
WATER PERMIT NO. 8433-3 

Name of Appli.cant: City of Lake Norden 

Address: PO Box 213, Lake Norden SD Phone: 605 758-3602 

Amount of Water Claimed: 2.11 cfs (1,458 AF) Total Acres: NA 

Source of Water Supply: groundwater {3 wells) 

Water to be used for: municipal 

Type of Waste Disposal System: 

Location: east side of Lake Norden 

County: Hamlin 

PRIORITY Date Received: 6-29-20 Application/License Fee: $ 2050 

Corrected Application Received: Period of Annual Use: January 1 - December 31 

Remarks: 

Diversion Point: SW 1/4 Sec 15-T113N-R53W 

Land to be Irrigated: 

Depth of Well: 97 to 114 feet deep 

Well Driller: 

Remarks: 

Type of Map: aerial 

Prepared by: 

Reviewed and the Number Assigned on: 6-29-20 

Notice of Hearing - date to intervene: 

1 " _. -
({) (2) 

@ 

By: Karen Schlaak 



SOUTH DAKOTA 
WATER PERMIT NO. 8433-3 

Date of first receipt of application June 30, 2020. 
Date of deferral by Water Management Board October 7, 2020. 

The Water Management Board approved Water Permit No. 8433-3 on July 7, 2021 for the City of Lake Norden, 
Jason Aho, Mayor, PO Box 213, Lake Norden SD 57248 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. 8433-3 appropriates 967 acre-feet of water annually at a maximum pump rate of 1.34 
cubic feet of water per second from three wells completed into the Prairie Coteau Aquifer (97-114 feet 
deep) located in the SW 1/4 Section 15-Tl 13N-R53W. This site is located one mile east of the city of Lake 
Norden. 

2. The water appropriated shall be used for the purpose of municipal use and may not exceed the amount of water 
needed for beneficial use. 

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

4. The date from which applicant may claim right is June 30, 2020. 

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

QUALIFICATIONS 

1. The wells approved under Water Permit No. 8433-3 will be located near domestic wells and other wells 
which may obtain water from the same aquifer. Water withdrawals under this Permit shall be controlled so 
there is not a reduction of needed water supplies in adequate domestic wells or in adequate wells having 
prior water rights. 

2. The permit holder shall report to the Chief Engineer annually the amount of water withdrawn from the 
Prairie Coteau aquifer. 

3. Water Permit No. 8433-3 authorizes a total annual diversion not exceeding 967 acre-feet of water annually 
from the Prairie Coteau aquifer. 

WATER MANAGEMENT BOARD 

By: ~LLJ 
Eric Gronlund, Chief Engineer 
Water Rights Program 
Department of Agriculture and Natural Resources 

JJL f 3 2021 
date 



SD EForm - 1585LD VS 
FORM 2: Application for uses other than irrigation 
(type or print) 

Mail to: 
No. 8ll33-~ 

(office use only) 

Hydrologic Unit /017{);;;20/ 

Basin c)/0 f'4 /2,/ 1/e/Y 

RECEIVED 
JUN 3 0 2020 
... _ ~;~. TS 

PROGRA~ 

DENR - Water Rights 
523 E Capitol Ave 
Pierre, SD 57501-3182 

Newspaper t/wlt"n te,, Ji-em/cl Enlerpr~-e_,, 
ph. (605) 773-3352 

Pahl/(!_ OtJ1/J1~n 

PAID 
JUN 3 0 2020 

Ck #()a?itJC/l 

Application For Permit To Appropriate Water Within The State Of South Dakota 

Check use(s) of water: 

00 Municipal 
D Rural Water System 
D Domestic (over 18 gpm) 

Owater Distribution System D Recreational D Institutional 
D Commercial D Fish & Wildlife D Geothermal 
□Industrial D Other ______________ _ 

Type of Application: 
(check one) 

[R]New □vested Right (Use predates Mar 2, 1955) □Future Use Reservation 
0Piace to Beneficial Use Water Reserved by Future Use Permit No. 
□Amendment/Correction to Permit No. _____ _ 

Description of amendment/correction: (i.e. change diversion point(s), add diversion point(s), change use, etc.) 

1. Name to Appear on Water Permit City of Lake Norden -------------------------------
Lake Norden Mailing Address PO Box 213 ------------------(Address) 

Phone 605-758-3602 Mobile ______ _ 

(City) 

Email cityln@itctel.com 

SD 57248 
(State) (Zip Code) 

2. Amount of water claimed 
Flow rate and volume are both required. 

/ ,34 *CFS or ·-956- **GPM and lff.b 7 *** AF or 475M Gallons 
(*Cubic Feet per Second) (**Gallons per Minute) (***Acre Feet- storage capacity of dam/dugout or annual use) 

3. Source of water supply Ground Water - 3 wells -----------------------------------
4. Location of point of diversion SW 1/4 section 15-T113N-R53W (see map for detail) County Hamlin 

(example- 3 wells in SWl/4 NEl/4 section 12-Tl04N-R53W) 

If not a public water supply ( e.g. municipal), will water be used outside of the area described above? □Yes □No 

If"Yes," where will water be used? 
(example- NWl/4 section 12-T104N-R53W) 

5. County or counties where water will be used Hamlin ---------------------------
6. Annual period during which water is to be used Year round --------------~-----------
7. Give a description of the project. When available include any preliminary engineering report or other reports or 

information that will help explain the project. (Attach sheet if more space is needed) 
-------------~---•------

The City of Lake Norden's Water Treatment Facility houses three filters with design capacity of 950 gpm at 
a filtration loading rate of 3 fps. Due to high iron and manganese raw water quality from the current well field, 
the plant o rates well at 600gpm. Iron and manganese breakthrough is seen at filtration rates higher than 
this, red ·ng the treated raw water quality supplied to customers. The City is planning to add 3 new raw 
water Is to increase quantity and to improve raw water quality of the treated water to meet demand 
incre ___ s f~ur industry a_'.'.d expe_":"d_g~owth. SEE _A?~!L_A TT AC_fJ_ED. ___________ _ 

I,---,,¥-=-+------------------ Ma.¥or 'the applicant, certify under 
Name of Person Title ( fapplicable) 

pen of perjury that I have read this application, examined the attached map, and that the matters stated are true. I further certify, if 
ac g on behalf of an entity or individual other than myself, that I am authorized to submit this application. 

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



Form2A Supplemental Information 
(Complete applicable portions only) 

(type or print) 

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

a) If new wells, how many 3 Have test holes been drilled [!]Yes □No Drilled by Kaiser Well Drilling 
(if yes, please provide copies of logs) 

b) If existing wells, how many _ Provide copy oflog(s), if available. Drilled by ______________ _ 

For either Existing or Proposed Wells: 

c) Well Depth (required) Depth to Top of Water Bearing Material Depth to Water from Surface 
--- ---

d) Distance to nearest domestic well on applicant's property none ------- Property owned by others to purchase 

2. Wastewater Disposal System Information 

a) Type of System (i.e. septic tank, drain field) Industrial Wastewater Treatment Facility (primarily) 

b) System Capacity (gallons) _2_,0_0_0_,0_0_0 ___ _ Year Constructed 2004,2018 
-------------

c) Connected to-the City of -stand alone- 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 a private engineering firm or government agency was involved in the design of this dam, please give their 
name and address: 

water Surface 7 
d 

X 

2015-10 

b) Freeboard 

c) Crest Width 

Crest Length 

d) Height 

e) Primary Outlet Capacity 

lfpipe, diameter 

f) Secondary Spillway Capacity 

Spillway Width 
------

----------
g) X & Y Slope (e.g. 3 to 1 is a typical slope) 

Upstream -------------
Downstream ------------

h) Surface Area of Impoundment 
------

i) Storage _____ Acre Feet 

j) Drainage Area Above Dam ____ Acres 



300 600FT ...,...,_,.., 
F'Rl.EClt&IEET111lE 

WELL LOCATION MAP SHOWING WELLS IN THE SW 1/4 OF 
SECTION 15, TOWNSHIP 113 NORTH, RANGE 53 WEST, B ANNER 

OF THE 5TH PM, HAMLIN COUNTY, SOUTH DAKOTA I 
LAKE NORDEN, SOUTH OAKOTA 6. 

ll~:'!1'.J§'!::!:==========::'.:'.::::'.::':::::~"'~"""~""="'""';f:'.::===============j l engineering a better community 
www.bannel'8ssociatss.com - Toi Free: 1.855.323.6342 



Location 
r --
1 

¼SW¼ Sec 15 Twp 113N Rg 53W -

North 

wen Owner: CITY OF LAKE NORDEN 

Business Name: c:xt\A u,~ \ .-ff -:::S L;::¥¥ \ 

Address: PO s8x 213 pounty _H_A_M_L_IN ___ _ 

Please mark well 
location with an "X" 

I I 
I I Zi LAKE NORDEN SD 57248 1 City, State., p: --------------------' 
I I 
I I 

~---~---- ----L----
I 

1 I I 
I I WELL LOG: DEPTH I 

:wen Completion Date 
l 
110-1-2018 

I I 
I I 

W 1-------1-----,E 
I I 
I I 
I I 
I , I 

----,----- ----➔----

x l : 
I I 
I I 

kJ---1 Mile ---;ti 

FORMATION 

TOP SOIL 

YELLOW MIXED SAND fine-med 
BLUE CLAY 

GREY FINE SAND 

BLUE CLAY soft 

GREY MED-COURSE 

?istance to nearest potential pollution source (septic tank, abandoned well; feed lot, etc.)? BLUE CLA y SOFT 

FROM TO 

0 2 

2 18 
18 24 

24 29 
29 35 
35 57 
57 83 

l ft.. from (Identify source)1-Y_E_L_L_O_W __ M_E_D ___ C_O_U_R_S_E-----+---~t----83 97 
I PROPOSED USE: 
l 8Domestic/Stock [Z] Municipal 8 Business 8Test holes 
f Irrigation □Industrial Institutional Monitoring well STATIC WATER LEVEL ,_;;;:::=-------=;.------==------==-----~ 
: METHOD OF DRILLING: lfflowing: closed in pressure _____ --.-____ _ 
: DIRECT ROTARY l D 

GPM flow ~ through 

Controlled by psil Valve D Reducers D Other _______ _ 

Reduced flow rate 

I 
I CASING DATA: Qsteel 

If other describe 
12] Plastic 0 Other 

FEET 

P.~I 

Inch pipe 

GPM 

I PIPEWEIGHT DIAMETER FROM 
I 40.0 LB/FT 10.QQ IN 0.0 FT 

HOLE DIAMETER 

16.QQ IN..,_----.--....----------------

TO 

83.Q FT 

Can well be completely shut in? 

' 

1 

j 
I 

I 
I 

1 
I 
l 
i 
' 
' 

1 

I 
1 

I 
I 
l 
I 

I 
I 
1 
I 

: 
j 

' I LBIFT IN FT FT IN WELL TEST DAT A: 
- - ◄ --- ----

•;--' ---LB_IFT-____ IN ____ FT ____ FT _______ t_N ... [Z] Pumped Describe: 

l GROUTING DATA: □ Bailed l Grout Type No. of Sacks Grout Weight From To 

• GRTWELDF 32 54.0 Lb/gal 0.0 Ft 80.0 Ft D 0th
er 

i _____________ Lb/gal ___ Ft Ft Pumping Level Belo~ Land Surface 

Describe grouting procedure ---- Fl After ___ Hrs. pumped 

SCREEN: D Perforated pipe 

10.00 Inches Length 

[ZJ Mam.ifactured 
20.0 Feet Diameter 

Material SS 
----------=--,,--,,,-----=-=-----I 

Slot Size .30 Set From 83.0 Feet to 97 .0 Feet 

Other information 

____ Ft. After Hrs. pumped 

If pump installed, pump rate: 

REMARKS--:SL ~ l 

GPM 

GPM 

GPM 

WAS A PACKER OR SEAL USED? LJ Yes 
If so, what material? 

This well was drilled under license# 689 , and this 
report Is true and accurate. 

Describe packer(s) and location 

I 

i 

I 
I 

! 

I 

Drilling firm: KAISER WELL DRILLING INC 

Signature of Lice

1

~1,-[J!se Represzs1ve: 

DISINFECTION: Was well disinfected upon completion? / I 

□Yes.How? ----------r-----tt-t"--"'-----+--------------1 
Lab to which water 0No, Why Not? Signature of~ Owner or Equl!Jble Property Holder: i 
quality sample sent for analysis I 

i-------------•------------- I 

Date: I ----------------------



Oct 121810:36a Kaiser Well Drilling 6057853812 p.2 

Sol. ftlnl, a Wa1er --

'

20,1 

' . . 
=======-=--=--=--=--=--=--=------=----_-_---=-::::::::::::::::::::::::::::::::::::::::::::::::::::::::.::..--:.--=======t=================::::::'.~::::== 

Ag Test:::,,: - C-:.;.·nsutting 

Account No. : 57502 

KAISER \VELL DRILLING 
45550 193RD ST 
LAKE NORDEN SD 57248 

Results For: CITY OF LAKE NORDEN 
Location: PELICAN PASS WEST SIDE 

Sample JD: WELL #2 (Indicated as WELL No. L 1 on Map) 
-- ----

pH 
Electrical Conductivity, mmhofcm 
Cations I Anions, me/L 

Sodium, Na 
Molybdenum, Mo 
Potassium, K 
Calcium, Ca 
Magnesium, Mg 
Total Hardness, CaCQ3 

Nitrate, NO:i-N 
Sulfate, S04-S 
Chloride, Cl 
Carbonate, CO3 
Bicarbonate, HCO~ 
Total Alkalinity, CaCOJ 
Boron, B 
Total Nitrogen. N 

Ammonium, NH4-N 

Total Phosphorus, P 
Zinc, Zn 
Total Iron, Fe 
Manganese, Mn 
Copper, Cu 

--· ----
8.0 
1.81 

22.3 120.9 

ppm 

47 

0.01 
6 

264 
83 

1006 
< 0~1 
228 

5 
< 1.0 
396 
328 
0.22 
0.3 

0.1 

0.05 
0.07 
0.03 
0.22 
0.01 

lbs/ Ac1 
9inch 

94 
< 0.02 

12 
528 
166 

2012 
< 0.2 
456 
10 
<2 
792 
650 
0.44 

0.2 

0.10 
0.14 
0.06 
0.44 

0.02 

Water Analysis Report 

Invoice No. : 
Date Received : 
Date Reported : 

Lab Number: 

.. ---

1273100 
10/05/2018 
10/08/2018 

22444 

"<" - Not Detected / Below Detectic ~ limit 

Reviewed By: Nick W11rd 

Bus: 308-234-2418 
Fax: 308-234-1940 

1011012 l8 Copy: 1 Page 1 of 1 

4CG1 Chr-rny Ave., P.O. Box 788 
Kearney, N:2':Jraska 68848-0788 



SOUTH DAKOTA WATER WELL COMPLETION Rt:.t-'UKI 

Location ¼ SW ¼ 

County HAMLIN 

Please mark well 
location with an •x• 

Well Completion Date 

5-8-2018 

Sec 15 Twp 113N Rg 53W -
North 

I I 
I I 
I I 
I ·I 

_____ J ____ ----.1----· 
I I 
I I 
I I 
I I 

Wi-------;f--...._ __ ,E 
I I 
I I 
I I 
I I 

----1--x--- -----1----
1 I 
I I 
I I 
I I 

l<Jr----1 Mile ---ct 

Well Owner: 0;,of Lake Norden 
Business Name:Q_ \ Nf,J \ ::\:k.--=:$'L Wct 
Address: PO OX 213 

City, state, Zip: lake Norden [;] SD El ..:::5..:...72:::.4..:.8::;..._ __ 

WELL LOG: DEPTH 

FORMATION FROM TO 

TOP SOIL 0 1 

YELLOW SANDYCLAY 1 3 

YELLOW SAND 3 8 

YELLOW CLAY 8 10 
YELLOW SAND 10 13 

BLUE CLAY 13 34 
Distance to nearest potential pollution source (septic tank, abandoned well, feed lot, etc.)? YELLOW CLA y 

ft. from (identify source)i-,:..::.:;;;;.;;;.::..:...::~.:.:..---------+--;;..;.--1 
34 85 

PROPOSED USE: 
0Testholes D Domestic/Stock 0 Municipal 

□Irrigation Dlndustrial a Business 
Institutional 0 Monitoring well 

METHOD OF DRILLING: 
DIRECT ROTARTY 

CASING DATA: Osteel 0 Plastic 0 Other 
If other describe 

PIPEWEIGHT DIAMETER FROM TO HOLE DIAMETER 

sch40 LB/FT 10 IN +2 FT 83 FT I !12 "::>JL\ IN 

LB/FT IN FT FT IN 

LB/FT IN FT FT IN 

GROUTING DATA: 
Grout Type No. of Sacks Grout Weight From To 

GrtwelDF 30 54 Lb/gal 0 Ft 80 Ft 
Lb/gal Ft 

Describe grouting procedure 

SCREEN: □ Perforated pipe 0 Manufactured 

Diameter 10 Inches Length 20 Feet 

Material Stainless Steel 
Slot Size 30 Set From ___ 8_3_ Feet to 

Other information 

WAS A PACKER OR SEAL USED? LJYes 
If so, what material? 

Describe packer(s) and location 

DISINFECTION: Was well disinfected upon completion? 

103 Feet 

Ft-

0ves, How? HTH -----------
Lab to which water 0No, Why Not? 

quality sample sent for analysis 

SDPHL 

GREY SAND FINE 85 103 

BLUE CLAY 103 

STATIC WATER LEVEL 5 FEET 

If flowing: closed In pressure __________ _ PSI 

GPM flow ____ through Inch pipe 

Controlled by O Valve O Reducers O Other 

Reduced flow rate GPM --------------
Can well be completely shut in? 

WELL TEST DATA: 

0Pumped 

Osailed 

Oother 

Describe: • SUBMERSIBLE 

Pumping Level Below Land Surface 

51 . 7 Ft. After 26 Hrs. pumped ----
---- Ft. After ___ Hrs. pumped 

If pump installed. pump rate: 

REMARK~ 
v\J"t).. \ ,-, -:L 

..JL:#:;? 

500 GPM ___ .....,:_..,:_ 

_____ GPM 

GPM 

. 

This well was drilled under license # 689 and this 
report Is true and accurate. 

Drilling firm: "Kp·,.)-e[ W-e.A \ \)6 \ \,'f\3 ~~ 
Signaturej-vzic, e jlepr~: . (_} (_/ ----- ••• 

i 
Signaturetf Well owner or Equitable Property Holder: 

Date: ----------------------

I 
i 

I 

i 
I 
I 

' 



Mar011809:01a Kaiser Well Drilling 

Account No. : 57502 

KAISER WELL DRILLING 
45550 193RD ST 

Ag Testing - Consulting 

LAKE NORDEN SD 57248 

Results For : CITY OF LAKE NORDEN 
Location: 

Sample ID: JON LARSON PELICAN PASS 

--~(_ln_d_ica!~<1._~s WE~~ No. L2 on Map)····---
~ 7B 
Total Dissolved Solids (TDS) Est, ppm 
'Electrical Conductivity, mmho/cm 

Cations/ Anions, me/L 

Sodium, Na 

Potassium. K 
Calcium, Ca 
Magnesium, Mg 

Total Hardness, CaCO:.i 
Nitrate, NOa-N 
Sulfate, SO4-S 
Chloride, Cl 
Carbonate, CO3 
Bicarbonate, HCOs 

Total Alkalinity, CaC03 
Fluoride, F 
Total Phosphorus, P 

Total Iron, Fe 

Manganese, Mn 

1054 
1.76 

23.5122.0 

ppm 
44 
6 

271 
94 

1069 
< 0.1 {SAf=E) 

252 

5 
< 1.0 
372 
307 

0.32 
0.01 
0.02 

<0,01 

6057853812 p.1 

lot\. Mott\,. I 'ti•~· 
"!"9"'" 

~( -'PDrticlpa.Unq 
L.aibtlr.na..y 

Water Analysis Report 

Invoice ~o. : 
Date Received : 
Date Reported : 

Lab Number: 

1255969 
02/05/2018 
02/06/2018 

914 

"<" - Not Detected I Below Detection it 

Reviewed By : Nick Ward 2/7/20 Copy: 1 Pagel of 1 
-------------------------------+----------·-----.. -···-·•·"··· 
Bus: 308-234-2418 web site 4007 Cherry Ave .. P.O. Box 788 

"., ....... '"------•• t,.l-l-~._ ... 1 .. ,,... C:OC'JIO n'700 



SOUTH DAKOTA WATER WELL COMPLETION REPORT 

,ocation ¼ SW ¼ 

;ounty HAMLIN 

Sec 15 Twp 113N Rg 53W -
North 

I I 
I I 

well Owner: CITY OF LAKE NORDEN 

BusinessName: CA~ u.£./IOL'¥¥:3 
Address: PO Bc»r213 

11-02 

Please mark well 
location with an "X" 

I I 
City, State, Zip: LAKE NORDEN SD 57248 

-------' 

I I 
____ J ____ ----L----

1 I 
I I WELL LOG: DEPTH 
I I --.-----1 
I I 

W -----------,E 
I I 1--------------------,1------+--....;..--' FORMATION FROM TO 

I I 
I I i------------------+-----+-----1 

TOP SOIL 0 2 

,Well Completion Date 

'10-17-2018 

I I 
----,--- ----➔----

: X : 
I I 
I I 

l<l---1 Mile ----,Df 

?istance to nearest potential pollution source (septic tank, abandoned well, feed lot, etc.)? 

ft. from (identify source) 

- PROPOSED USE: 

SAND MIXED 
GRAVEL MED-COURSE 

BLUE CLAY 
YELLOW CLAY 

BLUE CLAY 
SAND MED-FINE 

2 18 
18 20 

20 40 
40 78 
78 87 
87 101 

8Domestic/Stock [Z] Municipal 8 Business 0Test holes 

Irrigation □ Industrial Institutional □ Monitoring well STA TIC WATER LEVEL 
--:':M~E=TH:-:o=o-=o=-=F:-:D=-:R=-:l~L~Ll:':"N~G~: ---=~----==-----~ 

FEET 

DIRECT ROTARY If flowing: closed in pressure __________ _ PSI 

GPM flow ____ through Inch pipe 

CASING DATA: 
If other describe 

Osteel [Z] Plastic D Other GPM 

Controlled by D Valve D Reducers O Other ____ _ 

Reduced flow rate 

FROM TO HOLE DIAMETER Can well be completely shut in? PIPEWEIGHT 

40.0 LB/FT 

LB/FT 

DIAMETER 

10.00 IN 0.0 FT 87.0 FT 16.00 IN 1--------------.'-----------
\ IN FT FT IN --- --- --- ----

LB/FT IN FT FT IN 

GROUTING DATA: 
Grout Type No. of Sacks Grout Weight To 

GRTWELDF 32 54.0 Lb/gal 

Lb/gal 

From 

0.0 Ft 

Ft 

84.0 Ft 

Ft 

Describe grouting procedure 
pressure pull method 

SCREEN: 

Diameter 

Material SS 

D Perforated pipe 

10.00 Inches 

[Z] Manufactured 

Length 20.0 Feet 

----------------------,------{ 

Slot Size .30 SetFrom 87.0 Feet to 107.0 Feet 

Other information 

WAS A PACKER OR SEAL USED? LJYes 

If so, what material? 

Describe packer(s) and location 

DISINFECTION: Was well disinfected upon completion? 

Oves, How? 

Lab to which water 0No, 'Mly Not? 
quality sample sent for anal}'sis 

WELL TEST DATA: 

[Z] Pumped Describe: ; 60 () D\ f'{i\ -
Osailed j 
□ Other • _ _ _ 50 b. 'ru M_-(2_ ___ ' 

Pumping Level Below Land Surface 

____ Ft. After ___ Hrs. pumped _____ GPM 

Ft. After Hrs. pumped ---- --- GPM -----
If pump installed, pump rate: GPM 

REMARKS-=n_-::tt 3 

This well was drilled under license# 689 and this 
report is true and accurate. 

Drilling firm: KAISER WELL DRILLING INC 

s;g"""'re f ~@=,,_ 
Signature efwell Owner or Equitable Property Holder: 

Date: ________________________ _ 

I 

I 

I 



Account No. : 57502 

KAISER WELL DRILLING 
45550 193RD ST 

Ag Testing - Consulting 

LAKE NORDEN SD 57248 

Results For : CITY OF LAKE NORDEN 
Location: 

Sample ID : PELICAN PASS TW#2 
(Indicated as WELL No. L3 on Map) 

pH 

Total Dissolved Solids (TDS) Est, ppm 

Electrical Conductivity, mmho/cm 

Cations / Anions, me/L 

Sodium, Na 

Potassium, K 

Calcium, Ca 
Maghesium, Mg 

Total Hardness, CaC03 

Nitrate, NOa-N 

Sulfate, S04-S 

Chloride.Cl 

Carbonate, C03 

Bicarbonate, HCQ3 

Total Alkalinity, CaCOa 

Fluoride, F 

Total Phosphorus, P 
Total Iron, Fe 

Manganese, Mn 

7.6 
1024 

1.71 
22.91 21.6 

ppm 

45 
6 

257 

95 
1038 

<0.1 (SAFE) 

233 

5 
< 1.0 

420 
345 
0.26 

0.03 
<0.01 

0.05 
"<" - Not Detected I Below Detection Limit 

Reviewed By : Raymond Ward 

Bus: 308-234-2418 
Fax: 308-234-1940 

web site 
www.wardlab.com 

8/21/2018 

Water Analysis Report 

Invoice No. : 
Date Re~eived : 
Date Reported : 

Lab Number: 

1268594 
08/17/2018 
08/20/2018 

14586 

Copy: 1 Page 1 oft 

4007 Cherry Ave., P.O. Box 788 
Kearney, Nebraska 68848-0788 



Reference Well Log: SOUTH DAKOTA WATER WELL COMPLETION REPORT 07-92 

Location .5 I.A./ ¼ SW ¼ Sec ___L£_ Twp S ::1 41 Ag -1./,.ZN Well Owner: __ '}'-=-_v;__h_'7..:__.:.......-_2_,,--=..5;:_;;P_/J..:_ _____ _ 

County 

f/":?m/i,z 
North 

Please mark well location with en "X" 

I I 
-+--+-

Business Name: ___________ _,,..,__ ____ _ 

Address: I-/ JO I /9 /,? /J? e. C'; r c./e_ 
S ;o "x F'p//_, s. t>. !:.-7103 

w I I 
I I 

--±---+-
Jt I I 

WELL LOG: DEPTH 

FORMATION FROM TO 

t? 

I< 1 Mile -----'i."""i 

Well Completion Date _ _;?_-____c,;2:...__&,_--'--9_.,Y'--------- ~____c::.......:._:_.::....:::...L._...:...c...<--~'-4<:-.<...=-"--"...,;.-l'--':.....:-=-t---::--

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

feed lot etc.)? 15 0 ft. from .5 e,::, 7; C. 5' v£ Te m (identify source). 1-'-=..::...-=---=~~---''--''-'-~'----+-----'-=-+-.£.._=---r , 

PROPOSED USE: 

~ Domestic/Stock 

D Irrigation 

D Municipal 

D Industrial 

METHOD OF DRILLING: 

D Business D Test Holes 

D Institutional D Monitoring well 

/Ylwd /ZcJTz1-_y 

CASING DATA: 
D Steel ~ Plastic D Other 

If other describe 

PIPEWEIGHT DIAMETER FROM TO 

29 b FT 

HOLE DIAMETER 

~LB/FT _£_IN _Q_FT 2 i,,8._ IN 

___ LB/FT ___ IN ___ FT ___ fT IN 

___ LB/FT ___ IN ___ fT ___ FT IN 

GROUTING DATA 

O 11/ 

Ii flowing: closed in pressure _____________ PSI 

GPM flow ___ through ____________ inch pipe 

Controlled by D Valve D Reducers D Other _______ _ 

Reduced Flowrate ________________ GPM 

Can well be completely shut in? _____________ _ 

(!_Grout Type 
t2//}e1J1 

Grout Weight From C Y/ WELL TEST DATA: 
____ lb./gal -2._1t~fl O Pumped Describe: _.,,O""-e=-=t.,1;;....;;12::...:...l-=o~,?:c....:ti!"-'. d...._ __ t,.1---'-1 _ 

____ lb./gal ___ ft __ ft O Bailed /1- ,'r $&Jpd. 

Describe grouting procedure ______________ _ D Other 

Pumping level Below land Surface 

____ ft_ After ___ Hrs. pumped _______ GPM 

_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_::_-_-_-_-,::,::_-_-_-_-_-_-_-_-_-,::,::_-_-_-_-_-_-_-_-_-_-_::-I _____ ft_ After ___ Hrs. pumped _______ GPM 

If pump installed, pump rate GPM SCREEN: D Perforated pipe 181 Manufactured 
,- / tJ j,,,,., 

Diameter __ ..,,.:>~ ____ IN Length_---,;___;__,--"-___ FEET 

Material p/2 S:: Ti C. 

Slot Size .J2.!Lt2 Set From 9 If b Feet to__j__/_Q_Feet 

REMARKS 

Other information ________________ _ 

WAS A PACKER OR SEAL USED? 0 YES ~ NO 
J.. II so, what material? ________________ _ This well was drilled under license#----''---------­

Describe packer(s) and location? _____________ _ And this report ~~e and accur~te. 
-D-IS-1-NF_E_C-TI_O_N_: ------------------I Drilling firm LJ....tl J/1 ..J 
Was well disinfected upon completion? _)(_YES. How: } . Signature • 

__ NO, Why Not? [!/). j,., t:{'2 e 
C; re« b le.J he..fo,.e 

-r- du1-/05 G:',.-7., e/ 

,:::, :2 e. fr,'IJJ 
I 

Laboratory sent to for water quality analysis __________ _ 
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Reference Well Quality: 

·=· -----· -- ----- --:.-:.-:.-:.-:. ---::!!!::.---- - --- - - w,...,.._.,. 

Account No. : S7502 • 

KAISER WELL DRILLING 
45550 193RD ST 

1Labo1ratories, Inc. 
Ag Testing - Consulting 

LAKE NORDEN SD 57248 

Results For :-CITY OF LAKE.NORDEN-JON LA"RSON , • . . ~ 

Location : EXISTING WELL 
Sample ID ~ 19293 PELICAN PASS OR 

---------------------
pH 
Total Dissolved Solids (fDS) Est, ppm 
Electrical Conductivity, mmholcm 
Cations / Anions, me/L 

Sodium, Na 
Potassium, K 
Calcium, Ca 
Magnesium, Mg 

Total Hardness, CaCOa 
Nitfate, NO3-N 
Sulfate. so~-s 
Chloride, Cl 
Carbonate, COa 
Bicarbonate, HCOa 
Total Alkalinity, CaCOs 
Fluoride, F 

7.4 
1076 
1.79 

23.9 / 22.9 

ppm 
47 
6 

272 
98 

1088 
<0,1 
253 
5 

< 1.0 
422 
347 
0.33 
0.07 

-

lbs/ Acr 
9inch 

94 
12 
544 
196 

2176 
< 0.2 
506 
10 
<2 
844 
692 
0.6 

0.14 Total Phosphorus, P 
Total Iron. Fe 

Manganese, Mn • 
<O.o1 <0.0 

0.19 0.38 

6057853812 p 1 

Water Analysis Report 

Invoice No. ! 
Date Receind : 
Date Reported : 

125S532 
01/29/2018 
01/30/2018 

Lab Number : 753 

"<~ - Not Detected I Below Detecti 11 Limit 

Reviewed By : ~tck Ward 1/31' ~' 18 
R118: 308-234-2418 website 

Copy: l Page I of l 

4007 Cherry Ave .. P.O. Box 788 
k'o,:m,o" NAhr:::t~ki:i 68848-0788 



Schlaak, Karen 

From: 
Sent: 

Erin Steever <erins@bannerassociates.com> 
Monday, June 29, 2020 9:10 AM 

To: Gronlund, Eric 
Cc: 
Subject: 

Gregg Jorgenson; City of Lake Norden; Schlaak, Karen 
RE: [EXT] Lake Norden Water Permit 

Yes, that is correct, Eric. 

Erin Steever I Project Manager 
Banner Associates, Inc. I Sioux Falls, SD 
Toll Free I 1.855.323.6342 
www.bannerassociates.com 

--- --- ·----- --------------------------------
From: Gronlund, Eric <Eric.Gronlund@state.sd.us> 
Sent: Monday, June 29, 2020 9:05 AM 
To: Erin Steever <erins@bannerassociates.com> 
Cc: Gregg Jorgenson <greggj@bannerassociates.com>; City of Lake Norden <cityln@itctel.com>; Schlaak, Karen 
<Karen.Schlaak@state.sd.us> 
Subject: RE: Lake Norden Water Permit 

7 
The application/license filing fee is $2,050. J 

Will an original application signed by the Mayoribe sent along with the application filing fee? , 

Eric 

From: Erin Steever <erins@bannerassociates.com> 
Sent: Saturday, June 27, 2020 6:07 PM 
To: Gronlund, Eric <Eric.Gronlund@state.sd.us> 
Cc: Gregg Jorgenson <greggi@bannerassociates.com>; City of Lake Norden <cityln@itctel.com> 
Subject: RE: [EXT] Lake Norden Water Permit 

Eric, 

As advised, I've added well logs and information on the existing wells to the attached applications. 

I spoke with John Kaiser, the well driller for the project, and he said that the new wells had yellow clay and were deeper 
than the existing wells (which had gray clay and were shallower) so he figures they were in the Prairie Coteau and not 
the Brookings Management of the Big Sioux Aquifer. He suggested that Adam should be able to tell. I downloaded the 
existing wells' well logs from the DENR website; if we find additional ones I'll forward them on. There are two well logs 
from other companies in the attached and the rest are from Kaiser. 

Please let me know if there is anything else I can provide. 

Thank you, 
Erin 

Erin Steever I Project Manager 
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Banner Associates, Inc. I Sioux Falls, SD 
Toll Free I 1.855.323.6342 
www.bannerassociates.com 

·---·-------·--------------------------------
From: Erin Steever 
Sent: Friday, June 26, 2020 3:28 PM 
To: Gronlund, Eric <Eric.Gronlund@state.sd.us> 
Cc: Gregg Jorgenson <greggj@bannerassociates.com>; City of Lake Norden <cityln@itctel.com> 
Subject: Lake Norden Water Permit 

Eric, 

Per your discussion with Gregg this afternoon, please see two water permit applications attached. The first is for a 
temporary diversion of water rights from the existing wellfield, the second is for a permanent addition of water rights 
for the City of Lake Norden. 

We will have the City send the application fee as soon as possible along with printed copies. 

Your assistance in expediting this process is appreciated. Please let us know if there are any questions. 

Thank you, 
Erin 

Erin Steever, PE I Project Manager 

B 
c ng1nccr1ng a bctt.cr community 

Banner Associates, Inc. 
2307 West 57th Street, Suite 102 
Sioux Falls, South Dakota 57108 
foll Free I 1.855.323.6342 
www.bannerassociates.com 

~ .. -

- . • i ' 

Confidentiality Notice: This E-Mail (including attachments) is covered by the Electronic Communications Privacy Act, 18 U.S.C. & 2510-2524, is confidential and may 
be legally privileged. If you are not the intended recipient, you are hereby notified that any retention, dissemination, or copying of this communication is strictly 
prohibited. Please reply to the sender that you have received the message in error, and permanently delete the original and destroy any copy, including written 
(printed) copies of this email and any attachments thereto. Thank You. 
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RECEIPT 

WATER RIGHTS PROGRAM 
South Dakota Department of Environment and Natural Resources 

Date June 30 2020 

RECEIVED OF City of Lake Norden PO Box 213 Lake Norden SD 57248 

The following amount in fees for services rendered as provided for by law: 

Fee for Application for Permit No. ~f/3',-3 to Appropriate Water, to 
construct 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 beneficial use and issuing 
Water License No. SV-.3 q-3 

Fee for Filing Transfer Form 

Fee for 

Fee for Issuing New Well Driller's License No. 

Fee for Renewal of Well Driller's License No. 

Fee for Issuing Well Pump Installer's License No. 

Fee for Renewal of Well Pump Installer's License No. 

(Any Other Work Provided by Law) TOTAL 

By~ ., ~ , 

$1850.00 

$ 

$ 

$200.00 

$ 

$ 

$ 

$ 

$ 

$ 

$2050.00 

Chief Engineer 

c}-{v---
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DENR 
SOUTH DAKOTA 

DEPARTMENT of ENVIRONMENT 
and NATURAL RESOURCES 

JOE FOSS BUILDING 
523 EAST CAPITOL 

PIERRE, SOUTH DAKOTA 57501-3182 
denr.sd.gov 

RECOMMENDATION OF CHIEF ENGINEER FOR WATER PERMIT 
APPLICATION NO. 8433-3, City of Lake Norden 

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. 8433-3, City of Lake Norden, Mayor Jason Aho, PO Box 213, Lake Norden SD 
57248. 

The Chief Engineer is recommending DEFERRAL of Application No. 8433-3 for further study 
pursuant to SDCL 46-2A-2 and 46-2A-7. The deferral recommendation is so the city of Lake 
Norden can provide information to assist with determining if there is unappropriated water 
available and the potential effect of pumping on existing water users. These criteria need to be 
addressed as required by SDCL 46-2A-9 to determine whether a water right permit may be issued. 
The further study needed entails further delineation of either the aquifer boundaries or a 7-day 
aquifer performance test, or both. 

~-.J(~ 
Eric Gronlund, Chief Engineer 
July 21, 2020 

NOTE: From past experience, it has been useful for the applicant or their consultant to consult 
with the Water Right Program regarding requirements for a suitable aquifer performance test. To 
discuss the requirements and recommendations for an aquifer performance test, please contact 
Adam Mathiowetz at (605) 773-3352. 



REPORT TO THE CHIEF ENGINEER 
ON 

WATER PERMIT APPLICATION NO. 8433-3 
CITY OF LAKE NORDEN 

NOVEMBER 19, 2020 

Water Permit Application No. 8433-3 proposes to appropriate 1,458 acre-feet of water annually 
(ac-ft/yr) at a maximum instantaneous diversion rate of 2.11 cubic feet of water per second ( cfs) 
from three wells completed into the Prairie Coteau aquifer (97-114 feet deep) located in the SW¼ 
Sec.15-Tl 13N-R53W for municipal use. The well locations are approximately one mile east of the 
City of Lake Norden in Hamlin County. 

.; 
\; . 

This application was received by the DENR-Water Rights Program on June 29, 2020. An initial 
review of the application determined further study was needed to assess the availability of 
unappropriated water. The Chief Engineer recommended deferral on July 21, 2020 until the 
October 2020 meeting of the Water Management Board. A constant pump rate aquifer 
performance test was designed by Banner Associates, Inc. to determine aquifer characteristics 
using recommendations and requirements provided by the DENR-Water Rights Program. The 
aquifer performance test was conducted from August 6 to August 21, 2020, with continued 
monitoring as required in the Temporary Permit To Use Public Waters issued by the Chief 
Engineer on July 27, 2020. At the October 7, 2020 Water Management Board meeting the 
application was deferred to the December 2020 meeting so that the analysis of the Banner 
Associates, Inc. report and application review could be completed by DENR staff. 

AQUIFER: Prairie Coteau (PCO) 

Aquifer Characteristics: 
The Prairie Coteau aquifer consists of many discontinuous and often lenticular bodies of glacial 
outwash (sand and gravel) that do not typically include surficial (at or very near land surface) or 
basal (in contact with or very near bedrock) aquifers, such as the Big Sioux and Altamont aquifers, 
respectively (Kume, 1985). The Prairie Coteau aquifer is the name used by the DENR-Water 
Rights Program and accepted by the Water Management Board for discontinuous intermediate 
aquifers located on the Coteau des Prairies in northeastern South Dakota that are not a part of 
another named aquifer (Water Rights, 2020b, 2020c, and 2020d). These discontinuous outwash 
deposits can be in lenses separated by layers of glacial till (vertical separation) as well as being 
geographically separated (SDGS, 2020a; Water Rights, 2020d). In Deuel and Hamlin Counties, 
the Prairie Coteau aquifer is generally buried by 30 feet or more of glacial till and underlies 
approximately 1,100 square miles in discontinuous deposits. The aggregate thickness, total 
thickness of all layered Prairie Coteau aquifer deposits regardless of hydrologic connection, at any 
geographical location ranges from 4 to 144 feet in Deuel and Hamlin Counties (Kume, 1985) .. 

The wells completed for this application and the subsequent monitoring wells are completed into 
a portion of the Prairie Coteau aquifer with an approximate elevation range of 1,560 to 1,580 feet 
above mean sea level (Water Rights, 2020c). The well completion reports indicate aquifer 
thickness ranging from 14 to 19 feet. The aquifer materials encountered during the drilling of the 
three pumping wells and two monitoring wells was fine to coarse sand ranging in color from yellow 
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to grey as labeled by the well driller. While not directly noted on the well completion reports, 
lithologic logs (SDGS, 2020a), and well completion reports (Water Rights, 2020d) in the area, as 
well as the drawdown data from the aquifer performance test (Banner Associates, 2020), the 
available data indicates there is also likely more fine sand or possibly silt intermixed into the sand 
that comprises the aquifer as labeled on the well completion reports. The aquifer is under confined 
conditions with a static water level ranging from flowing at well LI to approximately 8.3 feet 
below ground surface at monitoring well NMW (see Figure 1) (Water Rights, 2020c). 

AQUIFER PERFORMANCE TEST 
TECHNIQUE AND METHODOLOGY REVIEW 
An aquifer performance test was conducted and analyzed by engineering firm Banner Associates, 
Inc. (Banner) using wells L 1 and L2 as production (pumping) wells and wells L3, NMW and EMW 
used as monitoring wells for the Prairie Coteau aquifer. These are the well names shown in Figure 
1 and used throughout the Banner Associates (2020) report and the remainder of this report. 
DENR-Water Rights Program observation well HN-76E and a new monitoring well drilled in the 
nearby city park were initially used to monitor the Big Sioux: Brookings aquifer. During the course 
of the pumping portion of the aquifer test, it was determined there was no local, highly significant 
hydrologic interconnection between the Prairie Coteau and Big Sioux: Brookings aquifers in the 
area of the production wells and measurement of the two Big Sioux: Brookings aquifer monitoring 
wells ceased. 

A.W. Mathlowatz 
Nov. 0 4, 2020 

Lake Norden Wells 
Well Type 

w Production 

"I' Monitoling Well 

Figure I-Map of wells used for the City of Lake Norden aquifer performance test 
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The pumping for the aquifer performance test began at 10:32 am on August 6, 2020 and ceased at 
10:00 am on August 17, 2020. The recovery period lasted through 7:00 am on August 21, 2020, 
when the water level in each of the wells recovered to greater than 95% of the total drawdown 
measured at the end of the pumping period. All wells recovered to 95% of total drawdown within 
69 hours of ceasing pumping. Wells L 1 and L2 were pumped at a total combined rate of 
approximately 640 gallons per minute (gpm) (1.43 cfs). This application is for 2.11 cfs which 
would be the likely maximum diversion rate if all of the wells, LI, L2 and L3, were pumping 
simultaneously. Well L3 was used as a monitoring well for this aquifer performance test along 
with monitoring well EMW, drilled in 2018 as part of the original drilling for the production wells, 
and well NMW drilled in 2020 specifically for this aquifer performance test. 

The production and monitoring wells were manually and electronically measured. The electronic 
measurements were collected by In-Situ, Inc. Troll 700 data logging pressure transducers every 30 
seconds for the duration of the pumping and recovery periods (Banner Associates, 2020). It should 
be noted that there was an issue with the data logger installed in well NMW and it did not record 
data until August 11, approximately halfway through the pumping portion of the test. The manual 
measurements were recorded by staff from Banner Associates, Inc., DENR-Water Rights Program, 
DENR-Geological Survey Program, and the City of Lake Norden. Manual water level 
measurements followed the schedule in Table 1 for both the pumping and recovery periods. 

Table 1-Manual water level measurement schedule (modified from: Banner Associates, 2020) 
Time Since Beginning of Pumping Water Level 

or Cessation of Pumping Measurement Interval 
0 to 3 minutes Every 30 seconds 
3 to 15 minutes Every 1 minute 

15 to 60 minutes Every 5 minutes 
60 to 120 minutes Every 10 minutes 

120 minutes to 10 hours Every 30 minutes 
10 hours to 48 hours Every 4 hours 

48 hours onward Every 12 hours 

The methodology and equipment used to measure water levels for this aquifer pumping test as well 
as how the aquifer pumping test was conducted were consistent with standard operating procedures 
and methods as set forth by the American Water Works Association (A WW A) (1998), United 
States Environmental Protection Agency (Osborne, 1993), Fetter (1980), and Driscoll (1986) 
among others. The aquifer pumping test as conducted by Banner Associates, Inc. is acceptable by 
the DENR-Water Rights Program. 

The water level and time data collected during the whole of the aquifer performance test was 
analyzed using macros in a Microsoft Excel spreadsheet (Halford and Kuniansky, 2002) 
downloaded from the Nevada District of the U.S. Geological Survey (Odens, 2020). The Cooper­
Jacob Solution for Pumping Tests in Confined Aquifers (Cooper and Jacob, 1953) was used to 
determine aquifer characteristics based on the performance test data (Banner Associates, 2020). 

The Cooper-Jacob Solution (Cooper and Jacob, 1953) is used by several software packages for 
calculating aquifer characteristics and estimating drawdown based on aquifer performance test 
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data and is commonly used and accepted for analyzing aquifer performance test data. The methods 
and software used by Banner Associates 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 were to determine the aquifer 
characteristics and possible aquifer extent of Prairie Coteau aquifer at the well locations. The 
maximum measured drawdown was 80.46 and 66.05 feet in pumping wells Ll and L2, 
respectively, and 33.91, 31.13, and 22.25 feet in monitoring wells L3, EMW, and NMW, 
respectively. Aquifer hydraulic conductivity (K) and transmissivity values (T) were calculated 
assuming pumping wells L 1 or L2 as the pumping well for distance-drawdown calculations and 
the Cooper-Jacob solution for both the pumping and recovery periods and using all, lower, middle, 
and upper data were calculated and averaged (Banner Associates, 2020). The calculated T values 
are shown in Table 2. 

Table 2- Local Prairie Coteau aquifer hydraulic conductivity and transmissivity based on aquifer 
performance test data (Banner Associates, 2020) 

Ll 640gpm L2 640 gpm 

K ft/day T ft2/day K ft/day T ft2/day 

Distance - Drawdown Curve 190 3800 190 3800 
Cooper- Jacob all data (CS) 110 2200 130 2600 

QI) Cooper- Jacob Lower data (CS) 120 2400 120 2400 C ·a Cooper- Jacob Middle data (CS) 71 1400 80 1600 E 
::s 

Cooper- Jacob Upper data (CS) 210 4100 190 3700 Q. 

Average 127.75 2525 130 2575 

Cooper~ Jacob all data (CS) 74 1500 98 2000 
~ Cooper- Jacob Lower data (CS) 120 2400 130 2500 
Cl.I 
> Cooper- Jacob Middle data (CS) 65 1300 74 1500 0 u 
Cl.I Cooper- Jacob Upper data (CS) 88 1800 120 2300 a:: 

Average 86.75 1750 105.5 2075 

The calculated hydraulic conductivity values, 65 to 210 ft/day, are within the general range of fine 
to medium sand that are listed in Driscoll (1986). This information is consistent with the geologic 
information provided by the well driller on the well completion reports for each of the wells used 
for the aquifer performance test. Re-calculation of several of the analyses yielded comparable 
results when making the same assumptions as the Banner Associates (2020) report. Therefore, the 
hydraulic conductivity and transmissivity analyses can be assumed to have been done properly 
when using the same assumptions as the Banner Associates (2020) report. 

Banner Associates estimated the well field capacity by multiplying specific capacity, gallons per 
minute of water pumped per foot of drawdown measured in a well, of each pumping well by the 
hydraulic head above the top of the aquifer. Well Ll had a specific capacity of 7.995 gpm/ft of 
drawdown and well L2 had specific capacity of 9.689 gpm/ft of drawdown. These two specific 
capacity values assumed the total combined pumping rate from each well, 640 gpm, created the 
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drawdown at each well. This is a reasonable assumption given the length of the aquifer 
performance test (11 days), the proximity of the two pumping wells to each other (558.97 feet), 
and the aquifer material consisting of fine to coarse glacial outwash sand. There was 90.65 feet of 
hydraulic head above the top of the aquifer at well Ll and at well L2 there was 78.57 feet of 
hydraulic head above the top of the aquifer at the beginning of the aquifer performance test (Banner 
Associates, 2020). 

Using the previously mentioned calculation to determine well capacity, the well field should be 
able to support a maximum capacity of 721 to 761 gpm of pumping (Banner Associates, 2020). 
However, it should be noted that the water levels in the pumping and monitoring wells did not 
reach full stabilization but were approaching it when the pumping ceased. Monitoring of the water 
level by pressure transducers connected to the SCADA (Supervisory Control And Data 
Acquisition) system will be required and is planned by the City of Lake Norden (Banner 
Associates, 2020) to prevent lowering of the water level in any of the pumping wells into the screen 
area of the well. The lack of full stabilization of the water levels in the pumping and monitoring 
~ells means long-term well field capacity values are likely on the high side. However, there is no 
way to estimate by how much. Furthermore, the expected long-term capacity of a well field does 
not represent the availability of unappropriated water in an aquifer. 

Banner Associates (2020) concluded the Prairie Coteau aquifer can support a maximum combined 
capacity range of 721 to 761 gpm from the three wells completed into the aquifer. Because of the 
artesian head pressure and the more than 95 percent recovery of water level within 4 days of 
ceasing pumping, Banner Associates (2020) believes that the aquifer receives recharge from the 
north or higher ground where the confining clay layers may crop out at land surface or transition 
into the Big Sioux aquifer. The present exploration of the aquifer is not adequate to determine if 
the recharge occurs at a distance of one or several miles away from the City of Lake Norden's well 
locations (Banner Associates, 2020). The Banner Associates (2020) report states: 

"The aquifer is limited in capacity and may not serve the community in the long 
term. As the City water demands increase an additional water source will become 
necessary. We recommend that the City continue to search for a future water supply 
source." 

The availability of unappropriated water is generally determined by consideration of observation 
well data and estimated recharge rates multiplied by aquifer area, when those data are available. 
There are no long-term observation wells constructed into this portion of the Prairie Coteau 
aquifer. The hydrographs for the two monitoring wells constructed for this aquifer performance 
test, EMW and NMW, and the three wells the city intends to use for production, Ll, L2, and L3, 
for the time period following the recovery period used for the aquifer performance test are shown 
in Figure 2. Note that wells Ll, L2, and L3 are being actively used during the period shown in 
Figure 2. This data is collected once per week at approximately the same time by staff from the 
City of Lake Norden and was obtained from Banner Associates (Beck, 2020). The water level 
measurements are required as part of the Temporary Permit To Use Public Waters (temporary 
permit) issued by the Chief Engineer on July 27, 2020. The City of Lake Norden is meeting the 
requirements of the temporary permit. 
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Figure 2- Water level measurements (modified from: Beck, 2020) taken since completion of 
aquifer performance test for the pumping and monitoring wells 

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 AVAILABILITY: 
This application proposes to appropriate water from the Prairie Coteau 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 
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formation in excess of the average estimated annual recharge for use by water 
distribution systems." 

The Prairie Coteau aquifer is not stratigraphically lower/older than the Greenhorn Formation, but 
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 Prairie Coteau 

. aquifer is required for this application. 

Hydrologic Budget 
Recharge 
The Prairie Coteau aquifer receives recharge from infiltration of precipitation and snowmelt where 
the aquifer is near land surface and permeable layers overlie it, leakage from adjacent aquifers with 
higher hydraulic head, and hydraulically connected surface water bodies and surficial aquifers 
(Leap, 1972). However, it is not clear what the specific source of recharge to this portion of the 
Prairie Coteau aquifer is. The most likely sources of recharge are infiltration of precipitation and 
snowmelt and a hydraulic connection to the Big Sioux: Brookings aquifer and/or nearby lakes. 

There is no estimate of recharge rate to this portion of the Prairie Coteau aquifer. However, Hedges 
and others (1985) suggested a range of 0.15 to 0.6 inches per year (in/yr) be used for confined 
aquifers by management and development programs. It was further noted that locally where 
confined aquifers may encounter unconfined conditions the recharge rates may be within the range 
calculated for non-buried surficial aquifers (2.0 to 5 .6 in/yr) (Hedges et. al, 1985). The nearest 
non-buried surficial aquifer to this portion of the Prairie Coteau aquifer is the Big Sioux: Brookings 
aquifer. Hedges and others (1985) calculated a recharge rate of 4.0 in/yr using observation well 
data analysis. The rate of 4.0 in/yr is likely much greater than the actual recharge rate to this portion 
of the Prairie Coteau aquifer. 

The full extent of this portion of the Prairie Coteau aquifer has not been determined. Attempts to 
delineate this portion of the Prairie Coteau aquifer when the application was first submitted in June 
2020 ranged from approximately 1,320 acres (high confidence) to 2,780 acres (medium to low 
confidence) using lithologic log data (SDGS, 2020a), well completion report data (Water Rights, 
2020d), and water right/permit files (Water Rights, 2020c). Upon further review of available 
geologic data, the aquifer performance test data (Banner Associates, 2020), and consultation with 
the DENR-Geological Survey (SDGS, 2020b), a third aquifer delineation was performed. This 
third delineation has an approximate areal extent 1,690 acres and determined the aquifer most 
likely extends to the northeast in a manner similar to the low-mid confidence aquifer delineation 
and potentially to the southeast but not to the west as previously thought in the June 2020 
delineation attempts. 

The data obtained from the aquifer performance test can be used to estimate a radius of influence, 
Ro, for the maximum drawdown created during the performance test. The Ro value can be used to 
calculate the extent of the cone of depression for the aquifer performance test. The cone of 
depression is the absolute minimum aquifer area. As part of the suggested design criteria for this 
aquifer performance test from the DENR-Water Rights Program, there were to be two wells 
pumped simultaneously for this aquifer performance test. That led to the issue of where the 
distance portion of the drawdown-distance part should be measured from. While using the same 
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drawdown values for each of the monitoring wells, changing the distance from the "pumping well" 
values lead to different Ro values and subsequently differing values for the minimum aquifer area. 
Figure 3 is the distance-drawdown chart using the "pumping well" locations of L 1, L2, and 
halfway in between Ll and L2. 

Solving the equation of the logarithmic trendline for the value of x when y is equal to 0 leads to 
the Ro value. The table shown in Figure 3 shows the Ro values using "pumping well" locations of 
L 1, L2, and halfway in between L 1 and L2 for the distance portion of the graph, then calculating 
the area of the circle that Ro represents and a range of estimated average annual recharge using 
Hedges and others (1985) suggested range of recharge rates of 0.15 to 0.60 in/yr. A geographic 
representation of the Ro values shown in Figure 3 and the initial delineation estimates of this 
portion of the Prairie Coteau aquifer are shown in Figure 4. The estimated recharge values based 
on the Ro calculated minimum aquifer area range from 13.5 to 240.6 ac-ft/yr. 
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Figure 3- Distance-drawdown chart for the pumping portion of the aquifer performance test 

Included in the Banner Associates (2020) report is a potentiometric surface map of the wells at the 
maximum drawdown elevation during the aquifer performance test (see Figure 6 on page 12 of 
that report). The potentiometric surface shows a "cone of depression" around the pumping wells, 
L 1 and L2, that is oval in shape with a major axis approximating a straight line between the two 
wells and the lowest water level at L 1. This means that using a simple distance-drawdown chart to 
estimate minimum aquifer area is not fully representative of the area of influence ( cone of 
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depression) created during the aquifer performance test but is probably a reasonable estimate of 
the minimum area of influence from the aquifer performance test. 

w City Production Wei RO Calculatlons 

'f' City Monitoring Well D Halfway between L 1 & L2 as pumping well 

• PCO Water Rights D L 1 as pumping well 

Aquifer Delineation Estimates D L2 as pumping well 
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. ~ Nov. 2020 (1,690 acres) ~··"=__ Nov. 12, 2020 

Figure 4- Map of aquifer delineations and Ro drawdown cone extents with the nearby Prairie 
Coteau aquifer water permit (Water Rights, 2020c) 

The distance-drawdown chart should be used as a sense of scale to estimate likely minimum 
aquifer area. Considering the original aquifer delineations, especially the high confidence 
delineation, when compared to the Ro circles for "cone of depression" for the various distance­
drawdown calculations, it is reasonable to assume the minimum aquifer extent is likely greater 
than 1,081.3 acres and is somewhere between the June 2020 high confidence aquifer delineation 
area, 1,320 acres, and the Ro calculation with the assumed "pumping well" location halfway 
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between wells Ll and L2, 1,741 acres. This results in an estimated average annual recharge rate, 
using Hedges and others' (1985) recharge rate, ranging from 16.5 to 87.1 ac-ft/yr. 

It is likely that this portion of the Prairie Coteau receives recharge from the Big Sioux: Brookings 
aquifer or possibly a nearby surface water source that is also connected to the Big Sioux: Brookings 
aquifer. The Big Sioux: Brookings aquifer has an estimated recharge rate of 4.0 in/yr (Hedges et. 
al, 1985). The till separating the Big Sioux: Brookings and the Prairie Coteau aquifer in this area 
can range from what appears to be non-existent, such as at DENR-Water Rights Program 
observation well HN-76E located approximately 0.8 miles southeast of production well L3, to 
between 20 to 70 feet as described by the geology encountered during the drilling of the City of 
Lake Norden's production wells (Water Rights, 2020b and 2020c). Furthermore, various borings 
for well completion reports (Water Rights, 2020d) and lithologic logs (SDGS, 2020a) identify 
sand, gravel, and clay as intermixed, in various quantities and locations, with the glacial till. This 
means the glacial till locally may have higher permeability than other glacial till. Considering the 
vertical proximity of the Big Sioux: Brookings aquifer in some areas and the potential for more 
permeable glacial till, it is reasonable to assume the recharge rate to this portion of the Prairie 
Coteau aquifer is likely closer to the 0.6 in/yr of the Hedges and others (1985) recharge rate range 
and may possibly even exceed it. 

The actual recharge rate to this portion of the Prairie Coteau aquifer is likely near or possibly 
somewhat greater than the upper end of Hedges and others (1985) recharge rate estimate, 0.60 
in/yr, for confined aquifers. However, it is not possible to determine the actual recharge rate with 
the currently available information. The minimum estimated average annual recharge to this 
portion of the Prairie Coteau aquifer is likely around 87.1 ac-ft/yr. Therefore, it is reasonable to 
assume a minimum estimated average annual recharge rate of 87 .1 ac-ft/yr to this portion of the 
Prairie Coteau aquifer when developing a hydrologic budget. 

Withdrawals: 
Discharge from this portion of the Prairie Coteau aquifer occurs through well withdrawals (Water 
Rights, 2020c and 2020d) and likely through discharge to adjacent aquifers like the Big Sioux: 
Brookings and possibly to hydraulically connected surface water bodies. There is one existing 
water right authorized to withdraw water from the same portion of the Prairie Coteau aquifer the 
applicant proposes to use (Water Rights, 2020c), Water Permit No. 7163-3 for Travis or Kimberly 
Hymans. Water Permit No. 7163-3 authorizes the diversion of water at a maximum instantaneous 
diversion rate of 0.1 cfs for domestic 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. That is an estimated annual use of 26.9 ac-ft/yr. 
The water use under 7163-3 is likely much less than 26.9 ac-ft/yr because it is for domestic use 
and the 60 percent estimate is based off of review of submitted water use numbers and discussions 
with various large non-irrigation appropriators in the past. 

There are several domestic wells on file with the water rights program that appear to be completed 
into the same portion of the Prairie Coteau aquifer as the applicant's wells (Water Rights, 2020d). 
Furthermore, there are 12 rural residences that may be served by wells that are within the 
"Medium-Low Confidence" aquifer delineation shown in Figure 4. Assuming 2.5 people per 
residence and a per capita daily water use of 72 gallons per day (Carter and Netizert, 2005), it is 
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estimated the 12 rural residences that may also use water from this portion of the Prairie Coteau 
aquifer would use at most 2.4 ac-ft/yr. 

Balance of Hydrologic Budget 
This application proposes to appropriate 1,458 ac-ft/yr from a portion of the Prairie Coteau aquifer .. 
Currently, the estimated average annual appropriative and likely maximum domestic use is 
probably less than 29.3 ac-ft/yr from this portion of the Prairie Coteau aquifer. The estimates of a 
minimum recharge rate to this portion of the Prairie Coteau aquifer range from 13.5 to 240.6 ac­
ft/yr, with the best available information indicating the most likely minimum recharge rate is in 
the vicinity of 87.1 ac-ft/yr. That would leave at least 57.8 ac-ft/yr unappropriated. That is far less 
than the requested appropriation. However, there is a reasonable probability that the recharge rate 
(0.15 to 0.60 in/yr) to this portion of the Prairie Coteau aquifer, as well as the areal extent of the 
aquifer (1,741 acres), is greater than the best estimates currently available. 

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. 

There are no DENR-Water Rights Program observation wells completed into this portion of the 
Prairie Coteau aquifer (Water Rights, 2020b). Two monitoring wells, EMW and NMW, were 
installed and used as part of the aquifer performance test. Once per week measurement of the water 
levels in these monitoring wells, and the pumping wells (Ll, L2 and L3), is required as a 
qualification of the City of Lake Norden's temporary permit. The hydrographs for EMW and 
NMW for the time following the end of the recovery period of the aquifer performance test are 
shown in Figure 5 along with a linear trendline of most of the data. The first measurement taken 
following the end of the recovery period of the aquifer performance test is much higher for both 
wells than all of the subsequent measurements, because there had been no pumping from any of 
the wells for 4 days at that point. Therefore, it is reasonable to not include those readings when 
looking at the general trend of the monitoring wells. 

/ 

The hydro graphs show that the continued pumping from this portion of the Prairie Coteau aquifer 
by the City of Lake Norden has consistently lowered the water level in the monitoring wells since 
the end of the recovery period of the aquifer performance test. The hydrographs in Figure .2 show 
that even when wells L 1, L2, and L3 are not actively pumping or are pumping less, there is not a 
full recovery of pre-pumping water levels. It should be noted since these readings are taken once 
per week at a consistent time. Therefore, any changes to water level that may occur between the 
readings are not shown. 

Analysis of observation well data looks at the long-term, generally several years of data, shape and 
changes of the water level data shown in the hydrograph. Looking at the data over a longer period 
of time allows for determination of whether a confined aquifer, such as the Prairie Coteau aquifer, 
is approaching equilibrium with new pumping or whether the aquifer is being depleted ( over­
appropriated). Currently, there are two months of data that are showing a downward trend. 
Furthermore, the water levels in the pumping wells and the monitoring wells did not fully stabilize 
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during the pumping portion of the aquifer performance test. These two factors when considered 
together can lead to a couple of conclusions. First, the aquifer is very small and the pumping by 
the City of Lake Norden is too great for the aquifer to actually support (i.e. not enough recharge 
for the appropriation). Or, the finer sediments that comprise the aquifer have a low transmissivity 
and the pumping test did not run long enough to allow the aquifer to equilibrate. It is likely that 
both factors, limited aquifer size and fine sediments, are responsible for the non-stabilization of 
the water levels during the pumping portion of the aquifer performance test. 

City of Lake Norden Temporary Permit Water Level Monitoring 
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Figure 5- Prairie Coteau aquifer monitoring well hydrographs for period following recovery 
portion of aquifer performance test (modified form: Beck, 2020) 

The hydrographs for the monitoring wells following the end of the aquifer performance test do not 
explicitly show whether there is or is not unappropriated water available for this proposed 
application. What they do show is that the water level in the aquifer does draw down during 
pumping periods and recovers due to recharge events and the cessation/lessening of pumping. Both 
of these actions are common and the expected behavior of any aquifer. Longer term data, several 
months to years possibly, is required to determine the availability of unappropriated water using 
observation well analysis. If this application is approved in any form, a new permanent observation 
well to monitor this portion of the Prairie Coteau aquifer should be constructed or easements for 
access and maintenance to one or both of the existing monitoring wells be granted. 
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Water Availability Conclusion: 
Based on the hydrologic budget and monitoring well data currently available, there is not a 
reasonable probability that unappropriated water is available for the entirety of the proposed 
appropriation of 1,478 ac-ft/yr. The best currently available estimates show there is likely at least 
57.8 ac-ft/yr available for this application. However, there is a reasonable probability that the 
recharge rate to this aquifer is at least 0.6 in/yr due to probable connections to the Big Sioux: 
Brookings aquifer and local surface water bodies and might even be greater. However, information 
is not available to quantify how much greater. Furthermore, there is a reasonable probability that 
the aquifer areal extent is larger than the likely minimum areal extent (1,741 acres) determined 
during the aquifer performance test. Therefore, it would be reasonable to approve a portion of this 
permit for up to 57.8 ac-ft/yr and defer the remainder (1,420.2 ac-ft/yr) for further study. This 
further study must include, at minimum, continued monitoring of water levels in the Prairie Coteau 
aquifer. Further drilling to better delineate the extent of this portion of the Prairie Coteau aquifer 
should be considered. However, an areal extent sufficiently large to support the whole of this 
application is not likely. Using Hedges and others (1985) recharge rate range (0.15 to 0.6 in/yr), 
an areal extent ranging from to 29,560 to 118,240 acres is needed to support this application as 
proposed. 

POTENTIAL FOR UNLAWFUL IMPAIRMENT OF EXISTING WATER RIGHTS: 
As shown in Figure 4, the only water right/permit that appears to withdraw water from the same 
portion of the Prairie Coteau aquifer the applicant proposes to use is Water Permit No. 7163-3. 
The well for Water Permit No. 7163-3 is approximately 0.8 miles away from the nearest of the 
City of Lake Norden's three wells, L2 (Water Rights, 2020c). There are domestic wells on file 
with the DENR-Water Rights Program within approximately 0.25 miles of the city's wells (Water 
Rights, 2020d). No complaints regarding well interference were filed with the DENR-Water 
Rights Program for the duration of the aquifer performance test. Furthermore, there have been no 
complaints regarding well interference in Hamlin County (Water Rights, 2020a). In other counties, 
complaints regarding well interference from wells completed into the Prairie Coteau aquifer have 
been filed with the DENR-Water Rights Program. Most of the complaints have been 
unsubstantiated and were the result of inadequate pumping depth in the well that had issues (Water 
Rights, 2020a). 

At the well sites for this application, the Prairie Coteau aquifer is under confined conditions. 
Generally, that means the water level of the aquifer can be subject to significant fluctuations caused 
by natural conditions and pumping. The drawdown created by pumping a well completed into a 
confined aquifer may extend a considerable distance from the well as shown by the data from the 
aquifer performance test. The City of Lake Norden has installed pressure transducers in their 
production wells (LI, L2 and L3) that are connected to their SCADA system (Beck, 2020) to 
ensure they do not accidently pump their own wells dry. By self-limiting their wells, the city 
protects other nearby adequate domestic wells because there is generally more drawdown at a 
pumping well than at other locations. The artesian head pressure above the top of the aquifer at the 
City of Lake Norden's production wells was around 80 feet at the time of completion in late-spring 
and mid-fall of 2018. 

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 in the past to place water 
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to maximum beneficial use, a certain amount of drawdown may occur. In order to balance interests 
between appropriative 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 (Water Rights, 1995). 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 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 theirs pumps to 
accommodate for deeper water levels. However, when considering the statute (SDCL 46-6-6.1), 
rule (ARSD 74:02:04:20(7)), and the artesian head pressure, well interference from this proposed 
diversion is not expected to unlawfully impair existing appropriative or domestic users with 
adequate wells. A continued lowering of the water level in the aquifer from pumping would be 
considered an adverse impact and therefore an unlawful impairment of existing waters rights. 
However, there is not sufficient data available to determine the likelihood of that occurring at this 
time. Continued monitoring of the water levels in the aquifer is recommended to establish a longer­
term trend for the aquifer. The current combined pump rate from wells LI, L2, and L3 was 
estimated to be 550 to 560 gpm (Beck, 2020). 

CONCLUSIONS: 
1. Application No. 8433-3 proposes to appropriate up to 1,458 ac-ft/yr at a maximum 

instantaneous diversion rate of 2.11 cfs from a portion of the Prairie Coteau aquifer. 

2. The Prairie Coteau aquifer is found under confined conditions in the area of the well sites. 

3. The applicant had a constant-rate aquifer performance test conducted and analyzed by Banner 
Associates, Inc., an engineering firm. 

4. The methodology for completing the aquifer performance test and analyzing the data are 
sound, within published standard operating procedures for conducting a constant-rate aquifer 
performance test, and within the guidelines suggested by DENR-Water Rights Program. 

5. Based on the observation well data and a hydrologic budget, there is not a reasonable 
probability unappropriated water is available for the entirety of this proposed appropriation. 
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6. There is a reasonable probability up to 57.8 ac-ft/yr could be approved for this proposed 
appropriation based on the hydrologic budget. 

7. If the remaining amount of this proposed appropriation (1,420.2 ac-ft/yr) is deferred for further 
study, the further study should include, at minimum, continued measurements of the water 
levels in this portion of the Prairie Coteau aquifer. It may be prudent to also complete more 
drilling to better delineate the extent of the aquifer. 

8. If part or all of this application is approved, it would be prudent to have a permanent 
observation well monitored by the DENR-Water Rights Program completed into this portion 
of the Prairie Coteau aquifer or easements for access and maintenance of the monitoring wells 
used for the aquifer performance test granted. 

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

10. However, general over pumping of the limited areal extent of the aquifer may occur and this 
would be an unlawful impairment. Continued monitoring of the water levels in the Prairie 
Coteau aquifer is recommended. 

~~ 
Adam Mathiowetz, PE 
SD DENR-Water Rights Program 
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Page 12 

1. Introduction 

The City of Lake Norden contracted with Banner Associates, Inc. to provide engineering 
services for the installation of 3 well pumps and the associated electrical controls, 
SCADA system, and raw water service line to the water treatment plant. Lake Norden 
had previously drilled and installed well screens in 3 new wells with the intention of 
replacing some of their existing wells with these new wells and transferring the water 
rights from the old wells to the new wells. When the water rights application was filed, 
South Dakota Department of Environment & Natural Resources (SD DENR) Water 
Rights informed the City-that they believed the wells were placed in the Prairie Coteau 
Aquifer and not the Big Sioux Aquifer as they had previous thought. The City of Lake 
Norden has existing water rights in the Big Sioux Aquifer but not the Prairie Coteau 
Aquifer. 

The purpose of this study is to conduct an aquifer production test, analyze the data and 
investigate the potential yield of the aquifer in which the wells were placed. 

a. Background 

The City of Lake Norden has a population of approximately 500 people with an 
Agropur Cheese Plant that is a large water user. The City has several existing 
wells in the Big Sioux Aquifer on the southwest side of the lake called Lake 
Norden. The water from this location of the aquifer is high in iron and the wells 
plug up and need to be replaced on a 1 0 to 15-year rotation basis. In 2018, the 
City of Lake Norden entered into a contract with Kaiser Well Drilling of Lake 
Norden to find an additional water source for the City of Lake Norden. 
Exploration began on the northeast side of town between Lake Norden and Lake 
Mary. Several test wells were drilled in exploration for water and based on well 
test pumping, Kaiser Well Drilling determined that an adequate water supply had 
been located. Three of the test wells were converted to production wells with 20 
feet of stainless-steel screen placed at the bottom of the aquifer. Each of the 
three wells are approximately 100 feet deep. When a water right application was 
filed to transfer water rights to the new wells, the City was informed that the new 
wells were believed to be in the Prairie Coteau Aquifer and not the Big Sioux 
Aquifer. 

b. Purpose 

This report presents the methods used and results obtained from the aquifer 
investigation performed to date in the Prairie Coteau Aquifer at Lake Norden. 
Those include: 
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• Installation of the 2018 wells and observation wells. 
• Aquifer testing to determine potential .of the aquifer ability to yield water 

and the potential of an aquifer connection to the Big Sioux Aquifer. 
-• Estimates of potential yield for the three municipal wells that have been 

developed in the aquifer. 
• Summary and conclusions. 

c. Study Area Description 

The Lake Norden Prairie Coteau aquifer wells are located northeast of the town 
of Lake Norden along Highway 28 between Lake Mary and Lake Norden. Two 
wells are located east of Pelican Pass and one well is located west of Pelican 
Pass. See Figure 1 - Well Locations. 

i. Site Geology/Hydrogeology 

The Prairie Coteau aquifer at this location is buried beneath 83 to 87 feet of 
till. The Prairie Coteau aquifer consists of numerous fine sands to medium 
sand and medium coarse sand lenses that may or may not be hydraulically 
connected. The thickness of the sand lens that the Lake Norden Municipal 
wells were installed ranges from 14 to 19 feet thick and is under artesian 
conditions. 

The ground surface at the five Prairie Coteau test wells/monitoring wells 
ranged from 1657 to 1675. The lowest ground is near the lake shore of Lake 
Norden (L 1) and the highest ground elevation approximately 1500' north of 
L 1 is at the north monitor well. 

The Lake Norden area is part of the Big Sioux River drainage basin. Thus, 
water flows generally from north to south within this basin. The artesian 
condition in the Prairie Coteau aquifer is likely also caused by water flowing 
from the higher elevations north and west of Lake Norden. 

Recharge from precipitation on the surrounding area percolates into the 
groundwater. Generally, the ground water would flow downstream parallel to 
the Big Sioux River valley. Clay barriers would impede this flow causing the 
artesian condition noted at the well site. 
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2. Site Exploration 

a. Test Well Location and Pilot Hole Drilling 

The three previously installed 10-inch diameter production wells and three 2 ½ -
inch observations wells installed by Kaiser Well drilling were used for this aquifer 
evaluation. One of these observation wells was drilled in the Big Sioux Aquifer to 
monitor the water level during the production testing of the wells in the Prairie 
Coteau Aquifer. The location of these wells is shown on Figure 1 - Well 
Locations. 

The three 10-inch diameter wells were drilled to a depth ranging from 97 to 103 
feet below ground surface. Twenty feet of stainless-steel screen was placed at 
the bottom of each well with a screen slot size of 0.30. The east observation well 
was drilled to a depth of 101 feet and 10 feet of PVC screen was placed at the 
bottom of the well with a slot size of 0.30. The north observation well was drilled 
to a depth of 103 feet and 20 feet of PVC screen with a slot size of 0.25 was 
placed at the bottom of the well. The Big Sioux Aquifer observation well was 
drilled to a depth of 82 feet and 20 feet of PVC screen with a slot size of 0.25 
was placed at the bottom of the well. The Well logs are attached to this report in 
Appendix A - Well Logs. 

The description of the Prairie Coteau water bearing sands ranged as follows: 
• L 1 - yellow medium-course 
• L2 - grey sand fine 
• L3 and EMW - sand medium-fine 
• NMW -yellow fine-medium sand, black fine sand and yellow medium course 

It is noted that the bottom of the water bearing sands at L 1 are 8.67 feet deeper 
that the bottom of the water bearing sands at L2 as depicted in Figure 2 - Well 
Log Cross Sections. 

Based on the well logs and the bottom elevations of the Prairie Coteau Aquifer, 
the water bearing sands tend to be dropping from north to south. Thus, the cross 
section of the well logs was developed for L 1 , L2 and NMW to show the north to 
south aquifer pattern. This is depicted in Figure 3 - L 1-L2-NMW Cross Section. 
There is a drop of 9.25' from north to south. 

Wells L2, L3 and the EMW are an east-west cross section of the aquifer. L2 and 
L3 are nearly flat while the bottom of EMW rises 6.25 feet above the bottom of 
L3. This is depicted in Figure 4 - L2-L3-EMW Cross Section. 
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3.Aquifer Testing 

a. Water Level Monitoring 

In-Situ, Inc. brand Troll 700 datalogging pressure transducers equipped to read 
both water level and water temperature were installed in both test wells and three 
monitoring wells during the aquifer testing. Water level drawdown and recovery 
was also manually monitored using electric water level tapes by Banner staff, SD 
DENR staff and SD Geological Survey Staff in the 2 test wells and 3 monitoring 
wells as well as 2 nearby Big Sioux Aquifer observation wells. 

Hand measurement were taken at 5 locations with the dataloggers present as a 
backup to the electronic data. The water levels were tied to mean sea level 
based on topographic site survey and elevations of the ground at the well as well 
as the top of casings where the electric water level tapes were measured from. 
Hand measurements were also taken at periodic intervals at the Big Sioux 
Aquifer observation wells. 

The measurement frequency of the electronic data loggers was set at 30 
seconds while the manual measurements followed the reading interval as 
follows: 

0 to.3 minutes 

3 to 15 minutes 

15 to 60 minutes 

60 to 120 minutes 

120 min. to 10 hours 

10 hours to 48 hours 

48 hours to shut down 

every 30 seconds 

every minute 

every 5 minutes 

every 10 minutes 

every 30 minutes 

every 4 hours 

every 12 hours 

Technical issues with one data logger prevented electronic data at well 1000 N 
L2 from being electronically recorded until August 11. 

b. Constant-Rate Pumping Test Execution 

A seven-day constant rate pump test was planned for the aquifer test and 
initiated at 10:30 a.m. on August 6, 2020. Time clocks were synchronized and 
the well pumps at L 1 and L2 were started at the same. The total flow from these 
two well measured 640 gpm. The flow was continuously monitored by the 
SCADA system at the water treatment plant. The aquifer performance test was 
run by Banner Associates, Inc. and the water level drawdown and recovery data 
were collected manually and electronically. 
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At the end of seven days the decision was made to extend the constant rate 
pump test for 4 more days. Thus, the constant rate pump test ran for a total of 
11 days. The pumps were shut off at 10:00 a.m. on August 17, 2020. The 
recovery data was monitored both manually and electronically by the same staff 
as the drawdown measurement through 7:00 a.m. on August 21, 2020. The data 
collected in the field is included in Appendix A -Aquifer Test Data 

Table 1 summarizes the details relevant to this study. 

Table 1 - Summary of Aquifer Test Wells 
Distance 

from Ground Static Maximum Recovery 
Well L2 Elev. Depth Aquifer Screen Water Elev. Drawdown Elev. 
(feet) (MSL) Drilled Thickness Interval (MSL) Elev. (MSL) (MSL) 

-558.97 1656.96 97.00 14' 83-97 1664.61 1584.15 1661.39 

0.00 1671.63 103.00 18' 83-103 1665.20 1599.15 1663.75 

359.80 1668.62 107.00 14' 87-107 1664.64 1630.73 1663.19 

649.43 1674.87 101.00 14' 91-101 1664.72 1633.59 1663.28 

970.82 1672.21 103.00 19' 93-103 1665.44 1643.19 1663.69 

It was noted that the water temperature hovered around 50 degrees Fahrenheit 
throughout the pump test, then rose to approximately 52 degrees Fahrenheit for 
2 hours right after the pump was shut off at well L 1. The actual range of 
temp~rature during the entire testing period is 49.86 to 52.37 degrees Fahrenheit 
for a total change in temperature of 2.51 degrees. The temperature at Well L2 
was similar with a range of 48.60 to 50.29 degrees Fahrenheit for a total change· 
in temperature of 1.69 degrees. The heat from the pump motor wi!hout the 
constant flow of water is thought to be the reason for the slight upward 
temperature fluctuation. 

Static water level contours were developed and are presented in Figure 5 -
Static Water Level Contours. The data and the contours indicate that water is 
flowing from north to south which is consistent with the flow of ground water in . 
the Big Sioux river valley. 

Contours were also developed for the maximum drawdown depths and are 
presented in Figure 6 - Maximum Drawdown Water Level Contours. These 
contours appear to be elliptical in shape with the steeper slope in the east-west 
direction. The well logs indicated fine sands at L3 and EMW. Water will move 
slower through fine sands which may be the cause of a steeper slope going east 
of well L2. 
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4.Pumping Test Data Analysis 

a. Explanation of Terms and Analytical Methods 

Artesian Aquifer - A confined aquifer in which the water level in wells rises 
above the top of the aquifer. 

Hydraulic Conductivity {K) - Constant of proportionality defining the specific 
discharge of a porous medium under a unit hydraulic gradient, K=q/i. 

Transmissivity {T) - The product of hydraulic conductivity and saturated 
thickness, T=Kb. 

Storativity {S) - Volume of water released from storage by a confined aquifer per 
unit surface area of aquifer per unit decline in hydraulic head normal to surface 
equal to product of specific storage and saturated thickness, S=Ssb. 
[dimensionless] 

Specific Storage {Ss) - Volume of water released from storage from a unit 
volume of aquifer per unit decline in hydraulic head. 

Aquifer coefficients of transmissivity and hydraulic conductivity were calculated 
from the test data using methods appropriate for confined aquifer conditions. 
Hydraulic conductivity and transmissivity are governed by the size and shape of 
the pores between the grains of the water bearing aquifer. The properties of 
water may vary with temperature, and the hydraulic conductivity is defined on the 
basis of fluid viscosity and density at a particular temperature. 

b. Boundary Conditions 
Boundary conditions were anticipated by the SDDENR prior to the aquifer 
performance test. However, during the test, boundary conditions were not readily 
apparent, therefor, no corrections were made for Boundary Conditions. 

c. Aquifer Test Results 
i. Aquifer Analysis 

A distance-drawdown analysis based on Cooper-Jacob Solution for Pumping 
Tests in Confined Aquifers was performed on data in all the observation wells at 
a selected time into pumping. This analysis was completed by plotting drawdown 
at each observation well versus the log of the distance between the observation 

• well and the pumped well. A solution is derived from a straight-line fit to the 
points on the graph. When the data was plotted it is apparent that the curve has 
an "S" shape rather than a straight line. The shape could be caused by a 
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boundary condition, impact of 2 wells being pumped simultaneously, aquifer 
media grain size or a combination of these items. 

The data indicates that the North Monitoring Well (NMW) was impacted by the 
pumping within 30 seconds of pump L2 startup. Based on this time frame L 1 
would have been influencing the drawdown at the East Monitoring Well (EMW) in 
approximately 33 seconds and the NMW within 43 seconds due to the distance 
between them, respectively. Thus, for this report and utilizing data at the end of 
the pumping time frame of 10 days for calculations the total flow of 640 gpm will 
be used in evaluation of this aquifer. 

Utilizing the drawdown data at well L 1 the hydraulic conductivity using Cooper­
Jacob ranged from 71 to 210 ft/day depending on which portion of the curve was 
used for the calculation. The average value for hydraulic conductivity of L 1 is 
127.75 ft/day. The transmissivity using Cooper-Jacob ranged from 1400 to 4100 
ft2/day depending on which portion of the curve was used for the calculation. The 
average value for transitivity of L 1 is 2525 ft2/day. 

Utilizing the drawdown data at well L2 the hydraulic conductivity using Cooper­
Jacob ranged from 80 to 190 ft/day depending on which portion of the curve was 
used for the calculation. The average value for hydraulic conductivity of L2 is 130 
ft/day. The transmissivity using Cooper-Jacob ranged from 1600 to 3700 ft2/day 
depending on which portion of the curve was used for the calculation. The 
average value for transmissivity of L2 is 2575 ft2/day. 

Utilizing the recovery data at well L 1 the hydraulic conductivity using Cooper­
Jacob ranged from 71 to 210 ft/day depending on which portion of the curve was 
used for the calculation. The average value for hydraulic conductivity of L 1 is 
86.75 ft/day. The transmissivity using Cooper-Jacob ranged from 1300 to 2400 
ft2/day depending on which portion of the curve was used for the calculation. The 
average value for transitivity of L 1 is 1750 ft2/day. 

Utilizing the recovery data at well L2 the hydraulic conductivity using Cooper­
Jacob ranged from 7 4 to 130 ft/day depending on which portion of the curve was 
used for the calculation. The average value for hydraulic conductivity of L2 is 
105.5 ft/day. The transmissivity using Cooper-Jacob ranged from 1500 to 2500 
ft2/day depending on which portion of the curve was used for the calculation. The 
average value for transmissivity of L2 is 2075 ft2/day. 

Another method of computing the hydraulic conductivity and transmissivity is 
based on the Cooper-Jacobs plot of the Distance-Drawdown curve. This method 
yields a value of 190 ft/day for hydraulic conductivity and 3800 ft2/day for 
transmissivity. 



Kaiser Well Drilling of Lake Norden to find additional water source for the City of Lake 
Norden. Exploration began on the northeast side of town between Lake Norden and 
Lake Mary. Several test wells were drilled in exploration for water and based on well 
test pumping, Kaiser Well Drilling determined that an adequate water supply had been 
located. 

Three of the test wells were converted to production wells with 20 feet of stainless-steel 
screen placed at the bottom of the aquifer. Each of the three wells are approximately 
100 feet deep. 

The three 10-inch diameter wells were drilled to a depth ranging from 97 to 103 feet 
below ground surface. Twenty feet of stainless-steel screen was placed at the bottom of 
each well with a screen slot size of 0.30. The east observation well was drilled to a 
depth of 101 feet and 10 feet of PVC screen was placed at the bottom of the well with a 
slot size of 0.30. The north observation well was drilled to a depth of 103 feet and 20 feet 

- of PVC screen with a slot size of 0.25 was placed at the bottom of the well. The Big 
Sioux Aquifer observation well was drilled to a depth of 82 feet and 20 feet of PVC 
screen with a slot size of 0.25 was placed at the bottom of the well. 

The description of the Prairie Coteau water bearing sands ranged as follows: 
• L 1 - yellow medium-course 
• L2 - grey sand fine 
• L3 and EMW - sand medium-fine 
• NMW - yellow fine-medium sand, black fine sand and yellow medium course 

A 11-day constant rate pump test was performed for the aquifer test and initiated at 
10:30 a.m. on August 6, 2020. The total flow from these two well measured 640 gpm. 
The flow was continuous monitored by the SCADA system at the water treatment plant. 
The aquifer test was run by Banner Associates, Inc. and the water level drawdown and 
recovery data were collected manually and electronically utilizing Banner Staff, SD 
DENR personnel, SD Geological Service staff and City staff. 

The pumps were shut off at 10:00 a.m. on August 17, 2020. The recovery data was 
monitored both manually and electronically by the same staff as the drawdown 
measurement through 7:00 a.m. on August 21, 2020. 
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The aquifer data analysis is summarized in Table 2- Summary of Well Analysis. 

: Table 2 - Summary of Well Analysis 

Note: The total flow from both wells was 
Ll 640 gpm L2 640 gpm 

640gpm. K ft/day T ft2/day K ft/day T ft2/day 

Distance - Drawdown curve 190 3800 190 3800 

Cooper -Jacob all data (CS) 110 2200 130 2600 

Cooper -Jacob Lower data (CS) 120 2400 120 2400 

Cooper -Jacob Middle data (CS) 71 1400 80 1600 

Cooper -Jacob Upper data (CS) 210 4100 190 3700 

Average 127.75 2525 130 2575 

Cooper -Jacob all data (CS) 74 1500 98 2000 

Cooper-Jacob Lower data (CS) 120 2400 130 2500 

Cooper -Jacob Middle data (MS) (CS) 65 1300 74 1500 

Cooper -Jacob Upper data (CS) 88 1800 120 2300 

Average 86.75 1750 105.5 2075 

5. Estimates of Well Field Production Potential 
a. Estimated Capacity of the Prairie Coteau Aquifer 

Based on the above analysis the specific capacity of Well L 1 is 7.955 gpm/ft of 
drawdown and the specific capacity of Well L2 is 9.689 gpm/ft of drawdown. 

The distance from the static water level to the top of the aquifer at L 1 is 90.65 
feet and at L2 is 78.57 feet. The specific capacity times the distance from the 
static water level to the top of the aquifer will be the maximum expected capacity 
of each well. Thus, the maximum expected capacity of aquifer ranges from 721 
(7.955 x 90.65) gpm to 761 (9.689 x 78.57) gpm. The drawdown will have to be 
monitored while pumping to observe the water level in each well. The water 
level/drawdown should not be allowed to enter the screen. The City of Lake 
Norden plan to install pressure transducers that are connected to the SCADA 
system to monitor the water levels in the wells. 

6.Summary and Conclusions 

The City of Lake Norden has a population of approximately 500 people with an Agropur 
Cheese Plant that is a large water user. The City has several existing wells in the Big 
Sioux Aquifer on the southwest side of the lake called Lake Norden. The water from this 
location of the aquifer is high in iron and the wells plug up and need to be replaced on a 
10 to 15-year rotation basis. In 2018 the City of Lake Norden entered a contract with 
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Table 1 - Summary of Aquifer Test Wells 
Distance 

from Ground Static Maximum Recovery 
Well· Well L2 Elev. Depth Aquifer Screen Water Elev. Drawdown Elev. 

Name (feet) (MSL) Drilled Thickness Interval (MSL) Elev. (MSL) (MSL) 

Ll -558.97 1656.96 97.00 14' 83-97 1664.61 1584.15 1661.39 

L2 0.00 1671.63 103.00 18' 83-103 1665.20 1599.15 1663.75 

L3 359.80 1668.62 107.00 14' 87-107 1664.64 1630.73 1663.19 

EMW 649.43 1674.87 101.00 14' 91-101 1664.72 1633.59 1663.28 

NMW 970.82 1672.21 103.00 19' 93-103 1665.44 1643.19 1663.69 

Table 2 - Summary of Well Analysis 
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Ll 640 gpm L2 640 gpm 

K ft/day T ft2/day K ft/day Tft2/day 

Distance - Drawdown curve 190 3800 190 3800 

Cooper -Jacob all data (CS) 110 2200 130 2600 

Cooper -Jacob Lower data (CS) 120 2400 120 2400 

Cooper -Jacob Middle data (CS) 71 1400 80 1600 

Cooper -Jacob Upper data (CS) 210 4100 190 3700 

Average 127.75 2525 130 2575 

Cooper -Jacob all data (CS) 74 1500 98 2000 

Cooper -Jacob Lower data (CS) 120 2400 130 2500 

Cooper -Jacob Middle data (MS) (CS) 65 1300 74 1500 

Cooper -Jacob Upper data (CS) 88 1800 120 2300 

Average 86.75 1750 105.5 2075 

The conclusion of this aquifer analysis is that the Prairie Coteau Aquifer in which 3 wells 
have been installed has a maximum combined expected capacity range of 721 gpm to 
761 gpm. The drawdown will have to be monitored while pumping to observe the water 
level in each well. The water level/drawdown should not be allowed to enter the screen. 

Because this aquifer is under artesian pressure and 95% recovery occurred in 
approximately 4 days it is believed that the aquifer is receiving recharge from the north 
or higher ground, where the confining clay boundary crops out to the surface or into the 
Big Sioux Aquifer. Where this occurs may be a mile to several miles away from the three 
wells installed by the City of Lake Norden. The present exploration into this aquifer is not 
adequate to determine the actual extents of the aquifer limits. 

This aquifer is limited in capacity and may not serve the community in the long term. As 
the City water demands increase an additional water source will become necessary. We 
recommend that the City continue to search for a future water supply source. 
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SOUTH DAKOTA WATER WELL COMPLETION REPORT 11-02 

Location ¼ SW¼ Sec 15 Twp 113N Rg53W Well Owner: CITY OF LAKE NORDEN -- -- -- -
Business Name: 

County HAMLIN North Address: PO BOX213 
I I City, State, Zip: LAKE NORDEN so 57248 

Please mark well I I 
I I Ground Elev.= 1656.96 location with an •x• I I 

~----'---- ____ ... ____ 
I I 

WELL LOG: I I DEPTH 
I I 

w ! I 
E FORMATION FROM TO 

I I 
TOPSOIL 0 2 I I 

I I 
I I YELLOW MIXED SAND fine-med 2 18 ----t----- ----1----

X I I 
BLUE CLAY I I 18 24 I I 

Well Completion Date 
I I GREY FINE SAND 24 29 

10-1-2018 lcJ 1 Mile ct BLUE CLAY soft 29 35 
GREY MED-COURSE 35 57 

Distance to nearest potential pollution source (septic tank, abandoned well, feed lot, etc.)? BLUE CLAY SOFT 57 83 
ft. from (identify source) 

YELLOW MED-COURSE 83 97 
PROPOSED USE: 

BDomestic/stock ~ Municipal a Business BTestholes 
Irrigation Industrial Institutional Monitoring well STATIC WATER LEVEL FEET 

METHOD OF DRILLING: If flowing: closed in pressure PSI 
DIRECT ROTARY 

lD GPM flow ~ through Inch pipe 

Controlled by Valve O Reducers OOther 
CASING DATA: LJsteel [Z] Plastic LJ Other Reduced flow rate GPM 
If other describe 

PIPEYJEIGHT DIAMETER FROM TO HOLE DIAMETER Can well be completely shut in? 

40.Q LB/FT 10.00 IN 0.0 FT 83.0 FT 16.00 IN 

LB/FT IN FT FT IN WELL TEST DATA: .. . . -· _,.. ____ ,. - -·. -------. -~ --- . - --- . 
@Pumped 

i 
LB/FT IN FT FT IN Describe: 1 

GROUTING DATA: □ Bailed ~ 

Grout Type No. of Sacks Grout Weight From To 

GRTWELOF 32 54.0 Lbtgal 0.0 Ft 80.0 Ft 
00ther ··-----·· ·-----·-·-- . -·- --··-·-·-· ·-·· --- __J 

Lb/gal Ft Ft 
Pumping Level Below Land Surface 

Describe grouting procedure Ft. After Hrs. pumped GPM 

Ft. After Hrs. pumped GPM 

If pump installed, pump rate: GPM 
SCREEN: 0 Perforated pipe @ Manufactured REMARKS 
Diameter 10.00 Inches Length 20.0 Feet 
Material ss Lake Norden Well L 1 
Slot Size .30 Set From 83.0 Feet to 97.0 Feet 

Other information 
\.\ ,.e.1\ o<"" u\,es+ ~~~o ~ \=>e.i \<'a.(\~ ta.<:.S. 

689 
, 

This well was drilled under license # and this 
WAS A PACKER OR SEAL USED? LJYes . ~No report is true and accurate. 
If so, what material? 

Drilling firm: KAISER WELL DRILLING INC 
Describe packer(s) and location 

Sgom.~d,;~~ 
DISINFECTION: Was well disinfected upon completion? 

Oves,How? 

Lab to which water □No, Why Not? · -· ·-------·---- ••• ·- . Signature of~ l Owner or Equitdble Property Holder: REC E IVc. U . . 
.9uall~ sampll: s~i:i~ f!?r a~~_lysis i 

r FEBO 4 2019 I 

' ·1 • 
Date: >OIAIEB IGHTS 

--- - ·- - ........ ·-- -- ·- . - ; 
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SOUTH DAKOTA WATER WELL COMPLETION REPORT 11-02 

Location ¼ SW ¼ Sec 15 Twp 113N Rg 53W Well Owner: City of Lake Norden -- -- - _...,__ ______________ _ 
Business Name: ________________ _ 

County HAMLIN 

Please mark well 
location with an "X" 

North 

i ; 
I I 
I I 

----~----· ----t----· 
I I 
I I 

Address: PO Box 213 
City, State. Zip: Lake Norden El SO B 57248 

Ground Elev.= 1671.63 

WELL LOG: DEPTH 
I I 

Wt---~
1
--+-_,,;--1E FORMATION FROM TO 

Well Completion Date 

5-8-2018 

I I 
I I 
I I 

----M--•----◄----
1 I 
I I 
I I 
I I - . 

ICl---1 Mile ---il)f 

TOPSOIL 
YELLOW SANDYCLAY 
YELLOW SAND 
YELLOW CLAY 
YELLOW SAND 
BLUE CLAY 

Distance to nearest potential pollution source (septic tank. abandoned well, feed lot, etc.)? YELLOW CLA y . 

0 1 
1 3 
3 8 
8 10 
10 13 
13 34 
34 85 

p OPOSED ~=~ (identify source).,_G_R_E __ Y ....... S_A_N_D_F_IN_E ______ ...., ___ ,..__ 
85 103 
103 rBlDomestic/Stock PlMunlclpal BBusiness RTestholes ... s_L_U_E ___ C..,LA.....,Y __________ _.,_....,. 

tj1rrtgation nlndustrlal Institutional Monitoring well STATIC WATER LEVEL 5 FEET 

METHOD OF DRILLING: 
• DIRECT ROTARTY 

PSI 

Inch pipe 

If flowing: closed In pressure ________ _ 

GPM flow ____ through 

~~=~~~--==-----==------==---t Controlled byD Valve D Reducers 
CASING DATA: LJSteel ud Plastic LJ Other 

QOther 

GPM 
If other desalbe 

Reduced flow rate ------------
PIPEWEIGHT DIAMETER FROM TO HOLE DIAMETER Can well be completely shut in? 

sch40 LB/FT 10 1N +2 FT 83 FT. I \a "!>Jy 1N ~----~-::"!:"'--------------
-- --- WELLTESTDATA: 

__ LBIFT ___ IN __ FT ___ FT ___ IN r------ ·-------------, 
___ l81_FT _____ 1N ____ FT ____ FT ______ 1N--t [!) Pumped Describe: SUBMERSIBLE i 

GROUTING DATA: □ Bailed 1 1· 

Grout Type No. of Sacks Grout Weight From To O I 
GrtwelOF 30 54 Lb/gal O Ft 80 Ft Other .__ ___________ ___, 

lb/gal ---Ft Ft Pumping Level Below Land Surface 

--- 51. 7 Ft. After~ Hrs. pumped 500 GPM Describe grouting procedure 

SCREEN: LJ Perforated pipe ~ Manufactured 

Diameter 10 Inches Length 20 Feet 

Material Stainless Steel 
Slot Size 30 • Set From 83 Feet to 103 Feet --- ---
Other information 

WAS A PACKER OR SEAL USED? LJYes l!d No 
If so, what material? 

Describe packer(s) and location 

____ Ft. After __ Hrs. pumped 

If pump installed, pump rate: 

Lake Norden Well L2 

This well was drilled under license# 
report is true and accurate. 

____ GPM 

GPM 

689 and this 

DrDllngflrm: K_a~• \ ?=1"'"5-.:X:,,-.c._., 
Signature Jf)LI~ pr ve: _ _ . 

DISINFECTION: Was well disinfected upon completion? L }j L 1 - • • • 

[!)ves, How? HTH /. 
Lab to which water ONo, Why Not? -;:I==-=-===-:-:--=======-1;-rS::ig::natu=re=,11'-t-::W::e,:-:I Own~=er:o:-:r E;:q~uita:::bl:e:-::P::ro=pe::rty:-:Hol:d::~=e=:c:-;E;:-;;lV:-;;:E:;D,-

~uality sampl~ sent for ana~ .• -, l_ __j' 
1 SDPHL : S:-&:"R n la 7n19 --------------------------1 

; I . 
L.-.--- -·---- ______ _. ---- Date: -------------'1111'11~,-~PFiiEERR-+iAi611IQ,..Ha.Ii.S.__ 

PROGRAM 



SD Eform - 1621 LD V1 

SOUTH DAKOTA WATER WELL COMPLETION REPORT 11-02 

Location ¼ SW¼ Sec -15 Twp 113N Rg53W WellOWner: CITY OF LAKE NORDEN 
-- -- -- -

Business Name: 

county HAMLIN North Address: POBOX213 
I I City, State. Zip: LAKE NORDEN SD 57248 

Please mark well I I 
I ; I 

location with an ·x· I I Ground Elev.= 1668.62 _____ .J ____ 

----"------I I 
WELL LOG: DEPTH I I 

I I 

w I I 
E FORMATION FROM • TO 

- I I 
TOPSOIL 0 2 I I 

I I 
I I SAND MIXED 2 18 ----t----- ----➔----
: X 

I 
GRAVEL MED-COURSE I 18 20 

I I 

Well Completion Date 
I I BLUE CLAY 20 40 

10-17-2018 l<J 1 Mile ti YELLOW CLAY 40 78 
BLUE CLAY 78 87 

Distance to nearest potential pollution source (septic tank, abandoned well, feed lat, etc.)? SAND MEO-FINE 87 101 
ft. from (Identify source) 

PROPOSED USE: 

BDomestic/Stock ~ Municipal BBuslness BTestholes , 

Irrigation Industrial Institutional Monitoring well STATIC WATER LEVEL ~ FEET 
METHOD OF DRILLING: -
DIRECT ROTARY 

If flowing: dosed in pressure PSI 

GPMflow through Inch pipe 

Controlled by D Valve D Reducers OOther 
CASING DATA: LJsteel liJ Plastic LJ Other Reduced flaw rate GPM 
If other describe 

PIPEWEIGHT DIAMETER FROM TO HOLE DIAMETER Can well be completely shut in? 

40.0 LB/FT 10.00 IN O.OFT 87.0 FT 16.00 IN I 

LB/FT IN FT FT IN WELL TEST DATA: \ 
.. . --·- --·- ----· 

LB/FT IN FT FT IN [Z)Pumped Describe:' 30C) 6' (''({\ - : 

GROUTING DATA: Oeailed 
j 

Grout Type No. of Sacks Grout Weight From To ~b. fum~_: GRTWELOF 32 54.0 lb/gal 0.0 Ft 84.0 Ft 
□Othe~ ' 

lb/gal Ft Ft 
Pumping Level Below Land Surface 

Describe grouting procedure Ft After Hrs. pumped GPM 

pressure pull method Ft After Hrs. pumped GPM 

If pump installed, pump rate: GPM 
SCREEN: D Perforated pipe lLJ Manufactured REMARKS 
Diameter 10.00 Inches Length 20.0 Feet 

Material SS Lake Norden Well L3 
Slot Size .30 Set From 87.0 Feet to 107.0 Feet 

Other information 
~~ll \i, \. \ ~t'.l(;,"f" 5" ~-Q.... (:)-@ )., ,. "· "'- Pei. c ~ , 

This well was drilled under license # 689 and this 
WAS A PACKER OR SEAL USED? LJYes ~No report is true and ac:a,rate. 
If so, :,mat material? 

Dnlling firm: KAISER WELL DRILLING INC 
Describe packer(s) and location ......... 1;;t)1"""'-
DISINFECTION: Was well disinfected upon completion? RECEIVED Oves,How? 

ONo, Why Not? 
-··· -~ ~ -.... . 

Signature ~ell Owner or Equitable Property Holder: FEBO~ 20\9 Lab to which water : 

quality sample sent for analysis . ' 
~•• •- • .. o4 p ---•-. 

WATER R_!~~TS ' ' 
I ! -' ' ': Date:· 

-- --· ------. ·--·- ·-·. ---· ........ ____ .,. ... 



SD Eform .. 1621 LO V1 

SOUTH DAKOTA WATER WELL COMPLETION REPORT 11-02 

Location ¼ SW¼ Sec 15 Twp 113N RQ53W Well Owner: CITY OF LAKE NORDEN - -- -
Business Name: 

County HAMLIN E] North Address: PO BOX213 
I I 

City, state, Zip: LAKE NORDEN G SD El 57248 Please mark well I I 
I I 

location with an •x- I I Ground Elev.= 1674.87 ____ J ____ ____ ,1 ____ 

I I 
WELL LOG: DEPTH I I 

I I 
I I FORMATION FROM TO w E 
I I 
I I TOPSOIL 0 1.5 I I 
I I SAND MIXED 1.5 18 

____ .,. ____ ____ .,. _____ 

: )( le I 
I GRAVEL MED- COURSE 18 20 I I 

Well Completion Date 
I I 

BLUE CLAY 20 40 

8-3-2018 lt3 1 Mne 1::1 
YELLOW CLAY 40 78 
BLUE CLAY 78 87 

Distance to nearest potential pollution source (septic tank, abandoned weU, feed lot, etc.)? SAND MED-FINE 87 101 
ft. from Qdentify source} 

PROPOSED USE: 

BDomestic/Stock ~
1

Municipal BBusinass BTest holes .. 

lrrigatiOn Industrial Institutional Monitoring well STATIC WATER LEVEL '6 FEET 

METHOD OF DRILLING: If flowing: closed ln pressure PSI 
DIRECT ROTARY 

GPMflow through Inch pipe 

Controlled by D Valve D Reducers OOther 
CASING DATA: LJsteel ~ Plastic LJ Other 
If other desaibe 

Reduced flow rate GPM 

PIPEWEIGHT DIAMETER FROM TO HOLE DIAMETER can well be completely shut in? 

sch40 LB/FT 2.5 IN +2FT 91 FT 6 IN -- -- WELL TEST DATA: LS/FT IN FT FT IN - ... -· . . . -- --
@Pumped Desaibe: AIR LIFT 100+ LB/FT IN FT FT IN 

GROUTING DATA: □ Bailed 
Grout Type No. of Sacks Grout Weight From To 

□Other 
grtweldf 6 54 Lb/gal 0 Ft 90 Ft ·- -· . . - - ----· --

Lb/gal Ft Ft 
Pumping Level Below Land Surface 

Describe grouting procedure Ft. After Hrs. pumped GPM -- :: 

Fl After Hrs. pumped GPM --
If pump installed, pump rate: GPM 

SCREEN: u Perforated pipe ~ Manufactured REMARKS 
Diameter 2.5 Inches Length 10 Feet 

Material SCH40 John Larson Observation well 
Slot Size 30 Set From 91 Feet to 101 Feet located east of Lake Norden Well L3 
Other information 

This well was drilled under license# 689 and this 
WAS A PACKER OR SEAL USED? LJYes [!d No report is.true and accurate. 
If so, what materiel? 

DnlUng firm: KAISER WELL DRILLING INC 
Describe pack.er(s) and location s-~l~ T\+~~~\--&~ 
DISINFECTION: Was well disinfected upon completion? ':,1dQ'. C) Pe-\\({\ 

Oves,How? --~l""'n 
□No, Why Not? ••••• . -- -·· ... Signature'bf Well O.Vner or Equitable Property Holder: "L.. V '- 1 w ..., -Lab to which water 

quality sampl_e_ ~ent_for 8!)_c!l~i~ .... . - -· FEBO 4 2019 

Date: 
WATER R1\:Jn 1-:i 

eROGMM . . ---- - .... . - ... --- • ··-· ---~- -- - . -· 



SD EForrn • 1621 LD V1 

SOUTH DAKOTA WATER WELL COMPLETION REPORT 11-02 

Location NE ¼SW¼ Sec 15 Twp 113N RQ53W WelOWner: -- -- -
Business Name: CITY OF LAKE NORDEN 

County HAMLIN El North Addresa: POBOX213 

i ' City, State, Zip: LAKE NORDEN E]SD [357248 Please mark well I 
I I 

location with an "'X:' I I Ground Elev. = 1672.21 -----1----· -----'----· I WELL LOG: I I DEPTH 
I I 
! I FORMATION FROM TO w j I 

E 
I X I . TOPSOIL 0 1 I I 
I I SANDY YELLOW CLAY 1 4 

____ .., ____ :- ___ .. ____ 
I I 
I I YELLOW GRAVEL MED- COURSE 4 18 I I 

Well Completion Date ! ! BLUE CLAY 18 63 

07/28/2020 l<I 1 MDe DI YELLOW CLAY 63 84 
I YELLOW FINE-MED 84 87 

Distance to nearest potential pol~ 80lR8 (septic tank, abandoned wen, feed lat. etc.)? BLACK FINE SAND 87 97 
ft. from (Identify source) 

YELLOW MED-COURSE 97 aOPOSED USE: 
103 

Domestic/Stock lg Municipal BBuSiness 

~

Test holes 
Irrigation Industrial Institutional Monitoring well STATIC WATER LEVEL 8.3 FEET 

METHOD OF DRILLING: If flowing: dosed In pressure PSI 
DIRECT ROTARY GPMflow through Inch pipe 

Controlled by O Valve O Reducers O Other 
CASING DATA: LJSteel ~ Plastic LJ Other Reduced flow rate GPM 
If other describe 

PIPEWEIGHT DIAMETER FROM TO HOLE DIAMETER Can well be completely shut In? 

40 LBIFT 3 IN +2 FT 93 FT 6 IN -- WELL TEST DATA: LB/FT IN FT FT IN -- Describe: I PUMPED WITH AIR 60gpm I LB/FT IN FT FT IN 12)Pumped 
GROUTING DATA: □ Balled 
Grout Type No. of Sacks Grout Weight From To 

□Other 
9rtweldf 5 54 Lb/gal 0 Ft 93 Ft 

Lb/gal Ft Ft 
Pumping Level Below Land Surface 

Describe grouting procedure R. After Hrs. pumped GPM 

PRESSURE PULL Ft After Hrs. pumped GPM 

If pump Installed, pump rate: GPM 
SCREEN: LJ Perforated pipe ~ Manufactured REMARKS 
Diameter 2.5 Inches Length 20 Feet JOHN LARSON OBSERVATION WELL 
Material SCH 40 PVC 
Slot Size 25 Set From 93 Feet to 103 Feet 

Other Information 

This well was drilled under license# 689 and lhls 
WAS A PACKER OR SEAL USED? LJYes .l!i No report Is true and accurate. 
If 80, what material? 

DriDlngfinn: KAISER WELL DRILLING INC 
Describe paeker(s) and location 

Signature of Ucenae Representative: 

DISINFECTION: Was well dlslnf9ctecl upon completion? ;f I/J(/J7 fl C -
Oves,How? 

Lab to which water 0No, Why Not? OBSERVATION WELL 
ru!l~~~J>.!e~~-~a_na~ls NO PUMP INSTALLED 

Signa""//f Well J6-!mer or Equitable Property Hcfi.1€ Li 1::,1 VI: U 

~ AUG 2 4 2020 
L 

w 

' <i<l IC/ /,!J11 Pl Da WATER RIGHTS 
I . - .. . 



SD EForm • 1821LD V1 

SOUTH DAKOTA WATER WELL COMPLETION REPORT 11-02 

Location SE ¼ ~¼ Sec 16 Twp 113N Rg53W -
County HAMLIN [3 North 

' Please mark well I I 
I I 

location with an "X" I I -----'----· ----J.----· I I 
I I 
I I 
I I 

E w 
I I 
I I 
I I 
I I ·----------____ .... _____ 
I I 
I I 
I I X 

Well Completion Date ! ! 

07/29/2020 l<I 1 Mile Pl 
Distance to nearest potential pOllutlon BOUICB (septic tank, abandoned well, feed lot, etc.)? 

fl from (Identify soun:e) 

~

OPOSED USE: 

BBuslness Domestic/Stock .,, Municipal 

~

Test holes 

lnlgatlon ~Industrial Institutional Monitoring well 

METHOD OF DRILLING: 
DIRECT ROTARY 

CASING DATA: LJSteet ~ Plastic LI Other ! 

If other describe 

PIPEWEIGHT DIAMETER FROM TO HOLE DIAMETER 

40 LS/FT 2.5 IN +2 FT 62 FT 6 IN --
LB/FT IN FT FT IN --
LBIFT IN FT FT IN 

GROUTING DATA: 
Grout Type No. of Sacks Grout Weight From To 

grtweldf 4 54 Lb/gal 0 Ft 62 Ft 
Lb/gel Ft Ft 

Describe grouting procedure 

PRESSURE PULL 

SCREEN: Perforated pipe ttl Manufactured 

Diameter 2.5 lnehes Length 20 Feet 

Material SCH 40 PVC 
Slot Size 25 Set From __ 62_ Feet to __ 8_2 Feet 

Other Information 

Well OWner: 

Business Name: CITY OF LAKE NORDEN 
Address: POBOX213 

City, State. Zip: LAKE NORDEN ... [El SD [3 57248 
Ground Elev.= 1660 

WEULOG: DEPTH .. 

FORMATION FROM JO 
TOPSOIL 0 1.5 
YELLOW CLAY 1.5 8 
FINE SAND GREY 8 20 
FINE•MED 20 30 
BLUE CLAY 30 32 
FINE SAND 32 38 
BLACK DIRT 38 48 

FINE·MED 48 60 
MEDIUM 60 70 
STATIC WATER LEVEL 4.5 FEET 

If flowing: closed In pressure .. PSI 

GPMflow through Inch pipe 

Controlled by D Valve D Reducers OOther 

Reduced flow rate GPM 

Can well be completely shut In? 

WELL TEST DATA: 

0Pumped -. ,UMPED WITH AIR 75gpm 

Oea11ed 

00tt1er 
Pumping Level Below Land Surface 

Ft After Hrs. pumped GPM 

---- Ft After ___ Hrs. pumped 

If pump Installed, pump rate: 

____ GPM 

GPM 

REMARKS 
MED-COURSE 
BLUE CLAY 
YELLOW CLAY 

70-82 
82-104 
104·160 

Big Sioux Aquifer 

LAKE NORDEN PARK OBSERVATION WELL 

t 

l 
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t l'lo• ,, •• 1 .. , lOIO) U1'\I l•.u w1•, • -· 

OEPART~~!:.Nf OF 1!.::. !~TEHIOR 
GCOLOCICAL SJ:..VEY 

WATCR uc:..ouncC!. 01\.'l!,ION 

,vELL LOG 

. 71-t,9 No .............................................. . 

OT1u:n Kos ................................... . 

State .. south D.1}:ota __ County ..... U~mJ.i.D ...... -········- Subarca ····-···-·jJJ~.: .. J~.e.: ................. ---

O,vncr ··---- u SG s ---··--··-··································-·····························--·-·······-·, ···············································-····· 

:Location --·-··· l l 3J~- 5 3 \:~- 2 2aa nd·-··-··-·········· ............ ----··-·-···-· ... · .......... - ............................................ . 

____ Lake .. :•tar_y _.tc as. tl ................ ·-··-····---·-···--··--.. • .. ···-····· .. ····························-·········· ···········-

Drilled by __ Denv~r .. f..u_gcr -··-··-······-······-··- Address ----·························-·-·-················-··--·-·­

Date -~~J~.,-.J:~.2l__ Ca.s~?t di:un. __ l : .. ?.2_.-L11-.. -- Lnnd•surf. alt ... s~f~O) ... ('.r.l._ ..... 

Source of data ___ C 1 e e -·He~ ey ·\:· , .. -·· .. ·····-·····---····-··-·····---·--------······ -···-···-··············· 
(Enter typc,;r,f well, per/ora.jio7U!~.yir.ld, and drawdown at end of log) 

THICK:-iESS DEl'TH 
(!cct) ( feet) 

·. I. • • ' ,.·, 

Sand, buff, f i·ne to mediun, sil ~y, wet 5 o- 5 -··-··--·· ................. ·----·-···--·-..................... ------·---. ········--··· .----·--· ................... - .. -.......................................................................................... . 
. . t' 

Sand, as above, slight1y gravelly, clayey, -· ---·-··--··. .. .. -...................................................................................... -.................... ............... ...... ................ ......... .. .............. ..... .... .. . .. . ......... -....... .. 
·~ 

wet . . .... 3 5- 8 -··-·-·--·---···· ...................................................................................................... .,..... ...................................... _ .................................................................................. . 
,. i' 

-············--···---- . Clay., ... buff, .. 9ravellY., ... co',i"rse ......................................... ......... 4 ........ ··- 8-12 . 

....................... . Sand.' ... buf f, ... 9ravel l"f., ... clayey ................................................. s· ......... 12-17. 

···-··········-······ __ Sand __ and_ gravel, ___ brown, ___ dirty ............................................ 3 O ·······-i-1 '.- 4_7. 

-··-··--·······--·--·· .. sa:id .. and.,qrave 1,g ray, .. ci:-ty .............................................. 15 ........ ,. 4 7-6 2. 

____ .................... sand c ... 9 ravel ly, _.dirty--•····················--····--··--····---··--············ ........ .$_, ...... 1.!i 2-6 7 

Sand and gravel I 5 167-72 
••••••••••••••••••••••• ···············································································································'··················· 1············. 

,Clay, gray, silty, pebbly, (till) I 5 172-77 
·······················.···············································································································1···················1 •••···•······ 

. I 
1

, I 
I I 

........ _ ............ • ............. I ...... ~ ................................................................................... ........... J ....... ............................................... : ........................... :. - ................. .. 
i . ' • 
• I • 
! o::.serva tion well . ' i 

·······················i·················································································J·····························l···················i-············ 

····-·················I...··· 3 ~ft .. plastic .. Pipe .... ..<2.1 .. ft .. slotted)····················· .i... .............. ..1. ......... :-.. 
I I 

I ~?= +1.s1 ft ! 
.n-..ig-■ ••• 12 .... .! ...... \•l/L= .. 13 .•. 69 .. f.t ........... l ...........................•................................. 1 .................. J ........... . 

1 I 

! I .................................................................................................................................................................................................................................................................................... 
i j 

.................................... ! ................................................................................................. - .............................................. ............ :... ...... ... .. .... ....... .. . ·-. -........ .. 

Rr.co;1.0 n .......... Jack .. K\ .. ":lC ................... DA,... ..... ~.::).}::.?.~.- S1u:cr ......... OF' .... . 
. '1..1 



DE:NR 
SOUTH DAKOTA 

August 03, 2020 

Gregg Jorgenson 
Banner Associates, Inc. 
409 22nd Ave South 
Brookings, SD 57006 

Dear Mr. Jorgenson: 

DEPARTMENT of ENVIRONMENT 
and NATURAL RESOURCES 

JOE FOSS BUILDING 
523 EAST CAPITOL 

PIERRE, SOUTH DAKOTA57501-3182 
denr.sd.gov 

This letter serves as official permission to access and measure observation well HN-76E for the duration 
of the aquifer performance test being conducted on behalf of the City of Lake Norden. There are just a 
few items when measuring observation well HN-76E. 

1. If the observation well has a lock, please keep the observation well locked when it is not 
being measured or surveyed. 

2. Keep the observation well covered when it is not being measured or surveyed. 
3. Do not modify the observation well in any manner without written or in person permission 

from SDDENR Water Rights Program staff engineers Adam Mathiowetz or Whitney Kilts. 
4. If any damage to the observation well is observed or if the lock or cap is missing, please 

notify the SDDENR Water Rights Program immediately so staff can be sent to repair the 
well. 

5. Please do not leave anything foreign in the well. If a piece of measuring equipment falls 
down the well, please notify the SDDENR Water Rights Program immediately. 

6. When the project is completed, please return the observation well and its immediate vicinity 
to as close as possible to pre-performance test condition {e.g. well cover, fence posts, labels, 
etc.). 

7. Please notify us of any changes to the measurement schedule that has been established during 
the design of the city's aquifer performance test. 

8. Please notify us once monitoring of the observation well for the aquifer performance test has 
been completed. 

If you have any questions or to notify the SDDENR Water Rights Program of an issue with the 
observation wells, please contact Adam Mathiowetz at 605-773-3352. 

Sincerely, 

Adam Mathiowetz 
South Dakota DENR-Water Rights Program 



SOUTH DAKOTA WATER.WELL COMPLETION REPORT 07~92 

. . . . . , 
Plea~e :mart well location with an "l('"· 

,1 •• 

-ij: . 
•. ~- .• 

• . ·w••Completion Date. 

w 

: ( ~~l~-o~ 
,; • 

01:0CATION: 

I I 

·-. +-. -+-· 
I I 

-I I 

-+-~+-·· 
·Y. I . I 

11o11!41---- 1 Mile ___ .,.,., 

E 

' 
Well Owner:--1:--T"-..-.d-..-....,.....4-+-1--'-'--'---~~~L.\,:!d.t::l,.......-l-

Business Nlime:---::----=------..-:..------

... wsc t;;~ 5:ia.'T\ 
WELL LOG: Ground Elev. = 1671 

FORMATION 

DEPTH 
FROM TO 

0 

\: '. Dista_nce~ nearest potential pollution d°rce (septi?ank. abandoned well, 
;;i.-f ,feed lot e1e.rdl2 D V ft. from O I · W "". l . . (identify s_ource).H~==-..,...;d~~g.,.1~;,,,.:;.:""'-:;::=.;.:L;.:.~ _· --..-11---.!~=--...i...::/~. ()._ ..... ~ .... - '""' ...... .,... . . .. . . . -~ -· ... . ··- -~·-·· ... 

\: ''. • PRO~D 'USE: • • 

••.. l9'oo~stic/Stock □ Municipal D Business □ Test Holes 
.· ·O lrrig~tirin D Industrial O lltstitutional D Monitoring_ well 

· i .,-..oo Of DRILLING: 
.(· • I 

: _1: • . ( ,. ~ i.- r 
<frc•su11G o~rA: .. 
•• \ If iltherdescniie·___: _________________ _ 

L.f 
ST~TIC WATER lEVEL _ __,. ______ __... ______ _.__Feet 

l_f flowing: closed in pressure PSI 

GPM ffow ___ through ______ '------ilich pipe 

Controlled by D Valve O Reducers O Other _______ _ 

-□ Steel 0 Other 

_ '·. P_IP_EWEIGHT •• • OIASE!!R _ FROM . JO.. FT _Ho~_;ETE
1
RN_. _ ReducedFlowrate 

.~,--: e;_-1, v __ P LB/FT _ 1N kh/ FT 7..._ lf.:~ ---,- .Can well be completely-shut _in? ______ _,... _____ _ 
\ LB/FT . • 1N • FT • FT ____ IN t--------------.;...._..;.... ________ _ 

'<,";";. lB/FT ___ IN ___ FT <! FT ____ IN ~~TE~T DATA: 
l'•i,, • • • • • l!::f""Pumped 

~;tf!~sa,ou:n~G DATA • •.. · · • 0 Bailed ;;;~B?"" , ••-~S.<b ~'f- ,..,. To • 
. · .·•,· .. r ... ·"'-'""' ---~;...._-· • $ I lbJgal O fl~ft O Other 

~1f ~ -mv ..... ..,. f "., SS..,, ;:.11 r,..J~•'1~~• ":t"AA': •~· ... ,_. loo '- GPM 

J . . · · · ft. After Hrs. pumped 6PM 

~;-}:~EN:. O :~~~pipe anufact~ /ll . _ If pump ins_talled. pump rate:-----...:.,.----------GPM 

'::.-;;7.0iameter---.=a...,-J ___ [N length _ __..;;-:~<-----FEET • REIIARicS RECEIVED .• 
: -;~~a~erial :/J /,., St/ L 

, \slot Si~e /oJ.5_ - Set From 1.L. Feet to /b 2. Feet 

• • · GPM 

Describe: . a I f ,,, 

SEP.f7 2009 



TweofTest 
Static Water Level 
Distance of Observation well from pumped well (r): 

Time 

8/6/20 10:32 AM 
8/6/20 10:32 AM 
8/6/20 10:33 AM 
8/6/20 10:33 AM 
8/6/20 10:34 AM 
8/6/20 10:34 AM 
8/6/20 10:35 AM 
8/6/20 10:36 AM 
8/6/20 10:37 AM 
8/6/20 10:38 AM 
8/6/20 10:39 AM 
8/6/20 10:40 AM 
8/6/20 10:41 AM 
8/6/20 10:42 AM 
8/6/20 10:43 AM 
8/6/20 10:44 AM 
8/6/20 10:45 AM 
8/6/20 10:46 AM 
8/6/20 10:47 AM 
8/6/20 10:52 AM 
8/6/20 10:57 AM 
8/6/20 11:02 AM 
8/6/20 11:07 AM 
8/6/20 11:12 AM 
8/6/20 11:17 AM 
8/6/20 11:22 AM 
8/6/20 11:27 AM 
8/6/20 11:32 AM 
8/6/20 11:42 AM 
8/6/20 11:52 AM 
8/6/20 12:02 PM 
8/6/20 12:12 PM 
8/6/20 12:22 PM 
8/6/20 12:32 PM 

8/6/20 1:02 PM 
8/6/20 1:32 PM 
8/6/20 2:02 PM 
8/6/20 2:32 PM 
8/6/20 3:02 PM 
8/6/20 3:32 PM 
8/6/20 4:02 PM 
8/6/20 4:32 PM 
8/6/20 5:06 PM 
8/6/20 5:39 PM 
8/6/20 6:24 PM 
8/6/20 7:00 PM 
8/6/20 7:22 PM 
8/6/20 7:49 PM 
8/6/20 8:12 PM 
8/6/20 8:41 PM 

8/7/2012:32 AM 
8/7 /20 4:32 AM 
8/7 /20 8:34 AM 

8/7/2012:29 PM 
8/7/20 4:31 PM 
8/7/20 8:16 PM 

8/8/20 12:30 AM 
8/8/20 4:32 AM 
8/8/20 8:35 AM 

8/8/20 12:34 PM 
8/8/20 7:04 PM 
8/9/20 7:04 AM 
8/9/20 6:57 PM 

8/10/20 7:04 AM 
8/10/20 7:02 AM 
8/11/20 7:07 AM 
8/11/20 7:07 PM 
8/12/20 7:10 AM 
8/12/20 6:57 PM 
8/13/20 7:03 AM 
8/13/20 6:52 PM 
8/14/20 7:01 AM 
8/14/20 6:56 PM 
8/15/20 7:05 AM 
8/15/20 7:02 PM 
8/16/20 7:07 AM 
8/16/20 7:03 PM 
8/17 /20 6:54 AM 
8/17 /20 9:35 AM 

Drawdown IWelllD: Ill IWellElev. 
1664.6051Date: I 6-Aug-20 Ground Elev. 

Time since I Depth to I Drawdown I 
Pumping began Water (ft) t/r"2 

(min) level (ft) 

0L 2..:.4~~-- - -·- El 
0.50 36.65 -36.192 
1.00 39.75 -39.292 
1.50 40.95 -40.492 
2.00 42.65 -42.192 
2.50 43.35 -42.892 
3.00 44.25 -43.792 
4.00 44.85 -44.392 
5.00 45.8 -45.342 
6.00 46.85 -46.392 
7.00 47.45 -46.992 
8.00 48.55 -48.092 
9.00 49.2 -48.742 

10.00 49.85 -49.392 
11.00 50.45 -49.992 
12.00 51 -50.542 
13.00 51.53 -51.072 
14.00 52 -51.542 
15.00 52.47 -52.012 
20.00 54.25 -53.792 
25.00 55.92 -55.462 
30.00 57.35 -56.892 
35.00 58.4 -57.942 
40.~ 59.95 ·59.492 
45.00 60.29 ·59.832 
50.00 61.06 -60.602 
55.00 61.78 

1
-61.322 

60.00 62.38 -61.922 
70.00 63.46 -63.002 
80.00 64.38 -63.922 
90.00 65.16 -64.702 

100.00 65.84 -65.382 
110.00 66.44 -65.982 
120.00 66.97 -66.512 
150.00 68.24 -67.782 
180.00 69.44 -68.982 
210.00 70.19 -69.732 
240.00 70.84 -70.382 
270.00 71.18 -70.722 
300.00 71.57 -71.112 
330.00 71.91 -71.452 
360.00 72.22 -71.762 
394.00 72.54 -72.082 
427.00 72.85 -72.392 
472.00 73.45 -72.992 
508.00 73.73 -73.272 
530.00 73.85 -73.392 
557.00 73.79 -73.332 
580.00 73.91 -73.452 
609.00 74.06 -73.602 
840.00 74:96 -74.502 

1,080.00 75.92 -75.462 
1,322.00 76.46 -76.002 
1,557.00 76.85 -76.392 
1,199:oo 76.88 -76.422 
2,024.00 76.92 -76.462 
2,278.00 77.65 -77.192 
2,520.00 77.87 -77.412 
2,763.00 78.08 -77.622 
3,002.00 78.22 -77.762 
3,392.00 78.23 -77.772 
4,112.00 78.75 -78.292 
4,825.00 79.05 -78.592 
5,552.00 79.29 -78.832 
5,550.00 79.45 -78.992 
6,995.00 79.6 -79.142 
7,715.00 79.75 -79.292 
8,438.00 79.89 -79.432 
9,145.00 80 -79.542 
9,871.00 80.12 -79.662 

,-

10,580.00 80.25 -79.792 
11,309.00 80.33 -79.872 
12,024.00 80.44 -79.982 
12,753.00 80.5 -80.042 
13,470.00 80.61 -80.152 
14,195,00 80.71 -80.252 
14,911.00 80.77 -80.312 
15,622.00 80.86 -80.402 
15,783.00 80.91 -80.452 

I 1665.063 
1656.96 

I 

Pumping I 
Rate (Q) Comments 
(gpm) 

1661.063 
1575 

Ground 
Screen 

Water 
Elev. 

1664.605 
1628.413 
1625.313 
1624.113 
1622.413 
1621.713 
1620.813 
1620.213 
1619.263 
1618.213 
1617.613 
1616.513 
1615.863 
1615.213 
1614.613 
1614.063 
1613.533 
1613.063 
1612.593 
1610.813 
1609.143 
1607.713 
1606.663 
1605.113 
1604.773 
1604.003 
1603.283 
1602.683 
1601.603 
1600.683 
1599.903 
1599.223 
1598.623 
1598.093 
1596.823 
1595.623 
1594.873 
1594.223 
1593.883 I 
1593.493 
1593.153 
1592.843 
1592.523 
1592.213 
1591.613 
159i.333 
1591.213 
1591.273 
1591.153 
1591.003 
1590.103 
1589.143 
1588.603 
1588.213 
1588.183 
1588.143 
1587.413 
1587.193 
1586.983 
1586.843 
1586.833 
1586.313 
1586.013 
1585.773 
1585.613 
1585.463 
1585.313 
1585.173 
1585.063 
1584.943 
1584.813 
1584,733 
1584.623 
1584.563 
1584.453 
1584.353 
1584.293 
1584.203 
1584.153 

•Screen 

.from83' 
to97' 



,2:00AM 8/5/2~ I 
-10 ~, __ ,,,_,,_,. 

-20 

-30 

--40 

-50 

-60 

-70 

• 
,,, ,,. r" ... 

8/9/20 h:00 AM 

• 
! 
f 

l 
,: 

r••······· • i • --·-• 

I i 
-80 

l_-9_0 ,,,_,, __________ _ 

Drawdown Ll (ft} 

8/11/20 2:00AM 8/13/20 12:00 AM 8/15/20 
I 

1 2:00AM 8/17/20 , 2:00AM 8/19/20 
1
2:00AM 

•---•-----•- ----•------->--e--e--e--e --

• Drawdown (ft) 



TypeofTest 
Static Water Level 
Distance of Observation well from pumped well (r): 

Time I 
8/6/20 10:32 AM 

8/17 /20 10:00 AM 
8/17 /20 10:00 AM . 
8/17 /20 10:01 AM 
8/17 /20 10:01 AM 
8/17 /20 10:02 AM , 
8/17 /20 10:02 AM 
8/17 /20 10:03 AM 
8/17/20 10:04 AM 
8/17 /20 10:05 AM 
8/17 /20 10:06 AM 
8/17/20 10:07 AM 
8/17/20 10:08 AM 
8/17 /20 10:09 AM 
8/17/20 10:10 AM 
8/17/20 10:11 AM 
8/17/20 10:12 AM 
8/17/20 10:13 AM 
8/17/20 10:14 AM 
8/17/20 10:15 AM 
8/17/20 10:20 AM 
8/17/20 10:25 AM 
8/17 /20 10:30 AM 
8/17/20 10:35 AM 
8/17 /20 10:40 AM 
8/17 /20 10:45 AM 
8/17/20 10:50 AM 
8/17/20 10:55 AM 
8/17/2011:00 AM 
8/17 /20 11:10 AM 
8/17/20 11:20 AM 
8/17/20 11:30 AM 
8/17/20 11:40 AM 
8/17 /20 11:50 AM 
8/17 /20 12 :00 PM 
8/17/20 12:30 PM 

8/17/201:00 PM 
8/17/201:30 PM 
8/17/20 2:00 PM 
8/17/20 2:30 PM 
8/17/20 3:00 PM 
8/17/203:30 PM 
8/17 /20 4:00 PM 
8/17/204:28 PM 
8/17/204:58 PM 
8/17/205:28 PM 
8/17/20 5:56 PM 
8/17/20 6:2~ PM 
8/17/206:56 PM 
8/17/20 7:29 PM 
8/17/20 7:57 PM 

8/17/2011:53 PM 
8/18/20 3:58 AM 
8/18/20 7:57 AM 

8/18/20 11:58 AM 
8/18/20 3:56 PM 
8/18/20 7:51 PM 

8/18/20 11:50 PM 
8/19/20 4:00 AM 
8/19/20 8:05 AM 

8/19/20 12:06 PM 
8/19/20 6:59 PM 
8/20/20 6:58 AM 
8/20/20 7:01 PM 
8/21/20 6:58 AM 

Time since Pumping began (min) 

0 
15,808.00 
15,808.50 
15,809.00 
15,809.50 
15,810.00 
15,810.50 
15,811.00 
15,812.00 
15,813.00 
15,814.00 
15,815.00 
15,816.00 
15,817.00 
15,818.00 
15,819.00 
15,820.00 
15,821.00 
15,822.00 
15,823.00 
15,828.00 
15,833.00 
15,838.00 
15,842.99 
15,847.99 
15,853.00 
15,858.00 
15,863.00 
15,868.00 
15,878.00 
15,888.00 
15,898.00 
15,908.00 
15,918.00 
15,928.00 
15,958.00 
15,988.00 
16,018.00 
16,048.00 
16,078.00 
16,108.00 
16,138.00 
16,168.00 
16,196.00 
16,226.00 
16,256.00 
16,284.00 
16,316.00 
16,344.00 
16,377.00 
16,405.00 
16,641.00 
16,886.00 
17,125.00 
17,366.00 
17,604.00 
17,839.00 
18,078.00 
18,328.00 
18,573.00 
18,814.00 
19,227.00 
19,946.00 
20,669.00 
21,386.00 

Recovery 
1664.605 

Time (t') since 
Pumping 

stopped (min) 

0.50 
1.00 
1.50 
2.00 
2.50 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 

10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
20.00 
25.00 
30.00 
34.99 
39.99 
45.00 
SO.OD 
55.00 
60.00 
70.00 
80.00 
90.00 

100.00 
110.00 
120.00 
150.00 
180.00 
210.00 
240.00 
270.00 
300.00 
330.00 
360.00 
388.00 
418.00 
448.00 
476.00 
508.00 
536.00 
569.00 
597.00 
833.00 

1,078.00 
1,317.00 
1,558.00 
1,796.00 
2,031.00 
2,270.00 
2,520.00 
2,765.00 
3,006.00 
3,419.00 
4,138.00 
4,861.00 
5,578.00 

Well ID: 
Date: 

Depth to Water 
Level (ft) 

0.458 
80.91 
56.25 
49.35 
47.00 
45.55 
44.45 
43.55 
42.20 
41.00 
39.95 
39.00 
38.15 
37.38 
36.68 
36.02 
35.43 
34.82 
34.26 
33.76 
31.55 
29.77 
28.28 
27.01 
25.89 
24.86 
24.04 
23.26 
22.56 
21.35 
20.30 
19.40 
18.63 
17.94 
17.32 
15.81 
14.97 
13.73 
12.96 
12.35 
11.82 
11.32 
10.89 
10.53 
9.87 
9.85 
9.58 
9.29 
9.07 
8.83 
8.63 
7.35 
6.42 
5.67 
5.18 
4.76 
4.38 
4.23 
4.22 
4.18 
4.20 
4.13 
4.05 
4.00 
3.67 

Ll Well Elev. 1665.063 Top of PVC extension 
17-Aug-20 Ground Elev. 1656.96 Static water level = 1666.355-1.75 

Residual Draw Down 
(ft)-(calculated to top t/t' Comments 

of well pipe••) 

Water 
•screen 

Elevation 
from 83' 

to97' 

Pumping Started Total Depth 1664.605 
-80.45 Pumping Stopped 80.452 1584.15 
-55.79 31616.9999 1608.81 
-48.89 15808.99995 1615.71 
-46.54 10540.25217 1618.06 
-45.09 7905.329336 1619.51 
-43.99 6324.410769 1620.61 
-43.09 5270.626086 1621.51 
-41.74 3952.999997 1622.86 
-40.54 3162.547308 1624.06 
-39.49 2635.556894 1625.11 
-38.54 2259.151301 1626.06 
-37.69 1976.855927 1626.91 
-36.92 1757.298086 1627.68 
-36.22 1581.655107 1628.38 
-35.56 1437.960275 1629.04 
-34.97 1318.205271 1629.63 
-34.36 1216.875294 1630.24 
-33.80 1130.02189 1630.80 
-33.30 1054.749583 1631.30 
-31.09 791.3999999 .1633.51 
-29.31 633.3663736 1635.29 
-27.82 527.9962801 1636.78 
-26.55 452.7259773 1638.05 
-25.43 396.2699957 1639.17 
-24.40 352.2888889 1640.20 
-23.58 317.16 1641.02 
-22.80 288.4181818 1641.80 
-22.10 264.4666666 1642.50 
:20.89 226.8285714 1643.71 
-19.84 198.6 1644.76 
-18.94 176.6444444 1645.66 
-18.17 159.08 1646.43 
-17.48 144.7090909 1647.12 
-16.86 132.7333333 1647.74 
-15.35 106.3866667 1649.25 
-14.51 88.82222222 1650.09 
-13.27 76.27619047 1651.33 
-12.50 66.86666666 1652.10 
-11.89 59.54814815 1652.71 
-11.36 53.69333333 1653.24 
·10.86 48.9030303 1653.74 
-10.43 44.91111111 1654.17 
-10.07 41.74226804 1654.53 

-9.41 38.81818182 1655.19 
-9.39 36.28571429 1655.21 
-9.12 34.21008403 1655.48 
-8.83 32.11811024 1655.77 
-8.61 30.49253731 1655.99 
-8.37 28.78207381 1656.23 
-8.17 27.47906198 1656.43 
-6.89 19.97719088 1657.71 
-5.96 15.66419295 Difference 1658.64 
-5.21 13.00303721 4.253 1659.39 
-4.72 11.14634146 1659.88 
-4.30 9.801781737 1660.30 
-3.92 8.783357952 1660.68 
-3.77 7.963876652 1660.83 
-3.76 7 .273015873 1660.84 
-3.72 6.717179024 1660.88 
-3.74 6.258815702 1660.86 
-3.67 5.623574144 1660.93 
-3.59 4.820202997 1661.01 
-3.54 4.25200576 1661.06 
·3.21 3.833990678 1661.39 

Ground= 1656.96 
top of casing= 1661.42 
Top of PVC extension = 1665.673 



Residual Recovery Ll (ft)-(calculated to top of well pipe**) 

8/5/20 l 2:00AM 

(10.00) 

2:0013/U/20 ~2:00 Jey'B/20 J2:oo A'/ll.1/20 hoo~/20 b:00•120 hoo~/20 h:oo•/2q_j,2.,;gp~ry2
0
0 b.oo~/20 . 0 V . . ~r:V . 

rJ° 
~ 

(20.00) 

, 
I 

. (30.00) 0 
0 

(40.00) 

0 
0 

(SO.OD) 0 

.• 0 

{60.00) 

. 

(70.00) 

(80.00) u 

(90.00). 

0 Residual Draw Down (ft)-(calculated to top of well pipe**) 



Type of Test Drawdown IWelllD: 1Welll2 IWell Elev. I 1673.594 1671.594 ground 
Static Water Level 1665.204IDate: I 6-Aug-20 Ground Elev 1671.63 1588.594 screen 
Distance of Observation well from pumped well (r): 

Time since I Depth to I Drawdown I 
I 

Pumping I 
Time Pumping Water ft t/rA2 Rate (Q) Comments 

began (min) Level (ft) ( I (gpm) 

Water 
•Screen 

Elevation 
from83' 
to 103' 

8/6/20 10:32 AM ##-## 8.39 0 1665.204· 
8/6/20 10:32 AM 0.50 32.4 -24.01 1641.194 
8/6/20 10:33 AM 1.00 34.81 -26.42 1638.784 
8/6/20 10:33 AM · 1.50 39.5 -31.11 1634.094 
8/6/io 10:34 AM 2.00 40.71 -32.32 1632.884 
8/6/2010:34 AM 2.50 41.45 -33.06 1632.144 
8/6/20 10:35 AM 3.00 42.03 -33.64 1631.564 
8/6/20 10:36 AM 4.00 43.01 -34.62 1630.584 
8/6/20 10:37 AM 5.00 43.75 -35.36 1629.844 
8/6/20 10:38 AM 6.00 44.42 -36.03 1629.174 
8/6/20 10:39 AM 7.00 45.05 -36.66 1628.544 

• 8/6/20 10:40 AM 8.00 45.57 -37.18 1628.024 
8/6/20 10:41 AM 9.00 46.09 -37.70 1627.504 
8/6/20 10:42 AM 10.00 46.56 -38.17 1627.034 
8/6/20 10:43 AM 11.00 46.99 -38.60 1626.604 
8/6/20 10:44 AM 12.00 47.42 -39.03 1626.174 
8/6/20 10:45 AM 13.00 47.81 -39.42 1625.784 
8/6/20 10:46 AM 14.00 48.18 -39.79 1625.414 
8/6/20 10:47 AM 15.00 48.81 -40.42 1624.784 
8/6/2010:52 AM 20.00 49.96 -41.57 1623.634 
8/6/20 10:57 AM 25.00 51.33 -42.94 1622.264 
8/6/20 11:02 AM 30.00 52.48 -44.09 1621.114 
8/6/20 11:07 AM 35.00 53.47 -45.08 1620.124 
8/6/20 11:12 AM 40.00 54.34 -45.95 1619.254 
8/6/20 11:17 AM 45.00 55.11 -46.72 1618.484 
8/6/20 11:22 AM 50.00 55.82 -47.43 1617.774 
8/6/20 11:27 AM 55.00 56.42 -48.03 1617.174 
8/6/20 11:32 AM 60.00 56.97 -48.58 1616.624 
8/6/20 11:42 AM 70.00 57.93 -49.54 1615.664 
8/6/20 11:52 AM 80.00 58.78 -50.39 1614.814 
8/6/20 12:02 PM 90.00 59.48 -51.09 1614.114 
8/6/20 12:12 PM 100.00 60.09 -51.70 1613.504 
8/6i20 12:22 PM 110.00 60.64 -52.25 1612.954 
8/6/20 12:32 PM 120.00 61.13 -52.74 1612.464 

8/6/20 1:02 PM 150.00 62.29 -53.90 1611.304 
8/6/20 1:32 PM 180.00 63.37 -54.98 1610.224 
8/6/20 2:02 PM 210,00 64.11 -55.72 1609.484 
8/6/20 2:32 PM 240.00 64.69 -56.30 1608.904 
8/6/20 3:02 PM 270.00 65.18 -56.79 1608.414 
8/6/20 3:32 PM 300.00 65.43 -57.04 1608.164 
8/6/20 4:02 PM 330.00 65.77 -57.38 1607.824 
8/6/20 4:32 PM 360.00 66.05 -57.66 1607.544 
8/6/20 5:15 PM 403.00 66.43 -58.04 1607.164 
8/6/20 5:51 PM 439.00 66.73 -58.34 1606.864 
8/6/20 6:49 PM 497.00 67.34 -58.95 1606.254 
8/6/20 7:07 PM 515.00 67.47 -59.08 1606.124 
8/6/20 7:32 PM 540.00 67.63 -59.24 1605.964 
8/6/20 7:57 PM 565.00 67.57 -59.18 1606.024 
8/6/20 8:23 PM 591.00 67.7 -59.31 1605.894 
8/6/20 8:52 PM 620.00 67.87 -59.48 1605.724 

8/7 /20 12:46 AM 854.00 68.72 -60.33 1604.874 
8/7/20 4:44 AM 1,092.00 69.56 -61.17 1604.034 
8/7/20 8:42 AM 1,330.00 70.06 -61.67 1603.534 

8/7/20 12:39 PM 1,567.00 -70.44 -62.05 1603.154 
8/7/204:17 PM 1,785.00 70.52 -62.13 1603.074 
8/7 /20 8:36 PM 2,044.00 70.56 -62.17 1603.034 

8/8/20 12:38 AM 2,286.00 71.21 -62.82 1602.384 
8/8/20 4:40 AM 2,528.00 71.41 -63.02 1602.184 
8/8/20 8:49 AM 2,777.00 71.53 -63.14 1602.064 

8/8/20 12:47 PM 3,015.00 71.77 -63.38 1601.824 
8/8/20 7:16 PM 3,404.00 71.85 -63.46 1601.744 
8/9/20 7:16 AM 4,124.00 72.33 -63.94 1601.264 
8/9/20 7:09 PM 4,837,00 72.59 -64.20 1601.004 

8/10/20 7:15 AM 5,563.00 72.84 -64.45 1600.754 
8/10/20 7:li PM 6,279.00 
8/11/20 7:17 AM 7,005.00 

73.03 -64.64 
73.11 -64.72 

1600.564 
1600.484 

8/11/20 7:08 PM 7,716.00 73.35 -64.96 1600.244 
8/12/20 7:19 AM 8,447.00 73.48 -65.09 1600.114 
8/12/20 7:05 .PM 9,153.00 73.62 -65.23 1599.974 
8/13/20 7:11 AM 9,879.00 73.72 • -65.33 1599.874 
8/13/20 7:01 PM 10,589.00 73.85 -65.46 1599.744 
8/14/20 7:12 AM 11,320.00 73.92 -65.53 1599.674 
8/14/20 7:03 PM 12,031.00 74:03 -65.64 1599.564 
8/15/20 7:15 AM 12,763.00 74.12 -65.73 1599.474 
8/15/20 7:10 PM 13,478.00 74.25 -65.86 1599.344 
8/16/20 7:14 AM 14,202.00 74.28 -65.89 1599.314 
8/16/20 7:10 PM 14,918.00 74.36 -65.97 1599.234 
8/17/20 7:02 AM 15,630.00 74.44 -66.05 1599.154 
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Type ofTest 

Static Water Level 
Distance of Observation well from pumped well (r): 

Time 

I 8/6/20 10:32 AM 
8/17 /20 10:00 AM 
8/17 /20 10:00 AM 
8/17 /20 10:01 AM 
8/17 /20 10:01 AM 
8/17 /20 10:02 AM 
8/17 /20 10:02 AM 
8/17 /20 10:03 AM 
8/17 /20 10:04 AM 
8/17 /20 10:05 AM 
8/17 /20 10:06 AM 
8/17 /20 10:07 AM 
8/17 /20 10:08 AM 
8/17/20 10:09 AM 
8/17/20 10:10 AM 
8/17/20 10:11 AM 
8/17/2010:12 AM 
8/17 /20 10:13 AM 
8/17 /20 10:14 AM 
8/17/20 10:15 AM 
8/17 /20 10:20 AM 
8/17 /20 10:25 AM 
8/17 /20 10:30 AM 
8/17 /20 10:35 AM 
8/17 /20 10:40 AM 
8/17/20 10:45 AM 
8/17/20 10:50 AM 
8/17 /20 10:55 AM 
8/17/20 11:00 AM 
8/17 /20 11:10 AM 
8/17/20 11:20 AM 
8/17 /20 11:30 AM 
8/17/20 11:40 AM 
8/17 /20 11:50 AM 
8/17 /20 12:00 PM 
8/17 /20 12:30 PM 

8/17/20 1:00 PM 
8/17/20 1:30 PM 
8/17/20 2:00 PM 
8/17/20 2:30 PM 
8/17/20 3:00 PM 
8/17/20 3:30 PM 

'8/17/204:00 PM 
8/17/20 4:36 PM 
8/17/20 5:04 PM 
8/17 /20 5:36 PM 
8/17/20 6:02 PM 
8/17 /20 6:35 PM 
8/17/20 7:02 PM 
8/17/20 7:35 PM 
8/17 /20 8:03 PM 

8/18/20 12:00 AM 
8/18/20 4:08 AM 
8/18/20 8:07 AM 

8/18/20 12:04 PM 
8/18/20 4:03 PM 
8/18/20 7:57 PM 

8/18/20 11:57 PM 
8/19/20 4:11 AM 
8/19/20 8:13 AM 

8/19/20 12:14 PM 
8/20/20 7:05 AM 
8/20/20 7:04 PM 
8/21/20 7:07 AM 
8/21/20 7:05 PM 

Time since Pumping began (min) 

0 
15,808.00 
15,808.50 
15,809.00 
15,809.50 
15,810.00 
15,810.50 
15,811.00 
15,812.00 
15,813.00 
15,814.00 
15,815.00 
15,816.00 
15,817.00 
15,818.00 
15,819.00 
15,820.00 
15,821.00 
15,822.00 
15,823.00 
15,828.00 
15,833.00 
15,838.00 
15,842.99 
15,847.99 
15,853.00 
15,858.00 
15,863.00 
15,868.00 
15,878.00 
15;888.00 
15,898.00 
15,908.00 
15,918.00 
15,928.00 
15,958.00 
15,988.00 
16,018.00 
16,048.00 
16,078.00 
16,108.00 
16,138.00 
16,168.00 
16,204.00 
16,232.00 
16,264.00 
16,290.00 
16,323.00 
16,350.00 
16,383.00 
16,411.00 
16,648.00 
16,896.00 
17,135.00 
17,372.00 
17,611.00 
17,845.00 
18,085.00 
18,339.00 
18,581.00 
18,822.00 
19,953.00 
20,672.00 
21,395.00 
22,113.00 

Recovery Well ID: 

1665.204 Date: 

Time (t') since Depth to 

Pumping Water 
stopped (min.) Level (ft) 

8.39 
- 74.44 

0.50 51.73 
1.00 47.46 
1.50 46.13 
2.00 45.18 
2.50 44.52 
3.00 43.87 
4.00 42.94 
5.00 42.15 
6.00 41.42 
7.00 40.83 
8.00 40.23 
9.00 39.69 

10.00 39.19 
11.00 38.65 
12.00 38.27 
13.00 37.85 
14.00 37.44 
15.00 37.05 
20.00 35.36 
25.00 33.95 
30.00 32.74 
34.99 31.68 
39.99 30.75 
45.00 29.92 
50.00 29.18 
55.00 29.54 
60.00 27.93 
70.00 26.86 
80.00 25.96 
90.00 25.18 

100.00 24.5 
110.00 23.88 
120.00 23.35 
150.00 21.98 
180.00 21.3 
210.00 20.18 
240.00 19.49 
270.00 18.93 
300.00 18.41 
330.00 17.97 
360.00 17.59 
396.00 17.13 
424.00 16.83 
456.00 16.32 
482.00 16.3 
515.00 16.05 
542.00 15.84 
575.00 15.62 
603.00 15.44 
840.00 14.23 

1,088.00 13.38 
1,327.00 12.74 
1,564.00 12.23 
1,803.00 11.84 
2,037.00 11.52 
2,277.00 11.24 
2,531.00 11.05 
2,773.00 10.88 
3,014.00 10.72 
4,145.00 10.48 
4,864.00 10.17 
5,587.00 10 
6,305.00 9.84 

WellL2 Well Elev. 1673.594 
6-Aug-20 Ground Elev 1671.63 

Residual 
Water 

*Screen 
Drawdown t/t' Comments 

Elev. 
from 83' 

(ft) to 103' 
Pumping Started 1665.204 I Pumping Stopped -

-43.34 31616.9999 1621.864 
-39.07 15808.9999 1626.134 
-37.74 10540.2522 1627.464 
-36.79 7905.32934 1628.414 
-36.13 6324.41077 1629.074 
-35.48 5270.62609 1629.724 
-34.55 3953 1630.654 
-33.76 3162.54731 1631.444 
-33.03 2635.55689 1632.174 
-32.44 2259.1513 1632.764 
-31.84 1976.85593 1633.364 

-31.3 1757.29809 1633.904 
-30.8 1581.65511 1634.404 

-30.26 1437.96028 1634.944 
-29.88 1318.20527 1635.324 
-29.46 1216.87529 1635.744 
-29.05 1130.02189 1636.154 
-28.66 1054.74958 1636.544 
-26.97 791.4 1638.234 
-25.56 633.366374 1639.644 
-24.35 527.99628 1640.854 
-23.29 452.725977 1641.914 
-22.36 396.269996 1642.844 
-21.53 352.288889 1643.674 
-20.79 317.16 1644.414 
-21.15 288.418182 1644.054 
-19.54 264.466667 1645.664 
-18.47 226.828571 1646.734 
-17.57 198.6 1647.634 
-16.79 176.644444 1648.414 
-16.11 159.08 1649.094 
-15.49 144.709091 1649.714 
-14.96 132.733333 1650.244 
-13.59 106.386667 1651.614 
-12.91 88.8222222 1652.294 
-11.79 76.2761905 1653.414 

-11.1 66.8666667 1654.104 
-10.54 59.5481481 1654.664 
-10.02 53.6933333 1655.184 

-9.58 48.9030303 1655.624 
-9.2 44.9111111 1656.004 

-8.74 40.9191919 1656.464 
-8.44 38.2830189 1656.764 
-7.93 35.6666667 1657.274 
-7.91 33.7966805 1657.294 
-7.66 31.6951456 1657.544 
-7.45 30.1660517 1657.754 
-7.23 28.4921739 1657.974 
-7.05 27.2155887 1658.154 
-5.84 19.8190476 1659.364 
-4.99 15.5294118 1660.214 
-4.35 12.9125848 1660.854 
-3.84 11.1074169 1661.364 
-3.45 9.76760954 1661.754 
-3.13 8.76043201 1662.074 
-2.85 7.94246816 1662.354 
-2.66 7.24575267 . 1662.544 
-2.49 6.70068518 10.557 <· 95% recove 1662.714 
-2.33 6.24485733 1662.874 
-2.09 4.81375151 1663.114 
-1.78 4.25 97.3% 1663.424 
-1.61 3.82942545 97.6% 1663.594 
-1.45 3.50721649 97.8% 1663.754 



T"""ofTest Drawdown I Well ID: I 13 IWell Elev. 
Static Water level 1664.6421Date: I 6-Aug-20 Gr. Elev. 
Distance of Observation well from pumped well (rl: 359.8 

Time 
Time since I Depth to I Orawdown I 
Pumping Water ft 

began (min} Level (ftl ( ) 
t/r"-2. 

8/6/20 10:32 AM ##- 6.27 0 
8/6/20 10:32 AM 0.50 6.27 0 
8/6/20 10:33 AM 1.00 6.36 -0.09 
8/6/20 10:33 AM 1.50 \._6.59 -0.32 
8/6/20 10:34 AM 2.00 7.08 • -0.81 
8/6/20 10:34 AM 2.50 7.46 -1.19 
8/6/20 10:35 AM 3.00 7.68 -1.41 
8/6/20 10:36 AM 4.00 8.23 -1.96 
8/6/20 10:37 AM 5.00 8.75 -2.48 
8/6/20 10:38 AM 6.00 9.3 -3.03 
8/6/20 10:39 AM 7.00 9.78 -3.51 
8/6/20 10:40 AM 8.00 10.2 -3.93 
8/6/20 10:41 AM 9.00 10.65 -4.38 
8/6/20 10:42 AM 10.00 11.07 -4.8 
8/6/20 10:43 AM 11.00 11.45 . -5.18 
8/6/20 10:44 AM 12.00 11.86 -5.59 
8/6/20 10:45 AM 13.00 12.24 -5.97 
8/6/20 10:46 AM 14.00 12.61 -6.34 
8/6/20 10:47 AM 15.00 12.95 ' -6.68 
8/6/20 10:52 AM 20.00 14.55 -8.28 
8/6/20 10:57 AM 25.00 15.9 -9.63 
8/6/20 11:02 AM 30.00 17.1 -10.83 
8/6/20 11:07 AM 35.00 18.14 ,11.87 
8/6/20 11:12 AM 40.00 19.06 -l.2.79 
8/6/20 11:17 AM 45.00 • 19.89 -13.62 
8/6/20 11:22 AM 50.00 20.6 ·14.33 
8/6/20 11:27 AM 55.00 21.32 -15.05 
8/6/20 11:32 AM 60.00 21.84 -15.57 
8/6/20 11:42 AM 70.00 22.95 -16.68 
8/6/20 11:52 AM 80.00 23.77 -17.5 
8/6/20 12:02 PM 90.00 24.56 -18.29 
8/6/20 12:12 PM 100.00 25.2 -18.93 
8/6/20 12:22 PM 110.00 25.77 -19.5 
8/6/20 12:32 PM 120.00 26.28 -20.01 

8/6/201:02 PM 150.00 27.54 -21.27 
8/6/20 1:36 PM 184.00 28.6 -22.33 
8/6/201:59 PM 207.00 29.2 -22.93 
8/6/20 2:34 PM 242.00 29.92 -23.65 
8/6/20 3:04 PM 272.00 30.45 -24.18 
8/6/20 3:34 PM 302.00 30.85. -24.58 
8/6/20 4:04 PM 332.00 31.2 -24.93 
8/6/20 4:34 PM 362.00 31.52 -25.25 
8/6/20 5:18 PM 406.00 31.65 -25.38 
8/6/20 5:57 PM 445.00 32.25 -25.98 
8/6/20 6:44 PM 492.00 32.7 -26.43 
8/6/20 7:10 PM 518.00 32.84 -26.57 
8/6/20 7:36 PM 544.00 33.01 -26. 74 
8/6/20 8:01 PM 569.00 33.11 -26.84 
8/6/20 8:26 PM 594.00 33.28 -27.01 
8/6/20 8:58 PM 626.00 33.42 -27.15 

8/7/2012:41 AM 849.00 34.29 -28.02 
8/7 /20 4:48 AM 1,096.00 35.05 -28. 78 
8/7/20 8:46 AM 1,334.00 35.53 -29.26 

8/7/2012:43 PM 1,571.00 35.95 ·29.68 
8/7 /20 4:42 PM 1,810.00 36.19 -29.92 
8/7 /20 8:38 PM 2,046.00 36.34 -30.07 

8/8/20 12:42 AM 2,290.00 ~.....;;3..;.6·c;.7.;;.2 ___ ·c;.30c..4.;;.,5 
8/8/20 4:43 AM 2,531.00 ~' __ 3_6._9_7 ____ -3_0~.7] 
8/8/20 8:54 AM 2,782.00 37.21 -30.94 

8/8/20 12:55 PM 3,023.00 37.37 -31.1 
8/8/20 7:20 PM 3,408.00 37.55 -31.28 
8/9/20 7:20 AM 4,128.00 37.92 -31.65 
8/9/20 7:12 PM 4,840.00 38.02 -31. 75 

8/10/20 7:19 AM 5,567.00 38.48 -32.21 
8/10/20 7:14 PM 6,282.00 38. 7 -32.43 
8/11/20 7:20 AM ?,008.00 38.84 -32.57 
8/11/20 7:11 PM 7,719.00 39.01 -32.74 
8/12/20 7:22 AM 8,450.00 39.17 -32.9 
8/12/20 7:07 PM ·9,155.00 39.3 -33.03 
8/13/20 7:14 AM 9,882.00 39.41 -33.14 
8/13/20 7:05 PM 10,593.00 39.55 -33.28 
8/14/20 7:15 AM 11,323.00 39.63 -33.36 
8/14/20 7:06 PM 12,034.00 39.75 ·33.48 
8/15/20 7:19 AM 12,767.00 39.84 -33.57 
8/15/20 7:13 PM 13,481.00 39.93 -33.66 
8/16/20 7:22 AM 14,210.00 40.0i -33.75 
8/16/20 7:12 PM 14,920.00 40.11 -33.84 
8/17/20 7:04 AM 15,632.00 40.18 -33.91 

I 1670.912· ' 
1668.62 

I 
Pumping I 
Rate (Q) Comments 
(gpm) . 

Water 
Elevation 

1664.642 
1664.642 
1664.552 
1664.322 
1663.832 
1663.452 
1663.232 
1662.682 
1662.162 
1661.612 
1661.132 
1660.712 
1660.262 
1659.842 
1659.462 
1659.052 
1658:672 
1658.302 
·1657.962· 
1656.362 
1655.012 
1653.812 
1652.772 
1651.852 
1651.022 
1650.312 
1649.592 
1649.072 
1647.962 
1647.142 
1646.352 
1645.712 
1645.142 
1644.632 
1643.372 
1642.312 
1641.712 
1640.992 
1640.462 
1640.062 
1639.712 
1639.392 
1639.262 
1638.662 
1638.212 
1638.072 
1637.902 
1637.802 
1637.632 
1637.492 
1636.622 
1635.862 
1635.382 
1634.962 
1634.722 
i634.572 
1634.192 
1633.942 
1633.702 
1633.542 
1633.362 
1632.992 
1632.892 
1632.432 
1632.212 
1632.072 
1631.902 
1631.742 
1631.612 
1631.502 
1631.362 
1631.282 
1631.162 
1631.072 
1630.982 
1630.892 
1630.802 
1630.732 
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Type of Test 
Static Water Level 
Distance of Observation well from pumped well (r): 

Time 

8/6/20 10:32 AM 
; 8/17 /20 10:00 AM 

8/17 /20 10:00 AM 
8/17 /20 10:01 AM 
8/17 /20 10:01 AM 
8/17 /20 10:02 AM 
8/17 /20 10:02 AM 
8/17 /20 10:03 AM 
8/17 /20 10:04 AM 
8/17 /20 10:05 AM 
8/17 /20 10:06 AM 
8/17/20 10:07 AM 
8/17/20 10:08 AM 
8/17/20 10:09 AM 
8/17/20 10:10 AM 
8/17 /20 10:11 AM 
8/17 /20 10:12 AM 
8/17 /20 10:13 AM 
8/17 /20 10:14 AM 
8/17/20 10:15 AM 
8/17 /20 10:20 AM 
8/17/20 10:25 AM 
8/17/20 10:30 AM 
8/17 /20 10:35 AM 
8/17/20 10:40 AM 
8/17 /20 10:45 AM 
8/17 /20 10:50 AM 
8/17 /20 10:55 AM 
8/17/20 11:00 AM 
8/17/20 11:10 AM 
8/17/20 11:20 AM 
8/17 /20 11:30 AM 
8/17/20 11:40 AM 
8/17 /20 11:50 AM 
8/17 /20 12:00 PM 
8/17 /20 12:30 PM 
8/17/20 1:00 PM 
8/17/20 1:30 PM 
8/17/20 2:00 PM 
8/17/20 2:30 PM 
8/17/20 3:00 PM 
8/17/20 3:30 PM 
8/17/20 4:00 PM 
8/17/20 4:38 PM 
8/17/20 5:06 PM 
8/17/20 5:38 PM 
8/17/20 6:04 PM 
8/17/20 6:37 PM 
8/17/20 7:04 PM 
8/17/20 7:36 PM 
8/17/20 8:05 PM 

8/18/20 12:03 AM 
8/18/'20 4:14 AM 
8/18/20 8:10 AM 

8/18/20 12:06 PM 
8/18/20 4:05 PM 
8/18/20 8:02 PM 

8/18/20 11:59 PM 
8/19/20 4:13 AM 
8/19/20 8:14 AM 

8/19/20 12:17 PM 
8/19/20 7:06 PM 
8/20/20 7:06 AM 
8/20/20 7:09 PM 
8/21/20 7:08 AM 

Time since Pumping began (min) 

0 

0.50 
1.00 
1.50 
2.00 
2.50 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 

10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
20.00 
25.00 
30.00 
34.99 
39.99 
45.00 
50.00 
55.00 
60.00 
70.00 
80.00 
90.00 

100.00 
110.00 
120.00 
150.00 
180.00 
210.00 
240.00 
270.00 
300.00 
330.00 
360.00 
398.00 
426.00 
458.00 
484.00 
517.00 
544.00 
576.00 
605.00 
843.00 

1,094.00 
1,330.00 
1,566.00 
1,805.00 
2,042.00 
2,279.00 
2,533.00 
2,774.00 
3,017.00 
3,426.00 
4,146.00 
4,869.00 
5,588.00 

Recovery 
1664.642 

Time (t') since 

Pumping 
stopped (min.) 

0.50 
1.00 
1.50 
2.00 
2.50 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 

10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
20.00 
25.00 
30.00 
34.99 
39.99 
45.00 
50.00 
55.00 
60.00 
70.00 
80.00 
90.00 

100.00 
110.00 
120.00 
150.00 
180.00 
210.00 
240.00 
270.00 
300.00 
330.00 
360.00 
398.00 
426.00 
458.00 
484.00 
517.00 
544.00 
576.00 
605.00 
843.00 

1,094.00 
1,330.00 
1,566.00 
1,805.00 
2,042.00 
2,279.00 
2,533.00 
2,774.00 
3,017.00 
3,426.00 
4,146.00 
4,869.00 
5,588.00 

Well ID: L3 Well Elev. 
Date: 6-Aug-20 Gr. Elev. 

Depth to Residual 

Water Drawdown t/t' 
Level (ft) (ft) 

6.27 
40.2 -33.93 

40.19 -33.92 
40.02 -33.75 
39.77 -33.S 
39.45 -33.18 
39.12 -32.85 
38.87 -32.6 
38.16 -31.89 
37.68 -31.41 
37.16 -30.89 
36.71 -30.44 
36.29 -30.02 
35.84 -29.57 
35.43 -29.16 
35.06 -28.79 

34.6 -28.33 
34.27 -28 

33.9 ·27.63 
33.6 -27.33 

32.05 -25.78 
30.77 -24.5 

29.6 -23.33 
28.62 -22.35 
27.73 -21.46 
26.97 -20.7 
26.26 -19.99 

25.6 -19.33 
25.06 -18.79 

24 -17.73 
23.14 -16.87 
22.38 -16.11 
21.72 -15.45 

21.14 -14.87 
20.61 -14.34 
19.33 -13.06 
18.38 -12.11 

17.6 -11.33 
16.95 -10.68 
16.38 -10.11 
15.97 -9.7 
15.53 -9.26 
15.14 -8.87 
14.69 -8.42 
14.42 -8.15 
14.14 -7.87 
13.94 -7.67 
13.69 -7.42 
13.51 -7.24 
13.28 -7.01 
13.13 -6.86 
11.98 -5.71 
11.15 -4.88 
10.54 -4.27 
10.09 -3.82 

9.72 -3.45 
9.39 -3.12 
9.15 -2.88 

8.9 -2.63 
8.76 -2.49 
8.58 -2.31 

8.4 -2.13 
8.1 -1.83 

7.91 -1.64 
7.72 -1.45 

1670.912 
1668.62 

Comments 

Pumping Started 
_ !'umping Stopped 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 7.9665 <- 95% recov, 
1 

Water 
Elevation 

1664.642 
1630.712 
1630.722 
1630.892 
1631.142 
1631.462 
1631.792 
1632.042 
1632.752 
1633.232 
1633.752 
1634.202 
1634.622 
1635.072 
1635.482 
1635.852 
1636.312 
1636.642 
1637.012 
1637.312 
1638.862 
1640.142 
1641.312 
1642.292 
1643.182 
1643.942 
1644.652 
1645.312 
1645.852 
1646.912 
1647.772 
1648.532 
1649.192 
1649.772 
1650.302 
1651.582 
1652.532 
1653.312 
1653.962 
1654.532 
1654.942 
1655.382 
1655.772 
1656.222 
1656.492 
1656.772 
1656.972 
1657.222 
1657.402 
1657.632 
1657.782 
1658.932 
1659.762 
1660.372 
1660.822 
1661.192 
1661.522 
1661.762 
1662.012 
1662.152 
1662.332 
1662.512 
1662.812 
1663.002 
1663.192 
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Type of Test Orawdown IWelllD: 1650 E l2 IWellElev. 
Static Water Level 1664.7221Date: I 6-Aug-20 Gr Elev. 
Distance of Observation well from pumped well (r): 650 

Time 
Time since I Depth to I Drawdown I 
Pumping Water ft 

began (min) Level (ft) ( I 
t/r"2 

8/6/20 10:32 AM -- 13.23 0 
8/6/20 10:32 AM 0:50 13.23 0 
8/6/20 10:33 AM 1.00 13.23 0 
8/6/20 10:33 AM 1.50 13.28 -0.05 
8/6/20 10:34 AM 2.00 13.33 -0.1 
8/6/20 10:34 AM 2.50 13.48 · -0.25 
8/6/20 10:35 AM 3.00 13.65 -0.42 
8/6/20 10:36 AM 4.00 14 -0. 77 
8/6/20 10:37 AM 5.00 14.35 -1.12 
8/6/20 10:38 AM 6.00 14.71 -1.48 
8/6/20 10:39 AM 7.00 15.11 -1.88 
8/6/20 10:40 AM 8.00 15.46 -2.23 
8/6/20 10:41 AM 9.00 15.84 •2,61 
8/6/20 10:42 AM 10.00 16.32 ·3.09 
8/6/20 10:43 AM 11.00 16.59 ·3.36 
8/6/20 10:44 AM 12.00 16.93 -3. 7 
8/6/20 10:45 AM 13.00 17.39 -4.16 
8/6/20 10:46 AM 14.00 17.61 -4.38 
8/6/20 10:47 AM 15.00 17.96 -4.73 
8/6/20 10:52 AM 20.00 19.45 -6.22 
8/6/20 10:57 AM 25.00 20.75 -7.52 
8/6/20 12:02 PM 90.00 21.88 -8.65 
8/6/20 11:07 AM 35.00 22.9 -9.67 
8/6/20 11:12 AM 40.00 23.78 -10.55 
8/6/20 11:17 AM 45.00 24.59 -11.36 
8/6/20 11:22 AM 50.00 25.29 -12.06 
8/6/20 11:27 AM 55.00 25.91 ·12.68 
8/6/20 11:32 AM 60.00 26.49 -13.26 
8/6/20 11:42 AM 70.00 27.49 •14.26 
8/6/20 11:52 AM 80.00 28.36 -15.13 
8/6/20 11:02 AM 30.00 29.1 -15.87 
8/6/2012:12 PM 100.00 29.72 ·16.49 
8/6/2012:22 PM 110.00 30.29 •17.06 
8/6/20 12:32 PM 120.00 30.79 -17.56 
8/6/20 1:02 PM 150.00 31.99 ·18.76 
8/6/20 1:32 PM 180.00 32.95 -19.72 
8/6/20 2:02 PM 210.00 33.71 -20.48 
8/6/20 2:32 PM 240.00 34.3 •21.07 
8/6/20 3:02 PM 270.00 34.82 -21.59 
8/6/20 3:32 PM 300.00 35.21 ·21.98 
8/6/20 4:02 PM 330.00 35.56 -22.33 
8/6/20 4:32 PM 360.00 35.88 -22.65 
8/6/20 5:23 PM 411.00 36.35 -23.12 
8/6/20 6:02 PM 450.00 36.66 ·23.43 
8/6/20 6:42 PM 490.00 36.97 ·23. 74 
8/6/20 7:13 PM 521.00 37.19 ·23.96 
8/6/20 7:39 PM 547.00 37.37 -24.14 
8/6/20 8:03 PM 571.00(,. --,,37,,....4.,.,9 ____ 2""4""'.2...,.6 I 

8/6/20 8:29 PM 597.00 37.6 -24.37 
8/6/20 9:02 PM 630.00 37.74 -24.51 

8/7/20 12:55 AM 863.00 38.59 -25.36 
8/7/20 4:54 AM 1,102.00 39.31 -26.08 
8/7/20 8:46 AM 1,334.00 39. 78 ·26.55 

8/7/20 12:46 PM 1,574.00 40.19 ·26.96 
8/7/20 4:45 PM 1,813.00 40.43 -27.2 
8/7 /20 8:46 PM 2,054.00 40.63 -27.4 

8/8/20 12:45 AM 2,293.00 40.97 -27.74 
8/8/20 4:47 AM 2,535.00 41.22 -27.99 
8/8/20.8:59AM 2,787.00 41.44 ·28.21 

8/8/20 12:57 PM 3,025.00 41.58 -28.35 
8/8/20 7:23 PM 3,411.00 41. 76 -28.53 
8/9/20 7:23 AM 4,131.00 42.13 ·28.9 
8/9/20 7:15 PM 4,843.00 42.41 -29.18 

8/10/20 7:22 AM 5,570.00 42.67 ·29.44 
8/10/20 7:16 PM 6,284.00 42.59 ·29.36 
8/11/20 7:22 AM 7,010.00 43.02 -29.79 
8/11/20 7:14 PM 7,722.00 43.2 -29.97 
8/12/20 7:25 AM 8,453.00 43.35 -30.12 
8/12/20 7:09 PM 9,157.00 43.49 -30.26 
8/13/20 7:19 AM 9,887.00 43.59 -30.36 

• 8/13/20 7:08 PM 10,596.00 43.72 -30.49 
8/14/20 7:17 AM 11,325.00 43.86 ·30.63 
8/14/20 7:08 PM 12,036.00 43.93 ·30.7 
8/15/20 7:22 AM 12,770.00 44.01 -30.78 
8/15/20 7:15 PM 13,483.00 44.12 ·30.89 
8/16/20 7:25 AM 14,213.00 44.18 ·30.95 
8/16/20 7:15 PM 14,923.00 44.28 -31.05 
8/11/i0 7:07 AM 15,635.00 44.36 -31.13 

I 1677.952 
1674.87 

I 
Pumping I 
Rate (Q) Comments 
(gpm) 

Water 

Elevation 

1664.722 
1664.722 
1664.722 
1664.672 
1664.622 
1664.472 
1664.302 
'1663.952 
i663.602 
1663.242 
1662.842 
1662.492 
1662.112 
1661.632 
1661.362 
1661.022 
1660.562 
1660.342 
1659.992 
1658.502 
1657.202 
1656.072 
1655.052 
1654.172 
1653.362 
1652.662 
1652.042 
1651.462 
1650.462 
1649.592 
1648.852 
1648.232 
1647.66i 
1647.162 
1645.962 
1645.002 
1644.242 
1643.652 
1643.132 
1642.742 
1642.392 
1642.072 
_1641.602 
1641.292 
1640.982 
1640.762 
1640.582 
1640.462 
1640.352 
1640.212 
1639.362 
1638.642. 
'1638.172 
1637.762 
1637.522 
1637.322 
1636.982 
1636.732 
1636.512 
1636.372 
1636.192 
1635.822 
1635.542 
1635.282 
1635.362 
1634.932 
1634.752 
1634.602 
1634.462 
1634.362 
1634.232 
1634.092 
1634.022 
1633.942 
1633.832 
1633.772 
1633.672 
1633.592 
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Type of Test Recovery Well ID: 
Static Water level 1664. 722 Date: 
Distance of Observation well from pumped well (rl: 650 

Time (t'I since 
Depth to Water 

Time Time since Pumping began (min) Pumping 
level (ft) 

stopped (min.) 

■8/6/2Q;10:32'AM 0 B!23 
8/17 /20 10:00 AM 15,808.00 44.38 
8/17/20 10:00 AM 15,808.50 0.50 44.39 
8/17/20 10:01 AM 15,809.00 1.00 44.38 
8/17/20 10:01 AM 15,809.50 1.50 ~ 44.33 
8/17 /20 10:02 AM 15,810.00 2.00 44.22 
8/17/20 10:02 AM 15,810.50 2.50 44.09 
8/17 /20 10:03 AM 15,811.00 3.00 43.92 
8/17 /20 10:04 AM 15,812.00 4.00 43.54 
8/17 /20 10:05 AM 15,813.00 5.00 43.15 
8/17 /20 10:06 AM 15,814.00 6.00 42.78 
8/17 /20 10:07 AM 15,815.00 7.00 42.36 
8/17/20 10:08 AM 15,816.00 8.00 41.99 
8/17/20 10:09 AM 15,817.00 9.00 41.64 
8/17/20 10:10 AM 15,818.00 10.00 41.24 
8/17/20 10:11 AM 15,819.00 11.00 40.9 
8/17/20 10:12 AM 15,820.00 12.00 40.54 
8/17/2010:13 AM 15,821.00 13.00 40.2 
8/17/20 10:14 AM 15,822.00 14.00 39.89 
8/17/20 10:15 AM 15,823.00 15.00 39.58 
8/17/20 10:20 AM 15,828.00 20.00 38.12 
8/17/20 10:25 AM 15,833.00 25.00 36.86 
8/17/20 10:30 AM 15,838.00 30.00 35.76 
8/17 /20 10:35 AM 15,842.99 34.99 34.85 
8/17/20 10:40 AM 15,847.99 39.99 33.99 
8/17/20 10:45 AM 15,853.00 45.00 33.23 
8/17/20 10:50 AM 15,858.00 50.00 32.55 
8/17/20 10:55 AM 15,863.00 55.00 31.94 
8/17 /20 11:00 AM 15,868.00 60.00 31.39 
8/17/20 11:10 AM 15,878.00 70.00 30.4 
8/17/20 11:20 AM 15,888.00 80.00 29.56 
8/17/2011:30AM 15,898.00 90.00 28.83 
8/17/20 11:40 AM 15,908.00 100.00 28.12 
8/17/20 11:50 AM 15,918.00 110.00 27.66 
8/17/20 12:00 PM 15,928.00 120.00 27.14 
8/17/20 12:30 PM 15,958.00 150.00 25.92 

8/17/201:00 PM 15,988.00 180.00 24.98 
8/17/20 1:30 PM 16,018.00 210.00 24.22 
8/17/20 2:00 PM 16,048.00 240.00 23.59 
8/17/20 2:30 PM 16,078.00 270.00 23.07 
8/17/20 3:00 PM 16,108.00 300.00 22.61 
8/17/20 3:30 PM 16,138.00 330.00 22.21 
8/17/20 4:00 PM 16,168.00 360.00 21.86 
8/17 /20 4:41 PM 16,209.00 401.00 21.4 
8/17 /20 5:08 PM 16,236.00 428.00 21.15 
8/17 /20 5:42 PM 16,270.00 462.00 20.88 
8/17 /20 6:06 PM 16,294.00 486.00 20.69 
8/17 /20 6:38 PM 16,326.00 518.00 20.45 
8/17 /20 7:06 PM 16,354.00 546.00 20.27 
8/17/20 7:38 PM 16,386.00 578.00 20.07 
8/17 /20 8:07 PM 16,415.00 607.00 19.91 

8/18/20 12:05 AM 16,653.00 845.00 18.79 
8/18/20 4:15 AM 16,903.00 1,095.00 18 
8/18/20 8:13 AM 17,141.00 1,333.00 17.42 

8/18/20 12:00 PM 17,368.00 1,560.00 16.56 
8/18/20 4:08 PM 17,616.00 1,808.00 16.42 
8/18/20 8:04 PM 17,852.00 2,044.00 16.31 

8/19/20 12:02 AM 18,090.00 2,282.00 16.07 
8/19/20 4:17 AM 18,345.00 2,537.00 15.85 
8/19/20 8:18 AM 18,586.00 2,778.00 15.69 

8/19/20 12:20 PM 18,828.00 3,020.00 15.5 
8/19/20 7:09 PM 19,237.00 3,429.00 15.33 
8/20/20 7:08 AM 19,956.00 4,148.00 15.03 
8/20/20 7:11 PM 20,679.00 4,871.00 14.85 
8/21/20 7:10 AM 21,398.00 5,590.00 14.67 

650 E L2 Well Elev. 1677.952 I 
6-Aug-20 Gr Elev. 1674.87 I 

I 

Residual 
Drawdown t/t' Comments 

(ft) 

0 Pumping Began 
-31.15 Pumping Stopped 
-31.16 31616.9999 
-31.15 15808.9999 
-31.1 10540.2522 

-30.99 7905.32934 
-30.86 6324.41077 
-30.69 5270.62609 
-30.31 3953 
-29.92 3162.54731 
-29.55 2635.55689 
-29.13 2259.1513 
-28.76 1976.85593 
-28.41 1757.29809 
-28.01 1581.65511 
-27.67 1437.96028 
-27.31 1318.20527 
-26.97 1216.87529 
-26.66 1130.02189 
-26.35 1054.74958 
-24.89 791.4 
-23.63 633.366374 
-22.53 527.99628 
-21.62 452.725977 
-20.76 396.269996 

-20 352.288889 
-19.32 317.16 ' 
-18.71 288.418182 
-18.16 264.466667 
-17.17 226.828571 
-16.33 198.6 

-15.6 176.644444 
-14.89 159.08 
-14.43 144.709091 
-13.91 132.733333 
-12.69 106.386667 
-11.75 88.8222222 
-10.99 76.2761905 
-10.36 66.8666667 
-9.84 59.5481481 
-9.38 53.6933333 
-8.98 48.9030303 
-8.63 44.9111111 
-8.17 40.4214464 
-7.92 37.9345794 
-7.65 35.2164502 
-7.46 33.526749 
-7.22 31.5173745 
-7.04 29.952381 
-6.84 28.349481 
-6.68 27.0428336 
-5.56 19.7076923 
-4.77 15.4365297 
-4.19 12.8589647 
-3.33 11.1333333 
-3.19 9.74336283 
-3.08 8.73385519 
-2.84 7.92725679 
-2.62 7.23098147 
-2.46 6.69042477 
-2.27 6.23443709 

-2.1 5.61009041 14. 7875 <-95% recover 
-1.8 4.81099325 

-1.62 4.2453295 
-1.44 3.82790698 

Water 
Elevation 

1664.722 
1633.57 
1633.56 
1633.57 
1633.62 
1633.73 
1633.86 
1634.03 
1634.41 
1634.80 
1635.17 
1635.59 
1635.96 
1636.31 
1636.71 
1637.05 
1637.41 
1637.75 
1638.06 
1638.37 
1639.83 
1641.09 
1642.19 
1643.10 
1643.96 
1644.72 
1645.40 
1646.01 
1646.56 
1647.55 
1648.39 
1649.12 
1649.83 
1650.29 
1650.81 
1652.03 
1652.97 
1653.73 
1654.36 
1654.88 
1655.34 
1655.74 
1656.09 
1656.55 
1656.80 
1657.07 
1657.26 
1657.50 
1657.68 
1657.88 
1658.04 
1659.16 
1659.95 
1660.53 
1661.39 
1661.53 
1661.64 
1661.88 
1662.10 
1662.26 
1662.45 
1662.62 
1662.92 
1663.10 
1663.28 
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Type olTest Orawdown IWelllD: 11000 N L2 IWell Elev. 
Static Water level 1665.441Date: I 6-AUR-20 Gr. Elev. 
Distance of Observation well from pumped well (r): 970.82 

Time 
Time since I Depth to I Drawdown I 
Pumping Water (ft) 

began (min) level (ft) 

8/6/2010:32 AM #-
8/6/20 10:32 AM 0.50 
8/6/20 10:33 AM 1.00 
8/6/20 10:33 AM 1.50 
8/6/20 10:34 AM 2.00 
8/6/20 10:34 AM 2.50 
8/6/20 10:35 AM 3.00 
8/6/20 10:36 AM 4.00 
8/6/20 10:37 AM 5.00 
8/6/20 10:38 AM 6.00 
8/6/20 10:39 AM 7.00 
8/6/20 10:40 AM 8.00 
8/6/20 10:41 AM 9.00 
8/6/20 10:42 AM 10.00 
8/6/20 10:43 AM 11.00 
8/6/20 10:44 AM 12.00 
8/6/20 10:45 AM 13.00 
8/6/20 10:46 AM 14.00 
8/6/20 10:47 AM 15.00 
8/6/20 10:52 AM 20.0D 
8/6/20 10:57 AM 25.0D 
8/6/20 11:02 AM 30.0D 
8/6/20 11:07 AM 35.0D 
8/6/20 11: 12 AM 40.0D 
8/6/20 11:17 AM 45.0D 
8/6/20 11:22 AM SO.OD 
8/6/20 11:27 AM 55.0D 
8/6/20 11:32 AM 60.0D 
8/6/20 11:42 AM 70.0D 
8/6/20 11:52 AM 80.00 
8/6/20 12:02 PM 90.00 
8/6/20 12:12 PM 100.00 
8/6/20 12:22 PM 110.00 
8/6/20 12:32 PM 120.00 
8/6/201:02 PM 150.00 
8/6/201:32 PM 180.00 
8/6/20 2:02 PM 210.00 
8/6/20 2:32 PM 240.00 
8/6/20 3:02 PM 270.00 
8/6/20 3:32 PM 300.00 
8/6/20 4:02 PM 330.00 
8/6/20 4:32 PM 360.00 
8/6/20 5:10 PM 398.00 
8/6/20 5:47 PM 435.00 
8/6/20 6:29 PM 477.0D 
8/6/20 7:03 PM 511.00 
8/6/20 7:28 PM 536.00 
8/6/20 7:54 PM 562.00 
8/6/20 8:18 PM 586.00 
8/6/20 8:46 PM 614.00 

8/7/20 12:41 AM 849.00 
8/7/20 4:38 AM 1,086.00 
8/7 /20 8:38 AM 1,326.00 

8/7/2012:35 PM 1,563.00 
8/7/20 4:34 PM 1,802.00 
8/7 /20 8:32 PM 2,040.00 

8/8/20 12:55 AM 2,303.00 
8/8/20 4:36 AM 2,524.00 
8/8/20 8:43 AM 2,771.00 

8/8/20 12:40 PM 3,008.00 
8/8/20 7:09 PM 3,397.00 
8/9/20 7:10 AM 4,118.00 
8/9/20 7:03 PM 4,831.00 

8/10/20 7:10 AM 5,558.00 
8/10/20 7:06 PM 6,274.00 
8/11/20 7:12 AM 7,000.00 
8/11/20 7:04 PM 7,712.00 
8/12/20 7:13 AM 8,441.00 
8/12/20 7:00 PM 9,148.00 
8/13/20 7:07 AM 9,875.00 
8/13/20 6:56 PM 10,584.00 
8/14/20 7:05 AM 11,313.00 
8/14/20 6:59 PM 12,027.00 
8/15/20 7:09 AM 12,757.00 
8/15/20 7:06 PM 13,474.00 
8/16/20 7:11 AM 14,199.00 
8/16/20 7:06 PM 14,914.00 
8/17/20 6:58 AM 15,626.00 

8.3 
8.34 
8.38 
8.39 
8.37 
8.39 
8.42 
8.44 
8.51 
8.62 
8.74 
8.82 
8.91 
9.01 
9.15 
9.28 
9.39 
9.5 

9.59 
10.19 
10.77 
11.32 
11.84 
12.31 
12.7 

13.16 
13.5 

13.87 
14.53 
15.16 
15.65 
16.07 
16.53 

16.9 
17.84 
18.62 

19.3 
19.84 
20.32 
20.72 
21.07 
21.38 
21.74 
22.03 
22.39 
22.67 
22.79 
22.94 
23.09 
23.23 
24.21 

24.9 
25.45 

25.9 
26.22 
26.36 
26.63 
27.06 
27.28 
27.49 
27.74 
28.12 
28.42 
28.68 
28.91 
29.09 
29.3 

29.47 
29.61 
29.73 
29.88 
29.95 
30.12 
30.17 
30.36 
30.37 
30.48 
30.55 

0 
-0.04 
-0.08 
-0.09 
-0.07 
-0.09 
-0.12 
-0.14 
-0.21 
-0.32 
-0.44 
-0.52 
-0.61 
-0.71 
-0.85 
-0.98 
-1.09 

-1.2 
-1.29 
-1.89 
-2.47 
-3.02 
-3.54 
-4.01 

-4.4 
-4.86 

-5.2 
-5.57 
-6.23 
-6.86 
-7.35 
-7.77 
-8.23 

-8.6 
-9.54 

-10.32 
-11 

-11.54 
-12.02 
-12.42 
-12.77 
-13.08 
-13.44 
-13.73 
-14.09 
-14.37 
-14.49 
·14.64 
-14.79 
-14.93 
-15.91 
-16.6 

-17.15 
-17.6 

-17.92 
-18.06 
-18.33 
-18.76 
-18.98 
-19.19 
-19.44 
-19.82 
-20.12 
-20.38 
-20.61 
-20.79 

-21 
-21.17 
-21.31 
-21.43 
-21.58 
·21.65 
-21.82 
-21.87 
-22.06 
-22.07 
-22.18 
-22.25 

t/rA2 

I 1673.74 
1672.21 

I 
Pumping I 
Rate (Q) Comments 

(gpm) 

Water 
Elevation 

1665.4 
1665.36 
1665.35 
1665.37 
1665.35 
1665.32 

1665.3 
1665.23 
1665.12 

1665 
1664.92 
1664.83 
1664.73 
1664.59 
1664.46 
1664.35 
1664.24 
1664.15 
1663.55 
1662.97 
1662.42 
1661.9 

1661.43 
1661.04 
1660.58 
1660.24 
1659.87 
1659.21 
1658.58 
1658.09 
1657.67 
1657.21 
1656.84 
1655.9 

1655.12 
1654.44 
1653.9 

1653.42 
1653.02 
1652.67 
1652.36 

1652 
1651.71 
1651.35 
1651.07 
1650.95 

1650.8 
1650.65 
1650.51 
1649.53 
1648.84 
1648.29 
1647.84 
1647.52 
1647.38 
1647.11 
1646.68 
1646.46 
1646.25 

1646 
1645.62 
1645.32 
1645.06 
1644.83 
1644.65 
1644.44 
1644.27 
1644.13 
1644.01 
1643.86 
1643.79 
1643.62 
1643.57 
1643.38 
1643.37 
1643.26 
1643.19 
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Type ofTest 
Static Water Level 
Distance of Observation well from pumped well (r): 

Time 

8/6/20 10:32 AM 
8/17 /20 10:00 AM 
8/17/20 10:00 AM 
8/17 /20 10:01 AM 
8/17 /20 10:01 AM 
8/17 /20 10:02 AM 
8/17 /20 10:02 AM 
8/17 /20 10:03 AM 
8/17 /20 10:04 AM 
8/17/20 10:05 AM 
8/17/20 10:06 AM 
8/17/20 10:07 AM 
8/17/20 10:08 AM 
8/17 /20 10:09 AM 
8/17/20 10:10 AM 
8/17/20 10:11 AM 
8/17 /20 10:12 AM 
8/17/20 10:13 AM 
8/17/20 10:14 AM 
8/17/20 10:15 AM 
8/17 /20 10:20 AM 
8/17 /20 10:25 AM 
8/17/2010:30AM 
8/17 /20 10:35 AM 
8/17 /20 10:40 AM 
8/17 /20 10:45 AM 
8/17/20 10:50 AM 
8/17 /20 10:55 AM 
8/17 /20 11:00 AM 
8/17/20 11:10 AM 
8/17/20 11:20 AM 
8/17/20 11:30 AM 
8/17/20 11:40 AM 
8/17 /20 11:50 AM 
8/17/20 12:00 PM 
8/17/2012:30 PM 

8/17 /20 1:00 PM 
8/17/20 1:30 PM 
8/17 /20 2:00 PM 
8/17/20 2:30 PM 
8/17 /20 3:00 PM 
8/17/20 3:30 PM 
8/17/20 4:00 PM 
8/17/20 4:31 PM 
8/17/20 5:02 PM 
8/17 /20 5:33 PM 
8/17/20 6:00 PM 
8/17 /20 6:32 PM 
8/17/20 7:00 PM 
8/17 /20 7:32 PM 
8/17 /20 8:00 PM 

8/17 /20 11:57 PM 
8/18/20 4:03 AM 
8/18/20 8:02 AM 

8/18/20 12:01 PM 
8/18/20 4:00 PM 
8/18/20 7:59 PM 

8/18/20 11:54 PM 
8/19/20 4:05 AM 
8/19/20 8:10 AM 

8/19/20 12:11 PM 
8/19/20 7:02 PM 
8/20/20 7 :01 AM 
8/20/20 7:05 PM 
8/21/20 7 :01 AM 

Time since Pumping began (min) 

0 
15,808.00 
15,808.50 
15,809.00 
15,809.50 
15,810.00 
15,810.50 
15,811.00 
15,812.00 
15,813.00 
15,814.00 
15,815.00 
15,816.00 
15,817.00 
15,818.00 
15,819.00 
15,820.00 
15,821.00 
15,822.00 
15,823.00 
15,828.00 
15,833.00 
15,838.00 
15,842.99 
15,847.99 
15,853.00 
15,858.00 
15,863.00 
15,868.00 
15,878.00 
15,888.00 
15,898.00 
15,908.00 
15,918.00 
15,928.00 
15,958.00 
15,988.00 
16,018.00 
16,048.00 
16,078.00 
16,108.00 
16,138.00 
16,168.00 
16,199.00 
16,230.00 
16,261.00 
16,288.00 
16,320.00 
16,348.00 
16,380.00 
16,408.00 
16,645.00 
16,891.00 
17,130.00 
17,369.00 
17,608.00 
17,847.00 
18,082.00 
18,333.00 
18,578.00 
18,819.00 
19,230.00 
19,949.00 
20,673.00 
21,389.00 

Recovery 
1665.44 8.3 

Time Since 
Depth to 

Pumping 
Water 

Stopped 
Level (ft) 

{mini 
8.3 

30.55 
0.50 30.55 
1.00 30.54 
1.50 30.54 
2.00 30.52 
2.50 30.51 
3.00 30.48 
4.00 30.42 
5.00 30.34 
6.00 30.24 
7.00 30.14 
8.00 30.04 
9.00 29.92 

10.00 29.8 
11.00 29.68 
12.00 29.57 
13.00 29.45 
14.00 29.32 
15.00 29.02 
20.00 28.66 
25.00 28.09 
30.00 27.53 
34.99 27.02 
39.99 26.56 
45.00 26.13 
50.00 25.73 
55.00 25.42 
60.00 25.06 
70.00 24.37 
80.00 23.77 
90.00 23.3 

100.00 22.87 
110.00 22.43 
120.00 22.04 
150.00 21.15 
180.00 20.39 
210.00 19.71 
240.00 19.16 
270.00 18.74 
300.00 18.28 
330.00 17.9 
360.00 17.61 
391.00 17.25 
422.00 17.01 
453.00 16.73 
480.00 16.51 
512.00 16.31 
540.00 16.13 
572.00 15.89 
600.00 15_.25 
837.00 14.61 

1,083.00 13.78 
1,322.00 13.22 
1,561.00 12.69 
1,800.00 12.32 
2,039.00 11.92 
2,274.00 11.72 
2,525.00 11.48 
2,770.00 11.24 
3,011.00 11.07 
3,422.00 10.85 
4,141.00 10.48 
4,865.00 10.26 
5,581.00 10.05 

Well ID: 1000 N L2 WellElev. I 1673.74 
Date: 6-Aug-20 Gr. Elev. 1672.21 

970.823693 

Residual 
Drawdown 

(ft) 

0 
0 

-22.25 
-22.24 
-22.24 
-22.22 
-22.21 
-22.18 
-22.12 
-22.04 
-21.94 
-21.84 
-21.74 
-21.62 

-21.5 
-21.38 
-21.27 
-21.15 
-21.02 
-20.72 
-20.36 
-19.79 
-19.23 
-18.72 
-18.26 
-17.83 
-17.43 
-17.12 
-16.76 
-16.07 
-15.47 

-15 
-14.57 
-14.13 
-13.74 
-12.85 
-12.09 
-11.41 
-10.86 
-10.44 
-9.98 

-9.6 
-9.31 
-8.95 
-8.71 
-8.43 
-8.21 
-8.01 
-7.83 
-7.59 
-6.95 
-6.31 
-5.48 
-4.92 
-4.39 
-4.02 
-3.62 
-3.42 
-3.18 
-2.94 
-2.77 
-2.55 
-2.18 
-1.96 
-1.75 

t/t' Comments 

Pumping Began 
Pumping Stopped 

31616.9999 
15808.9999 
10540.2522 
7905.32934 
6324.41077 
5270.62609 

3953 
3162.54731 
2635.55689 

2259.1513 
1976.85593 
1757.29809 
1581.65511 
1437.96028 
1318.20527 
1216.87529 
1130.02189 
1054.74958 

791.4 
633.366374 
527.99628 

452.725977 
396.269996 
352.288889 

317.16 
288.418182 
264.466667 
226.828571 

198.6 
176.644444 

159.08 
144.709091 
132.733333 
106.386667 
88.8222222 
76.2761905 
66.8666667 
59.5481481 
53.6933333 
48.9030303 
44.9111111 
41.4296675 
38.4597156 
35.8962472 
33.9333333 

31.875 
30.2740741 
28.6363636 
27.3466667 
19.8864994 
15.5964912 
12.9576399 
11.1268418 
9.78222222 
8.75282001 
7.95162709 
7.26059406 
6.70685921 
6.25008303 
5.61952075 
4.8174354 

4.24933196 
3.8324673 

9.4125 <-95% recove 

Water 
Elevation 

1665.44 
1643.19 
1643.19 
1643.2 
1643.2 

1643.22 
1643.23 
1643.26 
1643.32 
1643.4 
1643.5 
1643.6 
1643.7 

1643.82 
1643.94 
1644.06 
1644.17 
1644.29 
1644.42 
1644.72 
1645.08 
1645.65 
1646.21 
1646.72 
1647.18 
1647.61 
1648.01 
1648.32 
1648.68 
1649.37 
1649.97 
1650.44 
1650.87 
1651.31 
1651.7 

1652.59 
1653.35 
1654.03 
1654.58 

1655 
1655.46 
16S5.84 
1656.13 
1656.49 
1656.73 
1657.01 
1657.23 
1657.43 
1657.61 
1657.85 
1658.49 
1659.13 
1659.96 
1660.52 
1661.05 
1661.42 
1661.82 
1662.02 
1662.26 

1662.5 
1662.67 
1662.89 
1663.26 
1663.48 
1663.69 
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Type of Test Drawdown Well ID: BS-Park Well Elev. 1671.718 I 
Static Water Level 1665.448 Date: 6-Aug-20 
Distance of Observation well from pumped well (r): 

Time since Depth to 
Drawdown 

Pumping 

Time Pumping began Water 
(ft) 

t/r"2 Rate (Q) Comments 
(min) Level (ft) (gpm) 

8/6/20 10:31 AM 4.53 0 

8/6/20 10:32 AM 1.00 4.53 0 

8/6/20 11:32 AM 61.00 4.56 -0.03 

8/6/20 12:32 PM 121.00 4.56 -0.03 

8/6/20 1:32 PM 181.00 4.56 -0.03 

8/6/20 2:32 PM 241.00 4.57 -0.04 

8/6/20 3:42 PM 311.00 4.58 -0.05 

8/6/20 5:01 PM 390.00 4.57 -0.04 

8/6/20 6:18 PM 467.00 4.59 -0.06 

8/6/20 7:17 PM 526.00 4.58 -0.05 

8/6/20 8:07 PM 576.00 4.58 -0.05 

8/7 /20 12:28 AM 837.00 4.58 -0.05 

8/7 /20 4:25 AM 1,074.00 4.56 -0.03 

8/7 /20 8:29 AM 1,318.00 4.54 -0.01 

8/7 /20 12:24 PM 1,553.00 4.51 0.02 

8/7 /20 4:25 PM 1,794.00 4.5 0.03 
8/7 /20 8:26 PM 2,035.00 4.5 0.03 

8/8/20 12:26 AM 2,275.00 4.51 0.02 

8/8/20 4:28 AM 2,517.00 4.53 0 
8/8/20 4:25 PM 3,234.00 4.53 0 
8/8/20 6:58 PM 3,387.00 4.55 -0.02 

8/9/20 6:57 AM 4,106.00 4.42 0.11 
8/9/20 6:51 PM 4,820.00 4.52 0.01 

8/10/20 6:57 AM 5,546.00 4.53 0 

8/10/20 6:56 PM 6,265.00 4.57 -0.04 

8/11/20 7:01 AM 6,990.00 4.58 -0.05 
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Type of Test Drawdown Well ID: BSHN76E Well Elev. 1661.014 

Static Water Level 1654.604 Date: 6-Aug-20 

Distance of Observation well from pumped well (r): 

Time since Depth to 
Drawdown 

Pumping 

Time Pumping Water 
(ft) 

t/rA2 Rate (Q) Comments 

began (min) Level (ft) (gpm) 

8/6/20 9:32 AM 6.41 0 

8/6/20 10:39 AM 67.00 6.4 0.01 

8/6/20 11:39 AM 127.00 6.43 -0.02 

8/6/20 12:39 PM 187.00 6.42 -0.01 

8/6/20 1:39 PM 247.00 6.42 -0.01 

8/6/20 2:39 PM 307.00 6.42 -0.01 

8/6/20 3:49 PM 377.00 6.43 -0.02 

8/6/20 5:31 PM 479.00 6.45 -0.04 

8/6/20 6:55 PM 563.00 6.48 -0.07 

8/6/20 7:44 PM 612.00 6.46 -0.05 

8/6/20 8:34 PM 662.00 6.48 -0.07 

8/7/20 1:01 AM 929.00 6.44 -0.03 

8/7 /20 4:59 AM 1,167.00 6.44 -0.03 

8/7/20 8:54 AM 1,402.00 6.38 0.03 

8/7 /20 12:52 PM 1,640.00 6.37 0.04 

8/7 /20 4:51 PM 1,879.00 6.35 0.06 
8/7 /20 8:51 PM 2,119.00 6.31 0.1 

8/8/20 12:52 AM 2,360.00 6.3 0.11 

8/8/20 4:55 AM 2,603.00 6.29 0.12 

8/8/20 9:05 AM 2,853.00 6.36 0.05 
8/8/20 7:26 PM 3,474.00 6.41 0 

8/9/20 7:28 AM 4,196.00 6.32 0.09 

8/9/20 7:20 PM 4,908.00 6.39 0.02 

8/10/20 7:27 AM 5,635.00 6.38 0.03 

8/10/20 7:21 PM 6,349.00 6.47 -0.06 

8/11/20 7:27 AM 7,075.00 6.43 -0.02 
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Appendix C - Cooper Jacob Aquifer Analysis 



Lake Norden L 1 - Pumping_Cooper-Jacob.xlsx 

WELL ID: Lake Norden L1 

INPUT 
Construction: 

Casing dia. (de) 10 Inch 

Annulus dia. (dw) 16 Inch 

Screen Length (L) 20 Feet 
Depths to: 

water level (DTW) o Feet 
Top of Aquifer 88 Feet 

Base of Aquifer 108 Feet 

Annular Fill: 
across screen - Medium Sand 
above screen -- Cement 

Aquifer Material - Coarse Sand 

FLOWRATE • 640 GPM 

90 

80 

70 

I-
w 
w 60 LL 

z 
z 50 
3: 
0 
C 
3: 40 
<C a:: 0 
C 

30 

20 

10 

0 
0:00:09 0:01:26 0:14:24 

Local ID: Prairie Cotaeu 

Date: 8/10/2020 
Time: 10:32 

COMPUTED 

Aquifer thickness = 20 Feet 

Slope= 10.1174 FeeUlog10 

Input is consistent. 

K = 
T = 

110 FeeUDay 
2200 Feet2/Day 

Adjust slope of line to estimate T 

2:24:00 24:00:00 240:00:00 
TIME, Hour:Mlnute:Second 

REMARKS: Cooper-Jacob analysis of single-well aquifer test 

Lake Norden L 1 - Pumping_Cooper-Jacob.xlsx 



Lake Norden L2 - Pumping_Cooper-Jacob.xlsx 

WELL ID: Lake Norden L2 

INPUT 
Construction: 

Casing dia. (de) 10 Inch 

Annulus dia. (dw) 16 Inch 

Screen Length (L) 20 Feet 
Depths to: 

water level (DTW) O Feet 
Top of Aquifer 85 Feet 

Base of Aquifer 105 Feet 

Annular Fill: 
across screen ~ Medium Sand 
above screen -- Cement 

Aquifer Material - Coarse Sand 

Local ID: Prairie Coteau 
Date: 8/10/2020 
Time: 10:32 

COMPUTED 

Aquifer thickness = 20 Feet 

Slope= 8.818797 Feet/log1 O 

Input is consistent. 

K = 
T= 

130 Feet/Day 
2600 Feet2/Day 

FLOW RATE 640 GPM 

70 ,------------~-----------------, 

60 

I- 50 w 
w 
LL 

z -

20 

10 

0 
0:00:09 

REMARKS: 

0 
0 

0:01:26 

Adjust slope of line to estimate T 

0:14:24 2:24:00 24:00:00 240:00:00 
TIME, Hour:Minute:Second 

Cooper-Jacob analysis of single-well aquifer test 

Lake Norden L2 - Pumping_Cooper-Jacob.xlsx 



Pumping_DistanceDrawdown L 1 at 640.xlsm 

PUMPING WELL ID: L 1 

INPUT 
Construction: 

I Casing dia. (de) 10 Inch 

Annulus dia. (dw) 16 Inch 

Screen Length (L) 20 Feet 
Depths to: 

Initial Depth to Water 8.39 Feet 
Top of Aquifer 83 Feet 

Base of AQuifer 103 Feet 

Annular Fill: 
across screen - Coarse Sand 

above screen - Cement 
Aquifer Material - Coarse Sand 

FLOW RATE 640 GPM 

70 ... .... .... 

Local ID: Lake Norden L2 

Date: 8/18/2020 
Time: 16:00 

COMPUTED 

Aquifer thickness = 20 Feet 
Aquifer is: CONFINED 

Slope= -11.81118 Feet/log10 

Input is consistent 

K = 
T =. 

190 Feet/Day 
3800 Feet2/Day 

Adjust slope of line to estimate T 

60 .... ...... 

50 

~ w 
w 
LL 40 
z 
z 
~ 30 
C 

~ 
C 20 

10 

0 
0.1 

REMARKS: 

Aquifer Test Lake Norden 
Data from end of 11 days of pumping 

.... .... .... .... .... .... .... 

10 

DISTANCE IN, FEET 

.... .... .... .... .... .... .. ~ .... 
"Q. ... 

( 

100 1000 

Drawdown-Distance analysis of multi-well aquifer test 

Pumping_DistanceDrawdown L 1 at 640.xlsm 



Pumping_DistanceDrawdown L2 at 640.xlsm 

PUMPING WELL ID: L2 

INPUT 
Construction: 

Casing dia. (de) 10 Inch 

Annulus dia. (dw) 16 Inch 

Screen Length (L) 20 Feet 
Depths to: 

Initial Depth to Water 8.39 Feet 
Top of Aquifer 83 Feet 

Base of AQuifer 103 Feet 

Annular Fill: 
across screen - Coarse Sand 
above screen - Cement 

Aquifer Material - Coarse Sand 

FLOWRATE 

70 

60 

50 

1-
w 
w 
U. 40 
z 
z 
~ 30 
C 

I 
C 20 

10 

640 GPM 

Local ID: Lake Norden L2 

Date: 8/18/2020 
Time: 16:00 

COMPUTED 

Aquifer thickness = 20 Feet 
Aquifer is: CONFINED 

Slope= -11.81118 FeeUlog10 

Input is consistent. 

K = 
T = 

190 FeeUDay 
3800 Feet2/Day 

Adjust slope of line to estimate T 

(b 

0 .___.....___.___._~ ................. -----'--'--'-................ --'--...__ ................ ~..___.....___.___._~ ............ 

0.1 

REMARKS: 

Aquifer Test Lake Norden 
Data from end of 11 days of pumping 

10 

DISTANCE IN, FEET 

100 1000 

Drawdown-Distance analysis of multi-well aquifer test 

Pumping_DistanceDrawdown L2 at 640.xlsm 



Recovery - L 1 All Data - Cooper-Jacob.xlsm 

WELL ID: L1 

INPUT 
Construction: 

Casing dia. (de) 10 Inch 

Annulus dia. (dw) 16 Inch 

Screen Length (L) 20 Feet 
Depths to: 

water level (DTW) 0.458 Feet 
Top of Aquifer 83 Feet 

Base of Aquifer 103 Feet 

Annular Fill: 
across screen -- Medium Sand 
above screen -- Cement 

Aquifer Material - Coarse Sand 

FLOW RATE 640 GPM 

60 

Local ID: Prairie Coteau 

Date: 8/20/2020 
Time: 10:32 

COMPUTED 

Aquifer thickness = 20 Feet 

Slope= 15.19737 Feet/log1 O 

Input is consistent. 

K = 
T = 

74 Feet/Day 
1500 Feet2/Day 

0 

Adjust slope of line to estimate T 

t:i 
w 
LL 

50 

z 40 

z 
~ 
C ! 30 

C 
..J 
<C 
::, 20 
C 
in 
w 
0:: 

10 

0 
1 

REMARKS: 

10 

I Hypothetical recovery test 

100 1,000 10,000 100,000 
(t+At)/At 

Cooper-Jacob recovery analysis of single-well aquifer test 

Recovery - L 1 All Data - Cooper-Jacob.xlsm 



Recovery - L2 All Data - Cooper-Jacob.xlsm 

WELL ID: L2 

INPUT 
Construction: 

Casing dia. (de) 10 Inch 

Annulus dia. (dw) 16 Inch 

Screen Length (L) 20 Feet 
Deothsto: 

water level (DTW) 0.458 Feet 
Top of Aquifer 83 Feet 

Base of AQuifer 103 Feet 

Annular Fill: 
across screen -- Medium Sand 
above screen -- Cement 

Aquifer Material - Coarse Sand 

FLOW RATE 640 GPM 

50 

45 

Local ID: Prairie Coteau 
Date: 8/20/2020 
Time: 10:32 

COMPUTED 

Aquifer thickness = 20 Feet 

Slope = 11.52471 FeeUlog1 O 

Input is consistent. 

K = 
T = 

98 FeeUDay 
2000 Feet2/Day 

Adjust slope of line to estimate T 0 

40 
I-
w 
w 
u.. 35 
~ 
z 

30 3: 
0 
C 
3: 25 

~ 
C 
..J 20 
<( 
:::, 
C 15 en 
w 
0:: 

10 

5 

0 
1 10 100 1,000 10,000 100,000 

(t+At)/At 

REMARKS: Cooper-Jacob recovery analysis of sirigle-well aquifer test 

I Hypothetical recovery test 

Recovery - L2 All Data - Cooper-Jacob.xlsm 
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Electronic Collection Data Plot Well L2 
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Electronic Collection Data Plot EMW 
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DENR 
SOUTH DAKOTA 

TO: Jason Aho, Mayor 
City of Lake Norden 
PO Box 213 
·Lake Norden SD 57248 

DEPARTMENT of ENVIRONMENT 
and NATURAL RESOURCES 

JOE FOSS BUILDING 
523 EAST CAPITOL 

PIERRE, SOUTH DAKOTA 57501-3182 
denr.sd.gov 

October 13, 2020 

NOTICE 

FROM: Eric Gronlund, Chief Engineer &u ~ 
Water Rights Program 

SUBJECT: Deferral of Water Permit Application No. 8433-3, City of Lake Norden 

Notice is hereby given that on the 7th day of October 2020, the South Dakota Water Management 
Board deferred Water Permit Application No. 8433-3 for further study so the city can provide 
information to assist with determining if there is unappropriated water available and the potential 
effect of pumping on existing water users. 

Last week DENR received the Lake Norden Prairie Coteau Aquifer Evaluation from Banner 
Associates. DENR is reviewing the submitted evaluation with the desire to be able to make a 
recommendation and schedule Application No. 8433-3 for Board consideration at their December 2, 
2020 meeting. Future notice scheduling the application before the Board will be provided to the 
city. 

c: Gregg Jorgenson, Banner Associates 



CERTIFICATION 

I hereby certify that on October 13, 2920, I have personally deposited with the United States mail at 
Pierre, South Dakota, first class postage, prepaid envelopes containing a Notice dated October 13, 
2020, regarding deferral of Water Right Permit Application No. 8433-3, as addressed below: 

Jason Aho, Mayor 
City of Lake Norden 
POBox213 
Lake Norden SD 57248 

Gregg Jorgenson 
Banner Associates 
POBox298 
Brookings SD 57006 

Eric Gronlund 
Water Rights Program, DENR 

STATE OF SOUTH DAKOTA ) 
) ss 

COUNTY OF HUGHES ) 

Sworn to, before me, this /3Fh day of October, 2020. 

_Karen Schlaak 
Notary Public 
My Commission e~pires April 1, 2025 

~ KAREN SCHLAAK ~ 
~ NOTARY PUBLIC ~ 
~ State of South Dakota " , 

I 



SD EForm - 1621LD V1 

SOUTH DAKOTA WATER WELL COMPLETION REPORT 11-02 

Location NE ¼ SW¼ Sec 15 Twp 113N Rg53w Well Owner: CITY OF LAKE NORDEN 
-- -- -- -

Business Name:AOUIFER STUDY 

County HAMLIN El North Address: POBOX213 
J I City, State, Zip: LAKE NORDEN E]SD G 57248 

Please mark well I I 
I I 

location with an "X" I I 

-----'----· -----'----· I I 
WELL LOG: I I DEPTH 

I I 
I I FORMATION FROM TO w E 
I I 

TOP SOIL I I 0 2 :x I 
I 

SAND YELLOW 2 18 
____ ._ ____ 

-----1-----
I I 
I I ROCK 18 19 I I 

Well Completion Date 
! ! CLAY WITH GRAVEL 19 21 

3-5-2021 fc3 1 Mile ~ 
BLUE CLAY 21 39 

YELLOW CLAY 39 56 
Distance to nearest potential pollution source (septlc tank, abandoned well, feed lot, etc.)? 

ft. from (identify source) 

PROPOSED USE: 

BDomestic/Stock B Municipal a Business 

~

Test holes 
Irrigation Industrial Institutional Monitoring well STATIC WATER LEVEL 48 FEET 

METHOD OF DRILLING: If flowing: closed In pressure PSI 

DIRECT ROTARY GPMflow through Inch pipe 

Controlled by O Valve D Reducers OOther 
CASING DATA: Osteel D Plastic D Other Reduced flow rate GPM 
If other describe 

PIPEWEIGHT DIAMETER FROM TO HOLE DIAMETER Can well be completely shut In? YES 

sch40 LB/FT 5 IN +2 FT 50 FT 8.75 IN 

LB/FT IN FT FT IN WELL TEST DATA: -------·- -~ -- - ---- - - . - --- . ·--·------·-·--· -- . ---
LB/FT IN FT FT IN 0Pumped Describe: 1 AIR LIFT 

GROUTING DATA: Oealled 
I 
I 

Grout Type No. of Sacks Grout Weight From To 

ENVRPLG 18 54 Lb/gal 0 Ft 47 Ft 
00ther ; 

~ . - -·. -- ·- .. .. 

Lb/gal Ft Ft 
Pumping Level Below Land Surface 

Describe grouting procedure 
Ft. After Hrs. pumped GPM 

TREMIE LINE- PRESSURE PULL Ft. After Hrs. pumped GPM 

If pump Installed, pump rate: GPM 
SCREEN: LJ Perforated pipe ~ Manufactured REMARKS 
Diameter 5 Inches Length 5 Feet 

Material SCH40 WELL ID L2MW-1 L2 WELL SITE 

Slot Size 25 Set From 50 Feet to 55 Feet (\)\.) 5 \\"(f\fLE, 
Other Information 

This well was drilled under license# 689 and this 
0Yes ~No WAS A PACKER OR SEAL USED? report Is true and accurate. 

If so, what material? 
Drilling firm: KAISER WELL DRILLING INC 

Describe packer(s) and location 
Signature of License Representative: 

RECEIVED DISINFECTION: Was well disinfected upon completion? bJl/r Oves, How? 

Lab to which water (a No, Why Not?: MONITERING\/VELL_:--· • 1 
s;go,Wlll ~= Equlmb~ Pmperty Hold•" Al-'K U b lULI 

I 

,qu~li~_ s~n,,:>I~ ~~I !~ -~'!.a!y~is. ·NO PUMP i ·•I/ATER RIGHTS 
1NONE I I • PROGRAM 

I ' -:3,\ ~~\At~\ Oat : 
' . - . . . - .. - . . ' 1 \ 



SD EForm • 1621LD V1 

SOUTH DAKOTA WATER WELL COMPLETION REPORT 11-02 

Location SE ¼ NE ¼ Sec 15 Twp 113N R953W Well Owner: CITY OF LAKE NORDEN 
-- -- -- -

Business Name:AOUIFER STUDY 

County HAMLIN El North Address: PO BOX213 
I I City, State, Zip: LAKE NORDEN E]SD El 57248 Please mark well I I 
I I 

location with an "X" I I ____ .J ____ ____ ... ____ , 
I I X, 

WELL LOG: I I DEPTH 
I I 
I ! FORMATION FROM TO w E 
I I 

TOP SOIL I I 0 3 I I 
I I 

YELLOW CLAY 3 6 
_____ ._ ____ ____ _, _____ 

I I 
I I YELLOW GRAVEL 6 16 I I 

Well Completion Date 
! ! 

YELLOW CLAY 16 22 

3-13-2021 l<I 1 Mile ~ 
BLUE CLAY 22 41 

YELLOW CLAY 41 48 
Distance to nearest potential pollution source (septic tank, abandoned well, feed lot, etc.)? BLUE CLAY 48 56 

fl. from (identify source) 
YELLOW CLAY 56 67 

PROPOSED USE: 
YELLOW GRAVEL 67 68 BDomestic/Stock E3 Municipal a Business 

~

Test holes 
Irrigation Industrial lnstiMional Monitoring well STATIC WATER LEVEL 19 FEET 

METHOD OF DRILLING: If flowing: closed in pressure PSI 
DIRECT ROTARY GPMflow through Inch pipe 

Controlled by D Valve D Reducers □other 
CASING DATA: LJsteel D Plastic D Other Reduced flow rate GPM 
If other describe 

PIPEWEIGHT DIAMETER FROM TO HOLE DIAMETER Can well be completely shut in? YES 

sch40 LB/FT 2.5 IN +2 FT 101 FT 6 IN 

LB/FT IN FT FT IN WELL TEST DATA: ---- -· •. --·--··-·--- ·- ··-----· ----·- --· ----· --- -- -· ·----. 
LB/FT IN FT FT IN 0Pumped Describe: :AIR LIFT 25+ ' 

I 

GROUTING DATA: Osailed l 

Grout Type No. of Sacks Grout Weight From To 
00ther I ' 

GRTWLDF 7 54 Lb/gal 0 Ft 91 Ft ...... .. 

Lb/gal Ft Ft 
Pumping Level Below Land Surface 

Describe grouting procedure Ft. After Hrs. pumped GPM 

TREMIE LINE- PRESSURE PULL Ft. After Hrs. pumped GPM 

If pump installed, pump rate: GPM 
SCREEN: LJ Perforated pipe l!'.'.J Manufactured REMARKS 
Diameter 2.5 Inches Length 10 Feet YELLOW CLAY 68-96 
Material SCH40 YELLOW GRAVEL FINE-MED 96-108 

Slot Size 25 Set From 101 Feet to 111 Feet BLUE CLAY 108 

Other infonnatlon WELL ID NEMW 452ND AVE 

This well was drilled under license # 689 and this 
WAS A PACKER OR SEAL USED? LJYes l!'.'.JNo report is true and accurate. 
If so, what material? 

Drilling firm: KAISER WELL DRILLING INC 
Describe packer(s) and location 

Signature of ,7icens Representative: 

DISINFECTION: Was well disinfected upon completion? 

Oves,How? /1 . 

Lab to which water 0No, Why Not? ·MONITERING WELL- Slgna1;,l~"/;;;,ulta~e Prnperty H~de, RECEIVtU 
quality sampl~ sent for anc1lysis .·NO PUMP 
WARD LABS APR n 6 2021 .. 

·d\d~l~C\~ \ Da ; A'T'.-D RIGHTS 
. .' . f-



SD EForm • 1621LD V1 

SOUTH DAKOTA WATER WELL COMPLETION REPORT 11-02 

Location NE ¼ SW ¼ Sec 15 Twp 113N Rg 53W Well Owner: CITY OF LAKE NORDEN 

Business Name:AOUIFER STUDY 

County HAMLIN North Address: PO BOX 213 

Please mark well 
location with an "X" 

I 
I 

I 
I City, State, Zip: LAKE NORDEN l:;JSD El57248 

Well Completion Date 

3-9-2021 

w 

I I 
I I 

-----1----- ____ ,1 ____ , 

I 
I I 
I I 
I I 

I I 
I I 
I X I 
I I ____ .,_ ____ ____ .,. ____ 
I I 
I I 
I I 

! ! 

~,----1 Mile ----E:f 

WELL LOG: 

E FORMATION 

TOP SOIL 

SANDY YELLOW CLAY 

BLUE CLAY 

YELLOW CLAY 

ROCK 

YELLOW CLAY 
Distance to nearest potential pollution source (septic tank, abandoned well, feed lot. etc.)? BLUE CLA y 

DEPTH 

FROM TO 

0 2 

2 17 

17 38 

38 62 

62 62.5 

62.5 79 
79 

ft. from (identify source)t------------------1---..... i----
YELLOW GRAVEL FINE-MED MIX 

88 

88 103 
PROPOSED USE: a Domestic/Stock O Municipal B Business 0Test holes ~B_L_U_E_C_LA_Y __________ ___. ______ ._ 

Irrigation □ Industrial Institutional (a Monitoring well STATIC WATER LEVEL ....;;;=---------=-----------------=-----t 
METHOD OF DRILLING: 
DIRECT ROTARY 

If flowing: closed in pressure __________ _ 

GPM flow ____ through 

103 105 

11 FEET 

PSI 

Inch pipe 

--~~~----,=-=------==-------,_.---1 Controlled by D Valve D Reducers OOther _______ _ 
CASING DATA: Plastic other Reduced flow rate GPM -------------

Steel 
If other describe 

PIPEWEIGHT DIAMETER FROM TO HOLE DIAMETER Can well be completely shut in? YES 

sch40 LB/FT 2.5 IN +2 FT 93 FT 

FT 
___ 6_1N t--!-=:-:--~~~:-::-::------------------

IN WELL TEST DATA: LB/FT IN FT ----- --------- ---- - -, ---
LB/FT IN FT _________________ FT _______ ,N_ (a Pumped Describe: 1AIR LIFT 50+ 

I 
I 
' ' ' GROUTING DATA: 

Grout Type No. of Sacks Grout Weight From To 

GRTWLDF 4 54 Lb/gal O Ft 88 Ft ---
Lb/gal Ft 

Describe grouting procedure 

TREMIE LINE- PRESSURE PULL 

SCREEN: Perforated pipe II' Manufactured 

Diameter 2.5 Inches Length 1 0 Feet 

Material SCH 40 

Slot Size 25 Set From 93 Feet to 103 Feet --- ---
Other information 

WAS A PACKER OR SEAL USED? 
If so, what material? 

Describe packer(s) and location 

Yes II' No 

DISINFECTION: Was well disinfected upon completion? 

Oves,How? 

Lab to which water (a No, Why Not? • MONITERING WELL-· 
rquality samp~ sent for analysis i NO PUMP 
iWARD LABS • 

Ft 

I 
□ Bailed 
OOther L -
Pumping Level Below Land Surface 

____ Fl After ___ Hrs. pumped 

____ Ft. After ___ Hrs. pumped 

If pump installed, pump rate: 

REMARKS 

WELL ID EMW2 L3 WELL SITE 

GPM -----
GPM -----
GPM 

689 and this 

gnature of Well Owner or Equitable Property Holder: . E Q 
~~o\)'C RECE\V 



SD EForm - 1621LD V1 

SOUTH DAKOTA WATER WELL COMPLETION REPORT 11-02 

Location NE ¼ SW¼ Sec 15 Twp 113N Rg 53W Well Owner: CITY OF LAKE NORDEN 
-- -- -- -

Business Name:AQUIFER STUDY 

County HAMLIN El North Address: PO BOX 213 
I I City, State, Zip: LAKE NORDEN El SD El 57248 Please mark well I I 
I I 

location with an •x• I I ____ .J ____ ____ .£ ____ , 

I I 
WELL LOG: I I DEPTH 

I I 
I I FORMATION FROM TO w E 
I I 

TOP SOIL I I 0 3.5 I I 
I X I 

YELLOW CLAY 
_____ ._ ____ ____ .., _____ 

3.5 5 
I I 
I I YELLOW SAND FINE-MED 5 17 I I 

Well Completion Date ! ! YELLOW MED-COARSE 17 21 

3-5-2021 l<I 1 Mile ~ 
BLUE CLAY 21 25 

Distance to nearest potential pollution source (septic tank, abandoned well, feed lot, etc.)? 
ft. from (identify source) 

PROPOSED USE: 

BDomestic/Stock E] Municipal 
Irrigation Industrial El Business 

Institutional ~

Test holes 
Monitoring well STATIC WATER LEVEL 14 FEET 

METHOD OF DRILLING: If flowing: closed in pressure PSI 
DIRECT ROTARY 

GPMflow through Inch pipe 

Controlled by D Valve D Reducers OOther 
CASING DATA: Osteel D Plastic D Other Reduced flow rate GPM 
If other describe 

PIPEWEIGHT DIAMETER FROM TO HOLE DIAMETER Can well be completely shut In? YES 

sch40 LBJFT 5 IN +2FT 11 FT 8.75 IN 

LB/FT IN FT FT IN WELL TEST DATA: -·-·-··· .... - - - •- -- . --- ... - ·-- . ··-- , .... ., .. • ------ - -

LB/FT IN FT FT IN 0Pumped Describe:, AIR LIFT 

GROUTING DATA: 0Bailed 
; 

Grout Type No. of Sacks Grout Weight From To 

GRTWLDF 4 54 Lb/gal 0 Ft 8 Ft 
00ther : ' . -- . 

Lb/gal Ft Ft 
Pumping Level Below Land Surface 

Describe grouting procedure Ft. After Hrs. pumped GPM 

TREMIE LINE- PRESSURE PULL Ft. After Hrs. pumped GPM 

If pump installed, pump rate: GPM 
SCREEN: D Perforated pipe l!:I Manufactured REMARKS 
Diameter 5 Inches Length 10 Feet 

Material SCH40 WELL ID L3MW-S L3 WELL SITE 
Slot Size 25 Set From 11 Feet to 21 Feet 

Other information 

This well was drilled under license # 689 and this 
WAS A PACKER OR SEAL USED? LJYes l!'.:J No report is true and accurate. 
If so, what material? 

Drilling firm: KAISER WELL DRILLING INC Describe packer(s) and location 

~,.-.mvooir~ 
DISINFECTION: Was well disinfected upon completion? 

Oves, How? --
Lab to which water 0No, Why Not? MONITERING WELL- Signaturei I Owior Equitable Property Holder: RE.\.it:.\ V C:IJ 
, qu11l!ty ~ampl~ sent for !ll"laly~i_s ____ ... •NO PUMP 

,,_ ' 'J ~\)R o S 2021 'WARD LABS ; 

' Date:// ?,\~\) Id~\ , , .n::~1. R_l~tlTS 



SD EForm • 1621 LO V1 

SOUTH DAKOTA WATER WELL COMPLETION REPORT 11-02 

Location SE ¼ NW¼ Sec 21 Twp 113N Rg 53W Well Owner: CITY OF LAKE NORDEN 
-- -- -- -

Business Name: AQUIFER STUDY 
County HAMLIN EJ North Address: PO BOX213 

I I City, State, Zip: LAKE NORDEN [:)SD [:] 57248 
Please mark well I I 

I I 
location with an "X" I I 

-----.J---- -----'----· I I 
WELL LOG: I )( K I DEPTH 

I I 
I I FORMATION FROM w . E TO 
I I 

TOP SOIL I I 0 2 I I 
I I YELLOW CLAY 2 17 ~----1----· ____ ... _____ 
I I 
I I BLUE CLAY 17 22 I I 

Well Completion Date 
! ! QUARTZ 22 23 

3-11-2021 f<J 1 Mile t:I BLUE CLAY 23 40 
GREY SAND 40 45 

Distance to nearest potential pollution source (septic tank, abandoned well, feed lot, etc.)? BLUE CLAY 45 142 
ft. from (identify source) 

YELLOW GRAVEL MED-COARSE 
PROPOSED USE: 

142 150 

BDomestic/Stock B Municipal a Business 

~

Test holes BLUE CLAY 150 151 
Irrigation Industrial Institutional Monitoring well STATIC WATER LEVEL 17 FEET 

METHOD OF DRILLING: If flowing: closed in pressure PSI 
DIRECT ROTARY GPMflow through Inch pipe 

Controlled by D Valve D Reducers OOther 
CASING DATA: LJsteel D Plastic D Other Reduced flow rate GPM 
If other describe 

PIPEWEIGHT DIAMETER FROM TO HOLE DIAMETER Can well be completely shut in? YES 

sch40 LB/FT 2.5 IN +2 FT 147 FT 6 IN 

LB/FT IN FT FT IN WELL TEST DATA: 
·-·-- --~ ----···-----· --- ·- ·-- --· - -- -•---- .. ----·--- --~ 

(2]Pumped Describe: !AIR LIFT 25+ ' 
LB/FT IN FT FT IN 

GROUTING DATA: Osailed 
: 

Grout Type No. of Sacks Grout Weight From To 
Oother 

GRTWLDF 10 54 Lb/gal 0 Ft 142 Ft - -

Lb/gal Ft Ft 
Pumping Level Below Land Surface 

Describe grouting procedure 
Ft. After Hrs. pumped GPM 

TREMIE LINE- PRESSURE PULL Ft. After Hrs. pumped GPM 

If pump installed, pump rate: GPM 
SCREEN: D Perforated pipe (21 Manufactured REMARKS 
Diameter 2.5 Inches Length 10 Feet YELLOW GRAVEL MIXED 151-154 
Material SCH40 BLUE CLAY 154-159 
Slot Size 25 Set From 147 Feet to 157 Feet 

WELL ID SWMW-D LAKER 
Other information 

This well was drilled under license # 689 and this 
WAS A PACKER OR SEAL USED? LJYes ~No report is true and accurate. 
If so, what material? 

Drilling firm: KAISER WELL DRILLING INC 
Describe packer(s) and location 

Signature of License:r:zepre _/ tative: 

DISINFECTION: Was well disinfected upon completion? t// ... 
Oves,How? ..... ....__ ..... --

Lab to which water (2]No, Why Not? MONITERING WELL- - Signa,zure 're~I ner or Equitable Property Holder: Kt:. \JC I V c:. LI 
quality sample sent for analysis NO PUMP r --- -- - -- -- ---- -- - -~ -- ---·--- • -······-·- / APR O 6 2021 ;wARD LABS 

D ~1~~dC\d-.\ 1NATER Rl~!j,TS 
: -- . ---- -.- • --t 



SD EForm- 1621LD V1 

SOUTH DAKOTA WATER WELL COMPLETION REPORT 11-02 

Location NW ¼ NE ¼ Sec 15 Twp 113N Rg 53W WellOWner: CITY OF LAKE NORDEN 
-- -- -- -

Business Name:AOUIFER STUDY 

County HAMLIN [:] North Address: PO BOX 213 

I X I City, State, Zip: LAKE NORDEN E)SD El 57248 
Please mark well I I 

I I 

location with an •x• I I 
i----.J----· ----"'----· I I 

WELL LOG: I I DEPTH 
I I 
I I FORMATION FROM TO w . E 
I I 

TOP SOIL I I 0 4 
I I 
I I 

YELLOW CLAY 4 9 
____ .,_ ____ ____ ... _____ 

I I 
I I YELLOW GRAVEL 9 17 I I 

Well Completion Date 
! ! 

BLUE CLAY 17 26 

3-13-2021 l<J 1 Mile E=f 
ROCK 26 27 

BLUE CLAY 27 55 
Distance to nearest potential pollution source (septic tank, abandoned well, feed lot, etc.)? YELLOW CLAY 55 62 

ft. from (identify source) 
BLUE CLAY 62 74 

PROPOSED USE: 
ROCK 74 74.5 BDomestic/Stock· B Municipal a Business aTestholes 

Irrigation Industrial Institutional Monitoring well STATIC WATER LEVEL 14 FEET 

METHOD OF DRILLING: If flowing: closed in pressure PSI 
DIRECT ROTARY GPMflow through Inch pipe 

CASING DATA: [Jsteel LJ Plastic D Other 
Controlled by O Valve O Reducers OOther 

Reduced flow rate GPM 
If other describe 

PIPEWEIGHT DIAMETER FROM TO HOLE DIAMETER Can well be completely shut in? YES 

sch40 LB/FT 2.5 IN +2 FT 96 FT 6 IN 

LB/FT IN FT FT IN WELL TEST DATA: -· ------ -·- ----· ---·----·----------·-·------

LB/FT IN FT FT IN 0Pumped Describe: :AIR LIFT 25+ ! 
I 

GROUTING DATA: 0Bailed 
\ 

Grout Type No. of Sacks Grout Weight From To 
OOther 

! ! 
GRTWLDF 4.5 54 Lb/gal 0 Ft 89 Ft --

ENVIROPLG 3 Lb/gal Q Ft 1 Ft 
Pumping Level Below Land Surface 

Describe grouting procedure 
Ft. After Hrs. pumped GPM 

TREMIE LINE- PRESSURE PULL Ft. After Hrs. pumped GPM 

If pump installed, pump rate: GPM 
SCREEN: D Perforated pipe l!::J Manufactured REMARKS 
Diameter 2.5 Inches Length 10 Feet BLUE CLAY 7 4.5-88 
Material SCH40 MED· COARSEYELLOW GRAVEL 88-106 

Slot Size 25 Set From 96 Feet to 106 Feet 
WELL ID: NNMW 

Other information 192ND ST 

This well was drilled under license # 689 and this 
WAS A PACKER OR SEAL USED? LJYes l!::J No report is true and accurate. 
If so, what material? 

Drilling firm: KAISER WELL DRILLING INC 
Describe packer(s) and location 

Signature of License Representative: 

DISINFECTION: Was well disinfected upon completion? 
fa' AJ-1JL r::::> RECEIVED Oves, How? V -'II// 

Lab to which water 0No, Why Not? . MONITERING WELL-· 
. --

S~,/f,,,ra °'": a, Equltoble Pro- Helde, APR O 6 2021 
qu~lity_sam_pl~ s_ent !or a~alysis _ - 'NO PUMP 
'WARD LABS ' WATER RIGHTS 

'l . ---a•• 
! f ~1~I~u~\ I -- -

I D 
'. - . f 1 I 



SD EForm • 1621LD V1 

SOUTH DAKOTA WATER WELL COMPLETION REPORT 11-02 

Location NE ¼ SW¼ Sec 15 Twp 113N Rg 53W Well OWner: CITY OF LAKE NORDEN 
-- -- -- -

Business Name:AQUIFER STUDY 

County HAMLIN El North Address: PO BOX213 
I I City, State, Zip: LAKE NORDEN G SD G s1248 

Please mark well I I 
I I 

location with an "X" I I _____ .J ____ ____ ,1 ____ , 

I I 
WELL LOG: I I DEPTH 

I I 
I I FORMATION FROM TO w E 
I I 

TOP SOIL I I 0 2 :x I 
I 

YELLOW CLAY 2 7 ----1----- ----◄----I I 
I I YELLOW GRAVEL 7 10 I I 

Well Completion Date 
! ! 

YELLOW CLAY 10 16 

3-3-2021 lc:I 1 Mile t:t YELLOW GRAVEL 16 17 

BLUE CLAY 17 41 
Distance to nearest potential pollution source (septic tank, abandoned well, feed lot, etc.)? YELLOW CLAY 41 45 

ft. from (identify source) 
YELLOW FINE SAND 

PROPOSED USE: 
45 46 

BDomestic/Stock B Municipal a Business 

~

Test holes YELLOW CLAY 46 89 

Irrigation Industrial Institutional Monitoring well STATIC WATER LEVEL 14 FEET 

METHOD OF DRILLING: If flowing: closed in pressure PSI 
DIRECT ROTARY GPMflow through Inch pipe 

Controlled by D Valve D Reducers Oother 
CASING DATA: D Plastic D Other LJsteel Reduced flow rate GPM 
If other describe 

PtPEWEIGHT DIAMETER FROM TO HOLE DIAMETER Can well be completely shut in? YES 

sch40 LB/FT 5 IN +2 FT 110 FT 8.75 IN 

LB/FT IN FT FT IN WELL TEST DATA: - ·-··- ----- -•- ---- ---- - ·--- - ------------, 
LB/FT IN FT FT IN 121 Pumped Describe: !AIR LIFT 100+ ' 

GROUTING DATA: 0Bailed 
! 

Grout Type No. of Sacks Grout Weight From To 

GRTWLDF 11 54 Lb/gal 0 Ft 98 Ft 
00ther l .. . -

Lb/gal Ft Ft 
Pumping Level Below Land Surface 

Describe grouting procedure Fl After Hrs. pumped GPM 

TREMIE LINE- PRESSURE PULL Ft. After Hrs. pumped GPM 

If pump installed, pump rate: GPM 
SCREEN: D Perforated pipe 121 Manufactured REMARKS 
Diameter 5 Inches Length 10 Feet YELLOW GRAVEL FINE-MED 89-110 
Material SCH40 YELLOW CLAY 110 

Slot Size 25 Set From 100 Feet to 110 Feet 

Other infonnation WELL ID L2MW-D L2WELL SITE 

This well was drilled under license # 689 and this 
WAS A PACKER OR SEAL USED? LJYes l.!1 No report is true and accurate. 
If so, what material? 

Drilling firm: KAISER WELL DRILLING INC 
Describe packer(s) and location ~."7 :;n=•ma! .. DISINFECTION: Was well disinfected upon completion? RECEIVED 

Oves, How? 

Lab to which water 0No, Why Not?· MONITERING WELL- Signatrfill. ner or Equitable Property Ho1APR O I) ZUZl 
qua_lity ~amp~~ s~nt fo! !l_!lalysis -·· '.NO PUMP WATER RIGHTS 
·WARD LABS ' ,,......., PROGRAM 

! ' Da ~7v~T,.~~, : f I 



SD EForm- 1621LD V1 

SOUTH DAKOTA WATER WELL COMPLETION REPORT 11- 02 

Location SE ¼ NW¼ Sec 15 Twp 113N R953W Well OWner: CITY OF LAKE NORDEN 
-- -- -- -

Business Name:AOUIFER STUDY 

County HAMLIN El North Address: PO BOX 213 
I I City, State, Zip: LAKE NORDEN GSD [3 57248 Please mark well I I 
I I 

location with an "X" I I .,_ ___ .J ____ 
----"----· I I 

WELL LOG: I I DEPTH 
I I 

w Xt ! E FORMATION FROM TO 
I I 

TOP SOIL I I 0 3 I I 
I I 

GREY SAND 3 ____ .,. ____ ____ ..., ____ 
14 

I I 
I I SILT 14 18 I I 

Well Completion Date 
! ! 

FINE SAND 18 23 

3-3-2021 l'3 1 Mile DI COARSE GRAVEL 23 26 

FINE SAND 26 31 
Distance to nearest potential pollution source (septic tank, abandoned well, feed lot, etc.)? 

ft. from (identify source) 

PROPOSED USE: 

BDomestic/Stock B Municipal a Business 

~

Test holes 
Irrigation Industrial Institutional Monitoring well STATIC WATER LEVEL 4 FEET 

METHOD OF DRILLING: If flowing: closed in pressure PSI 
DIRECT ROTARY GPMflow through Inch pipe 

Controlled by D Valve D Reducers DOther 
CASING DATA: LJsteel LJ Plastic LJ Other Reduced flow rate GPM 
If other describe 

PIPEWEIGHT DIAMETER FROM TO HOLE DIAMETER Can well be completely shut in? YES 

sch40 LBIFT 5 IN +2 FT 26 FT 8.75 IN 

LB/FT IN FT FT IN WELL TEST DATA: 
r ---·- •• - • _., ••• - ·- -··-. --·-- •· - ~-·--· •••• .. . 

LB/FT IN FT FT IN 0Pumped Describe: iAIR LIFT 50+ 

GROUTING DATA: Osalled 
Grout Type No. of Sacks Grout Weight From To ' 

ENVRPLG 6 54 Lb/gal 0 Ft 25 Ft 
□Other 

··• . . .. .. 

Lb/gal Ft Ft 
Pumping Level Below Land Surface 

Describe grouting procedure Ft. After Hrs. pumped GPM 

Ft. After Hrs. pumped GPM 

If pump installed, pump rate: GPM 
SCREEN: LJ Perforated pipe l!J Manufactured REMARKS 
Diameter 5 Inches Length 5 Feet 

Material SCH40 WELL ID SWMW-•S PARK 
Slot Size 25 Set From 26 Feet to 31 Feet 

Other information 

This well was drilled under license# 689 and this 
WAS A PACKER OR SEAL USED? LJYes l!J No report is true and accurate. 
If so, what material? 

Drilling firm: KAISER WELL DRILLING INC 
Describe packer(s) and location 

•~"''""'lo;~?"'"'""'-'"'' RECEIVED DISINFECTION: Was well disinfected upon completion? 

Oves, How? • nn ,. ,. ')n'l1 

Lab to which water 0No, Why Not? • MONITERING WELL-· Signatureyl I ~Owner or Equitable Property Holder:' " u u .. --

_q1:1ati_ly ~~mpl~_ s~~t f~r ~!l~l~is. - NOPUMP WATER RIGHTS 

WARD LABS ~ PROGRAM 
I 

' 
Date/ /2,~~\~t\~\ I 
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SECTION 1: INTRODUCTION, PURPOSE AND BACKGROUND INFORMATION 

In late 2018, Kaiser Well Drilling, Inc. (KWD) constructed three municipal wells (L 1, L2, and L3) 
on behalf of the City of Lake Norden, SD (City). The three wells were completed in the Prairie 
Coteau aquifer. In 2019 and 2020, Banner Associates, Inc. (Banner) designed and oversaw the 
construction of the control systems and raw water transmission pipeline associated with bringing 
the water pumped from these three wells to the City's water treatment plant. As part of this 
process, it became apparent that the City did not have a water right authorizing withdrawals from 
the Prairie Coteau aquifer. 

In June 2020, the City submitted a water permit application (WPA #8433-3) requesting an annual 
appropriation of groundwater from the Prairie Coteau aquifer of 1,458 acre-feet per year at a 
maximum instantaneous diversion rate of 2.11 cubic feet per second (cfs). The annual volume 
and maximum diversion rate are equivalent to continuous pumping rates of approximately 904 
gallons per minute (gpm) and 947 gpm, respectively. In the Summer of 2020, Banner, working 
with personnel from the Water Rights Program (WRP) and the Geological Survey Program 
(SDGS) of the South Dakota Department of Environment and Natural Resources (DENR), 
conducted an aquifer pumping test (2020 Aquifer Test). The 2020 Aquifer Test was conducted 
utilizing two wells (L 1 and L2) pumping at a combined rate of 640 gpm. The results of the 2020 
Aquifer Test (Banner, 2020) are briefly summarized in Section 1.3. 

In late 2020, Banner hired LRE Water (LRE) to provide hydrogeologic consulting services 
associated with the evaluation of WPA #8433-3. Those services have included an independent 
review and analysis of the 2020 Aquifer Test data and various field and office services related to 
the completion of a 30-day aquifer pumping test. 

1.1 PURPOSE 
The purpose of the 30-day aquifer pumping test (30-day Test) is to provide hydrogeologic 
information with which to evaluate the long-term yield potential of the City's Prairie Coteau aquifer 
well field and to assess the potential for municipal pumping from the well field to adversely impact 
nearby domestic wells. A copy of this report, as well as the raw water-level displacement data 
collected during the 30-day Test, will be provided to the WRP of the South Dakota Department of 
Agriculture & Natural Resources (DANR) for use in evaluating WPA #8433-3. 

1.2 PROJECT AREA LOCATION 
The City's Prairie Coteau aquifer well field (Site) is located approximately ½-mile east of town, in 
the southwest quarter of Section 15, Township 113 North, Range 53 West, Hamlin County, South 
Dakota. The Project Area is defined as the area shown in Figure 1, which includes the area within 
an approximate one-mile radius of City Well L2. 
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The 2020 Aquifer Test conducted by Banner consisted of pumping City wells L 1 and L2 at a 
combined rate of 640 gpm. Banner, utilizing the confined Cooper-Jacob analytical solution, 
calculated an average transmissivity value of 1,750 feet squared per day (ft2/day) to 2,525 ft2/day 
for L 1 and 2,075 ft2/day to 2,575 ft2/day for L2 (Table 2, Banner, 2020). There were no boundary 
conditions apparent in the data. Banner concluded that the Prairie Coteau was limited in capacity 
and recommended that the City continue to search for additional water supplies. 

At Banner's request, LRE conducted a detailed review and analysis of the 2020 Aquifer Test data. 
LRE calculated numerous different values of transmissivity (T) and storativity (S) utilizing three 
different analytical solutions applied to both the early and late time portions of the drawdown data. 
Using only those T & S values deemed valid based on the solution assumptions, the geometric 
mean of the T values was 1,002 ft2/day and the geometric mean of the S values was 2.22 X 10-5_ 

LRE provided the results of LRE's review and analysis to Banner in a Memorandum dated 
December 23, 2020 (LRE, 2020). Banner submitted a copy of the LRE Memorandum to the WRP, 
who responded with a recommendation for a single well pumping test along with 
recommendations for observation well locations. 

LRE developed an Aquifer Pumping Test Workplan for the City of Lake Norden Prairie Coteau 
Well Field (Workplan) that incorporated the WRP recommendations. The WRP approved the Test 
Workplan in a February 2, 2021 email. LRE provided three Workplan updates, and Banner 
provided these updates to the City and the WRP. The Workplan updates were primarily 
associated with drilling progress updates and schedule revisions. The 30-day Test was conducted 
in general accordance with Update #3 of the Workplan, dated February 22, 2021 (LRE, 2021). 

1.4 TEMPORARY USE PERMITS 
The City obtained a Temporary Permit to Use Public Waters for Testing Purposes (Temporary 
Use Permit) from the WRP on July 7, 2020. The 2020 Aquifer Test was conducted under the July 
7, 2020 Temporary Use Permit. Banner and the City conducted weekly water-level monitoring 
under the July 7, 2020 Temporary Use Permit for the remainder of 2020. 

On January 1, 2021, the WRP issued a new Temporary Use Permit allowing pumping from City 
Wells L 1, L2 and L3 at a combined rate of 550 gpm for the period from January 1, 2021 through 
May 6, 2021. The purpose of the January 1, 2021 Temporary Use Permit was to allow continued 
testing of the Prairie Coteau aquifer. Due to unanticipated project delays associated with the 
installation of new Prairie Coteau aquifer observation wells (primarily related to weather and 
equipment problems), it became apparent that the aquifer testing would not be completed prior to 
the Temporary Use Permit expiration date of May 6, 2021. Consequently, on March 25, 2021, 
LRE submitted an application for another Temporary Use Permit to authorize continued pumping, 
at a combined rate not to exceed 550 gpm, from the City's Prairie Coteau aquifer well field. On 
April 12,.2021, the WRP issued a temporary permit authorizing pumping of up to 550 gpm from 
the Prairie Coteau well field from May 7, 2021 to July 9, 2021. The Temporary Use Permits require 
monthly reporting of the amount of water pumped from the City's Prairie Coteau aquifer well field 
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to the WRP, and the City has been complying with this reporting requirement, as well as other 
provisions of the Temporary Use Permits. 

SECTION 2: HYDROGEOLOGIC CONCEPTUAL MODEL 

A hydrogeologic conceptual model (HCM) is a description of the geologic and hydrogeologic 
elements that control the occurrence, flow and quality of groundwater in a defined area or unit. 
An HCM includes a description of the sediments, groundwater occurrence, groundwater quality, 
and recharge and discharge conditions. 

2.1 HYDROGEOLOGIC SETTING 
Lake Norden is located in northeastern South Dakota, near the center of the Coteau des Prairies. 
The Coteau des Prairies is a major topographic feature in South Dakota consisting of a flatiron­
shaped highland that is approximately 200 miles in length (Beissel & Gilbertson, 1987). The 
Coteau des Prairies was shaped by various advances and retreats of continental glaciers during 
the Pleistocene Epoch (Pleistocene). 

A map showing the geologic formations exposed at the surface is shown in Figure 2 (Beissel and 
Gilbertson, 1987). All of the sediments shown in the geologic map are glacial drift. Drift is a general 
term for all rock materials deposited either directly from glacial ice or from glacial meltwaters. The 
drift in the Project Area is approximately 450 to 500 feet thick, and overlies bedrock comprised of 
the Cretaceous Pierre Shale. 

In the Project Area, there are three main forms of glacial drift. Till is a heterogenous material 
consisting primarily of clay, with varying amounts of silt, sand, gravel and boulders. The clay-rich 
till is not suitable for municipal water supply wells. Outwash is comprised primarily of sand and 
gravel deposited by glacial meltwaters, and is often suitable for municipal water supply wells. The 
third type of drift in the Project Area is lacustrine sediments. The lacustrine sediments consist of 
fine-grained silts and clays that were deposited in lakes (either directly associated with the 
continental glaciers or present during the inter-glacial periods of the Pliestocene). The fine­
grained lacustrine sediments are typically not suitable for municipal water supply wells. 

The surficial deposits at the City's Prairie Coteau aquifer well field are mapped in Figure 2 as 
collapsed outwash (Qwloc). The areas mapped as moraine in Figure 2 (either Stagnation or 
James Lobe Altamont) are comprised primarily of till. The City overlies lacustrine sediments. 

The three main aquifers in the Project Area are the Brookings management unit of the Big Sioux 
(Big Sioux:Brookings) aquifer, the Prairie Coteau aquifer, and the Altamont aquifer. These three 
aquifers are comprised of outwash. Kume (1985) defines the Big Sioux aquifer as surficial 
outwash, mostly associated with valleys of either the Big Sioux River or its tributaries, that is often 
overlain by 1 to 4 feet of alluvium. The surficial outwash in the Project Area is not associated with 
either the Big Sioux River or one of its tributaries. 
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The Altamont aquifer is an outwash aquifer that either directly overlies the Pierre Shale bedrock 
or a thin layer of till overlying the bedrock. The average depth to the top of the Altamont aquifer 
in Deuel and Hamlin counties is 475 feet (Kume, 1985). Based on a review of well logs available 
online at the SDGS Oil & Gas Initiative, Map-Based Data Source 
(https://usd.maps.arcgis.com/apps/webappviewer/index.html?id=9888ec2e3ee844998385265df 
a22e449&center=-100.33,%2044.36). the depth to the Altamont aquifer in the Project Area is in 
the range of 400 to 450 feet. 

Kume (1985) describes the Prairie Coteau aquifer as lenticular bodies of outwash buried beneath 
till within the thick layer of glacial drift. The outwash bodies occur as separate bodies at differing 
elevations in the till, and Kume (1985) states that "The beds of outwash at a given site probably 
are not connected hydraulically." 

Within the Project Area, the Prairie Coteau aquifer is defined as outwash encapsulated in till that 
occurs at an elevation below the surficial outwash that has been classified as the Big 
Sioux:Brookings aquifer by Hedges (1982) and Kume (1985) and above the basal outwash 
Altamont aquifer. This is shown schematically in cross-section C-C' from Beissel & Gilbertson 
(1987), which is provided in Appendix A. Outwash of the Altamont aquifer is labeled as Qpwo2, 
surficial outwash of the Big Sioux:Brookings aquifer is labeled as Qwlo, and the intermediate and 
Prairie Coteau outwash is labeled as Qoa. 

In an oft-cited report of the groundwater resources of eastern South Dakota and the Big Sioux 
River watershed (Hedges, et. al., 1982), the aquifers located in unconsolidated glacial and non­
glacial deposits of Pleistocene and Recent age are divided roughly by their elevation into four 
general systems: 1. Deep James System and Fairmount Aquifer; 2. Basal System, 3. Intermediate 
System, and 4. Surface System. Hedges, et. al. (1982) recommended that all aquifers in the 
Intermediate System be considered the Prairie Coteau aquifer. The aquifers in the Intermediate 
System, while mostly artesian, do include water-table aquifers, or artesian aquifers that are 
hydraulically connected to water-table aquifers. 

2.2 SITE STRATIGRAPHY AND 2021 OBSERVATION WELL INSTALLATION 
Fourteen wells (3 production wells and 11 observation wells) have been constructed during the 
assessment of the City's Prairie Coteau aquifer well field. As indicated previously, municipal wells 
L 1, L2 and L3 were constructed by KWD in 2018. Observation wells NMW (1000N), EMW (650E), 
and BS Park MW were constructed by KWD for use in the 2020 Aquifer Test. In March 2021, 
KWD constructed an additional 8 observation wells. Five of the eight are completed in the Prairie 
Coteau aquifer (EMW2, L2MW-D, NEMW, NNMW, and SWMW-D), two of the eight are completed 
in surficial outwash (L3MW-S and SWMW-S), and one of the eight is completed in the till confining 
layer overlying the Prairie Coteau aquifer at L2 (L2MW-I). Some of the observation wells are 
5-inch in diameter and some are 2.5 inch in diameter (the diameter was determined by the timing 
of the availability of PVC casing and screen). 
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LRE observed the installation of the March 2021 observation wells, and a detailed geologic 
description of the materials encountered during the drilling of the wells is provided in the LRE well 
construction logs (well logs) provided in Appendix B. LRE utilized the Unified Soil Classification 
System (USCS) to describe the texture and grain size of the samples. 

Four principal materials were encountered and sampled during the installation of the observation 
wells: 1) topsoil: 2) outwash, 3): unoxidized till, and 4) oxidized till. The topsoil is comprised 
primarily of dark brown silty clay. The till, both the oxidized and unoxidized till, is predominantly 
clay, that contains a variable amount of other materials, including silt, fine to coarse sand,. fine to 
coarse gravel, cobbles and boulders. A boulder with an estimated 1-foot diameter of Milbank 
Granite was encountered at 22 feet below ground surface (ft bgs) in SWMW-O. The till, particularly 
the un-oxidized till, was sometimes quite dense. The unoxidized till is referred to as "blue clay" by 
KWD and other drillers. 

The oxidized till is comprised of the same materials as the un-oxidized till. The oxidized till is 
typically yellowish-brown in color. The color is generally a thin coating of yellow-brown material 
on the otherwise mostly gray-colored clay. 

The outwash generally consists of medium to coarse sand, with varying amounts of gravel, often 
with minor amounts of silt and clay. However, it was not uncommon to encounter clay-rich lenses 
or clay layers within the outwash. 

The larger grain sizes in the outwash are typically angular to sub-angular, and the finer-grained 
materials are rounded to subrounded. The rocks and minerals observed in the outwash include 
granite, limestone, quartz, quartzite, chert, shale and possibly very fine lignite particles. The fine 
to very fine sand is comprised of primarily clear quartz. The outwash is poorly sorted. The poor 
sorting and variable degree of particle rounding is characteristic of outwash. 

There are three outwash bodies (surficial, intermediate, and Prairie Coteau aquifer) located in the 
first 150 feet of till in the Project Area (Table 1). The thickness, lateral location, and elevation of 
the three units are variable, and the averages are reported here (refer to Table 1 for more detail). 
The surficial outwash extends from near the surface to approximately 21 ft bgs. The intermediate 
outwash, that, with the exception of the BS Park MW, is from 1 to 22 feet thick, is present at 
approximately 50 ft bgs. Technically speaking, if the definitions of Hedges (1982) and Kume 
(1985) are applied, the intermediate outwash in the Project Area should be considered the Prairie 
Coteau aquifer. 

Outwash bodies that are on average 16 feet thick and meet the definition of the Prairie Coteau 
aquifer are present at approximately 83 to 108 ft bgs (and deeper at SWMW-D). The color of the 
Prairie Coteau aquifer outwash is nearly always yellowish brown, indicating a degree of oxidation. 
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Lake Norden is located in an area referred to by South Dakota Game Fish and Parks as the glacial 
lakes region, and there are literally hundreds of lakes scattered throughout the Coteau des 
Prairies. The well field is located between Lake Norden and Lake Mary, and other lakes in the 
vicinity are shown in Figure 2. Lakes Norden, Mary, St. John and Albert are interconnected, and 
water flows from north to south. These four lakes and Lake Marsh to the north are shallow lakes, 
ranging in depth from 2 to 10 feet (Table 2, Kume, 1985). Lake Poinsett is deeper, with a reported 
average depth of 10 to 12 feet (Kume, 1985). It should be noted that the depths reported by Kume 
( 1985) are data from 1977, and it is likely that, due to relatively wet conditions experienced by the 
region over the last two decades, the current depths of these lakes are likely 25% or more greater 
than the depths reported by Kume (1985). 

The lakes in Figure 2 are likely in hydraulic connection with the surficial outwash (symbols Qwlo 
and Qwloc in Figure 2) and the lacustrine sediments (symbols Qwllc and Qwll in Figure 2). During 
wet periods, with significant amounts of recharge, groundwater from the outwash and lacustrine 
sediments likely discharges to the lakes. During drought conditions, it is possible that water from 
the lakes may discharge to groundwater. 

The streams in the Project Area are not located within the Big Sioux River watershed. Surface 
water drainage in the Project Area is classified as "internal drainage only" in Beissel and 
Gilbertson (1987). 

2.4 GROUNDWATER QUALITY 
The observation wells installed by KWD in March 2021 were developed by the air-lift method. 
Each well was developed for at least an hour until the sediment content of the groundwater being 
discharged was largely removed. The water discharged from SWMW-S during development had 
a strong odor, similar to hydrogen sulfide. KWD sampled the BS Park MW in March 2021, and 
purged the well by air-lift development while drilling the SWMW-S. The water discharged from BS 
Park MW also exhibited a strong odor, similar to that noted in the SWMW-S discharge. 

Personnel from the City measured the pH and temperature of the well discharge in the field. The 
pH values generally range from 7.16 to 8.43, and the temperature values range from 51.2 degrees 
Fahrenheit (°F) to 58.2 °F (Table 2). 

Following well development, KWD collected water quality samples and shipped them to Ward 
Laboratories, Inc. of Kearny, NE. KWD also collected a sample from L2 on April 14, 2021, 
approximately 2 days before the end of the pumping period of the 30-Day Test. The samples were 
analyzed for 18 different water quality parameters jointly selected by Banner and LRE, including 
total iron, total manganese, sulfate, total hardness, nitrate, and total dissolved solids (TDS). The 
results are shown in Table 2, and copies of the laboratory reports are included in Appendix C. 
Also shown in Table 2 are the elevations of the well screened intervals, the maximum contaminant 
levels (MCLs), and the secondary MCLs. 
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The water in all the samples is very hard, which is common for groundwater sources in eastern 
South Dakota. In those wells completed in the Prairie Coteau aquifer, the TDS concentrations 
ranged from a low of 845 milligrams per liter (mg/L) in NNMW to a high of 1,154 mg/Lin SWMW-D. 
These hardness and TDS data are consistent with Kume (1985), who reported that water from 
the Prairie Coteau aquifer is very hard, with TDS concentrations averaging approximately 1,200 
mg/L. The only samples in the Deuel and Hamlin county study (Kume 1985) with TDS 
concentrations less than 1,000 mg/L were obtained from wells that were less than 250 feet deep. 

The water quality of the Prairie Coteau aquifer wells located in or adjacent to the City's Prairie 
Coteau well field is significantly better than the quality of the wells located some distance from 
the well field. For example, the total iron concentrations in L2, L2MW-D, EMW2, and NNMW are 
significantly less than the iron concentrations measured in the other Prairie Coteau aquifer wells, 
and are below the secondary MCL for iron of 0.3 mg/L. The manganese concentrations in these 
same 4 wells, while exceeding the manganese secondary MCL of 0.05 mg/L, are lower than the 
manganese concentrations in the other 5 wells. 

In the Prairie Coteau aquifer samples, calcium and magnesium are the dominant cations and 
bicarbonate and sulfate are the dominant anions, which is consistent with Kume (1985). The 
sulfate concentrations, with the exception of SWMW-D, are below the secondary MCL for sulfate 
of 250 mg/L. The superior water quality of the City's Prairie Coteau aquifer well field suggests a 
source of recharge that has had relatively little residence time in the aquifer. 

Concentrations of nitrate measured at levels above the laboratory reporting limit of 0.1 mg/I were 
only measured in L3MW-S (10.1 mg/L), SWMW-D (0.1 mg/L), L2 (0.2 mg/L) and NEMW (0.1 
mg/I). The concentration in L3MW-S exceeds the MCL of 10 mg/Land is likely elevated due to 
fertilizer application (the well is shallow, and located on the edge of a field that in 2020 was planted 
with corn). Kume (1985) states that, for the Prairie Coteau aquifer, "Of the wells sampled, many 
were high in nitrate, but the elevated nitrate levels probably are due to inadequate sealing of the 
casing or well bore to surface or near-surface drainage rather than to naturally high nitrate in the 
aquifer or to large-scale areal infiltration of nitrate." Well seal integrity is not in doubt with the 30-
day Test wells, and it is therefore likely that the relatively low nitrate concentrations in the Prairie 
Coteau aquifer wells are due to infiltration of groundwater originating from shallow sediments 
containing groundwater with relatively higher nitrate concentrations. 

2.5 GROUNDWATER ELEVATIONS 
The static (pre-pumping) groundwater elevations in the surficial aquifer wells, (L3MW-S -
1,654.94 feet, SWMW-S - 1,654.96 feet, and the BS Park MW-1, 654.48 feet), measured in the 
background monitoring period of the Test, are all within ½-foot of each other. The groundwater 
elevations in L3MW-S and SWMW-S indicate water-table conditions. The static groundwater 
elevation in BS Park MW appears to be confined, with the static water level approximately 4 feet 
above the top of the shallow outwash. The static groundwater elevations are provided in Table 3. 
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The average of the three static level elevations is 1,654.80 feet. The most recent surface water 
elevation data, for the nearby lakes, from September 29, 2020, were obtained online from the 
DANR (https://apps.sd.gov/NR65Lakelnfo/public.aspx). The elevations are as follows: Lake 
Norden - 1655.24 feet, Lake Mary - 1652.47 feet, and Lake St. John - 1,652.29 feet. While these 
elevation data are not time coincident, the data indicate that static water levels in the surficial 
outwash are likely a few feet above the lake levels, which would be expected in this hydrogeologic 
environment. 

With the exception of SWMW-D, the groundwater elevations in the Prairie Coteau aquifer wells 
are from 72 feet to 87 feet above the top of the aquifer (Table 3). The static level in SWMW-D is 
124.61 feet above the top of the aquifer. A groundwater elevation contour map for the Prairie 
Coteau aquifer is provided in Figure 3. The elevations do not contour very well, due to the 
geometry of the well locations, but in general suggest a hydraulic gradient generally from 
northeast to southwest. 

2.6 GROUNDWATER BUDGET AND AQUIFER DISCHARGE AND RECHARGE 
There is an estimated 5,000,000 acre-feet of groundwater in storage in the Prairie Coteau aquifer 
in Deuel and Hamlin counties (Kume, 1985). Due to the discontinuous nature of the buried 
outwash bodies that comprise the Prairie Coteau aquifer, it is unlikely that all of the outwash 
bodies are directly hydraulically connected. Recharge to the aquifer occurs via infiltrating 
precipitation and lateral inflow from till adjacent to the aquifer (Buhler and Goodman, 2008). It is 
also likely that recharge occurs from adjacent surficial outwash bodies, as described by Hedges, 
et. al. (1982), as well as infiltration of precipitation to the unconfined portions of the confined 
aquifer, as described by Hedges, et. al. (1985). 

The Hedges, et. al. (1985) report on groundwater recharge rates for unconfined and confined, 
buried and non-buried aquifers in eastern South Dakota is an important reference from which 
recharge rates are often cited. The report states that " .... for management and development 
programs the minimum recharge rate to confined aquifers is estimated to be 0.15 inches per year 
(in/yr) and the maximum rate is 0.50 in/yr. Locally, where the confined aquifers encountered 
unconfined conditions, the recharge rates may be within the range calculated for non-buried 
surficial aquifers." Hedges, et. al. (1985) calculated a recharge rate of 4.0 in/yr for the Big 
Sioux:Brookings aquifer, and a recharge rate of 4.9 in/yr for the unconfined portion of the Prairie 
Coteau buried confined aquifer. 

The relatively good water quality near the City's Prairie Coteau aquifer well field suggests a nearby 
source of recharge, with the relatively lower degree of mineralization suggesting less residence 
time. There is a great deal of surface water in the Project Area, and outwash deposits are fairly 
ubiquitous. 

There are no industrial use or irrigation permits authorizing withdrawals from the Prairie Coteau 
aquifer in the Project Area. Consequently, discharge is limited to withdrawals by domestic wells 
and to overlying or adjacent sediments (mostly till). 
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Nearby domestic wells are shown in Figure 1. The Korpen-Kaskie well has been abandoned and 
the home at that property is connected to the municipal water supply (City of Lake Norden, 
personal communication, 2021), and the Bentley well is 25 feet deep (Banner, personal 
communication, 2021) and is therefore completed in surficial outwash. The volume of 
groundwater used by the remaining 6 domestic wells (Figure 1) is insignificant compared to the 
groundwater in storage in the Prairie Coteau aquifer. Withdrawals from the City will lower the head 
in the nearby domestic wells, particularly the two wells labeled as Larson DW-00488 and Larson 
DW-26216. Based on the well logs for these two wells (Appendix B), there is from 51 to 63 feet 
or more of head above the top of the aquifer at these two locations. The owner of these two wells 
(John Larson) is known to the City, and to date, no complaints indicating a reduced ability to pump 
from either of the wells have been received by the City. Further information regarding potential 
impacts to domestic wells is provided in Section 4.3.2 of this report. 

SECTION 3: 30-DAY TEST PROCEDURES 

As indicated previously, the 30-day Test was conducted in general accordance with the February 
22, 2021 Workplan. The 30-day Test was conducted by the City and by Banner. 

City water demand during the 30-day Test was met by the water pumped from L2 during the Test, 
supplemented occasionally with water pumped primarily from City Well #9 with minor 
contributions from Wells #1, #2, and #3. City Wells #1, #2, #3 and #9 are located in the City's Big 
Sioux:Brookings aquifer well field located west of the lake (Lake Norden). The City did not pump 
from Prairie Coteau aquifer wells L 1 and L3 during the 30-day Test. 

3.1 TEST SCHEDULE 
The 30-day Test was divided into three periods: the background monitoring period, the pumping 
period, and the recovery period. The background monitoring period was from February 22, 2021 
to March 17, 2021. The City's Prairie Coteau aquifer well field was shut down for the background 
period to allow water levels to return to static conditions before conducting the 30-day Test. The 
pumping period of the 30-day Test began at 11 :00 AM on March 17, 2021 and was completed 30 
days later at 11: 16 AM on April 16, 2021. L2 was the pumping well, and pumping from L2 was 
continuous, with no interruptions, throughout the 30-day Test. Start and stop times, pumping 
duration, pumping rate, and recovery period information are provided in the Aquifer Test Summary 
Sheet in Appendix D. The recovery period was from 11: 16 AM on April 16, 2021 to 3:20 PM on 
April 30, 2021. 
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Wells monitored during the 30-day Test included the following, listed below by aquifer or 
formation. The well locations are shown in Figure 1. 

Prairie Coteau aquifer: L 1, L2, L3, L2MW-D, EMW2, NMW, NNMW, NEMW, SWMW-D 

- Till Confining Layer: L2MW-I 

Big Sioux:Brookings aquifer: L3MVV-S, BS Park MW, SWMW-S 

Well logs are provided in Appendix B and well details are summarized in the Aquifer Test 
Summary Data Sheet in Appendix D. 

3.3 MONITORING EQUIPMENT 
Water levels were monitored during the 30-day Test using dedicated In-Situ LevelTroll pressure 
transducers with integrated data loggers installed by Banner in L2MW-D, EMW2, NMW, NNMW, 
NEMW, SWMW-D, L2MW-I, L3MW-S, BS Park MW, and SWMW-S. Dedicated and existing TE 
Connectivity KPSI 320 transducers with integrated SCADA communication are installed and in 
routine use in the three City wells L 1, L2, and L3. Transducer specifications are provided in the 
Aquifer Test Summary Data Sheet in Appendix D. In addition, manual water-level measurements 
were collected periodically in the wells equipped with a transducer using an electronic water-level 
meter. 

Data were downloaded from the transducers and manual water level measurements were 
collected weekly throughout the 30-day Test. The water-level displacement versus time data were 
plotted to illustrate the progress during the 30-day Test, and to evaluate if the transducers were 
functioning properly. The manual measurements confirmed that the transducers recorded the 
water level fluctuations correctly. 

An existing flow-rate meter, located at the water treatment plant and connected to the SCADA 
system, was used to record the flow rates during the 30-day Test. The flow-rate meter is located 
downstream from the raw-water manifold that connects all of the municipal wells from the Prairie 
Coteau and Big Sioux well fields. The City wells are not individually metered. 

3.4 FLOW RATES AND DISCHARGE WATER 
Flow rate data was available with each weekly SCADA download. Flow rates specific to L2 were 
only available when City Wells #1, #2, #3, and #9 were not in use. However, utilizing data from a 
calibrated raw water pipeline hydraulic model, pre-testing conducted by the City pumping L2 and 
Well #9 individually and together and recording the flow rates, and the pump drive frequency 
information recorded by the SCADA system, an accurate flow rate for L2 was determined. The 
uniform drawdown curve of L2 is also a manifestation of the constant pumping rate. 

L2 was pumped at an average rate of 353 gpm for the duration of the 30-day Test. Flow-rate 
readings and specific capacity versus elapsed time are graphed on Figure 4. The 12 pumping 
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rate was held nearly perfectly constant during the entire 30-day Test which allowed the collection 
of high-quality water-level displacement versus time data for the pumping and recovery periods. 
Flow rate data recorded during the pumping period of the 30-day Test are provided in the Aquifer 
Test Summary Data Sheet in Appendix D. 

Pumped groundwater was conveyed from L2 using the existing raw-water pipeline from the Prairie 
Coteau well field to the water treatment plant. There were no discharges to the ground surface 
during the Test and no receiving surface water bodies. 

3.5 PRECIPITATION AND BAROMETRIC PRESSURE 
Precipitation and barometric pressure data were downloaded from Weather Underground for the 
KSDHA YTl5 weather station located in Hayti, SD. There were several small precipitation events 
during the 30-day Test that did not influence water levels; however, three larger precipitation 
events on April 6, 7, and 8, 2021 resulted in a rise in water levels in all wells, with the possible 
exception of L2MW-I. The water level in L2MW-I was on a continual rise since the installation of 
the transducer, and it is not possible to distinguish if the precipitation influenced the water level in 
the well. 

Approximately 17,500 minutes into the pumping period, a steep drop in barometric pressure 
produced a slight decrease in the water levels in L 1, L2, and L3 (Appendix E). The pressure 
decrease did not influence the water levels in the other observation wells; therefore, barometric 
pressure likely is not influencing water levels in the Prairie Coteau aquifer. This decrease in water 
level with a decrease in barometric pressure is opposite of what is normally observed, and is 
believed to be an artifact associated with the construction methods associated with the TE 
Connectivity KPSI 320 transducers utilized in L 1, L2 and L3. In any case, the apparent barometric­
induced change in the water-levels in these three wells was insignificant relative to the entire data 
set. There were no significant influences from barometric pressure on water levels in any of the 
wells during the 30-day Test. The precipitation and barometric pressure data are provided on the 
qualitative plots in Appendix E. 

3.6 SITE SURVEY 
Top-of-casing measuring point elevations, average grade elevations, and horizontal coordinates 
were determined by surveys conducted by Banner in August 2020 and March 2021. The 
horizontal coordinates are referenced to NAO 83 South Dakota State Plane in feet and the 
elevations are referenced to NAVO 88 in feet. 

SECTION 4: RESULTS AND DISCUSSION 

The data obtained from the 30-day Test are of very high quality, thereby facilitating qualitative 
and quantitative analysis. These high-quality data were made possible by the City's excellent 
efforts in keeping the L2 flow rate constant and un-interrupted and by Banner's competent 
execution of field procedures (programming and installing transducers followed by weekly data 
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downloads). This section of the report provides the results of the qualitative and quantitative 
analysis, drawdown projections, and a discussion of potential impacts associated with the long­
term pumping from the City's Prairie Coteau aquifer well field. 

4.1 QUALITATIVE ANALYSIS 
The static groundwater elevations prior to the pumping period of the 30-day Test are provided in 
Table 3 and on Figure 3. Groundwater elevation and drawdown versus time data for the wells are 
shown in Figure 5, and on well hydrographs provided in Appendix E. Also shown in Figure 5 is 
the precipitation amounts received during the 30-day Test. 

The purpose of monitoring water levels in L2MW-I was to determine if pumping could induce 
infiltration of groundwater through the till. However, no influence from pumping was observed in 
L2MW-I; consequently, no further analysis of the data was conducted. The analysis is limited to 
the data from those wells completed in the Prairie Coteau and Big Sioux:Brookings aquifers. 

4.1.1 PRAIRIE COTEAU AQUIFER 
Influence from pumping is apparent in the drawdown versus time data from L 1, L2, L3, L2MW-D, 
EMW2, NMW (1000N), NNMW, and SWMW-D. No drawdown attributable to pumping from L2 
was observed in NEMW. The water level response observed in the Prairie Coteau aquifer wells 
shows the following: 

1) The Prairie Coteau aquifer behaves like a confined to leaky confined system with no observed 
negative or no-flow boundaries. 

2) The Prairie Coteau aquifer receives recharge from precipitation within hours of the rainfall 
event. This influence was observed in the 30-day Test data after about 30,000 minutes of elapsed 
time (Figure 5). 

3) The precipitation recharge response in the Prairie Coteau aquifer was nearly identical to the 
precipitation recharge response observed in the Big Sioux:Brookings aquifer. This similar and 
rapid response of the two aquifers to precipitation suggests that, although not directly hydraulically 
connected at the Site, the two aquifers are likely hydraulically connected elsewhere. 

The Prairie Coteau aquifer groundwater elevations at the end of the pumping period are contoured 
in Figure 6. Because no negative boundary conditions were observed in the data, it was inferred 
that drawdown is radial around the pumping well, and the inferred drawdown contours are shown 
in Figure 7. Additional Test information for each well and observed drawdown is provided in 
Appendix D and E. 

The drawdown at the end of the pumping period of the 30-day Test is provided in the Aquifer Test 
Summary Data Sheet in Appendix D and ranged from 53.01 feet in L2 to 1.46 feet in SWMW-D. 
Using an average pumping rate of 353 gpm, L2 had a specific capacity of 6.66 gallons per minute 
per foot (gpm/ft) of drawdown at the end of the 30-day Test. 
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It is an industry standard to, at a minimum, monitor water-level recovery after shutdown for the 
same duration as the pumping period, or until the observation wells have recovered to at least 90 
percent of their pre-pumping (static) water levels. However, water levels in the Prairie Coteau 
aquifer wells recovered to 99- to 100-percent of the static levels within approximately 14 days. 
Based on the observed amount of recovery, and to assist the City with meeting growing seasonal 
water demand, the recovery period of the 30-day Test was terminated at 3:20 PM on April 30, 
2021. Representatives of the WRP, SDGS, and the City approved the termination of recovery 
monitoring during a conference call on April 29, 2021. 

A distance-drawdown plot is provided on Figure 8 (and in Appendix E). The distance-drawdown 
plot indicates that there is good correlation in drawdown versus distance from L2 in the Prairie 
Coteau aquifer. The distance-drawdown plot was used to estimate the several different radii of 
influence from pumping in L2 (Figure 9), as discussed further in Section 4.2.4. 

4.1.2 BIG SIOUX:BROOKINGS AQUIFER 
The water level response observed in the Big Sioux:Brookings aquifer, as monitored in L3MW-S, 
BS Park MW, and SWMW-S, during the 30-day Test shows the following: 

1) Water-levels in the Big Sioux:Brookings aquifer observation wells were not influenced by 
pumping from L2. 

2) Water-levels in the Big Sioux:Brookings aquifer observation wells rose within hours of a rainfall 
event (Figure 5), confirming that the surficial outwash of the Big Sioux:Brookings aquifer is 
recharged by the infiltration of precipitation. 

3) The precipitation recharge response in the Big Sioux:Brookings aquifer was nearly identical to 
the response observed in the Prairie Coteau aquifer. This similar and rapid response of the two 
aquifers to precipitation suggests that, though not directly hydraulically connected at the Site, the 
two aquifers are likely hydraulically connected elsewhere. 

4.2 QUANTITATIVE ANALYSIS 
The quantitative analysis consists primarily of calculating the T and S based on the water-level 
displacement versus time data. Diagnostic plots of the data were also constructed and analyzed 
to provide further information about the possible presence of boundary conditions and insight into 
the aquifer extent. 

4.2.1 Boundary Conditions 
There were no negative boundary conditions observed during the 30-day Test. This indicates that 
the Prairie Coteau aquifer is laterally extensive or is sufficiently hydraulically connected with other 
buried and surficial aquifers, and potentially surface waters. A positive or recharge boundary 
condition was observed during the 30-day Test. The positive boundary was due to a prolonged 
precipitation event from April 6, 20201 to April 8, 2021 and resulted in a rise in water levels during 
the pumping period of the Test. The location of the hydraulic connection between the Prairie 
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Coteau aquifer and the ground surface (to receive recent precipitation recharge) is unknown; 
however, the 30-day Test data indicate a nearly identical recharge response in both the Prairie 
Coteau aquifer and Big Sioux:Brookings aquifer observation wells. 

4.2.2 Diagnostic Evaluation and Recharge Trend Water-Level Corrections 
Prior to conducting the quantitative analysis, several diagnostic evaluations were completed for 
each observation well. This included: 1) review of the input data to determine how much data or 
which dataset to analyze; 2) review of the drawdown curves on semi-log graphs to determine if 
the slopes doubled or halved and, if so, evaluate if that was indicative of a boundary condition; 3) 
review of the linear and bilinear diagnostic plots in AQTESOLV, which indicate the occurrence of 
channel aquifer or lateral leakage from channel sidewalls, respectively; and, 4) consideration of 
the conceptual hydrogeologic model when evaluating the appropriateness of applying boundary 
conditions, if necessary, and how those conditions may affect the data. 

The results of the diagnostic plot analysis indicate that the aquifer is not a channel aquifer and 
that drawdown during the pumping period had largely stabilized prior to the recharge that occurred 
during the precipitation received approximately 3 weeks into the pumping period. Additional 
details regarding the diagnostic plot evaluation are provided in Table 4. 

A general increasing background trend was observed in the recovery data, resulting in water 
levels recovering to above their pre-pumping static levels. This increasing background or regional 
water-level recovery trend is likely due to a combination of seasonal (spring) conditions and the 
precipitation-based recharge event that occurred between April 6 and 8, 2021. 

A water-level correction factor was estimated based on the recharge trend observed in all of the 
wells. This water-level correction factor was applied to the data for the purpose of removing the 
effect of the recharge associated with this increasing background water-level trend. The purpose 
of the water-level correction was to create a dataset uninfluenced by the precipitation and 
background recharge trend. The background trend was estimated and applied, as an adjustment, 
to the water-level elevation and drawdown data. The magnitude of the trend adjustment is 
observed by comparing the unadjusted water elevation data in Figure 10 to the adjusted data in 
Figure 11. As illustrated in Figures 1 O and 11, applying the trend adjustment resulted in more 
drawdown relative to the unadjusted data, allowing for more conservative approach when 
projecting drawdown into the future. 

4.2.3 Aquifer Parameters 
Values for T and S were calculated for a confined aquifer and leaky confined aquifer using 
AQTESOLV (ver.4.5) and data from L 1, L2, L3, L2MW-D, EMW2, NMW, NNMW, and SWMW-D. 
Well construction information was not included in the analysis because partial penetration affects 
are negligible due to the limited aquifer thickness (less than 21 feet) and comparatively large 
distance between the wells. The aquifer thickness varied per well and ranged from 12 feet at 
SWMW-D to 21 feet at L2MW-D. Also, since the L2 screen is fully penetrating (e.g. the screen 
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crosses the entire aquifer thickness), partial penetration effects are negligible and laminar flow is 
assumed in the Prairie Coteau aquifer. 

The confined Theis (1935), confined Cooper-Jacob (1946), leaky-confined Hantush-Jacob 
(1955), and leaky-confined Neuman-Witherspoon (1969) solutions were used to estimate T and 
S. Additionally, the Theis (1935) recovery method was used to analyze the recovery data. The 
leaky-confined solutions were applied to all wells except for SWMW-D, which did not show a 
leaky-confined response. The T values ranged from 1,441 to 4, 729 ft2/day with a geometric mean 
of 2,721 ft2/day, and S ranged from 2.98x10-7 to 1.02x10-3 with a geometric mean of 1.48x10-5. 

Hydraulic conductivity, calculated by dividing T by the aquifer thickness at each well, ranged from 
69 to 394 feet per day (ft/day) with a geometric mean of 165 ft/day. This range in hydraulic 
conductivity is consistent with what would be expected in an aquifer comprised of sand and gravel 
outwash deposits. 

Interestingly, SWMW-D had the highest T and S values and fell farthest from the straight line on 
the distance drawdown plot (Figure 8). This indicates that the drawdown in SWMW-D may be the 
result of an indirect groundwater flow path that may be longer than the Euclidean distance to L2. 
The fact that the distance to SWMW-D from L2 may be artificially low, since the Euclidean 
distance was utilized in the AQTESOL V solutions, could e>_<:plain the resulting high T and S values 
relative to those determined from the other wells. 

The Theis (1935) recovery solution was used to evaluate the ratio of storativity during pumping 
(S) to the storativity after pumping (S'). In general, S/S' ratios greater than 1 indicate a positive 
boundary and ratios <1 indicate a negative boundary. The SIS' ratios ranged from approximately 
2.3 to 3.3 with a geometric mean of approximately 2.8, indicating that there are positive boundary 
conditions present. The quantitative analyses are provided in Appendix F and the results are 
summarized in Table 5. 

4.2.4 Distance-Drawdown Analysis 
Distance-drawdown analysis was completed to estimate the theoretical radius of influence (ro) for 
the 30-day Test's cone of depression in the Prairie Coteau aquifer. Four radii were calculated, 
and are shown in Figure 9. The radii were calculated using the following data: 

1) ro = 15,804 ft: used all Prairie Coteau aquifer wells that had pumping-induced drawdown (L2, 
L2MW-D, L3, EMW2, L 1, NMW, NNMW, and SWMW-D), and the drawdown measured at the end 
of the pumping period of the 30-day Test (drawdown influenced by the recharge associated with 
the April 6th and 8th precipitation events); 

2) ro = 18,455 ft: used only select Prairie Coteau aquifer wells that had pumping-induced 
drawdowns that exhibited a generally linear trend relative to each other (L2MW-D, L3, EMW2, 
NMW, and NNMW), and the drawdown measured at the end of the pumping period of the 30-day 
Test (drawdown influenced by the recharge associated with the April 6th and 8th precipitation 
events); 
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3) ro = 19,804 ft: used only select Prairie Coteau aquifer wells that had pumping-induced 
drawdowns that exhibited a generally linear trend relative to each other (L2MW-D, L3, EMW2, 
NMW, and NNMW) and drawdown data from before the precipitation and recharge event (21 
days); and, 

4) ro = 23,099 ft: used only select Prairie Coteau aquifer wells that had pumping-induced 
drawdowns that exhibited a generally linear trend relative to each other (L2MW-D, L3, EMW2, 
NMW, and NNMW) and adjusted drawdown data (adjusted for the background trend previously 
discussed) from before the precipitation and recharge event (21 days). 

As shown in Figure 8, drawdown generally increased in all wells with increased time during the 
30-day Test. However, the recharge associated with the precipitation events decreased the 
drawdown, thereby decreasing the calculated radius of influence. This is why two radii were 
calculated utilizing the data from day 21 prior to the recharge event. Although the four calculated 
radii are similar, and within the same order of magnitude, their differences illustrate the impact of 
time and recharge on the radius of influence calculations. 

4.2.5 Groundwater Recharge Estimation 
Several small precipitation events occurred during the 30-day Test with no perceived influence 
on water levels. However, a prolonged precipitation event occurred on April 6 (1.7 inches}, April 
7 (1.46 inches}, and April 8 (1.05 inches}, for a three-day total of 4.21 inches (0.351 ft). This 
precipitation resulted in rising water levels in all 30-day Test observation wells (with the possible 
exception L2MW-I, which was already on a rising trend). 

The hydrographs for all observation wells (except L2MW-I) were reviewed to estimate the amount 
of water-level rise due to the precipitation event. The water-table fluctuation (WTF) method was 
used to estimate the percentage of precipitation that entered the aquifer as recharge. The WTF 
method is generally only considered applicable to unconfined aquifers. However, the response to 
this precipitation was nearly identical in the observation wells completed in both the Prairie Coteau 
aquifer and Big Sioux:Brookings aquifer. This similarity in response suggests that the Prairie 
Coteau aquifer likely receives recharge from an unconfined source, in direct connection with the 
ground surface and infiltrating precipitation. 

An example hydrograph measuring the rise in water level due to the precipitation event at 
L2MW Dis provided in Appendix G. The corresponding water-level rise in each observation well 
was multiplied by a porosity of 0.25 to estimate an equivalent height of water (without the aquifer 
matrix) and resulted in a range in heights from 0.1 ft (SWMW-D) to 0.325 ft (L2 and L3MW-S). 
The equivalent heights were divided by the precipitation event total to estimate the percentage of 
precipitation that contributed to the groundwater level increases and aquifer recharge. The 
percentage of total precipitation entering the aquifers ranged from 28 percent (SWMW-D) to 93 
percent (L2 and L3MW-S), with a geometric mean of 65 percent. 
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Annual average precipitation data for seven cities surrounding the Site, including Lake Norden, 
were queried from www.usa.com and www.usclimatedata.com/climate. The precipitation amounts 
ranged from 21.85 inches per year (in/yr) at Watertown, SD to 26.87 in/yr at Clear Lake, SD. Lake 
Norden has an annual average precipitation of 24.12 in/yr. The annual average precipitation for 
Lake Norden was multiplied by the following percentages to approximate a groundwater recharge 
rate: 

1) the geometric mean of 65 percent (15.67 in/yr of recharge); 

2) the low value of 28 percent (6.87 in/yr of recharge); and, 

3) a value of 10 percent which is commonly used in groundwater modeling applications (2.41 in/yr 
of recharge). 

Five additional groundwater recharge rates, available from Hedges et.al. (1985), were reviewed 
and included in the groundwater recharge evaluation. They include 5.6 in/yr, 4.0 in/yr, 2.0 in/yr, 
0.6 in/yr, and 0.15 in/yr. 

Each of the eight recharge rates presented above were applied to the four radii of influence 
(Figure 9) to estimate an annual recharge volume. The following three pumping rates were used 
to calculate an annual withdrawal volume: 1) 353 gpm (the 30-day Test rate}, 2) 500 gpm (a 
withdrawal similar to current City usage of the Prairie Coteau aquifer well field), and 3) 904 gpm 
(the annual appropriation of groundwater per WPA #8433-3). 

These assumed annual withdrawal volumes are compared to the estimated annual recharge 
volumes to calculate an approximate percentage of withdrawal relative to recharge. With three 
potential pumping rates, four potential radii of influence, and eight potential recharge rates, a total 
of 96 withdrawal/recharge percentages were estimated and are provided in Appendix G. The bar 
charts in Appendix G are color coded by pumping rate and radii of influence. The bars are also 
labeled with their corresponding recharge percentage in black (the annual withdrawal volume is 
less than 100 percent of the estimated annual recharge from precipitation) or red (the annual 
withdrawal volume is greater than 100 percent of the estimated annual recharge from 
precipitation). Of the 96 withdrawal/recharge scenarios, 81 scenarios have annual withdrawals 
that are less than the estimated annual recharge. The 15 scenarios that have annual withdrawals 
exceeding the estimated annual recharge occur at the lower assumed recharge rates of 0.15 in/yr 
or 0.6 in/yr. 

As indicated in Section 2.6, locally, where buried confined aquifers encounter unconfined 
conditions, the recharge rates may be within the range calculated for non-buried surficial aquifers. 
The estimated recharge rate for the Big Sioux:Brookings aquifer is 4.0 in/yr and the estimated 
recharge rate for the unconfined portions of the Prairie Coteau aquifer is of 4.9 in/yr (Hedges, et. 
al., 1985). These two calculated values are approximately midway between the 2.41 in/yr 
calculated based on 10% of the average annual recharge and the lower value calculated by LRE 
based on the precipitation received during the 30-day Test (6.87 in/yr). Although some solutions 
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in Appendix G indicate that there may be sufficient recharge to support withdrawals as high as 
approximately 900 gpm, the Prairie Coteau aquifer likely cannot support withdrawals of that 
magnitude due to the limitations associated with the Site-specific T and S values. 

4.3 DRAWDOWN PROJECTIONS 
One method for estimating future water levels is to project drawdown or groundwater elevation 
versus elapsed time trends using semi-log plots. This method is based on the assumptions of the 
Cooper-Jacob (1946) straight-line solution. Three future drawdown projections were created 
using 1) the 30-day Test data, 2) the long-term monitoring data collected by Banner from the 
Prairie Coteau aquifer well field under normal operations between October 2020 and December 
2020, and 3) the long-term monitoring data collected by Banner from the Prairie Coteau aquifer 
well field under normal operations between December 2020 and February 2021. 

4.3.1 Projections Based on the 30-day Test 
Figures 10 and 11 illustrate the Prairie Coteau aquifer observation wells' water elevation versus 
elapsed time using the data for which no background recharge correction was applied (unadjusted 
data) and the data with the background recharge trend removed (adjusted data), respectively (the 
water level adjustments are described in Section 4.2.2). Water-levels were projected into the 
future using the data between 10,000 minutes and 28,622 minutes, prior to the observed recharge 
from the precipitation event. The rise in water levels due to the precipitation event were excluded 
from the projections in order to estimate future water levels assuming recharge did not occur; a 
conservative approach. The straight-line projections were extended to 19 years. Both Figures 10 
and 11 illustrate that the projected water-levels at L 1, L2, and L3 do not fall below the top of 
screen or top of aquifer. This indicates that the Prairie Coteau aquifer is likely a viable long-term 
groundwater source at the 30-day Test rate (353 gpm) for the Site based on the straight-line 
projection and assumptions inherent to the Cooper-Jacob (1946) straight-line solution. 

4.3.2 Projections Based on Long-Term Monitoring Data 
Long-term monitoring data from the Prairie Coteau aquifer well field are provided in Figure 12 and 
represent three distinct pumping periods: 1) Operational Period #1 pumping L 1, L2 and L3 at an 
approximate combined rate of 534 gpm between October 2020 and December 2020, 2) 
Operational Period #2 pumping L 1, L2 and L2 at an approximate combined rate of 418 gpm 
between December 2020 and February 2021, and 3) Aquifer Testing Period pumping L2 only at 
an average rate of 353 gpm during the 30-day Test. Figure 12 also illustrates the total system 
pumping rate and the on/off cycling of wells L 1, L2 and L3. 

Water levels during Operational Period #1 decreased slightly with time, and it is unknown if the 
well field would eventually stabilize after longer pumping durations. Water levels during 
Operational Period #2 appeared to stabilize. 

Water level data during the two operational periods were analyzed to identify the lowest pumping 
elevation for each day and plotted (as blue, red, or green circles (Operational Period #1) or 
squares (Operational Period #2) on Figure 12. These data were conve~ed to elapsed time from 
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the start of each operational period in order to view the water level data on a semi-log plot (water 
elevation versus elapsed time) and estimate a linear forward projection of the water level data 
(Figure 13). As illustrated on Figure 13, projected water levels continue to decline slowly out to 
19 years. The water levels projected from Operational Period #1 (pumping at 534 gpm) decline 
an additional 5 feet The water levels projected from Operational Period #2 (pumping at 418 gpm) 
decline an additional 1 to 2 feet. In both cases, the water levels remain above the well screens in 
L 1, L2, and L3. 

4.4 POTENTIAL IMPACTS 
The DANR cannot recommend approval of a water permit application if the WRP determines that 
groundwater withdrawals under the proposed new appropriation will adversely impact senior 
water rights or nearby domestic wells. Consequently, potential impacts associated with 
withdrawals from the City's Prairie Coteau aquifer well field were evaluated. 

4.4.1 AQUIFERS 
The 30-day Test illustrated that pumping from L2 (and inferred from L 1 and L3) influenced water 
levels in only the Prairie Coteau aquifer. Water levels in the Big Sioux: Brookings aquifer or in the 
intermediate till were not influenced from pumping L2 during the 30-day Test. These results are 
consistent with the results of the 2020 Aquifer Test. However, data from the 30-day Test indicate 
that the Prairie Coteau and Big Sioux: Brookings aquifers both reacted similarly to the precipitation 
and recharge event in April 2021. This recharge response indicates that the two aquifers are likely 
hydraulically connected, allowing relatively rapid recharge from infiltration of precipitation. 

4.4.2 GROUNDWATER USERS & WELL INTERFERENCE 
Eight domestic wells are located near the Prairie Coteau aquifer well field as shown on Figure 1. 
Two of the eight wells (Bentley DW-depth_25-ft and Isaacson DW-26217) are completed in 
shallow or intermediate sand and gravel not associated with that portion of the Prairie Coteau 
aquifer from which the City is pumping (although technically the Isaacson well is completed in the 
Prairie Coteau aquifer). Pumping L2 for 30 days produced no measurable drawdown in any of the 
three Big Sioux:Brookings aquifer observation wells, and the Bentley well, with a reported depth 
of 25 feet, is completed in the Big Sioux:Brookings aquifer. 

No influence from pumping was observed in the NEMW located near the Isaacson well. Both of 
these wells are by definition completed in the Prairie Coteau aquifer, although the Isaacson well 
is screened at an elevation (1632 to 1652 feet) that is approximately 46 feet higher than the Prairie 
Coteau aquifer at L2. Additionally, the residence at the location of the Isaacson domestic well is 
served by Kingsbrook Rural Water (KWD, personal communication, 2021). The well labeled on 
Figure 1 as the Isaacson domestic well is actually located in a pasture west of the residence, and 
is rarely used. 

The potential for well interference between the City's Prairie Coteau aquifer well field and the six 
remaining Prairie Coteau aquifer domestic wells was evaluated using an analytical Excel-based 
tool and the confined Cooper-Jacob (1946) solution using the 30-day Test geometric mean values 
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of T and S. The evaluation assumed a pumping duration of 1 year and a pumping rate of 595 gpm 
(that is continuous, round-the-clock pumping at 595 gpm for 365 days). The amount of drawdown 
at each of the domestic wells that could potentially be induced by pumping from L 1, L2, and L3 at 
a combined rate of 595 gpm was calculated. This is a conservative approach because the Cooper­
Jacob (1946) solution does not include recharge, and there are multiple lines of evidence from 
the 30-day Test indicating recharge is occurring (SIS' values greater than 1, rapid rises in water­
levels following precipitation, even during pumping). The recharge reduces the overall amount of 
drawdown. 

The results of this evaluation indicate that the drawdown at the two closest domestic wells (Larson 
DW-00488 and Larson DW-26216, Figure 1) could be approximately 40 to 45 feet, respectively. 
The amount of available head at these two wells, based on the well logs (Appendix B), is from 51 
to 63 feet. As indicated previously, the owner of these wells, who is known to the City, has not 
indicated there have been any adverse impacts associated with the City's past and current 
pumping of L 1, L2 and L3, particularly during the period from August to December 2020. 

The drawdown induced by pumping at 595 gpm calculated at the more distant wells (Antonen, 
Hauschildt, and Hymans) utilizing the analytical Excel-based tool ranged from 28 to 33 feet. These 
three wells have available heads ranging from 88 feet to 139 feet, consequently no adverse 
impacts are likely. In addition, while drilling NNMW, a Kingsbrook Rural Water valve was observed 
near the entrance to the Hyman's residence. A member of the Hyman's household informed KWD 
that the connection between the valve and the home had not yet been completed, but was planned 
for 2021 (KWD, personal communication, 2021). 

No well interference between the City's Prairie Coteau well field and the City's Big 
Sioux:Brookings aquifer well field, which is located approximately 1.5 miles west of L2, is likely. 
There are no other known high-capacity wells located near the Site. 

4.5 POTENTIAL YIELD 
The Cooper-Jacob (1946) analytical well interference approach discussed above was also used 
to estimate the potential maximum yield of the City's Prairie Coteau aquifer well field. Two well 
efficiency values were used for L 1, L2, and L3; 85 percent (the value achieved during manual 
calibration of the analytical well interference tool to 30-day Test data) and 99 percent (the L2 
efficiency estimated from distance-drawdown analysis on Figure 8). Geometric mean values of T 
and S determined from the 30-day Test and a pumping duration of 1 year were used in the 
evaluation. Longer durations were not simulated because 30-day Test results showed the aquifer 
receives recharge rapidly from precipitation and the Cooper-Jacob (1946) solution does not 
include recharge. Therefore, simulating longer durations with the well interference tool may . 
overestimate the amount of drawdown. 

The results of this evaluation indicated that a long-term yield of approximately 550 to 600 gpm 
from the Prairie Coteau aquifer well field, while maintaining at least 10 feet of water above the top 
of the well screens in L 1, L2, and L3 and nearby domestic wells, is likely possible. The effects of 
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adding a fourth production well, located near SWMW-D, were evaluated with the analytical 
solutions. The results indicated that the total well field yield may only increase to approximately 
650 gpm (again maintaining at least 10 feet of water above the top of the well screens). The 
results of this evaluation indicate that the limiting factors relative to yield are the aquifer thickness 
and aquifer T and S, rather than the amount of recharge. 

SECTION 5: CONCLUSIONS 

The lack of negative boundary conditions observed in the 30-day Test confirm the conclusions 
relative to boundary conditions drawn from the 2020 Aquifer Test. The geometric mean of T values 
determined from the 30-day Test is 2,721 ft2/day, and the geometric mean of the S values is 
1.48x1Q-5_ The geometric mean of the hydraulic conductivity (K) is 165 ft/day. These values of T, 
S and K are consistent with what would be expected in a confined aquifer comprised of sand and 
gravel outwash deposits. 

The 30-day Test results confirm the HCM presented in Section 2 of this report. The Prairie Coteau 
aquifer, while lenticular and discontinuous in nature, appears to receive recharge directly from the 
infiltration of precipitation. The exact location and mechanism of recharge is unknown, but the 
most likely possibility is that the Prairie Coteau aquifer at some location directly underlies surficial 
outwash (the Big Sioux:Brookings aquifer), or an unconfined portion of the aquifer is near the 
ground surface. Multiple lines of evidence for the recharge include the observed water-level rise 
following a precipitation event, the lack of any observed negative boundary conditions (in either 
the 2020 Aquifer Test or the 30-Day Test), the SIS' values of 2.3 to 3.3 (greater than 1), and the 
superior water quality in the Prairie Coteau aquifer wells located near the City's Prairie Coteau 
well field. 

The rate of recharge to the City's Prairie Coteau aquifer well field, based on the recharge analysis 
conducted by LRE and compared with the Hedges, et. al. (1985) reported recharge rates (4.0 
in/yr Big Sioux:Brookings aquifer and 4.9 in/yr unconfined portion of Prairie Coteau aquifer}, is 
estimated to be from 2 in/yr to 6 in/yr. At this recharge rate, average annual withdrawals at a 
continuous pumping rate of 550 to 600 gpm would not exceed the annual recharge rate. At the 
higher end of the recharge rate range (6 in/yr), it is possible that annual withdrawals at a 
continuous pumping rate of 904 gpm (the amount requested by WPA #8433-3) would not exceed 
the average annual recharge. However, based on the available data, the aquifer cannot likely 
sustain withdrawals from the City's Prairie Coteau well field at continuous pumping rates greater 
than 550 to 600 gpm (887 to 967 ac-ft/yr) without producing drawdown that would lower the water­
levels to below the top of the aquifer. 

SECTION 6: RECOMMENDATIONS 

LRE recommends that withdrawals from the City's Prairie Coteau well field be limited to 967 ac­
ft/yr at a maximum instantaneous diversion rate of 1.34 cfs. It is further recommended that long-
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term monitoring of the water levels in the Prairie Coteau aquifer be cond.ucted utilizing at a 
minimum observation wells NNMW and EMW2, as well as the SCADA data from L 1, L2 and L3. 
The minimum frequency of the monitoring for the observation wells would be once per month. 
However, if dedicated transducers are installed in the observation wells, they should be 
programmed to record water levels hourly. LRE recommends that the results of the monitoring of 
the observation wells and pumping wells be evaluated on at least an annual basis. Adjustments 
to the data collection frequency should be determined based on the annual data review. 

The performance of L 1, L2, and L3 should be monitored and routinely evaluated and compared 
with performance benchmarks specific to each well.. Those performance benchmarks could 
include specific capacity, average monthly pump drive frequency, or other factors. 

It is also recommended that additional water supply options be investigated to provide redundancy 
and to support the continued population growth ofthe City. 
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Well 
BS Park MW 
EMW (650E) 

EMW2 

L1 
L2 

L2MW-D 

L2MW-I 
L3 

L3MW-S 
NEMW 

NMW (1000N) 
NNMW 

SWMW-S 
SWMW-D 

Averages 

Notes: 

Ground 
Surface 

Elevation 
(feet) 

1658.75 
1674.87 
1669.52 

1656.96 
1671.63 
1671.54 
1672.11 
1668.62 
1669.33 
1694.48 
1672.21 
1672.67 
1658.38 

1674.05 

1670.37 

Table 1 

Outwash Body Elevations and Prairie Coteau Aquifer Thickness 

30-Day Aquifer Pumping Test 
Banner Associates, Inc. 
Prairie Coteau Well Field 

Lake Norden, SD 

Surficial Intermediate Prairie Coteau 
Surficial Outwash Intermediate Outwash Aquifer Outwash 

Outwash Depth Elevation Outwash Depth Elevation Depth 
(ft bgs) (feet) (ft bgs) (feet) (ft bgs) 

8 38 1651 1621 48 82 1611 1577 

1.5 20 1673 1655 87 101 
2 18 1668 1652 88 103 
2 29 1655 1628 35 57 1622 1600 83 97 
3 13 1669 1659 85 103 
2 17 1670 1655 45 46 1627 1626 89 110 
2 19 1670 1653 
2 20 1667 1649 87 101 

3.5 21 1666 1648 
6 16 1688 1678 67 68 1627 1626 96 108 
4 18 1668 1654 84 103 
9 17 1664 1656 88 106 
3 32 1655 1626 

40 45 1634 1629 142 154 

3.7 21.4 1666.4 1648.7 47.0 59.6 1624.2 1611.6 92.9 108.6 
Prairie Coteau Aquifer Averages Excluding SWMW-D 87.4 103.6 

Prairie Coteau 
Aquifer Outwash 

Elevation 
(feet) 

1588 1574 
1582 1567 
1574 1560 
1587 1569 
1583 1562 

1582 1568 

1598 1586 
1588 1569 

1585 1567 

1532 1520 

1579.8 1564.1 
1585.1 1568.9 

Utilizing the Prairie Coteau aquifer definition in the text, the intermediate outwash could technically be considered part of the Prairie Coteau aquifer. 

ft bgs = feet below ground surface 
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t'rame 
Coteau 
Aquifer 

Thickness 
(feet) 

14 
15 
14 
18 
21 

14 

12 
19 
18 

12 

15.7 
16.1 

LRE Water 



Well Name SWMW-0 

Well Depth (feet) 
Ground Surface Elevation /feet) 
Too of Screen Elevation (feet) 
Bottom of Screen Elevation /feell 
Sample Date 
PHYSICAL PROPERTIES 
Electrical Conductivity 
Total Hardness (CaC03) 

Total Dissolved Solids 
IPH /measured bv laboratorvl 
pH (field) 
Temperature 
NON-METALLICS 
Total Alkalinity (as CaC03) 

Bicarbonate (HC03) 

Carbonate (C03) 

Chloride 
Fluoride 
Nitrate as N 
Sulfate 
METALS TOTAL 
Iron 
Manaanese 
Calcium 
Maanesium 
Potassium 
Sodium 
CATIONS/ANIONS BALANCE 
Cations 
Anions 

NOTES: 
mgil = milligrams per liter 
umhosicm = micro Mhos per centimeter 
mei l = milliequivalents per liter 

CaC03 = calcium carbonate 

N = nitrogen 

157 
1674.1 
1527.1 
1517.1 
311121 

1,920 
1,089 
1154 
7.8 
7.68 
52.2 

387 

470 

<1.0 
9 

0.23 
0.1 
278 

1.10 
4.15 
289.2 

88 
22 
75 

25.6 
25.3 

SWMW.S 

31 
1658.4 
1632.4 
1627.4 
311121 

2,010 
1,020 
1 206 

7.8 
7.92 
54.2 

452 

548 

<1.0 
18 

0.12 
<0.1 
265 

0.06 
2.66 
183.4 
135 
19 
87 

24.7 
26.1 

Denotes concentration that exceeds MCl or Secondary MCl 

BS Park MW 

82 
1660.0 
1598.0 
1578.0 

311121 

2,080 
1,079 
1,246 
7.8 
7.80 
54.3 

405 

490 

<1.0 

16 
0.14 
<0.1 
286 

4.42 
2.71 
195.4 
142 
23 
92 

26.2 
26.4 
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Table 2 

Water Quality Data 

30-Day Aquifer Pumping Test 
Banner Associates, Inc. 
Prairie Coteau Well Field 

Lake Norden, SD 

L2 L2MW-D EMW2 

103 110.7 103.7 
1671.6 1671.5 1669.5 
1588.6 1570.8 1575.8 
1568.6 1560.8 1565.8 
4114121 313121 3i1i21 

1,660 1,560 1,550 
876 833 902 
994 936 931 
7.5 7.7 7.7 
7.16 7.58 7.91 
52.5 51.2 58.2 

305 364 359 

371 442 436 

<1.0 <1.0 <1.0 
4 4 5 

0.35 0.30 0.30 
0.2 <0.1 <0.1 
211 194 208 

<0.01 0.02 0.01 
0.09 0.43 0.14 
222.2 213.3 234.3 

77 72 76 
7 6 18 
41 43 45 

19.5 18.7 20.5 
19.4 19.5 20.3 

MCl = maximum contaminant limit 

L3MW.S 

21.1 
1669.33 
1657.73 
1648.2 

3i1i21 

1,010 
452 
608 
7.8 
8.43 
54.7 

394 

478 

<1.0 

15 
0.25 
10.9 
47 

3.45 
0.25 
98.7 
49 
5 

68 

12.1 
12.0 

NNMW NEMW 

106.6 111.2 Units MCL 
Secondary 

1672.7 1694.5 MCL 
1576.1 1593.4 
1566.1 1583.3 
3/1i21 3i1i21 

1,410 1,420 umhosicm 
758 838 moil 
845 851 mgil 500 
7.7 7.7 mai l 6.5 - 8.5 
7.59 7.87 
53.5 51.6 ° Fahrenheit 

378 443 mgll 

458 538 mgll 

<1 .0 <1.0 mg/l 
5 4 moll 250 

0.28 0.32 mail 4 2 
<0.1 0.1 mail 10 
157 154 mall 250 

0.15 2.32 mail 0.3 
0.73 0.76 moi l 0.05 
192.8 196.7 mail 

66 83 mai l 
19 17 mall 
39 39 mall 

17.3 18.8 mell 
17.4 18.5 me/L 

LRE Water 



Well Material 

L3MW-S Surficial Outwash / BiQ Sioux 
SWMW-S Surficial Outwash / Bii:i Sioux 

BS Park MW Surficial Outwash / Big Sioux 

L2MW-I Confining Till 

L1 Prairie Coteau Outwash 
L2 Prairie Coteau Outwash 
L3 Prairie Coteau Outwash 

NEMW Prairie Coteau Outwash 
NNMW Prairie Coteau Outwash 
EMW2 Prairie Coteau Outwash 
NMW Prairie Coteau Outwash 

L2MW-D Prairie Coteau Outwash 
SWMW-0 Prairie Coteau Outwash 

Notes: 

Table 3 

Static Elevations and Available Head 

30-Day Aquifer Pumping Test 
Banner Associates, Inc. 
Prairie Coteau Well Field 

Lake Norden, SD 

Static Elevation 
Date 

Top of Aquifer Elevation 
(feet) (feet) 

1654.95 3/17/2021 1665.83 
1654.96 3/17/2021 1655.38 
1654.48 3/17/2021 1650.75 

1644.19 3/17/2021 NA 

1661.42 3/17/2021 1573.96 
1661.54 3/17/2021 1586.63 
1661.12 3/17/2021 1581.62 
1675.81 3/17/2021 1598.48 
1661.90 3/17/2021 1584.67 
1659.29 3/17/2021 1581.52 
1660.45 3/17/2021 1588.21 
1659.99 3/17/2021 1582.54 
1656.66 3/17/2021 1532.05 

Available Head above 
Top of Aquifer* 

lfeet) 
-10.88 
-0.42 
3.73 

NA 

87.46 
74.91 
79.50 
77.33 
77.23 
77.77 
72.24 
77.45 
124.61 

* Positive values indicate aquifer is confined, and represents head in feet above the top of the aquifer. Negative values indicate aquifer is unconfined. 
NA: Not Applicable 
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Wells 

L2, 
L2MW-D, 

L3, 
L 1, 

EMW2, 
NMW, 

SWMW-D, 
NNMW 

Table 4 

Summary of Diagnostic Plots 

30-Day Aquifer Pumping Test 
Banner Associates, Inc. 
Prairie Coteau Well Field 

Lake Norden, SD 

Discussion 
Input Data: Transducers data quantity and quality is good. Transducers were programmed to a 2-minute linear sample rate. Manual water-level data indicated 
transducers worked orooerlv. 
Slope of Drawdown Curve: The slope of the drawdown curves generally stabilizes after approximately 500 minutes in to the Test, with the exception of 
SWMW-D which stabilizes after annroximatelv 10 000 minutes in to the Test due to its distance from L2. 

Linear Diagnostic Plot: Data does not indicate a channel aquifer as there is not a 1: 1 straight line section of the drawdown curve in late time on the time 112 

lolot. 
Bilinear Diagnostic Plot: Data does not indicate lateral leakage as there is not a 1 :1 straight-iine section of the drawdown curve in late time on the time 114 

plot, with the exception of NNMW drawdown data which appears to approximate the 1 :1 straight-line. Although the Linear and Bilinear Diagnostic plots do not 
indicate a channel aquifer, the conceptual model and SDGS cross section (Appendix A) indicate that the aquifer is laterally complex, may thin in areas, and 
mav be hvdraulicallv connected to other buried and surficial aauifer svstems. 

Derivative Plot: Drawdown derivative data, shown on the quantitative plots as similarly colored crosses (transducer drawdown derivative), illustrate a 
relatively stable profile in mid- to late-time, indicating aquifer response to pumping had stabilized. However, the late-time recharge event influenced the 
resulting derivative. The derivative response indicates the aquifer responds as a non-leaky confined aquifer to a leaky confined aquifer. 

Boundary Condition: There are no apparent negative boundary conditions as seen in the drawdown response even though the conceptual model and SDGS 
cross section (Appendix A) indicate that the aquifer is laterally complex and may thin in areas. The SDGS cross section also indicated that the aquifers (buried 
and surficial) may be hydraulically connected. Additionally, there is potential for leakage from the overlying clay and interconnected aquifer systems; however, 
this was not identified in data from L2MW-I or L3MW-S and other shallow observation wells. 
Comment: Precipitation events on 4/6/2021, 4n/2021 and 4/8/2021 resulted in oroundwater recharoe observed in all Test observation wells. 
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u1stance :screen Aquiter 
to L2 Interval Thickness Transmissivity 

Well (feet) (ft bg) (feetl (fr/day) 
3 651 
3 399 
2 256 

L2 0 83-103 18 1 561 
2 682 
2 827 
2 827 
4,245 
3 573 
1 441 

L2MW-D 49 100.7-110.7 21 1 441 
2 550 
2 671 
2 679 
3 250 
3 343 
2 464 

L3 360 87-107 14+ 2 721 
2677 
2 935 
2 960 
4 297 
3 625 
2 516 

EMW2 396 93.7-103.7 15 2 844 
2 615 
2 362 
2 351 
3 000 
3 222 
2 300 

L1 559 83-97 14+ 2 278 
2 578 
2,807 
2 750 

Table 5 

Summary of Aquifer Parameters 

30-Day Aquifer Pumping Test 
Banner Associates, Inc. 
Prairie Coteau Well Field 

Lake Norden, SD 

Hyarauuc 
Transmissivity Conductivity 

(gpd/ftl (ft/day) Storativity 
27 307 203 NA 
25,422 189 NA 
16 874 125 NA 
11 674 87 NA 
20 064 149 NA 
21 145 157 NA 
21145 157 NA 
31 752 202 1.24E-08 
26 728 170 2.98E-07 
10 779 69 3.20E-05 
10 778 69 4.02E-05 
19 077 121 5.86E-05 
19 976 127 3.37E-05 
20 038 128 NA 
24 309 232 1.38E-06 
25 006 239 1.24E-06 
18 432 176 1.50E-05 
20 351 194 3.44E-06 
20 024 191 8.27E-06 
21 955 210 3.46E-06 
22 142 211 NA 
32143 286 4.70E-08 
27 113 242 5.23E-07 
18 820 168 1.28E-05 
21 271 190 2.38E-06 
19 559 174 9.97E-06 
17664 157 2.43E-05 
17 588 157 NA 
22 443 214 1.64E-06 
24 103 230 5.06E-07 
17 206 164 7.67E-06 
17 039 163 9.10E-06 
19 286 184 3.37E-06 
20,993 200 1.53E-06 
20 570 196 NA 
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SIS' Method of Analysis 
NA Confined Theis 
NA Confined Coooer-Jacob 
NA Leakv Confined Hantush-Jacob 
NA Leakv Confined Neuman-Witherspoon 
NA Confined Theis (AQarwal Recovery) 
NA Confined Cooper-Jacob (Aaarwal Recovery) 

2.624 Confined Theis Recovery 
NA Confined Theis 
NA Confined Coooer-Jacob 
NA Leaky Confined Hantush-Jacob 
NA Leaky Confined Neuman-Witherspoon 
NA Confined Theis (Aaarwal Recovery) 
NA Confined Cooper-Jacob (Aaarwal Recovery) 

2.818 Confined Theis Recovery 
NA Confined Theis 
NA Confined Coooer-Jacob 
NA Leakv Confined Hantush-Jacob 
NA Leakv Confined Neuman-Withersooon 
NA Confined Theis {Aaarwal Recovery) 
NA Confined Cooper-Jacob {Aaarwal Recovery) 

2.338 Confined Theis Recovery 
NA Confined Theis 
NA Confined Cooper-Jacob 
NA Leakv Confined Hantush-Jacob 
NA Leakv Confined Neuman-Withersooon 
NA Confined Theis (Aaarwal Recovervl 
NA Confined Cooper-Jacob (Aaarwal Recovery) 

2.944 Confined Theis Recovery 
NA Confined Theis 
NA Confined Cooper-Jacob 
NA Leaky Confined Hantush-Jacob 
NA Leaky Confined Neuman-Withersooon 
NA Confined Theis (Aaarwal Recovervl 
NA Confined Coooer-Jacob (Aaarwal Recovervl 

2.72 Confined Theis Recoverv 

LREWater 



Distance ~creen Aqu1ter 
to L2 Interval Thickness Transmissivity 

Well (feet) (ft bg) (feet) (ft2/day) 
3 262 
3 577 
2 577 

NMW 971 93-103 19+ 1 851 
2,841 
2 713 
2 685 
3 289 
3 444 
2,279 

NNMW 3,674 96.6-106.6 18 2 284 
2 511 
2,383 
2 495 
11340 
5 686 

SWMW-D 5,271 147-157 12 3 757 
4,729 
3,727 

min= 1 441 
max= 4 729 

qeometric mean = 2 721 

Notes: 
ft: feet 
ft bgs: feet below ground surface 
ft/day: feet per day 
ft2/day: feet squared per day 

gpd: gallons per day 
NA: not applicable 
NV: not valid 

Table 5 

Summary of Aquifer Parameters 

30-Day Aquifer Pumping Test 
Banner Associates, Inc. 
Prairie Coteau Well Field 

Lake Norden, SD 

Hyarau11c 
Transmissivity Conductivity 

(gpd/ft) (ft/day) Storativity 
24,400 172 2.32E-05 
26 754 188 1.14E-05 
19 275 136 5.51E-05 
13 847 97 6.18E-05 
21 251 150 3.73E-05 
20 295 143 4.37E-05 
20 082 141 NA 
24 602 183 8.12E-05 
25,762 191 6.41 E-05 
17 049 127 1.07E-04 
17 085 127 1.07E-04 
18 781 139 9.57E-05 
17 823 132 1.03E-04 
18,663 139 NA 
84 823 945 6.34E-04 
42,528 474 1.19E-03 
28,099 313 1.02E-03 
35 374 394 7.42E-04 
27 875 311 NA 
10,778 69 2.98E-07 
35 374 394 1.02E-03 
20 355 165 1.48E-05 

SIS' Method of Analvsis 
NA Confined Theis 
NA Confined Cooper-Jacob 
NA Leaky Confined Hantush-Jacob 
NA Leakv Confined Neuman-Witherspoon 
NA Confined Theis (Aqarwal Recovery) 
NA Confined Cooper-Jacob (Aqarwal Recovery) 

2.773 Confined Theis Recoverv 
NA Confined Theis 
NA Confined Cooper-Jacob 
NA Leakv Confined Hantush-Jacob 
NA Leakv Confined Neuman-Withersooon 
NA Confined Theis (Aaarwal Recovery) 
NA Confined Cooper-Jacob (Aqarwal Recovery) 

2.92 Confined Theis Recoverv 
NA Confined Theis 
NA Confined Cooper-Jacob 
NA Confined Theis (Aaarwal Recovery) 
NA Confined Cooper-Jacob (Aqarwal Recovery) 

3.303 Confined Theis Recovery 
2.3380 
3.3030 
2.7929 

Jta-licized values in grey cells not used in the statistics due to either poor curve matching, misalignment with other solutions, or results inconsistent with the conceptual model. 
S/S': the ratio of storativity during pumping to storativity during recovery. Values> 1 indicate a positive boundary. Values < 1 indicate a negative boundary. 
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30-Day Aquifer Pumping Test 
Prairie Coteau Well Field 
Lake Norden, SD 

FIGURES 

May 21, 2021 - 5509BAN02 
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FIGURE 8 • DIST ANCE-DRAWDOWN (SEMI-LOG) 



• Pumping Well 

• Observation Well 

• Domestic Well 

EB Observation Well 
(to be abandoned and not 
monitored during L2 test) 

, - .. , Radius of Influence* (ro} 
• Using Distance-Drawdown 

"•' Data from L1 , L2, L3, L2MW-D, 
EMW2, NMW, NNMW, and 
SWMW-D 

Radius of Influence• (ro) 
Using Distance-Drawdown 
Data from L3, L2MW-D, 
EMW2, NMW, and NNMW 

., -.. ~ , , Radius of Influence .. (r0) 

13 1 • Using Distance-Drawdown 
~ " • ' Data from L3, L2MW-D, 
(/) EMW2, NMW, and NNMW 

!! - .. 
~ I '\ 
2 I I 

bi ' - , 

Radius of Influence•• (ro) 
Using Distance-Drawdown 
Data from L3, L2MW-D, 
EMW2, NMW, and NNMW 
with Adjusted Drawdown Data 

N 
6,000 

Feet - - - A - - -
Notes: 

~ 
g • Radii or lrtluence (r0) calrulated based on 

55 d stance-drawdown data at the end of the Test 

g (43,200 minutes). 

'2 
ri Radii of influence (r,) calculated based on 

O d stance--drawdown data at 21--days (30,240 

~ minutes). 

j Sources: 

~ Service Layer Credtts: Source: Esri, Maxar, 

5 GeoEye, Earthstar Geographies, CNES/Airt>us DS, 

<JJ USDA, USGS, AeroGRID, IGN, and the GIS User 

ii Community 
t! 
~ 

Lake 
Marsh 
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Start of Constant-Rate Test 
atl2 

3/17/2111:00 

1690 I 
f 

1680 

1670 

L 1, L2, L3 - Static 

ELEVATION VS ELAPSED TIME (SEMI-LOG) 
PRAIRIE COTEAU WELL FIELD 

LAKE NORDEN, SD 
MARCH 17, 2021 THROUGH APRIL 30, 2021 

-

1660 --=- c--.. - ---- ~ ~------
~ 1650 
g 
C 

~ 1640 -------== -Ill 
> QI 

iii 1630 ----------1620 

1610 

1600 

1590 L2 - Top of Screen - . -L2 -Aquifer Top - -
1580 L3 - Aauifer Too and Too of Screen 

I 
L 1 -Aquifer Top and Top of Screen 

1570 

Lake Norden -30 day test 2021 
RF10.Elev vs. ET (projJ 

I 

I' 

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

-----
--r---__ 

. - . - . - . - - . - . -- - - - - - - - - - -- - - - - - - - - - -
- - - - - - - - - - -, 

Elapsed Time (min) 

--L1 Transducer --L2 Transducer 

--L3 Transducer --L2MW-D Transducer 

--EMW2 Transducer 

--SWMW-D Transducer 

NMW Transducer 

NNMW Transducer 

--Lake Norden Precipitation 

I 

I End of Monitoring and -
Restart of Well Field Dashed lines represent 

4/30/2115:20 -
long-term projections using 

\ data from 10,000 to 28,622 
minutes (prior to the 

~ precipitation event) 
I 

;,-

------------------· * 

._, 
.... --- ---

- - ----.. ............. __________ .... 
--

-- ==---::; 
=·--:::: ;::::: _____ ---==' -

-- --- ............ ----::::: .... · ........ __ :.: 
--·--------.................... ................. ---·-----· ................ 

--- .............. ...... ------------.... ........ _____ ~ ----------...... ........................ 
End of Constant-Rate Test 

at L2 
4/16/2111:16 
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2.5 I!! 
a. 

2.0 

1.5 

- . . - - . - . - . - . - . - 1.0 -- . - - - - --- . - - - - --- . - - - - -L n ,I .l 

--
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-· -~ -· -
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LREWater 
FIGURE 10 • STRAIGHT-LINE TREND PROJECTIONS (UNADJUSTED) 



Start of Constant-Rate Test 
atl2 

3/17/2111:00 
I 

1690 
" / 

1680 

1670 

1660 
L 1, L2, L3 • Static 

~ 1650 
Cl> :::. 
C 
0 1640 :;::; 
cu 
> 
Cl> 
iii 1630 

1620 

1610 

1600 

1590 L2 • Top of Screen 
L2 • Aquifer Top - . -

-=~ ---
------

- . - . 

ELEVATION VS ELAPSED TIME (SEMI-LOG) 
PRAIRIE COTEAU WELL FIELD 

LAKE NORDEN, SD 
MARCH 17, 2021 THROUGH APRIL 30, 2021 

-

- - --
~ r-------__ 

-------= ...._ 
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r---__ --~ 
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1570 

Lal<e No,defl - 30 day test 2021 
RF11-Elev vs. ET (adjusted proj 
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Elapsed Time (min) 

--L 1 Transducer --L2 Transducer 

--L3 Transducer --L2MW-D Transducer 

--EMW2 Transducer 

--SWMW-D Transducer 

NMW Transducer 

-- NNMW Transducer 

--Lake No de P • ·1 ti r n recIpI a on 

I I End of Monitoring and - -
Restart of Well Field - Dashed lines represent 

4/30/21 15:20 long-term projections using 

\ data from 10,000 to 28,622 
minutes (prior to the 

\ precipitation event) 
I 
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FIGURE 11 • STRAIGHT-LINE TREND PROJECTIONS (ADJUSTED) 



Beginning of Long-T arm 
Morming-8121/ZQ20 

ELEVATION VS DATE (LINEAR) 
PRAIRIE COTEAU WELL FIELD 

LAKE NORDEN, SD 
OCTOBER 28, 2020 THROUGH FEBRUARY 22, 2021 

• L 1 Max. F'unpng Level Oct-Dec 
• l2 Max. F'unpng l evel Oct-Dec 
• l3 Max. F'unpng Level Oct-Dec 

- - - L1Static: 
- - - l2S1atic 
- - - l3Static 

Tou, System ~ Rate 
- l2 Top d So'een 
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I 
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J 1610 
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FIGURE 12 • LONG-TIERM MONITORING DATA 



ELEVATION VS ELAPSED TIME (SEMI-LOG) 
PRAIRIE COTEAU WELL FIELD 

LAKE NORDEN, SD 
OCTOBER 31, 2020 THROUGH DECEMBER 13, 2020 AND 

DECEMBER 27, 2020 THROUGH FEBRUARY 21, 2021 

• L 1 Max. Pumping Level Oct-Dec 

■ L 1 Max. Pumping Level Dec-Feb 

• L2 Max. Pumping Level Oct-Dec 

■ L2 Max. Pumping Level Dec-Feb 

• L3 Max. Pumping Level Oct-Dec 

■ L3 Max. Pumping Level Dec-Feb 
1680 -r-------r------~---~------.----,-------.-1------,lr------. 

1670 +-------+------+-------+------+-------+- - - - Dashed lines represent long-term projections using the -
lowest pumping water level for each day between 

1660 +--- ----+------+-------+------+-------+--- - 10/31/2020 and 12/13/2020. Time zero starts at 
10/31/2020 0:00. -

1650 +-------+------+-- - ----+------+----- - -+----Dashed-Dot lines represent long-term projections using_ 
the lowest pumping water level for each day between 

~ 1640 
12/27/2020 and 2/21/2021. Time zero starts at 

12/27/2020 0:00. 

~ I 
~ 1630 -f---------l------+--- --+------1--------+-----+--- - - -l-1+------ -j 
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FIGURE 13 • LONG-TERM MONITORING PROJECTIONS 



30-Day Aquifer Pumping Test 
Prairie Coteau Well Field 
Lake Norden, SD 
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SD EForm - 1621 LD V1 

SOUTH DAKOTA WATER WELL COMPLETION REPORT 11-02 

Location ¼ SW¼ Sec 15 Twp 113N Rg53W Well Owner: CITY OF LAKE NORDEN 
-- -- -- -

Business Name: 

County HAMLIN North Address: PO BOX213 
I I 

City, state, Zip: LAKE NORDEN SD 57248 
Please mark well I I 

I I Ground Elev. = 1656.96 location with an ·x· I I .,.. ___ .J ____ ____ .1, ____ 

I I 
WELL LOG: DEPTH I I 

I I 
I I FORMATION FROM TO w E 
I I 

TOPSOIL 0 2 I I 
I I 
I I YELLOW MIXED SAND fine-med 2 18 ~----1---- ----➔----

X I I 
BLUE CLAY 18 24 I I 

I I 

Well Completion Date 
I I GREY FINE SAND 24 29 

10-1-2018 lcJ 1 Mile t=I 
BLUE CLAY soft 29 35 
GREY MED-COURSE 35 57 

Distance to nearest potential pollutlon source (septic tank, abandoned well, feed lot, etc.)? BLUE CLAY SOFT 57 83 
ft. from (identify source) 

YELLOW MED-COURSE 83 97 
PROPOSED USE: 

BDomestic/stock ~ Municipal a Business BTestholes 
Irrigation Industrial Institutional Monitoring well STATIC WATER LEVEL FEET 

METHOD OF DRILLING: If flowing: dosed in pressure PSI 
DIRECT ROTARY 

GPM flow ~ through lD Ind! pipe 

Controlled by Valve O Reducers OOther 
CASING DATA: LJsteel [Z] Plastic D Other Reduced flow rate GPM 
If other describe 

PIPEWEIGHT DIAMETER FROM TO HOLE DIAMETER Can well be completely shut in? 

40.0 LB/FT 10.00 IN 0.0 FT 83.0 FT 16.00 IN 

LB/FT IN FT FT IN WELL TEST DATA: .. . . .... --·-- -~ - -· ·--·--- • --·-- . - -- .. 
@Pumped 

i 
LB/FT IN FT FT IN Describe:' 

GROUTING DATA: □ Bailed -
Grout Type No. of Sacks Grout Weight From To 

00ther GRTWELOF 32 54.0 Lb/gal 0.0 Ft 80.0 Ft ···--.. -- -· ·----------- --•- .. ··---·--- ---· ..___,_ .-J 

Lb/gal Ft Ft 
Pumping Level Below Land Surface 

Describe grouting procedure Ft. After Hrs. pumped GPM 

Ft. After Hrs. pumped GPM 

If pump installed, pump rate: GPM 
SCREEN: 0 Perforated pipe [ZI Manufactured REMARKS 
Diameter 10.00 Inches Length 20.0 Feet 

Material ss Lake Norden Well L 1 
Slot Size .30 Set From 83.0 Feet to 97.0 Feet 

Other information 
\ 'l ~eA\ oC"'\ t11..\es-t- ~~~o ~ ~f i \f'n.,(\ Pl'..1.C< 

689 
, 

This well was drilled under license# and this 
WAS A PACKER OR SEAL USED? LJYes . ~No report is true and accurate. 
If so, what material? 

Drilling firm: KAISER WELL DRILLING INC 
Describe packer(s) and location 

Signature of Licet Repres~ve: 

DISINFECTION: Was well disinfected upon completion? 

Oves,How? .~ 

Lab to which water 
□No, Why Not? ,-· ·------·----- ••• ·--. Signature of 1_ if Owner or Equitdble Property Holder: RECEIVED . . 

.9uali!)' samplt: ~nt f~r an_i:i_lysis i - .. 
' FEBO 4 2019 . I 

I 

' 
! i Date: WAIEB IGHTS 

' 



SD EFonn - 1621LD V1 

SOUTH DAKOTA WATER WELL COMPLETION REPORT 11-02 

Location ¼ SW¼ Sec 15 Twp 113N R953W Well Owner: City of Lake Norden -- -- -
Business Name: 

County HAMLIN 13 North Address: PO Box 213 

• I City, state, Zip: Lake Norden BSD [3 57248 Please mark well I 1 
I I Ground Elev. = 1671.63 location with an •x- I I ____ .J ____ ____ ... ____ , 
I I WELL LOG: • I DEPTH 
I I 
I I FORMATION FROM TO w E 
I I 
I I TOPSOIL 0 1 I I 
I I 

YELLOW SANDYCLA Y 1 3 ----M--• ----◄----I 1 
I I YELLOW SAND 3 8 I I 

Well Completion Date 
I I 

YELLOW CLAY 8 10 

5-8-2018 !Cl 1 Mile DI YELLOW SAND 10 13 

BLUE CLAY 13 34 
Distance to nearest poten1la! pollution source (septic tank, abandoned well, feed lot, etc.)? 

YELLOW CLAY • 34 85 
ft. from (identify source) 

90P0SED USE: 
GREY SAND FINE 85 103 

Domestic/Stock fl Munlclpal BBusiness BTestholes BLUE CLAY 103 
Irrigation Industrial Institutional Monitoring well STATIC WATER LEVEL 5 FEET 

METHOD OF DRILLING: If flowing: closed in pressure PSI 
• DIRECT ROTARTY 

GPM flow through Inch pipe 

Controlled by D Valve D Reducers □Other 
CASING DATA: LJSteel ~ Plastic LJ Other 
If other describe 

Reduced flow rate GPM 

PIPEWEIGHT DIAMETER FROM TO HOLE DIAMETER Can well be completely shut in? 

Sch40 LB/FT 10 IN +2 FT 83 FT. I 112 -::>J4 IN 

LB/FT IN FT FT IN WELL TEST DATA: 
-- r - ·--------· ·----, 

LB/FT IN FT FT IN [!)Pumped Desaibe: SUBMERSIBLE i 
GROUTING DATA: Deaned 

I 

l Grout Type No. of Sacks Grout Weight From To 
00tt1er I 

GrtwelDF 30 54 Lb/gal 0 Ft 80 Ft 
Lb/gal Ft Ft 

Pumping Level Below Land Surface 

Desaibe grouting procedure 51. 7 Ft. After 26 Hrs. pumped 500 GPM 

Ft. After Hrs. pumped GPM 

If pump installed, pump rate: GPM 
SCREEN: □ Pedorated pipe ~ Manufactured 

REMARKS¥ eCAG-\-- ~ i<\o... o\- ~ ,~o.~ f4s.s Diameter 10 Inches Length 20 Feet \IJ"U\ -:i. 
Material Stainless Steel 

Slot Size 30 • Set From 83 Feet to 103 Feet Lake Norden Well L2 
Other information 

This well was drilled under license # 689 and this 
WAS A PACKER OR SEAL USED? LJYes l!'.:J No report is true and accurate. 
If so, what material? 

Drillinglirm: ~iS-d ~\\Jr~\\,~ ~C'...e Describe packer(s) and location -c;J"[~-. DISINFECTION: Was well disinfected upon completion? 
0ves, How? HTH 

Lab to Whicfl water 0No, Why Not? r-- --- -- l Signaturelf Well Owner or Equitable Property HolderR EC E f VE 0 

~ality sample sent for ana!~ .. -, l _j' 
1SDPHL : J:J:R R I& ?019 

I 

' I Date: WA'fER RIGHYS L_ ___ ,____ . ------
PROGRAM 



SD EForm - 1621 LO V1 

SOUTH DAKOTA WATER WELL COMPLETION REPORT 11-02 

location ¼ SW¼ Sec -15 Twp 113N Rg53W WellDwner: CITY OF LAKE NORDEN - -- -- -
Business Name: 

County HAMLIN North Address: PO BOX213 
I I City, State, Zip: LAKE NORDEN SD 57248 

Please mark well I I 
I ; I 

location with an ·x• I I Ground Elev.= 1668.62 ----.J---- ----.L..:.: __ 
I I 

WELL LOG: DEPTH I I 
I I 

w I I FORMATION FROM TO E . 
- I I 

TOPSOIL 0 2 I I 
I I 
I I SAND MIXED 2 18 ----+----- ----➔----· 
: X 

I 
GRAVEL MED-COURSE 18 20 I 

I I 

Well Completion Date 
I I BLUE CLAY 20 40 

10-17-2018 f(J 1 Mile a,f YELLOW CLAY 40 78 

BLUE CLAY 78 87 
Distance to nearest potenlial pollution source (septic tank, abandoned well, feed lot, etc.)? SAND MED-FINE 87 101 

ft. from ("Identify source) 

PROPOSED USE: 

BDomestic/Stock ~ Municipal 
Irrigation Industrial BBusiness 

Institutional BTestholes 
Monitoring well STATIC WATER LEVEL ~ FEET 

METHOD OF DRILLING: -
If flowing: dosed in pressure PSI 

DIRECT ROTARY 
GPMflow through Inch pipe 

Controlled by O Valve D Reducers O0ther 
CASING DATA: LJSteel ltJ Plastic LJ Other Reduced flow rate GPM 
If other describe 

PIPEINEIGHT DIAMETER FROM TO HOLE DIAMETER Can well be completely shut in? 

40.Q LB/FT 10.QQ IN o.oFT 87.0 FT 16.00 IN I 

LB/FT IN FT FT IN WELL TEST DATA: \ 
r . ---- ---- ----· 

LB/FT IN FT FT IN @Pumped Describe:· ?>CJD 6'f'{i\ -
GROUTING DATA: OBailed 

' 

Grout Type No. of Sacks Grout Weight From To 
□Other ~ b. tl-"M f ___ · GRTWELDF 32 54.0 Lb/gal 0.0 Ft 84.Q Ft 

Lb/gal Ft Ft 
Pumping Level Below Land Surface 

Describe grouting procedure 
Fl After Hrs. pumped GPM 

pressure pull method Ft. After Hrs. pumped GPM 

If pump installed, pump rate: GPM 
SCREEN: D Perforated pipe l.{J Manufactured REMARKS 
Diameter 10.00 Inches Length 20.0 Feet 

Material ss Lake Norden Well L3 
Slot Size .30 Set From 87.0 Feet to 107.0 Feet 

Other information 
";::J~ •• ~~, t:C\.<;.""t' s\ J,Q..., (;~ 1-,,'o"' Pc,c 1 , 

This well was drilled under license # 689 and this 
WAS A PACKER OR SEAL USED? LJYes ~No report is true and accurate. 
If so, ~at material? 

□rilling firm: KAISER WELL DRILLING INC 
Describe packer(s) and location 

'"""""''" r 7'"'"""" 
DISINFECTION: Was well disinfected upon completion? RECEIVED Oves,How? 

□No, Why Not? 
-··· ... -- .. . Signature ~ell Owner or Equitable Property Holder: FEBO~ 20\9 Lab to which water 

' quality sample sent for analysis ,·- --- . . ..... -----7 
WATE~ ~l~tl15 I 

: 
l ' ' -I 

i '· Date: 



BS Park MW 
SD EForm • 1621 LO V1 

SOUTH DAKOTA WATER WELL COMPLETION REPORT 11-02 

Location SE ¼ SE ¼ Sec 16 Twp 113N Rg 53W wen Owner: -- --
Business Name: CITY OF LAKE NORDEN 

County HAMLIN [3 North Address: PO BOX 213 -----------------
Please mark well 
location with an "X" 

Well Completion Date 

07/29/2020 

w 

I I 
I I 
I I 

~----1----· ----"----· I 
I I 
I I 
I I . . 
I I 

E 
I I 
I I 
I I 

'1-----i----·' 
____ ... ____ 

I I 
I I 
I I X 
! ! 

lc:l!"""---1 Mile ---ct 

Cl ty, State. Zip: LAKE NORDEN .. ~ SD 13 57248 
Ground Elev. = 1660 

WELL LOG: DEPTH 

FORMATION FROM TO 

TOPSOIL 0 1.5 
YELLOW CLAY 

- 1.5 _8 
FINE SAND GREY 8 20 
FINE-MED 20 30 

. -

BLUE CLAY 30 32 
FINE SAND 32 38 

Dlstence to nearest potential Poflutlon source (septic tank, abandoned wen, feed lot, etc.)? BLACK DIRT 38 48 
ft. from (Identify soun:e)l"'F-I_N_E ___ M_E_D_. -· ---------+----4--8--+--6•0-----

~

OPOSED USE: 
Domestic/Stock 0 Municipal a Business Drest holes t--M_E_D_IU_M _______________ 6_0 __ .....,1_0 ___ _ 
lmgatlon □ Industrial Institutional 0 Monitoring well STA TIC WATER LEVEL 4 .5 FEET --------~ METHOD OF DRILLING: If flowing: closed In pressure PSI 

DIRECT ROTARY ------~--
GPM flow ____ through Inch pipe 

-==~~--=---~----·-·---· ·----.----1 Controlled byD Valve D Reducers O0ttter 
CASING DATA: Steel e, Plastic Other j Reduced flow rate -------
If other describe ------------ GPM 

PIPEWEIGHT DIAMETER FROM TO HOLE DIAMETER Can well be completely shut In? 

__ 4_0 LB/FT 2.5 IN +2 FT 62 FT 6 IN 1--:'l=-:-:==-=~-:-----------------
IN WELL TEST DATA: LB/FT IN FT FT --- --- ---

LB/FT IN FT FT 

GROUTING DATA: 
Grout Type No. of Sacks Grout Weight From To 

grtweldf 4 54 Lb/gal O Ft 

--- ,N ~ Pumped Describe: !UMPED WITH AIR 75gpm 

Oea11ed 

62 Ft DOther 
Ft Pumping Level Below Land Surface 

Describe grouting procedure 
PRESSURE PULL 

Lb/gal --- Ft 
--- Fl After __ Hrs. pumped ____ GPM 

---- Fl After __ Hrs. pumped ____ GPM 

~==~--...---------,...---------1 If pump Installed, pump rate: GPM 
SCREEN: Perforated pipe r,1 Manufactured 1-:R:::E~M:--:A:-::R::::K::S:---_;_ _ __:===~====;.._----

Dlameter 2.5 Inches Length 20 Feet MED- COURSE 
Material SCH 40 PVC BLUE CLAY 
Slot Size 25 Set From 62 Feet to 82 Feet YELLOW CLAY 

70-82 
82-104 
104-160 

Big Sioux Aquifer 
--- ---

Other Information LAKE NORDEN PARK OBSERVATION WELL 

--------------~----------! This well was drmed under license# 689 and this 
WAS A PACKER OR SEAL USED? Yes -' No report Is true and accurate. ---------
If so, what material? 
Describe pactcer(e) and-_loca_tlo_n------------1 Drllllng firm: KAISER WELL DRILLING INC 

DISINFECTION: Was well disinfected upon completion? 

Oves,How? .. . ........... . 

Lab to which water (a No, Why Not? OBSE~~ATION WELL 
r•~i!Y sa.!!'.1>1!'. sent f.?.i:. 8~~~- NO PUMP INSTALLED 

I 
AUG 2 ~ 2020 



NMW (I000N) 
SD EForrn • 1621LD V1 

SOUTH DAKOTA WATER WELL COMPLETION REPORT 11-02 

Location NE ¼ SW¼ Sec 15 Twp 113N RQ53W 
I 

WeOOWner: -
Business Name: CITY OF LAKE NORDEN 

County HAMLIN [3 North Address: PO BOX213 
I I City, State, Zip: LAKE NORDEN L:] SD 13 57248 Please mark well I I 
I I 

location with an •x• I I ,. ___ _. ____ 
-----'----· I I WELL LOG: DEPTH I I 

--I I 
I 1 FORMATION FROM TO w 
I I 

E 
I X I TOPSOIL 0 1 I I 
I I 

SANDY YELLOW CLAY 1 4 ----1----· 
____ .. ____ , 

I I 
I I YELLOW GRAVEL MED- COURSE 4 18 I I 

Well Completion Date 
! ! BLUE CLAY 18 63 

07/28/2020 l<I 1 Mlle c:t YELLOW CLAY 63 84 
YELLOW FINE-MED 84 87 

Distance to nearest potential pollution source (septic tank, abandoned well, feed lot, etc.)? BLACK FINE SAND 87 97 
ft. from (Identify source) 

YELLOW MED-COURSE 97 103 PROPOSED USE: 

E]Domestic/Stock lg Municipal BBusiness 

~

Test holes 
Irrigation Industrial Institutional Monitoring well STATIC WATER 1.EVEL 8.3 FEET 

METHOD OF DRILLING: If flowing: dosed In pressure PSI 
DIRECT ROTARY 

GPMflow through Inch pipe 

Controlled by O Valve D Reducers Oother 
CASING DATA: LJsteel ~ Plastic D Other Reduced flow rate GPM If other describe 

PIPEWEIGHT DIAMETER FROM TO HOLE DIAMETER Can well be completely shut In? 

40 LB/FT 3 IN +2 FT 93 FT 6 IN 

LB/FT IN FT FT IN WELL TEST DATA: 

Describe: l PUMPED WITH AIR 60gpm 
\ --

[2)Pumped I LB/FT IN FT FT IN 

GROUTING DATA: Osanect 
Grout Type No. of Sacks Grout Weight From To 

Oother grtweldf 5 54 Lb/gal 0 Ft 93 Ft 

Lb/gal Ft Fl 
Pumping Level Below Land Surface 

Describe grouting procedure Ft. After Hrs. pumped GPM --
PRESSURE PULL Ft. After __ Hrs.pumped GPM 

If pump Installed, pump rate: GPM 
SCREEN: LJ Perforated pipe ~ Manufactured REMARKS 
Diameter 2.5 Inches Length 20 Feet JOHN LARSON OBSERVATION WELL 
Material SCH40 PVC 
Slot Size 25 Set From 93 Feet lo 103 Feet 

Other information 

This well was drHled under license# 689 and this 
WAS A PACKER OR SEAL USED? LJYes .[!)No report is true and accurate. 
If so, what material? 

DriDingfinn: KAISER WELL DRILLING INC Describe packer(s) and location 
Signature of License Representative: 

DISINFECTION: Was wall disinfected upon completion? 

Oves,How? .J ;/11,1,,) <-

Lab to which water (a No, Why Not? OBSERVATION WELL Signa7/f Well ,fwner or Equitable Property H~€ l,; EI V CU 
quafity sample sent for analysis NO PUMP INSTALLED 

.- ~ AUG 2 4 2020 
r ----------·• ------ --·-

I 
L 

. <if/ i 9 /.!J1i.'!Y1 Da 1"'A.TER RIGHTS 
I I 

r .. 



OWNER: Banner Associates, Inc. I BORING/WELL NO. EMW2 IPAGE 1 OF 1 PAGES 

LOCATION: Lake Norden Prairie Coteau Aauifer Well Field SCREEN: Schedule 40 PVC, Slotted 

Nested Wells East of L2 (N. Well) DIAMETER: 2.5-inch SLOT NO. 25 

DATE COMPLETED: 3/9/2021 SETTING: 103.7 - 93.7 

DRILLING COMPANY: Kaiser Well Drilling SAND PACK: Red Flint Sand and Gravel, 4-100Ib bags #50 

SETTING: 104 - 88 

DRILLING METHOD: Mud Rotary CASING: Schedule 40 PVC, 2.5 inch 

SAMPLING METHOD: Cuttinas SETTING: 93.7 - +2.78 

OBSERVER: Mitch Kannenbern SEAL TYPE: Wyo-Ben Grout Well DF (4-50Ib bags) 

DEPTH REFERENCE POINT: ground surface SETTING: 88-0.5 (Enviroolua Medium to surface) 

TOP OF PVC CASING ELEVATION: 1671.17 ft DEVELOPMENT: Air-lift pumping and surging 

STICK-UP: 1.65 ft (PVC casino) DURATION: 60 minutes, cleaned up fairly well 

SURFACE COMPLETION: 2.5-inch PVC & 8-inch steel orotective cover WATER LEVEL: 11.11 feet below ground surface at 10:25 on 3/11/21 

REMARKS: 6-inch tricone roller bit YIELD: ~ 50 !lPm by air-liftinr:1 

Sand and a ravel oarticles are comoosed of auartz, chert, limestone, aranite, shale, and verv fine black particles that 

may be lignite. 

Well is replacement well for EMW (650El which will be destroved by SD DOT borrow pit. 

DEPTH IN FEET 
Formation Geologic Description 

FROM TO 

0.0 2.0 Topsoil TOPSOIL, dark brown 

2.0 5.0 
SAND, medium, dark reddish brown, trace dark-colored, angular to subangular gravel; little dark-colored 

Surficial silt; poorly sorted 

Outwash SAND, coarse, yellow-brown, angular to subrounded; little multicolored, angular to subangular gravel; 
5.0 18.0 trace fine, mostly clear to black, subangular to rounded sand; trace blue-gray clay, poorly sorted, fines and 

limestone effervesce mildlv with 10% HCL 

18.0 38.0 
Till 

CLAY, blue-gray, little multicolored, angular gravel (some of the gravel in sample is slough from above) 
(unoxidized) 

CLAY, yellow-brown, trace fine to coarse, multicolored, subangular to subrounded, sand; trace 
38.0 79.0 Till (oxidized) multicolored, angular gravel; sand and gravel amount and grain size vary with depth - rig chatter (cobble or 

boulder) at 62 feet 

79.0 88.0 
Till CLAY, blue-gray; trace fine to coarse, multicolored, angular to rounded sand; trace multicolored, angular 

(unoxidized) gravel 

Buried 
(vM1~u. meaium to coarse, yellow-brown, suoanguIar 10 suorounaea; uace 11ne, mosuy cIear to black, 

88.0 103.0 subangular to rounded sand; trace multicolored, angular to subrounded gravel (up to 1-inch diameter); 
Outwash trace yellow-brown clay; poorly sorted, mild effervescence with 10% HCL, water-loss starting at 88 

103.0 105.0 Till (oxidized) 
CLAY, yellow-brown; trace fine to coarse, multicolored, subangular to rounded sand; trace multicolored, 
angular to subangular gravel 



I BORING/WELL NO. L2MW-D IPAGE 1 OF 1 PAGES 

LOCATION: Lake Norden Prairie Coteau Aquifer Well Field SCREEN: Schedule 40 PVC, Slotted 

Nested Well North of L2 DIAMETER: 5-inch SLOT NO. 25 

DATE COMPLETED: 3/3/2021 SETTING: 110.7 - 100.7 

DRILLING COMPANY: Kaiser Well Drilling SAND PACK: Red Flint Sand and Gravel, 5-100Ib bags #50 

SETTING: 113 - 98 (estimated) 

DRILLING METHOD: Mud Rotarv CASING: Schedule 40 PVC 

SAMPLING METHOD: Cuttings SETTING: 110.7-+1.86 

OBSERVER: Mitch Kannenberq SEAL TYPE: Wyo-Ben Grout Well DF (11-50Ib bags} 

DEPTH REFERENCE POINT: Qround surface SETTING: 98-1 (Enviroolua Medium at surface) 

TOP OF PVC CASING ELEVATION: 1673.404 ft /too of 5-inch PVC\ DEVELOPMENT: Air-lift pumping and surging 

STICK-UP: 1.86 ft (PVC casing) DURATION: 60 minutes, cleaned up fairly well 

SURFACE COMPLETION: 5-inch PVC & 8-inch steel protective cover WATER LEVEL: 14.34 feet below around surface at 12:00, 3/4/21 

REMARKS: 7 .875 inch tricone roller bit, reamed with 8. 75-inch YIELD: ~ 100 - 125 anm by air-lifting 

tricone roller bit. 

Sand and qravel particles are composed of auartz, chert, limestone, qranite, shale, and verv fine black particles that 
mav be liqnite. 

DEPTH IN FEET 
Formation Geologic Description 

FROM TO 

0.0 2.0 Topsoil TOPSOIL, dark brown 

SAND, medium, dark reddish brown (individual grains mulicolored}, subangular to subrounded; trace dark-
2.0 7.0 colored, angular to subangular gravel; little fine, subangular to rounded, clear to black sand; poorly sorted; 

Surficial mild effervescence with 10% HCL (fines} 
Outwash SAND AND GRAVEL, yellow-brown, sand grains are coarse, multicolored, angular to subrounded; gravel 

7.0 10.0 is multicolored, angular to subangular; trace fine, subangular to rounded, mostly clear to back fine sand, 
trace silt. poorly sorted 

10.0 16.0 Till (oxidized} 
CLAY, yellow-brown; little fine, clear to black, subangular to subrounded sand; little black, angular gravel; 
little silt 

16.0 17.0 
Outwash GRAVEL, brown, grains are multicolored, angular, little silt, little brown clay (may be slough from above}, 
(buried} trace fine. subangular to rounded sand, poorly sorted 

17.0 38.0 
Till CLAY, blue-gray; trace multicolored, angular gravel 

(unoxidized) 

38.0 45.0 Till (oxidized} 
CLAY, yellow-brown; trace fine, clear to black, angular to subrounded sand; trace multicolored, angular 
gravel; trace dark-colored silt 

Outwash SAND, medium to coarse, yellow-brown, subangular to subrounded; trace fine, mostly clear to black, 
45.0 46.0 

(buried} subangular to subrounded sand; trace multicolored, angular to subangular gravel; trace yellow-brown clay; 
poorly sorted, mild effervescence with 10% HCL (fines} 

46.0 89.0 Till (oxidized} 
CLAY, yellow-brown; trace fine, clear to black, angular to subrounded sand; trace multicolored, angular 
gravel; trace dark-colored silt 

89.0 110.0 
Outwash SAND. coarse. yellow-brown, subangular to subrounded; trace multicolored, angular to subangular gravel; 
(buried) poorly sorted. mild effervescence with 10% HCL (fines). clay and silt layers at 100 ft. and 107 to 108 ft. 

110.0 113.0 Till (oxidized} CLAY, yellow-brown; overdrilled for well installation 



lowNER: Banner Associates , Inc. I BORING/WELL NO. L2MW-I IPAGE 1 OF 1 PAGES I 
LOCATION: Lake Norden Prairie Coteau Aquifer Well Field SCREEN: Schedule 40 PVC, Slotted 

Nested Well North of L2 DIAMETER: 5-inch SLOT NO. 25 

DATE COMPLETED: 3/5/2021 SETTING: 55.6 - 50.6 

DRILLING COMPANY: Kaiser Well Drilling SAND PACK: Red Flint Sand and Gravel - 3-100Ib bags #50 

SETTING: 56 - 47.5 

DRILLING METHOD: Mud Rotarv CASING: Schedule 40 PVC; 5-inch diameter 

SAMPLING METHOD: Cuttings SETTING: 50.6 - +1.94 

OBSERVER: Mitch Kannenben:1 SEAL TYPE: Enviroplug Medium - 18-50Ib. Bags 

DEPTH REFERENCE POINT: ground surface SETTING: 47.5 - 0 

TOP OF PVC CASING ELEVATION: 1674.051 ft (top of 5-inch PVC) DEVELOPMENT: Air-lift pumping and surging, evacuated well 

STICK-UP: 1.94 ft (PVC casinQ) DURATION: 60 minutes 

SURFACE COMPLETION: 5-inch PVC & 8-inch steel protective cover WATER LEVEL: 48.42 ft below ground surface at 12:23 on 3/5/21 

REMARKS: 7.875 inch tricone roller bit, reamed with 8.75-inch YIELD: ~0.5 gpm or less by air lift 

tricone roller bit. Due to borehole collapse at 18 feet, installed 9.875-inch steel sleeve to 27 feet 

Sand and gravel particles are composed of quartz, chert, limestone, granite, shale, and very fine black particles that 

may be lignite. The purpose of this well is to monitor for pumping influence in the confininQ clay, 

DEPTH IN FEET 
Formation Geologic Description 

FROM TO 

0.0 2.0 Topsoil TOPSOIL, dark brown 

SAND, medium, dark reddish brown (individual grains mulicolored), subangular to subrounded; trace dark-
2.0 7.0 colored, angular to subangular gravel; little f ine, subangular to rounded , clear to black sand; poorly sorted; mild 

effervescence with 10% HCL 

Surficial 
SAND AND GRAVEL, yellow-brown, sand grains are coarse. multicolored, angular to subrounded; gravel is 

10.0 18.0 
Outwash 

multicolored, angular to subangular; trace fine, subangular to rounded, mostly clear to back fine sand, trace silt, 
ooorlv sorted mild effervescence with 10% HCL <fines) 

18.0 19.0 
GRAVEUCOBBLE/BOULDER (based on drilling action), gravel particles are multicolored and angular, poorly 
sorted; and yellow-brown clay 

19.0 39.0 
Till CLAY, blue-gray; little fine, clear to black, subangular to sub rounded sand; trace multicolored, angular gravel, 

(unoxidized) up to 0.75 inch diameter 

39.0 56.0 Till (oxidized) 
CLAY, yellow-brown; trace fine, clear to black, angular to sub rounded sand; trace multicolored, angular gravel; 
trace dark-colored silt 



OWNER: Banner Associates, Inc. I BORING/WELL NO. L3MW-S IPAGE 1 OF 1 PAGES 

LOCATION: Lake Norden Prairie Coteau Aauifer Well Field SCREEN: Schedule 40 PVC, Slotted 

1 of 2 OWs east of L3 (South Well) DIAMETER: 5-inch SLOT NO. 25 

DATE COMPLETED: 3/5/2021 SETTING: 21.1 - 11 .6 

DRILLING COMPANY: Kaiser Well Drilling SAND PACK: Red Flint Sand and Gravel, 4.5-100Ib bags #50 

SETTING: 23 - 8 

DRILLING METHOD: Mud Rotary CASING: Schedule 40 PVC 

SAMPLING METHOD: Cuttings SETTING: 11.6- +1.75 

OBSERVER: Mitch Kannenberg SEAL TYPE: Wyo-Ben Enviroplug Medium (4-50Ib bags) 

DEPTH REFERENCE PC grade SETTING: 8 - ground surface 

TOP OF PVC CASING ELEVATION: 1671.084 ft. DEVELOPMENT: Air-lift pumping and surging 

STICK-UP: 1.75 ft (PVC casing) DURATION: - 60 minutes (air-compressor ran out of fuel, restarted) 

SURFACE COMPLETION: 5-inch PVC & 8-inch steel Protective cover WATER LEVEL: 14.41 feet below ground surface at 09:00 on 3/9/21 

REMARKS: 7.875 inch tricone roller bit, reamed with 8.75-inch YIELD: - 0.5 - 1 aom by air-lifting 

tricone roller bit. 

Sand and gravel particles are composed of auartz, chert, limestone, granite, shale, and very fine black particles that 
may be lignite. 

DEPTH IN FEET 
Formation Geologic Description 

FROM TO 

0.0 3.5 Topsoil TOPSOIL, dark brown 

1::,ANU. meaIum, dark reddish brown (individual grains mullcolorea), anguIar to suorounaed; trace dark-
3.5 5.0 colored, angular to subangular gravel; poorly sorted; with dark-colored silt; mild effervescence with 10% 

HCL /fines) 

5.0 15.0 
Surficial SAND, yellow-brown, coarse, angular to subrounded; little multicolored, angular to subangular gravel: 
Outwash trace fine, mostly clear, subangular to rounded sand, moderately sorted 

1:::iANU ANU l;;KAVt::L, yellow-brown, sand grains are coarse, muI11coIorea, gravel Is mumcolored, angular 
15.0 21.0 to subangular. trace fine, mostly clear to black subangular to rounded sand, slight effervescence with 10% 

HCL (fines) moderatelv sorted 

21 .0 23.0 
Till 

CLAY, blue-gray (returns include gravel slough from above) 
(unoxidized) 



OWNER: Banner Associates, Inc. I BORING/WELL NO. NEMW IPAGE 1 OF 1 PAGES 

LOCATION: Lake Norden Prairie Coteau Aauifer Well Field SCREEN: Schedule 40 PVC, Slotted 

452nd Avenue DIAMETER: 2.5-inch SLOT NO. 25 

DATE COMPLETED: 3/12/2021 SETTING: 111.2 - 101.2 

DRILLING COMPANY: Kaiser Well Drillina SAND PACK: Red Flint Sand and Gravel, 6-1 00Ib bags #50 

SETTING: 111 - 91 

DRILLING METHOD: Mud Rotary CASING: Schedule 40 PVC 2.5 inch diameter 

SAMPLING METHOD: CuttinQs SETTING: 101 .2 - +2.29 

OBSERVER: Mitch Kannenbera SEAL TYPE: Wyo-Ben Grout Well DF (7-50lb bags) 

DEPTH REFERENCE POINT: ground surface SETTING: 91-0 (Enviroplug Medium at surface} 

!TOP OF PVC CASING ELEVATION: 1696.767 feet DEVELOPMENT: Air-lift pumping and surging 

STICK-UP: 2.29 ft (PVC casina) DURATION: 60 minutes plus 

SURFACE COMPLETION: 2.5-inch PVC & 8-inch steel protective cover WATER LEVEL: 19.20 feet below ground surface at 14:00, 3/13/21 

REMARKS: 6-inch tricone roller bit YIELD: ~ 25 aom by air-lifting 

Sand and aravel particles are composed of quartz, chert, limestone, granite, shale, and very fine black particles that 

may be lignite. 

DEPTH IN FEET 
Formation Geologic Description 

FROM TO 

0.0 3.0 Topsoil TOPSOIL, dark brown 

3.0 6.0 
Surficial 

SILT, brown 
Outwash 

6.0 16.0 Surficial SAND, coarse, yellow-brown (individual grains mulicolored), subangular to subrounded; little multicolored, 
Outwash angular to subangular gravel; trace fine, clear to black, subangular to rounded, sand; poorly sorted 

16.0 23.0 Till (oxidized) CLAY, yellow-brown; trace multicolored, angular to subangular gravel 

23.0 41.0 
Till CLAY, blue-gray; trace fine to coarse, multicolored, subangular to rounded sand; trace multicolored, 

(unoxidized) angular to subangular gravel; cobbles or boulder at 37 ft based on rig chatter 

41.0 48.0 
Till CLAY, brown-gray; trace fine to coarse, multicolored, angular to rounded sand; trace multicolored, angular 

(unoxidized) to subroundedr gravel 

48.0 56.0 
Till CLAY, blue-gray; trace fine, clear to black, subangular to rounded sand; trace clear to black, angular 

(unoxidized) gravel 

56.0 63.0 
Till (mildy CLAY, brown-gray; trace fine, multicolored, angular to rounded sand; trace multicolored, angular to 
oxidized) subrounded gravel 

63.0 67.0 
Till (mildy CLAY, light brown; trace fine, multicolored, subangular to rounded sand; trace multicolored, angular to 
oxidized) subrounded gravel 

67.0 68.0 
Outwash SAND, medium to coarse, yellow-brown, angular to subrounded; and multicolored, subangular to angular 
(buried) gravel; trace fine, clear to black, rounded sand; poorly sorted 

68.0 96.0 
Till (mildy CLAY, brown-gray; trace fine, multicolored, angular to rounded sand; little multicolored , angular to 
oxidized) subangular gravel 

96.0 108.0 
Outwash SAND, medium to coarse, yellow-brown, subangular to subrounded; little multicolored, angular to 
(buried) subangular gravel; little light brown clay; poorly sorted, mild effervescence with 10% HCL (fines) 

108.0 110.0 
Till CLAY, blue-gray; trace fine to coarse, multicolored, subangular to rounded sand; trace multicolored, 

(unoxidized) angular to subangular gravel 



OWNER: Banner Associates, Inc. !BORING/WELL NO. NNMW IPAGE 1 OF 1 PAGES 

LOCATION: Lake Norden Prairie Coteau Aauifer Well Field SCREEN: Schedule 40 PVC, Slotted 

192nd Street DIAMETER: 2.5-inch SLOT NO. 25 

DATE COMPLETED: 3/13/2021 SETTING: 106.6 - 96.6 

DRILLING COMPANY: Kaiser Well DrillinQ SAND PACK: Red Flint Sand and Gravel, 4-100Ib bags #50 

SETTING: 108 - 89 

DRILLING METHOD: Mud Rotarv CASING: Schedule 40 PVC 2.5 inch diameter 

lsAMPLING METHOD: Cuttinos SETTING: 96.6 - +2.4 

OBSERVER: Mitch Kannenbero SEAL TYPE: Grout Well OF (4.5-50Ib bags) & 3-50Ib bags Enviroplu~ 

DEPTH REFERENCE POINT: around surface SETTING: 89-0 

TOP OF PVC CASING ELEVATION: 1675.072 feet DEVELOPMENT: Air-lift pumping and surging 

STICK-UP: 2.4 ft (PVC casino) DURATION: 60 minutes olus 

SURFACE COMPLETION: 2.5-inch PVC & 8-inch steel protective cover WATER LEVEL: 14.75 feet below too of casinQ, 3/16/21 

REMARKS: 6-inch tricone roller bit YIELD: - 25 Qpm by air-liftinQ 

Sand and gravel oarticles are comoosed of auartz, chert, limestone, aranite, shale, and verv fine black oarticles that 

may be lignite. 

DEPTH IN FEET 
Formation Geologic Description 

FROM TO 

0.0 4.0 Topsoil TOPSOIL, dark brown 

4.0 9.0 
Surficial 

SILT, brown; and clay, brown 
Outwash 

Surficial l:SANU, coarse, yellow-brown (mdIvIduaI grains mullcolored) , angular to subrounded; little multIcolored, 
9.0 17.0 

Outwash angular to subangular gravel; trace fine, clear to black, subangular to rounded, sand; poorly sorted, mild 
effervescence with 10% HCL (fines and limestone narticles\ 

17.0 55.0 
Till CLAY, blue-gray; trace fine to coarse, multicolored, subangular to rounded sand; trace multicolored, 

(unoxidized) angular to subangular gravel ; trace dark-colored silt; cobbles or boulder at 26 ft based on rig chatter 

55.0 62.0 Till (oxidized) CLAY, yellow-brown; trace fine, clear to black, subangular to rounded sand; trace multicolored, angular to 
subangular gravel; trace silt 

Till ICLAY, blue-gray; trace ttne to coarse, multicolored, subangular to rounaea sana; trace multicolorecJ, 
62.0 88.0 

(unoxidized) angular to subangular gravel ; trace dark-colored silt; cobbles or boulder at 74 to 74.5 ft based on rig 
chatter 

Outwash I::,ANU, medium, yellow-brown, suoangular to subrounded; trace multIcolorea, anguIar to subangular 
88.0 106.0 

(buried) gravel; trace fine, clear to black, subangular to rounded sand; little yellow-brown clay; poorly sorted, mild 
effervescence with 10% HCL /fines and limestone\ 

106.0 108.0 Till ( oxidized) CLAY, yellow-brown; trace fine, clear to black, subangular to rounded sand; trace multicolored, angular to 
subangular gravel 



R: Banner Associates, Inc. I BORING/WELL NO. SWMW-D !PAGE 1 OF 1 PAGES 

LOCATION: Lake Norden Prairie Coteau AQuifer Well Field SCREEN: Schedule 40 PVC, Slotted 

Laker St. , Lake Norden DIAMETER: 2.5-inch SLOT NO. 25 

DATE COMPLETED: 3/11/2021 SETTING: 157 - 147 

DRILLING COMPANY: Kaiser Well DrillinQ SAND PACK: Red Flint Sand and Gravel, 5-100lb bags #50 

SETTING: 157 -142 

DRILLING METHOD: Mud Rotary CASING: Schedule 40 PVC 

SAMPLING METHOD: CuttinQs SETTING: 147 - +2.01 

OBSERVER: Mitch Kannenberg SEAL TYPE: Wyo-Ben Grout Well DF (10-50lb bags) 

DEPTH REFERENCE POINT: qround surface SETTING: 142-0 (Enviroplug Medium at surface) 

!TOP OF PVC CASING ELEVATION: 1676.056 ft (too of 5-inch PVC) DEVELOPMENT: Air-lift pumping and surging 

STICK-UP: 2.01 ft (PVC casing) DURATION: aooroximately 3 hours 

lsURFACE COMPLETION: 2.5-inch PVC & 8-inch steel orotective cover WATER LEVEL: 17.76 feet below ground surface at ~10:00, 3/12/21 

REMARKS: 6 inch tricone roller bit YIELD: ~ 25 anm bv air-liftinQ 

Sand and a ravel particles are composed of auartz, chert, limestone, aranite, shale, and very fine black particles that 

mav be lignite. 

DEPTH IN FEET 
Formation Geologic Description 

FROM TO 

0.0 2.0 Topsoil TOPSOIL, dark brown 

2.0 17.0 Till (oxidized) CLAY, yellow-brown; trace fine, clear to black, subangular to rounded sand; trace multicolored, angular to 
subangular gravel; trace silt 

17.0 22.0 CLAY, blue-gray; trace fine to coarse, multicolored, subangular to rounded sand; trace multicolored, 
angular to subangular gravel, trace dark-colored silt 

Till 
22.0 23.0 (unoxidized) BOULDER, Milbank granite, freshly fractured (drilled chips) 

23.0 40.0 CLAY, blue-gray; trace fine to coarse, multicolored, subangular to rounded sand; trace multicolored, 
angular to subangular gravel, trace dark-colored silt 

Outwash 
l""'"u, meaIum to coarse, brownish-gray, grams are mu111coIorea, anguIar to rounaea; some multicolored, 

40.0 45.0 angular to subangular gravel; trace fine, clear to black, subangular to rounded sand. poorly sorted, mild 
(buried) 

effervescene with 10% HCL lfinesl 

45.0 142.0 
Till CLAY, blue-gray; trace fine to coarse, multicolored, subangular to rounded sand; trace multicolored, 

(unoxidized) angular to subangular gravel, trace dark-colored silt 

Outwash ->1'Nu, meaIum to coarse, yeuow-orown, suoanguIar to suorounaea; some mu1t1coIorea, angular to 
142.0 154.0 

(buried) 
subangular gravel up to 1-inch diameter; trace mostly clear to black, subangular to rounded fine sand, mild 
effervescence with 10% HCL /fines\ moderatelv to ooorlv sorted clav laver at 150 feet 1-1 foot thick\ 

154.0 159.0 
Till CLAY, blue-gray; trace fine to coarse, multicolored, subangular to rounded sand; trace multicolored, 

(unoxidized) angular to subangular gravel, trace dark-colored silt 



OWNER: Banner Associates, Inc. I BORING/WELL NO. SWMW-S IPAGE 1 OF 1 PAGES 

LOCATION: Lake Norden Park, Lake Norden, SD SCREEN: Schedule 40 PVC, Slotted 

DIAMETER: 5-inch SLOT NO. 25 

DATE COMPLETED: 3/1/2021 SETTING: 31-26 

DRILLING COMPANY: Kaiser Well DrillinQ SAND PACK: Red Flint Sand and Gravel, 8-100Ib bags #50 

SETTING: 32-25 

DRILLING METHOD: Mud Rotary CASING: Schedule 40 PVC 

SAMPLING METHOD: Cuttinos SETTING: 26 - +2.5 

OBSERVER: Mitch Kannenberg SEAL TYPE: Wyo-Ben Enviroplug Medium - 6-50Ib bags 

DEPTH REFERENCE POINT: ground surface SETTING: 25-arade 

TOP OF PVC CASING ELEVATION: 1660.877 ft DEVELOPMENT: Air-lift pumping and surging 

STICK-UP: 2.5 ft (PVC casino) DURATION: 60 minutes, cleaned up fairly well, strona H2S odor 

SURFACE COMPLETION: 5-inch PVC & 8-inch steel protective cover WATER LEVEL: ~4 feet below Qround surface based on existina well static 

REMARKS: 7.875 inch tricone roller bit, reamed with 8.75-inch YIELD: air-lifted ~50 qpm 

tricone roller bit. 

Sand and gravel particles are composed of auartz, chert, limestone, oranite, shale, and very fine black particles that 
mav be liQnite. Surficial outwash aquifer water has strono hvdrooen sulfide-like odor. 

DEPTH IN FEET 
FORMATION GEOLOGIC DESCRIPTION 

FROM TO 

0.0 3.0 Topsoil TOPSOIL, dark brown 

SAND, medium to coarse, dark gray (individual grains mulicolored), subangular to rounded; little mulitcolored, 
3.0 26.0 angular to subangular gravel ; trace fine, clear to black, subangular to rounded, sand; white shell fragments ; 

poorly sorted ; mild effervesence with 10% HCL; clayey interval at 14 to 18 feet, fine sand interval to 23 feet 

Surficial GRAVEL, dark gray (individual grains mostly black and white), angular to subangular; limestone effervesces 
26.0 30.0 Outwash mildy with 10% HCL; trace fine to coarse, subangular to subounded, sand; trace reddish-brown clay; shell 

fragments; moderately sorted; water loss at this depth 

30.0 32.0 SAND, fine to medium, dark gray (individual grains mulicolored), subrounded to rounded; trace mulitcolored, 
angular to subangular gravel 



~Larson DW-00488 
SOUTH DAKOTA WATER WELL COMPLETION REPOR 07•91 • 

t.ocltion_l6..1JL£ K sec_L_S__ Twp~Ra..:Ei..1i. w,n Dwn■r. 
( J,,.1~ ~ .. ,.. --) 

tY- ,, 

~ 
NDIIII llullntu N111r. ! - . 

I I A~~~n~t±~a~~~f,6)~ 

Pit111 mllll well loAtioo wllll .111 T -+--+-
I I WW LOG: DEl'Tlf 

w E FORMATION FROM TO 
I I 

NORTH -+--+- ~ /) ... •. u. 0 ~ 

WELL /?JZ, ,..:2 {,, 

00488 I I ./J- {L .A --I a1r .... • () ~ .B:< ,~ 1 MU■ •I /AA An- ..... V /)p_. -~-S- 96' 
W,n Comp!ttlon Datt /I-~~- 97 JL - .A-1 - .. ~ ,,/J(f~) 9G. //,¥ 

,,AP, J'J I Vfl)_f)~ , 
,v 

/~4 /~6 
lOCATIOI: (/ 
Diatanc1 tram nt■rest pot■111ial pollution IOUICI C11ptic 111'; 1bandontd WIii. 

l11d lot. •t'-17 ~ft. lram L)F; z (identify IIOlll'Ctl. 

~\"Jl~IIIS~ 
PRDPOSm USE: 
(}a. D111111stic/Stait 0Mvnldpal □ Busin111 D TtstHalts I.,,., .:::-

,.,. 'v 
-- --- -~ 

D 1n1g111oa Dltldustritl D lnalitution,I D Mf!nltorlna wall ·l~m1:imRtGm.l, 
METHOD Of ORllUIG: ~h ~~ ,.zy. 

mud. Ju>~ 
-e~z.-~ ~;:..iw 

•uu" -
CASIIG DATA: 
D Steel ~ Plntic D Other STATIC WATER Uftl L/5" Feat 

llothtrdncribt If flawing: cloud in (1(11$1119 PSI 

PIPEWEIGHT DIAMETER FROM TO HOLEO¼,ETER 6PM flow _dnugb Inch pipt 

d 5o IJI/FT _.s.__lN ~FT~FT Contnillad by □ Yaiva D Reduce11 D Otller 9 7. IN 
__ lB/FT __ m --" --" ft Ramd Flowrata GPM 
__ lB/fT __ (H -"-" IN Ca well bl ~lllt, lllut in? 

8ROUTll8 IIATA 
' 

~"2; 
GIDUI Waight from To WEll TEST DATA: 

Daacrib,· /4-c t. ~a.J.. ~,a lb./gil _{a._ft.~l D l'ullped 

lb./gal ~11..2&_t 0 Bailtd 11-i.lJJ. 
'A "Mli o ,. f/ »a) ~ Other Describe p!fflduni u-

Pumping I.nil Below und Surface 

.5 5' ·ft. After ~Hra. pumped ~~< GPM 

ft. Afllf--HII. pumped GPM 

SCREEI: 01 Peifurattd pipe □ Mlllllflcturld HiJUll!p in111Ded. pa111p ntt o?Q GPM 

Ditmllll .s: IN length c::26 FEET 
Matllitl .pv_ {!. .:':).,5(2_ REMARKS~/~ ~ a., ~ 
S101 $iNef~4QO Sat FIOlll-24.. Fnt to~Feat 

~-iltL~~ Other infonn1tlon 

·-t:/LtiJ., ~- ~ ~ . 

~ 61-:l&, .9'ne., -;tA:d::. ~ 
~ ~ . • 

WAS A PACKER OR IEAl UIEDl O .YES ti°NO 

If 111. w!lst m1tlllal1 Thia wan wu drllltd under litanae # c:;:Jo/w 
011a111t plml(a) 1ml location? 

And this llport is 1M C!L.111. ~ ' 

DISIIFECTIOI: (}~ 
OriRing linn4 P .Jk{ Mo/' 

Wu wtO cfllinfHltd upon compl1tlan? LYES. How: -:g:;c4 -NO. Why Nat? 

~ ......... af ...... -

llbmtDIY Hnt ID !of water quer~ antlpl, ~ 
tl,e., Dr7e:attle ·./:,., 11o/"4:i;:i: 

T 
0111: 

,LIL)_ 



!Larson DW-26216 

SOUTH DAKOTA WATER WELL COMPLETION REPORT 07-92 

County 

tl~-ml✓-a 

Please mark well location with an ")(" 

South Well 
00026216 

w 

North 

I I 
-+--+-

I I 
I I 

-:+---+-
Jr I I 

I..: 1 Mile----~, 

Buainaas Name:------=---,-------,,----,----
Acldress: t/ JO I I) / P )n e.. C'; r c../e., 

' S;oux F.P//..r .s./J. b-7/0:1 

WELL LOG: DEPTH 

FORMATION FROM TD 

Well Completion Date __ ?_-_.;l_&,_-_9__.r ________ l--.....;;;._;_-"-'c....:;J--..;....,'---"""'~'-'-'"""-'=-=...t<-.:....:;.......::;..+----=--

LOCATION: 
Distance from nearest potential pollution soun:a (septic tank. abandoned well, 

feed lot. etc.)? I.SO ft. from..5'~7;c {°YFTe,?1 (identify soun:e). 

PROPOSED USE: 

Iii Domestic/Stock 

0 Irrigation 

0 Municipal 

0 Industrial 

METHOD OF DRILUNG: 

D Business D Test Holes 

0 Institutional O Monitoring well 

/)1wJ /Z<JT,u·y 

CASING DATA: 
0 Steel 

H other describe 

J2 Plastic D Other 

PIPEWEIGHT DIAMETER FROM TOI. HOLE DIAMETER 

SJ2.ll.aLIBIFT _£_IN _{)__FT ~FT 2 ?-'9.. IN 
___ IB/FT ___ IN ___ FT ___ FT IN 
___ IB/FT ___ IN ___ fT ___ FT IN 

Ii flowing: closed in pressure ____________ PSI 

GPM flow ___ through ___________ inch pipe 

Controlled by 0 Valve D Reducers D Other 

Reduced Flowrate ---------------GPM 

Can well be completely shut In? 

GROUTING DATA 
/!Grout Type 
~12f/Je1J1 

Grout Weight From o ~ WELL TEST DATA: 
___ lb./gal ---2..._11.~t O Pumped Describa:_..,O':-""'e _____ 1.1_12-"-/--="'f-P"'-"i2__.d...____,w,-'1 _ 

___ lb./gal ___ ft __ t O Bailed /l-ir 
1
0,Pd 

Describe grouting procedure _____________ _ D Other 

Pumping Leval Balow Land Surface 

____ • ft. After ___ Hrs. pumpad _______ GPM 

____ ft_ Aftar ___ Hrs. pumped GPM 

-S-C-RE_EN_:_□--Pa_rfo_ra_t_ed-p-ip-e -181--M-an-uf-act_ur_e_d _________ , 11 pump inst8118d, pump rate ____________ GPM 

,~ /tJ P,1; 
Diamater __ .::,=-,,------IN Length ___ ---=----FEET t-----------------------

pj REMARKS 
MaterialJ S:: Ti C. 

Slot Size~ Set From 99b Fee110....1...Lf2_Faet 

Other information ________________ _ 

WAS A PACKER OR SEAL USED? □ YES BJ NO 
I,,. If so, what material? _______________ _ This well was drilled under licanaa #------------

Describe packer(s) and location? ____________ _ And this report ~a and accur~te. 
-D-,S-IN_F_E_CTI_O_N_: ________________ -1 Drilling firm li V JI, ,J 

Was well disinfected upon completion? _)L_res. How: ? Signature • ·-....,-,,ru, • 

__ No. Why Not? f!1; /4 t:i'2 r' -
C; re« b nJ l,e-Fo,.< 
>'= du1-,ns G:>2., e- I 

0 a C k;n.J 
7 

Laboratory sent to for water quality analysis _________ _ 

;:z,,.. lfT.> 



!Antonin DW-13763 
SOUTH DAKOTA WATER WELL COMPLETION REPORT 07-92 

tacation~14~14 sec_16_rwp~Rg~ Wtll Owntr. Rusti Antonen 

ll111ln1111 Name: t{o rwe ./- o.c/4,.r.r ,'.a. ~ll.Q 600 ' County Nllllll 
Take Namen « SP 52248 

Hamlin I I 
Add1111: 

Pla&11 merit wall loatlofl with an "X"' -+--+-
I I WELLlOB: DEPTH 

w E FORMATION FROM TO 
I I 

Too soil 0 1 -+--+- Pea Gravel 1 20 
x, I Blue Clay 20 140 

j<E 1 Mile .. , 
Sand Gravel 140 160 

Wtfl Completion Data May, 1995 

LOCATIOI: 
OisttnCa flam neemt patentiel pollution soun:e (nptic tank, lbendansd wall. 

feed lat, etc.)? ...l2Q_ft. fl1lm Septic Tank (Identify IOIIRII), 

PROPOSED USE: 
:!QI: Domestic/Stock 0 Municipal 0 llulln811 0 Tlllt Hal11 

0 Irrigation_ 0 Industrial 0 Institutional O Monftaring wan 

METHOD OF DRIWIB: 

Rotary 

CASIIB DATA: 
D Steel 19'.Pllltic 0 Othsr STATIC WATEII LEVEL 1 Fnt 

If other describe If flawing: cloud in pnssure PSI 

PIPEWEIGHT DIAMmR FROM TO HDLEDIAMmR GPM flow ___ through inch pipe 

~LB/FT __ 5_1N _o __ FT ~FT 7 7L,8 IN Controlled by 0 Valve D Reducers D Other 
___ LS/FT ___ IN ___ fT ___ FT IN Reduced Flawrate 6PM 

---LB/FT ---IN ___ FT ___ FT IN Can well be completely lhut in? 

GROUTIIG DATA 
.Gra~ypad Na.ot,Sa Grout Weight Fram To WELL TEST DATA: 
Port lb./gal __ O_ft~t 18JCPurnpad Daacribe: canor~ssed Air 

lb./gal __ ft __ t 0 Bailed 

Dncribe llfllUling pracedu11 D Other 

Pumping Leval Below Land Surface 
15 fl After 12 Hrs. pumped 25 6PM 

ft. After Hrs. pumped 6PM 

SCHEEi: 0 Pmforatad pipe me Manufactured If pump installed, pump rate 6PM 

Di■mtt■r c; llt Length 20 FEET 

Material PVC REMARIS 

4i~i(~·::'J,t~~ 
Slat Size ---25__ Sit Fram--1.iQ. Feet ta___lfilL_Faat 

,.~ .. I,/ -!..P, •14;!. (0 
Other information ,··,, -,~·\-!;.;,, '6 ~ :~ <~,· ~ == 

\ t3 ":~ ~.·(?tl, ,1',,. 
\

r •· JI'~ ey "-u • " :tit. 
\":, ~ ~--.?. f1..Vj_ • 

• t'c;> 0l'Gl U\ i}. '!j 

WAS A PACKER DR SEAL USED? IJ!PCYES 0 ND 

If ao. what mst■ri11? Bentonite 
This wall WBI drilled under llcense # 94 

Describe pacbr(1) end location? 22' to 150' And· this rapar1 Is true and accurate. 

DISIIFECTIOI: Drilling !inn Huron Drilling Inc. 

W11 wall dlalnfected upon completion? ...!._vES. Haw: HTH 
Signatull al Ucansa Raprssantativa: 

__ NO, Why Nat? 
A 

Signetu"l! I 'tf:.j Equitable Pruparty Halder. 

' Laboratory um to far water quelity 1nalysi1 Pierre, SD 
Data: 

January 30, 1996 



1.·· 

!Hauschildt DW-58401 

SOUTH DAKOTA WATER WELL COMPLETION REPORT 07-92 

Location ¼ ¼ Sec 21 Twp 113 Rg 53 Well Owner: Morley Hauschidt 
County North Business Name: 

Hamlin I I Address: 
708 Lakeview ST 

-+--+- Lal<e Noraen SD 5724S 
Please mark well location with an "X" 

I I WELL LOG: DEPTH w E 

I X I 
FORMATION FROM TO 

-+--+- L:>am 0 3 
Well Completion Date clav I I 3 12 

11/07/02 
I• .. , clav 12 98 

1 Mile 
sand 98 102 

LOCATION: south clav 102 
Distance from nearest potential pollution source (septic tank, abandoned well, 

feed lot, etc.)? 60 ft. from se12tic {identify sourcel. 

PROPOSED USE: 

ocJ Domestic/Stock 0 Municipal 0 Business 0 Test Holes 

0 Irrigation 0 Industrial 0 Institutional D Monitoring well 

METHOD OF DRILLING: 
rotary STATIC WATER LEVEL 8' below Feet 

If flowing: closed in pressure PSI 
CASING DATA: D Steel el Plastic 0 Other 

6PM flow through inch pipe 
If other describe Controlled by D Valve 0 Reducers 0 Other 
PIPEWEIGHT DIAMETER FROM TO HOLE DIAMETER 

Reduced flowrate 4 0 98 6½; 6PM 
LB/FT IN FT FT IN 

Can well be completely shut in? 
LB/FT IN FT FT IN 

LB/FT IN FT FT IN 
WELL TEST DATA: 

Ii] Pumped Describe: 
GROUTING DATA 0 Bailed 

Grout Type No. of Sacks Grout Weight From To 
lb./gal fl __ ft D Other 

Quick Grout 13 0 98 Pumping Level Below Land Surface lb./gal fl __ ft 

Describe grouting procedure 
10 ft. After 1 Hrs. pumped 20 GPM 

ft. After Hrs. pumped GPM 
10 If pump installed, pump rate GPM 

SCREEN: 0 Perforated pipe (JI Manufactured 

Diameter 4 IN length 4 FEET REMARKS 

Material stainless steel RECEIVED 

Slot Size 12 Set From 98 Feet to 102 Feet DECO 2 2002 
Other information WAT!=R RIGI-IT~ 

463 PROGRAM 
This well was drilled under license # 

WAS A PACKER OR SEAL USED? l!J YES D NO And this report is true and accurate. 

It so. what material? Kpac.keJ: & ~adei: Drilling firm Steffi Drilling & Pump 

Describe packer(s) and location? 
96 ' 

~

f L' nse Rep~~~t7 ✓ / _ 

DISINFECTION: Was well disinfected upon completion? -//~ --:,, , ,. -- ~ff -X.-YES. How: H1ll Signature of Well O r or abl Prope1~l,·,;1der: 
1 -

Laboratory sent to for water __ NO, Why Not? )1! I J '"" \ n Ji\ I .LtrtA 
quality analysis 'I"" \ ~ ..... 

Date: November 10, 2002 



- . - . - -·- -- - ·---;i;, 'j:--~_-, _--:(,.,,..-----------:::0 ____ _ 
r,-1 .•·,,,, I.I _, -

STATE OF $0UTH, DAKOTA Wl;LL OR 1,Ll.ERS ~JPOR~.r:-K-;'--o-rp_e_n __ ':'":K-as-:k--:-ie...,--::D:-:-W~--0-1_8_4_5 ___ 

, ,. I 
; "' PJease_,mark wel J 
1 locat fon with ! 
•. an. 11X11 

~ ( 
I I 

' 

Sec ..JI 

)lmlle' 

We11 Completion ,pate_..;q_ • .... ~_.;.7_· _f---9:...-__ 

PROPOSED USE: 
!2(/~est'ic I /Muntclpal 

//Irrigation i .. /Industrial 
- l,1 ; , {\ 

//Test Holes - ... 
I /~~pck 

·~ -:,_ f 

Method of Drl111ng: 

j () .-::) Depth 

Formation Q rom 0 

0 

0 
0 

j Cl ", . .., 

-QJ. :-----_,;;. ...... ;;;..;;~~i......------·------Z.1t-r---~-----:~-----1----L._::;_~ 
(., 

I ~ Feet 

• 
; 

WEL~ CONS!RUCT I Ott: v _, ,'~ , ,;i ,, STAT.I~ WATER LEVE~_;----------
, ~- ~ . J; . - • ,, - •• ~ 

-~:.:ia~eter of_, holefi fv inches Depth/if 3v}eet ,. If flowing: ~los~d in pressu,re ____ ......;PSI _ 

0

Ca~1n~': '. I 
0

/Ste~l / )(/PJast'i~ 
0

/·· lOth~~ ; GP~ flow , through • , l~ch pipe o· 

WNR•836 4/82 

"Sp_eclfy , , "- Contro.J led by/ /Valv'e _/ _/Reducers / Jgt~ _ •• ,t 
ff ?thet,; specify , u 

O 

, J 
Ca~ well be ~~pletel/ shut off? ,., 

J' ------

0-
q 

,j 



~~ ~" IKorpen-Kaskie DW-01845 
HUION DRILLING INC. DIILURS LOG P"-''f· ~,r 1.1- .ea ·J" .3 PAGI ,NO, 

~~ K'1-l' 
·=r=JJ:. =--:==..-=---· --· 

~5,~9 I 
' ! . ~ Sb 71.. ~., I) 

' ' 
- m, f Wi\~ ; LOCA'l'lON DATE iug_.NO. mwe1,~: -· 

Jt ' 'l'IllE REMARKS 
.. 

No. DEPTH 

I 2,,-~ :;., « y ;:' ;t,11 ; 
A ... : I\ ·. ,,, 

~ .... :J· 2 -1 ,!", '"),\._ II~ ~ ,. 
'2-t. - ... •. -} ~A J; 11' ? tS -.I., u h. n J ·' 

4 1rt1 ~i,r \ I =-i§... -~ eF,, : :: • :.• 
5 J?½ h ) ( . 

too 'f-4--{,e~ ' 
., .. 

\ ■; 

u ('2A!i. 'ft,4·d ~d' e--

'~d 't:-i.< - --• - ' ;.:.·· :· , ,., l) - ,., 
; t'ta 6 o/-~~r <rt._ '"' ~~ ~ \ ~-ttlJl .11D '-- ..... 

' .. 
~ 

~t~~ &.. ... J .i ~ , ___ 
✓ ,_ ; 

.. 

~ ,.,U _ )-.} .; • <· ,~ {,..,_d -I , C, 
' 

.. ( ,. 
I J$ Cl - Ii~ .~~ 

,: 

• : ; ::::: l J~- I<.(~ .. 
~ ••••• :._:•~ / V d- ({,.6 

\'. . • I . , 
,· 

.. .. -' .. .. 
; 

; 

' --.-. .. ;. .. .. 
; 

' .. 
; ,. 

; ' 
.. , ,, 
'.1 .. 

r .. . . 
. , 

,; -~. - , 
•' 

, . . . 
:orr• ........ _"; 

; 
... , 

.. • -~-
)~ 

".:_ ~{ 
.-.:~ 

.. :•,=a_ 

·:.:.t 
.·:/. 
.. , 

'J' :'!-' - ·r -
.. ·-~ •.• 
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•. 
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···1 
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!Isaacson DW-26217 
SOUTH DAKOTA WATER WELL COMPLETION REPORT 10-85 

location~~¼ Sec-1...S:__ TwpJ.J.Jlt.Rg,$3 uJ 

Please mark well 
location with 
an "X" 

w 

Nonh 

I I -+- ---t-➔ 
I I 

I I 

-+- -+--
I I 

1 mile 

Well Completion Date 2 - / 3/ ~ ~ 'z 

PROPOSED USE: 
0 Domestic 
0 Irrigation 

0 Municipal 
0 Industrial 

Method of Drilling: /( 0 T ~ ,. / 

CASING DATA: 
0 Steel Jk'.I Plastic 

0 Test Holes 
~ Stock 

0 Other 

E 

If other describe _______________ _ 

PIPEWEIGHT DIAMETER FROM TO HOLE DIAMETER 

S...1212s2/ LB/fT _s::__ IN _Q_ FT 7 .:l FT L2~N 

Well Owner: 

Name f ;;;,>-/ 

Address RRI 
Well log: 

J'Sit;z_t!, Soa 

/3oJ 77 ). Z~e /J{,-J.,,, S. 0. 
Depth~ 7,j~G,' 

STATIC WATER LEVEl ___ 7'.~£ ______ feet 

If flowing: closed in pressure _________ PSI 

LB/FT --- IN -- FT -- FT ---- IN GPM flow ____ through _________ inch pipe 

LB/FT --- IN -- FT -- FT IN Controlled by O Valve O Reducers O Other 

LB/FT --- IN -- FT __ FT IN II other; specify ______________ _ 

----------------------f Can well be completely shut in? _________ _ 
GROUT: 
Wes the well grouted? ll.a'YES D NO 

u WELL TEST DATA: 
To what depth? ______ z.._.,S:..._ _____ FEET D Pumped 

What is grouting material? t!e. me a T D 
Bailed 

Oe.., e/o ,:z e cl 1.U/ g,·,. 
Describe: ft-o J uceJ S" :t P h7 

If cement. number of sacks? 

Describe g'.oyting procedure 

Thr:ev5b frem,'e 

What was grout weight? ___________ LB/GAL 

SCREEN: D Perforated pipe Manufactured 

Diameter. ,:;,-. IN length .2 D 
~ J::J/2sr.,·~ Material --'----'--.c......:..,,~------------

FEET 

Slot Size~ Set From~ feet To ~eel 

Slot Size ___ Set From ___ Feet To _Feet 

Slot Size ___ Set From ___ Feet To _Feet 

Other information 

Was a packer or seal used? DYES fgf(a' 
If so. what naterial? ______________ _ 

Describe packer(sl and location? ___________ _ 

Dorher 

Pumping level Balow land Surface 

____ ft. After __ Hrs. pumped ______ GPM 

____ ft. After __ Hrs. pumped 6PM 

____ ft. After __ Hrs. pumped GPM 

REMARKS: p.A O ,. (' 
.., .- -ro;m.z7:ti"1 

ConT,'nuoo;s mix;"S c+ S,n.,/ .,._ 

fc.1med .!J-s,Pni 

t,u/ :2;;-

This well was drilled under license # __ :1/ __ _ 

And this repon is true and accurate. 

Drilling firm OU/ /,s Ll r o ..S 

-----------------------1 S-ig_n_atu...:£_::;e::::::o=f :.Lic..::e::ns~eiR;ep~r:...es::::en~t:J;at:::!iv=e:!::i:~~"'-i~c.____::!:.__~~ 

Was wall disinfected upon completion? 121'ves O NO 

Explain CA/4,.;,,e_ eirc,J/.a7e . ./ be.foe .J-

o r:::+..~"~•·'>:J '3;1>.,e..l,P•o,t,• Bacteriologicllf analysit YES w NO ··p-------------~~..:..:...:c,.=.:.=~;.,.;;.-iiM-

laborarory sent to _______________ _ Date 7-/ 



..,..,.,... Y-1 
Qi<,_.._,. ,,,.,.,., t& •·••1W"'·"••1 w:.w.,:.px-.,11>¥.,-s.,v..;)~.,.~•'$i&i:£Hj@(SJif1~4'81~~~•fMWi'•J:~-1~ 

SOUTH DAKOTA WATER WELL COMPLETION REPORT 01~12 
~ 

Well Owner:-t-+-'.....,.~r-~.i---i..,4...1..&..1.---!.~lft'-l.~~~~ 

I I 
·Business Nime:~---=-------------.:.......-----

Addmss· t'.;, .:J% S78'T\ . . ~ . 
Please:martc well location with an")('· ..... -. +-. -+-~ 

:·~ . l . 
Wdi_-Completion Date 

•, :-:( ~~/~-0-7 

w I I 
l I 

-+-~+-. 
·Y. I . I 

..,,,.----1 Mile ----•! 

E 
WEll lOG: • DEPTH. 

FORMATION FROM .TO 

0 

. : • . r,IETHOD OF DRILUNG: 

. -1>- . ~ . .• ./ 
·.·.•". r~c--r 

L.f 
ST~TIC WATER lEVEl_.....,... ______ ....__ ____ ....__feet 

;)~CASING DATA:.. ·o Steel 0 Other 
l_f flowing: closed in pressure PSI 

.··•·•· •, 

• • -~ lf.~therdestj;li~------------------
GPM flow • through 'inch pipe 

Controlled by D Valve O Reducers O Other ______ _ 
,_ P_IPEWEIGHT • • OIA:S~R . FROM . Ji.. FT. HO~_;ETE

1
RN_ . Reduced Flowrate • • · GPM 

1_.,_,,'-_A v __ olB/FT . _,N 2._tu FT' 7 ~~ 
-, ----- .Can well be completely-shut jn?------~-----

>.'\. ~;: • :: ·: ~ • : ____ :: ~TEST DATA:. ,· ~ )_/-_ •• 
it&It . ·. • . • l!!r"PumPad Describe:~. _a_,_,_., ____ ._-ff.. ________ •. ·l 
kt$.;'.GRDUTl~G DATA •. . . • . □ Bailed 

. ··:. ,": .. ' :, l:.IN-tP ---~---- · • $ I lbJoal O ft~ft O Other 
. -~;~i TfP' L Na~..... 6!!>-J W,... F..,. ,ri• . 

:<'} . - • • · • lb./11al • -~ • t • Pumpi~ Level Below la~ Surfa!:e 

f!4•.....,-"".f ""Sf"-''f11h/l:-<f~ ? - ~::: L :::: loot :: 

I,-O ~ ~• --- /l).. • • If pump ins_talled. pump rate~· --:--------------GPM • 

·;,"\[Oiameter ____ ,,_,...,_ __ ,N Length ________ _.__fEET • REMARKS REC.EIVED. · 
-: .'~~a~erial: • . :a, ... '> I: L 

.' };,SlotS~:· /o).5_- SetF.rom 1J. Feiitto /1)2. Feet SEP 1°7 2009 

{ ::, : : . _ . This waif was drilled under license n _._: ___. __________ _ 

l .:.:""AS.·~-•~tKER OR SEAL_USED10 YES O NO And this report is true and accurate. . • • 

~;{~lfso.wh~tmaterial? _____ :...: -·-------.---- Drillingfirm J<.,/S,-t-, f#-flJ /Jr,·_1~,J .• 
~L/ ·p~cribli:packef(s) and location? • Signature of 'cerise r entative: ,~ 
~~},~·. ;. .. . • • • • . • • 
~,~; 1DISil~CTI08: Was well disinfected UIJO!! completion? 
1\,· :. . • • • • ....-YES, How: //.. t/l lii 

llaborat~ se~t to for water __ NO, Why .Not? 
quatityana~ 
/),,~ ~ ---------

~\~-- nrJ.P"'"""r ,. .... ,~.----------...,..--­
ii~~-:\:•. 



Bentley DW 

Well location and depth provided by City. No log available. 
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Account No. : 57502 

KAISER WELL DRILLING 
45550193RD ST 

111111 ..,.,. w_,.. 

Laboratories, Inc. 

Ag Testing - Consulting 

LAKE NORDEN SD 57248 

Results For : CITY OF LAKE NORDEN 
Location: 

Sample ID : L2-PULLED FROM WATER PLANT 

pH 

Total Dissolved Solids (TDS) Est, ppm 

Electrical Conductivity, mmho/cm 

Cations I Anions, me/L 

Sodium, Na 

Potassium, K 

Calcium, Ca 

Magnesium, Mg 

Total Hardness, CaCOJ 

Nitrate, NOs-N 

Sulfate, SO,-S 

Chloride, Cl 

Carbonate, CQ3 

Bicarbonate, HCOJ 

Total Alkalinity, CaCO3 

Fluoride, F 

Total Iron, Fe 

Manganese, Mn 

Reviewed By: Raymond Ward 

Bus: 308-234-2418 
Fax: 308-234-1940 

7.5 

994 

1.66 

19.5 / 19.4 

ppm 

41 

7 

222.2 

77 

876 

0.2 (SAFE) 

211 

4 

< 1.0 

371 

305 

0.35 

< 0.01 

0.09 
"<" - Not Detected I Below Detection Limit 

web site 
www.wardlab.com 

4/21/2021 

Soll,Plant, IW-

i 
Partlelpatlng 
Laboratory 

Water Analysis Report 

Invoice No. : 
Date Received : 
Date Reported : 

Lab Number: 

1343140 
04/19/2021 
04/20/2021 

3867 

Sample Date: 4/14/2021 

Copy: I Page I of! 

4007 Cherry Ave., P.O. Box 788 
Kearney, Nebraska 68848-0788 













AppendixD 

Aquifer Test Summary Data Sheet 

30-Day Aquifer Pumping Test 
Banner Associates, Inc. 
Prairie Coteau Well Field 

Lake Norden, SD 

Client: Banner Associates, Inc. Site: Lake Norden Prairie Coteau Well Field 
Task: 30-Day Aquifer Testing in L2 City/State: Lake Norden, SD 
Project Number: 5509BAN02 

Pumping Well Information 
Pumping Well Pump Generator or Power Supply 

Pumping Well(s): L2 Make: Grundfos Make: na 
Screen Setting (ft bg): 83-103 Intake (ft bg): 82 Power (ie. 3-ph 480 V): 480V power drop at v.ell site 
Well Radius /inl: 5-inch (10-inch diameter) Column Diameter (in): 4 Horsepower: na 
Stickup Height (fl): 1.963 Power (ie. 3 ph, 480 V): 480V Owner I Rental Source: na 
Static Water Level /fl bTOCI: 12.05 Horsepower: 15 Adiustable: Yes/ No na 
Measuring/Reference Point mark at top of casing • Owner I Rental Source: owned by City Max. Allowable Amp Draw (Amps): na 
Sand Meter Type: Other: Type: Submersible Max. Allowable Frequency (Hz): na 

none Max. Allowable Drawdown (ft): na 
Sand Concentration (mg/L): na Max. Allowable Motor Temp. (Fl: na 
Notes: 

Aquifer Test Information 
Test Type: Constant-Rate Test 
Purpose of Test: QuanUtative Analvsis 
Date of Test: 3/17/2021 -4/16/2021 (pumping period) 
Flow Rate Measurement: @otalizer, [Jl>.coustic Meter, []Mag Meter, [}:>rifice Weir, ~ther. Pennanently installed at water treatment plant. 
Assisting Subcontractor. O,ot applicable, @-lame: Banner 
Wellhead Manifold and Discharge: Water was pumped to the water treatment plan and was not discharged near the pumped well. 

Pumping Wetl(s): L2 
Pumping Pumping Recovery Maximum Specific 

Rate Duration Duration Start Start End End Drawdown Capacity 
(gpm) (hr) (hr) Date Time Date Time (ft) (gpm/ft) 

Pumping 353 720 - 3/17/2021 11:00AM 4/16/2021 11:16AM 53.01 6.66 
Recoverv - - 340 4/16/2021 11:16AM 4/30/2021 3:20PM - -

- -

Notes: L2 is not individually metered and is manifolded (along with other Cily v.ells) before the meter. Wells 1, 2, 3, and 9, in the City's Big Sioux aquifer well field, operated periodically throughout the Test. 

U:\55098AN01_8anner- Lake Norden Hydrogeologlc Consufting\LRE 2021 Aquifer Tesl\30-Day Test Report\ 
Appendix D - Aquifer Test Summary - Short Form NEW - Lake Norden Pg.1 of2 LRE Water 



Client: Banner Associates, Inc. 
Task: 30-Day Aquifer Testing in L2 
Prolect Number: 5509BAN02 

Observation Well(sl lnfonnatlon 

Well Screen Stickup 
Depth Setting Height 

Well ID (ftbg) (ftbg) (fl) 

L1 97 83-97 5.095 
L2 103 83-103 1.963 
L3 107 87-107 3.098 

NEMW 111.2 101.2-111.2 2.29 
NNMW 106.6 96.6-106.6 2.40 
EMW2 103.7 93.7 -103.7 1.65 

L3MW-S 21.1 11.6- 21.1 1.75 
SWMW-S 31 26-31 • 2.50 

BS Park MW 82 62-82 1.60 
SWMW-D 157 147-157 2.01 

NMW 103 93-103 1.53 
L2MW-I 55.6 50.6-55.6 1.94 
L2MW-D 110.7 100.7 -110.7 1.86 

Notes: 

Appendix D 

Aquifer Test Summary Data Sheet 

30-Day Aquifer Pumping Test 
Banner Associates, Inc. 
Prairie Coteau Well Field 

Lake Norden, SD 

Site: 
City/State: 

Lake Norden Prairie Coteau Well Field 
Lake Norden, SD 

Water 
Distance to Static Water Level Measuring/ 
Pumping L2 Level Type Reference 

(ft) lflbTOCl (MfTl Point Transducer TvDe 
559 0.63 MfT TOG SCADA -TE KPSI 320 
0 12.05 MfT TOG SCADA -TE KPSI 320 

360 10.60 MfT TOG SCADA -TE KPSI 320 
4,324 20.95 MfT TOG LevelTroll 500, 30 psig 
3,674 13.18 MfT TOG LevelTroll 500, 30 osig 
396 11.88 MfT TOG LevelTroll 500, 30 psig 
396 16.13 MfT TOG LevelTroll 500, 15 osig 

1,383 5.92 MfT TOG LevelT roll 500, 30 psig 
1,374 5.87 MfT TOG LevelTroll 500, 30 psig 
5,271 19.39 MfT TOG Leve IT roll 500, 100 psig 
971 13.62 MfT TOG LevelT roll 500, 30 osig 
44 29.86 MfT TOG LevelT roll 500, 30 psig 
49 13.42 MfT TOG Leve IT roll 500 30 psi a 

• Negative drawdown at the end ofTest indicates that water levels rose during the Test and were not influenoed from pumping in L2 . 
.. Recavery percentages represent the maximum observed recavery (using trend adjusted data) in the transduoer data after -14 days of recavery. 

Additional lnfonnatlon 
-Weather Data: l.:'.)>recipitation, [;!Jlarometric Pressure, l.tifemperature 

Kecovery 
Drawdown (Recovery= 

Logger at End of Pumping 
Sample Rate Test Perlodr° 

{mini (ft) (%) 

2 21.89 100 
2 53.01 100 
2 21.03 100 
2 --0.34. na 
2 7.14 99 
2 20.61 100 
2 -1.87' na 
2 --0.68' na 
2 --0.68' na 
2 1.46 99 
2 13.50 99 
2 -8.02' na 
2 27.86 100 

Discussion: Precipitation, barometric, and temperature data were downloaded for KSDHAYTl5 (Lake Norden SD), Hayti, SD from WeatherUndergroung (https://www.wunderground.cam/dashboard/pws/KSDHAYTl5). 

- Permtts: NA. 

- Nearby High Capacity or Domestic Wells (Yes, No, or describe): The City's other high capactty wells are campleted in the Big Sioux aquifer located approximately 3 miles west of the Prairie Coteau well field. The other City 
wells did not interfere with the Test. 

- Water Quality Samples: Water quality samples were callected by Kaiser Well Drilling on 4/14/2021. Laboratory results are provided in Appendix D. 

Notes: 

Footnotes: 
F = fahrenheit 
ft= feet 
ft bg = feet below grade/ground 
hr= hour 

Hz= Hertz 
in= inch 
mg/L = milligrams per Liter 
min= minute 

U:15509BAN01_Banne, • Lake Norden Hydrogeologlc Consulling\LRE 2021 Aquifer Test\30-0ay Test Report, 
Appencf,x O • Aquifer Test Summary • Short Form NEW• Lake Norden 

na = not applicable 
ph = phase 
TOG = top of casing 
TOS = top of sounding tube 

Pg.2of2 

V=volt 
gpm/11 = gallons per minute per foot of drawdown 
MfT = Manual Measurement or Transduoer 

LRE Water 



30-Day Aquifer Pumping Test 
Prairie Coteau Well Field 
Lake Norden, SD 

APPENDIX E 

May 21, 2021 - 5509BAN02 
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1680 

ELEVATION VS DATE (LINEAR) 
PRAIRIE COTEAU WELL FIELD 

LAKE NORDEN, SD 
MARCH 17, 2021 THROUGH MAY 5, 2021 

■ L1 Manual 
■ L2 Manual 
■ L3 Manual 
• L2MW-I Manual 
■ L2MW-D Manual 
• L3MW-S Manual 
■ EMW2 Manual 
a NMWManual 
• BS Park MW Manual 
• SWMW-S Manual 
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■ NEMW Manual 
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ELEVATION VS DATE (LINEAR) 
PRAIRIE COTEAU WELL FIELD 

LAKE NORDEN, SD 
MARCH 17, 2021 THROUGH MAY 5, 2021 

- -- - -
r 

] ...... '-- -- . - ·u .... :>.. - r--_ 

~ L.I ~ --- ~ --........ ----. 
'-.. ~ - --

-
~ 

J \....._ ~ 
/ 

Start of Constant-Rate ■ • 
Test at L2 
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I - ,_ I 

Date 

■ L1 Manual 
■ L2 Manual 
■ L3 Manual 
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ELEVATION VS ELAPSED TIME (SEMI-LOG) 
PRAIRIE COTEAU WELL FIELD 

LAKE NORDEN, SD 
MARCH 17, 2021 THROUGH APRIL 30, 2021 

-
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r----___ --......_ 

------------r---_ --r---_ 
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ELEVATION VS ELAPSED TIME (SEMI-LOG) 
PRAIRIE COTEAU WELL FIELD 

LAKE NORDEN, SD 
MARCH 17, 2021 THROUGH APRIL 30, 2021 
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DRAWDOWN VS ELAPSED TIME (SEMI-LOG) 
PRAIRIE COTEAU WELL FIELD 

LAKE NORDEN, SD 
MARCH 17, 2021 THROUGH APRIL 30, 2021 
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DRAWDOWN VS ELAPSED TIME (SEMI-LOG) 
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PRAIRIE COTEAU WELL FIELD 

LAKE NORDEN, SD 
MARCH 17, 2021 THROUGH APRIL 30, 2021 

~ - ---- -
-

~ 
... 
~ 

--.......... i--_ 

--- -- ........ _ 

---
-----
- "" --~ -

-------

....._ 

_ .., 

....... 

12 lb 

Elapsed Time (min) 

~ 

~ 

■ L1 Manual --L 1 Transducer 
■ L2 Manual --L2 Transducer 
■ L3 Manual --L3 Transducer 
• L2MW-I Manual --L2MW-I Transducer 
■ L2MW-D Manual --L2MW-D Transducer 
.t. L3MW-S Manual --L3MW-S Transducer 
■ EMW2 Manual --EMW2 Transducer 
□ NMWManual -- NMWTransducer 
• BS Park MW Manual --BS Park MW Transducer 
.t. SWMW-S Manual --SWMW-S Transducer 
■ SWMW-D Manual --SWMW-D Transducer 
Ill NEMWManua I --NEMWT d cer rans u 
□ NNMWManual NNMW Transdu cer 
□ L2 Pumoino Rate 

~ 
End of Monitoring and -
Restart of Well Field 

_ kt' 4/30/2115:20 -----i...----

11'tUU 

1,350 
1,300 
1,250 

f 1,200 
I 1,150 - 1,100 

1,050 
1,000 

~ 950 e 900 C. 
850 s 

V ""'r" 

800 CII 
1v 

750 a:: 
700 C) 

C 
-- 650 ·a 

600 E 
:::, 

550 ll.. 

500 
450 
400 .... 

------- ·-· 350 
300 

End of Constant-Rate Test _ 

-.,,-._· ~ 
at L2 

4/16/2111:16 

250 
200 
150 
100 
50 
0 

LRE Water 



-10 

-5 

0 

5 

10 

z-
CII 

15 ~ 
i 
0 20 

l 25 C 

30 

35 ~ Distance-Drawdown 
Projected Drawdown = 52. 76 fl 

40 - Observed Drawdown = 53.01 fl 
L2 Efficiency= 99.5% 

45 
L2 

50 -
55 l!!I 

60 
7 

Lake Norden - 30 day test 2021 
Dist Orawdown 

DISTANCE-DRAWDOWN (SEMI-LOG) 
PRAIRIE COTEAU WELL FIELD 

LAKE NORDEN, SD 
DRAWDOWN AFTER APPROXIMATELY 1, 7, 14, 21, AND 30 DAYS IN TO L2 TEST 

No influence in L2MW-I, L3MW-S, 
BS Park MW, SWMW-S, and NEMW 

I ~· I J c;i 
BS Park MW __ ::;; _ ~ 

■ 

"" 
: WMW-S ~ ~ - ii - -- - .-■ L2MW-I L3MW-S 
~ 

I ::;; 
z 
■ 

~ N -~ ::;; 

I z 
M nj ,- z 
_J - _J 

•• --
L2MW-D - ~ l!!I 

I 

ii 

Distance (ft) 

■ 1-Day Distance Drawdown 

■ 7-Days Distance Drawdown 

□ 14-Days Distance Drawdown 

□ 21-Days Distance Drawdown 

■ 30-Days Distance Drawdown 

LREWater 



Start of Constant-Rate Test 
atl2 

3/17/2111:00 

1690 
~/ 

1680 

1670 

1660 
L 1, L2. L3 • Static 

~ 1650 
QI 
::. 
C 
.!2 
ni 
> QI 

1640 

w 1630 

1620 

1610 

1600 

1590 L2 - Top of Screen 
L2 - Aquifer Top 

-----= 

--------

~ 

- . - . - . - - - - . 

ELEVATION VS ELAPSED TIME (SEMI-LOG) 
PRAIRIE COTEAU WELL FIELD 

LAKE NORDEN, SD 
MARCH 17, 2021 THROUGH APRIL 30, 2021 

=--. -- ,_ 

~ --
r--_ 

---- ,._ ---~ 
r---__ 

----r----_ 

V\ -
\I\ - . - . - . - . - . - . - . - . ... "I . - - - - - - - - - - - - - ' 

1580 ~ L3 - Aauifer Too and Too of Screen - - .. - - - - - - - - - - - - - ' I 
L 1 - Aquifer Top and Top of Screen -

1570 

Lake Norden - 30 day lest 2021 
Elev vs. ET (w aq. lop) 

I 

7 

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

Elapsed Time (min) 

I.) 
--.. ' 

■ L1 Manual 
■ L2 Manual 
■ L3 Manual 
• L2MW-I Manual 
■ L2MW-D Manual 
• L3MW-S Manual 
■ EMW2 Manual 
o NMWManual 
• BS Park MW Manual 
• SWMW-S Manual 
■ SWMW-D Manual 
C NEMWManual 
D NNMWManual 
--Lake Norden Barometric 

I 

= ;:-a:JJ I 
End of Monitoring and 
Restart of Well Field 

I/ 4/30/2115:20 ,,kt 

: ~ 
~ 

D D 

-_, 

--

End of Constant-Rate Test ... ~ atl2 
I 4/16/2111:16 

• 

~ -~-- - . - . - . . - - - - - - .. 
• j - - - - - - ... 

--L1 Transducer 
--L2 Transducer 
--L3 Transducer 
--L2MW-I Transducer 
--L2MW-D Transducer 
--L3MW-S Transducer 
--EMW2 Transducer 
--NMW Transducer 
--BS Park MW Transducer 
--SWMW-S Trans ducer 

ducer 
cer 
cer 

--SWMW-D Trans 
--NEMW Transdu 

NNMW Transdu 

33.4 

33.0 

32.6 

32.2 

31.8 

31.4 

31.0 

30.6 

30.2 

- . - . - 29.8 - - - -- - - - 29.4 

m 
::c 
:§. 
!!! 
::I ,,, ,,, 
!!! 
a. 
0 ·c:: -QI 

E 
0 ... 
Ill 
IQ 

-·- - - - - - - - .. - - - -
i2 Va 

ee,o 
1.9 yrs 

29.0 

i2 
Va 

Va 
1t;, 

19 yrs 

LREWater 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L2 cont theis.agt 
Date: 05/10/21 Time: 14:55:52 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

WELL DATA 

Pumoino Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.161 288814.251 I □ L2 transducer 12701840.161 288814.251 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis 

T = 3650.7 ft2tday s = 3.627E-11 
Kz/Kr = 1. b = 18. ft 
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Adjusted Time (min) 

WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L2 cont cj.agt 
Date: 05/10/21 Time: 14:57:04 

PROJECT INFORMATION 

Company: LRE Water 
Client Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
Test Well: L2 
Test Date: 2021 

AQUIFER DATA 

Saturated Thickness: 18. ft Anisotropy Ratio (Kz/Kr): .!.:. 

WELL DATA 

Pumping Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y {ft) I 
I L2 transducer 12701840.16 1 288814.251 I O L2 transducer I 2701840. 161 288814.251 

SOLUTION 

Aquifer Model: Confined Solution Method: Coo~er-Jacob 

T = 3398. 7 ft2tday S = 4.311 E-10 
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WELL TEST ANALYSIS 

Data Set: C \Projects\Lake Norden\Agtesolv\L2 leaky h1.aqt 
Date: 05/10/21 Time: 14:54:59 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

WELL DATA 

Pumpinci Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.161288814.251 I □ L2transducer 12701840.161 288814.25] 

SOLUTION 

Aquifer Model: Leaky Solution Method: Hantush-Jacob 

T = 2255.9 ft2tday s = 5.976E-6 
r/B = 1.148E-5 Kz/Kr = 1. -
b = 18. ft -
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Time (min) 

WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L2 leaky nw.agt 
Date: 05/1 0/21 Time: 14:55:30 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

--

AQUIFER DATA 

Saturated Thickness: 18. ft Anisotropy Ratio (Kz/Kr): 1..: 
Aquitard Thickness (b'): 72. ft Aquitard Thickness (b"): 1..: ft 

WELL DATA 

Pumping Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.161 288814.251 I □ L2 transducer 12701840.161 288814.251 

SOLUTION 

Aquifer Model: Leaky Solution Method: Neuman-Withers~oon 

T = 1560.7 ft2tday s = 6.724E-10 
r/B = 1.148E-5 I! = 0.5321 
T2 = 0.0155 ft2tday S2 = -1_--
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Agarwal Equivalent Time (min) 

WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L2 conf theis agarwal.agt 
Date: 05/1 1 /21 Time: 10:32:11 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

WELL DATA 

PumpinQ Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.161 288814.251 IO L2 transducer I 2701840.16 I 288814.25] 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis 

T = 2682.3 tt2tday s = 0.0003157 
Kz/Kr = 1. b = 18. ft 
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Agarwal Equivalent Time (min) 

WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L2 cont cj agarwal.agt 
Date: 05/11 /21 Time: 10:25:17 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
Test Well: L2 
Test Date: 2021 

AQUIFER DATA 

Saturated Thickness: 18. ft Anisotropy Ratio (Kz/Kr): 1. -

WELL DATA 

Pumping Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer I 2701840.16 I 288814.251 I O L2 transducer 12701840.161 288814.251 

SOLUTION 

Aquifer Model: Confined Solution Method: Coo~er-Jacob 

T = 2826.9 ft2/day S = 0.0001159 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L2 conf theis recove!)'..agt 
Date: 05/10/21 Time: 14:56:04 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 --

AQUIFER DATA 

Saturated Thickness: 18. ft Anisotropy Ratio (Kz/Kr): 1. -

WELL DATA 

Pumoina Wells Observation Wells 
I Well Name l X /ft) I y /ft) I I Well Name I X /ft) I y /ft) I 
I L2 transducer 12701840.16 1 288814.25I I O L2 transducer l 2701840.161 288814.251 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis (Recove!)'.) 

T = 2826.9 ft2tday SIS'= 2.624 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L2MW-D cont theis.agt 
Date: 05/10/21 Time: 14:02:48 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
Test Well: L2 
Test Date: 2021 

WELL DATA 

Pumping Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 12701840.161 288814.251 I □ L2MW-D Transducer 12101826.55~ 288861 .52l 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis 

T = 4244.9 ft2/day s = 1.239E-8 
Kz/Kr = 1. b = 21 . ft 
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Adjusted Time (min) 

WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L2MW-D cont cj.agt 
Date: 05/10/21 Time: 14:02:26 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
Test Well: L2 
Test Date: 2021 

AQUIFER DATA 

Saturated Thickness: f..!.:. ft Anisotropy Ratio (Kz/Kr): .1_ 

WELL DATA 

Pumoinq Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) J 
I L2 12701840.161 288814.251 I O L2MW-D Transducer Q701826.55~ 288861.52l 

SOLUTION 

Aquifer Model: Confined Solution Method: Cooeer-Jacob 

T = 3573.2 ft2tday S = 2.979E-7 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L2MW-D leaky hj.agt 

1.0E+4 

Date: 05/10/21 Time: 14:02:03 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
Test Well: L2 
Test Date: 2021 

PROJECT INFORMATION 

AQUIFER DATA 

1.0E+5 

Saturated Thickness: 21. ft 
Aquitard Thickness (b'): 79. ft 

Anisotropy Ratio (Kz/Kr): 1. 
Aquitard Thickness (b"): l ft 

WELL DATA 

Pumoino Wells Observation Wells 
lrW-:::e_l_l N_a_m_e _____ +-c-c,l.,,..X.,..,~<ft~l.,,..1-=--clc,cY-=-(~ft-l l I Well Name I X (ft) I Y (ft) I 
l~L_2 ___ ____ _.l..cc2_70"-1'""8-'4-"'0.--'-16"'-~12_8--'-8_8_14_ . ...c..c..,251 I a L2MW-D Transducer !2701826.55~ 288861.52:? 

Aquifer Model: Leaky 

T = 1441. ft2tday 
r/B' = 0.02348 
r/B" = 0. 

SOLUTION 

Solution Method: Hantush 

S = 3.2E-5 
11' = D.09315 
11" = 0. 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L2MW-D leaky nw.agt 
Date: 05/10/21 Time: 14:01 :27 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
Test Well : L2 
Test Date: 2021 --

AQUIFER DATA 

Saturated Thickness: 21 . ft Anisotropy Ratio (Kz/Kr): .!.: 
Aquitard Thickness (b'): 79. ft Aquitard Thickness (b"): 1. ft -

WELL DATA 

Pumoina Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 12701840.161 288814.251 IO L2MW-D Transducer !2701826.55~ 288861.52~ 

SOLUTION 

Aquifer Model: Leaky Solution Method: Neuman-Withers12oon 

T = 1440.9 ft2/day s = 4.016E-5 
r/B = 0.02346 r.. = 0.08358 
T2 = 1.44E+8 ft2tday S2 = 1. -
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L2MW-D cont theis agarwal.agt 
Date: 05/10/21 Time: 14:34:22 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

WELL DATA 

Pumping Wells Observation Wells 
I Well Name I X (ft) I y (ft\ I I Well Name I X (ft) I y (ft) I 
I L2 I 2701840.16 1 288814.251 I a L2MW-D Transducer 12701826.55~ 288861.52i 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis 

T = 2550.4 ft2tday s = 5.863E-5 
Kz/Kr = 1. b = 21. ft 
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Agarwal Equivalent Time (min) 

WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L2MW-D cont cj agarwal.agt 
Date: 05/11/21 Time: 10:33:23 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

AQUIFER DATA 

Saturated Thickness: £1_ ft Anisotropy Ratio (Kz/Kr): 1. -

WELL DATA 

Pumping Wells Observation Wells 
I Well Name I X (ft) I y (ft) I f Well Name I X (ft\ I y (ft) I 
I L2 12701840.16 1 288814.251 I O L2MW-D Transducer 12701826.55~ 288861.522 

SOLUTION 

Aquifer Model: Confined Solution Method: Coo~er-Jacob 

T = 2670.6 ft2/day S = 3.37E-5 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L2MW-D cont theis recove~.agt 
Date: 05/10/21 Time: 14:04:23 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 --

AQUIFER DATA 

Saturated Thickness: 21. ft Anisotropy Ratio (Kz/Kr): 1_ 

WELL DATA 

Pumpinq Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) J 
I L2 12701840.161 288814.251 IO L2MW-D Transducer l2701826.55~ 288861 .52_2 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis (Recove~} 

T = 2678.9 ft2lday SIS' = 2.818 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L3 conf theis.agt 
Date: 05/10/21 Time: 16:33:48 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
Test Well: L2 
Test Date: 2021 

--

WELL DATA 

Pumoinq Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer l2701840.16 I 288814.25I I □ L3transducer t2702196. 31 $ 288763. 149 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis 

T = 3249.8 ft2tday s = 1.382E-6 
Kz/Kr = 1. b = 14. ft 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L3 cont cj.agt 
Date: 05/10/21 Time: 16:33:10 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 --

AQUIFER DATA 

Saturated Thickness: 14. ft Anisotropy Ratio (Kz/Kr): .!..: -

WELL DATA 

Pumping Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer l 2701840.16 I 288814.251 I a L3 transducer t2702196.319 288763.149 

SOLUTION 

Aquifer Model: Confined Solution Method: Coo~er-Jacob 

T = 3343. ft2tday S = 1.239E-6 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L3 leaky hj.agt 
Date: 05/10/21 Time: 16:32:22 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 --

WELL DATA 

Pumping Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.161 288814.251 I O L3 transducer 12702196.31 ~ 288763.149 

SOLUTION 

Aquifer Model: Leaky Solution Method: Hantush-Jacob 

T = 2464.2 ft2tday s = 1.503E-5 
r/8 = 0.006674 Kz/Kr = 1. 
b = 14. ft -
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L3 leaky nw.agt 
Date: 05/10/21 Time: 16:34:09 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
Test Well: L2 
Test Date: 2021 

AQUIFER DATA 

Saturated Thickness: 14. ft Anisotropy Ratio (Kz/Kr): .!.: 
Aquitard Thickness (b'): 67. ft Aquitard Thickness (b"): .1 ft 

WELL DATA 

Pumpinq Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer I 2701840.16 I 288814.251 I □ L3 transducer t2702196. 31 S 288763. 149 

SOLUTION 

Aquifer Model: Leaky Solution Method: Neuman-Withers~oon 

T = 2720.7 tt2/day s = 3.442E-6 
r/B = 1.0E-5 r., = 0.001775 
T2 = 1.44E+8 ft2tday S2 = 1.0E-10 ---
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L3 cont theis agarwal.agt 
Date: 05/10/21 Time: 16:32:50 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

WELL DATA 

Pumping Wells Observation Wells 
I Well Name I X /ft) I y (ft) I I Well Name I X (fl) I y (fl) I 
I L2 transducer 12701840.161288814.251 1° L3transducer f2702196.31 tj 288763.14~ 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis 

T = 2677. tt2tday s = 8.266E-6 
Kz/Kr = 1. b = 14. ft 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L3 conf cj agarwal.agt 
Date: 05/11 /21 Time: 10:36:06 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

AQUIFER DATA 

Saturated Thickness: 14. ft Anisotropy Ratio (Kz/Kr): .1.: 

WELL DATA 

Pumping Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) l y (ft) J 
I L2 transducer 12701840.161 288814.251 l O L3 transducer t:2702196.315 288763. 1 ~ 

SOLUTION 

Aquifer Model: Confined Solution Method: CooQer-Jacob 

T = 2935.2 ft2tday S = 3.462E-6 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L3 cont theis recove~.agt 
Date: 05/10/21 Time: 16:32:33 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

AQUIFER DATA 

Saturated Thickness: 14. ft Anisotropy Ratio (Kz/Kr): 1. -

WELL DATA 

Pumping Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 

I L2 transducer 12701840.161288814.251 1° L3transducer 12702196.31 $288763.149 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis (Recove~} 

T = 2960.1 ft2tday SIS'= 2.338 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\EMW2 cont theis.agt 
Date: 05/10/21 Time: 15:32:23 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
Test Well: L2 
Test Date: 2021 

WELL DATA 

PumpinQ Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) J 
I L2 transducer 12701840.161 288814.251 I O EMW2 transducer 12702229.814 2887 44.15_1 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis 

T = 4297 .2 ft2tday s = 4.698E-8 
Kz/Kr = 1. b = 15. ft 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\EMW2 cont theis.agt 
Date: 05/10/21 Time: 15:32:23 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

WELL DATA 

Pumoinq Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X {ft) I y {ft) I 
I L2 transducer 12701840.161 288814.251 I a EMW2 transducer 12702229.812 288744.154 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis 

T = 4297.2 ft2/day s = 4.698E-8 
Kz/Kr = 1. b = 15. ft 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\EMW2 cont cj.agt 
Date: 05/10/21 Time: 15:33:46 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 --

AQUIFER DATA 

Saturated Thickness: 15. ft Anisotropy Ratio (Kz/Kr): 1. - -

WELL DATA 

Pumoino Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft} I 
I L2 transducer 12701840.161 288814.251 I O EMW2 transducer 12702229.81~ 288744.154 

SOLUTION 

Aquifer Model: Confined Solution Method: Coo~er-Jacob 

T = 3624.7 ft2tday S = 5.232E-7 
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WELL TEST ANALYSIS 

Data Set: • C:\Projects\Lake Norden\Agtesolv\EMW2 leaky hj.agt 
Date: 05/10/21 Time: 15:32:02 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

WELL DATA 

Pumping Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.161 288814.251 I □ EMW2 transducer 12702229.812 2887 44.154 

SOLUTION 

Aquifer Model: Leaky Solution Method: Hantush-Jacob 

T = 2516.1 ft2tday s = 1.275E-5 
r/8 = 0.006915 Kz/Kr = 1. 
b = 15. ft 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\EMW2 leaky nw.agt 
Date: 05/10/21 Time: 15:31:35 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 --

AQUIFER DATA 

Saturated Thickness: 15. ft Anisotropy Ratio (Kz/Kr): 1. 
Aquitard Thickness (b'): 70. ft Aquitard Thickness (b"): 1. ft 

WELL DATA 

Pumoina Wells Observation Wells 
I Well Name I X (ft} I y (ft} I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.161 288814.251 I O EMW2 transducer i2702229.81~ 288744.154 

SOLUTION 

Aquifer Model: Leaky Solution Method: Neuman-Withers~oon 

T = 2843.7 ft2/day s = 2.382E-6 
r/B = 1.0E-5 r.. = 0.001621 
T2 = 1.44E+8 ft2/day S2 = 1.0E-10 ---
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\EMW2 conf theis agarwal.agt 
Date: 05/10/21 Time: 15:33:13 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 --

WELL DATA 

Pumping Wells Observation Wells 
I Well Name I X (ft) I y (ft) I IWellName I X (ft) I y (ft) I 
I L2 transducer 12701840.161288814.251 1° EMW2transducer 12702229.812288744.154 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis 

T = 2614.9 ft2tday s = 9.967E-6 
Kz/Kr = 1. b =~ft 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\EMW2 conf theis recove!)'..agt 
Date: 05/10/21 Time: 15:32:45 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

AQUIFER DATA 

Saturated Thickness: 1.§.:. ft Anisotropy Ratio (Kz/Kr): 1.:. 

WELL DATA 

Pumoina Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X<ft) I y (ft) I 
I L2 transducer 12701840.161 288814.251 I O EMW2 transducer 12702229.81~288744.154 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis (Recove!)'.) 

T = 2351.3 tt2tday SIS'= 2.944 --
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L 1 cont theis.agt 
Date: 05/10/21 Time: 15:50:07 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

--

WELL DATA 

Pumping Wells ObseNation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.16 1 288814.251 I O L 1 transducer t2701439.593 288424.386 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis 

T = 3000.4 ft2tday s = 1.641E-6 
Kz/Kr = 1. b = 14. ft 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L 1 cont cj.agt 
Date: 05/10/21 Time: 15:51 :13 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

--

AQUIFER DATA 

Saturated Thickness: 14. ft Anisotropy Ratio (Kz/Kr): 1. 

WELL DATA 

Pumoina Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.16 I 288814.25[ IO L 1 transducer [2701439.59~ 288424.38$ 

SOLUTION 

Aquifer Model: Confined Solution Method: Cooi2er-Jacob 

T = 3222.3 ft2tday S = 5.061 E-7 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L 1 leaky hj.agt 
Date: 05/10/21 Time: 15:49:32 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 --

WELL DATA 

Pumpinq Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.161 288814.251 IO L 1 transducer /2701439.59~ 288424.38€) 

SOLUTION 

Aquifer Model: Leaky Solution Method: Hantush-Jacob 

T = 2300.3 ft2tday s = 7.666E-6 
r/B = 0.007999 Kz/Kr = 1. 
b = 14. ft -
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L 1 leaky nw.agt 
Date: 05/10/21 Time: 15:49:06 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

AQUIFER DATA 

Saturated Thickness: 14. ft Anisotropy Ratio (Kz/Kr): 1: 
Aquitard Thickness (b'): 26. ft Aquitard Thickness (b"): 1: ft 

WELL DATA 

Pumping Wells Observation Wells 
I Well Name I X (ft) I y (ft) l I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.161288814.251 I □ L1 transducer t2701439.59~ 288424.38$ 

SOLUTION 

Aquifer Model: Leaky Solution Method: Neuman-Withers~oon 

T = 2278. ft2tday s = 9.101E-6 
r/B = 0.007586 11 = 0.00129 
T2 = 0.02377 ft2tday S2 = 0.9578 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L 1 conftheis agarwal.agt 
Date: 05/10/21 Time: 15:50:52 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

WELL DATA 

Pumpinq Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.161288814.251 1° L1 transducer t2701439.59~ 288424.38$ 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis 

T = 2578.4 ft2lday s = 3.366E-6 
Kz/Kr = 1. b = 14. ft 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L 1 cont cj agarwal.agt 
Date: 05/11 /21 Time: 10:47:47 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
Test Well: L2 
Test Date: 2021 

- -

AQUIFER DATA 

Saturated Thickness: 14. ft Anisotropy Ratio (Kz/Kr): 1. - -

WELL DATA 

Pumping Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) J 
I L2 transducer 12701840.161288814.251 lo L1 transducer 12701439.593 288424.38_§ 

SOLUTION 

Aquifer Model: Confined Solution Method: Coo~er-Jacob 

T = 2806.5 ft2tday S = 1.532E-6 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\L 1 conf theis recove!}'.agt 
Date: 05/10/21 Time: 15:50:22 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
Test Well: L2 
Test Date: 2021 --

AQUIFER DATA 

Saturated Thickness: 14. ft Anisotropy Ratio (Kz/Kr): 1.: 

WELL DATA 

PumpinQ Wells ObseNation Wells 
I Well Name I X (ft) 1 y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.161288814.251 I □ L1 transducer t:2701439.59~ 288424.386 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis (Recove!}'} 

T = 2750. ft2tday SIS' = 2.72 --
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\NMW conf theis.agt 
Date: 05/10/21 Time: 16:49:51 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

WELL DATA 

Pumoina Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.161 288814.251 I O NMWtransducer rz101121.51 a 289778.493 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis 

T = 3262. ft2tday s = 2.322E-5 
Kz/Kr = 1. b = 19. ft 



20. 

g 15. 
c 
Ql 

E 
Ql u 
tll 
a. 
en 10. 0 

5. 

0. '----"<-.L..lll...l.!lll:l.L____I_--L..1.J...J.J.J.J.J....---l.___1_.LI....l.liil.-L-L-LL.Llll.1_....1.....1--LllilJ 

1. 10. 100. 1000. 1.0E+4 1.0E+5 

Adjusted Time (min) 

WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\NMW conf cj.agt 
Date: 05/10/21 Time: 16:47:11 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
Test Well: L2 
Test Date: 2021 

AQUIFER DATA 

Saturated Thickness: 19. ft Anisotropy Ratio (Kz/Kr): 1..: 

WELL DATA 

Pumoino Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.16 [ 288814.25[ I a NMWtransducer 12701727. 51 a 289778.493 

SOLUTION 

Aquifer Model: Confined Solution Method: Coo~er-Jacob 

T = 3576. 7 tt2tday S = 1.14E-5 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\NMW leaky hj.agt 
Date: 05/10/21 Time: 16:45:07 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 --

WELL DATA 

Pumoino Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.161 288814.251 IO NMWtransducer (2701727.51~ 289778.49~ 

SOLUTION 

Aquifer Model: Leaky Solution Method: Hantush-Jacob 

T = 2576.9 ft2tday s = 5.507E-5 
r/B = 0.03354 Kz/Kr = 1. -
b = 19. ft 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\NMW leaky nw.aqt 
Date: 05/1 0/21 Time: 16:47:39 

Company: LRE Water 
Client: Banner 
Project:5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

Saturated Thickness: 19. ft 
Aquitard Thickness (b'): 66. ft 

PROJECT INFORMATION 

AQUIFER DATA 

Anisotropy Ratio (Kz/Kr): 1. 
Aquitard Thickness (b"): ~ ft 

WELL DATA 

Pumoina Wells Observation Wells 
I Well Name 
I L2 transducer 

Aquifer Model: Leaky 

T = 1851 .2 ft2tday 
r/8 = 0.04571 
T2 = 2.605E+ 7 ft2tday 

I X (ft) I Y (ft) I lt-W-,..,..,el...,,I N..,...a,..,.m_e_,---___ t=l ,,....X,,,,_.,.,(ft,,_,,_) .,...,t-c-c-1 ..,...Y_.,,_(ft-) I 
I 2701840. 161 288814.251 1~0_N_M_W_ t~ra_n-'-sd~u~c_e_r -~f2_7_0_1_72_7_. 5~1~~""2c...c8..c..97-'--7~8"-.4~93 

SOLUTION 

Solution Method: Neuman-Witherspoon 

S =6.177E-5 
11 = 0.05537 
S2 = 1.0E-10 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\NMW cont theis agarwal.agt 
Date: 05/10/21 Time: 16:48:49 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
Test Well: L2 
Test Date: 2021 

- -

WELL DATA 

Pumoina Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X {ft) I y (ft) I 
I L2 transducer 12701840.161 288814.251 I O NMWtransducer 12101121.51 a 289778.49$ 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis 

T = 2841.1 ft2tday s = 3.733E-5 
Kz/Kr = .!.:_ b =~ft 



16. 

g 12. 

~ 
Cl) 
> 
0 
0 
Cl) 

a::: 8. 

4. 

0. '--~~~~____.__~~~~ ____.__~~-~--'--'--'-"-'-'-'-----'--'--'-''-LI..LU 

1. 10. 100. 1000. 1.0E+4 1.0E+5 

Agarwal Equivalent Time (min) 

WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\NMW cont cj agarwal.agt 
Date: 05/11 /21 Time: 10:50:25 

PROJECT INFORMATION 

Company: LRE Water 
Client Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

AQUIFER DATA 

Saturated Thickness: 19. ft Anisotropy Ratio (Kz/Kr): 1:. 

WELL DATA 

Pumpinq Wells ObseNation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.161 288814.251 I □ NMWtransducer 12701727.518 289778.49:3 

SOLUTION 

Aquifer Model: Confined Solution Method: Coo~er-Jacob 

T = 2713.2 ft2/day S = 4.373E-5 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\NMW cont theis recove!}'..agt 
Date: 05/10/21 Time: 16:45:37 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
Test Well: L2 
Test Date: 2021 - -

AQUIFER DATA 

Saturated Thickness: 19. ft Anisotropy Ratio (Kz/Kr): 1. -

WELL DATA 

Pumping Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.161 28881 4.251 I O NMWtransducer t2701727.51 a: 289778.49~ 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis (Recove!}'.) 

T = 2684.8 ft2/day SIS'= 2.773 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\NNMW cont theis.agt 
Date: 05/10/21 Time: 14:24:32 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
Test Well: L2 
Test Date: 2021 --

WELL DATA 

Pumping Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) l 
I L2 transducer l2701840.16 I 288814.25I I NNMW 12701941.46 l292486.668 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis - -
T = 3289.1 ft2/day s = 8.124E-5 
Kz/Kr = 1. b = 18. ft 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\NNMW conf g.agt 
Date: 05/10/21 Time: 14:25:34 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

AQUIFER DATA 

Saturated Thickness: ~ ft Anisotropy Ratio (Kz/Kr): 1. 

WELL DATA 

PumpinQ Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.161288814.251 1° NNMW I 2701941.46 I 292486.668 

SOLUTION 

Aquifer Model: Confined Solution Method: Coo~er-Jacob 

T = 3444.1 ft2tday S = 6.407E-5 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\NNMW leaky hj.agt 
Date: 05/10/21 Time: 14:26:10 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

WELL DATA 

Pumoino Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.161 288814.251 I:., NNMW I 2701941.46 I 292486.668 

SOLUTION 

Aquifer Model: Leaky Solution Method: Hantush-Jacob 

T = 2279.3 ft2tday s = 0.0001069 
r/B = 0.2048 Kz/Kr = 1. / 

b = 18.ft 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\NNMW leaky nw.agt 
Date: 05/10/21 Time: 14:26:53 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

AQUIFER DATA 

Saturated Thickness: 18. ft Anisotropy Ratio (Kz/Kr): .1. 
Aquitard Thickness (b'): 71. ft Aquitard Thickness (b"): .1. ft 

WELL DATA 

Pumping Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) 

' 

I y (ft) I 
I L2 transducer 12701840.161288814.251 I ,1 NNMW I 2701941.46 I 292486.668 

SOLUTION 

Aquifer Model: Leaky Solution Method: Neuman-WithersQoon 

T = 2284.1 ft2tday s = 0.0001066 
r/8 = 0.2039 r.. = 1.056E-5 
T2 = 0.02746 ft2tday S2 = 0.9617 --
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\NNMW conf theis agarwal.agt 
Date: 05/10/21 Time: 14:39:33 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

WELL DATA 

Pumpino Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.161 288814.251 I· NNMW I 2701941.46 I 292486.668 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis 

T = 2510.8 ft2tday s = 9.566E-5 
Kz/Kr = 1. b = 18. ft -
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\NNMW cont cj agarwal.agt 
Date: 05/11/21 Time: 10:52:43 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 --

AQUIFER DATA 

Saturated Thickness: 18. ft Anisotropy Ratio (Kz/Kr): ~ 

WELL DATA 

PumpinQ Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.161 288814.25 I O NNMW I2701941.46 I 292486.668 

SOLUTION 

Aquifer Model: Confined Solution Method: Coo~er-Jacob 

T = 2382.7 ft2/day S = 0.000103 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\NNMW conf theis recove~.agt 
Date: 05/10/21 Time: 14:27:07 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 --

AQUIFER DATA 

Saturated Thickness: 18. ft Anisotropy Ratio (Kz/Kr): 1. -

WELL DATA 

Pumoina Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.161 288814.251 I·, NNMW I 2701941.46 I 292486.668 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis (Recove~) 

T = 2495. ft2tday SIS'= 2.92 -
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\SWMW-D cont theis.agt 
Date: 05/10/21 Time: 16:58:16 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

WELL DATA 

Pumoino Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) j 
I L2 transducer 12701840.161288814.251 1° SWMW-Dtransducer 12698144.1111285055.65j 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis 

T = 1. 134E+4 ft2tday s = 0.0006335 
Kz/Kr = 1:_ b = R ft 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\SWMW-D cont cj .agt 
Date: 05/11 /21 Time: 10:55:51 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
Test Well: L2 
Test Date: 2021 

AQUIFER DATA 

Saturated Thickness: 12. ft Anisotropy Ratio (Kz/Kr): .l. 

WELL DATA 

Pumoina Wells Observation Wells 
I Well Name I X /ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.161 288814.251 IO SWMW-D transducer t2698144.111l 285055.651 

SOLUTION 

Aquifer Model: Confined Solution Method: Coo~er-Jacob 

T = 5685.6 ft2tday S = 0.001 193 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\SWMW-D cont theis agarwal.agt 
Date: 05/10/21 Time: 16:59:13 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
Test Well: L2 
Test Date: 2021 --

WELL DATA 

Pumping Wells Observation Wells 

I 
Well Name I X (ft) I y (ft\ I I Well Name I X {ft\ I y (ft) I 
L2 transducer 12701840.161 288814.25I I a SWMW-D transducer l2698144.111l 285055.651 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis 

T = 3756.5 ft2tday s = 0.001018 
Kz/Kr = 1. b = 1b ft 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\SWMW-D conf cj agarwal.agt 
Date: 05/11/21 Time: 10:58:02 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
Test Well: L2 
Test Date: 2021 --

AQUIFER DATA 

Saturated Thickness: R ft Anisotropy Ratio (Kz/Kr): .!.:. 

WELL DATA 

PumpinQ Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) I 
I L2 transducer 12701840.161 288814.251 IO SWMW-D transducer ~698144.1111285055.651 

SOLUTION 

Aquifer Model: Confined Solution Method: Coo~er-Jacob 

T = 4729.1 ft2tday S = 0.0007421 
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WELL TEST ANALYSIS 

Data Set: C:\Projects\Lake Norden\Agtesolv\SWMW-D cont theis recove!)'..agt 
Date: 05/10/21 Time: 16:58:33 

PROJECT INFORMATION 

Company: LRE Water 
Client: Banner 
Project: 5509BAN01 
Location: Lake Norden, SD 
TestWell: L2 
Test Date: 2021 

AQUIFER DATA 

Saturated Thickness: 12. ft Anisotropy Ratio (Kz/Kr): 1.:. 

WELL DATA 

PumpinQ Wells Observation Wells 
I Well Name I X (ft) I y (ft) I I Well Name I X (ft) I y (ft) J 
I L2 transducer 12701840.161 288814.251 I O SWMW-D transducer f2698144.1111285055.65j 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis (Recove!}'.) 

T = 3726.6 ft2tday SIS' = 3.303 
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Gronlund, Eric 

From: 
Sent: 
To: 
Cc: 
Subject: 

Gronlund, Eric 
Wednesday, June 2, 2021 4:22 PM 
Dennis Odens 
Mathiowetz, Adam (DENR) 
Lake Norden 

Dennis - Not certain who this should this question be directed to but I'll start with you. Please forward as you deem 
appropriate. 

Adam Mathiowetz is currently reviewing the report by LRE that analyzed the pump test at Lake Norden's Prairie Coteau 
aquifer well field. 

Th original application proposed to appropriate an annual volume of 1,458 acre feet of water at a maximum pump rate 
of 2.11 cubic feet of water per second (947 gpm). The annual volume equates to pumping 95% of the time. 
Does the city still intend to request the maximum pump rate and annual volume requested as set forth on the original 
application? As you know through our discussions over the past months various pump rates and annual volume 
requirements have been discussed. The Water Rights Program seeks confirmation of the volume and pump rate 
intended to be developed from the Prairie Coteau aquifer. 

If it is other tha_n what is requested on the application, the city will need to submit a letter stating the amount (annual 
volume/ maximum pump rate). As long as the request is not for a greater amount of water, public notice will not need 
to be published again. 

Please feel free to contact Adam or me if you have questions. 

Eric Gronlund, PE 
Chief Engineer, Water Rights Program 
Department of Agriculture and Natural Resources 
523 E. Capitol Ave. Pierre SD, 57501 
605. 773.3352 
danr.sd.gov 
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RECEIVED 
JUN O 7 2021 
WATER RIGHTS 

PROGRAM 

CITY OF LAKE NORDEN 
508 MAIN A VENUE 
POBOX213 
LAKE NORDEN, SD 57248-0213 

IIIJ"Tllis i11stit11tio11 is a11 equal opport1111ity provider, a11d employer." 

June 4, 2021 

Eric Gronlund 
Water Rights Program 
523 E Capitol 
Pierre SD 5750 I 

Re: Water Rights Permit Request 8433-3 amendment 

Dear Mr. Gronlund: 

Telephone 605-785-3602 
Fax 605-785-3604 

LRE Water has completed the analysis of the Prairie Coteau aquifer where the City of Lake 

Norden has installed 3 wells. The LRE report outlines and recommends the volume of wate1· to 

be withdrawn from the aquifer where the wells have been developed. This letter is written to 

amend our Water Rights Permit application 8433-3 to an annual volume withdrawal of967 acre­

ft with a maximum instantaneous diversion rate of 1.34 cfs. Please make this amendment and use 

these revised numbers as you consider permit application 8433-3. 

We intend to submit another permit for a reservation for future water use in the Prairie Coteau 

Aquifer which will allow the city to continue to investigate this aquifer as a future water supply 

for the City of Lake Norden. 



June 16, 2021 

DEPARTMENT of AGRICULTURE 
and NATURAL RESOURCES 

JOE FOSS BUILDING 
523 E. CAPITOL AVE 

PIERRE SD 57501-3182 
danr.sd.gov 

NOTICE OF HEARING 

TO: Jason Aho, Mayor 
City of Lake Norden 
PO Box213 
Lake Norden SD 57248 

FROM: Eric Gronlund, Chief Engineer ~ 
Water Rights Program 

SUBJECT: Scheduling of Hearing on Deferred Water Permit Application No. 8433-3, City of Lake Norden 

On October 7, 2020, the South Dakota Water Management Board deferred Water Permit Application No. 8433-3 for 
further study in order for the city to provide information to assist with determining if there is unappropriated water 
available and the potential effect of pumping on existing users. Subsequently, the city undertook a 30-day aquifer 
pumping test at Lake Norden's Prairie Coteau aquifer well field. The analysis and results of the test performed by LRl 
Water was provided to the Water Rights Program on May 21, 2021. 

Enclosed is DANR Water Rights Program's supplemental report and the Chief Engineer's revised recommendation on 
Application No. 8433-3. The recommendation is for APPROVAL of Application No. 8433-3 with qualifications as listed 
in the recommendation. 

The Water Management Board will conduct a hearing to consider deferred Application No. 8433-3 at 9:30 AM (Central 
Time) on Wednesday, July 7, 2021, at the Floyd Matthew Training Center, Joe Foss Building, 523 E. Capitol Avenue, 
Pierre SD. Please be aware a municipality is required to be represented by legal counsel in this administrative 
proceeding. To participate in the hearing, you have two options: 

Option 1. Attend the meeting in person at the Matthew Training Center in Pierre. Please note you will need to enter the 
Joe Foss Building from Capitol Avenue main entrance and check in at the lobby desk to get access to the Matthew 
Training Center meeting room. 

Option 2. Audio/visual via the internet using Pexip. To be seen and heard requires a device equipped witli a camera and 
microphone. No software install is necessary, the recommended web browser is Google Chrome. To participate, start 
Google Chrome and navigate to https://ddn.sd.gov. You will join the meeting by: 

• Entering the Conference ID which is 25899 
• Adding your name, and 
• Selecting "guest" for the role. 

Applicable provisions of the public notice published in the Hamlin Co. Herald Enterprise and Public Opinion on June 29, 
2020, still apply. 

Enclosure 

c: Gregg Jorgenson, Banner Associates 
Ann Mines Bailey, Assistant Attorney General 



CERTIFICATION . 

I hereby certify that on June 16, 2021, I have personally deposited with the United States mail at Pierre, South Dakota, 
first class postage, prepaid envelopes containing a Notice of Hearing dated June 16, 2021, regarding deferral of Water 
Right Permit Application No. 8433-3 and a revised recommendation, as addressed below: 

Jason Aho, Mayor 
City of Lake Norden 
PO Box 213 
Lake Norden SD 57248 

Gregg Jorgenson 
Banner Associates 
POBox298 
Brookings SD 57006 

Sent Inter-office to: 

Ann Mines Bailey, Assistant Attorney General 
1302 East Highway 14, Suite 1 
Pierre SD 57501-8501 

1 ].,:£ TY)g_Q~ 
V!die Maberry 
Water Rights Program, D~ 

STATE OF SOUTH DAKOTA 

COUNTY OF HUGHES 

) 
) ss 

) 
1.t-l/J 

Sworn to, before me, this Ju day of June, 2021. 

~ KAREN SCHLAAK ·~r 
~ NOTARY PUBLIC ~ ! 
~ State of South Dakota f', ( 



Schlaak, Karen 

From: 
Sent: 
To: 
Cc: 
Subject: 
Attachments: 

Mayor Oho, 

Schlaak, Karen 
Tuesday, July 21, 2020 2:51 PM 
City of Lake Norden (cityln@itctel.com) 
Gregg Jorgenson 
Water Permit Application No. 8433-3 
Application No. 8433-3.pdf 

Attached is the chief engineer recommendation, Notice of Hearing and letter with instructions regarding the public 
notice for Application No. 8433-3, City of Lake Norden. As stated in the letter is it important that someone from your 
office contact the two papers to authorize publication and arrange for payment. This same information is being mailed 
to you. 

Kewell\, scJ1Llillil~ 

Water Rights Program 
(605) 773-3352 

1 
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DEPARTMENT of AGRICULTURE 
and NATURAL RESOURCES 

JOE FOSS BUILDING 
523 E. CAPITOL AVE 

PIERRE SD 57501-3182 
danr.sd.gov 

REVISED RECOMMENDATION OF CHIEF ENGINEER FOR WATER PERMIT 
APPLICATION NO. 8433-3, City of Lake Norden 

Pursuant to SDCL 46-2A-2, the following is the revised recommendation of the Chief Engineer, 
Water Rights Program, Department of Agriculture and Natural Resources concerning Water 
Permit Application No. 8433-3, City of Lake Norden, Jason Aho, Mayor, PO Box 213, Lake 
Norden SD 57248. 

The Chief Engineer is recommending APPROVAL of Application No. 8433-3 because 1) there 
is reasonable probability that there is unappropriated water available for the applicant's proposed 
use, 2) the proposed diversion can be developed without unlawful impairment of existing rights, 
3) the proposed use is a beneficial use and 4) it is in the public interest with the following 
qualifications: 

1. The wells approved under Water Permit No. 8433-3 will be located near domestic wells 
and other wells which may obtain water from the same aquifer. Water withdrawals under 
this Permit shall be controlled so there is not a reduction of needed water supplies in 
adequate domestic wells or in adequate wells having prior water rights. 

2. The permit holder shall report to the Chief Engineer annually the amount of water 
withdrawn from the Prairie Coteau aquifer. 

3. Water Permit No. 8433-3 authorizes a total annual diversion not exceeding 967 acre-feet 
of water annually from the Prairie Coteau aquifer. 

See report on application for additional information. 

&:5~~ 
Eric Gronlund, Chief Engineer 
June 11, 2021 

NOTE: The City of Lake Norden completed monitoring wells as part of the aquifer performance 
tests on the aquifer. South Dakota Department of Agriculture and Natural Resources (DANR) 
requests that the wells identified as NNMW, NEMW and SWMW-D become part of the state 

· observation well network. This can be accomplished by the city agreeing to either transfer 
ownership of these three wells to the department, located in a right-of-way, or grant a perpetual 
easement to the State if located on property owned by the Permit holder. 

For specific information regarding either granting ownership or entering into a perpetual 
easement, or both, for the State's access to the observation wells, please contact Adam 
Mathiowetz at (605) 773-3352. 



SUPPLEMENTAL REPORT TO THE CHIEF ENGINEER 
ON 

WATER PERMIT APPLICATION NO. 8433-3 
CITY OF LAKE NORDEN 

JUNE 11, 2021 

Water Permit Application No. 8433-3 proposes to appropriate 967 acre-feet of water annually (ac­
ft/yr) at a maximum instantaneous diversion rate of 1.34 cubic feet of water per second (cfs) from 
three wells completed into the Prairie Coteau aquifer (97-114 feet deep) located in the SW ¼ 
Sec.15-Tl 13N-R53W for municipal use. The well locations are approximately one mile east of the 
City of Lake Norden in Hamlin County. 

This application was received by the DANR-Water Rights Program on June 29, 2020 and 
originally proposed to appropriate 1,458 ac-ft/yr at a maximum instantaneous diversion rate of 
2.11 cfs. An initial review of the application determined further study was needed to assess the 
availability of unappropriated water. The Chief Engineer recommended deferral on July 21, 2020, 
and the application was public noticed for the October 2020 meeting of the Water Management 
Board. A constant pump rate aquifer performance test was designed by Banner Associates, Inc. to 
determine aquifer characteristics using recommendations and requirements provided by the 
DANR-Water Rights Program. The aquifer performance test was conducted from August 6 to 
August 21, 2020, with continued monitoring as required in the Temporary Permit To Use Public 
Waters issued by the Chief Engineer on July 27, 2020. At the October 7, 2020 Water Management 
Board meeting the board deferred the application for further study. 

The Water Rights Program review of and subsequent report on the August 2020 aquifer 
performance test was completed on November 19, 2020. The review of the data indicated that only 
57.8 ac-ft/yr was available for appropriation and the remainder of the request (1,420.2 ac-ft/yr) 
should be deferred for further study. In late 2020, the city's engineers, Banner Associates, Inc. 
(Banner), contracted with LRE Water (LRE) to reevaluate the August 2020 aquifer performance 
test data. LRE's review determined that it would be prudent to run a single well 30-day aquifer 
performance test. The pumping portion of the 2021 aquifer test began on March 17 and concluded 
on April 16 when the recovery portion of the test began. The recovery period started at the 
cessation of pumping on April 16 and went until April 30 following a video conference meeting 
between Banner, LRE, Water Rights Program staff, and DANR-Geological Survey Program staff 
that concluded enough recovery of the water level to pre-pumping/background conditions in the 
wells had occurred. The City of Lake Norden is allowed to keep pumping water under a temporary 
permit for continued testing until July 9, 2021 as long as monthly water level measurements from 
the 2020 monitoring (EMW and NMW) and pumping (L 1, L2 and L3) wells are recorded and 
submitted to the Water Rights Program. 

AQUIFER: Prairie Coteau (PCO) 

Aquifer Characteristics: 
The Prairie Coteau aquifer consists of many discontinuous and often lenticular bodies of glacial 
outwash (sand and gravel) that do not typically include surficial (at or very near land surface) or 
basal (in contact with or very near bedrock) aquifers, such as the Big Sioux and Altamont aquifers, 
respectively (Kume, 1985). The Prairie Coteau aquifer is the name used by the DANR-Water 
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Rights Program and accepted by the Water Management Board for discontinuous intermediate 
aquifers located on the Coteau des Prairies in northeastern South Dakota that are not a part of 
another named aquifer (Water Rights, 2021b, 2021c, and 2021d). These discontinuous outwash 
deposits can be in lenses separated by layers of glacial till (vertical separation) as well as being 
geographically separated (SDGS, 2020; Water Rights, 2021d). In Deuel and Hamlin Counties, the 
Prairie Coteau aquifer is generally buried by 30 feet or more of glacial till and underlies 
approximately 1, 100 square miles in discontinuous deposits. The aggregate thickness, total 
thickness of all layered Prairie Coteau aquifer deposits regardless of hydrologic connection, in 
Deuel and Hamlin Counties where the aquifer is present, ranges from 4 to 144 feet (Kume, 1985). 

The wells completed for this application and the subsequent monitoring wells are completed into 
a portion of the Prairie Coteau aquifer with an approximate elevation range of 1,560 to 1,580 feet 
above mean sea level (Water Rights, 2021c). The well completion reports indicate aquifer 
thickness ranging from 14 to 19 feet. The aquifer materials encountered during the drilling of the 
three pumping wells and two monitoring wells was fine to coarse sand ranging in color from yellow 
to grey as labeled by the well driller. Review of the well completion reports (Water Rights, 2021d) 
and lithologic logs (SDGS, 2021) indicate the local Prairie Coteau aquifer material is glacial 
outwash sand that has some fine sand and silt, or clay intermixed. Review of the analysis for the 
2020 aquifer performance test (Banner, 2020) and the monitoring well completion reports for the 
monitoring wells drilled for the 30-day aquifer performance test as presented in the LRE report 
(2021) indicates the glacial outwash is primarily medium to coarse poorly sorted sand with varying 
amounts of gravel and minor amounts of silt and clay. The aquifer is confined at the City of Lake 
Norden's pumping wells, Ll, L2 and L3, and the monitoring wells drilled for both the 2020 
(Banner, 2020) and the 2021 (LRE, 2021) aquifer performance tests. 

2021 AQUIFER PERFORMANCE TEST: 
Technique and Methodology Review: 
A 30-day constant rate aquifer performance test was conducted by the City of Lake Norden and 
Banner Associates, Inc. and analyzed by engineering firm LRE Water, Inc. using well L2 as 
production (pumping) wells and city wells L 1 and L3, along with six monitoring wells completed 
into the Prairie Coteau aquifer, one monitoring well completed into the confining till layer above 
the Prairie Coteau aquifer, and three monitoring wells completed into the surficial and overlying 
Big Sioux: Brookings aquifer. All of these wells shown and labeled in Figure 1 are used throughout 
the LRE report (2021) and will be used throughout this report. 

The background monitoring period of the aquifer performance test was from February 22 to March 
17, 2021 (LRE, 2021). During that time, the City of Lake Norden's Prairie Coteau aquifer well 
field was completely shut down. The pumping portion of the aquifer performance test started at 
11 :00 am Central time on March 17 and was completed 30 days later at 11: 16 am Central time on 
April 16, 2021. The recovery period was from 11 : 16 am Central time on April 16 to 3 :20 pm on 
April 30, 2021. The recovery period was stopped after approximately 14 days instead of the more 
standard 30 days for this length of aquifer performance test. This was done after consultation 
between Banner Associates, LRE Water, the DANR-Geological Survey, and DANR-Water Rights 
Program staff via video conference to discuss the recovery of the wells. All wells had recovered 
to near or greater than 100% of pre-pumping static water levels. Therefore, it was decided the 
recovery period could be ended early and the city could resume pumping from their Prairie Coteau 
aquifer well field. 
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Well Aquifer/Material 
L1 PCO 

PCO 

l3 PCO 
NEWMW PCO 

NNMW PCO 

EMW2 PCO 

NMW PCO 

l2MW-D PCO 

SWMW-D PCO 

l3MW-S BS:B/surficial outwash 

SWMW-S BS:B/surficial outwash 

BS PARK MW BS:B/surficial outwash 

L2MW-I Confinin till la er between surficial outwash and PCO 

City Monitoring Wells 

500 1,000 

Figure 1-Map of wells used for the 2021 City of Lake Norden aquifer performance test 
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The water levels in wells L2MW-D, EMW2, NMW, NNMW, NEMW, SWMW-D, L2MW-I, 
L3MW-S, BS Park MW, and SWMW-S were measured using dedicated In-Situ LevelTroll 
pressure transducers with integrated data loggers (LRE, 2021). Wells LI, L2, and L3 were 
measured using dedicated and existing TE Connectivity KPSI 320 transducers with integrated 
Supervisory control and data acquisition (SCADA) communication to the city's water treatment 
plant installed (LRE, 2021 ). Manual water level measurements were collected periodically in the 
wells equipped with a transducer using an electronic water-level meter (LRE, 202 l). An existing 
flow-rate meter connected to the SCAD A system and located at the water treatment plant was used 
to record flow rates during the aquifer performance test (LRE, 2021 ). Pumping well L2 was 
pumped at an average rate of 353 gallons per minute (gpm). Figure 4 of the LRE (2021) report 
shows the pump rate from well L2 was very consistent for the duration of the aquifer performance 
test. 

The methodology and equipment used to measure water levels for this aquifer performance test as 
well as how the aquifer performance test was conducted were consistent with or exceeded standard 
operating procedures and methods as set forth by the American Water Works Association 
(A WW A) (1998), United States Environmental Protection Agency (Osborne, 1993), Fetter (1980), 
and Driscoll (I 986) among others. The aquifer performance test as conducted by Banner 
Associates, Inc. and reviewed by LRE Water is acceptable to the DANR-Water Rights Program. 

The water level and time data collected during the whole aquifer performance test was analyzed 
using AQTESOL V software along with a diagnostic and qualitative review of the data by a 
licensed professional engineer (LRE, 2021). The AQTESOLV software was used to estimate 
Transmissivity (T) and Storativity (S) using the confined Theis (1935), confined Cooper-Jacob 
(1946), Agarwal Recovery method for each the confined Cooper-Jacob and confined Theis 
(Agarwal, 1980) leaky-confined Hantush-Jacob (1955), and leaky-confined Neuman-Witherspoon 
(1969) methods (LRE, 2021 ). The Theis recovery method was used to evaluate the ratio of 
storativity during pumping (S) and after pumping (S ') to determine if negative boundaries (low or 
impermeable) or positive boundaries (recharge) were encountered during the aquifer performance 
test (LRE, 2021 ). A value of S/S' greater than 1 indicates a positive boundary condition and less 
than 1 indicates a negative boundary condition. A distance-drawdown analysis was completed to 
estimate a theoretical radius of influence (ro) for the aquifer performance test's cone of depression 
in the Prairie Coteau aquifer. 

The AQTESOL V software and the various methods and analyses used for this aquifer performance 
test are commonly used and accepted for analyzing aquifer performance test data. The methods 
and software used by LRE Water for the analysis of the aquifer performance test data is acceptable 
to the DANR-Water Rights Program. 

Test Data Analysis Review: 
The primary purposes of this constant-rate aquifer pumping test were to determine the aquifer 
characteristics and possible aquifer extent of Prairie Coteau aquifer at the City of Lake Norden's 
Prairie Coteau aquifer well field. The maximum measured drawdown in the pumping well, L2, 
was 53.01 feet (LRE, 2021). Appendix D of the LRE report (2021) is an "Aquifer Test Summary 
Data Sheet" that contains general information regarding well depth, screen setting, distance from 
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the pumping well, static water level, transducer type, and maximum drawdown amongst other 
useful data. 

Transmissivity (T) values calculated using the various previously mentioned methods ranged from 
1,441 to 4,729 ft2/day with a geometric mean of2,721 ft2/day for the data used in the calculations 
(LRE, 2021 ). The hydraulic conductivity (K), T divided by aquifer thickness at each well, ranged 
from 69 to 394 ft/day with a geometric mean of 165 ft/day (LRE, 2021). These hydraulic 
conductivity values are within the general range of fine to coarse sand listed by Driscoll (1986) 
which is consistent with the geology shown on the well completion reports for the production and 
monitoring wells on file with the Water Rights Program (Water Rights, 2021d). Some of the 
calculated T and K values were not used in the statistics. This was due to " ... either poor curve 
match, misalignment with other solutions, or results inconsistent with the conceptual model." 
Those are reasonable and acceptable reasons for excluding some data from the statistical analysis. 
Re-calculation of several of the analyses yielded comparable results when making the same 
assumptions as the LRE (2021) report (Halford Hydrology LLC, 2021; Halford and Kuniansky, 
2002). Therefore, the hydraulic conductivity and transmissivity analyses can be assumed to have 
been completed properly when using the same assumptions as the LRE (2021) report. 

The four distance-drawdown calculations completed to estimate the theoretical radius of influence 
(ro) each had slightly different data set used for the calculation. Therefore, each calculation resulted 
in a different ro value. A brief explanation of the different data sets and the associated ro for each 
set of data used for the calculations are shown in Table 1. The two larger ro values used data after 
the aquifer had reached a stable drawdown but before precipitation that lead to recharge events 
that occurred on April 6 and 8, approximately 21 days into the pumping portion of the test. 

Table 1- Radius of influence (ro I estimates from distance-drawdown analysis (LRE 2021) 
' ro Wells Monitoring Well Data Set 

L2, L2MW-D, L3, 
Used data from all PCO wells that had pumping-induced 

drawdowns and use drawdowns measured at the end of the 
15,804 ft EMW2, Ll, NMW, 

pumping period (note: drawdown influenced by recharge events 
NNMW, SWMW-D 

on April 6 and 8) 

Use data from only select PCO wells that had pumping-induced 
L2MW-D, L3, drawdowns that exhibited a generally linear trend relative to 

18,455 ft EMW2, NMW, each other and use drawdowns measured at the end of the 
NNMW pumping period. (note: drawdown influenced by recharge events 

on April 6 and 8) 

L2MW-D, L3, 
Used data from select PCO wells that had pumping induced 

19,804 ft EMW2, NMW, 
drawdowns that exhibited a generally linear trend relative to 

NNMW 
each other and drawdowns from before the recharge events (21 

days of pumping) 

Used data from select PCO wells that had pumping induced 
L2MW-D, L3, drawdowns that exhibited a generally linear trend relative to 

23,099 ft EMW2, NMW, each other and adjusted drawdown data for the background 
NNMW trend of the aquifer and from before the recharge event (21 days 

of pumping) 
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Each of these four data sets used to calculate a theoretical ro were done to examine the impacts of 
several different factors on the calculated value. Each of the data sets were adjusted/selected in a 
valid manner to examine the impacts of the different factors on the calculated theoretical ro. The 
radius of influence, ro, is useful for estimating a likely minimum aquifer areal extent. 

It was determined there are eight domestic wells located within approximately one mile of the 
Prairie Coteau aquifer well field (LRE, 2021 ). Two of the wells were determined to be completed 
into glacial aquifer materials that are stratigraphically above the aquifer the city's wells are 
completed into (LRE, 2021 ). 1:he remaining six domestic wells appear to be completed into the 
same portion of the Prairie Coteau aquifer as the city's wells (LRE, 2021). The confined Cooper­
Jacob method and the geometric mean values for T and S were used to estimate if potential 
drawdown after 1 year of continuous pumping at 595 gpm from the City of Lake Norden's Prairie 
Coteau aquifer well field could affect the six wells (LRE, 2021 ). The analysis concluded, that at 
the two closest domestic wells, there would be an estimated drawdown of 40 to 45 feet (LRE, 
2021). Those wells had 51 to 63 feet of artesian head pressure above the top of the aquifer at the 
time of completion (LRE, 2021). The owner of these wells is known to the City -of Lake Norden 
and did not indicate any adverse impacts associated with the city's past pumping or the pumping 
conducted for the 30-day aquifer performance test (LRE, 2021). The estimated drawdown at the 
more distant wells ranged from 28 to 33 feet at the conclusion of the test and the wells had artesian 
head pressures ranging from 88 to 139 feet when drilled (LRE, 2021). Water Rights Program 
review of the well completion reports and a re-calculation of several of the drawdown estimates 
(Cooper and Jacob, 1946) using the same values and assumptions as the LRE (2021) report yielded 
comparable results (Halford Hydrology LLC, 2021; Halford and Kuniansky, 2002). 

The potential yield of the Prairie Coteau aquifer well field was estimated using the Cooper-Jacob 
method (LRE, 2021). The analysis was conducted using two different well efficiencies 85% and 
99%, both determined from the 30-day aquifer performance test data but using different methods, 
and the geometric means for T and S and a pumping duration of one year (LRE, 2021 ). The results 
indicated a long-term yield of 550 to 600 gpm from the Prairie Coteau aquifer well field could be 
sustained while also maintaining at least 10 feet of water above the top of the well screens in L 1, 
L2, and L3 and nearby domestic wells is possible (LRE, 2021 ). It was noted the Cooper-Jacob 
method (1946) does not include recharge and data from the aquifer performance test (see Figure 
2) shows this portion of the Prairie Coteau aquifer can be rapidly recharged by a precipitation­
recharge event (LRE, 2021 ). Therefore, calculations using longer pumping durations will likely 
overestimate the amount of drawdown. The effects of adding a fourth well to the well field, 
assumed to be located near SWMW-D, were evaluated and determined that well field yield may 
only increase to approximately 650 gpm (LRE, 2021). It was determined the limiting factors to the 
yield are aquifer thickness, and aquifer T and S, rather than the amount of recharge. The expected 
long-term yield of a well field does not necessarily represent the availability of unappropriated 
water in the aquifer (LRE, 2021 ). 
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LRE (2021) concluded this portion of the Prairie Coteau aquifer, while lenticular and 
discontinuous, appears to recharge directly from the infiltration of precipitation (see Figure 2). 
While the exact location and mechanism of the recharge is unknown, it is likely a portion of this 
aquifer directly underlies surficial outwash, the Big Sioux: Brookings aquifer, or has an unconfined 
portion that is near land surface (LRE, 2021 ). It was noted there are multiple lines of evidence for 
the recharge including the observed water level rise following a precipitation event (see Figure 2), 
the lack of any observed negative boundary conditions, the SIS' values of 2.3 to 3.3 (positive 
boundary condition), and the superior water quality of the Prairie Coteau aquifer wells located near 
the city's Prairie Coteau aquifer well field (LRE, 2021 ). 

A recharge analysis indicated an estimated range of 2 to 6 inches per year (in/yr) (LRE, 2021 ). 
Hedges and others (1985) estimated a recharge rate of 4.0 in/yr and 4.9 in/yr for the unconfined 
portions of the Prairie Coteau aquifer. Hedges and others (1985) also recommended a recharge 
range of 0.15 to 0.60 in/yr for buried confined aquifers be used by management and development 
programs. It was concluded at the 2 to 6 in/yr recharge rate an average annual withdrawal at a 
continuous rate of 550 to 600 gpm would not exceed the annual recharge rate (LRE, 2021 ). 
Furthermore, at the higher end of the range (6 in/yr), withdrawals at a continuous pumping rate of 
904 gpm would not exceed average annual recharge (LRE, 2021 ). It was noted, "However, based 
on available data, the aquifer cannot likely sustain withdrawals from the City's Prairie Coteau well 
field at continuous pumping rates greater than 550 to 600 gpm (887 to 967 ac-ft/yr) without 
producing drawdown that would lower the water-levels to below the top of the aquifer." (LRE, 
2021). 

The recommendations in the report stated the City of Lake Norden's Prairie Coteau aquifer well 
field should be limited to 967 ac-ft/yr at a maximum instantaneous diversion rate of 1.34 cfs (600 
gpm) and that long term monitoring of the water levels of the Prairie Coteau aquifer be conducted 
using at a minimum observation wells NNMW and EMW2, as well as the SCAD A data from L 1, 
L2, and L3 with a minimum frequency of once a month (LRE, 2021 ). The final recommendation 
listed in the aquifer performance test report is that additional water supply options be investigated 
to provide redundancy and continue to support population growth of the city (LRE, 2021 ). 

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 potential for unlawful impairment of existing water rights 
from the aquifer that are pertinent to this application. 

WATER AVAILABILITY: 
This application proposes to appropriate water from the Prairie Coteau 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 
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withdrawn annually from a groundwater source will ex:ceed 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." 

While the applicant is a water distribution system as defined in SDCL 46-1-6(17), the Prairie 
Coteau aquifer is not stratigraphically lower/older than the Greenhorn Formation. Therefore, a 
comparison of average annual recharge and average annual withdrawals from the Prairie Coteau 
aquifer is required for this application. 

Hydrologic Budget: 
Recharge 
The Prairie Coteau aquifer receives recharge from infiltration of precipitation and snowmelt where 
the aquifer is near land surface and permeable layers overlie it, leakage from adjacent aquifers with 
higher hydraulic head, and hydraulically connected surface water bodies and surficial aquifers with 
higher potentiometric surfaces (Leap, 1972). However, it is not clear what the specific source of 
recharge to this portion of the Prairie Coteau aquifer is. The most likely sources of recharge are 
infiltration of precipitation and snowmelt and a hydraulic connection to the Big Sioux: Brookings 
aquifer and/or nearby lakes. 

Observation well data collected during the pumping portion of the 30-day aquifer performance test 
(see Figure 2) shows that water levels in this portion of the Prairie Coteau aquifer rapidly respond 
to precipitation-recharge events. The water levels in the observation wells and the pumping well 
L2 all rose immediately following a precipitation event that occurred over three days, April 6 to 8. 
This means it is highly likely that there is a direct connection with the aquifer to either the surface 
or unconfined and overlying aquifer material that readily provides recharge to this portion of the 
Prairie Coteau aquifer. However, there is not sufficient information available to determine where 
or by what mechanism this portion of the aquifer is recharged. 

Hedges and others (1985) suggested a range of 0.15 to 0.6 inches per year (in/yr) be used for 
confined aquifers by management and development programs. It was further noted that locally 
where confined aquifers may encounter unconfined conditions the recharge rates may be within 
the range calculated for non-buried surficial aquifers (2.0 to 5.6 in/yr) (Hedges et. al, 1985). The 
nearest known non-buried surficial aquifer to this portion of the Prairie Coteau aquifer is the Big 
Sioux: Brookings aquifer. Hedges and others (1985) calculated a recharge rate of 4.0 in/yr by 
performing observation well data analysis. Recharge analysis using the water-table fluctuation 
(WTF) method was performed by LRE (2021) as part of the 30-day aquifer performance test 
analysis. The WTF method is used to estimate a percentage of precipitation that may enter an 
aquifer as recharge, but the WTF method is generally only considered applicable to unconfined 
aquifers. This portion of the Prairie Coteau aquifer is confined or mostly confined (SDGS, 2020; 
Water Rights, 2021d). However, review of the observation well data for the Big Sioux: Brookings 
and the Prairie Coteau aquifer observation wells show a nearly identical response to the 
precipitation event (LRE, 2021). The significant similarity in response to precipitation suggests 
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this portion of the Prairie Coteau aquifer, " ... likely receives recharge from an unconfined source, 
in direct connection with the ground surface and infiltrating precipitation." (LRE, 2021). 

The range of percentages of precipitation that would infiltrate to become recharge was from 28% 
to 93% with a geometric mean of65% (LRE, 2021). LRE (2021) reported the City ofLake Norden 
has an average annual precipitation of 24.12 in/yr. Three different percentages, 65, 28, and 10 (10 
percent is commonly used in groundwater modeling applications), were used to come up with 
recharge rates of 15.67 in/yr, 6.87 in/yr, and 2.41 in/yr, respectively (LRE, 2021). The average 
annual recharge for these three rates along with the values suggested by Hedges and others (1985) 
as previously mentioned and calculated for each of the four radii of influence as determined from 
the distance-drawdown calculations are shown in Table 2. 

Table 2- Recharge rates, type of calculation, rate source, and average annual recharge 

Recharge Average Annual Recharge (ac-ft/yr) 
Type Source Radii of Influence (ft) 

Rate (in/yr) 
15,804 18,455 19,804 23,099 

15.67 
68% precip. 

23,522.5 32,075.8 36,936.5 50,250.0 
infiltration 

6.87 
28% precip. LRE, 

10,312.7 14,062.6 16,193.6 22,030.5 
infiltration 2021 

2.41 
10% precip. 

3,617.7 4,933.2 5,680.7 7,728.3 
infiltration 

5.6 Range for non-buried 8,406.3 11,463.0 13,200.0 17,957.9 
2 surficial aquifers 

Hedges 
3,002.2 4,093.9 4,714.3 6,413.5 

Obs. well data analysis 
4 

for BS:B aquifer 
et al, 6,004.5 8,187.8 9,428.6 12,827.0 
1985 

0.6 Range for buried 900.7 1,228.2 1,414.3 1,924.1 
0.15 confined aquifers 225.2 307.0 353.6 481.0 

Min 225.2 307.0 353.6 481.0 
Max 23,522.5 32,075.8 36,936.5 50,250.0 

BS:B= Big Sioux Brookings; obs.= observation; precip.= precipitation 

The range of estimated average annual recharge ranges from 225.2 ac-ft/yr to 50,250 ac-ft/yr. It is 
very unlikely that the upper ends of those ranges are reasonable. However, based on the 
observation well data collected during the 30-day aquifer performance test, it is reasonable that the 
recharge rate to this portion of the Prairie Coteau aquifer is between the upper limit of the buried 
confined aquifers, 0.6 in/yr, and the rate calculated for the nearby Big Sioux: Brookings aquifer, 
4.0 in/yr. Therefore, the likely range of recharge rates to this portion of the Prairie Coteau aquifer 
is 900.7 ac-ft/yr to 12,827.0 ac-ft/yr using the four different theoretical radii of influence as 
approximate minimum aquifer areal extents. 

Using the most conservative radius of influence, 15,804 ft, the estimated average annual recharge 
to this portion of the Prairie Coteau aquifer ranges from 900.7 to 6,004.5 ac-ft/yr. This range is 
very reasonable, uses the conservative theoretical areal extent for calculations, and based on the 
currently available information for this portion of the Prairie Coteau aquifer should be used for 
appropriating water from this portion of the Prairie Coteau aquifer. Based on lithologic logs 
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(SDGS, 2020) and well completion reports (Water Rights, 2021d) it is possible this portion of the 
Prairie Coteau aquifer extends further to the southeast toward Lake Poinsett and north toward Lake 
Marsh. However, when the application was originally filed with the Water Rights Program, there 
was insufficient information available to consider if there was a hydrologic connection between 
aquifer materials located near Lakes Poinsett and Marsh and this portion of the Prairie Coteau 
aquifer. The results of this aquifer performance test indicate that it is possible, but further drilling 
in the area is required to confirm. 

Withdrawals: 
Discharge from this portion of the Prairie Coteau aquifer occurs through well withdrawals (Water 
Rights, 2021c and 2021d) and likely through discharge to adjacent aquifers like the Big Sioux: 
Brookings and possibly to hydrologically connected surface water bodies. There is one existing 
water right authorized to withdraw water from the same portion of the Prairie Coteau aquifer the 
applicant proposes to use (Water Rights, 2021c), Water Permit No. 7163-3 for Travis or Kimberly 
Hymans. Water Permit No. 7163-3 authorizes the diversion of water at a maximum instantaneous 
diversion rate of 0.1 cfs for domestic 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. That is an estimated annual use of26.9 ac-ft/yr. 
The water use under Water Permit No. 7163-3 is likely much less than 26.9 ac-ft/yr because it is 
for domestic use and the 60 percent estimate is based off of review of submitted water use numbers 
and discussions with various large non-irrigation appropriators in the past. Furthermore, a 
Kingsbrook Rural water system valve was observed near the entrance to-the Hyman's residence 
(LRE, 2021). A member of the Hyman residence stated the connection between the valve and the 
home had not yet completed but was planned for 2021 (LRE, 2021). Until such time as Water 
Permit No. 7163-3 is canceled or the Water Rights Program is informed that it is only maintained 
for standby purposes, the assumption of pumping 26.9 ac-ft/yr under Water Permit No. 7163-3 
will be used. 

There are several domestic wells on file with the Water Rights Program that appear to be completed 
into the same portion of the Prairie Coteau aquifer as the applicant's wells (Water Rights, 2021d). 
LRE (2021) reported there are six domestic wells completed into the Prairie Coteau aquifer within 
approximately one mile of the City of Lake Norden's Prairie Coteau aquifer well field. It is 
possible there are other domestic wells not on file with the Water Rights Program and outside of 
the area surveyed for the LRE (2021) report that may be completed into the same portion of the 
Prairie Coteau aquifer. Assuming 2.5 people per residence and a per capita daily water use of 72 
gallons per day (Carter and Netizert, 2005), it is estimated a rural residence will use approximately 
0.2 ac:-ftlyr. The usage by rural domestic wells completed into the same portion of the Prairie 
Coteau aquifer as the applicant is very likely insignificant compared to the estimated recharge and 
the annual use proposed by this application. 

Balance of Hydrologic Budget 
This application proposes to appropriate 967 ac-ft/yr from a portion of the Prairie Coteau aquifer. 
Currently, the estimated average annual appropriative use is assumed to be 26.9 ac-ft/yr but is 
likely much less from this portion of the Prairie Coteau aquifer. The most likely average annual 
recharge ranges from 900.7 to 6,004.5 ac-ft/yr. The 900.7 ac-ft/yr recharge estimate uses the 
relatively conservative recharge rate of 0.60 in/yr and the smallest radius of influence calculation, 
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15,804 ft, as an estimated minimum aquifer areal extent. Considering the conservative nature of 
the recharge rate estimate, there is a reasonable probability unappropriated water is available for 
this proposed appropriation. 

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. 

There are no DANR-Water Rights Program observation wells completed into this portion of the 
Prairie Coteau aquifer (Water Rights, 2021 b ). Two monitoring wells, EMW and NMW, were 
installed and used as part of the August 2020 aquifer performance test and an additional five 
monitoring wells were completed into this portion of the aquifer for the 2021 30-day aquifer 
performance test (LRE, 2021 ). Manual measurements taken from Prairie Coteau aquifer wells as 
required by the City of Lake Norden' s temporary permit to use public waters or as part of the 2021 
aquifer performance test are shown in Figure 3. 
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Figure 3- Prairie Coteau Aquifer Well Manual Water Level Measurements (Beck, 2020; Koistinen, 
2021 ; Odens, 2021) 
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The water levels in the Prairie Coteau aquifers wells demonstrate the aquifer recovers once 
pumping has ceased and readily recovers after recharge events ( e.g. infiltration of spring 
snowmelt). Furthermore, the manual water level data shown in Figure 3 and the continuous 
transducer water level data shown in Figure 2 are consistent with each other and both data sets 
support the information presented in and conclusions drawn from the LRE (2021) aquifer 
performance test analysis and report. Therefore, there is a reasonable probability unappropriated 
water is available for this proposed appropriation. 

POTENTIAL FOR UNLAWFUL IMPAIRMENT OF EXISTING WATER RIGHTS: 
Figure 4 shows the location of the production wells this application proposes to use, the 
appropriative well that is completed into this portion of the Prairie Coteau aquifer (Water Rights, 
2021c), Prairie Coteau aquifer monitoring wells used for the 30-day aquifer performance test 
(LRE, 2021), and Prairie Coteau·aquifer domestic wells that are completed into the same portion 
of the Prairie Coteau (LRE, 2021; Water Rights, 2021d). The well authorized by Water Permit No. 
7163-3 is approximately 0.8 miles away from the nearest of the City of Lake Norden's wells 
(production well L2) (Water Rights, 2021c). The nearest domestic well is approximately 240 feet 
away from the nearest City of Lake Norden well (production well L2) (LRE, 2021; Water Rights, 
2021d). No complaints regarding well interference were filed with the DANR-Water Rights 
Program for the duration of either the 2020 or the 2021 aquifer performance tests. Furthermore, 
there have been no complaints regarding well interference in Hamlin County (Water Rights, 
2021a). In other counties, complaints regarding well interference from wells completed into the 
Prairie Coteau aquifer have been filed with the DANR-Water Rights Program. Most of the 
complaints have been unsubstantiated and were the result of inadequate depth setting for the pump 
inlet in the well (Water Rights, 2021a). 

At the well sites for this application, the Prairie Coteau aquifer is under confined conditions. 
Generally, that means the water level of the aquifer can be subject to significant fluctuations caused 
by natural conditions and pumping. The drawdown created by pumping a well completed into a 
confined aquifer may extend a considerable distance from the well as shown by the data from the 
aquifer performance test. The City of Lake Norden has installed pressure transducers in their 
production wells (Ll, L2 and L3) that are connected to their SCADA system (Beck, 2020) to 
ensure they do not accidentally pump their own wells dry. By self-limiting their wells, the city 
protects other nearby adequate domestic wells because there is generally more drawdown at a 
pumping well than at other locations. The artesian head pressure above the top of the aquifer at the 
City of Lake Norden's production wells was around 80 feet at the time of completion in late-spring 
and mid-fall of 2018. 

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 in the past to place water 
to maximum beneficial use, a certain amount of drawdown may occur. In order to balance interests 
between appropriative 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 
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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". 

Figure 4- Prairie Coteau aquifer City of Lake Norden, appropriative, monitoring and domestic 
wells (LRE, 2021 ; Water Rights, 2021c and 2021d) 

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 (Water Rights, 1995). 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 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, 
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1995). With that in mind, some existing well owners may need to lower theirs pumps to 
accommodate for deeper water levels. However, when considering the statute (SDCL 46-6-6.1 ), 
rule (ARSD 74:02:04:20(7)), and the artesian head pressure, well interference from this proposed 
diversion is not expected to unlawfully impair existing appropriative or domestic users with 
adequate wells. Continued monitoring of the water levels in the aquifer is recommended to 
establish a longer-term trend for the aquifer. Several of the monitoring wells used for the aquifer 
performance test may be given to DANR-Water Rights Program for continued monitoring as part 
of South Dakota's observation well network. 

CONCLUSIONS: 
1. Application No. 8433-3 proposes to appropriate up to 967 ac-ft/yr at a maximum instantaneous 

diversion rate of 1.34 cfs from a portion of the Prairie Coteau aquifer. 

2. The Prairie Coteau aquifer is under confined conditions in the area of the well sites. 

3. The applicant had a 30-day constant-rate aquifer performance test conducted by Banner 
Associates, Inc., an engineering firm, and analyzed by LRE Water, an engineering firm, in 
2021. 

4. The methodology for completing the aquifer performance test and analyzing the data is sound 
and within published standard operating procedures for conducting a constant-rate aquifer 
performance test. 

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

6. It would be prudent to have several permanent observation wells monitored by the DANR­
Water Rights Program completed into this portion of the Prairie Coteau aquifer. If possible, 
the wells used for the aquifer performance could be used as permanent observation wells 
through either the granting of easements or transfer of ownership to the department, or both. 

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

(1/nP~ 
Adam Mathiowetz, PE 
SD DANR-Water Rights Program 
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NOTICE OF HEARING on Application ! 

I 
No. 8433-3 to Appropriate Water : 

Notice is given that City of Lake Norden, ' 
. PO Box 213, Lake Norden SD 57248 , 
I has filed an application for a water permit 
.to appropriate 1,458 acre-feet of water' 
annually at a maximum pump rate of , 
2.11 cubic feet of water per second from 
three wells completed into the Prairie : 
Coteau Aquifer (97-114 feet deep) located' 

lin the SW 1/4 Section 15-T113N-R53W 
I for municipal use. This site is located ' 
·1 one mile east of the city Lake Norden. ' 
South Dakota Codified Law (SDCL) 46-1 
2A-4( 10) provides that "if the applicant 

, does not contest the recommendation 
·101 the Chief Engineer and no petition to 

1 oppose the application is received, the , 
, Chief Engineer shall act on the application I 

I 
pursuant to the Chief Engineer's I 
recommendation and no hearing may 
ibe held before the board, unless the 
1Chief Engineer makes a finding that an 

1 [application, even if uncontested, presents 1 

l
llmportant issues of public policy or public I 

Interest that should be heard by the board." ! 

~

n this case, the Chief Engineer finds 
that this application presents important 

1 
ssues of public interest that should be ! 

l
heard by the Water Management Board. ! 

The Chief Engineer is recommending i 
!DEFERRAL of Application No. 8433-3 , 
,: for further study pursuant to SDCL 46- , 
'2A-2 and 46-2A-7. The deferral recom- i 
: mendation is so the city of Lake. Norden I 
, can provide information to assist with 

~

etermining if there is unappropriated : 
ater _available and the potential effect of:· 
umping on existing water users. These I 

criteria need to be addressed as required I 

I by SDCL 46-2A-9 to determine whether 
a water right permit may be issued. The I 

; further study needed entails further delin-1· 
eation of either the aquifer boundaries or 
a 7-day aquifer performance test, or both. : 
The Chief Engine_er's recommendation 
and the application are available at , 
http://denr.sd.gov/public or contact! 
Ron Duvall for this information, or 
other information, at the Water Rights I 
Program address provided below. 
The Water Management Board will 
consider this application at 1 :00 pm, ! 

October 7. 2020 in the Matthew Training I 
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 wilh qualifications, 3) • 
defer, or 4) deny this application based on • 
.the facts presented at the public hearlng.

1 

Any interested person who Intends to I 
participate in the hearing shall file a petition! 
to oppose or support the application i 
and the petition shall be filed wilh 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 1 
Capitol, Pierre SD 57501 (605 773-3352)" 

1 
and the applicant's mailing address is, 
give~ above. A petition filed by either I 
an interested person or the applicant 
rn~st be filed _llYfaP!embft[28.~~ 

The petition may be lnformal, but shall bel 
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 p(esent 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 October 7, 2020 hearing date will be 
automat!cally delayed for at le,ast 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 September 28, 
,2020. If an automatic delay is requested, 
:the hearing will be rescheduled for a 
!future Board meeting and personal 1 

l notice will be provided to all petitioners: 
, regarding the time, dale and location. 
1 Notice is given to individuals with disabil­
ltles ,that this hearing is being held in a, 
,physically accessible place. Please notify 
the Department of Environment and Natu-. 
ral Resources at least 48 hours before the I 
hearing If you have a disability for which I 
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 
1 that •11 the amount in controversy exceeds 

f 
$2;500.00 or If a property right may be 
terminated, any party to the cbiitested case :·1· 

I may require the agency to use the Office,, 
lof Heartng Examiners by gMng notice of 
i the request to the agency no later than ten , 
days after service of a notice of heartng 1 

'issued pursuant to SDCL 1-26-17." This is a 1 

Notice of Hearing, service is being provided, 
; by publication, and the applicable date to· 
: give notice to the Chief Engineer is August ' 
'10, 2020. However, since this particular' 
I matter is a water permit application and: 
,not a monetary controversy in excess of: 
i$2,500,-00 or )ermi~tion of a property rtght: 
,the C_h1ef Engineer disputes the applicability I 
of this provision and maintains that the 
heartng must be conducted by the Board.,I 
As applicable, the following provides the' 
legal authority and jurisdiction under which· 
I the hearing will be held and the particular 
, statutes and rules pertaining to this appli-' 
,cation: SDCL 1-26-16 thru 1-26-28; SDCL 
46-1-1 thru 46-1-9, 46-1-13 thru 46-1-16;1 

•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, I 

f46-2A-20, 46-2A-21, 46-2A-23; 46-5-1.1,) 

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,! 
I 46-5-38 lhru 46-5-39, 46-5-46 46-5-47 

1 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, 46-6,1 
26; and Board Rules ARSD 74:02:01:01 I 
thru 74:02:01:25.02; 74:02:01:35.01, 

Published once at the approximate cost , 
O. all of $85.99. 

~-• -, (July 29, 2020) 
-~-~ -------_j 
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16 / July 29, 2020 
NOTICE OF HEARING ON APPLI­
CATION NO. 8433-3 TO APPRO­

PRIATE WATER 
Notice is given that City of Lake 

Norden, PO Box 213, Lake Norden 
SD 57248 has filed an application for 
a water permit to appropriate 1,458 
acre-feet of water annually at a maxi­
mum pump rate of 2.11 cubic feet of 
water per second from three wells 
completed into the Prairie Coteau 
Aquifer (97-114 feet deep) located 
in the SW 1/4 Section 15-T113N­
R53W for municipal use. This site is 
located one mile east of the city Lake 
Norden. 

South Dakota Codified Law 
(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 rec­
ommendation 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 ap­
plication presents important issues of 
public interest that should be heard 
by the Water Management Board. 

The Chief Engineer is recom­
mending DEFERRAL of Application 
No. 8433-3 for further study pursu­
ant to SDCL 46-2A-2 and 46-2A-7. 
The deferral recommendation is so 
the city of Lake Norden can provide 
information to assist with determin­
ing if there is unappropriat~d water 
available and the potential effect of 
pumping on existing water users. 
These criteria need to be addressed 
as required by SDCL 46-2A-9 to de­
termine whether a water right permit 
may be issued. The further study 
needed entails further delineation 
of either the aquifer boundaries or 
a 7-day aquifer performance test, or 
both. 

The Chief Engineer's recom­
mendation and the application are 
available at http://denr.sd.gov/public 
or contact Ron Duvall for this infor­
mation, or other information, at the 
Water Rights Program address pro-

-. ~ ·-- •. -

vided below. 
The Water Management Board 

will consider this application at 1 :00 
pm, October 7, 2020 in the Matthew 
Training Center, Joe Foss Bldg, 523 
E. Capitol Ave. Pierre SD. The Chief 
Engineer's recommendation is not fi­
nal or binding upon the Board. The 
Board is authorized to 1) approve, 
2) approve with qualifications, 3) de­
fer, or 4) deny this application based 
on the facts presented at the public 
hearing. 

Any interested person who in­
tends to participate in the hear­
ing shall file a petition to oppose or 
support the application and the pe­
tition shall be filed with BOTH the 
applicant and Chief Engineer. The 
applicant must also file a petition if 
opposed to the Chief Engineer's rec­
ommendation. 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 September 28, 2020. 

The petition may be informal, but 
shall be in writing and shall include 
a statement describing the petition­
er'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 pro­
ceeding 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 Cir­
cuit Court and State Supreme Court 
as provided by law. 

The October 7, 2020 hearing 
date will be automatically delayed for 
at least 20 days upon written request 
to the Chief Engineer from the ap­
plicant or any person who has filed 
a petition to oppose or support the 
application. The request for an au­
tomatic delay must be filed by Sep­
tember 28, 2020. If an automatic 
delay is requested, the hearing will 
be rescheduled for a future Board 

.I 

meeting and personal notice will b 
provided to all petitioners regardin 
the time, date and location. 

Notice is given to individuals wit 
disabilities that this hearing is bein 
held in a physically accessible placE 
Please notify the Department of Er 
vironment and Natural Resources , 
least 48 hours before the hearing 
you have a disability for which spE 
cial arrangements must be made i 

the hearing. The telephone numb1 
for making arrangements is (60! 
773-3352. 

Under SDCL 1-26-17(7) notic1 
must state that "if the amount 
controversy exceeds $2,500.00 or 
a property right may be terminate 
any party fo the contested case m, 
require the agency to use the Offic 
of Hearing Examiners by giving n< 
tice of the request to the agency r 
later than ten days after service of, 
notice of hearing issued pursuant ! 
SDCL 1-26-17." This is a Notice 1 

Hearing, service is being provided t 
publication, and the applicable da1 
to give notice to the Chief Engine, 
is August 10, 2020. However, sine 
this particular matter is a water peI 
mit application and not a monetar 
controversy in excess of $2,500.01 
or termination ·of a property right th1 
Chief Engineer disputes the applica 
bility of this provision and maintaim 
that the hearing· must be conductec 
by the Board. 

• As applicable, the following pro• 
vides the legal authority and jurisdic­
tion 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 thn; 
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 RulesARSD 
74:02:01 :01 thru 74:02:01 :25.02; 
74:02:01 :35.01. 

Published July 29, 2020, at total 
cost of $59.99. 



Instruction to Newspaper - Publish the Notice on July 29, 2020. The applicant is responsible for payment. 

NOTICE OF HEARING on Application No. 8433-3 to Appropriate Water 

Notice is given that City of Lake Norden, PO Box 213, Lake Norden SD 57248 has filed an application for a 
water permit to appropriate 1,458 acre-feet of water annually at a maximum pump rate of 2.11 cubic feet of 
water per second from three wells completed into the Prairie Coteau Aquifer (97-114 feet deep) located in the 
SW 1/4 Section 15-Tl 13N-R53W for municipal use. This site is located one mile east of the city Lake Norden. 

South Dakota Codified Law (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. 

The Chief Engineer is recommending DEFERRAL of Application No. 8433-3 for further study pursuant to 
SDCL 46-2A-2 and 46-2A-7. The deferral recommendation is so the city of Lake Norden can provide 
information to assist with determining if there is unappropriated water available and the potential effect of 
pumping on existing water users. These criteria need to be addressed as required by SDCL 46-2A-9 to 
determine whether a water right permit may be issued. The further study needed entails further delineation of 
either the aquifer boundaries or a 7-day aquifer performance test, or both. 

The Chief Engineer's recommendation and the application are available at http://denr.sd.gov/public or contact 
Ron Duvall for this information, or other information, at the Water Rights Program address provided below. 

The Water Management Board will consider this application at 1 :00 pm, October 7, 2020 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 
September 28, 2020. 

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 October 7, 2020 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 September 28, 2020. 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 August 10, 2020. 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. 

Published once at an approximate cost of ___ _ 



July 22, 2020 

City of Lake Norden 
Jason Oho, Mayor 
PO Box213 
Lake Norden SD 57248 

Dear Mayor Oho: 

DENR 
SOUTH DAKOTA 

DEPARTMENT of ENVIRONMENT 
and NATURAL RESOURCES 

JOE FOSS BUILDING 
523 EAST CAPITOL 

PIERRE, SOUTH DAKOTA 57501-3182 
denr.sd.gov 

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

Water Permit Application No. 8433-3 for municipal use has been examined and found to comply with the South 
Dakota Water Laws and applicable rules. A notice has been sent to the Hamlin Co Herald Enterprise printed at 
Hayti SD (Ph# 605 783-3636) and the Public Opinion printed at Watertown SD (Ph# 605 886-6901). You will 
need to contact the newspapers and authorize publication of this notice. For your information, a copy of the notice 
and the recommendation of the Chief Engineer are enclosed. Please review the notice prior to publication and 
notify this office, if you 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 publishers have 
been instructed to publish your notice. The newspapers have 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, 

J{MJm ~ 
Karen Schlaak 
Water Rights Program 
(605) 773-3352 

enclosures 

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. 

c: Gregg Jorgenson, Banner & Assoc. 



Schlaak, Karen 

From: 
Sent: 
To: 
Subject: 
Attachments: 

Schlaak, Karen 
Tuesday, July 21, 2020 2:42 PM 
'legals@thepublicopinion.com' 
8433-3, City of Lake Norden 
8433-3public.wmb1 .docx; FORM8.FRM.doc 

Attached is a notice to be publis_hed on July 29, 2020. 

The City of Lake Norden, Jas_on Oho, Mayor, PO Box 213, Lake Norden SD 57248 {605 758-3602) 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 ema ii. 

l<'..ClVeV\, ScviLClCl~ 

Water Rights Program 
(605) 773-3352 

.i.. o,:EJ\U:t: 
-~ • ~• SPlJTI'i_DAKpJA 
~~v"f .. 



Schlaak, Karen 

From: 
Sent: 
To: 
Subject: 
Attachments: 

Schlaak, Karen 
Tuesday, July 21, 2020 2:54 PM 
Hamlin County Publishing (hcp@itctel.com) 
FW: 8433-3, City of Lake Norden 
8433-3public.wmb1 .docx; FORM8.FRM.doc 

I should have added this notice is to be published in the Hamlin Co_unty Herald Enterprise. 

From: Schlaak, Karen 
Sent: Tuesday, July 21, 2020 2:41 PM 
To: Hamlin County Publishing (hcp@itctel.com) <hcp@itctel.com> 

• Subject: 8433-3, City of.Lake Norden 

Attached is a notice to be published on July 29, 2020. 

The City of Lake Norden, Jason Oho, Mayor, PO Box 213, Lake Norden SD 57248 (605 758-3602) 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. 

Kv1reV\, scJ1Lv1v1~ 

Water Rights Program 
(605) 773-3352 

9) Qffi~ 
>i,,. ..... 

1 



JUL 1 3 2021 

City of Lake Norden 
Jason Aho, Mayor 
POBox213 
Lake Norden SD 57248 

Dear Mayor Aho: 

DEPARTMENT of AGRICULTURE 
and NATURAL RESOURCES 

JOE FOSS BUILDING 
523 E. CAPITOL AVE 

PIERRE SD 57501-3182 
danr.sd.gov 

Enclosed is Water Permit No. 8433-3 authorizing the water diversion system and beneficial use of the water, 
not exceeding the. limits as specified in the Water Permit. 

We will schedule an inspection so that the Water License may be issued to you, thus completing your 
acquisition of a Water Right. 

Sincerely, 

Eric Gronlund, Chief Engineer 
Water Rights Program 
(605) 773-3352 

enclosures 

\, 



Form 12 

Report of Examination of Works and/or Application of Water to Beneficial Use 
For Permit No. 8433-3 

I have this day, May 2, 2022, made a thorough examination of the water use system constructed by City of Lake 
Norden, PO Box 213, Lake Norden, SD 57248 of Pem1it No. 8433-3, bearing the priority of June 30, 2020 
authorizing the diversion of 1.34 cu. ft. per second of the waters of the Prairie Coteau Aquifer for municipal use 

purposes, in Hamlin County. 

A. Works used to divert the water: 

Well Information: 

1) Well Drilling Firm: Kaiser Well Drilling, Inc 

2) No. ofWells _L 

3) Depths: #1-97 ft; #2 -103 ft; #3 -101 ft 

4) Well log is available Y 

Casing: 

1) Diameter 10 inches 

2) Length #1 - 77 ft; #2 - 83 ft; 87 ft feet 

3) Type Plastic 

Screen: 

1) Type Stainless steel 

2) Length AU- 20 ft feet 

3) Static water level 5 - 8 feet 

Pump: 

1) Make Submersibles 

2) Model Unknown 

3) Size Unknown 

feet 

4) Capacity #1 - 350 ; #2 - 350 ; #3 - 250 ; Total - 950 GPM 

Motor: 

l ) Make & Model Unknown 

2) Horsepower rating #1 - 15; #2 - 15; #3 - 7.5 hp 

B. Works used to transport water to place of use: 

1) Type Buried plastic 2) Size 10 inches 

Page I of2 



D. Compliance with Permit Requirements: 

1) Permit qualifications being abided by Y 

Report of Examination of Works 
Permit No. 8433-3 

Exceptions to compliance are: If all three wells are pumped at the same time, the diversions will 
exceed the authorized permitted diversion. 

E. Condition and Location: 

1. The system is in excellent condition with the point(s) of diversion located as follows: WELL 
LOCATIONS From the SE corner Sec 15 T113N R53W; WELL# 11110 ft N 4580 ft W 
LAT 44.58953 LONG -97.18603 (SW¼ SW ¼)WELL# 2 1320 ft N 4120 ft W LAT 44.59054 LONG 
-97.18446 (SW¼ SW¼) WELL# 31320 ft N 3530 ft W LAT 44.59037 LONG -97.18306 (SE¼ SW 
¼). 

2. The works are capable of diverting and conveying to the place of use 2.11 cu. ft. per second of water which 

is to be used for municipal use. 

The license should be issued for 1.34 cfs. 

3. All structures, wells and lands on map Y 

F. Comments or other permit(s) associated with the project: 

Dan Koistenen is the Water Superintendent at 605/881-5688 and Kendra is the City Secretary at 
605/785-3602. 

Mr. Koistenen was not sure about the pipe size but 10 inches seems reasonable. 

Darrell W DeBoer 
Water Rights Inspector 
DANR, Water Rights Program 

Date report completed: November 9, 2022 

Note: Permitted for maximum pump rate of 1.34 cfs - city will need to limit diversions by not utilizing all 
wells at the same time. 
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From the SE corner 
Sec 15 T113N R53W 
WELL# 1 
1110 ft N 4580 ft W 
LAT 44.58953 LONG -97.18603 
WELL#2 
1320 ft N 4120 ft W 
LAT 44.59054 LONG -97.1 8446 
WELL# 3 
1320 ft N 3530 ft W 
LAT 44.59037 LONG -97.1 8306 

0.6 
--==i--===-------=========::::::J-----• Miles 
0 0.075 0.15 0.3 0.45 

8433-3 

Darrell DeBoer 
Water Right Inspector 
DANR-Water Rights Program 



City of Lake Norden 
c/o Jason Aho, Mayor 
PO Box 213 
Lake Norden SD 57248 

Dear Mayor Aho: 

DEPARTMENT of AGRICULTURE 
and NATURAL RESOURCES 

JOE FOSS BUILDING 
523 E. CAPITOL AVE 

PIERRE SD 57501-3182 
danr.sd.gov 

8433-3 

Enclosed is Water License No. 8433-3. This is the final water right document completing your process of 
obtaining a Water Right. Also, included with your license is a map prepared by the staff engineer who 
conducted the investigation. 

For your information SDCL 46-6-27 requires that if in the future the owner drills a replacement well and 
has no plan to use the old existing well, the old well is considered abandoned and must be plugged. Also, 
any well that is being used or is not considered abandoned must be valved and controlled, if flowing, or 
sealed and capped so that no leaking occurs either underground or at the surface. 

As long as you use the water beneficially, as stated in the Water License, the State Water Laws provide that 
you have a continuing right to use the water. If you have any questions, please contact our office. 

Sincerely, 

/;vtu hl1v/ 
Eric Gronlund, Chief Engineer 
Water Rights Program 
(605) 773-3352 

enclosures 

NOTE: Water Permit No. 8433-3 authorized a total of 1.34 cfs or 600 gallons per minute. The 
investigation of the water use system found the wells are capable of2. l 1 cfs or 950 gallons per 
minute. The city will need to manage diversion from the three wells on a rotational basis in 
order not to exceed the licensed diversion rate of 1.34 cfs. 



STATE OF SOUTH DAKOTA 

WATER LICENSE NO. 8433-3 

(1) City of Lake Norden. PO Box 213. Lake Norden SD 57248 made Application No. 8433-3, June 30, 2020 for a 
water permit to divert 1.34 cubic feet of water per second from three wells (Prairie Coteau Aquifer). Hamlin 
County, South Dakota for rural water system use purposes. Permit No. 8433-3, with a priority date of June 30, 
2020 was approved July 7, 2021 and issued to the applicant for diversion of water with construction of the 
described water supply system and the application to beneficial use of said water completed. 

(2) It is certified that the permit holder has complied with the provisions of South Dakota State Law relating to 
completion of the construction of the water supply system and is entitled to divert 1.34 cubic feet of water per 
second for beneficial use. The location of the diversion points: all from the SE comer of Section 15-Tl 13N-R53W 

• Well #1- 1,110 ft N and 4,580 ft W (SW 1/4 SW 1/4) 
Latitude 44.58953 Longitude -97.18603 

• Well #2- 1,320 ft N and 4,120 ft W (SW 1/4 SW 1/4) 
Latitude 44.59054 Longitude -97.18446 

• Well #3 - 1,320 ft N and 3,530 ft W (SE 1/4 SW 1/4) 
Latitude 44.59037 Longitude -97.18306 

(3) Pursuant to South Dakota Water Law 46-5-30.1 City of Lake Norden, PO Box 213, Lake Norden SD 57248 the 
holder and/or owner of Water Right No. 8433-3 is issued a license to appropriate water, the right to use 1.34 cubic 
feet of water per second from three wells (Prairie Coteau Aquifer) with a priority date of June 30, 2020 from the 
locations specified in (2) of this license for rural water system use purposes. 

This license is subject to South Dakota State Law, any limitations or conditions listed in Water Right No. 8433-3 
and subject to the following qualifications: 

• The wells approved under Water Right No. 8433-3 will be located near domestic wells and other wells 
which may obtain water from the same aquifer. Water withdrawals under this Permit shall be controlled 
so there is not a reduction of needed water supplies in adequate domestic wells or in adequate wells 
having prior water rights. 

• The water right holder shall report to the Chief Engineer annually the amount of water withdrawn from 
the Prairie Coteau aquifer. 

• Water Right No. 8433-3 authorizes a total annual diversion not exceeding 967 acre-feet of water 
annually from the Prairie Coteau aquifer. 

~ .LL/J'✓J MAR 2 3 2023 · 
Eric Gronlund, Chief Engineer date 
Water Rights Program 
Department of Agriculture and Natural Resources 
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