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COMES NOW, Fremont Madison Irrigation District, Madison Ground Water District and
Idaho Irrigation District (collectively hereinafter referred to as “UV™), acting for and on behalf of
their members, by and through undersigned counsel, and pursuant to the Scheduling Order For
Hearing contained in the Idaho Department of Water Resources’ Deadline for IDWR 's Submittal
of Materials; Order on Motion Practice; Notice of Hearing and Scheduling Order; Order

Authorizing Discovery, dated September 25, 2019, UV hereby disclose the following exhibits at



the hearing on this matter. UV reserves the right to supplement the list and to utilize any exhibits

listed by any other party.

200.  Membership list of Madison Ground Water District

201.  Fremont Madison Irrigation District Wells

202.  Technical Report Regarding Final Order Designating the ESPA GWMA

203.  Reply to IDWR Response to Expert Report Regarding GWMA

204.  Estimates of Tributary Basin Underflow for the East Snake Plain Aquifer Model
Version 2

205. Model Boundary; Idaho Water Resources Research Institute Technical Report 04-
016

206. Model Boundary Revision 2; Eastern Snake Plain Aquifer Model Enhancement

Model Design and Calibration Document Number DDM-002-R2

DATED this 10" day of February, 2020.

of RIGBY, ANDRUS & RIGBY LAW, PLLC
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CERTIFICATE OF SERVICE BY MAIL, HAND DELIVERY
OR FACSIMILE TRANSMISSION

I hereby certify that a true and correct copy of the foregoing document was on this date
served upon the persons named below, at the addresses set out below their name, either by mail-
ing, hand delivery or by telecopying to them a true and correct copy of said document in a
properly addressed envelope in the United States mail, postage prepaid; by hand delivery to

them; or by facsimile transmission.

DATED this 10" day of February, 2020.

Director, Gary Spackman

Garrick Baxter

Kimberle English

Sean Costello

Idaho Department of Water Resources
P.O. Box 83720

Boise, ID 83720-0098
Rosemary.DeMond@idwr.idaho.gov
Kimberle.English@idwr.idaho.gov
Garrick.Baxter@|DWR.idaho.gov

sean.costello@idwr.idaho.gov

Dylan B. Lawrence

J. Will Varin

Varin Ward Well, LLC

P.O. Box 1676

Boise, ID 83701-1676
dylanlawrence@varinwardwell.com
willvarin@varinwardwell.com

Randall C. Budge
TJ Budge

P.O. Box 1391
Pocatello, ID 83204
tib@racinelaw.net
rch(@racinelaw.net
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Boulder, CO 80302

sklahn@somachlaw.com
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John K. Simpson

Travis L. Thompson

Albert P. Barker

Barker, Rosholt & Simpson, LLP
195 River Vista Place, Ste. 204
Twin Falls, ID 83301
tit@idahowaters.com
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apb@idahowaters.com
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Burley, ID 83318

wkf@pmt.org
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125 5" Ave. West
Gooding, ID 83330
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Holden Kidwell
P.O. Box 50130
Idaho Falls, ID 83405

rharris@holdenlegal.com
arawlings@holdenlegal.com
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153 E. Main St.
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WMISNum WR
200407 22-7676, 227711
200408 22-7599
200409 22-7227

Contact

SUTTON, BRANDI; SUTTON, GARTH; SUTTON, JOLENE; SUTTON, RICK; SUTTON, SHANE; SUTTON, SUSAN
KYLE BYBEE (OWNER)

SUTTON, GWEN A; SUTTON, KENT V; SUTTON, STEVE )

200522 22-11376, 22-2244, 22 ROBERT D & SUE HUSKINSON (OWNER)
200529 22-2156, 22-7510, 22- DS & 5 INC

200531 22-2166

RANDY HUSKINSON FAMILY LTD PARTNERSHIP

200532 22-7054A, 22-7054B, 2D 5 & 5 INC

200533 22-4130
200535 22-2147
200694 22-2174

BYU IDAHO- UTAH CORPORATION (OWNER)
TETON NEWDALE CEMETARY (QWNER)
BYU IDAHQ- UTAH CORPORATION (OWNER)

1002945 22-7127, 22-7222, 22~ ARNOLD, BRUCE J
1002946 22-7127, 22-7222, 22-- ARNOLD, BRUCE J
1002947 22-7127, 22-7222, 22-" ARNOLD, BRUCE J

1002953 22-13572, 22-2197
1002955 22-2181

1002972 22-7280A, 22-72808
1002973 22-10624, 22-2201A
1002978 22-7300, 22-7481
1002983

1002984

1002985

BYU-IDAHO; Erikson, Guy; Eriksan, Keith

ARNOLD, KAY LYNNE; ARNOLD, LANE

ROWAN, CATHERINE H

SCHWENDIMAN, DAVID V; SCHWENDIMAN, JODY; SCHWENDIMAN, MELANIE; SCHWENDIMAN, STAN
DS&SINC

SCHWENDIMAN, DAVID

SCHWENDIMAN, DAVID

SCHWENDIMAN, DAVID

1002987 22-14312, 22-14311, 2 SCHWENDIMAN, DAVID V; SCHWENDIMAN, MELANIE

1002988
1002989
1002990 22-7287
1002993 22-7336

SCHWENDIMAN, DAVID

SCHWENDIMAN, DAVID

SCHWENDIMAN, DAVID V; SCHWENDIMAN, MELANIE; SCHWENDIMAN, VALE
SMITH, ROBERT E; SMITH, SALLY

1002994 22-13289, 22-7092, 22 SUTTON, GARTH; SUTTON, JOLENE

1002995 22-2297, 22-7563
1002997 22-2269

HARD WAY LP (OWNER)
CUMMINGS, HAZEL P; PARKINSON FARMS INC; PARKINSON, DON T; PARKINSON, ROSS T

1002998 22-13466, 22-13467, 2 SCHWENDIMAN, DIANE P; SCHWENDIMAN, VAL E

1002999 22-2198
1003000 22-7674
1003001 22-13457

HARD WAY LP (OWNER)
WILCOX BROTHERS LLC
SMITH, JOHN H; SMITH, RICHARD F

1003002 22-11147, 22-11149, 2 SMITH, RICHARD F
1003003 22-11147, 22-11149, 2 SMITH, RICHARD F

1003004 22-2275

ESTATE OF HANS M HANSEN; HANSEN, JEWEL N

1003005 22-7502, 22-2175A, 22 SMITH, RICHARD F

1003006 22-2187

ASHTON FARMS LLC

1003007 22-13517, 22-7051, 22 ROBINSON, KATHRYN; ROBINSON, LARID DEE

1003008 22-7021, 22-10971
1003009 22-7063

ASHTON FARMS LLC
LAVERE RICKS FARM LLC

1003010 22-14174, 22-14179, 2 NORTHWEST FARM CREDIT SERVICES PCA; RGC FARMS LLC

1003011 22-14230

CKC FARMS LLC; CRAPQO AG LLC; FROMOVER 9 LLC; JKC FARMS LLC; RCG FARMS LLC; UNIT 1 LLC; UNIT 2 LLC; UNIT 8 FARMS LLC

1003012 22-13945, 22-13847, 2 FROMOVER 9 LLC

2015 Volume AF

3395

 885.2000122
166.8999939

e 2345200043
... 377,6099854!
712.9199829/

405.7993878

597.2999878

539.0800171
148.1600037

| 2436399994
9937800293
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1003013 22-13945, 22-13947, 2 FROMOVER 9 LLC

1003014 22-13945, 2213947, 2 FROMOVER 9 LLC

1003015 22- » 22-13947, 2 FROMOVER 9 LLC

1003016 22-2221 WARD & SONS FAMILY LTD PARTNERSHIP
1003017 22-218S, 22-4194, 22+ ARLENCO INC

1003018 22-13441, 22-70478, 2 FLYING H CORP

1003020 22-7498, 22-11019, 22 HUSKINSON, RANDY

1003025 22-7064C, 22-70548, 2 MGR FARMS LLC

1003026 22-22208, 22-4184D, 2 MGR FARMS LLC

1003027 22-70238, 22-7023A HARDING, GALE W; HEINER, DR CRAIG
1003028 22-13571, 2197 ERIKSON, GUY A; ERIKSON, KEITH
1003029 22-2223, 22-13747, 22 WILCOX BROTHERS LLC

1003030 22-2202 GARY BALL INC

1003031 22-2202 GARY BALL INC

1003032 22-10646, 22-10777, 2 SUMMERCO MANAGEMENT INC
1003033 22-11147, 22-11149, 2 SMITH, RICHARD F

1003034 22-22638, 22648, 22-7 FRANK SUMMERS INC

1003035 22-7184 ERIKSON, GUY A; ERIKSON, KEITH
1003036 22-2234A, 22-22348, Z JEPPESEN BROTHERS RANCH

1003037 22-2178, 22-22560, 22 BMJ FARMS LLC

1003039 22-13959, 22-13960, 2 COOK, NANCY; COOK, STEPHEN

1003040 22-2295A, 22-22938 MGR FARMS LLC

1003043 22-7377,22-7664  JEPPESEN, DALE; JEPPESEN, SOSEPH
1003042 22-13969, 22-2251, 22 STAN & PAULINE SUTTON LIVING TRUST; SUTTON, KIRT; SUTTON, LORI
1003043 22-2235 RANDALL CORP

1003044 22-7004 KIRKLAND FARM LLC

1003045 22-13869, 22-2251, 22 STAN & PAULINE SUTTON UIVING TRUST; SUTTON, KIRT; SUTTON, LORI
1003046 22-13746, 22-13797, 28 & B FARMS

1003047 22-70898, 22-2245A, Z KAUER, LORIN B

1003048 22-2176 SETH WOCD FARMS INC
1003049 22-2215, 22-2256A, 22 STEWART, ARDEN R
1003050 22-22458 LAVERE RICKS FARM LLC

1003051 22-13278, 22-13280, 2 POCOCK, RAY R; THE RALPH R & BETH POCOCK FAMILY LTD PARTNERSHIP
1003052 22-13278, 22-13280, 2 POCOCK, RAY R; THE RALPH R & BETH POCOCK FAMILY LTD PARTNERSHIP
1003053 22-2182,22-7040  TRS FARMS

1003054 22-2182,22-7040  TRSFARMS ‘

1003055 22-2182,22-7040  TRS FARMS

1003056 22-14082, 22-14083, 2 POOCCK, RAY R; THE RALPH R & BETH POCCCK FAMILY LTD PARTNERSHIP
1003057 22-14082, 22-14083, 2 POCCCK, RAY R; THE RALPH R & BETH POCOCK FAMILY LTD PARTNERSHIP
1003058 22-2258, 22-7409 WEBSTERS MILE HIGH FARM INC

1003059 22-7080, 22-7518 SETH WOOD FARMS INC

1003060 22-7050, 22-7518 SETH WOCD FARMS INC

1003061 22-2250 WEBSTER, JANET; WEBSTER, KEVIN B

1003062 22-14088, 22-14091, 2 WEBSTERS INC: SHAWN WEBSTER, KEVIN WEBSTER

1003063 22-7498, 22-11019, 22 RANDY HUSKINSON (OWNER)




1003064 22-7083A FLYING H CORP

1003065 22-13440 MYRON LEWIS FARMS

1003066 22-2227,22-2238  TLRINC

1003067 22-11034, 22-13573, 2 WILCOX BROTHERS LLC (OWNER)
1003068 22-11034, 22-13573, 2 WILCOX BROTHERS LLC

1003069 22-11034, 22-13573, 2 WiLCOX BROTHERS LLC (OWNER)
1003071 22-7000 ERIKSON, ROGER; ERIXSON, TED; ERIKSON, WAYNE
1003072 22-7132, 22-13442  MGR FARMS LLC

1003075 22-10972, 22-14128, 2 SUMMERCO INC (OWNER)

1003077 22-13458, 222247, 22 FRANKO FARMS (NC

1003078 22-13458, 22-2247, 22 FRANKO FARMS (NC

1003079 22-13945, 2213947, 2 FROMOVER 9 LLC

1003081 22-2177, 22-2224, 22-: HOWARD JENSEN FAMILY PARTNERSHIP

1003082 22-7485 SETH WOOD FARMS INC
1003083 22-14180, 22-14170, 2 CKC FARMS LLC
1003085 22-12656 SCHWENDIMAN, DAVID V; SCHWENDIMAN, MELANIE

1003087 22-7174, 22-7326 BAKER FARMS (NC

1003088 22-13483, 22-2254, 22 BROWN INC

1003089 22-11003, 22-11004, 2 BAKER FARMS (NC

1003091 22-2194A, 22-2184C R & S WEBSTER ENTERPRISES LLC

1003092 22-2242A, 22-22428, 2 ESTATE OF JESSE L SUTTON; SUTTON, KENT V; SUTTON, LEE H; SUTTON, RICHARD THOMAS
1003093 22-13592, 22-7190, 22°-WAHOO INC

1003034 22-13279, 22-2168,22- BHA INC (OWNER)

1003095 22-13279, 22-2168, 22 BHA [NC (OWNER)

1003096 22-7320, 22-7354  VALLEY VIEW RANCH

1003097 22-2195B, 22-7010, 22 WALTERS, MONA

1003093 22-2200 GODFREY, REESE J; HOWARD, BOYD E; OSTERMILLER, CAROL
1003099 22-12800, 22-7397  HARRIS, LAYNE

1003100 22-2180, 22-13461  SCHWENDIMAN, DIANE P; SCHWENDIMAN, VAL E
1003101 22-7258, 22-13946, 22 NORVUE FARMS GENERAL PARTNERSHIP; STATE OF iDAKO
1003102 22-2186 WALTERS, MONA

1003103 22-13516, 22-7048, 22 THE WALTERS FAMILY LTD PARTNERSHIP

1003104 22-13517, 22-7051, 22 ROBINSON, KATHRYN; ROBINSON, LARID DEE

1003107 22-22608, 22-70058 SUMMERS FARM & RANCH INC

1003108 22-10648, 22-10777, 2 SUMMERCO INC (OWNER)

1003110 22-11318, 22-2238, 22 SUMMERS FARM & RANCH INC

1003111 22-31318, 22-2238, 22 SUMMERS FARM & RANCH INC

1003112 22-2246 WILCOX BROTHERS LLC (OWNER}
1003116 22! ,22-2192  WOOD, GREGORY H; WOOD, ROBERT SCOTT
1003117 22-7269 3BLC

1003119 22-2190, 22-7408, 22- WEBSTER GOOSE HOLLOW FARMS LLC; WEBSTER, SHAWN

1003124 22-10624, 22-2201A SCHWENDIMAN, DAVID V; SCHWENDIMAN, JODY; SCHWENDIMAN, MELANIE; SCHWENDIMAN, STAN
1003125 22-13535,22-2252  WEBSTER, SHAWN

1003130 22-10483, 22-2183, 22 FRANK SUMMERS INC

1003131 22-10483, 22-2183, 22 FRANK SUMMERS INC




1003133 22-13671, 22-7683  JEPPESEN, BEVAN i 93.01000214'
1003135 22-7320, 22-7561 VALLEY VIEW RANCH

1003136 22-7320 VALLEY VIEW RANCH

1003139 22-14230, 22-14235, 2 CXC FARMS LLC; CRAPO AG LLC; FROMOVER 9 LLC; JKC FARMS LLC; ROG FARMS LLC; UNIT 1 LLC; UNIT 2 LLC; UNIT 8 FARMS LLC
1003144 22-7230, 22-7661 STEVECO CANYON FARMS INC

1003145 22-13466, 22-13467, 2 SCHWENDIMAN, DIANE P; SCHWENDIMAN, VAL E

1003147 22-13466, 22-13467, 2 SCHWENDIMAN, DIANE P; SCHWENDIMAN, VAL €

1003148 22-13466, 22- ', 2 SCHWENDIMAN, DIANE P; SCHWENDIMAN, VAL E

1003149 22-13466, 22-13467, 2 SCHWENDIMAN, DIANE P; SCHWENDIMAN, VAL E

1003150 22-75218, 22-76808, 2 IEPPESEN BROTHERS RANCH

1003154 22-7654, 22-7706 BYRNE, JR

1003159 22-10646, 22-10777, 2 SUMMERCO MANAGEMENT INC

1003160 22-7564 SCHWENDIMAN, IODY; SCHWENDIMAN, STAN

1003166 22-134583, 22-2254, 22 BROWN INC

1003167 22-10624, 22-2201A  SCHWENDIMAN, DAVID V; SCHWENDIMAN, S0DY; SCHWENDIMAN, MELANIE; SCHWENDIMAN, STAN

1003168 22-10624, 2222004  SCHWENDIMAN, DAVID V; SCHWENDIMAN, SODY; SCHWENDIMAN, MELANIE; SCHWENDIMAN, STAN

1003203 22-7675 SUTTON, GARTH

1003233 FREMONT MADISCN IRRIGATION DISTRICT (OWNER) ———————e
1003313 22-23670 JEPPESEN, BEVAN ' 5152993878
1003314 22-13670 BEVAN (EPPESEN (OWNER)

1003316 SKYLINE FARMS

Total AF -Incomplete-
65406.92861



Fremo

nt-Madis

on Irrigation District Groundwater Diversion (A

cre Feet)

YEAR | WELL#1 WELL#2 WELL#3 | WELL #4  WELL#5 WELL#6 | WELL#7 WELL#S | WELLEO | TOTAL
2002 | 0 | O o o o 0 0 o | 0 | 0
2013 | 10,278 | 6,744 2,674 | 2,157 7500 O o 0 0 | 29,353
204 0 | 0 0 0 0o 0 0 0 | 0o | o0
2015 | 3,341 | 1,642 651 0 1,658 0 o 0 0 | 729
2016 o 0 0 0 0 0 0o o 0o | o0
2017 o 0 0 0 0 0 0 0 0 0
2018 o | 0 0 0 0 175 1 1 1 177
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Introduction

On September 25, 2019, Idaho Department of Water Resources (IDWR) issued an
“Order Authorizing Discovery and Scheduling Order” (Order) (Spackman 2019)
regarding an earlier Final Order Designating the ESPA GWMA (Eastern Snake Plain
Aquifer Ground Water Management Area). The Order establishes a single technical
issue that may be heard in the hearing scheduled by the Order:

"Whether areas outside of the ESPA area of common ground water supply, as
defined by CM Rule 50 (IDAPA 37.02.11.050), but included within the ESPA
GMWA, are located in tributary basins and are otherwise sufficiently remote or
hydrogeologically disconnected from the ESPA to warrant exclusion from the
ESPA GWMA.”

The concepts of tributary basin status, remoteness and hydrogeologic disconnection are
technical questions. The concept of sufficiency to warrant exclusion is fundamentally a
policy question. As this document is a technical and not a policy report, it relies on the
core policy document, the code establishing the ability to create Ground Water
Management Areas (Idaho Statutes 42-233b). The statute provides that such an area
may be established in “any ground water basir’’ (emphasis added) meeting certain
criteria. It is clear that the legislature intended the distinction between singular and
plural, as the phrase “basin or basins” (emphasis added) is used later for a different
provision in the same statute. As the plain-language interpretation is the most likely,
the question of sufficiency for this report is phrased as: “Do the Rexburg Bench and
the Eastern Snake Plain Aquifer (ESPA) comprise a single groundwater basin?” If "no,”
then the Bench is sufficiently remote or disconnected to warrant exclusion.

The concept of a groundwater basin is so basic and intuitive that often it is not defined
formally, and has not been legally defined in Idaho (Spackman 2016). As not all Idaho
legislators are hydrogeologists, the statutory meaning of "ground water basin" must be
a plain-language meaning understood by lay persons. A definition cited by the Director
in the order creating the GWMA (Spackman 2016) is compatible with this lay
understanding, and indicates that a groundwater basin is a unit with “reasonably well-
defined boundaries.” The American Geological Institute echoes this criterion (Bates and
Jackson 1984). Another source adds the refinement that these boundaries are
discernable “in a lateral direction,” and that lateral boundaries can be “features... such
as rock or sediments with very low permeability or a geologic structure such as a fault”
(California Department of Water Resources 2003). It also clarifies that basins can be
“open at one or more places to other basins,” underscoring that the separation does not
have to be total to establish a different basin. A third source indicates that
“groundwater basin” is “a rather vague designation pertaining to a groundwater
reservoir which is more or less separate from neighboring groundwater reservoirs. A
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groundwater basin could be separated from adjacent basins by geologic boundaries or
by hydrologic boundaries” (Fetter 1994).

Consistent with the clear legislative distinction between singular and plural and the
definitions above, this report considers whether the Rexburg Bench is separate from the
ESPA based on whether there are discrete and distinct differences over short lateral
distances in any of the following:

o Topography

e Geology and Hydrogeology

o Static water levels in wells

It also considers:
e Representation of the ESPA in numerical groundwater flow models
o Comparison to basins not included in the GWMA

Topography

Topography per se is not a defining characteristic of a groundwater-basin boundary.
However, topography is generally driven by underlying geologic structures, such as
faults or the terminations of sedimentary facies against rock. These often comprise
bounding features that affect groundwater flow. Figure 1 shows a hillshade depiction of
land surface elevations in the Rexburg Bench vicinity, with the CM Rule 50 boundary
and the Enhanced Snake Plain Aquifer Model Version 2.1 (ESPAM2.1) boundary. In the
vicinity of the Rexburg Bench, the ESPAM2.1 boundary is identical to the Enhanced
Snake Plain Aquifer Model Version 1.1 (ESPAM1.1) boundary and equivalent to the
GWMA boundary.

A clear distinction in topography is readily apparent. It corresponds approximately to
the CM Rule 50 boundary and separates the Rexburg Bench from the Snake River Plain.

Geology and Hydrogeology

The Geologic Map of the Rexburg Quadrangle, Madison County, Idaho (Phillips et al
2016) indicates that the surface geology of the plain is dominated by alluvial materials
and the surface geology of the Bench is dominated by wind-blown deposits. Two cross
sections are mapped. Both show hundreds of feet of sedimentary materials at surface
on the plain, with an abrupt transition to volcanic materials extending nearly to land
surface on the Rexburg Bench. The map shows the Rexburg Bench entirely bounded
on the west by faults, and transected by numerous faults that do not extend into the
surrounding plain. The primary separating fault between the Bench and the plain is the
Rexburg Fault, which is mapped extending along the margin of the Bench from near

Technical Report ESPA GWMA ‘ TRocky Muuulmn
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Newdale to near Ririe. Overlapping the Rexburg Fault slightly and extending south and
east to the canyon of the South Fork of the Snake is the Heise Fault, also closely
following the margin of the Bench.

Phillips et all describe the structure of the Rexburg Bench as follows:

"The map area lies on the eastern margin of the Snake River Plain near the
termination of the Grand Valley normal fault [This fault is aligned with the South
Fork of the Snake River extending in a southeast direction from near Heise]. As
this major fault approaches the Snake River Plain it divides into NE-stepping
splays that become increasingly N-S oriented.... [one of these is the] Rexburg
fault [which] is an arcuate normal structure along the boundary between the
between the Snake River Plain and the Rexburg Bench. A 15 to 30 m ((50 to 100
ft) scarp in unit Tbr [Basalt of Rexburg (Pliocene)] /s present along much of its
trace. The Huckleberry Ridge Tuff is offset as much as 100 m (328 ft) across the
structure.”

In 1972, US Bureau of Reclamation published a report on groundwater conditions in the
Rexburg Bench (Haskett 1972). It describes the Bench as “part of a 15-mile wide
rectangular structural block trending northwest between the Teton and Snake River
valleys.” It indicates that “the subsurface geology of the Rexburg Bench is unusually
complex.” In general terms it describes three areas of subsurface clay that support
“perched water table[s] whose surface is 100 feet or more above the regional water
table.” Haskett indicates that “the various rock types which surround or extend
beneath the clay pods act as a common reservoir,” though “the performance of wells
varies considerably in different rocks.” Within this common reservoir, a basalt aquifer
and three different rhyolite aquifers are specifically described.

Using data from the fall of 1970 “where available,” Haskett concluded: “Regionally, the
ground-water gradient is in a general west-southwest direction as it is across much of
the Snake River Plain. Locally, under the Rexburg Bench the slope is to the northwest
at approximately 5-% feet per mile.”

Static Water Levels in Wells

Figure 2 shows static water levels in wells, expressed as feet of depth to water below
land surface. Static water levels were obtained from IDWR (2013-2), from a data set
largely compiled from driller’s logs. Locations are generally mapped to the center of the
Public Land Survey System quarter-quarter or quarter-quarter-quarter section. This
introduces some imprecision in depths-to-water derived for wells in areas of greater
topographic variation in elevation.
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Figure 2 is difficult to interpret because of the differences in elevation of land surface
across the Bench and surrounding plain. It does show the Bench having more
variability in depth to water than does the plain, and additionally having disparate
depths to water in adjacent wells. These observations are consistent with Haskett’s
description of the Bench as geologically complex, and his indication of perched
aquifer(s) on the Bench associated with “clay pods.”

Figure 3 shows depth to water relative to a projected surface that represents the
topography of the plain extended beneath the Bench. In Figure 3, negative numbers
are depicted by warm-colored triangles. These indicate static water levels above the
extended surface of the plain. Positive values are depicted by cool-colored circles and
represent water levels below the extended surface of the plain.

If the Snake Plain groundwater basin likewise continued uninterrupted beneath the
Bench, the expectation would be a continuation of trends of depths to water relative to
this surface across the geographic boundary between the Bench and plain. Instead, the
data generally indicate uniform gradation and transitions across the plain, and
heterogeneity across the Bench. The change in character of depths relative to the
projected surface is abrupt across the topographic divide between the Bench and the
plain.

The extreme negative value is a well in the southeast part of the Bench that is indicated
to have a static water level 935 feet above the extended surface. No negative values
are observed on the plain. The extreme positive value is a well in the northeast corner
of the group of wells considered, with a water surface indicated to be 590 feet below
the extended surface. All wells shown with a water surface indicated greater than 200
feet below the extended surface are outside the CM Rule 50 boundary. In contrast, the
greatest depth below the extended surface within the CM Rule 50 boundary is 159 feet.

Representation of the ESPA in Numerical Groundwater Flow Models

There is no reason that a numerical groundwater flow model must include an entire
groundwater basin in its spatial extent. Likewise, there is no reason that adjacent
basins with hydraulic communication cannot be included in the same model.
Nevertheless, the boundaries selected and the descriptions given can be informative.

The U.S. Geological Survey groundwater flow model (Garabedian 1992) was part of the
Regional Aquifer System Analysis program and consequently is known as the RASA
Model. Its boundary is depicted in Figure 4. The RASA boundary in the figure was
hand digitized from a paper copy of the report, and it is likely that minor deviations of
the RASA boundary from the CM Rule 50 boundary are artifacts of georeferencing.
Whitehead (1992) described the aquifer boundary for the RASA model, and focused
primarily on describing the vertical extent of the aquifer. Whitehead indicates that the
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eastern margin is bounded by faults, and that the “areal extent of the Snake River Plain
[as modeled] is based on geology and topography.”

Figure 5 is a georeferenced excerpt from Figure 11 from the report describing the
Snake River Plain Aquifer Model (SRPAM) (Cosgrove et al 1999) with the CM Rule 50
boundary superimposed. Slight discrepancies between the SRPAM aquifer depiction
and the CM Rule 50 boundary likely are artifacts of georeferencing. Figure 6 shows the
SRPAM active cells. The aquifer boundary is mapped as a smooth curve, representing
the underlying geologic definition, while the selection of active cells must conform to
the geometry of the model grid.

The developers’ descriptions of the model extent and basin boundary are limited to
“The Snake River Plain aquifer, underlying the eastern Snake River Plain, is hosted in
layered basalts and interbedded sediments and is an integral part of the basin water
resources.... The eastern plain is bounded structurally... by faulting on the southeast....
Specified flux boundaries are used to represent underflow from surrounding tributary
valleys including... the Rexburg Bench.”

ESPAM1.1 and ESPAM2.1 share a common boundary in the vicinity of the Rexburg
Bench, illustrated in Figure 1. It is different from prior work and from all descriptions of
the ESPA boundary. Neither report suggests that the model boundary represents the
boundary of the ESPA groundwater basin; instead, both indicate the model boundary
was expanded “to include irrigated acreage in the Kilgore, Rexburg Bench, American
Falls and Oakley areas” (Cosgrove et al 2006, IDWR 2013-1). Project design
documents clarify that this decision was taken “to support later administrative
decisions,” and indicated an “added advantage would be that these hydrologically
connected areas can be administered similarly if necessary” (Wylie 2004, Wylie 2009).
This writer distinctly recalls attending a meeting in his role as a member of the
ESPAM1.1 modeling team, where IDWR personnel expressed in strong language a
desire to have the Rexburg Bench included in the model purely for administrative
reasons.

Comparison to Basins Not Included in the GWMA

This report is not intended to be an exhaustive evaluation of all the groundwater basins
tributary and/or bordering the ESPA basin. The comparisons here are based on sources
already cited and upon the understanding that topography is generally an expression of
underlying structure. The division into classes could be refined, but it provides a general
indication of the Bench’s similarities to and differences from excluded basins.

The first general class of non-included basins is basins that are less distinct or different
from the ESPA than is the Rexburg Bench. These are basins where alluvial valley fill
likely grades into the interleaved sedimentary materials within the ESPA proper, without
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the distinct structural boundary that characterizes the Bench. These excluded basins
include:
e Birch Creek
The Little Lost River north of the main block of irrigated lands
Raft River
Rock Creek
Lincoln & Ross Creeks

The second class is basins that share with the Rexburg Bench a similar degree of
distinction from the ESPA. These are basins where the intersection of the basin with
the ESPA is characterized by more abrupt topographic differences than the first class of
basins. These include:
» Camas and Beaver Creeks
Medicine Lodge Creek
Little Wood River
Thorn Creek
Clover Creek
Goose Creek
Blackfoot River
Willow Creek
Snake River at Heise
Teton River canyon area
Henry’s Fork (including Fall River)

The third class is basins whose separations from the ESPA groundwater basin include a
horizontal-distance separation. These appear to be more distinctly separate from the
ESPA than is the Rexburg Bench and include:

Silver Creek

Big Wood River

Portneuf River

Teton valley

Big Lost River (above Mackay Dam)

Discussion

Groundwater basins are structurally and/or hydrologically delineated. Basins can be
adjacent and partly open to one another without being the same basin, as long as they
are more or less separate.

Topography is generally an expression of structure. The Rexburg Bench is
topographically distinct from the adjacent plain.

Formal geologic work indicates that the geology of the Bench is distinct from the plain,
and that the Bench is structurally separated from the plain by faults along its entire
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shared margin with the ESPA. Faults that transect the Bench are not mapped as
extending into the plain.

The Bench exhibits complex geology with apparent multiple aquifers. Its general
groundwater gradient is in a direction approximately at right angles to the gradient on
the adjacent plain. Static groundwater elevations on the Bench generally are either
much lower or much higher relative to an extrapolated surface consistent with the
adjacent plain than are the static elevations within the plain itself.

Modeling documents that mention the Rexburg Bench explicitly describe it as a tributary
basin. The only numerical groundwater flow models that include the Rexburg Bench
within the model domain do so for administrative reasons, and written modeling
documents never suggest that it is part of the same groundwater basin as the ESPA.

This report identifies 21 tributary basins that are not included in the GWMA and
therefore are presumably sufficiently distinct from the ESPA to warrant exclusion.
Sixteen of these are less or similarly distinct from the ESPA than is the Rexburg Bench.

Based on the combined weight of the information presented here, it is my professional
opinion that the Rexburg Bench is located within a tributary basin. Because the
Rexburg Bench and the Eastern Snake Plain Aquifer do not comprise a single
groundwater basin. it is my professional opinion that the Rexburg Bench is sufficiently
remote or hydrogeologically disconnected from the ESPA to warrant exclusion from the
ESPA GWMA.

WL T A C-en oL
‘f

Bryce A. Contor

December 5, 2019
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MEMO

Date: January 18, 2020
To:  Jerry Rigby, Hyrum Erickson

From: Bryce A. Contor
Re: Reply to IDWR Response to %& a ; M

Expert Report Regarding GWMA

This document is Bryce Contor's reply to Jennifer Sukow's December 31, 2019 memo
(Memo), regarding "Response to expert report in the matter of designating the Eastern
Snake Plain Aquifer Ground Water Management Area, Docket No. AA-GWMA-2016-001"
(Report). Excerpts quoted from the Memo will be in Times New Roman type, with
italicization and indentation as in the original. Citations from the Report are in Tahoma
type (the font of this paragraph) and underlined. Contor's replies to the Memo are in
Tahoma type and indented.

Page 1-2

Contor does not explicitly delineate the boundaries.... For this memorandum, the extent of the
Rexburg Bench delineated by Haskett (1972) was used in conjunction with the ESPA area of
common ground water supply and ESPAM2.1 boundaries to identify the approximate extent of
the Rexburg Bench.

Sukow's delineation is acceptable.

Page 2-3

Rather than directly addressing the issue identified above, Contor reformulates the
issue, stating his report addresses the question, “Do the Rexburg Bench and the
Eastern Snake Plain Aquifer (ESPA) comprise a single groundwater basin?”’ and
argues if not, “then the Bench is sufficiently remote or disconnected to warrant
exclusion....” A technical evaluation of the degree of remoteness and
hydrogeological disconnection can be presented without offering an opinion on
sufficiency..."

EXHIBIT

265




"Sufficiency" is the meat of the admissible question, and to ignore it would have
been a gross reformulation. My approach was an attempt to honor the intent of
the admissible question by finding and addressing the technical content of its key
component.

Page 3

Contor’s reformulation of the issue and his conclusion. .. do not appear to rely on a
technical evaluation of remoteness or hydrogeological disconnection....

On the contrary, all of my data and analyses speak directly to hydrogeclogical
disconnection, distinctness, or remoteness.

Page 3

Contor cites portions of the definition of groundwater basins from several sources, but omits
other portions.... The concept of defining areas of aquifer recharge and aquifer discharge, and
the hydrogeological connectivity between these areas, is an important consideration for the
delineation of a groundwater basin.”

How much of a source to cite is always a judgment call. The Report focused on
hydrogeological connectivity and remoteness. The Report and/or my follow-up
work fit Sukow's framework in the following ways:

¢ The Bench and the plain have different areas and mechanisms of
recharge. The primary recharge mechanism on the ESPA, documented in
modeling reports, is incidental recharge from irrigation. This mechanism
is virtually absent on the Bench except for a few pump stations from the
South Fork on the south and limited diversions from Canyon Creek on the
north. Primary Bench recharge is provided by precipitation (rainfall as
well as snowmelt), underflow from the mountains to the east, and
probably seepage from Canyon Creek and Moody Creek.

¢ The primary discharge mechanisms for the ESPA are discharges to the
Snake River and springs, and pumping for irrigation. The discharge
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mechanisms for the Bench are underflow to the plain and pumping for
irrigation. ,

* The data indicate differing host materials for the productive portions of
the aquifers.

¢ Rhyolites under the Bench differ in character from rhyolites beneath the
plain.

e The Bench is structurally separate and distinct from the plain.

¢ There is no administratively-meaningful difference in technical ability to
represent the effects upon the ESPA of pumping in the Rexburg Bench
and pumping in excluded tributary groundwater basins.

Page 34

Contor also cites a portion of a groundwater basin definition from the California
Department of Water Resources (2003), “lateral boundaries can be ‘features...such
as rock or sediments with very low permeability or a geologic structure such as a
Jault’.” The full definition reads, “A groundwater basin is defined as an alluvial
aquifer or a stacked series of alluvial aquifers with reasonably-defined boundaries in
a lateral direction and a definable bottom. Lateral boundaries are features that
significantly impede groundwater flow such as rock or sediments with very low
permeability or a geologic structure such as a fault. Bottom boundaries would
include rock or sediments of very low permeability if no aquifers occur below those
sediments within the basin. In some cases, such as in the San Joaquin and
Sacramento Valleys, the base of fresh water is considered the bottom of the
groundwater basin.” Although aspects of this definition are specific to groundwater
conditions in the State of California, the concept of lateral and vertical boundaries
based on features that significantly impede groundwater flow is a general concept that
can be applied in other areas.

The Memo is also abbreviated, omitting the citation that groundwater
basins can be "open at one or more places to other [groundwater]
basins.”

Though abbreviating the citation, I did not abbreviate discussion of the
important lateral boundaries. Nevertheless, my discussion of vertical
boundaries (aquifer bottom) could have been more complete. Both
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groundwater basins are likely underlain at depth by similar geologic
structures, but the productive aquifer in the ESPA groundwater basin
near the Bench is hosted in alluvium overlying fractured basalt, with
unproductive rhyolite at greater depth. The productive aquifer in the
Bench tributary groundwater basin is hosted fractured rhyolites and
overlying fractured basalts.

Page 4

Topography, Geology, and Hydrogeology

As mentioned by Contor, Haskett (1972) describes the topography, geology, and
hydrogeology of the Rexburg Bench. Haskett described the Rexburg Bench as a
broad apron extending northwest from the Big Hole Mountains to the margin of the
Snake River Plain, with elevations ranging from approximately 6,500 feet at the base
of the mountains to about 5,000 feet at the margin of the bench.

While the geology of the Rexburg Bench is complex, very productive wells have been
developed in both the basalt and rhyolite underlying the Rexburg Bench. Haskett
noted yields ranging from 925 to 3,500 gallons per minute (gpm) in wells developed
in basalt and from 800 to 3,600 gpm in wells developed in rhyolite. High well yields
are common in Quaternary basalt underlying the Eastern Snake Plain, but highly
productive wells developed in rhyolite are less common. Haskett noted the rhyolite
underlying the Rexburg Bench yields greater volumes of water than is usually
obtained from rhyolite wells drilled “elsewhere about the Snake Plain.” Haskett
mentions jointing, the presence of fragmental tuffs, and faulting and associated
fracturing as possible explanations for the relatively high permeability of rhyolite
underlying the Rexburg Bench.

I do not understand the purpose of this recitation. Nevertheless, the
presence of productive wells in two locations does not require that the
two be hydraulically connected.

This passage does document difference in character between the

Bench rhyolites and the ESPA rhyolites, supporting my assertion of
different aquifer hydraulic characteristics.
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Page 5

A second possibility is suggested by the anamolous [spelling in
Memo] north and northwest directed gradient....

The anomalous gradient is a hydrogeologic distinction between the Bench and
the ESPA.

Page 6

Considerable groundwater development has occurred on the Rexburg Bench since
Haskett’s study. Records of groundwater rights developed for irrigation use on the
Rexburg Bench show that groundwater development for irrigation has almost doubled
since the end of the 1970 irrigation season. On the Rexburg Bench, licensed and
decreed water rights developed solely for irrigation with priority dates of 1970 or
carlier have a total authorized diversion rate of approximately 418 cfs, while those
with priority dates of 1971 or later have a total authorized diversion rate of
approximately 384 cfs. Groundwater irrigation water rights on the Rexburg Bench
have a mean authorized diversion rate per well of approximately 540 gpm and a
maximum authorized diversion rate per well of 3,870 gpm. These values are
consistent with the well yields reported by Haskett and support the conclusion that
groundwater beneath the Rexburg Bench has a strong hydrogeological connection
with the regional Eastern Snake Plain aquifer system. While not all of the geologic
materials beneath the Rexburg Bench have high permeability, substantial portions of
the basalt and rhyolite rocks have very high permeability,...

The existence of highly-productive wells on the Bench is factually correct.
However:

e Well productivity on the Bench is irrelevant to the question of remoteness
and hydrogeologic disconnection. It does not follow that productive wells
in two locations require communication between them.

e Itis not part of the admissible question.

¢ The only information in this passage related to the admissible question is
the indication that rhyolites beneath the Bench differ from those beneath
the ESPA.



Page 5

... and the highly permeable deposits are well-connected with each other and with
highly permeable sediment and basalt deposits outside of the Rexburg Bench.

Total isolation is not required between adjacent groundwater basins.

Page 7

Static Water Levels in Wells

Contor’s analysis of static water levels relied on data obtained from well drillers’
logs. Well drillers’ logs can be a valuable source of information, but determining
groundwater elevations based on a large number of well drillers’ logs may be
unreliable without substantial effort to verify each well location and the
comresponding ground surface elevation. Well drillers’ log data sets also include a
large number of single-residence domestic wells, which only need very small yields
and may or may not be connected to the regional aquifer system in which the
irrigation wells are developed.

The vagaries of drillers’ data are well known. However, the primary
effect of these is to introduce variability into analysis, not bias. A
strong advantage to drillers' data is a more robust spatial distribution.

Questions relating to domestic wells apply equally to the Bench and to
the ESPA.

It is correct that some irrigation wells on the Bench are developed in
the deeper rhyolite materials. It is also true that some irrigation wells
on the plain are developed in deeper basalt materials. These facts of
themselves do not inform whether the rhyolite wells are indeed in the
regional aquifer system. Further, the term "regional aquifer system”
could be inclusive of multiple groundwater basins, so this assertion
does not require that the two groundwater basins be one. The statute
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did not use the term "regional aquifer system" but the singular term
“"ground water basin."

Page 7

Water level measurements collected by the U.S. Geological Survey, Bureau of Reclamation, or
other water management agencies are generally better sources of data for evaluating groundwater
levels.

These sources tend to produce data of higher quality and lower quantity than the
IDWR database that the Report used.

Page 7

Haskett presented water level data collected from wells on the Rexburg Bench by the
U.S. Geological Survey, Bureau of Reclamation, pump contractors, and well drillers.
Contor’s static water level analysis is inconsistent with water level information
presented by Haskett.

I do not perceive inconsistencies between the Report's analysis and Haskett's
water-level data. Other than asserting contradiction with Haskett, the Memo
does not respond to the static water level analysis in the Report. The essence of
the analysis is that if the ESPA groundwater basin continued uninterrupted
beneath the Rexburg Bench; if the Rexburg Bench were just an unrelated
topographic feature overlaid upon a continuous extensive groundwater basin;
then the behavior of wells would be consistent with what the surface of the
groundwater basin would have been absent the unrelated topographic feature
laid upon it.

The analysis in the Report was done by using Geographic Information Systems
(GIS) software to extend the surface of the plain to the east, by connecting
elevation contours between points north and south of the bench and then
interpolating those to a surface. On the plain, the projected surface is exactly
equal to actual ground surface. The elevation of this surface was extracted at
the location of each well, and subtracted from the recorded water-surface
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elevation. This yielded what the depth-to-water in the well would be, if the
ground surface were at the surface of this projected plain. A positive resuit
indicates the water surface is below land surface elevation, and is interpreted as
depth to water, while a negative result indicates that the water-surface elevation
is above where the surface of the plain would be if it extended uninterrupted into
the space occupied by the Bench.

The Report presents the results as "Figure 3. Static Water Levels Relative to
Projected Surface." This is perhaps mis-named, as the analysis was derived from
water-surface elevations. The Report shows that static water elevations in wells
on the plain tend to be relatively uniform relative to the surface of the plain
itself, while on the Bench, those static water elevations are often either much
deeper relative to the projected surface of the plain than in wells on the plain
itself, or above the elevation of the projected surface. While the 2013 data were
fewer in number than the data originally used in the Report, repeating the
analysis on the same spatial extent using 2013 data produced a result
qualitatively the same. Figure R-1 (attached) shows the results of the analysis
with the smaller numbers of data available in the 2013 data set, with the same
symbology as used in the Report. Consistent with the initial analysis, the
following was found: -

¢ The wells on the plain show water-surface elevations 10 to 83 feet below
the projected surface.

¢ Between one-third and one-half the wells on the bench show water-
surface elevations more than 83 feet below the projected surface.

* No wells on the plain show water-surface elevations above the projected
surface.

e More than one-third of the wells on the Bench show water-surface
elevations above the projected surface.

¢ Because the projected surface rises to the east, the water-surface
elevations in those wells are even higher relative to the actual plain itself,
than relative to the projected surface.

The 2013 data did not contradict the prior analysis that had been done using
IDWR well-Hog data. Not all the 2013 data could be linked back to well-
completion data, but a review of selected data suggests that for the most part,
wells with water levels far above the projected surface are wells completed in
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shallower wells, probably in an upper aquifer with lower-permeability materials
restricting downward movement of water. This confirms the geologic complexity
of the Bench asserted by Haskett.

Other data support this complexity and difference between the Bench and the
plain. Madison Groundwater District officers Bevan Jeppesen and Rhett
Summers provided locations of wells they know personally to have disparate
water levels and completion depths within relatively close proximity. While not
an exhaustive search, the associated drillers' logs (attached) confirm these
differences. I was able to use aerial photography to confirm the well locations
mapped in IDWR's database.

Near the center of the Bench is the Dale Jeppesen irrigation well, drilled to 1340
feet in 1982, with a driller-reported static water level 550 feet below land surface
and water temperature of 69 degrees F. Approximately 1350 feet to the east
and 30 feet lower in elevation (to the precision of 20 foot contours on a USGS
topographic map) is the Shawn Webster domestic well, drilled to 265 feet in
1993 with a driller-reported static water level of 175 feet and water temperature
of 50 degrees F.

Near the north margin of the Bench is the Summerco irrigation well, drilled to
1215 feet in 2004, with a driller-reported static water level 324 feet below land
surface. Approximately 490 feet to the northwest and ten feet higher in
elevation (interpolated from 20-foot contours) is the Roy and Bart Summers
irrigation well, drilled to 330 feet in 1960 with a driller-reported static water level
of 270 feet. Neither log provides temperature information.

Page 7

Haskett’s contour map shows groundwater flowing... from underneath the Rexburg
Bench to underneath the Eastern Snake Plain along the western margin of the bench.

The hydrogeologic meaning of this fact is that the Rexburg Bench is
tributary to the ESPA, as I assert.



Page 8
Representation of the EPSA in Numerical Groundwater Flow Models

The locations of the Rexburg Bench, the ESPA area of common ground water supply,
and the ESPA GWMA are shown in Figure 1. The ESPA area of common ground
water supply was defined by CM Rule 50 in 1994 as “the aquifer underlying the
Eastern Snake River Plain as the aquifer is defined in the repori, Hydrology and
Digital Simulation of the Regional Aquifer System, Eastern Snake River Plain, Idaho,
USGS Professional Paper 1408-F, 1992 excluding areas south of the Snake River and
west of the line separating Sections 34 and 35, Township 10 South, Range 20 East,
Boise Meridian.” This report was one of a series of seven reports published by the
USGS on the Snake River Plain Regional Aquifer-System Analysis (RASA) and the
boundary is commonly referred to as the RASA boundary.

The whole point of a Regional Aquifer System Analysis is to evaluate a regional
aquifer system. While the authors never explicitly state that their evaluation
comprises the groundwater basin, they take great pains to justify separation of
the eastern and westem aquifer. Given this careful justification and lack of
similar discussion of other boundaries, it is a stretch of the imagination to assert
that this study explicitly represented as a regional aquifer system analysis was an
analysis of only part of one groundwater basin.

Page 9

The RASA boundary delineated in Garabedian (1992) and other reports in the RASA
series is referred to as the “boundary of Eastern Snake River Plain” and js not referred
to as a “basin” boundary. Multiple figures in these reports show the delineation of the
Eastern Snake River Plain boundary within the larger Snake River Basin boundary,
Figure 5 is an example from Garabedian (1992).

In the nearly 20 years I have been involved in discussions referring to this figure,
it has always been implicitly assumed that "Boundary of Snake River Basin"
refers to the surface water basin, and that the two regional aquifers described
(eastern and western) comprise the groundwater basins. Nowhere in the RASA
documentation is it indicated that the intent of the broader boundary was to
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describe a single groundwater. It is my experience that unless explicitly
identified as a groundwater basin, at least initially, the word "basin" refers to
surface topography.

Page 10

I found no indication in the RASA reports that the delineation of the RASA boundary
was intended to delineate the entirety of a groundwater basin.

The notion of entirety is implicit in the plain-language meaning of the title
“Regional Aquifer System Analysis," the pains taken to justify separation of the
eastern and western aquifers, and the lack of justification for any other omission.
The words "regional" and "system” point to a notion of inclusivity and not
exclusivity.

Nowhere in the documentation is it stated that (except for the east/west
separation) the RASA model did not comprise an entire groundwater basin.

Page 10

Lindholm (1994) describes the predevelopment water supply in the Eastern Snake Plain aquifer
system as follows:

“Before large areas were irrigated, total average annual recharge to
and discharge from the ground-water system in the main part of the
eastern plain was about 3.9 million acre-feet. About 60 percent of the
total recharge was from tributary drainage basins, 25 percent was
from Snake River losses, and 15 percent was from precipitation on the
plain.”

This designation of areas outside the plain as tributary is consistent with my
assertion regarding the Bench.
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Page 11

Goodell (1988) describes the impact of agricultural development in tributary drainage
basins on water supply in the Eastern Snake Plain aquifer system as follows:

“In some tributary basins, agricultural development and consequent
crop evapotranspiration of surface and ground water have reduced
available water flowing to the plain. Most water available to the
Snake River Plain originates as surface-water inflow and ground-
water underflow from tributary basins. Kjelstrom (1984) estimated
available water flowing from tributary basins to the eastern and
western plain on the basis of (1) present irrigation development and
(2) no development or reservoir storage in tributary basins.
According to his figures, on the average, agricultural development in
tributary basins has reduced annual available water flowing to the
eastern plain by about 7 percent (10.972 MAF to 10.215 MAF)...for
water years 1934-1980.”

This is simply a fact of the nature of tributary groundwater basins, and does not
inform the admissible question.

Further, this citation does not distinguish the Bench from excluded groundwater
basins.

Page 11

Garabedian (1992) used the RASA model to simulate the effect of changes in
boundary flux (underflow from tributary drainage basins) on aquifer heads and
aquifer discharge to the Snake River. For example, Figure 6 shows the predicted head
response at a well located approximately 10 miles from the Rexburg Bench resulting
from a 50% increase or a 50% decrease in boundary flux. Change in consumptive use
of groundwater for irrigation within a tributary drainage basin is one example of a
change in boundary flux. Garabedian’s simulations illustrate that changes in
consumptive use of water outside of the RASA boundary affect aquifer heads within
the RASA boundary.
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This is simply a hydrologic fact of the nature of tributaries, and does not inform
the admissible question. It applies to all tributary groundwater basins.

Page 12

As mentioned by Contor, other groundwater flow models of the Eastern Snake Plain
aquifer system were developed after the completion of the RASA project and the
promulgation of CM Rule 50. Model boundaries were different for each model, but
all of the models used specified flux

The definition of hydraulic connection is that signals propagate both diirections.
Choosing a specified-flux boundary guarantees that the model cannot represent
propagation of effects from the model into a tributary groundwater basin, and so
by definition represents the tributary as not hydraulically connected.

Page 12

The Snake River Plain Aquifer Model (SRPAM) developed by Cosgrove and others
(1999) described the Eastern Snake Plain as follows:

“The eastern plain is bounded structurally by faulting on the northwest
and downwarping and faulting on the southeast (Whitehead, 1986).

As acknowledged by Sukow, the Bench is separated from the plain by faulting.
Page 12
The plain is bounded by Yellowstone Group rhyolite in the northeast

The aquifer on the plain adjacent and near the bench is primarily hosted in
sediments and underlying basalts. The aquifer on the Bench is hosted in
rhyolites and overlying basalts.
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Page 13

Cosgrove and others (1999) did not describe the SRPAM model boundary as a
delineation of a groundwater basin. Conversely, they stated, “The Snake River Plain
aquifer, underlying the eastern Snake River Plain, is hosted in layered basalts and
interbedded sediments and is an integral part of the basin water resources.”

A more likely interpretation is that Cosgrove and others used basinin the
surface-water context that the RASA authors did; by convention, had they meant
groundwater basin they would have said so. This is evidenced in Sukow's quote
below, in which the authors refer to the desirability of a broader model to include
both the "aquifer andthe major tributaries” (emphasis added).

Page 13

Cosgrove and others specifically acknowledged that the SRPM model was not a
basin-wide model and identify this as a limitation of the SRPAM. Cosgrove and
others recommended:

“At some time in the future, it may be desirable to develop a basin-
wide model representing the Snake River Plain aquifer and the major
tributaries. This would allow prediction of impacts on the Snake River
Jfrom scenarios incorporating changes in water management in both
the plain and in tributary valleys.”

To date, all the Snake Plain Aquifer models have been groundwater flow models.
Calling for extension to a "basin-wide" model indicates an intent to link surface-
water modeling to groundwater modeling. A derivative requirement may be to
expand the horizontal extent of the model in order to capture the surface-water
processes that extend over a larger horizontal landscape, necessarily requiring
inclusion of tributary groundwater basins.

Page 13

While, the ESPAM2.1 model domain is still smaller than a basin-wide model, the
expansion of the model domain into hydraulically-connected areas with significant
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irrigated acreage lessens the limitation described by Cosgrove and others. While the
usefulness of the model as an administrative tool was considered in delineation of the
model boundary for ESPAM, the expansion of the model into hydraulically-
connected areas outside of the SRPAM and RASA model boundaries, including the
Rexburg Bench, was scientifically sound and followed the recommendation of
previous researchers.

When we wrote the ESPAM1.1 report, we were very, very careful to avoid
asserting that the newly included areas were part of the aquifer and the
groundwater basin. We documented explicitly that the Rexburg Bench was a
tributary incorporated for administrative convenience. Similar language appears
in the ESPAM2.1 report.

It is probably true that none of the model developers explicitly asserted that their
model comprised the entire groundwater basin. However, neither did any assert
that their model did not include an entire groundwater basin, except for the
RASA authors' careful justification for separating the eastern and western plains.

It is true that a groundwater model can be constructed to include a groundwater
basin and adjacent tributary groundwater basins. For that matter, it could be
constructed with a no-flow boundary separating two entirely unconnected
aquifers in a single model, though it is hard to imagine a reason to do so.

The discussions of groundwater-basin extent that do occur in model
documentation highlight the implicit assumption that a regional aquifer model is
intended to represent a groundwater basin:

e The RASA authors carefully justify treating the western Snake Plain
separately from the eastern Snake Plain.

o The ESPAM1.1 and ESPAM2.1 authors carefully identify added areas as
parts of tributary groundwater basins and avoid representing that they are
part of the ESPA groundwater basin itself.

Page 13-14
Comparison to Areas Not Included in the GWMA

Contor identified 21 tributary basins (or portions of tributary basins) that are not
included in the GWMA and states these areas are “presumably sufficiently distinct
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JSrom the ESPA to warrant exclusion. Sixteen of these areas are less or similarly
distinct from the ESPA than is the Rexburg Bench.” This presumption is inconsistent
with the order designating the GWMA', which clearly states these areas were
excluded from the GWMA because they are outside of the ESPAM2.1 model
boundary:

“The ESPAM2.1 boundary is a reasonable administrative area
because the Department currently lacks similar modeling tools and
hydrologic data 10 administer outside the ESPAM2.1 model boundary,
except for the Big Wood River Basin. Moreover, most of the ground-
water irrigated land within the upper Snake River basin is located
within the model boundary or, in the case of the Big Wood River and

Raft River basins, in established management areas outside the model
boundary.”

The location of the model boundary and its relationship to inclusion within a
GWMA is not part of the admissible question. Nevertheless, having been raised,
technical aspects of the issue require a reply.

From an administrative viewpoint, there are three technical functions required in
assessing the effects that pumping in any tributary groundwater basin would
have upon surface-water bodies on the plain that are hydraulically connected to
the aquifer: 1) To what extent does pumping in the tributary affect the

ESPA? 2) What fraction of that effect propagates to a given surface-water
body? 3) What is the timing of that propagation of effect?

For the Rexburg Bench, Oakley Fan and the Big Lost River below the Mackay
Dam, model estimates perform these functions. For tributary groundwater
basins outside the model, these functions can be addressed as follows: 1) Itis
already established that pumping in all the tributaries propagates to the

ESPA. 2) The steady-state fraction of effect that reaches a particular surface-
water body can be readily calculated by distributing pumping in the tributary to
the model's tributary-underflow cells, with results as precise as any other
modeling result. For wells near the boundary, the nearest cell may be
appropriate. For wells distance, the entire set of tributary-underflow cells would
be more appropriate. Unless the surface-water body of interest is near the
tributary in question, the practical difference will be small. 3) I addressed the
question of timing of effects for IDWR while at the Idaho Water Resources

! Order Designating the Eastern Snake Plain Aquifer Ground Water Management Area, Ideho Department of
Water Resources, November 2, 2016, Conclusions of Law 18 through 21.
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Research Institute, for an evaluation regarding flows at Swan Falls. I used a
version of the Balmer/Glover/Jenkins analytical method adapted for no-flow
boundaries (Contor 2011) to estimate the timing of effects from the point of
pumping to the aquifer boundary, and used the transient version of the model to
propagate that effect from the aquifer boundary to the surface-water bedy of
interest. Other analytical methods such as the Cooper-Jacob method (1946) or
image-well analysis (Ferris and cthers 1962, Freeze and Cherry 1979) could also
be used. Due to calibration of model parameters, estimates of timing within the
model domain are likely to be more precise than estimates for the part of the
tributary outside the model. Nevertheless, it is my experience that precise
estimates of timing are not critical; for most administrative questions the
decision depends on the magnitude of effect that occurs, regardless of the
temporal delay that may accompany its arrival.

The hydrogeologic fact remains that there are 16 excluded groundwater basins
either less or equally distinct from the ESPA than is the Rexburg Bench. Because
there is no technical reason to use the model boundary as a criterion for
inclusion, it is my professional opinion that it is arbitrary to include the Rexburg
Bench while excluding basins that are not more distinct from the ESPA.

Page 14

Other areas identified by Contor as being “less or similarly distinct from the ESPA
than is the Rexburg Bench” have considerably less groundwater development than the
Rexburg Bench.

The extent of groundwater development Is irrelevant to the question of
hydrogeologic distinction and is not part of the admissible question.

Page 14
As discussed previously, the ESPAM2.1 is not a basin-wide model...

It is not a model of an entire surface-water basin with linked surface-water and
groundwater modeling.

...and groundwater use in tributary areas does affect groundwater and/or surface
water inflow to the Eastern Snake Plain.
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This is simply a characteristic of tributary groundwater basins. It applies equally
to the excluded groundwater basins and to the Bench.

Page 14

Conclusions of law 17 through 21 acknowledge that the GWMA designation only
includes part of the groundwater basin and explain the reasoning for the delineation of
the GWMA boundary.

The order creates a novel concept of a macro groundwater basin comprised of
aggregated adjacent groundwater basins. While the parallel reasoning to the
accepted nesting of surface-water basins is attractive, the surface-basin nesting
occurs in an environment of unambiguous and unchanging relationships of
hydraulic gradients. I have never heard of the macro-groundwater-basin
concept anywhere else and consequently know of no arguments for or against it.
However, I do know the plain-language meaning of the singular word "basin” as
used in the GWMA statute.

The Memo accepts this novel macro-basin construction as settled hydrogeologic
and administrative fact, presents analyses through that lens, and in so doing
presupposes the outcome of the hearing.

Page 15

Conclusions

Although there are topographic, geologic, and structural differences between the
Rexburg Bench and the Eastern Snake Plain, formal geologic work indicates there is a
strong hydrogeological connection between groundwater underlying the bench and
groundwater underlying the plain. Faulting and the presence of different geologic
materials do not make an area hydrogeologically distinct from an adjacent area unless
they significantly impede groundwater flow or result in a significantly different bulk
permeability. High yields in wells developed in multiple rock types underlying the
Rexburg Bench were documented by Haskett, and also are evident in the subsequent
development of groundwater rights for irrigation.
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Haskett indicates that the well productivity on the Bench is from rhyolite host
materials and facilitated by fracturing within the rhyolite. This speaks to
difference and not to similarity; preduction on the adjacent plain is from
sedimentary deposits and inter-flow rubble zones.

Page 16

Groundwater development on the Rexburg Bench extends to the margin of the bench,
immediately adjacent to the Eastern Snake Plain, indicating groundwater underlying
the bench is not remote from the Eastern Snake Plain aquifer system.

Adjacency of wells to the edge of a groundwater basin alone does not provide
information about its extent. There are places such as the Little Lost where
groundwater development extends to the margin of an aquifer, without
indicating that adjacent geologic materlals are part of the groundwater basin.

Page 16

...model developers acknowledged that activities occurring outside of the active model domain
do impact the boundary flux and affect aquifer heads within the model boundary.

This is simply evidence that the Rexburg Bench is tributary, as I assert.

Page 16

The developers of the SRPAM, which was the most recent model that excluded the
Rexburg Bench from the active domain, specifically identified this as a limitation of
the model and recommended a “basin-wide” model be developed in the future to
allow predictions of impacts on the Snake River resulting from changes in water
management in areas which affect the boundary flux.

From the beginning of my membership on the modeling team in 2001, when we

referred to a "basin-wide" model, I thought we meant linked surface-
water/groundwater modeling.
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Page 16

More recent models of the Eastern Snake Plain aquifer system were expanded to
partially address the recommendation of the SRPAM developers. The expansion of
the active model domain included the Rexburg Bench and other areas that are
hydraulically connected with the ESPA system.

We were very careful in our documentation of ESPAM1.1 to indicate that the
included areas were tributary, and not to represent them as part of the same
groundwater basin. Authors of ESPAM2.1 used similar language.

Page 16

In my professional opinion, references to the Rexburg Bench and other areas as
“tributary drainage basins” or “tributary basins” in model development reports do not
exclude them from being part of a larger groundwater basin. It simply means they are
tributary to the active model domain, which does not represent an entire groundwater
basin. Further, the Rexburg Bench is located within the active model domain in
recent models of the Eastern Snake Plain aquifer system and is not represented as a
“tributary basin” in models developed within the last 20 years.

Since there is no modeling-code designation of "tributary” area, it is true that
those models cannot explicitly represent the Rexburg Bench as tributary.
However, the model documentation doesin both cases.

Page 16

In my professional opinion, available technical evidence indicates the Rexburg Bench
is neither remote...

I acknowledge that neither the Rexburg Bench nor most of the excluded
tributaries are remote from the ESPA groundwater basin.

...nor hydrogeologically disconnected from the ESPA. In my professional opinion,
the technical evidence indicates groundwater underlying the Rexburg Bench is
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hydrogeologically connected to groundwater underlying the Eastern Snake Plain, and
both areas are located within the same groundwater basin.

While the Bench Is not as isolated as if it were in a porcelain bowl, porcelain
bowls are rare in nature and some communication is expected between adjacent
basins. Distinct lateral geologic boundaries, different sources and pattems of
recharge and discharge, different hosting materials, different gradient directions,
and different character of wells relative to a projected surface of the plain all
indicate differences between the Rexburg Bench groundwater basin and the
adjacent ESPA groundwater basin, and evidence limitations on full and
unfettered communication.

Other basins less distinct from the ESPA basin than is the Rexburg Bench have
been arbitrarily excluded, despite the existence of technical methods to perform
all analyses necessary for administration,
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Estimates of Tributary Basin Underflow for the Eastern Snake
Plain Aquifer Model Version 2 — As Built

DESIGN DOCUMENT OVERVIEW

During calibration of the Eastern Snake Plain Aquifer Model Version 1.1 (ESPAM 1.1), a series of Design
Documents were produced to document data sources, conceptual model decisions and calculation
methods. These documents served two important purposes; they provided a vehicle to communicate
decisions and solicit input from members of the Eastern Snake Hydrologic Modeling Committee
(ESHMC) and other interested parties, and they provided far greater detail of particular aspects of the
modeling process than would have been possible in a single final report. Many of the Design Documents
were presented first in a draft form, then in revised form following input and discussion, and finally in an
“as-built” form describing the actual implementation.

This report is a Design Document for the calibration of the Eastern Snake Plain Aquifer Model Version 2
(ESPAM2). Its goals are similar to the goals of Design Documents for ESPAM 1.1: To provide full
transparency of modeling data, decisions and calibration; and to seek input from representatives of
various stakeholders so that the resulting product can be the best possible technical representation of
the physical system (given constraints of time, funding and personnel). It is anticipated that for some
topics, a single Design Document will serve these purposes prior to issuance of a final report. For other
topics, a draft document will be followed by one or more revisions and a final “as-built” Design
Document. Superseded Desigh Documents will be maintained in a “superseded” file folder on the
project Website, and successive versions will be maintained in a “current” folder. This will provide
additional documentation of project history and the development of ideas.

INTRODUCTION

Tributary underflow is the discharge of subsurface water from a tributary basin into an area of interest,
such as an aquifer. Tributary underflow to the Eastern Snake River Plain Aquifer is recognized in 22
surrounding basins. Because tributary underflow is flow beneath the surface, it is difficult to estimate
yet it is an important component of recharge in the water budget for the Eastern Snake Plain Aquifer
Model. The purpose of this design document is to briefly review how the values of tributary underflow
were estimated in ESPAM1.1 and to explain how estimates were made for ESPAM2.

REVIEW OF ESPAML1.1

Estimates of underflow were based on Kjelstrom’s (1986) estimates of underflow published in the
Regional Aquifer-System Analysis (RASA) study performed by the USGS (Garabedian, 1992). Basin-yield
equations were used to calculate average annual underflow rates from the tributary basins. The
characteristics of the basins incorporated include drainage area, mean annual precipitation, and
percentage of forest cover. As part of the water budget balancing process, all tributary underflow
estimates were scaled by a factor of 0.97 (a net 3% reduction) in ESPAM 1.1. Tributary underflow varies
seasonally and from year to year, so the average annual underflow values were scaled (dampened) using
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normalized values based on measured discharges at Silver Creek. Silver Creek was chosen as a proxy
because it is almost entirely spring-fed and reflects temporal spring discharge from a basin similar to
many of the Snake Plain tributary basins. At the July 2009 ESHMC meeting, Mike McVay reviewed the
ESPAM 1.1 process of estimating tributary underflow. Figure 1 below shows how Silver Creek flux was
dampened over time. Although this was chosen as the best method of estimating tributary underflow,
this aspect of ESPAM 1.1 has a degree of limitation and uncertainty. One of three components of the
aquifer budget for ESPAM 1.1 mentioned in the final report that has the greatest uncertainty is tributary
underflow.

Dampening Silver Creek Flux

o Siver Ck Normaliz ed
100 e e R —=— Silver Ck Damp

S

e
A N
i

Normalized Flux
S

|

0.80 |

0.60 :

0.40 . - T T ’
1979 1984 1080 1004 1999

Year

Figure 1. Silver Creek flux was normalized and dampened over time.

Adapted from Slide 6 of McVay (2009)

Figure 2 (adapted from Figure 22 of Cosgrove et al., 2006) shows the tributary basins that were
recognized in ESPAM1.1. The highlighted squares (mostly red and some green) represent the individual
model cells that were used to enter the specified flux for each tributary basin. The estimated flux for
each tributary was evenly distributed across the model cells to that tributary in each stress period.
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Figure 2. Tributary basins in ESPAM1.1

(adapted from Figure 22 of the final ESPAML1.1 report).

OVERVIEW OF ESPAM2

Time was not allotted to improve tributary underflow estimates for ESPAM2. Discharge measurements
at Silver Creek were collected for 2002 through 2008 and tributary underflow estimates were calculated
in the same fashion as they were in ESPAM1.1. The six-month stress period values of underflow used in
ESPAM1.1 were adjusted to the one-month stress periods of ESPAM2. Monthly values were specifically
calculated by dividing the value from ESPAM1.1 by the number of days in six months (182.625) and then
multiplying by the number of days in the corresponding month (i.e. 31 days for January and 30 days for
April).

Some changes were made to the tributary underflow shapefile since the model boundary has changed
slightly since ESPAM1.1. The most notable change to the model boundary affecting the tributary
underflow geometry is on the southeastern side of the Snake Plain as shown in Figure 3. In Figure 3, the
blue cells represent active cells in ESPAM2 while the white cells were active cells that were included in
ESPAM1.1 and no longer included as active cells in ESPAM2. Tributary underflow in ESPAM1.1 applied



to all cells spanned by the black lines and the lines shown in blue are the changes that were made for
ESPAM2.

\ ” Ponneuf MILES

\_,

Figure 3. Southeastern edge of the ESPAM2 model boundary. Changes to the model boundary
resulted in changes in the cells assigned flux from tributary underflow.

Figure 4 shows the active cells of the model in ESPAM2. The cells highlighted in red were assigned
values of flux for underflow for the corresponding basin.

CHANGES IN THE PORTNEUF RIVER VALLEY

In the Portneuf River Valley, the model boundary was changed. This adjustment is shown in Figure 3.
This is the only basin where changes were made to reflect different estimates of underflow for ESPAM2.
In 2006, John Welhan released an updated study of the lower Portneuf River Valley. According to
Welhan’s report on the Portneuf basin, a value of 5.4 £ 0.1 billion gal/yr represents underflow from the
Mink Creek, Gibson Jack Creek, and City-Cusick Creek watersheds through the Portneuf Gap. Itis
assumed that recharge from the eastern side of the basin is negligible. A value of 5.4 x 10° gal/yr was
used as the underflow value for the Portneuf Basin for ESPAM2.



Figure 4. ESPAM2 cells assigned flux from tributary underflow.

CHECKING FOR ACCURACY

In July 2009, Mike McVay of the Idaho Department of Water Resources (IDWR) presented his work on
tributary underflow estimates in the lower Portneuf River Valley. McVay discussed the use of Silver
Creek gage measurements as a proxy to allow computation of underflow in basins where data are not
available. He also showed that Silver Creek flow data reflects precipitation patterns in the Portneuf
basin and concluded that, for the time being, Silver Creek may be a usable proxy for the temporal scaling
of the Garabedian (1992) underflow estimates. Figure 5 below shows the result of dampening Silver
Creek and the Portneuf River precipitation values.
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Figure 5. Comparing dampened precipitation values in the Silver Creek and Portneuf River basins.

(Adapted from Slide 11 of McVay (2009)).
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Figure 6. Comparing dampened precipitation values for several basins in the ESPA.

(Adapted from Slide 13 of McVay (2009)).
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McVay also reviewed a Darcy approach to calculate tributary underflow. It is an appealing approach
because of the simplicity of using the Darcy equation (Q = -KA(dh/dl)), but there are some drawbacks
due to limited data and uncertainty in parameters. McVay also reviewed a mass balance approach for
estimating tributary underflow, but concluded this seemingly simple procedure was truly complicated.
The data needed to include basin boundaries, volume of applied surface water, total groundwater
pumped, stream flow estimates, precipitation and evapotranspiration data, and basin data from other
states. While some of these inputs are available, others are not making it difficult to estimate underflow
with the mass balance approach. Both of these methods were applied in the Welhan (2006) study of the
Portneuf basin. McVay performed calculations using Silver Creek for refining tributary underflow in the
Portneuf basin and compared the estimates to the values in Welhan's report. McVay concluded the use
of Silver Creek as a proxy was suitable for now when estimating tributary underflow and Welhan'’s
estimates of underflow in the Portneuf basin would be appropriate for calculating tributary underflow
for ESPAM2.

SUMMARY AND DESIGN DECISION

The ESPAM1.1 tributary underflow data were based on Kjelstrom’s (1986) estimates of underflow found
in the Regional Aquifer-System Analysis (RASA) study by the USGS (Garabedian, 1992). During the water
budget balancing process, all tributary underflow estimates were scaled by a factor of 0.97 (a net 3%
reduction) in ESPAM 1.1. Tributary underflow varies seasonally and from year to year, so the average
annual underflow values were scaled using normalized values. Silver Creek was chosen as a proxy
because it is mostly spring-fed and shows temporal spring discharge from a basin similar to several of
the Snake Plain tributary basins. Although this was chosen as the best method of estimating tributary
underflow, ESPAM 1.1 has a degree of limitation and uncertainty.

The ESPAM1.1 values were applied to ESPAM2 and new data was collected for performing the same
calculations for underflow estimates for 2002 through 2008. Values of underflow for most basins were
adjusted from the six-month stress periods to the one-month stress periods. Due to changes in the
model boundary near the Portneuf River Valley and the Welhan (2006) study on the Portneuf River
basin, more appropriate estimates of tributary underflow were applied. A preliminary investigation
performed by Mike McVay of the IDWR indicated that Silver Creek may be an acceptable proxy for
shaping underflow while using estimates of Welhan’s study for underflow in the Portneuf basin.

Figure 7 displays the final estimates of tributary underflow for each stress period for ESPAM2. The
names of the basins are provided on the right-hand side. Several of the names are abbreviated and
these are the names provided in the actual file for the water budget. Refer to the appendix for the full
name of these basins if any are unclear.
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Figure 7. Estimates of tributary underflow per stress period for ESPAM2.

RECOMMENDATIONS

In Mike McVay’s presentation to the ESHMC (2009), he also provided a list of recommendations to the
committee to use in the future:

Perform a literature search.

Collect data for the individual tributary basins.

Rank the tributary basins based on data availability and model importance.

Perform Darcy calculations and/or mass balance calculations with available information.
Create a range or estimate error bars associated with tributary underflow values.

L O
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APPENDIX

The following table provides the full names of the tributary basins abbreviated in several of the figures
of this design document.

Abl:::::ted Tributary Basin Name
LittleLos Little Lost River
MedLodge Medicine Lodge Creek
Birch Birch Creek
CamBeav Camas and Beaver Creek
BlkFoot Blackfoot River
SilverCr Silver Creek
LtiWood Little Wood River
BigWood Big Wood River
Teton Teton River
RexBench Rexburg Bench
Palisade Palisade (Snake River)
Willow Willow Creek
AmFalls American Falls {Bannock Creek)
Raft Raft River
BiglLost Big Lost River
Hnry Henrys Fork
Thorn Thorn Creek
Clover Clover Creek
LincRoss Lincoln Creek and Ross Creek
Portneuf Portneuf River
RockLnd Rock Creek
Goose Goose Creek
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DESIGN DOCUMENTS

Design documents are a series of technical papers addressing specific design
topics on the eastern Snake River Plain Aquifer Model upgrade. Each design document
will contain the following information: topic of the design document, how that topic fits into
the whole project, which design alternatives were considered and which design alternative
is proposed. In draft form, design documents are used to present proposed designs to
reviewers. Reviewers are encouraged to submit suggested alternatives and comments to
the design document. Reviewers include all members of the Eastern Snake Hydrologic
Modeling (ESHM) Committee as well as selected experts outside of the committee. The
design document author will consider all suggestions from reviewers, update the draft
design document, and submit the design document to the SRPAM Model Upgrade
Program Manager. The Program Manager will make a final decision regarding the
technical design of the described component. The author will modify the design document
and publish the document in its final form in .pdf format on the SRPAM Model Upgrade
web site.

The goal of a draft design document is to allow all of the technical groups which are
interested in the design of the SRPAM Model Upgrade to voice opinions on the upgrade
design. The final design document serves the purpose of documenting the final design
decision. Once the final design document has been published for a specific topic, that
topic will no longer be open for reviewer comment. Many of the topics addressed in
design documents are subjective in nature. It is acknowledged that some design
decisions will be controversial. The goal of the Program Manager and the modeling team
is to deliver a well-documented, defensible model which is as technically representative of
the physical system as possible, given the practical constraints of time, funding and
manpower. Through the mechanism of design documents, complicated design decisions
will be finalized and documented.

Final model documentation will include all of the design documents, edited to
ensure that the “as-built” condition is appropriately represented.

INTRODUCTION

Some of the first decisions faced when beginning work on a model center around
determining extent of the modeled area. This is the topic addressed in this Design
Document. '

Model Design and Calibration Document Number DDM-002 p 3 11/15/2004



Problem Statement

This section outlines the options considered in the process of establishing model
boundaries.

The purpose of this model is to assist in managing the surface water and ground
water resources within the Eastern Snake Plain Aquifer and the Snake River. Therefore
the model boundaries should encompass the boundaries of the Eastern Snake Plain
aquifer. Decisions regarding where to place the model boundary must be made where the
Eastern Snake Plain aquifer interfaces with tributary aquifers. These decisions should be
based on the model purpose and data availability.

Extending model boundaries to bedrock outcrops in tributary basins allows
incorporation of seasonal and long-term changes into the model simulation rather than
estimating them external to the model. Extending the boundaries to Include land with
similar irrigation practices is desirable, if the resulting boundary does not cross a
hydrologic barrier. However, there is little value in including a tributary aquifer if there are
no data available for that aquifer. If aquifer geometry or aquifer head data do not exist,
modeled fluxes and responses to stress in the tributary basin will likely be in error.

Considered Options

This section outlines the options considered when selecting the model boundary.
Figure 1 shows the location of the Eastern Snake Plain. Figure 2 contains the model
boundary for the previous version of the DWR/UI model (Cosgrove et al, 1999) along with
the model boundary used in the Regional Aquifer-System Analysis (RASA) study
(Garabedian, 1992). While great similarity exists between these boundary selections,
they highlight the decisions that need to be made in this modeling effort. For example, the
IDWR/UI model ignores the Twin Falls tract while it is included in the RASA model. The
RASA model extends to King Hill while the IDWR/UI model terminates shortly west of
Salmon Falls. Another difference is that the IDWR/UI model tends to extend up the
tributary basins farther than the RASA model. Figure 2 also contains irrigated acres in
1992 and proposed options for the new model.

Model Design and Calibration Document Number DDM-002 p 4 11/15/2004
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Estem Snake River Plain

Snake River

Figure 1. Location of the Eastern Snake River Plain

Ideally model boundaries are based on physical barriers to ground water flow. A
model built in this manner will have all flux into the model as irrigation, surface water or as
precipitation. Since surface water is much easier to measure than ground water, this
limits potential water balance errors due to calculating flux from tributary aquifers.
Sometimes it is not practical to extend the model to physical boundaries in every direction
and artificial boundaries are imposed. In these instances the artificial boundaries must be
located to minimize their impact on prediction uncertainties.

Effect

This section discusses the effect the various boundary options will have on the
model. Boundary choices can affect model uncertainty, model run times and numerical
stability.

The model boundary should include the portions of the aquifer germane to the

Model Design and Calibration Document Number DDM-002 p 5 11/15/2004



issues driving model creation. These issues principally involve interactions between the
Snake River and the Snake Plain Aquifer. The model is not sensitive to water use in the
Twin Falls tract because the Snake River canyon effectively disconnects the area south of
the river from the regional aquifer on the north. The model is sensitive to water use in this
area only insofar as use offsets reach gains between Milner and King Hill. These gains
can be estimated as part of the water budget. Therefore the Twin Falls tract does not
need to be explicitly modeled.

Garabedian (1992) determined that tributary basin underflow represents about 20%
of the water balance so the model will be sensitive to this flux. Water use in the tributary
basins will directly affect water supply in the Eastern Snake Plain Aquifer, thus, questions
arise concerning how far up the tributary basins to extend the boundary. Figure 2 shows
irrigated acres along with the RASA, IDWR/UI and proposed new model boundaries. The
gray areas represent irrigated agriculture.

b’
Kilgore

Big Lost River

| Iq‘ Rexburg Bench

American Falls
Considerations

A Option 1
Ay Option 2
A/ Snake River
3 Outline of Current Gnd
A RASA
1992 Irrigated Acres

10 0 10 20 Miles
e ™ e =}

Twin Falls tract ey Fan

Figure 2. Proposed aquifer boundaries

The decisions made regarding the model boundary will affect the ability of the
model to support later administrative decisions. For example, it will be impossible to
administer areas outside the model using modeling results yet activities outside the model
boundary can affect activities within the model boundary. Therefore, from a water
management perspective, a goal should be to minimize the amount of irrigated agriculture
dissected by the model boundary. This results in an expansion of the model domain into
areas not included in previous models. The Rexburg Bench, Oakley Fan, and American

Model Design and Calibration Document Number DDM-002 p 6 11/15/2004



Falls areas all have irrigated acreage not previously included in the IDWR/UI model, and
these areas appear to be hydraulically connected. The added advantage would be that
these hydrologically connected areas can be administered similarly if necessary.

The model boundary should extend to bedrock outcrops in tributary valleys to
reduce the number of inflow parameters that must be estimated. Examples where this
concept can be employed are in the Big Lost River drainage and the Belleview Triangle
(Figure 2). This results in including the Big Lost River drainage up to Mackay Reservoir
and excluding all of the Belleview Triangle. The effect of this decision will be to reduce
water balance errors because the fluxes into the model area are measured instead of
estimated, since all the flux at the proposed boundary occurs in surface streams.

Extending the model boundary up tributary basins for administrative purposes and
to contacts with bedrock to minimize water balance errors is a worthwhile effort. However,
it should be recognized that model calibration errors may be more substantial in tributary
basins due to a decreased density of calibration data and or an uneven temporal
distribution in data.

Design Decision

The model boundary will exclude the Twin Falls tract and include more of the
tributary basins as illustrated in Figure 3. This boundary includes the recognized extent of
the Snake Plain aquifer, with the exception of the Twin Falls tract, most of the irrigated
agriculture immediately adjacent to the plain, and, where possible, extends the boundaries
to contacts with bedrock. The boundary between the included Oakley Fan and the
excluded Twin Falls tract will be a no-flow boundary.
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Model gnd origin: Cell 1,1
Lat: 44.45778 degrees
Long: 117.35593 degrees

Grid rotation 314 degrees

Figure 3. Grid orientation and rotation point.
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DESIGN DOCUMENTS

Design documents are a series of technical papers addressing specific design
topics on the eastern Snake River Plain Aquifer Model upgrade. Each design document
will contain the following information: topic of the design document, how that topic fits into
the whole project, which design alternatives were considered and which design alternative
is proposed. In draft form, design documents are used to present proposed designs to
reviewers. Reviewers are encouraged to submit suggested alternatives and comments to
the design document. Reviewers include all members of the Eastern Snake Hydrologic
Modeling (ESHM) Committee as well as selected experts outside of the committee. The
design document author will consider all suggestions from reviewers, update the draft
design document, and submit the design document to the SRPAM Model Upgrade
Program Manager. The Program Manager will make a final decision regarding the
technical design of the described component. The author will modify the design document
and publish the document in its final form in .pdf format on the SRPAM Model Upgrade
web site.

The goal of a draft design document is to allow all of the technical groups which are
interested in the design of the SRPAM Model Upgrade to voice opinions on the upgrade
design. The final design document serves the purpose of documenting the final design
decision. Once the final design document has been published for a specific topic, that
topic will no longer be open for reviewer comment. Many of the topics addressed in
design documents are subjective in nature. It is acknowledged that some design
decisions will be controversial. The goal of the Program Manager and the modeling team
is to deliver a well-documented, defensible model which is as technically representative of
the physical system as possible, given the practical constraints of time, funding and
manpower. Through the mechanism of design documents, complicated design decisions
will be finalized and documented.

Final model documentation will include all of the design documents, edited to
ensure that the “as-built” condition is appropriately represented.

INTRODUCTION

Some of the first decisions faced when beginning work on a model center around
determining extent of the modeled area. This is the topic addressed in this Design
Document.
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Problem Statement

This section outlines the options considered in the process of establishing model
boundaries.

The purpose of this model is to assist in managing the surface water and ground
water resources within the Eastern Snake Plain Aquifer and the Snake River. Therefore
the model boundaries should encompass the boundaries of the Eastern Snake Plain
aquifer. Decisions regarding where to place the model boundary must be made where the
Eastern Snake Plain aquifer interfaces with tributary aquifers. These decisions should be
based on the model purpose and data availability.

Extending model boundaries to bedrock outcrops in tributary basins allows
incorporation of seasonal and long-term changes into the model simulation rather than
estimating them external to the model. Extending the boundaries to Include land with
similar irrigation practices is desirable, if the resulting boundary does not cross a
hydrologic barrier. However, there is little value in including a tributary aquifer if there are
no data available for that aquifer. If aquifer geometry or aquifer head data do not exist,
modeled fluxes and responses to stress in the tributary basin will likely be in error.

Considered Options

This section outlines the options considered when selecting the model boundary.
Figure 1 shows the location of the Eastern Snake Plain. Figure 2 contains the model
boundary for the previous version of the DWR/UI model (Cosgrove et al, 1999) along with
the model boundary used in the Regional Aquifer-System Analysis (RASA) study
(Garabedian, 1992). While great similarity exists between these boundary selections,
they highlight the decisions that need to be made in this modeling effort. For example, the
IDWR/UI model ignores the Twin Falls tract while it is included in the RASA model. The
RASA model extends to King Hill while the IDWR/UI model terminates shortly west of
Salmon Falls. Another difference is that the IDWR/UI model tends to extend up the
tributary basins farther than the RASA model. Figure 2 also contains irrigated acres in
1992 and proposed options for the new model.
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Estem Snake River Plain_!

Snake River,

Figure 1. Location of the Eastern Snake River Plain

Ideally model boundaries are based on physical barriers to ground water flow. A
model built in this manner will have all flux into the model as irrigation, surface water or as
precipitation. Since surface water is much easier to measure than ground water, this
limits potential water balance errors due to calculating flux from tributary aquifers.
Sometimes it is not practical to extend the model to physical boundaries in every direction
and artificial boundaries are imposed. In these instances the artificial boundaries must be
located to minimize their impact on prediction uncertainties.

Effect

This section discusses the effect the various boundary options will have on the
model. Boundary choices can affect model uncertainty, model run times and numerical
stability.

The model boundary should include the portions of the aquifer germane to the
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issues driving model creation. These issues principally involve interactions between the
Snake River and the Snake Plain Aquifer. The model is not sensitive to water use in the
Twin Falls tract because the Snake River canyon effectively disconnects the area south of
the river from the regional aquifer on the north. The model is sensitive to water use in this
area only insofar as use offsets reach gains between Milner and King Hill. These gains
can be estimated as part of the water budget. Therefore the Twin Falls tract does not
need to be explicitly modeled.

Garabedian (1992) determined that tributary basin underflow represents about 20%
of the water balance so the model will be sensitive to this flux. Water use in the tributary
basins will directly affect water supply in the Eastern Snake Plain Aquifer, thus, questions
arise concerning how far up the tributary basins to extend the boundary. Figure 2 shows
irrigated acres along with the RASA, IDWR/UI and proposed new model boundaries. The
gray areas represent irrigated agriculture.

"
Kilgore

Big Lost River

Rexburg Bench

American Falls
Considerations

NS Option 1
MAFOption 2
A/ Snake River
3 Outline of Current Grid
A RASA
1992 Irrigated Acres

10 0 10 20 Miles
o ™ e =

Twin Falls tract

Figure 2. Proposed aquifer boundaries

The decisions made regarding the model boundary will affect the ability of the
model to support later administrative decisions. For example, it will be impossible to
administer areas outside the model using modeling results yet activities outside the model
boundary can affect activities within the model boundary. Therefore, from a water
management perspective, a goal should be to minimize the amount of irrigated agriculture
dissected by the model boundary. This results in an expansion of the model domain into
areas not included in previous models. The Rexburg Bench, Oakley Fan, and American
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Falls areas all have irrigated acreage not previously included in the IDWR/UI model, and
these areas appear to be hydraulically connected. The added advantage would be that
these hydrologically connected areas can be administered similarly if necessary.

The model boundary should extend to bedrock outcrops in tributary valleys to
reduce the number of inflow parameters that must be estimated. Examples where this
concept can be employed are in the Big Lost River drainage and the Belleview Triangle
(Figure 2). This results in including the Big Lost River drainage up to Mackay Reservoir
and excluding all of the Belleview Triangle. The effect of this decision will be to reduce
water balance errors because the fluxes into the model area are measured instead of
estimated, since all the flux at the proposed boundary occurs in surface streams.

Extending the model boundary up tributary basins for administrative purposes and
to contacts with bedrock to minimize water balance errors is a worthwhile effort. However,
it should be recognized that model calibration errors may be more substantial in tributary
basins due to a decreased density of calibration data and or an uneven temporal
distribution in data.

Design Decision

The model boundary will exclude the Twin Falls tract and include more of the
tributary basins as illustrated in Figure 3. This boundary includes the recognized extent of
the Snake Plain aquifer, with the exception of the Twin Falls tract, most of the irrigated
agriculture immediately adjacent to the plain, and, where possible, extends the boundaries
to contacts with bedrock. The boundary between the included Oakley Fan and the
excluded Twin Falls tract will be a no-flow boundary.
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Model grid origin : Cell 1,1
Lat: 44.45778 degrees
Long: 117.35593 degrees

Grid rotation 31.4 degrees

Figure 3. Grid orientation and rotation point.
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Revision 2

Introduction

In preparation for ESPAM V2 the ESHMC updated the grid projection to IDTM 83 and
modified the model boundary to remove model cells below the rim in the Hagerman Valley
and eliminate cells in the foothills north of Pocatello and in the foothills in the Big and Little

Lost River valieys.

IDTM 83 Projection
The model grid was redrawn in IDTM83 with the origin at 8089081.6, 3904653.1 feet with
a 31.4 degree counter-clockwise rotation as shown in Figure 1 below.
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Figure 1. Grid orientation and rotation.

Hagerman Valley Changes

The ESHMC decided to remove cells below the Snake River Canyon rim as
recommended by Ralston (2008). These model cells will be converted from active to
inactive for version 2 of the ESPAM. Figure 2 shows the location of the removed cells.
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Pocatello Area Changes

The ESHMC decided to extend the active cells southeast along the Portneuf River and
add one cell to allow connection of the Portneuf River to American Falls Reservoir as
shown in Figure 2. The committee also decided to convert cells overlying un-irrigated
foothills north and east of Pocatello to inactive (Sullivan, 2009; Wylie, 2009) as shown in
Figure 3.

Figure 3. Pocatello area model grid changes.

Big and Little Lost River area Changes

As an outgrowth of the decision to convert cells overlying un-irrigated foothills to inactive,
modifications were made in both the Big and Little Lost River drainages. Figure 4
illustrates the changes.
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Figure 4. Changes to the model grid in the Big and Little Lost River drainages.
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