.7 

..!:..L .!!:.'L S".8 ~ - -- -
1.32 0.1 0.82 0.2 0.44 o.a 0.1'1 0.1 

0.6 OJ) 1.7 I.T 
1.1 1.8 1.4 1.1 
5.6 9.1 IT.O 1'1.3 

2.11 0.1 1.32 0.1 0.'11 0.1 0." 0.' 
0.4 0.6 1.1 1.'1 
0.7 1.1 1.1 1.4 
3.5 5.6 10.8 17.0 

3.93 0.1 2.45 0.1 1.81 0.1 0.81 0.1 
0.2 0.3 0.8 O.t 
0.4 0.6 1.1 1.8 
1.8 3.0 1.6 1.1 

HANDBOOK OF HYDRAULICS , 
BRATER & KING 

FIFTH EDmON 1963 

Right-
angled 

V-notch 
wier 

1 
Per 

cent. 
error III in Q 

0.10 1.1 
1.1 

11 •• 

O.IT 0.' 
'.1 
1.1 

O.D 0.1 I.' 
'.8 

11.8 

O.H 0.' 
1.8 
I.' 

18 •• 

1.00 0.' 
1.1 
1.1 

- .JY.. 
1.31 0.1 

0.' 
1.' 
1.1 

1.'11 0.1 
0.'1 
1.1 
7.1 

2.53 0.1 
0.5 
1.0 
&.0 

I 
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Broad-Crested Weir Coefficients 

Broad-Crested Weir Coefficient C Values As A FUDction or Weir Crest Breadtb And Head 
Measure 
d Head, Breadth Of The Crest Of Weir (m) 

HI 
(mm) 0.15 . 0.23 0.3 0.45 0.60 0.75 0.90 1.20 1.50 3.00 4.50 

60 2.80 2.75 2.69 2.62 2.54 2.48 2.44 2.38 2.34 2.49 2.6~ 
J20 2.92 2.80 2.72 2.64 2.61 2.60 2.58 2.54 2.50 2.56 2.70 
180 3.08 2.89 2.75 2.64 2.61 2.60 2.68 2.69 2.70 2.70 2.70 
240 3.30 3.04 2.85 2.68 2.60 2.60 2.67 2.68 2.68 2.69 2.64 
300 3.32 3.14 2.98 2.75 2.66 2.64 2.65 2.67 2.68 2.68 2.63 
360 3.32 3.20 3.08 2.86 2.70 2.65 2.64 2.67 2.66 2.69 2.64 
420 3.32 3.26 3.20 2.92 2.77 2.68 2.64 2.65 2.65 2.67 2.64 
480 3.32 3.29 3.28 3.07 2.89 2.75 2.68 2.66 2.65 2.64 2.63 
240 3.32 3.32 3.31 3.07 2.88 2.74 2.68 2.66 2.65 2.64 2.63 
600 3.32 3.31 3.30 3.03 2.85 2.76 2.27 2.68 2.65 2.64 2.63 
750 3.32 3.32 3.31 3.28 3.07 2.89 2.81 2.72 2.67 2.64 2.63 
900 3.32 3.32 3.32 3.32 3.20 3.05 2.92 2.73 2.66 2.64 2.63 

1,050 3.32 3.32 3.32 3.32 3.32 3.19 2.97 2.76 2.68 2.64 2.63 
1,200 3.32 3.32 3.32 3.32 3.32 3.32 3.07 2.79 2.70 2.64 2.63 
1,350 3.32 3.32 3.32 3.32 3.32 3.32 3.32 2.88 2.74 2.64 2.63 
1,500 3.32 3.32 3.32 3.32 3.32 3.32 3.32 3.07 2.79 2.64 2.63 
1,650 3.32 3.32 3.32 3.32 3.32 3.32 3.32 3.32 2.88 2.64 2.63 

Measure 
d Head, Breadth Of The Crest Of Weir (ft) 

HI 
(ft) 0.50 0.75 1.00 1.50 2.00 2.50 3.00 4.00 5.00 10.00 15.00 
0.2 2.80 2.75 2.69 2.62 2.54 2.48 2.44 2.38 2.34 2.49 2.68 
0.4 2.92 2.80 2.72 2.64 2.61 2.60 2.58 2.54 2.50 2.56 2.70 
0.6 3.08 2.89 2.75 2.64 2.61. 2.60 2.68 2.69 2.70 2.70 2.70 
0.8 3.30 3.04 2.85 2.68 2.60 2.60 2.67 2.68 2.68 2.69 2.64 
LL _W _ l.J 4 2.2..8 2,1.5 .2.66 ti4 .65 ~.6<7. __ 2 • .61-2-,-QB_~..§.3 

1.2 3.32 3.20 3.08 2.86 2.70 2.65 2.64 2.67 2.66 2.69 2.64 
1.4 3.32 3.26 3.20 2.92 2.77 2.68 2.64 2.65 2.65 2.67 2.64 
1.6 3.32 3.29 3.28 3.07 2.89 2.75 2.68 2.66 2.65 2.64 2.63 
1.8 3.32 3.32 3.31 3.07 2.88 2.74 2.68 2.66 2.65 2.64 2.63 
2.0 3.32 3.31 3.30 3.03 2.85 2.76 2.27 2.68 2.65 2.64 2.63 
2.5 3.32 3.32 3.31 3.28 3.07 2.89 2.81 2.72 2.67 2.64 2.63 
3.0 3.32 3.32 3.32 3.32 3.20 3.05 2.92 2.73 2.66 2.64 2.63 
3.5 3.32 3.32 3.32 3.32 3.32 3.19 2.97 2.76 2.68 2.64 2.63 
4.0 3.32 3.32 3.32 3.32 3.32 3.32 3.07 2.79 2.70 2.64 2.63 
4.5 3.32 3.32 3.32 3.32 3.32 3.32 3.32 2.88 2.74 2.64 2.63 
5.0 3.32 3.32 3.32 3.32 3.32 3.32 3.32 3.07 2.79 2.64 2.63 
5.5 3.32 3.32 3.32 3.32 3.32 3.32 3.32 3.32 2.88 2.64 2.63 

IMeasured at least 2.5H upstream of the weir. 

Reference: Brater and King (1976). 
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