WATER PERMIT NO. 2633B-2

Name of Applicant: Southern Black Hills Water System

Address: 26858 Hwy 385, Hot Springs SD 57747 Phone: 605 745-4669
Amount of Water Claimed: 0.67 cfs — 480 AF Total Acres: NA

Source of Water Supply: groundwater (2 wells)

Water to be used for: rural water system use County: Custer

Type of Waste Disposai System:

Locétion: 5 miles north of Hot Springs

PRIORITY Date Received: 5-14-18 Application/License Fee: $.300
Corrected Application Received: Period of Annual Use: Jan 1 — Dec 31

Remarks: Serves users in Custer, Fall River and Pennington Counties

Diversion Point; N 1/2 SE 1/4 Sec 24-T6S-RSE

Land to be Irrigated: NA

Depth of Well: 883

Well Driller: Taylor Drilling

Remarks:

Type of Map: aerial
Prepared by:

Reviewed and the Number Assigned on: 5-14-18 By: Karen Schlaak

Notice of Hearing - date to intervene:




SOUTH DAKOTA
WATER PERMIT NO. 2633B-2

Date of first receipt of application May 14, 2018.

The Water Management Board approved Water Permit No. 2633B-2 on July 12, 2018 for Southern Black Hills
Water System, 26858 Hwy 385. Hot Springs SD 57747 authorizing the construction of the water use system and

the placing of water to beneficial use subject to the following limitations, conditions and qualifications:

1.

Water Permit No. 2633B-2 amends Water Permit No. 2633A-2 by transferring the point of diversion and
addip,q an additional well. Water Permit No. 2633A-2 appropriates 484 acre-feet of water annually at a

maximum pump rate of 0.67 cubic feet of water per second from one well to be completed into the
Madison Aquifer located in the SE 1/4 SE 1/4 Section 35-T5S-R6E. This authorizes the point of diversion
be transferred to two Madison Aquifer wells (883 and 923 feet deep) located in the N 1/2 SE 1/4 Section
24-T6S-RSE which is approximately 6 miles southwest of the original well location. The second well wilt
be a monitoring well but also, if needed, serve as an emergency backup well. This site is located
approximately five miles north of' Hot Springs.

The water appropriated shall be used for the purpose of a rural water system serving users in Custer, Fall
River and Pennington counties and may not exceed the amount of water needed for beneficial use.

The water is to be used during the following described annual period: January 1 — December 31.

The date from which applicant may claim right is June 20, 2008 (established by Permit No. 2633-2).

All construction is to be completed on or before July 12, 2023

L4

Water is to be put to beneficial use on or before July 12, 2027.

Water rights obtained in compliance with the laws of the State of South Dakota may not be unlawfully
impaired by this appropriation.

QUALIFICATIONS

In accordance with SDCL 46-1-14 and 46-2A-20, Permit No. 2633B-2 is issued for a twenty year term.
Pursuant to SDCL 46-2A-21, the twenty year term may be deleted at any time during the twenty year period
or following its expiration. If the twenty year term is not deleted at the end of the term, the permit may
either be cancelled or amended with a new term limitation of up to twenty years. Permit No. 2633B-2 may
also be cancelled for nonconstruction, forfeiture, abandonment or three permit violations pursuant to SOCL
46-1-12, 46-5-37.1 and ARSD 74:02:01:37.

The wells will be located near domestic wells and other wells which may obtain water from the same
aquifer. The well owner, under this Permit shall control withdrawals so there is not a reduction of needed -
water supplies in adequate domestic wells or in adequate wells having prior water rights.

Southern Black Hills Water System shall report to the Chief Engineer annually the amount of water
withdrawn from the Madison aquifer.

(continued)



Water Permit No. 2633B-2
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4.  Water Permit Nos. 2633-2, 2633A-2, and 2633B-2, combined appropriate up to 484 acre feet of water
annually.

5. Southern Black Hills Water System under this permit shall control withdrawals from the well so there is
not a significant effect on the water flow from Beaver Creek Springs or a significant adverse effect on the
water quality and character in Beaver Creek Springs.

WATER MANAGEMENT BOARD :
JeannieGoodman, Chief Engineer : . date
Water Rights Program

Department of Environment and Natural Resources



RECEIVED
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FORM 2: Application for uses other than irrigation ]
(e or MAY 1 4 2018
i WATER RIGHTS
Mail to: toffice use only )
No. 2 (p 33 B'g Hydrologic Unit 7y Q0 l(ﬁ PROGRAM

DENR - Water Rights

523 E Capitol Ave Basin _ | Apper. Cheugn e

Piem, SO 575013182 | Newspaper {5t Sprinas SStar

ph. (605) 773-3352 Custer County Chroncle
Ragul City Journal

Application For Permit To Appropriate Water Within The State Of South Dakota
Check use(s) of water:

| Municipal Water Distribution System Recreational Institutional
X:| Rural Water System Commercial Fish & Wildlife Geothermal
[ ] Domestic (over 18 gpm) Industrial [ ] Other
Type of Application: | |New [ ]Vested Right (Use prodates Mar2. 1955) [ |Future Use Reservation
(check one) | |Place to Beneficial Use Water Reserved by Future Use Permit No.

i | Amendment/Correction to Permit No.) () 33 Q -4

cnt/correcuon {ie. change diversion poin(s), add diversion poimt(s), change use, cif.

Descupnon fam )

LWVAMS G Denlk ALY ”.1 SE fd S o
_)&iﬁ’“‘uS— ReE, Cusegl CuuL\\A
I. Name to Appear on Water Permit = £ L WLl Rl Ahs Wiukel SUSEen

Maiting Address ¢ € BE  Hanud il %5 flrt“‘r SD(‘U‘LUS 2D 51787

~fAddress) ) (Sture) (le Code)

Phone @Lﬁ‘ﬂ‘i %L@""(Mobile Email b\.)\\ ‘{U 4{;\{ LU\/ U/\&;LF PU/

2. Amount of water claimed .\g] *CFSor 30 **GPMand ﬂ ‘2‘4 *s2AF or Gallons
Fiow rate znd votume are both required.  (*Cubic Feet pey Second) ("G-uonspuMz'num) {*** Acre Foet - storage capacity of dam/dugout or ammual use)

3. Source of water supply \\\LLA-LS(; i 0 U ‘g L

4. Location of point of diversi ( S -C-‘(‘{_,W\ el 1, W SE-t Y SS‘ Slounty C,U.Skféj

(example - 3 wells in SW1/4 NE14 pection 12-T104N-RI3W) eé %0
If not a public water supply (e.g. municipal), will water be used outside of the area d bed above? [1ves [INo
If "Yes," where will watet be used? flew locations N a SE '/gc Sec Y- TleS - rRse

::m'npk Nwia 12-TIMAN-RS,

5. County or counties where water will be used TT)LU. u U Custe OJ\A )PQ Mu (\Q\U N\ (UJU\‘\'\ S
6. Annual period during which water is to be used \‘,Lh'\\,L n i\J \ 4 —DL(.@W\\Q @V ?)\

Give a description of the project. When available include any preliminary engineering report or other reports or
information that wiil help explain the project. (Attach sheet if more space is needed)

N

"D\&w:-k S L ulécudu& SN

I, ,0(777 / ///’h?{j{fﬁ(;h, ﬂ? AMACE ) the applicant, certify under

“Name of Person Title (if applicablé)
penalty of perjury that | have read this application, examined the attached map, and that the matters stated are true. | further cettify, if
acting on behalf of an entity or individual other than myself, that | am authorized to submit this application.

2015-10 Attachments: Attach Form 2A if diversion is from a weil or dugout, or if storage of water is proposed. Also, attach
map and any other technical informstion. (se¢ instructions)




Project Description

Water Permit # 2633A-2 is for the Southern Black Hills Water System (“SBHWS”), a regional/rural water
system. This application is to transfer the point of diversion of South Dakota Water Permit # 2633A-2
from the current diversion point located in the SE % of 535, T5S, R6E, Custer County South Dakota to
what is known as the Casey well site which consists of two wells in the N1/2, SE1/4, 524, T6S, RSE,
Custer County South Dakota. The SBHWS currently holds South Dakota Water Permit #2633A-2,
authorizing appropriation of 484 acre feet annually at a maximum diversion rate of .67 cfs (300 gpm)
from the Madison Aquifer. SBHWS seeks to change the point of diversion for this diversion rate and
volume to the Casey well site, also from the Madison Aquifer.

The SBHWS Engineering Report has previously been submitted to the South Dakota Department of
Environment & Natural Resources regarding the proposed new location. A report with the results of a
pump test conducted at the new proposed point of diversion (known as the Casey well), dated January
3, 2018, was previously mailed to Mr. Adam Mathiowetz of the Water Rights Program. A monitoring
well {(MW-1), constructed in 2017, will serve as an emergency backup/standby well. Two figures
showing well locations are attached, as are the well logs for the two wells.



Form 2A Supplemental Information
(Complete applicable portions onty) (type or print) L \

1. Well Information  (check one or both as applicable) []Drilling new well(s)  [RUsing existing well(s)

a) Ifnew wells, how many __ Have test holes been drilled (jYes [JNo Drilled by
(if yes, please provide copies of logs)

b) If existing wells, how many & Provide copy of log(s), if available. Drilled bmmﬂj\ U\‘\I\ ) L

For either Existing or Proposed Wells: Al ]O,MV\AQI /ﬁpl u U’lﬂ { ﬁ’LC ’
c) Well Depth (required) B § D Depth to Top of Water Bearing Material DL\ Depth to Water from Surface Lﬂ
d) Distance to nearest domestic well on applicant's property \8\61 *Q E,QL LW( uﬂ_h’roperty owned by others N 25 M \ L@g

2. Wastewater Disposal System Information

a) Type of System (i.e. septic tank, drain field) - Ar V.,LS A ‘\7
' 0% gite

b) System Capacity (gallons ) ear Constructed

¢) Connected to the City of Sanitary System

3. Dugout Information
a) Surface Dimensions Depth

b) Depth to water {(ground surface to water level)

4. Water Storage Dams
If the proposed water use system contains one or more storage dams, please furnish the information requested below
for each dam. The locations of the dams need to be shown on the map submitted with the application.

a) If aprivate engineering firm or government agency was involved in the design of this dam, please give their
name and address:

| b) Freeboard
‘ ¢) Crest Width
!

Crest Length
d) Height
i €) Primary Outlet Capacity

[f pipe, diameter

f) Secondary Spillway Capacity
Spillway Width
g) X &Y Slope (e.g 3 to 1isatypical slope)
Upstream

+ Water Surface

!

2015-10

Downstream

h) Surface Area of Impoundment

i) Storage Acre Feet

j) Drainage Area Above Dam Acres



SOUTH DAKOTA WATER WELL COMPLETION REPORT 07-92

Lacarion&mﬁﬂ/é % Sec oo Twp &S PRSI sy

County Nonh
e e . | |
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Well Gwner: 17 enngs

P

C‘&-}Q{

Name:

Address 23232 55 5. A vt IS 4
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*
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CASING DATA: whie Limigtone /7 ¢uies g1 38
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If other describe If Howing: clnsed in peessure 8
PIPEWEIGHT  DIAMETER FROM 0 HOLE DIAMETER | GPM flow thiough inch pipe
; . 3,
23 L8/81 1 iN o n %25 n ¥ ’Sf IN]C legd ty 13 vatve 1) Reducers ) Other
(B/F1 N £ 1 IN | Reduced Flowrats _.. _GPM
LB/FT N FT FT IN | Can well be compietely shut in?
GROUTIKG DATA
Grout Type No. of Sacks Graut Waight fiom Te WELL TEST DATA:
Gement 20 (Y st € v 825 k | O3 pumpes Describe:
b./gal h & | {J Bailed i Revelspedd

Descrihe grovting procedure LLCSE e Jv ot ool
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v )

E“ Other

Pumping Leval Betow Lond Surface

_®6Q hoAter 2 Hs pumped 2 00 GFM
— ft Alter His  pumped GPW
SCReeN: [ perforated pige [ Manulactured (f yurnp installed, pump cate GPI
i Wolength o FEET
¢ REMARKS
Matenal
Stor Size Sel From Feetto— ... . .Foet

Other information

WAS A PACKER OR SEALUSED? (3 ves (W no

IF $0, what material?

Describe packe:{s} and locatian?

This well was drilled under licensa # ... 237

QISINFECTION:
Wes well disinfected upon tomplesion? . X_YES, How .C..k.‘l:.l’_:_&ﬁ_sﬁ.!aﬂﬂ
. MO, Why Not?

And this repoert is trut and accugate. ;
= }P b Dy 1 ;“hj —

Signature of License Aepresentative.

Britng firm 2 N7

O e o4

Signature of Well Dwner or Equitable Propsrty Hulder:
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Labotats 2 Ealm quality anglysis {)l‘ my_not st 1 yel
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SD EForm -~ 1621L.D V1
SOUTH DAKOTA WATER WELL COMPLETION REPORT

11- 02
Lacation NE % Nw % Soc 24 Twp 68 Ry 5E | wellowner . : S
Business Name: Southern Bfack HIIlS Water Systems
County Custer North Address: 26‘8.58 38; : TR .
T T . I Gl P2 e gord:
Ploase mark well ; : City, State, Zip: $EHOESEHNGS = SD[E 57?47
location with an “X" _ _}______:&_”}.____
; E WELL LOG: DEPTH
]
w 4: 4: £ FORMATION FROM 10
| ! Cemented Gravel 0 15
----- S Rt Spearfish shale 15 100
1 . N
! ! Minnekahta limestone 100 135
Well Completion Date ' ' Opeche shale 135 225
7121117 kt -1 Mile ﬁ Minnelusa 225 825
Madison white limestone shale 825 923
Dislance 1o nearest polential pollution source (septic tank, sbandoned wel, feed tol, e.)? filled caves
300 fi. rom seplic (identify source)
PROPOSED USE:
Domestic/Stock Municipal Business Test holes
| |#migation industrial Institutional Monltoring welll STATIC WATER LEVEL 407 reer
METHOD OF DRILLING: If flowing: closed in pressure Pl
Rotary Downhole Hammer GPMfiow 300+  through Inch pipe
Contralled by [:l Valve D Reducers D Other
CASING DATA; [v] steel L] prastic ] omer Reducod flow rate GPM
if other describe 883" of 7" QD Steel ’
PIPEWEIGHT ~DIAMETER  FROM TO HOLE DIAMETER | Canweli be completely shutin?
17 ey 7" N Or 928 7 8.75
LB/FT ™ FT e w | WELL TEST DATA; ] e s
LBIFT In FT FT IN Pumped Destribe: (wlanr 1
GROUTING DATA: [ saited | ;
Grout Typs  No. of Sacks Grout Weight From To DOihe a ;‘
.
Portland || 125 Lb/gal 863 Ft 0 F Puming Level Below Langié{;r'faéem“—" -
w/2% benton Lbigal Ft Fr| e
Dascribe grouting procadure Ft. After Hrs. pumped GAM
through casing FL. Aftor Hrs. pumped GPM
If pump installed, pump rate; GPM
SCREEN: D Parforated plpe D Manufactured REMARKS
Diameter Inches Length Feet
Material
Slot Size Set From Feet lo fFeel
Other information
Hledtsco  4m
This well was drilled under license # 324 and this

WAS A PACKER OR SEAL USED? | |Yes
i s0, what material?
Describe packer(s) and location

[v] No

report fs true and accurate.

Driling fem: Alexander Drilling Inc.

S!gnature of Llcense Repres

ent :
DISINFECTION:  Was well disinfected upon complelion? L /// R EC EIVED
[v]ves.How?  wichlorine solution Z A (%
Lab to which watsr DNO' Why Not? { s TmTm e 1| Signature of Well Owner or Equitable Property Holder: JUL 3 ' 2{”7
quality sample sent for analysis i p . .
: s wrIER RIGHTS
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Sioux Falls, SD 57104
TEL: +1 605.334.6000
FAX: +1 605.334 1850

WSP USA, Inc.
140 East Hinks Lane
Suite 126

SOUTHERN BLACK HILLS WATER SYSTEM
LOCATION OF DIVERSION POINT

NORTH 1/2 OF THE SOUTHEAST 1/4 OF SECTION
24, TOWNSHIP 6 SOUTH, RANGE 5 EAST

Path D VOIASBHISBH Casey _Dwession mud

[ Date: 14 Mar 2018 N
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WSP USA, Inc

140 East Hinks Lane
Suite 126

Sioux Falls, SD 57104
TEL: +1 605.334.6000
FAX: +1 605.334.1850

SOUTHERN BLACK HILLS WATER SYSTEM
DETAILED LOCATION OF CASEY WELL AND MW-1

NORTH 1/2 OF THE SOUTHEAST 1/4 OF SECTION
24, TOWNSHIP 6 SOUTH, RANGE 5 EAST

Patt D GIS\SBH\SBH Casey M1 mud l Dale: 14 Mar 2018 j FIGURE 2




RECEIPT

- WATER RIGHTS PROGRAM
South Dakota Department of Environment and Natural Resources
Date May 14 ,20 18
Gunderson, Palmer, Nelson & Ashmore LLP PO Box BU45 Rapid City, SD  57709-
RECEIVED OF 8045
The following amount in fees for services rendered as provided for by law:
Fece for Application for Permit No. to Appropriate Water, to construct 100 00
and to put water to beneficial use

Fee for Application for Permit No. to Appropriate Water for Future use
Fee to retain Future Use Permit No. after period of seven years.

Fee for Inspecting Constructed Works, confirming bencficial use and issuing
Water License No. 200 00

Fee for Filing Transfer Form

Fee for

Fee for Issuing New Wetl Driller’s License No. forC.Y.
Fee for Renewal of Well Driller’s License No for C.Y.
Fee for Issuing Well Pump Installer’s License No. forC.Y.
Fee for Renewal of Well Pump Installer’s License No. for C.Y.

(Any Other Work Provided by Law) n _ TOTAL Uy 0

No. (86¢&1 By %ﬂﬁmmﬂ M”W‘/

” Chicf Engineer ZW‘\



RECE'VED 506 Sixth Street

v Post Office Box 8045

MAY 1 & 2018 Rapid City, South Dakota 57709
Main: (605) 342-1078

WATER RISHTS Fax: (605) 342-9503

May 11,2018
www.gpna.com

Email: mnaasz@gpna.com
Direct Dial: (605) 719-3424

:Mr. Eric Gronlund
‘South Dakota Department of Environmental &
“Natural Resources
“Water Rights Program
w523 E. Capitol Avenue
"5 "Pierre, SD 57501-3182

Re:- Trailer Well Permit Application/Casey Well
GPNA File No. 07653.0014

Dear Mr. Gronlund:

Enclosed is an Application to Amend/Correct Water Permit #2633A-2 on behalf of the Southern
Black Hills Water System (“SBHWS”). Also enclosed is a check in the amount of $300.00 for
this application, as we discussed on the telephone.

SBHWS is requesting that the point of diversion of Water Permit #2633 A-2 be transferred to two
wells located in the N1/2, SE1/4, Section 24-T6S-R5E, Custer County (“Casey well”). Water

" Permit #2633 A-2 appropriates 484 acre feet of water annually at a maximum diversion rate of
.67 cfs (300 gpm) from the Madison Aquifer. SBHWS requests the transfer of this appropriation
for the same annual volume at the same maximum diversion rate, from the same groundwater
source, the Madison Aquifer.

The requested new point of diversion is an existing well, constructed in 1994 for Mr, Dennis
Casey. The Casey well and property the well is located on are now owned by SBHWS. In July
2017, SBHWS constructed a monitoring well (“MW-1") at a location 129 feet west of the Casey
well. Two figures are attached to the application, showing the location of the two wells.

Should this transfer be granted, the Casey well will be utilized to supply the SBHWS. MW-1
will be utilized primarily as a groundwater elevation monitoring well. It will also, if needed,
serve as an emergency backup well.

SBHWS recently filed an application for a new appropriation of water at the Casey well for the
same diversion authority and annual volume from the Madison Aquifer. After discussing the
needs of the SBHWS, and the permits currently in place, the SBHWS concluded that it would be
more efficient to apply to move the point of diversion from Water Permit #2633 A-2 to the Casey
well without currently seeking additional appropriation authority from the Madison Aquifer.

GUNDERSON | PALMER | NELSON | ASHMORE wp

Attorneys licensed to practice in South Dakota, North Dakota, Nebraska, Wyoming, and Montana



Page -2-

The pending new application at the Casey well is for the same diversion authority as Water
Permit #2633 A-2 and also requests to appropriate from the Madison Aquifer. It is the intention
of SBHWS that should the amendment to Water Permit #2633 A-2 be granted, and the diversion
point for that permit transferred to the Casey well, the SBHWS will withdraw its application for
a new appropriation at the Casey well. With that understanding, SBHWS requests that the
application for the new appropriation at the Casey well (which application was received by the
Water Rights Program on March 26, 2018) be held in abeyance until the application to
Amend/Correct Water Permit #2633A-2 has been finally determined.

Thank you for your assistance. If you have any questions or need additional information, please

contact Talbot Wieczorek or me, at (605) 342-1078, or Don Peterson, Manager, Southern Black
Hills Water System at (605) 745-4669.

Sincerely,

Matthew E. 7

MEN:jkg
Enclosures



LEGGETTE, BRASHEARS & GRAHAM, INC.

PROFESSIONAL GROUNDWATER AND
ENVIRONMENTAL ENGINEERING SERVICES

140 East Hinks Lane, Suite 126 RECEIVED

Sioux Falis, SD 57104
605-334-6000

FAX 605-334-1850 FEB 1 3 2017

www.Ibgweb.com WATER RIGHTS
PROGRAM

February 6, 2017

Mr. Jeffrey C. Hughes, Hydrologist

National Park Service

Water Resources Division

Natural Resources Stewardship and Science Directorate
1201 Oakridge Drive, Suite 250

Fort Collins, CO 80525

RE: Report Transmittal
Southern Black Hills Water System, Inc.
Trailer Well Step-Rate Pumping Test

Dear Mr. Hughes:

Attached for your information and review is a report presenting the results of a step-rate
pumping test for a Madison aquifer well owned by Southern Black Hills Water System, Inc. I
would welcome the opportunity to discuss this report with you.

Copies of this report are also being provided to Mr. William Eldridge of the United States

Geological Survey, and Ms. Jeanne Goodman of the South Dakota Department of Environment

& Natural Resources.

Thank you for your consideration.

Sincerely,
LEGGETTE, BRASHEARS & GRAHAM, INC.,

Mitch Kannenberg, PE
Associate Vice President

Enclosure:  Trailer Well Step-Rate Pumping Test Report

Pc:  Mr. Don Peterson — Southern Black Hills Water System, Inc., Hot Springs, SD (9 copies)
Ms. Jeanne Goodman, P.E. —- DENR, Pierre, SD
Mr. William Eldridge — USGS, Rapid City, SD

CONNECTICUT « OHIO « ILLINOIS « SOUTH DAKOTA « FLORIDA « NEW JERSEY « MINNESOTA
TEXAS « WISCONSIN « NEW YORK « MISSOURI « MICHIGAN



RECEIVED
FEB 13 2017

WATER RIGHTS
PROGRAM

TRAILER WELL STEP-RATE PUMPING TEST
SOUTHERN BLACK HILLS WATER SYSTEM

HOT SPRINGS, SOUTH DAKOTA

Prepared For:

Southern Black Hills Water System
26858 Highway 385
Hot Springs, SD 57747

February 6, 2017

LEGGETTE, BRASHEARS & GRAHAM, INC,
Professional Groundwater and Environmental Engineering Services
140 East Hinks Lane, Suite 126
Sioux Falls, SD 57104
(605) 334-6000
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TRAILER WELL STEP-RATE PUMPING TEST
SOUTHERN BLACK HILLS WATER SYSTEM

HOT SPRINGS, SOUTH DAKOTA

1.0 PURPOSE AND BACKGROUND INFORMATION

The purpose of this report is to provide the results of a Step-Rate Pumping Test (Step-
Rate Test) conducted on the Southern Black Hills Water System (SBHWS) Trailer well. The
purpose of the Step-Rate Test was to provide information regarding the potential yield of the
well, and to provide information regarding the well water quality. The Leggette, Brashears &
Graham, Inc. (LBG) proposal for this work, dated May 26, 2016, was authorized by SBHWS on
May 26, 2016.

All elevations in this report are referenced to mean sea level in the National American
Vertical Datum of 1988 (NAVD88). Time is referenced in this report utilizing the 24-hour

format (also known as “military” time).

1.1  Project Location, Trailer Well Information and Temporary Permit

The Trailer well is located on SBHWS property located approximately 4%z miles north of
Hot Springs, in the southwest quarter of Section 24, Township 6 South, Range 5 East, Custer
County, South Dakota. The well location is shown in a geologic map of the vicinity (Figure 1),
along with the location of Wind Cave mapped passages and the location of Beaver Creek
Springs. Also shown in Figure 1 are the locations of other Madison aquifer wells in the vicinity,
including the SBHWS Streeter well.

The SBHWS Trailer well was constructed by Taylor Drilling for Mr. Dennis Casey, the
former owner of the SBHWS property. The well depth is 883 feet (ft), and it is completed in the
upper 72 ft of the Madison aquifer. A copy of the well completion report is provided in
Appendix A.

The South Dakota Department of Environment & Natural Resources (DENR) issued a
temporary permit to use public waters for testing purposes, and authorized discharge from the

well under the South Dakota Surface Water Discharge System General Permit for Temporary
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Discharge Activities in South Dakota. These two authorizations are collectively referred to in
this report as the “Temporary Permit.”

The Temporary Permit authorized pumping at the rates of 100, 150 and 200 gallons per

minute (gpm) for three hours each step, for a total of nine hours. Monitoring and reporting

conducted relative to the Temporary Permit are discussed in a later section of the report.

1.2 National Park Service Kaiser Well and DENR Observation Well

The United States Geological Survey (USGS), on behalf of the National Park Service
(NPS), monitored water levels in a domestic well referred to as the Kaiser well. The Kaiser well
is located approximately %2-mile (~2,800 ft) northwest of the Trailer well (Figure 1). The Kaiser
well is a domestic well originally constructed by Bice and Taylor Drilling for Mr. Lester Kaiser
in 1977. The well depth is 780 ft and it is completed in the upper 90 ft of the Madison aquifer.
Water levels in the well were monitored by the USGS with a data-logging pressure transducer
and manual measurements collected utilizing an electronic water-level indicator. The USGS aiso
monitored atmospheric pressure at the Kaiser well utilizing a data-logging barometric pressure
transducer. The water-level data were provided to LBG by the USGS (William Eldridge,
Personal Communication, 2016). A copy of the well log is provided in Appendix A.

The DENR maintains a Madison aquifer observation well called CU-91A. CU-91A is
located approximately 2.3 miles (~12,300 ft) east of the Trailer well (Figure 1). The well is
equipped with a data recorder that logs and records the water level in the well. CU-91A is 1,165
ft deep and is completed in the upper 115 ft of the Madison aquifer. A copy of the well log is
provided in Appendix A. The water-level data from CU-91A were provided to LBG by the
DENR (Ken Buhler, Personal Communication, 2016).

A summary of construction details and other information regarding the Trailer well, the
Kaiser well, and CU-91A is provided in Table 1. Also shown in Table 1 is the radial (straight-
line) distance of the two observation wells from the Trailer well, and the water level elevation
data for the three wells prior to initiating pumping for the Step-Rate Test. The water-level
elevation in the Trailer well was 3,658.28 ft, and the water-level elevation in the Kaiser well was
3,658.37 ft (0.09 feet higher than the Trailer well water-level elevation). These elevations are

from water-level measurements taken at 06:30 on September 8, 2016. The water-level elevation
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at CU-91A was 3,659.90 ft, which is 1.62 ft higher than the water level elevation at the Trailer
well. The water-level elevation measurement for CU-91A was recorded at 0:00 on September 8,
2016.

2.0 STEP-RATE TEST PUMPING PERIOD

The Step-Rate Test was conducted in the Trailer well on September 8, 2016, at three
different pumping rates. Pumping for Step 1 was initiated at 07:00, Step 2 was initiated at 10:00,
and Step 3 was initiated at 13:00. Pumping was discontinued at 16:00.

Alexander Drilling, Inc. (Alexander) furnished and installed a 6-inch diameter
submersible pump and 60 horsepower (hp) motor, along with the wellhead connections,
* discharge piping, in-line totalizing flow meter, and electric power generator utilized to power the
pump. The pump intake was at 830 ft below top of casing.

Alexander installed a sounding tube for water-level measurements. In the Step-Rate Test
planning stage, the “Well Test Data” reported on the South Dakota Water Well Completion
Report (see Appendix A) indicated a pumping level of 800 ft at a pumping rate of 200 gpm. The
static (non-pumping) water level was 418 ft. This information was interpreted as an actual
pumping level (as opposed to the level at which air was being applied to the well during air-lift
pumping), and a water-level change during pumping of nearly 400 ft was thought possible. Data-
logging pressure transducers capable of accurate pressure measurements over that range of
values are not readily available. Consequently, a 1,000-foot electronic water-level indicator was
rented for the purpose of measuring water-levels in the Trailer well. Water-level measurements
were made relative to the top of the sounding tube, which was 28.75 inches (2.396 ft above
ground surface). The static water level measured in the Trailer well at 06:30, prior to the start of
the Step-Rate Test, was 401.89 ft below the top of the sounding tube, which is equivalent to
399.49 ft below ground surface (ft bgs). Specific references to depth to water in the Trailer well

in the remainder of this report are relative to the top of the sounding tube.
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2.1  Madison Aquifer Water Level Trends Before and After Step-Rate Test

Monitoring of water levels in the Kaiser well was initiated by the USGS on August 5,
2016, approximately one month prior to the Step-Rate Test. The Kaiser well water-level
elevation data for the period of August 5, 2016 through September 22, 2016, are shown
graphically in Figure 2. The water level varied from a high of 3,658.67 ft to a low of 3,658.15 ft
over this period. The difference between the high and low value is 0.52 ft. The average depth to
water in the Kaiser well over this period was approximately 462 ft. Also shown in Figure 2 is a
linear regression trend line for the water-level elevation data.

The water-level elevations in DENR observation well CU-91A measured over the same
time period (August 5, 2016 to September 22, 2016) are shown in Figure 3. The water level
varied from a high of 3,660.24 ft to a low of 3,659.42 ft over this period. The difference between
the high and low value is 0.82 ft. A linear regression trend line is also shown in Figure 3. The
Madison aquifer potentiometric head (height water will rise in an open well) at CU-91A is above
the ground surface (it is a flowing well). The average distance between the top of casing and the
water level in the well during this period was approximately 127 ft.

The overall water-level trend in both observation wells over the indicated time period is
decreasing. The frequent minor variations in the water level elevations are due to changes in
atmospheric pressure. Changes in atmospheric pressure instantaneously induce changes in water
level in a confined aquifer, with increasing pressure resulting in increasing depth to water, and
vice versa. More information regarding water levels in these two observation wells is provided in

a later section of this report.

2.2 Step-Rate Test Pumping and Recovery

Pumping from the Trailer well was initiated at 07:00, and the first five minutes or so of
pumping were spent adjusting the flow control valve to get the pumping rate set to the first step
of 100 gpm. The well was pumped at approximately 100 gpm for three hours,

The pumping rate was increased to 150 gpm for Step 2, and the well was pumped at
approximately 150 gpm for three hours. Due to the minimal drawdown observed in the well,
LBG called the DENR and requested permission to increase the maximum pumping rate over

what was previously approved for the Temporary Permit. The DENR granted permission to
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increase the pumping rate. Therefore, at the start of Step 3 at 13:00, the flow control valve was
opened completely. The maximum pumping rate achieved was 270 gpm, and that was the
plimping rate maintained for Step 3.

Pumping was stopped, and recovery began at 16:00. The water level rose very rapidly in
the well, making an accurate measurement difficult. The water level initially recovered to a level
that was higher than the static level measured prior to initiating pumping. The depth to water
returned to static (401.89 ft) within 90 seconds after pumping was stopped, and then briefly
stabilized at 401.81 ft (again, higher than the static level) within four minutes of pumping
cessation. At 26 minutes after pumping was stopped, the water elevation began slowly
decreasing. This recovery pattern is unusual, and is discussed further in the Summary and
Discussion section of this report. Recovery was measured at frequent intervals for a period of
two hours after pumping was stopped, reaching a depth to water of 401.88 ft two hours after
pumping had ceased. The depth to water the next morning, approximately 15 hours after
pumping stopped, was 402.07 ft.

The drawdown and recovery data are tabulated in a Step-Rate Test data sheet. The Step-
Rate Test data sheet is provided in Appendix B.

2.3 Step-Rate Test Flow Rate and Discharge Monitoring

Water pumped from the Trailer well was discharged via steel piping and flexible hose
onto erosion control devices (anchored plastic tarps) at a location approximately 20 ft south of
the well. The discharged water flowed overland a distance of approximately 100 ft to a shallow
depression on the SBHWS property, then flowed east and southeast in a shallow, vegetated
drainage-way that is the beginning of a minor, un-named tributary to Beaver Creek. The
discharge was visually monitored by LBG, and by Wind Cave National Park personnel, and no
damage due to erosion occurred along the discharge path. The Madison aquifer at the Trailer
well is confined, and the top of the aquifer is approximately 800 feet below ground surface.
Consequently, discharge to the ground surface during the Step-Rate Test was not anticipated to
recharge the pumped aquifer.

The flow meter provided by Alexander was a new, 3-inch Hersey turbine flow meter. It

was installed in accordance with the manufacturer’s recommendations for minimum lengths of
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straight piping upstream and downstream of the meter. While there was some minimal flow
variation (generally within 1 to 2 gpm), the flow rate throughout each of the three steps remained
stable. The flow rate data are provided in the Step-Rate Test data sheets provided in Appendix B.
The discharged water pH, temperature, conductivity, and oxygen reduction potential
(ORP) was monitored frequently during the Step-Rate Test. The data are shown in Table 2, along
with the time of measurement, flow rate at time of measurement, and the approximate
cumulative amount of water that had been discharged from the well at the time of measurement.
The pH varied from 7.44 to 7.79. The pH limits in the Temporary Permit are from 6.5 to 9.0;
therefore, the discharge water pH was in compliance with the Temporary Permit pH limits.
The temperature was approximately 59 to 61 degrees Fahrenheit. The conductivity was
approximately 445 micromhos per centimeter (umhos/cm), and the ORP was generally from 40
to 70 millivolts. These water quality parameters remained relatively consistent throughout the

duration of the Step-Rate Test.

2.4  Step-Rate Test Data — Qualitative Analysis

The data obtained during the Step-Rate Test include drawdown data (decreasing water
levels due to pumping) and recovery data (increasing water levels after pumping had ceased)
measured over time. The drawdown and recovery data collected from the Trailer well during the
Step-Rate Test do not follow the pattern typically exhibited by a pumping well. When pumping
is initiated in a well, the water level typically decreases and continues to decrease the entire time
that pumping continues. While the rate of decrease will often slow with time, the water level will
~ continue to decrease. This pattern was not observed in the Trailer well Step-Rate Test.

During Step 1, the magnitude of drawdown actually decreased as pumping continued. For
example, at eight minutes into Step 1, the drawdown was 0.53 ft. An hour after Step 1 was
initiated, the water-level elevation had increased, and the corresponding drawdown had
decreased to 0.39 ft. This uncharacteristic pattern occurred throughout the Step-Rate Test,
although the degree of variance was not as great during Step 2.

For this reason, the data from the Kaiser well were examined for background Madison
aquifer water-level trends. As indicated previously, the overall water-level trend during the

period of August 5, 2016 to September 22, 2016, in both the Kaiser well (Figure 2) and CU-91A
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(Figure 3) was decreasing. The frequency of water-level measurements made by the data-
recorder in CU-91A is three times daily, which is not enough to utilize for a background water
level trend correction. However, the frequency of water-level measurement in the Kaiser well is
suitable for use in calculating a background water-level trend correction.

Figure 4 is “zoomed into” the time period of the Step-Rate Test, and shows the water-
level in the Kaiser well, in feet above the top of the transducer (which was installed by the USGS
at a depth of approximately 19' ft below water surface in the well) versus time. Also shown in
Figure 4 is the start of each Step (07:00, 10:00, 13:00), the end of pumping at 16:00, and the
atmospheric pressure.

In general, the water-level in the Kaiser well was decreasing for the first 40 minutes of
pumping at the Trailer well, then increasing from 07:42 to 14:13, then decreasing after 14:13.
The decreasing trend generally continued for the remainder of the Step-Rate Test, and continued
until mid-moring on September 9, 2016. The magnitude of water-level change shown in Figure
4 is small, with the difference between the high and low of 0.25 feet (~3 inches).

The atmospheric pressure measured at the Kaiser well during the Step-Rate Test is also
shown in Figure 4. As indicated previously, the atmospheric pressure has an effect on water
levels in a confined aquifer. This is clearly shown in Figure 4, with the water level decreasing as
atmospheric pressure rises, and vice versa. The data shown in Figure 4 indicate that the water-
level variations in the Kaiser well are due to atmospheric pressure. There is no evidence that
pumping at the Trailer well had any effect on the water level at the Kaiser well, at least no effect
that is not masked by the effect of atmospheric pressure variations. A similar graph showing the
relationship between the water level in the Kaiser well and the atmospheric pressure, for the
period from August 5, 2016 to September 22, 2016, is provided in Appendix C.

Based on the above information, the Trailer well water-level data were corrected for the
background water-level trends observed in the Kaiser Well. Linear trends were approximated for
the rising and falling portions of the background Kaiser well water-level data, and these trends
were used to correct the water levels observed in the Trailer well. Both the original and corrected
data are présented in the depth to water versus time graph for the Step-Rate Test shown in Figure
5.
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The drawdown versus time data are plotted on Figure 6. The maximum drawdown
(corrected) measured during Step 1 was 0.53 ft which represents a specific capacity for Step 1 of
approximately 189 gpm/ft. The maximum drawdown (corrected) measured during Step 2 was
0.83 ft which represents a specific capacity for Step 2 of approximately 181 gpm/ft. The
maximum drawdown (corrected) measured during Step 3 was 2.82 ft, which represents a specific
capacity for Step 3 of approximately 96 gpm/ft.

LBG attempted a quantitative analysis of the Trailer well drawdown versus time data.
However, due to the un-usual pattern of drawdown (with drawdown decreasing with time after
the initiation of each of the three Steps), the values for transmissivity (T) varied widely, and no
value could be generated with confidence. No pumping-induced drawdown was definitively
observed at either observation well, thereby making the determination of storativity (S)

impossible. This is discussed further in the Summary and Discussion section of this report.

2.5 Yield Estimate for the Trailer Well

The results from the Step-Rate Test indicate that the Trailer well is completed in a
portion of the Madison aquifer that likely has a high T and a high S, which would be conducive
to a high capacity well. The high T and S are consistent with a well completed in a cavernous
portion of the Madison aquifer.

The yield of the Trailer well is primarily limited by the casing size (7-inch), which limits
the maximum pump size to six inches. Another limiting factor is friction losses associated with
the submersible pump drop pipe. Friction losses decrease with increasing drop pipe diameter.
The Trailer well drop pipe diameter is three inches, and friction losses could be reduced by
replacing the 3-inch diameter drop pipe with larger (perhaps 6-inch) diameter drop pipe. It is
unknown if the well plumbness and alignment is suitable for 6-inch diameter drop pipe.

LBG estimated the well yield under a variety of total dynamic head assumptions,
including friction losses with varying drop pipe diameter, friction losses associated with various
fittings, and the change in elevation from the pumping level to the ground surface. These
assumptions were incorporated into a review of the performance characteristics of submersible

pumps as reported by a variety of submersible pump manufacturers. Depending on the system
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total dynamic head, it is likely that the maximum yield of the Trailer well is approximately 320

gpm to 370 gpm.

3.0 WATER QUALITY SAMPLE ANALYTICAL RESULTS

A select list of water quality parameters was developed collaboratively by LBG and
SBHWS. A water quality sample was collected after approximately 8% hours of pumping (just
prior to the cessation of pumping). The water quality sample was submitted to Midcontinent
Testing Laboratories, Inc. of Rapid City, SD, for analysis of physical properties, metals, non-
metals, radionuclides, and total coliform bactc;.ria. The results are provided in Table 3, and the
laboratory analytical report is provided in Appendix D. None of the water quality parameters
measured in the water quality sample exceed the applicable maximum contaminant level (MCL)
or secondary MCL, and the water quality as shown in Table 3 appears suitable for use by
SBHWS.

4.0 SUMMARY AND DISCUSSION

The Trailer well Step-Rate Test data indicate that the well is completed in a portion of the
Madison aquifer that has a high T and a high S. The specific capacity of the Trailer well
corroborates this, with a specific capacity of approximately 100 gpm/ft at a pumping rate of 270
gpm.

It is not known why the drawdown data are so markedly different than the drawdown
data that would normally be expected during a pumping test. The observed Madison aquifer
‘background water level trend likely influences the drawdown, but does not fully explain the
anomalous pattern of observed drawdown, particularly for Step 1 and Step 3.

One possible explanation for the anomalous pattern of drawdown observed in the Trailer
well during the Step-Rate Test relates to well development. Well development, which generally
consists of flushing the wellbore and area near the wellbore, repairs the damage to the formation

caused by drilling and drilling fluids (drilling mud), and increases the near-well permeability.
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While the well was likely developed immediately after construction, it may not have been fully
developed. It is LBG’s understanding that the Trailer well was originally equipped with a 5 hp,
4-inch diameter pump, which likely did not pump at a rate much more than 10 to 20 gpm.
Pumping at the rates achieved with the larger pump utilized for the Step-Rate Test may have
resulted in additional development occurring simultaneously with the Step-Rate Test, thereby
increasing the well efficiency and the near-well permeability.

The Madison aquifer background water-levels were decreasing (after reaching a transient
high on September 8, 2016 at 14:12) during the recovery period after the Step-Rate Test. These
background water level trends, along with the minimal amount of drawdown produced by
pumping, do explain the Step-Rate Test recovery data.

A quantitative determination of T requires “curve-matching” with varying analytical
solutions to the observed drawdown versus time curve. However, due to the uncharacteristic
pattern of drawdown observed during the Step-Rate Test, curve-matching for the Trailer well
drawdown data is highly subjective, and different analytical solutions and matched curves
produced widely varying values for T.

The S could not be determined because the pumping at the Trailer well did not influence
the water levels at the observation wells (Kaiser and CU-91A). If it is assumed that the value of
S, due to the known intersection of the well with caverns, is in the range of 0.01 to 0.001 (which
is not an unreasonable assumption for this well, given the information from the Trailer and
Kaiser well logs, and given the nearby presence of Wind Cave), the T can be estimated using the
Theis equation and the results from the Step-Rate Test. Utilizing an S of 0.01 to 0.001, LBG
estimated a T value ranging from approximately 200,000 to 250,000 gallons per day per foot
(gpd/ft), or approximately 27,000 to 33,000 feet-squared per day (ft*/day). While these T&S
values are not unrealistic for a karstic aquifer, they are rough estimates only, and may contain a
wide margin of error.

The likely well yield, depending on the total dynamic head as influenced by friction
losses due to drop pipe and fittings, the elevation head (~400 ft), and the SBHWS distribution
system pressure, is likely in the range of 320 gpm to 370 gpm. The water quality appears suitable
for SBHWS use.
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The purpose of the Step-Rate Test was to provide information regarding the well yield
and water quality, and the results suggest that the Madison aquifer in this area is highly
productive. An aquifer pumping test could be designed to provide more definitive values for T
and S, including the use of a transducer in the Trailer well. The installation of a nearby
observation well, one located on the SBHWS property, would significantly improve the T and S

values generated from a subsequent aquifer pumping test.
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Table 1. Pumping and Observation Well Summary - SBHWS Trailer Well Step-Rate Test

: 9/8/16 i i
Radial ; 9/8/16 Elevation |Elevation
Well (':I'op. of SL?fnd Distance lt?)ls‘::llce Water :33' NL c:iFi,s?)fn of Top of of Well
% Asing A from ok Level : Madison | Bottom | Dia.| Date Drilled
Name | Elevation | Elevation . from d Depth |Limestone| . !

Pumping Elevation Limestone | of Well | (in)

(ft) (ft) Well (ft) Reference (ft) (ft) (ft bgs) (ft) (Ft)

Point (ft)

T\;a‘a'ﬁr 4060.17 | 4057.77 0.0 401.89 | 3658.28 | 883 811 3246.77 | 31748 | 7 | June 1994
K\f\“,':ﬁr 412156 | 4120.80 | 2772.3 | 462.43 | 3658.37 | 780 690 3430.80 | 3340.8 | 55 | April 1977
CU-91A | 3647.14 | 3644.93 | 12302.0 -12.76 3659.90 | 1165 1050 2594 .93 24799 | 5.5 | October 1991

NOTES:

Reference point is top of casing for Trailer well and CU-91A, and ground surface for Kaiser well.
ft = feet

ft bgs = feet below ground surface

in = inches

DIA = diameter

Elevations shown are from measurements taken prior to initiating pumping at the Trailer well.
Elevations relative to National Geodetic Vertical Datum of 1988.
Negative distance indicates water level is above the reference point (flowing well).
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Table 2. Water Quality Monitoring Data - SBHSW Trailer Well Step-Rate Test

Test conducted on September 8, 2016.
s.u. = standard units

°F = degrees Fahrenheit
umhos/cm = micro Mhos per centimeter
gpm = gallons per minute

mV = millivolts

LEGGETTE, BRASHEARS & GRAHAM, INC.

Time pH Temp:rature Conductivity ORP Pumping Rate Apg;?l):;ate
(s.u.) (°F) (umhos/cm) (mV) (gpm) Discharged

7:40:00 7.58 59.52 495 70.6 101 4,340
8:01:00 758 | - 69@7. 463 53.5 99 6,550
8:30:00 7.54 61.18 415 | 46.8 08 9,010
8:5500  7.48 60.93 444 53.8 98 11,670
9:40:00 7.44 61.32 444 44.3 98 16,150
10:15:00 7.57 60.98 443 47.7 150 o
10:35:00  60.94 443 150 23,090
10:40:00 7.60 60.35 443 54.1 149
11:15:00 770 | 6150 447 59.7 149 29,370
11:55:00 7.68 61.18 448 | 592 149 34,150
12:25:00 7.64 60.48 444 | 566 149 40,700

13:19:00  7.68 59.04 443 40.5 270 51,045

© 13:29:00 7.70 58.87 443 472 270 52,930

| 13:48:00 7.76 59.07 442 501 | 270 57,895
14:00:00 7.78 59.09 441 57.5 270 81,500

- 14:34:00 7.70 59.25 441 59.2 270 67,980
14:50:00 7.78 59.25 440 63.1 270 74830
15:05:00 7.70 59.07 441 65.9 270 78,830
15:31:00 7.79 59.23 440 68.7 270 84,830

NOTES:



Table 3. Water Quality Analytical Results - SBHWS Trailer Well

Trailer Well Secondary
Analyte (sample date Units MCL MCL
September 8, 2016)
PHYSICAL PROPERTIES
Electrical Conductivity 432 umhos/cm
Hardness 12.0 grains/gallon
Total Dissolved Solids 235 mg/L 500
Total Suspended Solids <10.0 mg/L
RADIONUCLIDES
Gross Alpha 6.86 pCi/L 15
Gross Beta 5.54 pCi/L See Notes
Radium 226 0.493 pCi/L
Radium 228 <1.00 pCi/lL
Combined Radium (226 + 228) <1.493 pCi/L 5
Uranium, Total 0.005 ma/L 0.030
BACTERIA
Total Coliform Absent MPN/100 ml
E. coli Absent MPN/100 ml
NON-METALLICS
Total Alkalinity (as CaCQOs) 197 mg/L
Bicarbonate 241 mg/L
Carbonate 0.00 mg/L
Chloride 8.33 mg/L 250
Fluoride 0.396 mg/L 4 2
Ammonia-Nitrogen as N <0.050 mg/L
Nitrate as N 0.543 mg/L 10
Nitrite as N <0.050 mg/L 1
Sulfate 17.5 mg/L 250
Total Organic Carbon 0.532 mg/L
METALS, TOTAL
Arsenic - Total 0.007 mg/L 0.010
Barium - Total 0.184 mg/L 2
Chromium - Total <0.001 mg/L 0.1
Iron - Total 0.062 mg/L 0.3
Manganese - Total <0.010 mg/L 0.05
Selenium - Total <0.005 mg/L 0.05
METALS, DISSOLVED
Calcium - Dissolved 51.0 mg/L
Magnesium - Dissolved 18.8 mg/L
Potassium - Dissolved 2.97 mg/L
Sodium - Dissolved 12.0 mg/L

NOTES:

MCL = EPA maximum contaminant level

mg/L = milligrams per liter

MPN/100 ml = Most Probable Number per 100 milliliters

pCi/L = picocuries per liter

umhos/cm = micro Mhos per centimeter
The MCL for gross beta emitters is 4 millirems per year. In South Dakota, 50 pCi/L is used as a screening

level. If the screening level is exceeded, additional information is required to determine if the beta particles and
photon emitters concentration exceeds the MCL.

LEGGETTE, BRASHEARS & GRAHAM, INC.






d By escbon, ed By ¢ o 12/1, AR AM S LLTA

erlie o,

atelgiss

MDpe

at

OCwd

MDpe

Tw

Tw

Wind Cave mapped passages

OCwd

Tw

at

Tw

Tw

NPS Park Well #2

%
NPS Park Well #1

o
G
éb
&
@
e
"b\? :

\

>

O
O
Lo KgiserWeH@

\ SBHWS Trailer Well <&
L

TrPs

\Q
)
Q)fb{\\
R
Qﬁb
O
’\i‘\(oo

at

at
Pmo at
Kfl
TrPs at
TriPs
Qal A
Kg
' ms
4 Ke
A
]
1
]
1
1
Streeter Well
Pmo Kn
Beaver Creek Springs
CU-91A
L] 2% 1
Qal -...__--_ i
~~t
! ‘z-"'-- Qal
at ' ] ~
: : h.‘.-."'"-
’j' ‘ " at |
! 1
1 Jms. ]
I 1
Tl ’
‘.' 'J Kms
J] ;@ Buffalo Gap
’ at
I
7
Tg - & Qg
Q
v g y
N §§
oS o
v A
Q @)
[*1]

0 0.5 1 2

s ™ s— V]S

>
X

Legend
Fault
Fold

Well Location

Source: Geologic Map of South Dakota, General Map 10, Martin et al, 2004, accessed from South Dakota Geological Survey http //arcgis.sd.gov/server/sdgis/Data aspx#

Prepared By:

LEGGETTE, BRASHEARS & GRAHAM, INC.

Professional Groundwater and
Environmental Engincering Services
140 East Hinks Lane, Suite 126
Sioux Falls, SD 57104
(605) 334-6000

SOUTHERN BLACK HILLS WATER SYSTEM
HOT SPRINGS, SOUTH DAKOTA

WELL LOCATION MAP & VICINITY GEOLOGIC MAP

FILE:

G3custer03e.mxd [ DATE: Nov 16 [ FIGURE:

1




KAISER WELL WATER LEVEL ELEVATIONS

(feet above mean sea level NAVD88)
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FIGURE 2. KAISER WELL WATER LEVEL ELEVATIONS & TREND LINE

{modified from Eldridge, Personal Communication, 2016)



Water Level Elevation (feet)

DENR OBSERVATION WELL CU-91A WATER LEVEL ELEVATIONS
(feet above mean sea level NAVD88)
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FIGURE 3. CU-91A WATER LEVEL ELEVATIONS & TREND LINE
(modified from Buhler, Personal Communication, 2016)



Water Level (feet above transducer)

KAISER WELL WATER LEVEL (feet above transducer) & ATMOSPHERIC PRESSURE (feet of water)
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FIGURE 4. BACKGROUND WATER LEVEL DATA & ATMOSPHERIC PRESSURE
(modified from Eldridge, Personal Communication, 2016)



Depth to Water (feet below ground surface)

SBHWS TRAILER WELL STEP-RATE TEST

SEPTEMBER 2016
W Manual Measurement
¢ Manual Measurement (Corrected)
; ‘
Start of o ‘
step test & Recovery
9/8/16 7:00 l 1
\l/ \\\
Step #1: 100 gpmI f Shutdown of
| step test
P m 9/8/16 16:00
. Step #2: 150 gpm
At 432 minutes
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FIGURE 5. DEPTH TO WATER VERSUS TIME
SBHWS TRAILER WELL STEP-RATE TEST



Drawdown (feet)

SBHWS TRAILER WELL STEP-RATE TEST

SEPTEMBER 2016

® Manual Measurement

¢ Manual Measurement (Corrected)
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|
: At 432 minutes -
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FIGURE 6. DRAWDOWN VERSUS ELAPSED TIME
SBHWS TRAILER WELL STEP-RATE TEST






SOUTH DAKOTA WATER WELL COMPLETION REPORT

07-92

tocation X Wy HE wsw 24 1w b5 _py SE

County

Wall Dwnac_j; ennys

CQSE.\I
7

Business Name:

C !V‘ Add - '
et I K I QA‘?J (J’+7 S 5770!
Please mark wall jocation with an X" |7 + | + 7
| I WELL LOG: DEPTH
w I | E FORMATION FROM T0
—I— _1- K 21 C l 3’\/ O [ )
? ravel 17 [N
l I red sKede [7 |27
23 1 Mile =l
f L J:mrif'ﬁnn ?’7 ’lf
Well Completion Date ML)I Lq A d red s hafe /iy 220
] ved '}Aal'e/., 55 1220 | 25p "
LOCATION: red ss 250 | 304
Distance from nearest potential pallution source {septic tank, abandoned well, bufE L 7 204 /o
faed lot, e1c)22/ 522 1 from _Sﬁﬂiﬂ_‘&n_k_(idsntify source). ; of shole 20 =5
PROPOSED USE: v fow sred 55 375 [ 393
R Domestic/Stock  TJ Municipal  [J Business [ Test Holes Vf//pu) cyed }M JPone | Y8 £433
T Imigation O industiist [} institutional {3 Monitoring wetl /, pary I shle 423 | Y9
METHOD OF DRILLING: limeoting el 4o purghe ? o;;q Gyz 587
me
A Retar laverRer tobufS Jimestne wifaess| SE) | 295
¢
v 14 red to purple  shale 275 g/
- R wiShale -3 TTeX
CASING DATA: wh 12 le::‘hﬂm / Caves g 382
X Steel O pisstic O other STATIC WATERLEVEL____ ¥/ 3 . Feet
If other describ If flowing: closed in p PSt
PIPEWEIGHT MAMETER FROM T0 HOLE IJIA;&IETEH GPM flow through inch pipe
23 w1 N _O n R3¢ IN | Controlledby [ Vave [ Reducers [ Other
LB/FT N FT T IN | Reduced Flowrate . S— —GPM
LB/FT IN a) FT IN | Can well be complétely shut in?
GROUTING DATA
Grout Type No. of Sacks Grout Weight From To WELL TEST DATA:
C ement” 12 ¢ (Y bsgal O 1 823 8 | O Pumped Describe:
Ib./gal t 2 | O Baited e Develoged
Describe grouting proced 2ressure j yowteof )ther
ohre wu,l\ RS ih 4 Pumping Level Below Land Surface
FOO ft Ater — 22 Hrs pumpad___ 2 OO  gpM
ft. After Hrs. pumped GPM
SCREEN: [ Perforated pips [ Manufactured 't pump installed. pump rate GPM
oi N Length FEET
REMARKS
Mataria!
Slot Size Set From Feet to Feet
Other information
WAS A PACKER OR SEAL USED? [T ves [ no
If 20, what ial? This wall was drilled under licenss # 237
Describe packer(s) and location? And this report is true and aux)ale. .
DISINFECTION; orting fm 7 4 sz Jor [y it
Was well disinfacted upon completion? __X__YES, How: .Clﬂﬂ_tiﬂ_fﬂ.[hﬂ"l Signature of License Représsentative: J
—___ND, Why Not? ]
gi stk T A E
Signature of Weli Owner or Equitable Property Holder:
Lahnta;;n er quality analysi ﬂ""\! not st y”‘ Date: p—r 5
—l T
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WATER RIGHTS toation BRBS

Location NW NW NW Nw Section: 21 T. 69 R. OE
Test Hole: Well: Cu-AalA Land Owner:  7-1} RANCH
ST IRSEPQ) .
: Date: : E :
County: CLSTER ate e MOoT] levation: 40T
E-lLog: GM"A)QL”RES Samples: |°'-‘ Orilling Company: R\CE DRILLING
NueTRN) (\SP, CL NoT BAeeED
Pmim:\»lm RiGHTS Geologist: J. C—,c;oDMAm.‘.' L. ﬂeu@es' K. BUHLER
Rotary: AR, MUD Auger: Driller; F. CONWAY
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Thickness Lithologic Description Feet
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TRAILER WELL STEP-RATE DATA SHEET

SBHWS
Stickup (feet) = [ 2355 __; Note: this is stickup to the top of the PVC sounding tube.
Cormected
o Totalizer | Totakzer Rossum
Elapsed Depth to Water Corrested Drawdown Specific
Oate Time Oste-Time Time Elapsed | Totailzer | Flow Rate Swetp | Depth to Water . Sounding Dwpth to Water Dapth to Water Drawdown tor Trand In Recovery Capactty Qs Sand Comments
(min) Time {gafions) Dial Flow Rate . Toc ) Tube ) {f1. bg) (. bg) [(L]] Kafser Wall (%) {gpmeh) tester
{min) (gpm) {gpm) m imt)
13/201 a 0 401.89 390.48
B0t 1] : Start Step 1
/BI20% 0.5 ! 4034 401.20 40120 B 1.71 Adjusting Fiow Rate
/8/201 1 : 403 8 401.50 401.5 . 2.01 Adjusting Flow Rate
/201 2 402, 400,21 400.2) . 0.76 Adjusting Flow Rate
18/201 25 402,52 400.1 400.1 [ 0.63 Adjusiing Flow Rate
__ 6201 3 402.45 40005 ____[__ 4000 0.56 0.56 Adjusting Flow Rate
781201 3.5 7 40244 400.04 400,05 0.55 0.55 Adjusiing Fiow Rate |
18/201 4 . 40243 400.03 400.04 0.54 0.54 Adjusting Flow Rate
/B/201 4.5 ' 402.42 400.02 400.03 0.53 0.53 Adjusting Flow Rete
787201 402,42 400.02 400,03 053 0.53 Adjusiing Flow Rate
0220 103
/8720 ' 402.40 400.00 400.01 1 .51 186,08
1820 402.42 400.02 400.02 3 .53 182,88
87201 402.41 400.01 400.02 .52 .52 192.1
131201 10 ; 402.41 ACL 400, X 182,
187201 12 | [ 402.3! X 388.9¢ .4 .4 217.
201 14 ; 402.3 X 199 9¢ .4 .4 217,
__Bisi201 16 402 69.8 399.8¢ 4 .4 217,
2o 18 . 402 59.8 B 45 .46 217.
| 8mi20 20 T 2445 80 402.. 30 Bt 4 .47 217..
__ofer0 22 : 4023 .4 .4 2272
BI20 B/812016 24 ' 40233 X 04 .44 .4 221.
ez _ 8820 26 ' 402.33 39, 39994 .44 .4, 22127
8201 p 187201 28 i T 40231 | a3geat 9902 A 4 2381
/201 -3 B/201€ 30 r 3,125 [ 402 X 98.92 4 4 238,
187201 pc 18120 3 i 402.. T 98, .4 4 238.
81201 40! 18/20 4 i 402 X 06 4 4. 238,
|__srer20 :45 1820 4 i 101 402. 36 £ 6. & L4 243.6¢
/8120 -46:0¢ 8720 4 4,830
/8120 :50-0 D120 54 i 402.30 399.90 28992 K 4. 243.90
20 20 8/8/201 i 5860 [ 402.29 389.89 ; 4 .4 250.00
187201 0 6201 : 402.28 388.88 TED 4 256.4
| __B/eract 01 /82016 8 ' 402.28 189 39 .6t .4 256.4°
/81201 B /B/201 ] 402,27 EEX 39 ; X L4 2631
|__8/mr0 201 /812018 8: ' 402.26 89. f . .3 2702
20 200 18120 : 28 40226 99,56 98.89 .. .3 27027
120 00 1872016 8:25 . 8610 402.26 309.80 368.88 .37 .38 27027
/820 0 8120 130 T i 82 40228 99.86 398.88 .37 E 2710.27
1BrG 4001 812016 6:40 00 r 10,110 402.26 99.86 308.80 . .4 270.27
__e[8/2016. 0 7572018 8:50 10 ; 40224 99.64 39087 . ¥ 285.71
20 1 /812016 9.0 20 : 402.24 09.84 308.88 . .38 285.71
/8120 o /812016 9:0 2 12,750 (1]
8120 10¢ 8120 1 3 ] 40222 99, 389.86 .. 303.03
8120 1208 7872018 0:20 4 T 14,080 [T 40222 09 | 306,86 .. X 303.03
__B/B/201 01 182016 9.3 15¢ v 402.22 994 98.86 . 303.03
3201 :40:01 /6120186 9.4 16¢ ] 40222 99.82 99.87 .. .. 303.03
|__8/8/201 :50:C 7872016 9:5! 70 17,140 [T 402.22 99.52 98.87 . .3 303.03
31201 :00:00 §/8/2016 10:00 180 Step2- Flow Raie
6RO -00:30 6/3/2016 10:00 | 180.5 403 40 400.73 18 24 justing Fiow Rale
| 8/sr0 10100 B8/20 | 81 4 40( 400.57 .03 .08 Adjusting Flow Rate
/8120 :01:30 /3720 ¥ 1818 . 402 400, 400.24 .70 .75 Adjusting Flow Rate
| 0r8r20 :0200 8720 E 82 402.60 40020 400.25 .71 .76 Adjusting Flow Rate
WEF20 :02: /8120 E 182.5 ' 402,65 400.25 400.20 .76 ; Adjusiing Flow Rate
__O/8/20 1820 03 33 : 402.66 400.28 400.31 kil . Adjusting Flow Rate
| 81872016 1 /372016 10:03 183.5 ' 402.668 400.28 40031 77 X Adjusling Flow Rate
/812016 10:04: /B/2016 10:04 184 : 402.65 400.26 400.31 .77 X Adjusiing Flow Rate
_B/B2016 _ | 10:04:30 _ | 9/8/201610:04_| 1845 i 150 402.66 400.26 40031 7 .82 194,81
8/81201 40:05:00 /82016 1005 | 185 R 402.6¢ 400.26 400.31 Rii .62 194,81
8/8/201 10:06:00 /8/2016 10:08 188 150 402.8€ 40025 400.231 Aid .82 194.81
9/87201 10:07:00 18/2016 10:07_| 187 402,6¢ 400.26 40031 .82 194,81
__6/B/201 30:08:00 2016 10:08 188 402. 400,26 400.3 77 82 184,51
©/8/201 i 18/2016 10,08 4 150 402 5¢ 400.26 40 7 2 194,61
9/87201 10:10; 7872016 10:1 150 402 400.25 400.3 76 1 .
51201 10:11:00 1812016 10:1 4 402, 400.25 4003 .76 1
- /820 30:12:00 82016 10112 182 . 402.65 400,25 40031 .76 Xl
18120 10:13:01 18,2016 10:13 183 i 19,850 150 402.85 40025 400.31 .78 .81 f
/8120 10140 /82016 10114 194 ] 402.64 400.24 400.30 .75 .80 200.00

MASS HYDRO ST Tl Y ing Teat,
il STt Pempeng T e s Vot LEGGETTE, BRASHEARS & GRAHAM, INC.



TRAILER WELL STEP-RATE DATA SHEET

SBHWS
Corrected
a's Totatizer | Totakzer Rossum
Elnpsed . Depth to Water Cormrected Orawdown Spacific
Date Time Date-Thre Tina Elapsed | Totalizer | Flow Rate Sweep | Depth to Water (. Sounding Depth to Watet Depth to Water Drlw:own tor Trand In Recovery Capaclty Qs ;A“n: Comments
{min) Time | (gafons) Dist Flow Rate (ft. Toc | Tube ) (M. bg) . bg) m Kaiser el (%) (gpmmy U
{min) (gpm) {gpm) " (mt}
9/8/201 10:16:00 /B/2016 10:18 D ' 402.64 400.28 400.30 .75 B 200,00
o18/20 :18:00 78/2016 10:16 i 402.63 400.23 400.28 .74 .7 202.70
/820 20:00 /872016 10:20 X v 20,620 150 402,63 400.23 400.268 .74 202.70
B/20 :22:00 2B/2016 10:22 H 402.64 400.24 400.30 .75 200.00
BI20 :24:00 /812016 10:24 204 i 402.85 400.25 40021 .76 Y 197.37
78204 28:00 /8/2016 10:26_| 208 402, 400.25 4003 76 ¥ 187,37
B/B/20 1 28:00 /87201 28 203 + 22,350 150 402 400.25 400, .76 X 167.37
il :30:00 /8/2016 103 210 . 4024 400.25 400.3 .76 . 19737
raz01 3500 /8/2016 10:3 215 f 402, 40025 40 .76 187.37
18/201 4000 9/8/2016 10:4| 220 i 4 400.23 400.29 .74 202.70
pIB/201 453 §/8/2016 104 225 . 148 4 400.% 400.29 74 X 202,70
_erer01 :50:01 /B/2016 10:5¢ 30 i 4 400.2 400.30 .74 .6 202.70
/82016 10: 23! i ] 400,22 400.28 .73 .7 205.48
B/2016 110 d s 402 40023 40 .74 B 202.70
1812016 1 ' 4024 400.23 400.3¢ .74 81 20270
__Or 1 | 4025 400.23 40 .74 1 202.70
_ { 402.64 400.24 40 .75 B 200.00
] 402.64 400.24 40031 0.75 200.0¢
i 402.64 400.24 400,32 0.75 200.01
i 402.64 400.24 400,32 0.75 L 200.00
_ 32,000 149 .
L i 402.63 400.23 400, .74 I 202,70
: 402,83 400.23 400, .74 I 202.70
£ .y 402.63 400.23 4002 .74 202.70
' 4024 400.2. 400.32 .74 4 20271
i 4021 400.2 400.3 .74 ¥ 2027
' 402, 400.22 400.2 .7 2054
42110 148 402,62 400.22 400. 082 20541
i 40281 400.2 400 0.81 208.3:
& ] 40261 400.2 400.. 0.82 Step 3 « Adjust to Max Flow Rale
i 40409 4016 401.78 . 230
: 265 404.58 402.19 402.28 270 2.80 0.00
y 404.54 402.14 40224 265 215 1.89
_ : 404.59 402.1 402.29 270 2, 0.00
' 265 404 59 402.1 402.28 270 X 00,00
i 404.56 402.1 40226 257 01
_f 404.56 402.1 402.26 .67 N 01.
404.58 402.1 462 21 2,69 N 00.
i 404.59 402.1 402.2¢ .70 00.00
[ ¢ - 404 60 40220 402.31 271 58.63
! 404.60 40220 402,30 x4 , 5663
i 287 404.61 40221 402.31 72 2.82 59 .26
| 404,54 402,14 402.24 2 65 .75 101.8
1 404,56 40218 402.28 B8 .78 100.3
47,100 268 404.54 402,14 402.24 85 X 101.8
' 404 402 £02.23 34 1022
18120 i 404.56 402, 402.26 7 5 101,
__m i 404.53 402, 402.23 54 T4 1022
| 8//20 0 v 404.53 402. 40223 2.64 74 10227
18720 i 404.50 402.1 402.21 .61 kil 103.45
e 00 _| : 270 404 4021 402.22 .62 .72 03.05
31201 00 ;50,060 404 402.1 40221 1 X1 03 4
1 22.00 ‘ 270 404, 402.1 402.24 id .74 02 2
/2201 1240 f 404.50 402.1 402.21 261 .74 03.4
|___9isi20 :28:0f ' 404.50 4021 402.21 2861 71 03.4
D 28! ! 4D4.50 402.1 402.21 2.81 71 103.4
5120 23001 . 404 51 402, 402.22 262 .72 103.05
3120 33:35,0f r 54270 270 404.50 402. 402.2 2464 .72 103,45
IS8/201: 13:40.0¢ ' £04.48 402.02 492.1 2.59 70 104.25
/8201 13:45:00 ' 404.48 402, 402. 2.58 N 4.25
__©/3201 13:50:00 i 404.48 402 402. 2.58 .70 M4 .25
8201 13:55:00 3 404.44 402.04 402, 55 66 5.68
78201 14:00:00 i 4044 402 402.20 .58 .70 4.25
[ 0/8/201 14:10:00 ;63,880 270 404.4 402.08 402.20 59 FA1] 104.25
8/201 142000 i 404.4 402.08 402.20 .58 210 104.25
13201 ! i 4044 402.0: 402.20 258 2.70 104.25
08201 71,780 270 404 & 402.0: 402.1 256 267 10547
__omiRote _| ! 4044 4021 402,18 250 270 104.25
| e . 40441 402.01 40212 252 2863 107.14
/87201 ! 404.42 402.02 40213 2.53 2,63 108.72
187201 i 404.45 402,05 402.16 258 266 105.47
SIASS Y DRO SBU Teailer Wiel Pumping Tot.
Officia) $cpTent Pumping Tort Data s e LEGGETTE, BRASHEARS & GRAHAM, INC.




TRAILER WELL STEP-RATE DATA SHEET

SBHWS
Corrected
ofs Tomlizer | Totalizer Rossum
Elapsed Depth to Water Cormectad Draweown Spetific
Data Time Onte-Time Time ﬂ;‘::ed Tatalzer | Flow Rate Swatp | Depth to Watar &%, Sounding Depth to Water Depth to Water Orswiown for Trand In Recovery Capacity Q/s. Sand Comments
. {gakons) Dial Flow Rate {fL. Toc ) (" bg) [114] %) tester
{min) Tube ) (M. bg) Kaiser Well (gpmst)
{min} fapm) {gpm) i (mi}
HB/2016 5:30:00 812016 15:30 510 404.41 402.01 402.11 2,52 62 107.14
}8/20186 5:40:0¢ /8120 >:40 | 520 88,110 270 404.41 402,01 402.11 5. .62 107.14
18201 5:50;0¢ 150 530 ' 404.37 401.87 402.07 Al .58 108.87
8201 100: fE 100 540 404,35 401 402,05 2.4 55 109.76
| emeet 16:00: {82016 16:00 540.5 2.852 400.08 387 397.78 -1.8 -1.72
/8/2018 16:01.:00 /82016 15:01 541 2,852 401.56 388, 99.26 -0.33 -0.24
Rr8201 16.01:30 ! 16 16:01 541.5 1 92,852 401.89 388.48 98.58 0.00 .08
fargie 16:02+ 1812016 16:02 542 + g2.952 401.89 99.48 89.59 0.00 .08
/82018 16:02: i 16 16:02 5425 2,952 401.86 99.46 89.56 .03 .06
/8/2018 16:03:00 /8/2016 16:02 543 [l 2,852 401 98.40 98.50 -0.09 .00
/8720 1 ;03 5435 ' 852 401, 88.41 88.51 0.08 .01
97820 04 544 52 4 .41 89.51 -0.08 .01
far20 104 | 5445 [ 052 4014 .41 .51 -0.08 .01
/8201 105 4 92852 4 1 .41 B9.51 -0.08 .01
8201 ‘08 548 v 92052 4 1 .41 .51 -0.08 .01
81201 07 4 52,052 401.41 .41 .51 -0.08 0.01
arR0%6 __ 08 | 548 V82,952 401.01 .41 399,51 008 __ | 001
97872016 109 48 1 92,852 401,81 399.4 18,91 -0.08
Brer201€ 10 50 r 92,852 401.81 3884 8.51 -0.08 .
ars201 11 51 ] 2,852 [] 401.81 .4 .51 -0.08
/8120 12 52 - 2,852 0 4 .4 . -0,
/820 13 553 ;624952 [ 4 4 0.
o120 14 554 :_ 82852 0 4 4 . =0.
iB20 1163 16 556 ;82052 4 .4 29, -0 X
|__emro1 83 8 | 5% 92,082 018 59.41 ) 0. G
8201 1201 120 S8 . 452 401.8 4041 .5 0.4 .01
/8201 16:22.0 91372016 16.22 6. ‘ 852 4 389.4 .5 =0 .01
/8/20 24 8/2016 16:24 564 ! 862 4 3594 .5 =0. .01
| ererzo 126.00 18/2016 18:28 | 568 . 82,052 4 3584 99.52 20.08 .03
/820 :28:0C 18/201 328 j 568 ' 2,952 4 380.4! 0290.52 -0.08 .03
18720 2300 18204 570 i 02,852 4 389.4. -0.0f .03
Lz KX L7l 3 57 T 92952 4 3894 T 0.0 .03
8/201 16:40: 18/2016 16:4 58¢ r 92,952 401.54 389.44 D 0. .04
—_B/Rr2016 _ 451 _O/BI2016 1645 | _ 58 92,952 _ . 401.84__ | __ 399.44 6857 0 0.04
8/8/2018 8/2016 16:50 59¢ T 92852 401.84 38944 .53 L .03
918/20 /8/2018 18:55 50! i B2,852 401.84 30844 39.53 -0. .03
om0 8/2016 17.0€ BDC i 92852 401.65 3689.46 .55 -0. .05
S/20 2018 17:4 1 92852 401,66 389.46 .54 -0, .05
9/8/20 18/2016 17.2¢ 20 T 82,852 401.8 399.47 .58 -0.0: .08
820 f8/2016 17:3 30 1 92852 401, 388.47 389.55 -0.02 .06
B/20 HBI2016 17:4 40 ! 852 401.87 58.47 389.55 -0.02 .05
fBI20 872016 17:5¢ 50 Il 852 401.87 99.47 389.55 -0.02 .05
__©/8201 /812016 18:00 660 i 852 401.58 69.48 399.56 0.04 .06
HR201 918/2016 717 1457 1 852 402.07 99.67 399.58 0.18 .10 Date: 8-9-16 (day after pump les)
[Enier new daia above this row. ]
Notes:
MESFHYDRO SHHMaiks Wel Pumping Toty
Official Stop Tt Purrpig Tett Dt xy Yof3 LEGGETTE, BRASHEARS & GRAHAM, INC,
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KAISER WELL WATER LEVEL VERSUS ATMOSPHERIC PRESURE

(modified from Eldridge, Personal Communication, 2016)
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2381 South Plaza Drive P.O. Box 3388 Rapid City, SD 57709 Sample Site:  SBHWSI Trailer Well
(605) 348-0111 —- www.thechemistrylab.com Project Name:  Trailer Well Pump Test
Sampled: (09/08/16 at 03:45 PM
by Mitch Kannenberg
Sample
Matrix: Water

Lab ID#: 20160909501

DON PETERSON Received:  09/08/16 at 11:00 AM
SOUTHERN BLACK HILLS WATER by Bob M"'ehr ek Hil
26858 US HWY 385 Account: gf;;ttse;nSout ern Black Hills Water
HOT SPRINGS, SD 57747
Parameter Resulit Units DF MDL PQL WMethod Analyst/Date
Physical Properties
Electrical Conductivity 432 pumhos/cm 1 0400 5.00 SM 2510B JAM  09/13/16
Hardness 12.0 grains/gal 1 SM 2340 B JMH  09/14/16
Total Dissolved Solids 235 mg/L 100ml  23.2 50.0 SM 2540 C TMN  09/12/16
Total Suspended Solids < 10.0 mg/L 100ml  1.81 10.0 SM 2540 D TMN  09/12/16
Non-Metallics
Alkalinity (CaCO3) 197 mg/L 1 0268 10.0 SM2320B JAM  09/13/16
Bicarbonate 241 mg/L 1 0.327 10.0 SM2320B JAM  09/13/16
Carbonate 0.00 mg/L 1 0134 5.00 SM 2320B JAM  09/13/16
Chloride (Cl-) 8.33 mg/L 1 0.129 0.500 SM 4500-CIE BLL 09/09/16
Fluoride 0.396 mg/L 1 0.003 0.050 SM 4500 F-C EJF  09/1216
Nitrogen, Ammonia (NH3) < 0.050 mg/L 1 0.003 0.050 SM4500-NH3D JAM  (09/13/16
Nitrogen, Nitrate (NO3) 0.543 mglL 1 0019 0.050 SM 4500-NQ3 F BLL  09/09/16
Nitrogen, Nitrite (NO2) < 0.050 mg/L 1 0.003 0.050 SM 4500-NO2 B BLL 09/09/16
Sulfate (S04) 17.5 mg/L. 1 0.301 1.00 SM 4500-S04 E BLL  09/09/16
Total Organic Carbon 0.532 mglL 1 0.036 0.200 S8M5B310C JEP  09/13/16
Metals - Dissolved
Calcium (Ca) 51.0 mg/L 2 0.043 2.00 SM 3111 B T™MS  09/12/16
Magnesium (Mg) 18.8 mg/L 1 0.039 0500 SM3111B TMS  09/12/16
Potassium (K) 2.97 mg/L 1 0.011 0500 SM3111B TMS  09/12/16
Sodium (Na) 12.0 mg/L 1 0141 0500 SM3111B TMS 09/12/16
Metals - Total
Arsenic (As) 0.007 mg/L 10 0.00087 0.005 EPA2008 TNA  09/13/16
Barium (Ba) 0.184 mg/L 10 0.00021 0.005 EPA 2008 TNA  09/13/16
Chromium (Cr) < 0.001 mglL 10 0.00009 0.001 EPA200.8DRC TNA 09/13/18
Iron (Fe) 0.062 mg/L 10 0.002 0.050 EPA 2008 TNA  09/13/186
Manganese (Mn) < 0.010 mglL 10 0.00004 0.010 EPA2008 TNA  09/13/18
Selenium (Se) < 0.005 mg/L 10 0.001 0.005 EPA 2008 TNA  09/13/16
Uranium (U) 0.005 mg/L 10 0.00008 0.001 EPA2008 TNA  09/13/16
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Report of Analysis for.  Southern Black Hills Water System Sample site: SBHWSI
Trailer Well
Parameter Result Units DF MDL PQL Method Analyst/Date
Bacteria
E. coli Absent 1 SM 9223 B (P/A) JMH  09/09/16
Total Coliform Absent 1 SM 9223 B (P/A) JMH 09/09/16
Radiological
Gross Alpha 6.86 pCilL 1 EPA 900.0 EJF 10/12/16
Gross Beta 5.54 pCiilL 1 EPA 900.0 EJF 10/13M16
Radium-226 0.493 pCi/L 1 MC Radium-226 EJF 10/22/16
Radium-228 < 1.00 pCi/L 1 MC Radium-228 EJF 10/22/16
Precision Data
Gross Alpha precision + 0.477 pCi/L 1 MC - Gross Alpha precision EJF 10/12/16
Gross Beta precision + 0.656 pCi/L 1 MC - Gross Beta precision EJF 10/13/16
Radium-226 precision + 0.148 pCifL 1 MC-Radium 226 precision EJF 10/22/16
Radium-228 precision t 0.00 pCi/L 1 MC-Radium 228 precision EJF 10/22/16
MDA Data
Gross Alpha MDA 0.964 pCiiL 1 MC - Grass Alpha MDA EJF 10/12/16
Gross Beta MDA 1.86 pCilL 1 MC - Gross Beta MDA EJF 10/13/16
Radium-226 MDA 0.306 pCifL 1 MC - Radium 226 MDA EJF 10/22116
Radium-228 MDA 0.033 pCi/lL 1 MC - Radium 228 MDA EJF 10/2216
Quality Control Data
Parameter Result Limits DF Method Analyst/Date
Total Metals - Internal Std
Bismuth (Bi) 88.4 % (60.0-125.0) % 10 EPA 200.8 TNA 09/13/16
Germanium (Ge72) 86.0 % (60.0-125.0) % 10 EPA200.8 TNA 09/13/16
Germanium (Ge74) 89.3 % (60.0 - 125.0) % 10 EPA200.8 DRC TNA 09/13/16
Indium {In) 84.8 % (60.0-125.0) % 10 EPA200.8 TNA 09/13/16
Scandium (Sc} 85.4 % (60.0-125.0) % 10 EPA 200.8 TNA 09/13/16
Report Approved By:

i il

Report Approved On: 10/27/2016 2:17:13 PM
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L FIESYN WA
2381 South Plaza Drive P.O. Box 3388 Rapid City, SD 57709 Lab Numbers: 20160809501
(605) 348-0111 - www.thechemistrylab.com
QC Sample Report
QC Smp

Parameter Lab# Value Value Spike DF Result Limits Method

Spike
TDS 0913208 1140 165 1000  100ml 97.5 %  (88.06)-(117.9) SM2540C
TSS 0913208  51.0 -1.00 50.0  100ml 104.0 % (79.16)-(120.9) SM2540D
Alkalinity 0909501 303 197 106 1 100.0 %  (91.79)-(101.0) SM2320B
Chloride 0909207  8.93 3.87 5.00 1 101.2 %  (86.07)-(111.2)  SM4500-CI E
Fluoride 0909501 0785 0396  0.400 1 97.3 %  (B4.43)-(111.9)  SM4500F-C
Fluoride 0912211 2.96 2.01 1.00 1 95.3 %  (84.43)-(111.9)  SM 4500 F-C
N, Ammonia 0912109  0.411 <0.050 0.400 1 102.8 %  (87.21)-(112.7)  SM4500-NH3 D
N, Ammonia 0912909 0468  0.085  0.400 1 95.8 %  (87.21)-(112.7)  SM4500-NH3 D
N, Ammonia 0909501  0.388 <0050 0.400 1 97.0 % (87.21)-(112.7)  SM 4500-NH3 D
N, Nitrate 0908921 0769 0372  0.400 1 99.3 %  (88.40)-(107.8)  SM 4500-NO3F
N, Nitrate 0908205  4.38 2.72 0.400 4 103.3 & (88.40)-(107.8)  SM 4500-NO3 F
N, Nitrate 0908101  0.834 0437  0.400 1 99.3 %  (88.40)-(107.8)  SM 4500-NO3F
N, Nitrate 0909202 0.848 0436  0.400 1 103.0 %  (88.40)-(107.8)  SM4500-NO3 F
N, Nitrate 0909301  0.391 <0.050 0.400 1 97.8 &  (88.40)-(107.8)  SM4500-NO3F
N, Nitrate 0908850 0.387 <0.050 0.400 1 96.8 %  (88.40)-(107.8)  SM4500-NO3 F
N, Nitrite 0909501  0.401  0.001  0.400 1 100.0 %  (94.70)-(103.9)  SM4500-NQO2 B
N, Nitrite 0909202  0.417  0.026  0.400 1 97.8 &  (94.70)-(103.9)  SM4500-NO2 B
N, Nitrite 0908921  0.391  0.002  0.400 1 97.3 %  (94.70)-(103.9)  SM4500-NO2 B
N, Nitrite 0908850  0.393 0.00 C.400 1 98.3 & (94.70)-(103.9)  SM 4500-NO2 B
Sulfate 0908919 658 474 19.2 10 105.8 % (90.19)-(110.6)  SM 4500-SO4 E
Sulfate 0909208 1360 1000 19.2 20 104.9 %  (90.19)-(110.6)  SM4500-SO4 E
TOC 0909501 2.51 0.532 2.00 1 98.7 %  (81.15)-(118.7) SM5310C
Arsenic - D 0913301 0261  0.007 0025 10 101.5 % (89.13)-(112.8)  EPA200.8
Barium - D 0913301 0278  0.033  0.025 10 97.8 &  (89.84)-(1055) EPA200.8
Calcium - D 0912108  54.2 43.9 10.0 1 102.8 &  (79.78)-(120.1) SM3141B
Calcium - D 0909501 154 51.0 10.0 10 103.2 & (79.78)-(120.1) SM3111B
Chromium - D 0913301 0239 <0001 0.025 10 95.4 % (85.17)-(103.2)  EPA200.8 DRC
Iron - D 0913301 127 <0050 0.125 10 101.3 & (85.03)-(107.7)  EPA200.8
Magnesium-D 0912109  30.4 20.6 10.0 1 98.3 &  (81.47)-(110.1) SM3111B
Magnesium -D 0909501 28.5 18.8 10.0 1 96.5 %  (81.47)-(1101) SM3111B
Manganese -D 0913301  0.242 <0.010 0.025 10 96.9 %  (88.54)-(106.9) EPA200.8
Potassium - D 0909501 5.86 2.97 3.00 1 96.3 %  (84.98)-(1151) SM3111B
Selenium - D 0913301 122 <0005 0125 10 97.5 %  (90.45)-(111.8) EPA200.8
Sodium - D 0909501 16.9 12.0 5.00 1 96.6 %  (80.77)-(122.0) SM3111B
Uranium - D 0913301 0253  0.002  0.025 10 100.4 %  (89.70)-(114.3) EPA 20038
Arsenic - T 0908903  0.240  0.007  0.025 10 93.0 %  (79.85)-(116.8)  EPA200.8
Barium - T 0908903  0.246 <0.005 0.025 10 98.5 % (88.10)-(111.3)  EPA200.8
Calcium-T 0912201 21.1 1.3 10.0 1 98.0 %  (82.85)-(114.4) SM3141B
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Lab Numbers: 20160909501
QC Smp

Parameter Lab# Value Value Spike DF Result Limits Method

Spike
Calcium - T 0912202 227 119 100 10 108.3 % (82.85) - (114.4) SM3111B
Chromium - T 0908903  0.234  0.004 0.025 10 92.2 % (86.28) - (109.9) EPA 200.8 DRC
Iron-T 0908903 120 <0.050 0.125 10 96.0 % (74.13) - (117.9) EPA 200.8
Magnesium - T 0912202 379 284 10.0 1 94.8 % (80.47) - (110.9) SM 3111 B
Magnesium - T 0912201 12.8 1.86 10.0 1 109.2 % (80.47) - (110.9) SM 3111 B
Manganese - T 0908803  0.242 <0010 0.025 10 96.9 % {83.35)- (115.7) EPA 200.8
Potassium - T 0912202 4.76 1.90 3.00 1 95,3 % (80.58) - (117.3) SM 3111 B
Potassium - T 0912201 3.96 1.05 3.00 1 97.0 % (80.59) - (117.3) SM 3111 B
Selenium - T 0908903 1.14 0.007 0.125 10 90.8 % (79.81) - (117.9) EPA 200.8
Sodium - T 0912201 10.8 5.29 5.00 1 109.6 % (83.81) - (119.0) SM 3111B
Sodium - T 0912202 259 21.3 5.00 1 93.2 % (83.81) - (119.0) SM 3111 B
Uranium - T 0908903  0.259 <0.001 0.025 10 103.7 % (82.38) - (126.8) EPA 200.8
Uranium-T 0913103  0.369 0.112 0.025 10 102.6 % (82.38) - (126.8) EPA 200.8
Arsenic - TR 0913103 0257 <0.005 0.025 10 102.6 % (92.26) - (110.1) EPA 200.8
Barium - TR 0913103  0.284  0.049 0.025 10 98.4 % (88.38) - (106.1) EPA 200.8
Chromium - TR 0913103 0237 <0.001 0.025 10 94.7 % (82.65) - (107.4) EPA 200.8 DRC
Iron - TR 0913103 1.28 0.083 0125 10 96.1 % (88.97) - (104.0) EPA 200.8
Manganese - TR 0913103  0.237 <0.010 0.025 10 94.7 % (88.04) - (109.9) EPA 200.8
Selenium - TR 0913103 1.37 0.006 0125 10 108.8 % (87.97)- (117.7) EPA 200.8
Gross Alpha 0816604 15.3 5.43 10.0 1 98.3 % (71.02) - (145.8) EPA 900.0
Gross Alpha 0909501 16.3 6.86 10.0 1 94.7 % (70.34) - (146.0) EPA 900.0
Gross Beta 0816604 13.5 3.34 10.0 1 101.5 % EPA 900.0
Gross Beta 0909501 _14.1 5.54 100 1  85.3 % ~ EPﬁ 9000

Matrix Spike Duplicate
Alkalinity 0909501 304 303 1 0.329%  (-1.774) - (2.997) SM 2320 B
Chloride 0909207 8.54 8.93 1 -4.46% (-7.284) - (7.940) SM 4500-CI E
Fluoride 2.92 2.96 1 -1.22% (-6.444) - (7.437) SM 4500 F-C
Fluoride 0.760  0.785 1 -3.24% (-6.444) - (7.437) SM 4500 F-C
N, Ammonia 0912909  0.460  0.468 1 -1.72% (-9.278) - (10.52) SM 4500-NH3 D
N, Ammonia 0912109 0402  0.411 1 -2.21% (-9.278) - (10.52) SM 4500-NH3 D
N, Nitrate 0909202 0.857  0.848 1 1.06% (-7.441) - (6.442) SM 4500-NO3 F
N, Nitrate 0908921 0.780 0.769 1 1.42% (-7.441) - (6.442) SM 4500-NO3 F
N, Nitrate 0909301  0.399  0.391 1 2.03% (-7.441) - (6.442) SM 4500-NO3 F
N, Nitrate 0908850  0.379  0.387 1 -2.09% (-7.441) - (6.442) SM 4500-NO3 F
N, Nitrate 0908205 4.45 4.38 4 1.77% (-7.441) - (6.442) SM 4500-NO3 F
N, Nitrate 0908101  0.B07  0.834 1 -3.29% (-7.441) - (6.442) SM 4500-NO3 F
N, Nitrite 0908850 0.399  0.393 1 1.52% (-7.070) - (5.425) SM 4500-NO2 B
N, Nitrite 0908921  0.392  0.391 1 0.255%  (-7.070) - {5.425) SM 4500-NO2 B
N, Nitrite 0909501  0.394  0.401 1 -1.76% (-7.070) - (5.425) SM 4500-NO2 B
N, Nitrite 0909202 0.413  0.417 1 -0.964%  (-7.070) - (5.425) SM 4500-NO2 B
Sulfate 0909208 1360 1360 20 -0.490%  (-3.454) - (2.855) SM 4500-S04 E
Sulfate 0908919 656 658 10 -0.245%  (-3.454) - (2.855) SM 4500-S04 E
TOC 0909501 2.55 2.51 1 1.58% (-6.978) - (6.646) SM 5310 C
Arsenic - D 0913301 0.259  0.261 10 -0.770%  (-B.552) - (8.089) EPA 200.8
Barium - D 0913301  0.282  0.278 10 1.40% (-3.892) - (2.868) EPA 200.8
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QC Smp

Parameter Lab# Value Value Spike DF Result Limits Method

Matrix Spike Duplicate ‘
Calcium -D 0912109 54.9 54.2 1 1.30% (-7.434) - (6.359) SM 3111 B
Calcium - D 0909501 156 154 10 1.00% (-7.434) - (6.359) SM 3111 B
Chromium - D 0913301 0.237 0.239 10 -0.588%  (-3.148) - (3.288) EPA 200.8 DRC
Iron-D 0913301 1.27 1.27 10 -0.126% (-4.357) - (3.497) EPA 200.8
Magnesium - D 0909501 28.9 28.5 1 1.50% (-6.642) - (4.632) SM 3111 B
Magnesium - D 0912108 30.5 304 1 0.197%  (-6.642) - (4.632) SM 3111 B
Manganese - D 0913304 0.240 0.242 10 -1.03% (-5.978) - (5.373) EPA 200.8
Potassium - D 0909501  5.91 5.86 1 0.850%  (-4.448) - (4.830) SM 31118
Selenium - D 0913301 1.23 1.22 10 0.596%  (-5.500) - (4.785) EPA 200.8
Sodium-D 0909501 17.0 16.9 1 0.473%  (-5.630) - (6.416) SM3111B
Uranium - D 0913301  0.247  0.253 10 -2.33% (-2.730) - (2.866) EPA 200.8
Arsenic-T 0908903 0.236  0.240 10 -1.44% (-9.269) - (10.07) EPA 200.8
Barium - T 0908903 0.252 9.246 10 2.10% (-9.452) - (11.64) EPA 200.8
Calcium - T 0812201 211 21.1 1 0.189% (-7.561)-(7.755) SM 3111 B
Calcium - T 0912202 227 227 10 -0.110%  (-7.561)-(7.755) SM 3111 B
Chromium - T 0908903 0.236 0.234 10 0.545% (-7.941)-(8.998) EPA 200.8 DRC
Iron-T 0908903 1.22 1.20 10 1.70% (-9.874) - (10.72) EPA 200.8
Magnesium - T 0912202 39.2 37.9 1 3.38% (-4.683) - (3.185) SM 3111 B X

- Recovery was within 10% of expected value

Magnesium - T 0912201 13.0 12.8 1 1.94% (-4.683) - (3.185) SM 3111 B
Manganese - T 0908903 0.239 0.242 10 -1.33% (-11.02) - (11.33) EPA 200.8
Potassium - T 0912202 4.82 4.76 1 1.25% (-4.885) - (3.729) SM 3111 B
Potassium - T 0912201 4.03 3.96 1 1.75% (-4.885) - (3.729) SM 3111 B
Selenium - T 0908903 1.11 1.14 10 -2.47% (-10.69) - (10.93) EPA 200.8
Sodium - T 0912202 26.8 259 1 3.19% (-7.431) - (8.692) SM 3111 B
Sodium -T 0912201 10.8 10.8 1 0.463% (-7.431) - (8.692) SM 3111 B
Uranium - T 0908903 0.256  0.259 10 -1.05% (-6.476) - (6.506) EPA 200.8
Uranium - T 0913103  0.370 0.369 10 0.420%  (-6.476) - (6.506) EPA 200.8
Arsenic- TR 0913103 0.266  0.257 10 3.47% (-8.777)- (8.739) EPA 200.8
Barium - TR 0913103 0.290 0.294 10 ~1.42% (-3.782) - (4.193) EPA 200.8
Chromium - TR 0913103 0.235 0.237 10 -0.776% (-4.235)-(3.892) EPA 200.8 DRC
Iron-TR 0813103 1.28 1.28 10 -0.476% (-4.273) - (4.145) EPA 20C.8
Manganese - TR 0913103 0.240 0.237 10 1.47% (-4.314) - (4.549) EPA 200.8
Selenium - TR 0913103 1.39 1.37 10 1.48% (-6.158) - (6.310) EPA 200.8
Gross Alpha 10.4 9.74 1 6.77% EPA 900.0
Gross Beta 10.8 9.58 1 12.2 % EPA 900.0
Radium-226 5.43 4.47 1 19.3 % MC Radium-226
Radium-228 6.17 511 1 18.9 % MC Radium-228

Duplicate
Conductivity 0909810 1360 1350 1 0.148% (-0.7668)-(0.6316) SM 2510B
Conductivity 0909501 432 432 1 0.00% (-0.7668) - (0.6316) SM 2510B
Conductivity 0912101 530 530 1 0.00% (-0.7668) - (0.6316) SM 2510B
TDS 0913203 199 200 100ml -0.501% (-7.494) - (9.365) SM 2540 C
TSS 0912909 <400 <4.00 250ml 0.00% (-14.69) - (19.89) SM 2540 D

TSS 0913203 <10.0 <10.0 100ml 0.00% (-14.89) - (19.89) SM 2540 D



Page 4

Lab Numbers: 20160909501
QC Smp
Parameter Lab# Value Value Spike DF Result Limits Method
Duplicate
Sulfate 0908919 473 474 10 -0.169% {-4.815) - (3.708) SM 4500-SO4 E
Sulfate 0909208 1000 988 20 1.24%  (-4815)-(3.706) _ SM4500-SO4 E
Initial Calibration Verification
Conductivity 512 499 9 2.61% (-15.70) - (9.988) SM 2510B
Chloride 23.8 25.0 1 -4.68% {(-11.61) - (14.50) SM 4500-Cl E
Fluoride 0.384 0.400 1 -4.00% (-6.018) - (5.918) SM 4500 F-C
N, Ammonia 0.378 0.400 1 -5.50% (-8.702) - (6.687) SM 4500-NH3 D
N, Nitrate 1.00 1.00 1 0.400% (-5.468) - (6.848) SM 4500-NO3 F
N, Nitrite 1.01 1.00 1 0.800% (-2.988) - (3.498) SM 4500-NO2 B
Sulfate 51.9 50.0 1 3.82% (0.8475) - (7.388) SM 4500-S04 E
TOC 9.67 10.0 1 ~3.35% (-11.11) - (6.044) SM 5310 C
Arsenic-D 0.05¢ 0.050 1 1.32% (-5.244) - (6.276) EPA 200.8
Barium - D 0.051 0.050 1 2.34% (-4.788) - (6.386) EPA 200.8
Chromium - D 0.052 0.050 1 3.94% (-8.178) - (8.320) EPA 200.8 DRC
Iron-D 0.271 0.250 1 8.23% (-6.288) - (7.732) EPA 200.8 X
- Recovery was within 10% of expected value
Manganese - D 0.050 0.050 1 0.00% (-2.640) - (6.522) EPA 200.8
Selenium - D 0.243 0.250 1 -2.80% (-5.054) - (3.933) EPA 200.8
Uranium - D 0.051  0.050 1 2.58% (-10.61) - (7.432) EPA 200.8
Continuing Calibration Verification
Conductivity 510 499 1 2.20% (-5.618) - (3.791) SM 25108
TDS 994 1000 100ml -0.600% (-15.58) - (10.08) SM 2540 C
TSS 49.0 50.0 100mt ~2.00% (-22.90) - (13.10) SM 2540 D
Alkalinity 103 106 1 -2.45% (-11.50) - (3.971) SM 2320B
Alkalinity 103 106 1 -2.75% (-11.50) - (3.971) SM 2320B
Chloride 241 25.0 1 -3.56% (-11.90) - (12.76) SM 4500-Cl E
Chloride 23.4 25.0 1 -6.36% (-11.90) - (12.76) SM 4500-Ci E
Fluoride 0.967 1.00 1 -3.30% (-7.857) - (5.223) SM 4500 F-C
Fluoride 3.07 3.00 1 2.47% (-7.857) - (5.223) SM 4500 F-C
Fluoride 0.090 0.100 1 10.0 % (-7.857) - (5.223) SM 4500 F-C X
- Recovery was within 10% of expected value
Fluoride 0466 0.500 1 ~6.80% (-7.857) - (5.223) SM 4500 F-C
N, Ammaonia 1.00 1.00 1 0.400% (-10.88) - (6.787) SM 4500-NH3 D
N, Ammonia 0.487 0.500 1 -2.60% {-10.88) - (6.787) SM 4500-NH3 D
N, Ammonia 0.968 1.00 1 ~3.20% (-10.88) - (6.787) SM 4500-NH3 D
N, Ammonia 0.097 0.100 1 -3.00% (-10.88) - (6.787) SM 4500-NH3 D
N, Nitrate 0.975 1.00 1 -2.50% {-6.125) - (8.755) SM 4500-NO3 F
N, Nitrate 1.02 1.00 1 2.20% {-6.125) - (8.755) SM 4500-NO3 F
N, Nitrate 1.01 1.00 1 1.10% {-6.125) - (8.755) SM 4500-NC3 F
N, Nitrate 1.00 1.00 1 0.300% {-6.125) - (8.755) SM 4500-NO3 F
N, Nitrate 0.997 1.00 1 -0.300% {-6.125) - (8.755) SM 4500-NO3 F
N, Nitrate 0.991 1.00 1 -0.900% (-6.125) - (8.755) SM 4500-NO3 F
N, Nitrite 1.01 1.00 1 0.700% (-1.555) - (5.315) SM 4500-NO2 B
N, Nitrite 1.02 1.00 1 2.10% (-1.555) - (5.315) SM 4500-NC2 B
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Parameter Lab# Value Value Spike DF Result Limits Method

Continuing Calibration Verification
N, Nitrite 1.02 1.00 1 1.50% (-1.555) - {5.315) SM 4500-NO2 B
N, Nitrite 1.02 1.00 1 2,20% (-1.555) - {5.315) SM 4500-NO2 B
Sulfate 51.8 50.0 1 3.78% {0.7099) - (8.308}) SM 4500-S04 E
Sulfate 52.3 50.0 1 4.52% {0.7099) - (8.308) SM 4500-SO4 E
TOC 9.91 10.0 1 ~-0.920% (-7.784) - (4.211) SM5310C
TOC 9.91 10.0 1 -0.900% (-7.784) - (4.211) SM5310C
Arsenic-D 0.051 0.050 1 1.38% (-7.847) - (3.315) EPA 200.8
Arsenic - D 0.048  0.050 1 -4.16% (-7.847) - (3.315) EPA 200.8
Arsenic - D 0.049  0.050 1 -3.02% (-7.847) - (3.315) EPA 200.8
Arsenic-D 0.047 0.050 1 ~-5.26% (-7.847) - (3.315) EPA 200.8
Arsenic-D 0.048 0.050 1 -3.50% (-7.847) - (3.315) EPA 200.8
Arsenic - D 0.048 0.050 1 -4.46% (-7.847) - (3.315) EPA 200.8
Arsenic - D 0.04¢  0.050 1 -2.12% (-7.847) - (3.315) EPA 200.8
Arsenic - D 0.049 0.050 1 -3.04% (-7.847) - {3.315) EPA 200.8
Barium - D 0.050 0.050 1 -0.620% (-10.08) - {(5.170) EPA 200.8
Barium - D 0.049  0.050 1 -2.32% (-10.08) - (5.170) EPA 200.8
Barium-D 0.048 0.050 1 -4.20% (-10.08) - (6.170) EPA 200.8
Barium - D 0.050 0.050 1 0.720% (-10.08) - (5.170) EPA 200.8
Barium - D 0.049  0.050 1 -1.28% (-10.08) - (5.170) EPA 200.8
Barium - D 0.050  0.050 1 -0.220% {-10.08) - (5.170) EPA 200.8
Barium - D 0.048  0.050 1 -3.30% (-10.08) - (5.170) EPA 200.8
Barium - D 0.049  0.050 1 -1.58% (-10.08) - (5.170) EPA 200.8
Calcium -D 254 25.0 1 1.72% (-0.3736) - (7.280) SM 3111 B
Calcium -D 258 25.0 1 3.04% (-0.37386) - (7.290) SM 3111 B
Calcium - D 25.4 25.0 1 1.72% (-0.3736) - (7.290) SM 3111 B
Chromium - D 0.047  0.050 1 -6.70% (-10.59) - (4.101) EPA 200.8 DRC
Chromium - D 0.042¢  0.050 1 -1.84% (-10.58) - (4.101) EPA 200.8 DRC
Chromium - D 0.047  0.050 1 -5.66% (-10.59) - (4.101) EPA 200.8 DRC
Chromium - D 0.049  0.05C 1 -2.78% {-10.59) - (4.101) EPA 200.8 DRC
Chromium - D 0.049  0.050 1 -1.78% (-10.59) - (4.101) EPA 200.8 DRC
Chromium - D 0.048 0.050 1 -4.86% (-10.59) - (4.101) EPA 200.8 DRC
Chromium - D 0.050 0.050 1. -0.880% (-10.59) - (4.101) EPA 200.8 DRC
Chromium - D 0.048 0.050 1 -3.26% {-10.59) - (4.101) EPA 200.8 DRC
Iron-D 0.245 0250 1 -1.91% {-14.69) - (7.940) EPA 200.8
lron-D 0.252  0.250 1 0.876% {-14.69) - (7.940) EPA 200.8
Iron-D 0.251 0.250 1 0.560% {-14.69) - (7.940) EPA 200.8
Iron-D 0.241 0.250 1 =-3.45% {(-14.69) - (7.940) EPA 200.8
Iron-D 0.245  0.250 1 -1.86% {-14.69) - (7.940) EPA 200.8
fron-D 0.243  0.250 1 -2.91% (-14.69) - (7.940) EPA 200.8
Iron - D 0.242 0.250 1 -3.30% {(-14.69) - (7.940) EPA 200.8
Iron - D 0.238  0.250 1 -4.99% (-14.69) - (7.940) EPA 200.8
Magnesium - D 25.0 25.0 1 -0.040% (-8.110) - (8.402) SM3111 B
Magnesium - D 241 25.0 1 -3.60% (-8.110) - (8.402) SM3111B
Magnesium - D 26.2 250 1 4.72% (-8.110) - (8.402) SM 3111 B
Manganese - D 0.048 0.050 1 -3.30% (-4.932) - (2.160) EPA 200.8
Manganese - D 0.048 0.050 1 -4.14% (-4.932) - (2.160) EPA 200.8
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Parameter Lab# Value Value Spike DF  Result Limits Method
Continuing Calibration Verification
Manganese - D 0.049 0.050 1 -2.16% (-4.932) - (2.160) EPA 200.8
Manganese - D 0.050 0.050 1 -0.800% (-4.932) - (2.160) EPA 200.8
Manganese - D 0.049 0.050 1 -1.20% (-4.932) - (2.160) EPA 200.8
Manganese - D 0.047  0.050 1 -5.18% (-4.932) - (2.160) EPA 200.8 X
- Recovery was within 10% of expected value
Manganese - D 0.048 0.050 1 -4.44% (-4.932) - (2.160) EPA 200.8
Manganese - D 0.048 0.050 1 -3.84% (-4.932) - (2.160) EPA 200.8
Potassium - D 4.91 5.00 1 -1.80% (-12.57) - (10.01} SM 3111 B
Potassium - D 4.94 5.00 1 -1.20% (-12.57) - (10.01)} SM 3111 B
Potassium - D 4.97 5.00 1 -0.600% (-12.57) - (10.01) SM 3111 B
Selenium - D 0.238 0.250 1 -4.75% (-7.226) - (4.695) EPA 200.8
Selenium - D 0.237 0.250 1 ~5.25% {-7.226) - (4.695) EPA 200.8
Selenium - D 0.238 0.250 1 -4.93% (-7.226) - (4.695) EPA 200.8
Selenium - D 0.249 0.250 1 -0.432% {-7.226) - (4.695) EPA 200.8
Selenium -D 0.233 0.250 1 -6.91% (-7.226) - (4.695) EPA 200.8
Selenium - D 0.233 0.250 1 -6.74% (-7.226) - (4.695) EPA 200.8
Selenium - D 0.242 0.250 1 -3.40% (-7.226) - (4.695) EPA 200.8
Selenium - D 0.237  0.250 1 -5.20% (-7.226) - (4.695) EPA 200.8
Sodium - D 15.5 15.0 1 3.53% (-7.363) - {8.369) SM 3111 B
Sodium - D 15.56 15.0 1 3.07% (-7.363) - {8.369) SM 3111 B
Sodium - D 15.1 15.0 1 0.600% (-7.363) - (8.369) SM 3111 B
Uranium - D 0.050 0.050 1 0.840% (-10.20) - {1.623) EPA 200.8
Uranium - D 0.048 0.050 1 -3.54% (-10.20) - (1.623) EPA 200.8
Uranium - D 0.051 0.050 1 2.30% (-10.20) - {1.623) EPA 200.8 X
- Recovery was within 10% of expected value
Uranium - D 0.050 0.050 1 0.180% (-10.20) - (1.623) EPA 200.8
Uranium - D 0.050 0.050 1 -0.960% (-10.20) - (1.623) EPA 200.8
Uranium - D 0.049 0.050 1 -1.54% (-10.20) - (1.623) EPA 200.8
Uranium - D 0.050 0.050 1 ~0.020% (-10.20) - (1.623) EPA 200.8
Uranium - D 0.051 0.050 1 1.54% (-10.20) - (1.623) EPA 200.8
Radium-226 10400 10200 1 2.04% (-7.826) - (5.961) MC Radium-226
~ Radium-228 10400 10300 1 1.37% (-12.38) - (6.909) MC Radium-228
Lab Fortified Blank
Gross Alpha 9.74 0.00 10.0 1 97.4 % (79.40) - (123.4) EPA 900.0
Gross Beta 9.58 0.00 10.0 1 95.8 % EPA 900.0
Radium-226 4.47 0.533 4.00 1 98.5 % (86.83) - (130.5) MC Radium-226
Radium-228 5.11 0.699 5.00 1 88.2 % (69.61) - (146.8) MC Radium-228
Initial Calibration Blank
Conductivity 0.400 0.00 1 0.4 (0.0087) - (1.023) SM 25108
Alkalinity 2.62 0.00 1 2.62 (-0.2739) - {5.500) SM 2320 B
Chloride -0.280 0.00 1 0.28 (-0.1125) - (0.7235) SM 4500-CI E
Fluoride 0.006 0.00 1 0.006 (0.0052) - (0.0070) SM 4500 F-C
N, Ammonia 0.019 0.00 1 0.0194 (0.0127) - (0.0238) SM 4500-NH3 D
N, Nitrate -0.024 0.00 1 0.024 {-0.0122) - (0.0179) SM 4500-NO3 F X

- Blank value is less than half of the reporting limit
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Initial Calibration Blank
N, Nitrite 0.003 0.00 1 0.003 (-0.0086) - (0.0157) SM 4500-NO2 B
Sulfate 1.52 0.00 1 1.52 (0.9686) - (1.767) SM 4500-SO4 E
TOC -0.030 0.00 1 ~-0.03 J:(_}E@fl; (0.4645) SM 5310 C

Continuing Calibration Blank
Conductivity 0.4G00 0.00 1 -4 (-0.1415) - (0.9915) SM 2510B
TDS 7.00 0.00 100ml (-16.40) - {9.600} SM 2540 C
TSS -2.00 0.00 100ml -2 (-7.787) - {2.587) SM 2540 D
Alkalinity 2.74 0.00 1 2.74 (0.1320) - (4.579) SM 2320 B
Chloride -0.320 0.00 1 0.32 (-0.0536) - (0.6896) SM 4500-Cl E
Chloride -0.340 0.00 1 0.34 (-0.0536) - (0.6896) SM 4500-Cl E
Fluoride 0.007 0.00 1 0.007 {0.0025) - (0.0091) SM 4500 F-C
Fluoride 0.008 0.00 1 0.006 {0.0025) - (0.0091) SM 4500 F-C
N, Ammonia 0.017 0.00 1 0.0169 {0.0126) - (0.0218) SM 4500-NH3 D
N, Ammonia 0.020 0.00 1 0.0198 {0.0126) - (0.0218) SM 4500-NH3 D
N, Ammonia 0.016 0.00 1 0.0161 {0.0126) - (0.0218) SM 4500-NH3 D
N, Nitrate -0.027 0.00 1 0.027 (-0.0126) - (0.0233) SM 4500-NO3 F

- Blank value is less than half of the reporting limit
N, Nitrate -0.020 0.00 1 0.02 (-0.0126) - (0.0233) SM 4500-NO3 F
N, Nitrate -0.022 000 1 0.022 (-0.0126) - (0.0233) SM 4500-NO3 F
N, Nitrate -0.016 0.00 1 0.016 (-0.0126) - (0.0233) SM 4500-NO3 F
N, Nitrate -0.020 0.00 1 0.02 (-0.01286) - (0.0233) SM 4500-NO3 F
N, Nitrate -0.026 0.00 1 0.026 (-0.01286) - (0.0233) SM 4500-NO3 F
- Blank value is less than half of the reporting limit

N, Nitrite 0.004 0.00 1 0.004 (-0.0047) - (0.0102) SM 4500-NO2 B
N, Nitrite 0.00 0.00 1 0 (-0.0047) - (0.0102)  SM 4500-NO2 B
N, Nitrite 0.00 0.00 1 0 (-0.0047) - (0.0102)  SM 4500-NO2 B
N, Nitrite 0.00 0.00 1 0 (-0.0047) - (0.0102) SM 4500-NO2 B
Sulfate 1.58 0.00 1 1.58 (0.2956) - (2.750) SM 4500-SO4 E
Sulfate 1.22 0.00 1 1.22 (0.2956) - (2.750) SM 4500-S04 E
TOC -0.019  0.00 1 -0.019 (-0.1950) - (0.3041) SM5310C
TOC 0.109 0.00 1 6.109 (-0.1950) - (0.3041) SM 5310 C
Arsenic -D 0.000 0.00 1 0.00005 (0.0000) - {0.0001) EPA 200.8
Barium - D 0.000 0.00 1 0.00003 (0.0000) - (0.0001) EPA 200.8
Calcium -D 0.020 0.00 1 0.02 (-0.2218) - (0.2548) SM31118B
Calcium - D -0.010  0.00 1 -0.01 (-0.2218)- (0.2548) SM 31118B
Calcium - D 0.020  0.00 1 0.02 (-0.2218) - (0.2548) SM 3111 B
Chromium - D 0.000  0.00 1 0.00002  (0.0000) - (0.0001) EPA 200.8 DRC
Iron - D 0.000  0.00 1 0.00028  (-0.0001)-(0.0004)  EPA 200.8
Magnesium - D 0.010 0.00 1 0.01 (-0.0898) - (0.1101) SM 3111 B
Magnesium - D 0.020 0.00 1 0.02 (-0.0898) - (0.1101) SM 3111 B
Magnesium - D 0.020 0.00 1 0.02 (-0.0898) - (0.1101) SM3111B
Manganese - D 0.000 0.00 1 0.00003 (0.0000) - (0.0001) EPA 200.8
Potassium - D -0.010  0.00 1 -0.01 (-0.0497) - (0.0137) SM3111B
Potassium - D -0.010 0.00 1 -0.01 (-0.0497) - (0.0137) SM 3111 B
Potassium - D -0.010 0.00 1 -0.01 (-0.0497) - (0.0137) SM 3111 B
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Selenium - D 0.000 0.00 1 0.0002 (-0.0002) - (0.0004) EPA 200.8
Sodium -D 0.040 0.00 1 0.04 {-0.0488) - (0.0746) SM3111 B
Sodium -D 0.020 0.00 1 0.02 {-0.0488) - (0.0746) SM 3111 B
Sodium -D 0.040 0.00 1 0.04 (-0.0488) - (0.0746) SM 3111 B
Uranium - D 0000 000 1 0.00003  (0.0000) - {0.0001) EPA 200.8
Lab Reagent Blank
Gross Alpha 0.183 0.00 1 0.183 {-0.6553) - (0.7947) EPA 900.0
Gross Beta -0.929 0.00 1 ~-0.929 EPA 900.0
Radium-226 0.533 0.00 1 "0.5332 {-0.5586) - (1.005) MC Radium-226
_ Radium-228 068 000 1 0.6993 (-0.9232)-(1585)  MC Radium-228
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Casey Well Constant-Rate Aquifer Pumping Test Report

Dear Mr. Mathiowetz:

Enclosed is a copy of the Casey Well Constant-Rate Aquifer Pumping Test Report, dated
January 3, 2018, that was prepared for Southern Black Hills Water System.

Please call me at (605) 334-6000 if you have any questions or need additional
information.

Kind regards,
Mitch Kannenberg

Supervising Engineer
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CASEY WELL CONSTANT-RATE AQUIFER PUMPING TEST
SOUTHERN BLACK HILLS WATER SYSTEM

HOT SPRINGS, SOUTH DAKOTA

1.0 PURPOSE AND BACKGROUND INFORMATION

The purpose of this report is to provide the results of a constant-rate aquifer pumping test
(test) conducted on the Southern Black Hills Water System (SBHWS) Casey well. SBHWS is
considering applying for a permit to appropriate water from the Madison aquifer at a withdrawal
rate of 300 gallons per minute (gpm), utilizing the Casey well as the diversion point. The purpose
of the test was to provide information regarding the aquifer characteristics of the Madison
aquifer at the project site (Site) and to provide information regarding the suitability of the Casey
well as a potential water supply well for the SBHWS. All elevations in this report are referenced
to mean sea level in the North American Vertical Datum of 1988 (NAVD88).

The test was conducted utilizing the Casey well as the pumping well, and the test was
conducted at an average pumping rate of 267 gallons per minute (gpm), from 9:06 am, Monday,
October 23, 2017 to 8:05 am, Friday, October 27, 2017. For the purposes of this report, the test
consisted of three different periods; the background period (time prior to initiating pumping), the
pumping period (the total time the Casey well was being pumped), and the recovery period (the
time after pumping from the Casey well was discontinued).

The total duration of the pumping period was approximately 95 hours (5,699 minutes).
The pumping period was originally planned to be 72 hours, but was extended an additional day
when a water level deflection beginning at approximately 4,000 minutes (67 hours) into the
pumping period of the test was identified. The deflection, which was believed to be due to a
relatively fast moving weather front resulting in a rapid increase in barometric pressure, was
steeper than other barometric pressure-induced water level deflections observed during the test.
Consequently, after consultation with SBHWS, it was decided to extend the pumping period by
one day to confirm that the deflection in the water level curve was the result of barometric

pressure changes and not an aquifer boundary condition.

1.1 Observation Wells, Calcite Lake and Water Level Monitoring Periods
LBG monitored the water levels in the Casey well (pumping well) and in the SBHWS
monitoring well MW-1 during the test. The United States Geological Survey (USGS) and the

LEGGETTE, BRASHEARS & GRAHAM, INC.



Casey Well Constant-Rate Aquifer Pumping Test 2
Southern Black Hills Water System

Hot Springs, South Dakota

National Park Service (NPS) monitored water levels in two wells owned by the NPS (the Kaiser
well and NPS Well #2) during the test. These four wells are all completed in the Madison
aquifer. The radial distances from the Casey well to the three observation wells are 129 feet
(MW-1), 2,772 feet (Kaiser well), and 15,488 feet (NPS Well #2). A summary of the pumping
and observation wells is provided in Table 1 and the locations are shown in Figure 1. Copies of
well construction and geologic logs (well logs) for the four wells are provided in Appendix A.
The logs of the Casey well, MW-1 and the Kaiser well all have references to caves at the top of
the Madison Limestone, which is indicative of the significant volume of solution openings within
the top of the Madison aquifer in the Site vicinity.

It was intended to utilize the South Dakota Department of Environment & Natural
Resource (DENR) Madison aquifer observation well CU-91A (also shown in Figure 1) as an
observation well during the test. However, the data-logging pressure transducer (transducer) in
CU-91A malfunctioned, and as of this report date, no water level data after September 26, 2017,
are available from CU-91A.

The NPS conducts long-term water level monitoring of a flooded passageway of Wind
Cave called Calcite Lake. The NPS provided LBG links to the Calcite Lake water level data (Jeff
Hughes, NPS, personal communication, 2017), and the data from Calcite Lake were also

reviewed as part of the test analysis.

1.2 Monitoring and Test Pumping Equipment

The four wells were equipped with data-logging pressure transducers (transducer). The
Casey well and MW-1 were monitored with dedicated 30 pounds per square inch-gauge (psig)
Telog transducers and the water level data were downloaded daily by LBG during the test.
Manual water level measurements were collected by LBG throughout the test in the Casey well
and MW-1 to validate the transducer measurements. The transducer in MW-1 functioned
properly during all three of the test periods (background, pumping and recovery). The transducer
in the Casey well functioned properly during the background and recovery periods; however,
during the pumping period the water level data from the Casey well transducer vary by as much
as 1.86 feet. This is believed to be due to electromagnetic interference due to the operation of the

submersible pump. While the Casey well transducer data collected during the pumping period of

LEGGETTE, BRASHEARS & GRAHAM, INC.



Casey Well Constant-Rate Aquifer Pumping Test 3
Southern Black Hills Water System

Hot Springs, South Dakota

the test are “noisy,” the water level data collected manually by LBG from the well during the
pumping period are accurate.

The Kaiser well, Calcite Lake and NPS Well #2 are equipped with dedicated transducers
installed by the USGS on behalf of the NPS. The water level data from the Kaiser well were
provided to LBG by the USGS. The water level data from Caicite Lake and NPS Well #2 were
obtained by downloading the data from the NPS website following links to the data as provided
to LBG by the NPS (Jeff Hughes, NPS, personal communication, 2017). No manual
measurements of water levels in the Kaiser well, NPS Well #2, and Calcite Lake were made by
the USGS or NPS during the pumping period of the test.

Transducers in the Casey well, MW-1 and the Kaiser well collected and recorded water
level measurements at a 1-minute sample rate. The transducer in NPS Well #2 collected and
recorded water-level measurements at a 1-hour sample rate, and the transducer in Calcite Lake
collected and recorded water level measurements at a 12-hour sample rate.

The submersible pump utilized for the test had been previously installed in the Casey
well for a step-rate aquifer test conducted in September 2016 (LBG, 2017). The pump is a 60-
horsepower stainless steel submersible pump manufactured by Grundfos. The pump is 6-inches
in diameter, has 17 stages, and a 3-inch diameter national pipe thread (NPT) outlet. The pump
model number is 230S600-17.

1.3 Water Discharge During the Test

An application for the temporary use and discharge of water under the South Dakota
General Permit for Temporary Discharge Activities was submitted by SBHWS to the DENR.
The temporary use and discharge permit was granted and assigned Permit Number SDG071328.
Permit reporting requirements for the temporary discharge permit included gallons discharged,
laboratory analysis of total suspended solids (TSS), field measurements of pH, visual inspection
for sheen, and if a sheen was observed, laboratory analysis for total petroleum hydrocarbons and
benzene, toluene, ethylbenzene, and xylenes.

Water pumped from the Casey well was diverted from the wellhead via approximately 10
feet of 3-inch diameter steel pipe that included an in-line totalizing flow meter, a flow-control
valve, and a sample port. Downstream of the sample port, the water was discharged intd flexible

hose at a location approximately 140 feet southeast of the well (Figure 2). Erosion control
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measures, including anchored tarps and straw bales, were utilized to limit erosion by the well
discharge.

The discharged water flowed east and southeast in a shallow, vegetated drainage-way that
is the beginning of a minor, un-named tributary to Beaver Creek. The top of the Madison aquifer
is greater than 800 feet below the ground surface at the Site; consequently, the discharge from
the Casey well was not anticipated to recharge the aquifer. The well discharge was visually
monitored periodically every day of the test to confirm that erosion was not occurring at the
discharge location and to check for sheen as required by the temporary discharge permit.

There was no sheen observed in the water discharged from the well. LBG completed
discharge monitoring reports (DMR), submitted them to SBHWS, and SBHWS signed and
forwarded the DMRs to the DENR. DMRs were submitted for October 2017 and November
2017. The well discharge monitoring data collected during the pumping period of the test and
provided in the October 2017 DMR indicated the volume and quality of water discharged during

the test was in compliance with the requirements of the temporary discharge permit.

1.4 Water Level Data, Barometric Pressure and Precipitation

Barometric pressure and precipitation data were obtained from Weather Underground for
Hot Springs, SD (Station KSDHOTSP14) and from the National Oceanic and Atmospheric
Administration (NOAA) data for weather station WBAN:94032 (Custer County Airport).
Additionally, the NPS provided barometric pressure data collected near Calcite Lake and NPS
Well #2 (Jeff Hughes, NPS, personal communication, 2017).

The groundwater elevations measured in the Casey well, MW-1, the Kaiser well, and
NPS Well #2 during the background period, pumping period, and recovery period of the test are
shown in Figure 3. Also shown in Figure 3 is the barometric pressure measured at the Hot
Springs station.

The data shown in Figure 3 indicate that the water levels in the Casey well and the three
observation wells fluctuate with changes in barometric pressure. When the barometric pressure
increases, the water levels decrease, when the barometric pressure decreases, the water levels
increase. The barometric pressure had a notable effect on the groundwater elevations measured

in the four wells during the background, pumping, and recovery periods of the test.
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The top of the Madison aquifer at the Site is approximately 810 feet below the ground
surface, and precipitation received in the Site vicinity during the approximately three-week
period before, during and after the test would not likely measurably recharge the aquifer. The
precipitation data obtained from the previously referenced Hot Springs and Custer weather
stations indicate that there was no precipitation received in Hot Springs during the week before
pumping was started, there was no precipitation in Hot Springs (nor at the Site) during the
pumping period, and there was no precipitation received in Hot Springs for approximately one
week after pumping was shutdown. There was some precipitation measured at the Custer
weather station, however, the precipitation received at Custer is not believed to have impacted
the groundwater elevations in the four wells during the pumping period of the test. The
barometric pressure and precipitation data during the background, pumping and recovery periods

of the test are provided in Appendix B.

1.5 Well Discharge Rate Measurements

The discharge flow rate from the Casey well during the test was measured and recorded
using an inline totalizing flow meter provided by Alexander Drilling. The pumping rate remained
constant during the four days of pumping. A graph showing the measured pumping rate versus

elapsed pumping time is provided in Appendix C.

1.6 Qualitative Analysis

A qualitative analysis of the test data was completed for all four wells by constructing
water level-versus-time data plots. The water level-versus-time data plots were examined and
evaluated to determine if drawdown attributable to pumping from the Casey well had occurred,
and to identify data for which a quantitative evaluation could be completed for the purpose of
determining aquifer parameters. The plots were also reviewed to identify abnormal data
resulting from natural background conditions, malfunctioning transducers, or aquifer boundary
conditions. The aquifer response to pumping, barometric pressure changes, radial distances from
the pumping wells, and observation well construction were considered in the qualitative analysis.

Drawdown directly attributable to pumping from the Casey well was only observed in the
Casey well. All water levels in all four wells were influenced by changes in barometric pressure,
as were the water levels in Calcite Lake. The water level changes measured in MW-1, the Kaiser

well, NPS Well #2, and Calcite Lake, during all three test periods (background, pumping, and
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recovery), appear to be due solely to changes in barometric pressure. It was confirmed during
the qualitative analysis of the data that the water level deflection observed in the Casey well near
the end of the third day of the pumping period was due to a relatively rapid increase in the
barometric pressure, and was not caused by a boundary condition. Depth to water, drawdown,
and recovery data are plotted versus time in graphs utilized for the qualitative analysis. The
graphs are provided in Appendix C.

The maximum drawdown measured in the Casey well during the pumping period was
approximately 2.4 feet (near the end of the pumping period), with a corresponding pumping
water level of approximately 404 feet below ground surface. This maximum drawdown
corresponds to a specific capacity of approximately 111 gallons per minute per foot of drawdown
(gpm/ft).

Water level recovery in the Casey well after pumping shutdown took less than 5 minutes
to reach near pre-pumping static conditions. In fact, water levels recovered to approximately
0.10 ft above pre-pumping static levels.

Groundwater elevation data for the four wells and Calcite Lake, measured at four distinct
time periods (before, during and after the pumping period of the test), are provided in Table 2.
Also provided in Table 2 is the groundwater elevation measured at CU-91A on September 26,
2017.

The groundwater clevation data in Table 2 suggest a groundwater gradient from the
southeast to northwest, with the highest elevation (3,659.54 feet) measured at CU-91A on
September 26, 2017 (the only groundwater elevation data available from this well during the
time period of the test). A groundwater elevation measurement (from the transducer) taken on
September 26, 2017, in the NPS Well #2 (3656.06 feet) is approximately 3%z feet lower than the
groundwater elevation measured at CU-91A. A groundwater elevation measurement (from the
transducer) taken on September 26, 2017, at Calcite Lake (3635.69 feet) is over 23 feet lower
than the elevation in CU-91A. While no elevation data are available on September 26, 2017, for
the Casey well and MW-1, the elevation data from one day later (September 27) are 3656.10
feet, and 3656.13 feet, respectively, which are nearly equal to the groundwater elevation
measured in NPS Well #2, The transducer was installed in the Kaiser well on October 9, 2017;

consequently, no groundwater elevation data are available for the Kaiser well in September.
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The static groundwater elevations at the Casey well, MW-1, the Kaiser well, and NPS
Well #2 are essentially equal, and are generally between 3,656 feet and 3,656.7 feet during
September and October of 2017. The relative difference in the groundwater elevations between
the four wells and Calcite Lake during the period from September 27 to November 2 is shown in
the groundwater elevation-versus-time graph provided in Figure 4. It is apparent that, with the
exception of the Casey well during the pumping period, there is little change with time in the
Madison aquifer groundwater elevations in the four wells and Calcite Lake during this period.
The groundwater elevation at Calcite Lake (~3,635.5 feet) is approximately 21 feet lower than
the groundwater elevation at the Casey well, MW-1, the Kaiser well, and NPS Well #2 (which
are all essentially at the same groundwater elevation of approximately 3,656 feet). The NPS (Jeff
Hughes, personal correspondence, 2017) indicated that the groundwater elevation data for
Calcite Lake may be in error by as much as a few feet due to difficuities in surveying in the cave.

The difference in groundwater elevations between the four wells monitored during the
test (Casey, Kaiser, NPS #2, and MW-1) and CU-91A is not due to local differences in the land
surface elevations at the wells, as the land surface elevation at CU-91A is lower than the land
surface elevation at the four wells (Figure 1). While a complete discussion of the flow system of
the Madison aquifer in the southern Black Hills is beyond the scope of this report, the
groundwater elevations in the wells shown in Table 2 likely reflect the Madison aquifer head as

transmitted from the limestone plateau recharge area on the western flanks of the Black Hills.

1.7 Constant-Rate Test — Quantitative Analysis

Water level data from the Casey well, MW-1, and the Kaiser well were corrected for
barometric pressure due to the small amount of observed water level change. This type of
correction removes the effects of barometric pressure on the water level data for the purpose of
making any detectable pumping influences more visible in the datasets. Barometric efficiency,
which can be described as the ratio of water level change to barometric pressure change, was
calculated for the Casey well and Kaiser well by plotting the change in background water levels
versus the change in barometric pressure, and applying a least-squares “best-fit line” (linear
regression) to the data. The slope of the line is the barometric efficiency, which was determined
to be approximately 30%. The barometric efficiency was multiplied by barometric pressure

changes observed during the pumping period, and used to correct the water level data from the
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Casey well, MW-1, and Kaiser well. This correction removed the effect of barometric pressure
on the water levels and produced data that approximates the water level surface as it would look
if it was not influenced by barometric pressure changes. The barometric efficiency-corrected
data indicates that the Casey well was the only well in which drawdown attributable to pumping
was observed, Barometric efficiency calculations were not completed for NPS Well #2 due to its
greater distance from the Casey well and lack of observed water level changes attributable to
pumping from the Casey well. Graphs showing the barometric efficiency analysis for the Casey
well and the Kaiser well are provided in Appendix C.

Although aquifer parameters of both transmissivity (T) and storativity (S) were
anticipated to be determined with this test, only T was determined by analyzing the drawdown-
versus-time data from the Casey well using Aqtesolv for Windows Pro (Version 4.51). The
aquifer parameter S is not valid for pumping-well data; therefore, since drawdown was only
observed in the Casey well, S could not be calculated. Based on the qualitative analyses and
assuming the required assumptions for the specific solutions were met, the Moench (1984)
solution for a fractured aquifer was applied to the uncorrected and barometric-corrected test data
for the Casey well. The use of other equivalent porous media solutions is precluded since the
water level in the Casey well actually recovered during the pumping period of the test. The
recovery during the test is also slightly problematic for the Moench (1984) solution; therefore, a
best fit curve was approximated through the drawdown-versus-time datasets. Lastly, the lack of
site-specific fracture information (such as fracture opening size, fracture length and fractured
slab-block thickness) also makes the application of the Moench (1984) solution, or other
fractured aquifer solutions, problematic. The Madison aquifer in the project vicinity is known to
be fractured and has extensive solution openings, and the groundwater flow in the solution
openings essentially behaves as conduit flow, thereby precluding the aquifer test solutions based
on standard porous media. For the Madison aquifer at the Casey well, the Moench solution is
believed to be the most applicable solution available for the test data. Due to the rapid water
level recovery (less than 5 minutes after four days of pumping), a recovery solution was not
applied.

The T for the Madison aquifer at the Casey well as determined from the drawdown-
versus-elapsed time analyses is approximately 98,000 feet square per day (fi*’day), or

approximately 733,000 gallons per day per foot (gpd/ft). This T value is based on an assumed
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aquifer thickness of 72 feet (the thickness of the Madison Limestone penetrated by the Casey
well), and the Moench (1984) solution-derived hydraulic conductivity (K) of approximately
1,360 feet/day. Plots illustrating the Moench (1984) solutions for T from the test data are
provided in Appendix D.

Another estimate of T, utilizing the empirical relationship in Driscoll (1986) where
specific capacity (111 gpm/ft in Casey well) is multiplied by 2,000 (for a confined aquifer),
results in a T of 29,700 ft*/day (222,000 gpd/ft).

The drawdown in the Casey well was influenced by water level changes induced by
barometric pressure fluctuations, thereby complicating the use of curve-matching solutions for T.
LBG’s best estimate is that the T of the Madison aquifer at the Casey well likely ranges from
approximately 30,000 ft¥day (~224,0000 gpd/ft) to nearly 100,000 ft*/day (~750,000 gpd/ft).
The T of the Madison aquifer in the Black Hills is known to vary greatly, with published T
values (Carter, et. al., 2001) ranging from less than 1 fi*/day (~7.5 gpd/ft) to 56,000 ft¥/day
(~419,000 gpd/ft). While the low end of LBG’s T estimate for the Casey well is within the range
of T values reported by Carter et. al. (2001), the high end of the estimated range of T values for
the Casey well is greater than the high end of the range reported for the Madison aquifer by
Carter et. al. (2001). These T values estimated for the Casey well from the test data, while
appearing relatively high, are reasonably consistent with T values expected for a confined karst
aquifer located in an area where there are many large deformational features, such as the
geologic folds and faults shown in Figure 5. These large scale deformational features produced
extensive fracturing, resulting in the later development of extensive solution openings (as
evidenced by Wind Cave).

No drawdown directly attributable to pumping from the Casey well was observed in any
of the three observation wells, thereby precluding the determination of a site-specific value for S.
Published values of S for the Madison aquifer range from 107 to 10" (Long and Putnam, 2002).
Due to the likely extensive amount of solution openings in the project vicinity, the value of S at

the Site could potentially be greater than 1073,
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20 WATER QUALITY ANALYTICAL RESULTS

Water samples collected from the Casey well on October 26, 2017, (near the end of the
four-day pumping period) were submitted to MidContinent Testing Laboratories, Rapid City,
SD. The water quality data for the October 26, 2017, sample are summarized in Table 3. Also
shown in Table 3 are the water quality data obtained from the sample collected during the step-
rate test conducted on September 8, 2016. None of the parameters measured in either of the
samples (step-rate test sample and constant-rate test sample) exceed primary maximum
contaminant levels (MCLs) or secondary MCLs. Additionally, total coliform and e. coli bacteria
were absent.

Field water quality parameters, including temperature, specific conductance, dissolved
oxygen (DO), pH, and oxidation reduction potential (ORP), were monitored frequently during
the test with the use of a flow cell and YSI multimeter. The pH varied from 7.79 to 8.60, and
remained within the pH limits of the temporary discharge permit. The temperature varied from
approximately 52 to 59 degrees Fahrenheit (11.1 to 15 degrees Celsius), and was likely
somewhat influenced by changes in the air temperature affecting the glass wall of the flow cell.
The specific conductance varied from approximately 374 micro mhos per centimeter
(umhos/cm) to 411 pmhos/cm, which compares favorably with the laboratory measured
electrical conductivity. The DO concentrations ranged from 4.9 milligrams per liter (mg/L) to
6.67 mg/L, and the ORP concentration ranged from 168.6 milli volts (mV) to 252.70 mV. These
water quality parameters remained relatively consistent throughout the duration of the test, and a

table providing the data measured during the test is provided in Appendix E.

3.0 SUMMARY AND CONCLUSIONS

The purpose of the test was to provide information regarding the suitability of the Casey
well to serve as a groundwater supply for the SBHWS. A withdrawal rate from the Casey well of
300 gpm is being considered. In support of that purpose, the test was conducted to obtain data
with which to determine the aquifer properties of the Madison aquifer at the Site.

The specific capacity of the Casey well, after pumping continuously at the rate of 267

gpm for 95 hours, was approximately 111 gpm/ft. The maximum drawdown observed during
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pumping for four days was approximately 2.4 feet. Water levels in the Casey well recovered to
0.1 feet above the static water level within 5 minutes of pumping shutdown.

The estimated T of the Madison aquifer at the Site, as determined from the analysis of the
test data, is from approximately 30,000 ft*/day (~224,000 gpd/fi) to nearly 100,000 ft*day
(~750,000 gpd/ft). The higher end of this range of T values is greater than the highest value of T
reported in the range of Madison aquifer T values published by Carter, et. al. (2001). The
estimated S (from literature) ranges from 10 to 10~ and it is possible that, due to the regionally
extensive network of solution openings, the S could be higher than 1073,

These T and S values could be used with traditional porous media groundwater flow
equations, such as Theis (1935), to estimate distance-drawdown or time-drawdown data at
various locations around the Casey well. However, because the Madison aquifer in the Site
vicinity has extensive solution openings and is likely dominated by conduit flow, the drawdown
and time estimates produced utilizing traditional porous-media solutions may not be valid.

No drawdown attributable to pumping from the Casey well was observed in MW-1, even
though the MW-1 log indicates the presence of “shale-filled caves” in the Madison aquifer at a
similar depth interval of the Madison aquifer at the Casey well. This may be due to poor
hydraulic connection between MW-1 and the Casey ;\ve]l, perhaps due to incomplete
development of MW-1, exacerbated by the high T and S of the aquifer. Drawdown directly
attributable to pumping from the Casey well was also not observed in the Kaiser well, nor in
NPS Well #2, nor in Calcite Lake.

The Madison aquifer water in the vicinity of the Casey well is of good quality, with no
parameters exceeding the primary MCLs or secondary MCLs. Additionally, total coliform and e.
coli bacteria were absent.

The aquifer test data indicate that the Casey well is suitable for use as an SBHWS water
supply well at a pumping rate of approximately 300 gpm. The Madison aquifer properties at the
Site determined from the test data indicated that the Casey well is capable of providing good
quality water at an approximate withdrawal rate of 300 gpm.

The aquifer is dominated by conduit flow due to the large amount of fractures and
solution openings in the Madison aquifer in the project vicinity; consequently, predicting
drawdown at other locations due to pumping at the Site is more complicated than what is

typically accomplished through standard porous media aquifer test solutions such as Theis
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(1935). With the installation of MW-1 by SBHWS, and with the monitoring network maintained
by the NPS (Kaiser Well, NPS Well #2, Calcite Lake) and the DENR observation well (CU-
91A), there is a good monitoring network in place to provide for the long-term monitoring of the
Madison aquifer response to proposed SBHWS withdrawals from the Site. The SBHWS
proposed utilization of the Casey well as a groundwater supply is a beneficial use of groundwater
resources that is in the public interest. The relatively high range of estimated T values for the
Casey well, the likely relatively larger value of S (relative to typical published values for a
confined aquifer), both of which are due to the extensive solution cavities in the Madison aquifer
in the Site vicinity, along with the rapid recovery of the aquifer to pumping, and the good water
quality, indicate that there is a reasonable probability that unappropriated water is available for
the proposed withdrawals of 300 gpm. The test data also indicate that the proposed withdrawal
rate of 300 gpm is unlikely to unlawfully impair existing water rights.
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Table 1. Pumping and Observation Well Summary

N o Distance to | Reference ARPFOX: Apprgx. Total | Elevation Kop oL Bopomiar Top of Elavation Madison
Zone 13 Zone 13 o Point Land Static Well | of Bottom Well Open Open Madison of Top of Trknes
Well Name Latitude Longitude NADS3 NAD83 Ping : Surface | Water Diameter | Holeor | Holeor | o' Madison Rcas Date Drilled
Well Elevation X Depth of Well : Limestone | . Penetrated
X Y (ft) () Elevation | Level () () (inch) Screen | Screen (ft bgs) Limestone ()
(meters) (meters) (ft) (ft bgs) (ft bgs) | (ft bgs) 9 (ft)
Casey Well 43.51362236 | -103.46639059 | 623956.54 | 4818996.62 0 4058.51* 4057.69 402 883 3174.7 7 873 883 811 3246.69 72 June 1994
MW-1 43.51358600 | -103.46686700 | 623918.10 | 4818991.88 129 4063.75 4062.28 406 923 3139.3 7 863 923 825 3237.28 98 July 21 2017
Kaiser Well | 43.52018028 | -103.47168866 | 623514.93 4819717.07 2,772 4121.56 4120.80 465 780 3340.8 5.6 715 780 690 3430.80 90 April 1977
Calcite Lake | 43.54859000 | -103.47997000 | 622787.97 | 4822860.01 13,242 na na na na na na na na na na na na
NPS 521-607,
43.55277000 | -103.44365300 | 625713.00 | 4823378.52 15,488 na 3827.00 177 681 3146.0 T 429 3398.00 256 October 16, 2001
Well No. 2 660-681
Notes:
ft = feet

ft bgs = feet below ground surface
Approx. = approximate
UTM = Universal Transverse Mercator

NAD83 = North American Datum of 1983
Elevations reference North American Vertical Datum of 1988 (NAVD88).

* = Sounding tube was cut (shortened) by Alexander Drilling sometime after the September 2016 step-rate test

WLBGSIOUX\data\ss\HYDRO\SBH\Casey Well Pump Test 2017\Pump Test Analysis Spreadsheets\Table 1 SBH Sept-Oct 2017 Aquifer Test Report Well Summary LEGGETTE, BRASHEARS & GRAHAM, INC.



Table 2. Groundwater Elevations

Distance to Reference
P i Approximat Point Beptivio Grotincwater Barometric Pressure
Well umping Date PP c.’ an 2 : Water Elevation Comment
Well Time Elevation () () Trend
(ft) (ft)
Casey Well 0 9/27/2017 12:00 4058.51 402.41 3656.10 slightly decreasing |26 days before startup
Casey Well 0 10/17/2017 0:00 4058.51 402.37 3656.14 decreasing 6 days before startup
; . 22 hours before shutdown, manual
Casey Well 0 10/26/2017 10:06 4058.51 405.03 3653.48 steeply increasing measurement (due to transducer drift)
Casey Well 0 10/27/2017 16:00 4058.51 402.39 3656.12 decreasing 8 hours after shutdown
MW-1 129 9/27/2017 14:50 4063.75 407.62 3656.13 slightly decreasing |26 days before startup
MW-1 129 10/17/2017 0:00 4063.75 407.63 3656.12 decreasing 6 days before startup
MW-1 129 10/26/2017 10:00 4063.75 407.82 3655.93 steeply increasing |22 hours before shutdown
MW-1 129 10/27/2017 16:00 4063.75 407.70 3656.05 decreasing 8 hours after shutdown
Kaiser Well 2772 10/17/2017 0:00 4121.56 464.84 3656.72 decreasing 6 days before startup
Kaiser Well 2772 10/26/2017 10:00 4121.56 465.04 3656.52 steeply increasing 22 hours before shutdown
Kaiser Well 2772 10/27/2017 16:00 4121.56 464.90 3656.66 decreasing 8 hours after shutdown
NPS WEell No. 2 15488 9/26/2017 0:00 NA NA 3656.06 increasing 27 days before startup
NPS Well No. 2 15488 10/17/2017 0:00 NA NA 3656.01 decreasing 6 days before startup
NPS Well No. 2 15488 10/26/2017 10:00 NA NA 3655.79 steeply increasing |22 hours before shutdown
NPS Well No. 2 15488 10/27/2017 16:00 NA NA 3655.92 decreasing 8 hours after shutdown
CU-91A* 12302 9/26/2017 NA 3647.14 -12.40 3659.54 increasing 27 days before startup
Calcite Lake 13242 9/26/2017 0:00 NA NA 3635.69 increasing 27 days before startup
Calcite Lake 13242 10/17/2017 0:00 NA NA 3635.59 decreasing 6 days before startup
Calcite Lake 13242 10/26/2017 10:00 NA NA 3635.51 steeply increasing |22 hours before shutdown
Calcite Lake 13242 10/27/2017 16:00 NA NA 3635.50 decreasing 8 hours after shutdown
Notes:

* There is only one groundwater elevation measurement available from this well during the month prior to and subsequent to the aquifer pumping test.
ft= feet

startup - pumping from the Casey well at the rate of 267 gallons per minute initiated at 9:06 AM on 10/23/2017

shutdown - pumping from the Casey well stopped at 8:05 AM on 10/27/2017

NA = Not available

\LBGSIOUX\data\ss\HYDRO\SBH\Casey Well Pump Test 2017\Pump Test Analysis Spreadsheets\Table 2_Water_Elevations_Test_Wells LEGGETTE, BRASHEARS & GRAHAM, INC.



Table 3. Water Quality Analytical Results - Casey Well

Casey Well Casey Well : Secondary
Anaiyte September 8, 2016 | October 26, 2017 U™t MeL MCL
PHYSICAL PROPERTIES
Electrical Conductivity 432 440 umhos/cm
Hardness 205.2* 196 mg/L
Total Dissolved Solids 235 238 mg/L 500
Total Suspended Solids <10.0 <4.00 mg/L
RADIONUCLIDES
Gross Alpha 6.86 NA pCi/L 15
Gross Beta 5.54 NA pCi/L See Notes
Radium 226 0.493 NA pCi/L
Radium 228 <1.00 NA pCi/L
Combined Radium (226 + 228) <1.493 NA pCi/L 5
Uranium, Total 0.005 NA mg/L 0.030
BACTERIA
Total Coliform Absent Absent MPN/100 ml
E. coli Absent Absent MPN/100 ml
NON-METALLICS
Total Alkalinity (as CaCO,) 197 196 mg/L
Bicarbonate 241 239 mg/L
Carbonate 0.00 0.00 mg/L
Chloride 8.33 11:2 mg/L 250
Fluoride 0.396 0.423 mg/L 4 2
Ammonia-Nitrogen as N <0.050 <0.050 mg/L
Nitrate as N 0.543 0.542 mg/L 10
Nitrite as N <0.050 <0.050 mg/L 1
Sulfate 17.5 19.1 mg/L 250
Total Organic Carbon 0.5632 <0.200 mg/L
METALS, TOTAL
Arsenic - Total 0.007 0.008 mg/L 0.010
Barium - Total 0.184 0.178 mg/L 2
Chromium - Total <0.001 <0.001 mg/L 0.1
Iron - Total 0.062 <0.050 mg/L 0.3
Manganese - Total <0.010 <0.010 mg/L 0.05
Mercury - Total NA <0.0002 mg/L 0.002
Selenium - Total <0.005 <0.005 mg/L 0.05
METALS, DISSOLVED
Calcium - Dissolved 51.0 48.1 mg/L
Magnesium - Dissolved 18.8 18.4 mg/L
Potassium - Dissolved 2.97 2.96 mg/L
Sodium - Dissolved 12.0 11.0 mg/L
NOTES:

* = result converted from grains/gallon using the conversion of 1 grains/gallon = 17.1 mg/L

MCL = EPA maximum contaminant level

mg/L = milligrams per liter

MPN/100 ml = Most Probable Number per 100 milliliters

pCi/L = picocuries per liter

umhos/cm = micro Mhos per centimeter

The MCL for gross beta emitters is 4 millirems per year. In South Dakota, 50 pCi/L is used as a screening level. If
the screening level is exceeded, additional information is required to determine if the beta particles and photon
emitters concentration exceeds the MCL.

NA = not analyzed

K:\HYDRO\SBH\Casey Well Pump Test 2017\Pump Test Analysis Spreadsheets\Table 3_Casey Well Water Quality Data LEGGE'I_I'E, BRASHEARS & GRAHAM, |NC






Source: Copyright:® 2013 National Geographic Society, i-cubed

Casey Well (Pumping Well)

Observation Well

0 3,000

Wind Cave Underground Pool
N e Feet
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4 Transducer Data - Casey Well
CASEY WELL, MW-1, KAISER WELL, & NPS WELL NO. 2 e Transducer Data - MW-1
WITH BAROMETRIC PRESSURE + Transducer Data - Kaiser Well
SOUTHERN BLACK HILLS WATER SYSTEM, INC. ¢ Transducer Data - NPS Well No. 2
BACKGROUND COMPARISON BETWEEN WELLS e Test Period
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Transducer Data - Casey Well
Transducer Data - MW-1
Transducer Data - Kaiser Well
Transducer Data - NPS Well No. 2
Transducer Data - Calcite Lake
e Test Period

Barometric Pressure

GROUNDWATER ELEVATIONS IN CASEY WELL, MW-1, KAISER
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APPENDIX A
Well Logs




Casey Well

SOUTH DAKOTA WATER WELL COMPLETION REPORT 07-82
ocation AWy VE v sec_ 24 R T e T e RO S B (T Vel asey
Gy s Busil Name: T35 A_ < 7
Cuiiposr | , pirss 233255 5o fopet (8
K @Aa’)i (:4'7 S 7770!
Please mark well location with an X" |~ _'_ e ‘1‘ =7
| | WELL LOG: DEPTH
w | l E FORMATION FROM T0
"——i———'—f——"' KL {‘Ja[v 0 Lo
guay el Lo 17
| ' ok s Kide 17|33
I<__|M"e___,.| Jivmestone 2 141
Well Completion Date /ﬂm}z A d red  shaf¢ 111 220
Eis ”Pf{rt’ }‘tu{gu 55 : 22_,0 25D
LOCATION: red ¢ > 25D | 304
Distance from nearest l;memial pollution source [Sfplic tank, abandoned well, feos L )e 204 /o
feed lot, etc.]22/50% ft. fom ___Sep + ¢ ~anbe (identify source). e o B
PROPOSED USE: vellow s4yed 53 $)5| 39
A Domestic/Stock [ Municipal [ Business  [J Test Holes //\/cf/c W tred JonesFone N9 £4373
Oa Irrigation O industrial O3 Institutional [J Monitoring well ypu\ ”"ﬂ/& 74 . I{ 4213 ‘7“1"2_
METHOD OF DRILLING: Limesfong  ped dopurpe *°55° | g2 | 597
/4 ir Ha—[-ﬂ. I/')f lavenlc o buff }-‘mcs‘hhq ws.ﬂ‘.’?:n;s 582 795
- re® to_parple  shale v sl . 1
CASING DATA: white Limesing 250" g1y $33
07 Steel O Plasic [ Other STATIC WATER LEVEL___ %/ 3 Feet
If other describe If flowing: closed in p PSI
PIPEWEIGHT DIAMETER FROM T0 HOLE DIAMETER | GPM flow through inch pipe
R Ty P A T e T SO e L M ) R by [ vave [ Reducers [ Other
LB/FT IN _FT sl gy IN | Reduced Flowrate S —_GPM
LB/FT IN FT FT IN | Can well be completely shut in? o i 4
GROUTING DATA
Grout Type No. of Sacks Grout Weight From To WELL TEST DATA:
Cement _ |2 O {9 /gl — € 1 823 ¢ | O Pumped Describe:
Ib./gal f t | O Baile ir Develoged
Describe grouting procedure L V55 Ure J? rowted }Z«Uthsr
Fhro ey A cas :hj Pumping Level Below Land Surface
F0O ft After 2 Hrs. pumped 200 GPM
ft. After Hrs, pumped — ____ GPM
SCREEN: [ Perforated pipe  [J Manufactured If pump installed, pump rate GPM
Di IN  Length FEET
Matatial REMARKS
Slot Size Set From Feet to Feet
Dther inf
WAS A PACKER OR SEAL USED? [ ves [X_No
If s0, what material? This well was drilled under license # 23/
Describe packer(s) and location? And this report is true and accugate. 3
DISINFECTION: Drilling firm A, )a r D )i,
Was well disinfected upon completion? __X__YES, How: .QUM_SM’W Signature of License ﬂapl-éunjaﬁvg: J
SN WhY N e L R ﬁa{f;f( ,_T.-‘;/;’/
Signature of Well Dwner or Equitable Property Holder:
Laborato! ater quality analysis fu mp et st yet Date: e
L s DI




SD EForm - 1621LD V1
SOUTH DAKOTA WATER WELL COMPLETION REPORT

102 [MW-1 ]

Locaton NE % NW % Sec 24 Twp 6S Rg 5E | well owner:
County Custer North
I 1
Please mark well - :
location with an “X" _,__.i----:ﬂ,-.._}...-_-
: i WELL LOG: DEPTH
1 1
W | J: _5 E FORMATION FROM TO
i [ Cemented Gravel 0 15
B M g Spearfish shale 15 100
I I - B A
: : Minnekanhta limestone 100 135
Well Completion Date ' ' Opeche shale 135 225
7/21/17 K -1 Mile o Mmrfelusa s 225 825
Madison white limestone shale 825 923
Distance 1o nearest potential poliution source {(septic tank, abandoned well, feed lot, etc.)? filled caves
300 ft. from septic (identify source)
PROPOSED USE:
Domestic/Stock Municipal Business Test holes
| ]irrigation Industrial Institutional Monitoring welll STATIC WATER LEVEL 407 EeeT
METHOD OF DRILLING: If flowing: closed in pressure PsI
Rotary Downhole Hammer GPMflow 300+ through Inch pipe
Controlled by [_] Valve [ Reducers [_] Other
CASING DATA: [[steel [ Prasti 77757 ey ey
If other describe 863" of 7" OD Steel
PIPEWEIGHT DIAMETER  FROM T0 HOLE DIAMETER | Can well be completely shut in?
17 e 7" N OFr 923 Fr Bramil :

LB/FT IN FT FT | WELLTESTDATA:

LB/FT IN FT FT IN Pumped Describe; | W/air [
GROUTING DATA: [ ] aited |
Grout Type  No. of Sacks Grout Weight From To Domer |

Portiand Il 125 Lo 863 g Pum‘in Level Below Land Surf: N !
w/2% benton Lb/gal Ft Ft ik (e
Describe grouting procedure Ft. After Hrs. pumped GPM
through casing Ft. After Hrs. pumped GPM
If pump installed, pump rate: GPM
SCREEN: E] Perforated pipe D Manufactured REMARKS
Diameter Inches  Length Feet
Material
Slot Size Set From Feet to Feet
Other information y
Hedso0 AM
This well was drilled under license # 324 and this

WAS A PACKER OR SEAL USED? D Yes
If so, what material?
Describe packer(s) and location

[«] No

DISINFECTION: Was well disinfected upon completion?
[“Ives, How?  wichlorine solution

report is true and accurate.

Drilling firm: - Alexander Drilling Inc.

Signature of License Representafiye:
2z |

RECEIVED

Lab to which water  |_JNo, Why Not? I
quality sample sent for analysis

Signature of Well Owner or Equitable Property Holder: JUL 3 ‘l 20]7
wiATER RIGHTS
@Cﬁuéﬁﬁ;\/ PROGRAM

T

Date:
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Hot Springs, 5.D.
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2
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Total Depth 780° Static 475 gy 410328 1e°
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715

140-215
215=-225
225314
314-385
3854395

395~

420-425

425

435

v110

red shale and gyp

L
minnekahta limestone T 475
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Yellow sandstone (very soft) *
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red sandstone w/some hard layers "Pfé(
purple shale (middle marker) /
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420 mostly red sandstone (soft) W/yellow limestone

hard yellow sandstone

432 req sandstone
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449- DINPS Well #2 |
SOUTH DAKOTA WATER WELL COMPLETION REPORT 07-92

Lucation_EL% SE v Sec © Twp ©S Rg ‘:IE Well Owner: National Park Service
County North

Business Name:
Uws fer | | s Wind Cave National Park
Cust ’
Please mark well location with an X" |~ + FETE T + ] —— i
: | | y WELL LOG: DEPTH
] | FORMATION FROM T0
Tk R ¥ ' chale] ® /3
i Ik + Bouldecs , si/td 5
ell Completion Date l | > | /ﬁ ,/-'I. < A / 3 y ’2 ?
G nfer - O B o - MAQLJ Son ' Y2216 3S
LOCATION: -

Distance from nearest potential pollution source (septic tank, abandoned well,

: : ' )
feed lot, stc.]a&l_ﬁh. Irom&&‘-’%&ﬂﬂ&(idamify source). o

PROPOSED USE:
[ Domestic/Stock [ Municipal [J Business [ Test Holes
O Irrigation O industriat P9 institutional [ Monitoring well
METHOD OF DRILLING:
A e W/ STATICWATER LeveL____[ 77 77 Fest
& : = If flowing: closed in prassure pst
CASING DATA: & steel Plastic Other GPM flow through e

If other desE:rihe
PIPEWEIGHT DIAMETER FROM T0 HOLE DIAMETER
; g e 3 gé - o , 3 : = 2 / y Reduced Flowrate : GPM
: 3 T 2 % , ,2 ] = E 2 i N Can well be completely shut in?
S wr DA N O 1 QO fr S | WELTESTOATA

Controlled by [ Valve [J Reducers [ Other

O Pumped Describe:
GROUTING DATA 7 Bailed A _derdoped
Grout Type No. of Sacks Grout Weight me\ﬁ_ 4
A AT, N ) & BGRR[0 1 i’l.fa [ ther
Ib./gal ft ft | Pumping Level Below Land Surface
Describe grouting procedure R‘eﬁ“ re 6,!; (4] MJ{&L__ i Ao L Hes. pumped __ LD D 4+ GPM I
-4 i‘\ de_S\ CAS iNUQ o1 4o Zgrp o FF ft. Abter Hrs. pumped GPM '
- o - |
SCREEN: H Perforated pipe O Manufactured If pump installed, pump rate 2 4 GPM |
Diameter____ "1 IN Length FEET | REMARKS i
Material Steel &
o . RECEIVED
Slot Size Z_£ 12 " Set From Feet to Feet v
Other information = /= 627 é?w‘ 631l MAR =1 2002
e < “
Forch Cw 3 (ets : This well was drilled under licanse # 3. 3 / WATER RIGHTS
. PROGRANM
WAS A PACKER OR SEAL USED? [ YES ﬂ NO And this repart is true and accurate.
If so, what material? Drilling firm Ts '//" R D ry // va

Describe packer(s) and location?

DISINFECTION: Was well disinfected upon completion? -
YES, How: EA_AML
Laboratory sent to for water ____NO, Why Not? SQAJA_‘b_G“J_

quality analysis

(} /V) i h&J (.0”'{1;794+— Date:

Signature of License RB;?!matwe

Holder:

3




APPENDIX B

Barometric Pressure and Precipitation




e Test Period

Precipitation - Hot Springs

= Precipitation - Custer

= Barometric Pressure - Hot Springs
Barometric Pressure - Custer

BAROMETRIC PRESSURE AND PRECIPITATION
SOUTHERN BLACK HILLS WATER SYSTEM, INC.

CASEY WELL AQUIFER TEST

1.4 ‘ OCTOBER 2|°17 . == Barometric Pressure - Calcite Lake
‘ ‘ ! g | | | Barometric Pressure - NPS Well No. 2
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Weather Station data Sept-Oct 2017, DTW vs. Date (baro) (2) LEGGETTE, BRASHEARS & GRAHAM, INC.



APPENDIX C
Qualitative Analysis Plots — Constant-
Rate Test




CASEY WELL
SOUTHERN BLACK HILLS WATER SYSTEM, INC.
FLOW RATE DATA VERSUS ELASPED TIME - AQUIFER TEST
10/23M17 - 10127117

300
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280 Shutdown at
5,699 minutes
270 3 Vl
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KAHYDRO\SBH\Casey Well Pump Test 2017\Pump Test Analysis Spreadsheets\
Casey Well data Sept-Oct 2017, Flow rate comparison

LEGGETTE, BRASHEARS & GRAHAM, INC.



¢ Transducer Data

CASEY WELL - (LINEAR)
SOUTHERN BLACK HILLS WATER SYSTEM, INC. B  Manual Measurement
OPEN HOLE INTERVAL 873-883 (FEET) e Test Period
DISTANCE TO CASEY WELL: 0 FEET e Barometric Pressure
9/27M1M7 - 10127117
400 T ‘ ‘ 1 \ \ | | ‘ i ] | } e
‘ | ] : f 1 Start of Test Shutdown at
| | | p 10/23/2017 9:06 10/27/2017 8:05 ‘
401 | ﬁ | | ; —+ 31.0
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\ /
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‘ 3
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2 Q
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i S
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Casey Well data Sept-Oct 2017, DTW vs. Date (baro) LEGGETTE, BRASHEARS & GRAHAM, INC.



CASEY WELL - (LINEAR)
SOUTHERN BLACK HILLS WATER SYSTEM, INC.
BAROMETRIC EFFICIENCY
9127117 - 10119/17 + Barometric Efficiency
Data

1 - ; ' 8 : — E— F il
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—
@
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Casey Well data Sept-Oct 2017 LEGGETTE, BRASHEARS & GRAHAM, INC.



CASEY WELL - (LINEAR) ¢ Transducer Data
SOUTHERN BLACK HILLS WATER SYSTEM, INC. o
OPEN HOLE INTERVAL 873-883 (FEET)
DISTANCE TO CASEY WELL: 0 FEET

Manual Measurement

Barometric Pressure

10/23/17 - 10/27117 100 per. Mov. Avg. (Transducer Data)
4 [ =—— — T — 30.6
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CASEY WELL - (LINEAR)

SOUTHERN BLACK HILLS WATER SYSTEM, INC.

OPEN HOLE INTERVAL 873-883 (FEET)
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CASEY WELL - (SEMI-LOG)
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CASEY WELL - (SEMI-LOG)
SOUTHERN BLACK HILLS WATER SYSTEM, INC.
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MW-1 - (LINEAR) ¢ Transducer Data
SOUTHERN BLACK HILLS WATER SYSTEM, INC. & Manual Measurement
OPEN HOLE INTERVAL 863-923 (FEET)
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MW-1 - (LINEAR)

SOUTHERN BLACK HILLS WATER SYSTEM, INC. ¢ Transducer Data

OPEN HOLE INTERVAL 863-923 (FEET)
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MW-1 - (SEMI-LOG)

SOUTHERN BLACK HILLS WATER SYSTEM, INC.
OPEN HOLE INTERVAL 863-923 (FEET)
DISTANCE TO CASEY WELL: 129 FEET

¢ Transducer Data
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MW-1 - (SEMI-LOG)

SOUTHERN BLACK HILLS WATER SYSTEM, INC.

OPEN HOLE INTERVAL 863-923 (FEET)
DISTANCE TO CASEY WELL: 129 FEET
10/23117 - 10/27/17

+ Corrected Transducer Data for Barometric
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KAISER WELL - (LINEAR) ¢ Transducer Data
SOUTHERN BLACK HILLS WATER SYSTEM, INC. A e
OPEN HOLE INTERVAL 715-780 (FEET)
DISTANCE TO CASEY WELL: 2,772 FEET
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A Water Level (feet)

KAISER WELL - (LINEAR)
SOUTHERN BLACK HILLS WATER SYSTEM, INC.
BAROMETRIC EFFICIENCY
10/9/17 - 10/19/17 5
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0.2 | -

KAISER WELL - (LINEAR)
SOUTHERN BLACK HILLS WATER SYSTEM, INC.
OPEN HOLE INTERVAL 715-780 (FEET)
DISTANCE TO CASEY WELL: 2,772 FEET
10/23M17 -10/31117

+ Transducer Data
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KAISER WELL - (SEMI-LOG)
SOUTHERN BLACK HILLS WATER SYSTEM, INC.
OPEN HOLE INTERVAL 715-780 (FEET)
DISTANCE TO CASEY WELL: 2,772 FEET
10/23/17 - 11/3117
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Transducer Data

*
e Test Period
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WELL NO. 2 (NPS) - (LINEAR)

SOUTHERN BLACK HILLS WATER SYSTEM, INC.
+ Transducer Data

DISTANCE TO CASEY WELL: 15,488 FEET
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CALCITE LAKE (WIND CAVE) - (LINEAR) .
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CALCITE LAKE (WIND CAVE) - (LINEAR)
SOUTHERN BLACK HILLS WATER SYSTEM, INC.
DISTANCE TO CASEY WELL: 13,242 FEET flinedugr Dt
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CALCITE LAKE (WIND CAVE) - (LINEAR) + Transducer Data
SOUTHERN BLACK HILLS WATER SYSTEM, INC.
e Test Period
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CALCITE LAKE (WIND CAVE) - (LINEAR)
SOUTHERN BLACK HILLS WATER SYSTEM, INC.
+ Transducer Data
DISTANCE TO CASEY WELL: 13,242 FEET
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APPENDIX D
Quantitative Analysis Plots — Constant-
Rate Test
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WELL TEST ANALYSIS

Data Set: S:\Tech\Southern Black Hills\2017 Pump Test\Aqgtesolv\Casey Well Moench.aqt

Date: 12/04/17

Company: LBG

Client: Southern Black Hills
Test Well: Casey Well

Test Date: 10/23/17 - 10/27/17

Saturated Thickness: 72. ft

Pumping Wells
Well Name X (ft)
Casey Well 0

Aquifer Model: Fractured

K =1362.6 ft/day
K' =1.44 ft/day
Sw =0.

r(w) = 0.292 ft

Time: 11:42:26

PROJECT INFORMATION

AQUIFER DATA
Slab Block Thickness: 72. ft

WELL DATA
Observation Wells
Y (ft) Well Name i | ) T BN 111
0 Casey Well 0 0
SOLUTION

Solution Method: Moench w/slab blocks

Ss =0.01188 f
Ss' =0.001 ft”*
sf =o0.

r(c) = 0.292 ft
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WELL TEST ANALYSIS

Data Set: S:\...\Casey Well Moench with baro corrected data.aqt

Date: 12/04/17

Company: LBG

Client: Southern Black Hills
Test Well: Casey Well

Test Date: 10/23/17 - 10/27/17

Saturated Thickness: 72. ft

PROJECT INFORMATION

Time: 11:42:51

AQUIFER DATA
Slab Block Thickness: 72. ft

WELL DATA

Pumping Wells Observation Wells
Well Name X (ft) Y (ft) | Well Name : X (ft) Y (ft)
Casey Well 0 0 Casey Well 0 0
SOLUTION

Aquifer Model: Fractured
K =1362.6 ft/day

Solution Method: Moench w/slab blocks
Ss =0.01188 "

K' = 1.44 f/day Ss' =0.001 ft""
Sw =0. Sf =0.
r(w) = 0.292 ft r(c) = 0.292 ft




APPENDIX E
Casey Well Constant-Rate Aquifer Test
Field Water Qualitv




CASEY WELL CONSTANT-RATE AQUIFER PUMPING TEST
FIELD WATER QUALITY RESULTS

- Temperature Conductivity |Dissolved Oxygen pH ORP
Date Time Totalizer C) (umhosfcm) (mgiL) (sU) (mv)
10/23/2017 13:23 163840 14,83 400 6.17 7.79 168.6
10/23/2017 14.02 174555 14.35 392 490 8.04 182.8
10/23/2017 14:43 185767 14.43 389 5.30 8.19 179.7
10/23/2017 15:32 198400 14,30 374 5.21 8.19 189.0
10/23/2017 16:23 212767 13.42 374 il 492 8.26 198.6 #
| 10/23/2017 16:48 218300 1443 383 5.41 8.15 200.8
10/23/2017 17:52 236367 14.20 404 5.46 8.34 212.4
10/23/2017 | 1851 252067 14.07 402 5.55 8.37 220.4
10/23/2017 20:04 269660 14.06 401 5.45 8.35 T
10/23/2017 20:57 285567 14.02 400 5.63 8.44 2286
10/23/2017 22:03 301667 14.06 400 ] 5.37 8.37 232.1
10/23/2017 22:57 315966 14.08 400 5.80 8.46 2320
10/23/2017 23:58 332167 13.99 400 5.75 8.44 2346
10/24/2017 1:00 348668 14.21 403 5.56 8.39 23T . |
10/24/2017 1:58 364168 14.14 403 5.71 8.33 2415
10/24/2017 2:59 380469 14.16 402 5.72 8.26 246.5
10/24/2017 4:03 396167 13.90 E ) 5.80 8.23 250.1
10/24/2017 5:02 413368 13.93 3 | 572 8.28 248.2
10/24/2017 5:58 [ 428267 1404 401 5.69 8.26 250.0
10/24/2017 6:54 | 443367 13.76 398 5.71 8.24 ] 252.7
10/24/2017 7:45 | 457867 13.87 399 5.86 8.32 2487
10/24/2017 9:02 | 478267 13.91 403 5.70 8.15 2146
10/24/2017 10:04 | 495367 14.06 403 [ 595 8.41 203.2
10/24/2017 102 | 510767 14.26 405 | 6.08 8.4 201.1
10/24/2017 12:02 526166 14.43 407 [ 6.16 8.27 203.3
10/24/2017 13:02 542767 14.58 407 [ 6.06 8.22 203.5
10/24/2017 14:03 558767 14.81 409 | 6.19 8.25 202.3
10/24/2017 15:02 14.67 409 | 6.31 8.26 D089 e
10/24/2017 16:02 | 590367 14.17 404 ‘ 6.16 8.25 2124
10/24/2017 17:13 608867 1377 400 [ 6.19 8.27 219.9
- 10/24/2017 21:11 623167 12.42 386 | 6.38 8.29 2373
10/24/2017 22:00 687467 12.36 386 6.45 8.41 2375
10/24/2017 23:09 12.05 383 6.46 8.34 2405
10/25/2017 0:09 719366 1222 384 6.51 837 2405
10/25/2017 1:10 12.03 383 o 6.49 BT 243.0
10/25/2017 2:15 752868 12.04 383 6.42 8.37 2456
10/25/2017 3.08 767268 1233 1 386 6.31 848 2417
10/25/2017 4:05 782367 1217 | 384 6.23 8.52 238.8
10/25/2017 5:17 800366 11.92 | 382 6.22 8.44 2416
10/25/2017 607 814967 1134 | 377 6.26 845 2453
10/25/2017 7:02 11.20 376 6.27 8.46 2471
 10/25/2017 8:03 846867 1288 | 392 612 8.53 2366
10/25/2017 9:11 864867 14.10 ‘ 404 6.00 8.60 206.6
10/25/2017 10:19 880767 14.84 411 6.46 8.58 208.0
10/25/2017 | 11:35 1487 409 6.53 840 | 2136
10/25/2017 12:01 911167 14.87 409 646 822 203.5
10/25/2017 13:06 926967 15.09 1 410 6.57 8.30 210.3
10/25/2017 14:06 943467 15.11 410 6.59 8.23 204.4
10/25/2017 15:05 | 958467 15.06 411 6.60 8.20 201.6
10/25/2017 16:07 1 975167 14.91 409 6.67 8.32 213.3
10/25/2017 17:07 [ 991367 14.78 410 82 8.26 218.6
10/25/2017 18:07 1006967 1466 408 73 il 8.32 226.9
10/25/2017 19:10 : 1023467 14.62 408 6.00 8.32 232.6
10/25/2017 20:11 | 1039967 14.60 407 620 843 231.9
10/25/2017 21:12 1055767 1456 407 6.08 8.36 | 2341
10/25/2017 22:10 | 1071466 | 14.54 407 6.20 ) 8.37 235.4
10/25/2017 23:09 | 1087267 | 14.57 407 636 8.42 2355 |
~ 10/26/2017 ~0:07 | 1102566 |  14.56 407 [ 6.16 ] 8.46 i 234.6
10/26/2017 1:16 | 1120566 | 14.60 407 6.16 8.42 234.1
10/26/2017 2:08 1134766 1459 407 626 8.48 2344
10/26/2017 3.07 1150567 4835 408 635 8.53 233.5
10/26/2017 4:14 1166867 14,60 407 6.39 8.49 2346 |
~ 10/26/2017 5:09 1182767 14.52 407 6.45 8.50 2352
10/26/2017 6:08 1198666 | 14.50 407 652 8.50 236.1
10/26/2017 7:05 1213667 14.43 406 6.48 8.48 2377
10/26/2017 7:32 1229667 14.33 405 6.50 8.48 238.4
NOTES:

umhos/cm: micro mhos per centimeter
oC: degrees Celsius

mg/L: milligrams per liter

SU: standard units

mV: milli volts

K\AHYDRO\SBH\Casey Well Pump Test 2017\SBHWSI Casey Well Field WQ Data LEGGETTE, BRASHEARS & GRAHAM, INC.



REPORT TO THE CHIEF ENGINEER
ON
WATER PERMIT APPLICATION NO. 2633B-2
SOUTHERN BLACK HILLS WATER SYSTEM
C/O DON PETERSON, MANAGER
JUNE 14, 2018

Water Permit Application No. 2633B-2 proposes to amend Water Permit No. 2633A-2 by
transferring the point of diversion and adding an additional well. Water Permit No. 2633A-2
appropriates 484 acre-feet of water annually (ac-ft/yr.) at a maximum diversion rate of 0.67 cubic
feet of water per second (cfs) from one well to be completed into the Madison aquifer located in
the SE %4 SE % Sec. 35-T5S-R6E in Custer County. Application No. 2633B-2 requests the point
of diversion be transferred to two Madison aquifer wells (883 feet and 923 feet deep) located in
the N %42 SE % Sec. 24-T6S-R5E approximately six miles southwest of the original well location.
These well sites are approximately five miles north of Hot Springs, SD. The second well will be
a monitoring well, but will also, if needed, serve as an emergency backup well. Southern Black
Hills Water System serves customers in Custer, Fall River, and Pennington Counties. The
amendment to Water Permit No. 2633A-2 can be made pursuant to South Dakota Codified Law
46-5-30 4.

HISTORY

The applicant has previously submitted Application No. 2788-2 for a new appropriation of 480
ac-ft/yr. using the wells Application No. 2633B-2 proposes to use. The applicant had engineering
firm Leggette, Brahsears & Graham (LBG), now known as WSP USA, perform and analyze an
aquifer pumping test to determine the viability of the wells and potential for impacts on existing
users of the Madison aquifer in the area. After review of Application No. 2788-2 and the aquifer
pump test data by DENR-Water Rights staff, the applicant submitted Application No. 2633B-2
to transfer the diversion point and annual pumping volume authorized by Water Permit No.
2633A-2 to the location described in Application No. 2633B-2. Water Permit No. 2633A-2 had
yet to be developed at its current location, and the applicant had already received an extension of
time to develop the permit there. Application No. 2788-2 is being held in abeyance pending
approval of this application. If Application No. 2633B-2 is approved, Application No. 2788-2
will be withdrawn by the applicant. There has been a history of disagreement in the area
-regarding the development of the Madison aquifer in the southern Black Hills area for use by

rural water systems,

AQUIFER: Madison (MDSN)

Aquifer Characteristics:

The Madison aquifer is a regional scale aquifer underlying portions of Montana, Nebraska, North
Dakota, South Dakota, Wyoming, and Canada (Peterson, 1984). The Madison aquifer is
contained within the Madison Limestone, locally known as the Pahasapa Limestone and the
Englewood Limestone. The Madison aquifer underlies approximately 19,116,160 acres and
contains an estimated 644,827,200 ac-ft of recoverable water in storage in western South Dakota
- (Allen et al, 1985), and underlies approximately 5,362 square miles and contains an estimated
51,512,300 ac-ft of recoverable water in storage in eastern South Dakota (Hedges et al, 1982).



Long and others (2012) stated the Madison aquifer is a “mature karst aquifer” that contains
fractures and “solution-enlarged” cavities. The upper portion of the Madison Limestone (the
Pahasapa Limestone) generally has higher permeability due to the presence of more fractures and
solution cavities than the lower portion (Englewood Limestone) (Green, 1993). The average
porosity of the Madison is estimated to be 1 percent, and the effective porosity from which
recoverable water can be obtained by wells is assumed to be 5 percent (Rahn, 1979). The
Madison Limestone is estimated to be 300 feet thick in this area (Carter and Redden, 1999a and
1999b). The Madison aquifer is generally considered an excellent aquifer in terms of its potential
to supply good quality water to relatively productive wells especially near the outcrop of the
formation. The wells the applicant intends to use are located approximately 2.5 miles southwest
of the nearest portion of Madison Limestone outcrop (Strobel et al, 1999).

At the wells the applicant proposes to use, the top of the Madison aquifer ranges from 811 to 825
feet below ground surface. The static water level of the “Casey well”, as it is called in the
constant-rate aquifer pumping test report prepared by Legette, Brashears, and Graham (LBG)
(2018), at the time of completion, May 1994, was 418 feet below ground surface. The back up
well, called “MW-1” by LBG (2018), had a static water level of 407 feet below ground surface at
the time of completion in July 2017. The Madison aquifer is confined at the location of the wells
the applicant proposes to use. b

AQUIFER PUMPING TEST

METHODOLOGY REVIEW

An aquifer pumping test was performed by engineering firm Leggette, Brahsears & Graham
(LBG), now known as WSP USA, using both of the wells the applicant intends to use (Casey
well and MW-1) for this application from October 23 through October 27, 2017 (LBG, 2018).
The results of this aquifer pumping test are being used by the applicant as a foundation and
justification for this application. The aquifer pumping test included aquifer water level
monitoring for a period before the Casey well was pumped, known as the background period in
the report, and monitoring of the water levels in the pumped well and monitoring wells after
cessation of pumping, known as the recovery period in the report. Total pumping time was
approximately 95 hours instead of the intended 72 hours. The pumping period was extended due
to a water level deflection that was measured after 67 hours of pumping. It was determined the
deflection was caused by a fast moving weather front that caused a rapid increase in barometric
pressure and not an aquifer boundary condition. The Casey well was pumped at an average rate
of 267 gallons per minute (gpm) for the duration of the pumping portion of the test (LBG, 2018).
This application is for 0.67 cfs which is 300 gpm.

The Casey well, the well pumped for the aquifer test, and MW-1, the closest monitoring well for
the test, are owned by Southern Black Hills Water System. The Kaiser well and NPS Well No. 2
well mentioned in the LBG’s (2018) report are owned by the National Park Service. Based on
well completion reports, all four wells are completed into the Madison aquifer. The water levels
of Calcite Lake in Wind Cave are monitored by the National Park Service, and that water level
data was also considered as part of LBG’s (2018) aquifer pumping test report. A vast majority of
Wind Cave including Calcite Lake is within the Madison Limestone (Long et al, 2012). The
data-logger data from DENR-Observation well CU-91A, completed into the Madison aquifer,
was also going to be considered for the pumping test. However, there was a malfunction with the



data collection, and no data was recorded during the aquifer test period. Barometric pressure data
was obtained for use in determining the effects of and appropriately correcting for changes in
barometric pressure that could cause fluctuations of the water level as measured in the wells.

The pumped well and three monitoring wells were equipped with data-logging pressure
transducers. Manual measurements were also taken at the Casey well and MW-1. The National
Park Service maintains long-term water level monitoring of Calcite Lake in Wind Cave. The
methodology and equipment used to measure water levels for this aquifer pumping test as well as
how the aquifer pumping test was conducted are consistent with standard operating procedures
and methods as set forth by the American Water Works Association (AWWA) (1998), United
States Environmental Protection Agency (Osborne, 1993), Fetter (1980), and Driscoll (1986)
amongst many others. The aquifer pumping test as conducted by LBG is accepted by the DENR-
Water Rights Program,

The water level and time data collected during the whole of the aquifer pumping test (the
background period, the pumping period, and the recovery period) was analyzed using Aqtesolv
(LBG, 2018). The Moench (1984) solution for a fractured aquifer was the analysis method used
for the barometric-corrected data and the uncorrected data (LBG, 2018). The Moench (1984)
solution is used by several software packages used for calculating aquifer characteristics and
estimating drawdown based on aquifer pumping test data. This includes Aqtesolv (2018), which
was used by LBG (2018) for their report and is a commonly used and accepted software package
for analyzing aquifer pumping test data. The methods and software used by LBG for analysis of
the aquifer pumping test data is acceptable by the DENR-Water Rights Program.

TEST DATA ANALYSIS REVIEW

The primary purposes of this constant-rate aquifer pumping test was to determine the aquifer
characteristics of the Madison aquifer at the well location and provide information regarding the
suitability of the Casey well as a potential water supply well for Southern Black Hills Water
System (LBG, 2018). The maximum drawdown measured in the Casey well, the pumped well,
was 2.4 feet near the end of the pumping period. The water level in the Casey well recovered to
0.1 feet above pre-pumping static levels within five minutes after shutting down pumping. After
reviewing all of the data and accounting for barometric pressure changes, it was determined no
drawdown caused by pumping the Casey well was measured in any of the monitoring wells.
Moriitoring wells MW-1, the Kaiser well, and NPS Well No. 2 are 129 feet, 2,722 feet, and
15,488 feet away from the Casey well. Figure 1 is a map of the project area including the wells
the applicant intends to use, the wells used for monitoring the water levels during the aquifer
pumping test, and Madison aquifer water rights/permits and observation wells along with the
boundaries of Wind Cave National Park. Table 1 is a list of the water rights/permits shown in
Figure 1.
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Figure 1- Map of project area included Madison aquifer water rights/permits, future use permits,

and deferred application (Water Rights, 2018b), proposed wells and water level
monitoring sites used for the aquifer pumping test (LBG, 2018), and Madison aquifer
observation well (Water Rights, 2018a)



Table 1- Water rights/permits, future use permits, and deferred applications shown in Figure 1
(Water Rights, 2018b)

PERMIT ‘ PERMITTED
NAME COUNTY | STATUS | USE | CFS | ACRES VOLUME
NO.
(AC-FT)
WIND CAVE COM
419-2 NATIONAL PARK Ccu LC | gr | 015| & 18
FALL RIVER WATER
2560-2 USERS DISTRICT FR FU RWS | N/A N/A 358
FALL RIVER WATER
2560A-2 USERS DISTRICT FR FU RWS | N/A N/A 0
SOUTHERN BLACK
2580-2 HILLS WATER FR FU RWS | N/A N/A 1,474
SYSTEM
SOUTHERN BLACK
2585-2 HILLS WATER Ccu DF RWS | 267 N/A 1,600
SYSTEM
FALL RIVER WATER
2615-2 USERS DISTRICT FR LC RWS | 0.07 N/A 42
SOUTHERN BLACK
2633-2 HILLS WATER cu PE RWS | 0.67 N/A 484
SYSTEM
SOUTHERN BLACK
2633A-2 HILLS WATER cu PE RWS | N/A N/A N/A
SYSTEM
STREETER FAMILY
2634-2 LIMITED Ccu LC RWS | 0.243 N/A N/A
PARTNERSHIP
CU= Custer, FR= Fall River, LC= Water Rights, FU= Future Use, DF= Deferred, PE, Water Permit,
COM= Commercial, IRR= Irrigation, RWS= Rural Water System

A site specific aquifer transmissivity, T, was determined to be approximately 98,000 ft*/day
based on the water level measurements recorded during the aquifer pumping test and calculated
using the Moench (1984) solution. Using the empirical relationship between specific capacity,
gpm produced from a pumped well per foot of drawdown in that well (Driscoll, 1986), the
specific capacity of the Casey well during the aquifer pumping test, 111 gpm/ft, yielded. a
transmissivity of approximately 29,700 ft*/day. These two transmissivity values are different
because they method used to calculate them are different, even though they were calculated from
the same data set. Published transmissivity values as listed in Carter and others (2001a) shows
transmissivity values for the Madison aquifer can range from near zero to 56,000 ﬁl/day. LBG
(2018) stated while the larger transmissivity value calculated from the pumping test appears
relatively high when compared to published transmissivity values for the Madison aquifer that
transmissivity value is “reasonably consistent with transmissivity values for a confined karst
aquifer located in an area where there are many large deformational features”. While the
transmissivity value calculated from the aquifer pumping test exceeds currently published values
for Madison aquifer transmissivity, the potential for significant fractures and solution cavities in
the area of the Casey well and the physics of water flow through a karst aquifer like the Madison
aquifer means the transmissivity value (98,000 ft*/day) as calculated is reasonable.



Storativity, also known as storage coefficient or coefficient of storage, of an aquifer is a measure
of how much water can be released from an aquifer per unit surface area per unit reduction of
hydraulic head of the aquifer. Because no drawdown that could be attributed to pumping the
Casey well was measured in any of the three monitoring wells, a storativity was not determined.
Storativity is not valid for a pumping well and thus requires measureable drawdown in at least
one monitoring well to be calculated. Long and Putnam (2002) published storativity values for
the Madison aquifer ranging from 1.4*10° to 2*10™. LBG (2018) stated that based on the
recorded water levels during the pumping test and the likely extensive solution cav1t1es in the
Madison aquifer in this area, the storativity could potentially be greater than 2*10, Based on the
data collected during the aquifer pumping test, it is reasonable to assume the storativity of the
Madison aquifer at the Casey well site is near or greater than 2*107.

LBG (2018) reported the water quality samples taken from the Casey well show the water is of
good quality with no parameters exceeding the primary or secondary MCLs (maximum
contaminant level). Additionally, total coliform and e. coli bacteria were absent from the water
samples. The water samples were sent to MidContinent Testing Laboratories in Rapid City to be
tested for drinking water quality parameters. MidContinent Testing Laboratories is certified for
testing drinking water quality parameters. Based on the analysis of the data collected during the
aquifer pumping test, LBG (2018) concluded the water from the Madison aquifer is of good
quality to be used by Southern Black Hills Water System, there is a reasonable probability
unappropriated water is available for use by Southern Black Hills Water System, and that at the
location of the Casey well and MW-1 a diversion can be made at a maximum instantaneous
diversion rate of 300 gpm (0.67 cfs) without unlawfully impairing existing water rights.

SOUTH DAKOTA CODIFIED LAW (SDCL) 46-2A-12 AND 46-5-30.4

An existing water right/permit may be amended pursuant to SDCL 46-2A-12 and 46-5-30.4 to
change use, point of diversion, or other changes so long as the changes do not increase the rate of
diversion, increase the volume of water appropriated under the original water right/permit, and
only if the change does not unlawfully impair existing rights, is a beneficial use and is in the
public interest. This application is to amend Water Permit No. 2633A-2 to change the point of
diversion and add an additional well. Therefore, water availability does not need to be
considered. However in recognition of the controversy involving development of the Madison
aquifer for rural water systems in the southern Black Hills area, the availability of
unappropriated water will be included in this report.

SOUTH DAKOTA CODIFIED LAW (SDCL) 46-2A-9

Pursuant to SDCL 46-2A-9, a permit to appropriate water may be issued only if there is a
reasonable probability that there is unappropriated water available for this applicant’s proposed
use, that the proposed diversion can be developed without unlawful impairment of existing rights
and that the proposed use is a beneficial use and in the public interest. This report will address
the availability of unappropriated water and effects on existing rights from the aquifer that are
pertinent to this application.



WATER AVAILABILIITY

This application proposes to appropriate water from the Madison aquifer. The probability of
unappropriated water available from the aquifer can be evaluated by considering SDCL 46-6-3.1,
which requires:

“No application to appropriate groundwater may be approved if, according to the
best information reasonably available, it is probable that the quantity of water
withdrawn annually from a groundwater source will exceed the quantity of the
average estimated annual recharge of water to the groundwater source. An
application may be approved, however, for withdrawals of groundwater from any
groundwater formation older than or stratigraphically lower than the greenhorn
formation in excess of the average estimated annual recharge for use by water
distribution systems.”

The Madison aquifer is stratigraphically lower/older than the Greenhorn Formation and the
applicant is a water distribution system as defined in SDCL 46-1-6(17). Therefore, a comparison
of average annual recharge and average annual withdrawals from the Madison aquifer does not
need to be performed for this application. However, the availability of unappropriated water will
be included in this report in recognition of the history of controversy involving development of
the Madison aquifer for rural water system use.

Hydrologic Budget

Recharge

The Madison aquifer is recharged through infiltration of precipitation and through streamflow
losses on the outcrop area. Carter and others (2001a) estimated the combined average annual
recharge through streamflow losses and precipitation to the Madison and Minnelusa Aquifers to
be 249,211 ac-ft/yr. They went on to say that about 55 percent (137,066 ac-ft/yr.) of the recharge
went to the Madison aquifer and 45 percent (112,145 ac-ft/yr.) entered the Minnelusa aquifer
(Carter et al, 2001a). Carter and others (2001a) stated that both aquifers received approximately
the same precipitation recharge, but the Madison aquifer presumably received a slightly higher
percentage of streamflow loss recharge due to its outcrop area being upgradient of the Minnelusa
Formation’s outcrop area.

Withdrawals:

Discharge from the Madison aquifer occurs through pumping of wells, and flow from headwater
and artesian springs (Carter et al, 2001a). There are 151 water rights/permits authorized to
withdraw water from the Madison aquifer, 8 future use permits reserving water from the
Madison aquifer, 1 deferred application (Deferred Application No. 2585-2 for Southern Black
Hills Water System), and 3 applications held in abeyance (Application No. 2685-2 for Powertech
(USA) Inc, Application No. 1971-1 for DC Booth Fish Hatchery, and Application No. 2788-2 for
Southern Black Hills Water System) that propose to use water from the Madison aquifer.

The majority of the water use is for non-irrigation purposes. Historically, the average annual
water use by non-irrigation appropriations limited by instantaneous diversion rate has been less
than 60 percent of full time pumping at the permitted diversion rate. The estimated average
annual use by appropriations limited only by maximum diversion rate is less than 23,000 ac-ft/yr.



There are also water rights/permits limited by an annual volume. It is assumed that permits
limited by an annual volume will eventually develop the full volume. Appropriations limited by
an annual volume are estimated to pump approximately 20,850 ac-ft/yr., which includes the use
authorized by Water Permit No. 2366A-2. Future use permits reserve 12,189 ac-ft/yr. Deferred
Application No. 2585-2 for Southern Black Hills Water System was deferred for the assessment
of the potential impacts to Beaver Creek and the cave pools of Wind Cave National Park. If
Deferred Application No, 2585-2 were to be approved it would be limited to pumping a
maximum of 1,600 ac-ft/yr. Combined, the estimated average annual non-irrigation pumpage
plus future use reservation and the deferred appropriation volume is 57,639 ac-ft/yr.

Application No. 1971-1 is held in abeyance per thé request of the U.S. Fish and Wildlife Service.
If it were to be approved, Application No. 1971-1 would be limited to pumping 3,226 ac-ft/yr.
Application No. 2685-2 for Powertech (USA) Inc is held in abeyance at the request of the
applicant while the applicant completes the required federal permitting process. If approved as is,
Application No. 2685-2 would be limited to pumping 888.8 ac-ft/yr. Application No. 2788-3 is
held in abeyance per the request of the applicant pending approval of this application. If this
application is approved, Application No. 2788-2 will be withdrawn. Application No. 2788-2
proposes to appropriate 480 ac-ft/yr. In total, the Madison aquifer applications held in abeyance
propose to appropriate 4,594.8 ac-ft/yr.

There are 32 water rights/permits that include irrigation as a permitted water use. Kilts (2017)
thoroughly examined the historic irrigation use from the Madison aquifer. Kilts (2017) calculated
the estimated average annual use for irrigation purposes to be 1,035.7 ac-ft/yr. Since completion
of Kilts’ (2017) review, more irrigation data has not become available. However, Water Permit
No. 2773-2 for Arrowhead Country Club has been approved for the irrigation of 100 acres.
Assuming the maximum application rate, two feet of water on each acre, Water Permit No. 2773-
2 will pump 200 ac-ft/yr. The sum of the potential use under Water Permit No. 2773-2, and the
historic average annual irrigation use is 1,235.7 ac-ft/yr.

Carter and others (2001b) estimated average domestic and livestock water use from the Madison
aquifer during water years 1987 to 1996 at about 2.25 percent of well withdrawals. This
relatively small percentage is likely do to the high cost of constructing a Madison aquifer well
except near the outcrop, and that once away from the outcrop area there are typically other
overlying -aquifers. Using Carter and others (2001b) estimated percentage of total pumping,
domestic use from the Madison aquifer is expected to be less than 1,300 ac-ft/yr.

Hydrologic Budget :

Carter and others (2001a) estimated the average annual recharge to the Madison aquifer to be
137,066 ac-fi/yr. The estimated non-itrigation appropriative use plus future use reservations plus
potential use by a deferred application, and the applications held in abeyance water use is
expected to be less than 62,300 ac-ft/yr. The average annual irrigation use plus maximum
potential use of a new water permit is 1,235.7 ac-ft/yr. Domestic use from the Madison aquifer is
expected to be less than 1,300 ac-ft/yr. That is a total of 64,835.7 ac-ft/yr., which is less than half
of the estimated average annual recharge. This shows that on the whole the Madison aquifer is a
huge resource that can likely sustain additional appropriation.



Localized Hydrologic Budget

Carter and others (2001b) developed hydrologic budgets for the Madison and Minnelusa aquifers
combined in the Black Hills area for water years 1987 to 1996, and broke down both aquifers
into nine sub-areas based on hydraulic flow paths to minimize flow across boundaries. The well
sites proposed by this application are located in sub-area 7, as is the well site authorized by
Water Permit No. 2633A-2 (Carter et al, 2001b). The hydrologic budget for this subarea was
balanced from 1987-1996, by estimating the outflow from the subarea was through artesian
springflow (9.6 cfs on average), groundwater outflow (0.9 cfs on average), or well withdrawals
(0.1 cfs on average) (Carter et al, 2001b). The estimates used for well withdrawals show the
aquifer was relatively untapped at the time the report was written. There has been some
development since then. The current estimate for well withdrawals would likely be in the range
of 0.5 to 1 cfs based on the current level of appropriative development in this sub-area (Water
Rights, 2018b). Currently, there are future use permits reserving up to 1,832 ac-ft/yr. for this sub-
area. It should be noted Future Use Permit No. 2580-2 reserves a total of 1,474 ac-ft/yr. at four
sites with only one of the sites in sub-area 7 as described in Carter and others (2001b). There is
also a Deferred Application No. 2585-2 which applied for a total of 1,600 ac-ft/yr. from this sub-
area.

Changes to the hydrologic budget in this sub-area (i.e. an increase in well withdrawals) will
result in a change of the dynamic equilibrium of the sub-area. In short, a change of one
component requires an equal change of one or more other components of the hydrologic budget.
That means an increase in well withdrawals would require inducing more Madison groundwater
inflow or reducing Madison groundwater outflow or reducing artesian springflow or some
combination thereof. Streamflow and precipitation recharge are independent of the other
components and development would not directly affect either. It can be assumed that with a very
subtle change in the hydraulic gradient at either the inflow zone of the sub-area, which is within
approximately two miles of the well sites, or the outflow area would establish a new dynamic
equilibrium with unmeasurable impacts to the amount of water in storage or the artesian
springflow. Development of this application is expected to induce more groundwater inflow and
have minimal impact on the localized hydrologic budget.

Observation Well Data:

Administrative Rule of South Dakota Section 74:02:05:07 requires that the Water Management
Board shall rely upon the record of observation well measurements in addition to other data to
determine that the quantity of water withdrawn annually from the aquifer does not exceed the
estimated average annual recharge of the aquifer.

The DENR-Water Rights Program monitors 25 observation wells completed into the Madison
aquifer (Water Rights, 2018a). Figures 2, 3, 4, and 5 show the hydrographs for CU-91A, FR-
95A, FR-92A, and CU-93A, respectively. Observation wells CU-91A, FR-95A, FR-92A, and
CU-93A are 2.3 miles east, 5.7 miles south, 13 miles southwest, and 16.3 miles northeast of the
wells this application proposes to use,



DENR Water Rights Observation Well: CU-91A
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Figure 2- Hydrograph for DENR observation well CU-91A, located approximately 2.3 miles east
of the applicant’s well sites (Water Rights, 2018a)

DENR Water Rights Observation Well: FR-95A
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Figure 3- Hydrograph for DENR observation well FR-95A, located approximately 5.7 miles
south of the applicant’s well sites (Water Rights, 2018a)

10



DENR Water Rights Observation Well: FR-92A
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Figure 4- Hydrograph for DENR observation well FR-92A, located approximately 13 miles
southwest of the applicant’s well sites (Water Rights, 2018a)

DENR Water Rights Observation Well: CU-93A
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Figure 5- Hydrograph for DENR observation well CU-93A, located approximately 16.3 miles
northeast of the applicant’s well sites (Water Rights, 2018a)

These four hydrographs are representative of the hydrographs for the other DENR Madison
aquifer observation wells. The hydrographs show the aquifer’s response to climatic condition
and clearly demonstrates the aquifer receives recharge. The water levels rise during wetter
periods and slowly decline during drier periods. Any effects on the water levels of the aquifer
caused by pumping are temporal. Overall, the effects of climatic conditions dominate changes in
water levels in the Madison aquifer. This means recharge to and natural discharge from the
aquifer significantly exceeds well withdrawals. Recognizing natural discharge along with
recharge can be captured for pumping, the observation well data document there is
unappropriated water available for this proposed appropriation. The observation well data
supports the hydrologic budget data.
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EFFECTS ON EXISTING WATER RIGHTS

Water right/permit wells and domestic wells completed into aquifers that are stratigraphically
above or below the Madison aquifer are not expected to be affected by Madison aquifer
withdrawals because the lower Minnelusa Formation and the lower Madison Limestone
generally serve as upper and lower confining units for the Madison aquifer, respectively. As
shown in Figure 6, the closest water right/permit, future use permit, or deferred application is
Future Use Permit No. 2580-2 for Southern Black Hills Water System. Future Use Permit No.
2580-2 reserves a total of 1,474 ac-ft/yr. to be put to use at up to four locations for Southern
Black Hills Water System (Water Rights, 2018b). This location is called the Gobbler Pass Site
(Buhler, 2006) and it is approximately 0.5 miles west of the Casey and MW-1 well sites. The
next closest water right/permit diversion point is a well authorized by Water Right No. 419-2 for
Wind Cave National Park which is approximately 2.9 miles northeast of the Casey and MW-1
well sites (Water Rights, 2018b). There are also a number of domestic wells on file within two
miles of the Casey and MW-1 well sites that appear to be completed into the Madison aquifer
(Water Rights, 2018c¢).

[Custer8l \ational Park . ' ‘ '

| SouthemBlack [ £
Hills Water System | |

25802

E ' | Streeter Family |
| Southern Black : 45 Limited Partnership
Hills Water System i _— —

1 Fall River Water [gii s
| Users District 3

Miles
0 1 2 4 Madison Aquifer Water
®  App. No. 2633B-2 Wells Rights/Permits Status
A Observation Wells B Deferred
~ Citylimit Boundaries @ Future Use
Lavk.n I—_—] County Boundaries @ Water Rights
EE o "7//] Wind Cave National Park @ Water Permit

Figure 6- Map of project area with Madison aquifer water rights/permits including status and
permit holder (Water Rights, 2018b) and observation wells (Water Rights, 2018a)
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At the proposed well site, the Madison aquifer is under confined conditions. Generally, that
means the water level of the aquifer can be subject to fairly significant fluctuations in water level
caused by natural conditions (see Figures 2, 3, 4, and 5). While the drawdown created by
pumping a well completed into a confined aquifer may extend a considerable distance from the
pumped well, the aquifer pumping test conducted by Leggette, Brashears & Graham (LBG,
2018) showed that pumping the Casey Well at 267 gallons per minute (gpm) for approximately
95 hours produced no measureable drawdown in a monitoring well 129 feet away. However, the
aquifer characteristics of the Madison aquifer can vary considerably within a short distance
(Greene, 1993). This means drawdown caused by pumping a well may not necessarily be the
same in all directions from the pumped well and longer term pumping (i.e. years) may cause
measureable drawdown in nearby wells completed into the Madison aquifer.

While the Theis equation is primarily for use in determining drawdown in a porous media (i.e.
sand and gravel) aquifer, it can provide some insight into potential drawdown caused by
pumping a well completed into the Madison aquifer (a karst limestone). Assuming a
transmissivity of 29,700 ft’/day, a storativity of 107, and diversion rate of 0.67 cfs, the estimated
drawdown 129 feet away from the pumping well after one year of continuous pumping is
estimated to be 2.19 feet and after 10 years of continuous pumping the drawdown 129 feet away
from the pumped well increases to 2.55 feet (Utah Division of Water Rights, 2018). The
transmissivity used in the estimate is the lower of the two values calculated by LBG (2018) and
the storativity is on the low end of published values listed by Long and Putnam (2002). The
drawdown estimates from the Theis equation show that drawdown is likely not to be significant
and not likely to unlawfully impair adequate domestic wells or adequate wells for existing water
rights/permits. Furthermore, the Theis equation drawdown estimates are significantly less than
the historic amplitude of water level changes as shown in the Madison aquifer hydrographs in
Figures 2, 3, 4, and 5.

At Casey and MW-1 well sites, there was more than 400 feet of artesian head pressure at the
time of completion for each well. South Dakota Codified Law (SDCL) 46-6-6.1 does not
necessarily protect artesian head pressure as a means of delivery, and the Water Management
Board has recognized that to place water to maximum beneficial use, a certain amount of
drawdown may occur. In order to balance interests between irrigation use and delivery of water
by artesian head pressure, the Water Management Board defined an “adversely impacted
domestic well” in Administrative Rule of South Dakota (ARSD) 74:02:04:20(7) as:

“a well in which the pump intake was set at least 20 feet below the top of the
aquifer at the time of construction or, if the aquifer is less than 20 feet thick, is as
near to the bottom of the aquifer as is practical and the water level of the aquifer
has declined to a level that the pump will no longer deliver sufficient water for the
well owner’s needs”.

The Water Management Board considered the delivery of water by artesian head pressure versus
maximum beneficial use of water issue for Water Right No. 2313-2 for Coca-Cola Bottling
Company of the Black Hills. The Water Management Board adopted Findings of Facts and
Conclusions of Law that noted reservation of artesian head pressure for delivery of water would
be inconsistent with SDCL 46-1-4 which states, “general welfare requires that the water
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resources of the state be put to beneficial use to the fullest extent of which they are capable...”
(Water Rights, 1995). Furthermore, the Water Management Board found if increased cost or
decreased production as a result of impacts on artesian head pressure by legitimate users is to be
considered an adverse impact it would also be in conflict with SDCL 46-1-4 (Water Rights,
1995). With that in mind, some existing well owners may need to lower their pumps to
accommodate for deeper water levels. However, when considering.the statute (SDCL 46-6-6.1),
rule (ARSD 74:02:04:20(7)), the artesian head pressure, the distance between appropriative
wells, and lack of measurable drawdown in the monitoring wells as shown by the data collected
by LBG (2018) during the aquifer pumping test, well interference from this proposed diversion is
not expected to cause an adverse impact. Furthermore, it should be noted that DENR-Water
Rights Program Madison aquifer observation wells located in areas with large capacity municipal
Madison aquifer wells (i.e.: Rapid City, Spearfish, and Sturgis) show drawdown from pumping
has never been adverse. The drawdown has ranged from a few feet to tens of feet (Water Rights,
2018a). When this is considered against the natural amplitude of water level changes in the
Madison aquifer (several tens of feet), it shows this proposed diversion is not likely to unlawfully
impact existing users.

BENEFICIAL USE
The Water Management Board has determined in the past that use of water by a rural water
system is a beneficial use.

PUBLIC INTERST CONCERNS

Artesian Springs

The water from several springs in the southern Black Hills area contains geochemical and
isotopic characteristics of the Madison aquifer (Whalen, 1994). Rahn and Gries (1973) classified
these springs as Type 2 and stated the springs of this type do not dry up but serve as points of
permanent discharge from the carbonate aquifer. Hot Brook Spring, Beaver Creek Spring, and
Evans Plunge Spring are the large springs nearest to the wells the applicant intends to use. All
are four to six miles away from the wells this application proposes to use. Some or most of the
source water for these three springs is from the Madison aquifer (Naus et al, 2001).

The discharge rate of Beaver Creek Spring as measured by National Park Service staff is shown
in Figure 7. Figure 7 shows that the discharge rate at Beaver Creek spring has varied from 8.46
to 16.2 cfs of the period of record (July 2009 through November 2016). The total amplitude of
7.74 cfs is more than 11 times greater than the maximum instantaneous diversion rate authorized
by Water Permit No. 2633A-2 and proposed by this application (0.67 cfs).
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Beaver Creek Spring Discharge
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Figure 7- Beaver Creek Spring discharge measurement (NPS Continuous Water Data, 2018)

When considering Future Use Permit No. 2560-2 for Fall River Water User District, the Water
Management Board accepted South Dakota Water Law does not protect artesian head pressure as
a means of diversion and determined that well interference resulting in decreased discharge from
these “artesian” springs could probably not be considered an adverse impact. However, the
Board did recognize the “public interest” issues of decreased base flows in area streams that
could result from decreased spring discharge as a result of well interference. The approval of
Future Use Permit No. 2560-2 included a qualification that stated:

“At such time as definite plans are made to construct works and put the water
reserved by this permit to beneficial use, specific application of all or any part of
the reserved water must be submitted and approved prior to construction of
facilities pursuant to SDCL 46-5-38.1 with particular attention given to the flows
of Beaver [Creek] Spring, Cascade Springs and Hot Springs.” (Water Rights,
2018b)

The location of intended use for Future Use Permit No. 2560-2 is approximately three miles
south of Beaver Creek Spring. Subsequently during consideration and eventual deferral of
Application No. 2585-2 for Southern Black Hills Water System, the Water Management Board
adopted a conclusion of law (No. 11) which states in part “The only protection South Dakota law
provides when considering an application for an underground water permit for flow from an
artesian spring is under the public interest criteria.” (Water Rights, 2018b).
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The applicant’s wells are approximately five miles west of Beaver Creck Spring. A fairly large
change in the hydraulic gradient in the vicinity of a spring would be necessary to significantly
affect the groundwater flow rates and consequently the spring’s discharge. Given the distance
between the applicants wells and the nearby springs (4 to 6 miles), the minimal drawdown
expected from pumping this proposed diversion based on the aquifer pumping test, and the
relatively low diversion rate requested by the applicant (0.67 cfs), it is unlikely that any
drawdown caused by pumping this proposed diversion would have a measureable impact on
spring discharge.

Wind Cave National Park

In the past, the National Park Service has intervened in matters of water permit applications from
the Madison aquifer in the southern Black Hills area. Their primary concern was the potential
effects on water levels of lakes and pools in Wind Cave that are hydraulically connected to the
Madison aquifer caused by pumping new and existing water rights/permits. Buhler (2014)
addressed the potential impacts from pumping the diversion proposed by Water Permit No.
2730-2. He noted that even though there was already development of Madison aquifer water
rights/permits in the area the water levels in the lakes and pools within the park changed in a
matter similar to the nearest DENR observation well, CU-91A (see Figure 2), which was
following changes in climatic conditions. He noted that because of the distance, approximately
13 miles, and the natural fluctuation of the water level of the Madison aquifer as reflected in the
water level of the lakes and pools, pumping authorized under Water Permit No. 2730-2 was not
expected to impact the water level of the lakes and pools. The well sites for this application are
approximately 2.5 miles southeast from the lakes and pools in Wind Cave National Park. A
hydrograph of water elevation data for Calcite Lake in Wind Cave taken by an automatic
recorder and manual readings along with the hydrograph for DENR observation well CU-91A is
shown in Figure 8. The maximum amplitude of water level change in Calcite Lake and CU-91A
across the respective periods of record is 21.27 and 24.02 feet, respectively. Furthermore, the
water levels in the observation well and the cave pool follow the same shape. The changes in
water level in the cave pool and the observation well are clearly controlled by climatic conditions
and not by the effects of pumping. The analysis of the aquifer pumping test data, which included
water levels from a lake in Wind Cave, show it is unlikely there will be any issues caused by
pumping this proposed diversion.
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Water Elevation-Calcite Lake in Wind Cave and DENR Obs Well CU-91A
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Figure 8- Water level data for Calcite Lake in Wind Cave both manual and automatic (NPS
Continuous Water Data, 2018) and DENR observation well CU-91A (Water Rights,
2018a)
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TERM LIMITATION:
In consideration of applications to withdraw water from the Madison aquifer in Butte, Fall River,
Custer, Lawrence, Meade or Pennington Counties, SDCL 46-2A-20 requires:

“...no water permit for construction of works to withdraw water from the Madison formation in
Butte, Fall River, Custer, Lawrence, Meade and Pennington counties may be issued for a term of
more than twenty years, unless the water management board determines, based upon the
evidence presented at a hearing that:

(1) Sufficient information is available to determine whether any significant adverse
hydrologic effects on the supply of water in the Madison formation would result if the
proposed withdrawal were approved; and

(2) The information, whether provided by the applicant or by other means, shows that there
is a reasonable probability that issuance of the proposed permit would not have a
significant adverse effect on nearby Madison formation wells and springs.”

Although the criteria for approval of a water permit reviewed (i.e.: there is a reasonable
probability unappropriated water is available and this proposed diversion can be developed
without unlawful impairment of existing rights) in this report as established in SDCL 46-2A-9
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are met, evidence is not available to justify issuing this permit without a term limitation of 20

years.

CONCLUSIONS:

1.

10.

Application No. 2633B-2 proposes to amend Water Permit No. 2633 A-2 by transferring
the point of diversion and adding an additional well to the one well authorized under
Water Permit No. 2633A-2.

Water Permit No. 2633A-2 authorizes the appropriation of 484 ac-ft/yr. from one well
completed into the Madison aquifer for rural water system use at a maximum diversion
rate of 0.67 cfs.

The Madison aquifer is a viable aquifer and is found under confined conditions in the
area of the proposed well site.

The applicant had a constant-rate aquifer pumping test conducted and analyzed by
Leggette, Brashears & Graham, an engineering firm, to determine suitability for
pumping at the well sites proposed by Application No. 2633B-3.

The methodology for completing the aquifer pumping test as well as for analyzing the
data are sound and within published standard operating procedures for conducting a
constant-rate aquifer pumping test.

The aquifer pumping test determined site specific aquifer transmissivity as well as
measuring no drawdown at monitoring wells that can be attributed to pumping during the
aquifer pumping test.

Based on the observation well data and a hydrologic budget, there is a reasonable
probability unappropriated water is available for this proposed appropriation.

There is a reasonable probability the diversion proposed by this application can be made
without adversely impacting existing appropriative or domestic users with adequate
wells.

There have been public interest concerns in the past regarding artesian springs, and the
lakes and pools in Wind Cave National Park with the development of Madison aquifer
water rights/permits in the southern Black Hills area. Development of this proposed
appropriation is not expected to impact the springs or cave pools.

This application should include the 20 year term limitation as required by SDCL 46-2A-
20. '

Adam Mathiowetz, PE
SD DENR-Water Rights Program
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DEPARTMENT of ENVIRONMENT
T LI and NATURAL RESOURCES
L =S

JOE FOSS BUILDING
523 EAST CAPITOL
PIERRE SOUTH DAKOTA 57501-3182
http://denr.sd.gov

RECOMMENDATION OF CHIEF ENGINEER FOR WATER PERMIT
APPLICATION NO. 2633B-2, Southern Black Hills Water System

Pursuant to SDCL 46-2A-2, the following is the recommendation of the Chief Engineer, Water
Rights Program, Department of Environment and Natural Resources concerning Water Permit
Application No. 2633B-2, Southern Black Hills Water System, c¢/o Don Peterson, Manager,
26858 Hwy 385, Hot Springs SD 57747.

The Chief Engineer is recommending APPROVAL of Application No. 2633B-2 pursuant to
SDCL 46-5-30.4 with a 20 year term pursuant to SDCL 46-1-14 and 46-2A-20 because 1) the
proposed diversion can be developed without unlawful impairment of existing rights, 2) the
proposed use is a beneficial use and, 3) it is in the public interest with the following
qualifications:

1.

In accordance with SDCL 46-1-14 and 46-2A-20, Permit No. 2633B-2 is issued for a
twenty year term, Pursuant to SDCL 46-2A-21, the twenty year term may be deleted at
any time during the twenty year period or following its expiration. If the twenty year
term is not deleted at the end of the term, the permit may either be cancelled or amended
with a new term limitation of up to twenty years. Permit No. 2633B-2 may also be
cancelled for nonconstruction, forfeiture, abandonment or three permit violations
pursuant to SDCL 46-1-12, 46-5-37.1 and ARSD 74:02:01:37.

The wells will be located near domestic wells and other wells which may obtain water
from the same aquifer. The well owner, under this Permit shall control withdrawals so
there is not a reduction of needed water supplies in adequate domestic wells or in
adequate wells having prior water rights.

Southern Black Hills Water System shall report to the Chief Engineer annually the
amount of water withdrawn from the Madison aquifer.

Water Permit Nos. 2633-2, 2633A-2, and 2633B- 2 combined appropriate up to 484 acre
feet of water annually.

Southern Black Hills Water System under this permit shall control withdrawals from the
well so there is not a significant effect on the water flow from Beaver Creek Springs or a
significant adverse effect on the water quality and character in Beaver Creek Springs.

See report on apphcatlon for additional information.

e Goodman Chief Engineer

June 14,2018
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Affidavit of Publication

State of South Dakota )
)ss.

County of Custer
Charles W. Najacht of said county, being duly sworn,
on oath says that he is publisher of the Custer County
Chronicle, a weekly newspaper printed and published in
Custer City, said County of Custer and has full and per-
sonal knowledge of all the facts herein stated; that said
newspaper is a legal newspaper and has a bona-fide cir-
culation of at least two hundred copies weekly, and has
been published within said County for fifty-two succes-
sive weeks next prior to' the publication of the notice
herein, mentioned, and was and is printed wholly or in
part in an office maintained at said place of publication:

that the
7

» s L
4 yeefl & St LT
’ ’ - / / o
137 4,,1’[//./‘11,; Ao, 243382
V Y / J
AN LN A At ““/5 _/"44 A

a printed copy of which, taken from the paper in which
the same was published, is attached to this sheet, and is
made a part of this Affidavit, was published in said news-
paper at least once each week for suc-
cessive week(s), on which said newspaper was regular-
ly published, to wit:

Tne 20 . 20/8.; . ;

] ] 3

the full amoun't of the fe’es for the oubli‘cation of tt'we
annexed notice is $ L9228

oo . 4
Subscribed and sworn to me before this QZ¢2
of <Srr s’ 20 /S

A Nk ,WWJAL
’ [} NOTARY PUBLIC
MY COMMISSION EXPIRES: Mg &, 02 ¢
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JUN 25 2018
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Continued from previous page —

NOTICE OF
APPLICATION

NO. 26338-2 TO AMEND
WATER PERMIT NO. 2633A-2
Notice is given that Southern
- |Black Hills Water System, c/o Don
- |Peterson, Manager, 26858 Hwy
385, Hot Springs SD 57747 has
filed an application to amend
Water Permit No. 2633A-2 by
transferring the point of diversion
and adding an additional well.
Water Permit No. 2633A-2 appro-
priates 484 acre-feet of water
annually at a maximum pump rate
of 0.67 cubic feet of water per sec-
ond from one well to be completed
into the Madison Aquifer located
in the SE 1/4 SE 1/4 Section 35-
T5S-R6E. This dpplication
requests the point of diversion be
transferred to two Madison Aquifer
wells (883 and 923 feet deep)
located in the N 1/2 SE 1/4 Section
24-T6S-RSE which. is approxi-
mately 6 miles southwest of the
original well location. The second
well will be a monitoring well but
also, if needed, serve as an emer-
. gency backup well.  This site is
located approximately five miles
f north of Hot Springs. The rural
' water system serves users in
. Custer, Fall River and Pennington
| counties,
SDCL 46-2A-4(10) provides
that “if the applicant does not con-
: test the recommendation of the
Chief Engineer and no petition to
oppose the application is received.
the Chief Engincer shall act on the
application pursuant to the Chief
Engineer’s recommendation and
no hearing may be held before the
board, unless the Chief Engineer
makes a finding that an applica-
tion, even if uncontested, presents
important issues of public policy or
public interest that should be heard
by the board.” In this case, the
Chief Engineer finds that this
application presents important
issues of public interest that should
be heard by the Water Management
Board.
Pursuant to SDCL 46-2A-2. the

e —

TER RIGHTS
ROGRAM

———.

Chief Engineer recommends
Apjproval of Application No.,
2633B-2 pursuant to SDCL 46-5-
30.4 with a 20 year term pursuant
10 SDCL 46-1-14 and 46-2A-20"
because 1) the proposed diversion
can be developed without unlawful
impairment of existing rights, 2)
the proposed use is a beneficial
use, and 3} it is in the public inter-
est. The Chief Engineer’s recom- -
mendation with qualifications, the
application, and staff report are |
available at hitp://denr.sd.gov/pub- |
lic or contact Eric Gronlund for :
this information, or other informa- .
tion, at the Water Rights Program
address provided below.

The Water Management Board {
will consider this application at
1:30 pm (central time) on July 12, |
2018 in the Matthew Training |
Center, Joe Foss Bldg, 523 E..
Capitol Ave. Pierre SD. The Chief
Engineer's recommendation is not
final or binding upon the Board.
The Board is authorized to 1)
approve, 2) approve with qualifica-
tions, 3) defer, or 4) deny this
application based on the facts pre-
sented at the public hearing.

Any interested person who
intends to participate in the hearing -
shall file a petition to oppose or |
support the application and the
petition shall be filed with BOTH
the applicant and Chief Engincer.
The applicant must also file a peti-
tion if opposed to the Chief
Engineer's recommendation. The
Chief Engineer's address is "Water
Rights Program, Foss Building,
523 E Capitol, Pierre SD 57501
(605 773-3352)" and the appli-
cant's mailing address is given
above. A petition filed by either an
interested person or the applicant
must be filed by July 2, 2018. ‘

The petition may be informal,
but shall be in writing and shall
include a statement describing the |
petitioner's interest in the applica- :
tion, the petitioner's reasons for
opposing or supporting the appli-
cation, and the signature and mail-
ing address of the petitioner or the
petitioner's legal counsel, if legal
counse! is obtained. The hearing is
an adversary proceeding and any

—————



. party has the right to be present at

! the hearing and to be represented

| by a lawyer. These and other due

| Pprocess rights will be forfeited if

; they are not exercised at the hear-

- ing and decisions of the Board may
be appealed to the Circuit Court
and State Supreme Court as pro-
vided by law.

J The July 2, 2018 hearing date
will be automatically delayed for at
least 20 days upon written request
to the Chicf Engincer from the
applicant or any person who has

, hled a petition to oppose or sup-

port the application. The request

for an automatic delay must be
filed by July 2, 2018. If an auto-
matic delay is requested, the hear-
ing will be rescheduled for a future

Board meeting and personal notice

will be provided to all petitioners

regarding the time, date and loca-
tion,

Notice is given to individuals
with disabilities that this hearing is
being held in a physically accessi-
ble place. Please notify the
Department of Environment and
Natural Resources at least 48 hours
before the hearing if you have a
disability for which special

arrangements must be made at the .

hearing. The telephone number for

making arrangements is {(605) 773-

3352,

Under SDCL  1-26-17(7)
notices must statc that “if the
amount in controversy exceeds
$2,500,00 or if a property right
may be terminated, any party to the
contested case may require the
agency to use the Office of
Hearing Examiners by giving
notice of the request to the agency
no later than ten days after service
of a notice of hearing issued pur-

provided by publication, and the

Chief Engineer is July 2, 2018.
However, since this particular mat-
ter is a water permit application
and not a monetary controversy in
. excess of $2,500.00 or termination
‘of a property right the Chief
Engineer disputes the applicability
- of this provision and maintains that

L

suant to SDCL 1-26-17." Thisisa"
Notice of Hearing, service is being '

applicable date to give notice to the

the hearing must be conducted by
the Board.

As applicable, the following
provides the legal authority and
Jjurisdiction under which the hear-
ing will be held and the particular
statutes and rules pertaining to this
application: SDCL 1-26-16 thru 1-
26-28; SDCL 46-1-1 thru 46-1-9,
46-1-13 thru 46-1-16; 46-2-3.1,]
46-2-9, 46-2-11, 46-2-17; 46-2A-1
thru 46-2A-12, 46-2A-14, 46-2A-
15, 46-2A-20, 46-2A-21, 46-2A-
23; 46-5-1.1, 46-5-2 thru 46-5-26,
46-5-30.2 thru 46-5-30 4, 46-5-31,
46-5-32 thru 46-5-34,1, 46-5-38
thru 46-5-39, 46-5-46, 46-5-47,
46-5-49; 46-6-1 thru 46-6.3.1, 46-
6-6.1, 46-6-10, 46-6-13, 46-6-14,
46-6-21, 46-6-26; and Board Rules
ARSD 74:02:01:01 - thru -
74:02:01:25.02; 74:02:01:35.01.

Steven M. Pirner, Secretary,
Department of Environment and
Natural Resources.

Published once at an approxi-
mate cost of $59.26.
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June 20 L21087112
’ NOTICE OF APPLICATION
NO. 26338-2 to Amend Water
Permit No. 2533A-2
Notice is glven that Southern
Block Hllls Water System, ¢/o Don
Peterson, Manager, 26858 Hwy
385, Hot Springs, SO 57747 has
filed on applicatlon 10 amend
Water Permit No. 2633A-2 by
transferring the point of diversion
and adding an additional well,
Water Permit No. 2633A-2 appro-
priates 484 acre-feet of water an-
nually at @ maximum pump rote
of 0.67 cubic feet of water per sec-
ond from one well 10 be completed
into the Madison Aquifer located
In the SE 1/4 SE 1/4 Section
35-T55-R6E. This application re-
quests the point of diversion be
transferred to two Madison Aqul-
fer wells (883 and 923 feet deep) lo-
cated In the N 172 SE 1/4 Section
24-T4S-RS5E  which s  approxi-
mately 6 miles southwest of the
original wall location. The second
well will be o monitoring well but
also, if neaded, serve as an emer-
gency backup well. This site is jo-
cated approximately five miles
north of Hot Springs. The rural
water system serves users in Cus-
ter, Fall River ond Pennington
counties.
SDCL 46-2A-4(10) provides that
“If the applicant does not contest
the recommendation of the Chief
Englneer and no petition to oppose
the application Is received, the
Chlef Engineer shall act on the ap-
plication pursuant to the Chief
Engineers recommendation and
no hearing moy be held before the
board, unless the Chief Engineer
makes a finding thot an applica-
tion, even if uncontested, presents
Important Issues of public policy
or public Interest that shoufd be
henrd by the board." In this case,
the Chief Englineer finds that this
opplication presents important
Issues of public Interest that
should be heard by the Water Man-
agement Board.
Pursuant to SDCL 46-2A-2, the
Chief Engineer recommends Ap-
proval of Application No. 2633B-2
pursuant to SDCL 46-5-30.4 with a
20 year term pursvan! to SDCL
46-1-14 and 46-2A-20 because 1) the
proposed dlversion con be devel-
oped without unlawful impairment
of existing rights, 2) the proposed
use is o beneficial use, and 3) it Is
Iin the public interest. The Chief
Englnears recommendation with
dualifications, the application, and
staff report are available ot
http://denr.sd.gov/public  or con-
tact Eric Gronlund for this Infor-
matlon, or other information, at
the Water Rights Program od-
drass provided below.
The Water Management Board
will consider this application ot
1:30 pm (central time) on July 12,
2018 in the Matthew Tralning Cen-
ter, Joe Foss Bidg, 523 E. Capitol
Ave. Pierre 5D. The Chief
Engineers recommendation is not
final or binding upon the Board.
The Board Is authorized to 1) ap-
prove, 2) approve with qualifica-
tions, 3) defer, or 4) deny this ap-
plication based on the facts pres-
ented at the public hearing.
Any Interested person who in-
tends to particlpate in the hearing
shall file o petition to oppose or
support the application and the ps-
tition shall be fited with BOTH the
opplicant and Chief Engineer, The
applicant must also file a petition
If opposed to the Chief Engineers
recommendation. The Chief
Engineer's address is ‘Water
Rights Program, Foss Building,
523 E Capitol, Plerre SD 57501 (805
773-3352)" and the opplicants mail-
Ing address s given above. A peti-
tion filed by either an interested
person or the applicant must be
filed by July 2, 2018.
The petition may be informal,
but shall be in writing and shal! in-
clyde o statement describing the
petitioner's inferest in the appiica-
tion, the petitioners reosons for
opposing or supportina the appli-

Affidavit of Publication

STATE OF SOUTH DAKOTA
County of Pennington SS:

RECEIVED
JUN 22 2018

TER RIGHTS
WPI\:’ROGRAM

Sheri Sponder being first duly sworn, upon fiis/her oath says: That
he/she is now and was at all time hereinafter mentioned, an
employee of the RAPID CITY JOURNAL, a corporation of Rapid
City, South Dakota, the owner and publisher of the RAPID CITY
JOURNAL, a legal and daily newspaper printed and published in
Rapid City, in said County of ®ennington, and has full and
personal Rnowledge of afl the facts herein stated as follows: that
said newspaper is and at all of the times herein mentioned has been
a legal and daily newspaper with a bonafide paid circulation of at
least Two Hundred copies daily, and has been printed and published
in the English language, at and within an office maintained by the
owner and publisher thereof, at Rapid City, in said Pennington
County, and has been admitted to the United States mail under the
second class mailing privilege for at least one year prior to the
publication herein mentioned; that the advertisement, a printed
copy of which, taken from said Rapid City Journal, the paper in
which the same was published, is attached to this sheet and made a
part of this affidavit, was publisfed in said paper once each
day for one successive
day ', the first publication there of being on the
o™ day of _J0ne2018 that the fees charged for
the publication there of are 329 doflars
and a4 cents

Subscribed and sworn to before me this 20t
day of JUne , 2018

IUTITI )
S 0ABN %, %@u
s‘\\‘\‘&"..;.--..fp J{\ ) /
§ 5 ogomRy %% _Wotmy public
§ : oe® E § - - ’
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| publication. and the applicable

cation. and the 3ignarufe and mail-
ing address of the petitioner or the
petitioners legal counsel, if legal
counsel is oblgined. The hearing is
an adversary proceeding dnd any
party has the right to be present at
the hearing and fo be represented
by o lawyer. These and other due
process rights will be forfeited if
they are not exercised ut the hear-
ing and decisions of the Board
may be appealed to the Circuit
Court and State Supreme Court as
provided by law.

The July 2. 2018 hearing date will
ne automaticelly deloyved for at
Jeast 20 days upon written request
fo the Chief Engineer from the ap-
piicant or any person who has filed
o petition to oppose or support the
application. The request for an av-
tomotic delay must be filed by
July 2, 2018. If an automatic delay
is requested, the hearing will be
rescheduled for a future Board
meeting and personal notice will
be provided o all petitioners re-
garding the time, date and loca-

tion.

Netice is given to Individuals
with disabilities that this hearing
is being held in a physically acces-
sible place. Please notify the De-
partment of Environment and
Notural Resources at least 48
hours before the hearing if you
have ¢ disability for which special
arrangements must be made of
the hearing. The telephone num-
ber for making arrangements is
(605} 773-3352.

Under SDCL 1-26-17(7) notices
must state that *if the amount in
controversy exceeds $2,500.00 or if
a property right may be termi-
nated, any party 1o the contested
cose may require the dagency to
use the Office of Hearing Examin-
ers by giving notice of the request
to the agency no later than ten
days ofter service of a notice of
hearing issued pursuant to SDCL
1-26-17." This is a Notice of Hear-
ing. service is being provided by

date to give notice to the Chief En-
gineer is July 2, 2018. However,
since this particvlar matter Is a
water permit application and not a
monetary controversy in excess of

$2,500.00 or termination of o prop-
erty right the Chief Engineer dis-
putes the applicability of this pro-
vision and mointoins that the hear-
ing must be conducted by the
Board.

As applicable, the following pro-
vides the legal authority and juris-
diction under which the hearing
will be held and the particulor
statutes ond rules pertaining 1o
this application: SDCL  1-26-16
thrv 1-26-28; SDCL 46-1-1 thru
46-1-9, 46-1-13 thru 46-1-16; 46-2-3.1,
46-2-9, 46-2-11, 46-2-17; 46-2A-) thry
46-2A-12, 44-2A-14, 46-2A-15,
46-2A-20, 46-2A-2), 46-2A-23;
46-5-1,1, 46-5-2 thru 46-5-26, 46-5-30.2
thru 44-5-30.4, 46-5-31, 46-5-32 thru
46-5-34.), 46-5-38  thru 46-5-39,
46-5-45, 46-5-47, 46-5-49; 46-6-1 thru
46-6-3.1, 46661, 46-6-10, 46-6-13,

IN THE COURT
COUNTY OF PENNINGTON

PubliSher’sl and Attorney’s
Affidavit

Filed in the office of

on

the day of
20

Attorney for

cost

46-6-14, 46-6-21, 46-6-26; and Beard

Rules ARSD  74:02:01:
74:02:01:25.02; 74:02:_01':3sf.g}. thr

Steveri M. Pirner, Secre

. .- etary
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Instruction to Newspaper — Publish the Notice on June 20, 2018. The applicant is responsible for payment.

NOTICE OF APPLICATION NO. 2633B-2 to Amend Water Permit No. 2633A-2

Notice is given that Southern Black Hills Water System, ¢/o Don Peterson, Manager, 26858 Hwy 385, Hot
Springs SD 57747 has filed an application to amend Water Permit No. 2633A-2 by transferring the point of
diversion and adding an additional well. Water Permit No. 2633A-2 appropriates 484 acre-feet of water
annually at a maximum pump rate of 0.67 cubic feet of water per second from one well to be completed into the
Madison Aquifer located in the SE 1/4 SE 1/4 Section 35-T5S-R6E. This application requests the point of
diversion be transferred to two Madison Aquifer wells (883 and 923 feet deep) located in the N 1/2 SE 1/4
Section 24-T6S-R5E which is approximately 6 miles southwest of the original well location. The second well
will be a monitoring well but also, if needed, serve as an emergency backup well. This site is located
approximately five miles north of Hot Springs. The rural water system serves users in Custer, Fall River and
Pennington counties.

SDCL 46-2A-4(10) provides that “if the applicant does not contest the recommendation of the Chief Engineer
and no petition to oppose the application is received, the Chief Engineer shall act on the application pursuant to
the Chief Engineer’s recommendation and no hearing may be held before the board, unless the Chief Engineer
makes a finding that an application, even if uncontested, presents important issues of public policy or public
interest that should be heard by the board.” In this case, the Chief Engineer finds that this application presents
important issues of public interest that should be heard by the Water Management Board.

Pursuant to SDCL 46-2A-2, the Chief Engineer recommends Approval of Application No. 2633B-2 pursuant to
SDCL. 46-5-30.4 with a 20 year term pursuant to SDCL 46-1-14 and 46-2A-20 because 1) the proposed
diversion can be developed without unlawful impairment of existing rights, 2) the proposed use is a beneficial
use, and 3) it is in the public interest. The Chief Engineer’s recommendation with qualifications, the
application, and staff report are available at http://denr.sd.gov/public or contact Eric Gronlund for this
information, or other information, at the Water Rights Program address provided below.

The Water Management Board will consider this application at 1:30 pm (central time) on July 12, 2018 in the
Matthew Training Center, Joe Foss Bldg, 523 E. Capitol Ave. Pierre SD. The Chief Engineer's
recommendation is not final or binding upon the Board. The Board is authorized to 1) approve, 2) approve with
qualifications, 3) defer, or 4) deny this application based on the facts presented at the public hearing.

Any interested person who intends to participate in the hearing shall file a petition to oppose or support the
application and the petition shall be filed with BOTH the applicant and Chief Engineer. The applicant must
also file a petition if opposed to the Chief Engineer's recommendation. The Chief Engineer's address is "Water
Rights Program, Foss Building, 523 E Capitol, Pierre SD- 57501 (605 773-3352)" and the applicant's mailing
address is given above. A petition filed by either an interested person or the applicant must be filed by July 2,
2018.

The petition may be informal, but shall be in writing and shall include a statement describing the petitioner's
interest in the application, the petitioner's reasons for opposing or supporting the application, and the signature
and mailing address of the petitioner or the petitioner's legal counsel, if legal counsel is obtained. The hearing
is an adversary proceeding and any party has the right to be present at the hearing and to be represented by a
lawyer. These and other due process rights will be forfeited if they are not exercised at the hearing and decisions
of the Board may be appealed to the Circuit Court and State Supreme Court as provided by law.

The July 2, 2018 hearing date will be automatically delayed for at least 20 days upon written request to the
Chief Engineer from the applicant or any person who has filed a petition to oppose or support the application.
The request for an automatic delay must be filed by July 2, 2018. If an automatic delay is requested, the hearing



will be rescheduled for a future Board meeting and personal notice will be provided to all petitioners regarding
the time, date and location.

Notice is given to individuals with disabilities that this hearing is being held in a physically accessible

place. Please notify the Department of Environment and Natural Resources at least 48 hours before the hearing if
you have a disability for which special arrangements must be made at the hearing. The telephone number for
making arrangements is (605) 773-3352.

Under SDCL 1-26-17(7) notices must state that “if the amount in controversy exceeds $2,500.00 or if a property
right may be terminated, any party to the contested case may require the agency to use the Office of Hearing
Examiners by giving notice of the request to the agency no later than ten days after service of a notice of hearing
issued pursuant to SDCL 1-26-17.” This is a Notice of Hearing, service is being provided by publication, and the
applicable date to give notice to the Chief Engineer is July 2, 2018. However, since this particular matter is a water
permit application and not a monetary controversy in excess of $2,500.00 or termination of a property right the
Chief Engineer disputes the applicability of this provision and maintains that the hearing must be conducted by the
Board. '

As applicable, the following provides the legal authority and jurisdiction under which the hearing will be held
and the particular statutes and rules pertaining to this application: .SDCL 1-26-16 thru 1-26-28; SDCL 46-1-1
thru 46-1-9, 46-1-13 thru 46-1-16; 46-2-3.1, 46-2-9, 46-2-11, 46-2-17; 46-2A-1 thru 46-2A-12, 46-2A-14, 46-
2A-15,46-2A-20, 46-2A-21, 46-2A-23; 46-5-1.1, 46-5-2 thru 46-5-26, 46-5-30.2 thru 46-5-30.4, 46-5-31, 46-5-
32 thru 46-5-34.1, 46-5-38 thru 46-5-39, 46-5-46, 46-5-47, 46-5-49; 46-6-1 thru 46-6-3.1, 46-6-6.1, 46-6-10,
46-6-13, 46-6-14, 46-6-21, 46-6-26; and Board Rules ARSD 74:02:01:01 thru 74:02:01:25.02; 74:02:01:35.01.

Steven M. Pirner, Secretary, Department of Environment and Natural Resources. Published once at an
approximate cost of



Schlaak, Karen

MR IR R
From: Schlaak, Karen
Sent: Thursday, June 14, 2018 2:23 PM
To: sara.pesch@rapidcityjournal.com
Subject: 2633B-2, Southern Black Hills Water System
Attachments: 2366B-2publicwmb1.docx; FORM8.FRM.doc

Attached is a notice to be published on June 20, 2018 in the Hot Springs Star.

Southern Black Hills Water System, ¢/o Don Peterson, Mgr, 26858 Hwy 385, Hot Springs SD 57747 (605 745-4669) has
been notified to contact you to authorize publication and arrange for payment.

Please send the affidavit or return the attached Proof of Publication form ASAP to the Water Rights Program, 523 E
Capitol, Pierre SO 57501.

Let me know if you have questions. Please acknowledge receipt of this email,

Karem Schlaak

SD DENR, Water Rights Program
{605) 773-3352




Schlaak, Karen

R I IR
From: Schlaak, Karen
Sent: Thursday, June 14, 2018 2:24 PM
To: custerchronicle@gwtc.net
Subject: 2633B-2, Southern Black Hills Water System
Attachments: 2366B-2publicwmbl.docx; FORM8.FRM.doc

Attached is a notice to be published on fune 2C, 2018.

Southern Black Hills Water System, c/o Don Peterson, Mgr, 26858 Hwy 385, Hot Springs SD 57747 (605 745-4669) has
been notified to contact you to authorize publication and arrange for payment.

Please send the affidavit or return the attached Proof of Publication form ASAP to the Water Rights Prograrﬁ, 523 E
Capitol, Pierre SD 57501. ‘

Let me know if you have questions. Please acknowledge receipt of this email.

Karew Schlaalk

SD DENR, Water Rights Program
(605) 773-3352




Schlaak, Karen

L D P
From: Schlaak, Karen

Sent: Thursday, June 14, 2018 2:24 PM

To: RCY Legals (legals@rapidcityjournal.com)

Subject: 26338-2, Southern Black Hills Water System

Attachments: 2366B-2publicwmbl.docx; FORM8.FRM.doc

Attached is a notice to be published on June 20, 2018.

Southern Black Hills Water System, ¢/o Don Peterson, Mgr, 26858 Hwy 385, Hot Springs SD 57747 (605 745-4669) has
been notified to contact you to authorize publication and arrange for payment.

Please send the affidavit or return the attached Proof of Publication form ASAP to the Water Rights Program, 523 E
Capitol, Pierre SD 57501.

Let me know if you have questions. Please acknowledge receipt of this email.

Karew Schlaak

SD DENR, Water Rights Program
(605) 773-3352




' @_ DEPARTMENT of ENVIRONMENT
. and NATURAL RESOURCES

JOE FOSS BUILDING
523 EAST CAPITOL
PIERRE, SOUTH DAKOTA 575601-3182

denr.sd.gov

EAEAT FAceS, GREATPLACES.

NOTE: TO BE SURE OF PUBLICATION ON
THE CORRECT DATES, CONTACT
THE NEWSPAPERS RIGHT AWAY.
June 14,2018

Southern Black Hills Water System
c¢/o Don Peterson, Manager

26858 Hwy 385

Hot Springs SD 57747

Dear Mr. Peterson:

Water Permit Application No. 2633B-2 for rural water system use has been examined and found to comply with
the South Dakota Water Laws and applicable rules. A notice has been sent to the following papers:

Hot Springs Star 605 745-4170
Custer County Chronicle 605 673-2217
Rapid City Journal 605 394-8300

You will need to contact the newspapers and authorize publication of this notice. For your information, a copy
of the notice, the recommendation of the Chief Engineer and report on the application are enclosed. Please
review the notice prior to publication and notify this office, if vou have any corrections or questions.

Be sure to contact the above newspapers to authorize publication of your Notice and to arrange for payment.
Early contact with the papers can eliminate delays. Upon receiving authorization from you, the publisher has
been instructed to publish your notice. The newspaper has also been instructed to send us the Proof of
Publication. We must receive Proof of Publication before action can be taken on the application.

Sincerely,

Eric Gronlund
Natural Resources Engineer
(605) 773-3352

enclosures
¢: Matthew E Naasz, Attorney
NOTE: If you plan to contest any part of the Chief Engineer's recommendation, you must file a petition

pursuant to the procedures outlined in the attached notice of hearing. The Water Management
Board will then consider your concerns during a hearing on the application.
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SEP 0 4 2018

Southern Black Hills' Water System
c/o Don Peterson, Manager

26858 Hwy 385

Hot Springs SD 57747

Dear Mr. Peterson:

Enclosed is Water Permit No. 2633B-2 authorizing the transfer of the point of diversion, an additional
well, and beneficial use of the water, not exceeding the limits as specified in the Water Permit.

Form 10, Notice of Completion of Works and Application of Water to Beneficial Use, is enclosed. Please
return this completed form after you have finished the system and have put the water to beneficial use.
An investigation can then be scheduled so the water license may be issued, thus completing the
acquisition of a water right.

An informational sheet ?Common Water Right Questions? is also enclosed. This sheet is intended to
answer some of the questions associated with obtaining and keeping a water right.

Lollya

e Goodman, Chief Engineer
ater Rights Program
(605) 773-3352

Sincerely,

enclosures
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