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 Form 2—Application for Vermit to Appropriato Water—Origlnal

-------------

‘ D Iy B S Lo
Water Division No, J ",'f/ )’/”“’/> ¢ Distriet T

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

(Blanks lo be Filled by the Englneer for the W, R. C.) ‘_ 5 v '1'

1

i ST o /l Il

APPLICATION FOR PERMIT ... """
To Appropnate Water wﬂhm the State of South Dakota

. —

(NOTE—-Drzm 7 llne through ftems not appilcable.)

1. Name of applicant --city..of._Sioux-Fnlla,-.Sonth..Dakoia

-------------------------------------------

Postoffice address .Sloux Falla ____ ... , County - Mnoehaha. ... , State S9,_Dakota

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

[ ' B

I. If a corporation ---ﬁﬁ?&iﬁik&%l-g‘??ﬁ?!'ﬁﬂon

-----------------------------------------------------------

{a) Name of same o=

PP copupyvon SR pEpRpRpeprpEpRpEREE S AL AR PR R e e D LR T P S T

(b) Date und place of lncérporation epiparmens

(¢) Amount of capital steck woccmmmcmccacacnis mgtpnret g RS
(d) Amount pald I oo oo e e T T e e e e e e eee l\})
(e) ﬁames and addresses of dIrectors coceeeecmeevenn- ----_--F.“.X.Hb?.e.ldO“J..!.@YE’r -’ .......... Q‘\
.................................................... oo dohn_MN..Brouming, Comissioner.. N\
______________________ ecmcmceenmmeemmemmneanneaneeeneennennes oo Ba. o Yenger, Comminsioner ... ‘\
T T T (ROT A certified copy of articies of incorporation inust accompany the upplieation) N
" 15, Method of nccomp\ishlng the work ar.d financlal resources of the applicant: e \
© o {a) Method of accompllshlug work (Whether by contract, employment of othars, or by direct labor} N
_________ To_he. Lomnla.ted. by _conteact. ... ‘ &\
* (») Cashon hand S e T T e ((;) T;easury siock; B peepegnh S ! \\\
v \d) Bond: to be issued, S‘.§.5.QQ .0.99 - (é) Other resourwes, G
. Name (,f dlveralon work ---&L&ll..ﬂp.‘-Bz .(.T.@_B.E.. 01@..9::7) ..... e m oo amm—n——
3. Amount of water claimed .......................... cuble fret per second s P .
4, Source of water supply _-_Gmmd.}la!"r ....... mem—mea - - e
5. Location of polnt af diversion .. T102N RAQW; 2,200 'vest Gtr. Sec_20; 5.9_'-.59.;-9.@.?:..—.’9.‘2:-_29.-
........................................................ ON oveeceecec-un bANK M:.nneh&hn_--------.- County.
e. I'Ar.nunl [;;rlﬂd or perlods during which wntcr iv to be wied o cONBINVONE. .o amemee v—
7. T. he used for: B _ S
1. lmgatlon or domestic uze: Grnvity verhead sprinkling or coril‘l)lnntlon system? . TTTTTl o eeean
(a) INumber of acres to he lrrlgated ...... eeemmmane acreé. -

(o) Legal aubdlvlalons to be lrrlg'\'cd v U S ccmmmimameamer—mmcmmmmm—e

(NOTE—A st ot lands to Ye irrigated, giving eazh subdivislon snd feaction with ncreage thercof, should bo wrliten here, or mey be
. . um)cndcd n3 n part of this appifcation, Same must also be shown on accompanying map.)

e

{c) Statement as lo domestlc use (giving location, ecte.) —,

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

......

(a) Nature of use Municinal Water Suy_pl

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

Y

(b) Amount of power tn he generated e IS horse power,

Amount claiimed {or engine cooling

T

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

" e m————t

(€) L0cation Of PIANY o oo cemcerernernmman. aee ammremmm—eamamemmeesenas e nm——-

td) Method of develaping power o

(¢) Polnt where water will be returned to stream §19M-_E§J.l§..TE?.%H“.‘ED_{&.PJ.’!D.'Q ............
i

- (L

o




8. Estimated cost of work: (To be shown on Form 2) , : .’ \i ,
(@) Hend Gates, Sonmmemmmoee- (D) Pumping plant, $ueeeoueenans \
(¢) Fluming, $eomeemeeen-- (d) Canal-carth, $occececmeens Roek, §.mmeoieanee . ’
(e) Other structuyes wocucemeccacescmm=- temesemocsasaanee L Total, §-creaenaenne . |
9. Description of diversion works: (To be"shown on Form 2A() \ !
I. Nature of works: (Reservolr, dam, dltely, flume, pumping plant, ete.) g
---------------------------------------------------------------------- |
. . Tesesssssssnness Adabdaduinhthtth it ;
II. Dimenslong of works: ’ ‘\‘ l
() Dam: Helght ommeeoocceememe feet; longth at BOLOM ceeemumaicccoeamannmmae teet; length at top -
.............. fect; thickness at hotom eeeaeemceemssnnno--feet; thickness at 40P —-oo-oeooomeeeen N
feet; slope at front water face - <. oeememueons- e ; slope at back face weeeevooncoooonocoenne \\ 3
.- material used In cONStrUCtion ieccccvecemmumacenossmmmemmomsmoseseamsleosssoedsmmosseooesoeooo. “
(b) Reservolr; Capacity when filled —covemiemvocmmmuemnamnnes acre feet. Surface area at highwater \;
MArKemeccceencoammmcaen- acres,
B | SR S | G
v . !
(c)* Head gzate: Wldth_'_------_----_-_-_--_-__; ...... —--feet; helght __._._______ e feet;
MALEEIAl oo e e e “
(d) Cnnal:-?(;{z-ﬂ length .o_.__ ceeeeenaianna iniles, \ B
USRI T DR RN A VIS MR
LOCATION BELOW DEPTH BOTTOM WIDTH AT GRADE
HEADGATE - WIDTH " WATER-LINE PER MILE
F S S\ (111 I feet] foet fect feet !
At e B} 11 PORRSRIRRRRRS {11 SRR mmamm feet]. e feet}.. feet
on At o -5 -;—‘! y Mile K ---- fect % ‘.: - feet feet] oo  feet
.\ JSER R PR ) {1 [ S, feet] oo feet! e .- fent feet
A il Mite oot . - feet - teet]... e o2 teet
At e Camedl o feet feet!‘..--___-_--_ feet|-t 2o feet
- g ) (Glve dimenstons where reductions In slze are mads.) -
b , 10, Time required for completion of work _4_%ko 6 months ' ... ,“.
1. .'Time required for complete application of water ‘o tiig jitoposed beneficlal use _9_11(3; ______ years,

.................. Argue Teader e e
STATFE OF SOUTII DAKOTA
. N 53
County of ..Minnahaha. ... "
iy . T I ., "H ]
v qu"‘ﬂ]'e‘gl'd'gp """""""""""" R e T ey ) | ¥ 25 11713 duly sworn

on my oath depuse and say: That my relation to the above described undectaking is'that ¢ owner, that { have
-react the apove foregolng statement, examined the map accompanylng the same, and that 1 know of my own
personal knowledge that the matters therein stated and shown are tyig) y .
f .

R ) a'lt‘“‘,"":/‘ :
Slaned .‘\.1-/34;‘/.’. '_/Z-:Jé/-,(&:?.%tb.’x! .....
h

] / Fay/thgeldon, Mayor -
Subseribed and sworn to before me inis ..._. .,;)..'l.sl-ff.'.-.- day Ofy‘./.--i}r.h‘_\.:;‘-::..}_, A 10.9.7

et mmmceaoae c‘.ifi}[_'._'. ‘2/} /? LIZ’:, .

" I ST I B T T
Notary Publie {or other Yuatitied officer.)
sErch diversfon mu:t have a headgate or measuring deviee, BT
TARNY Y oo

g
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Rematks by State Water Resources Commisslon: Cd«‘ el Asrphly £ Quoidlapts 6u;u. o m.ﬁu'lélu‘

ann i poad” on covnidencd daae Gossifinepis. adn nissq. o el . Gaid reasrq Lot e

5 3 "“'P“*h"“)‘"“”*‘ﬂ (-4t pne ool in. ahjobsitiesis 1952,k b ol 3175 Aat

S ""“‘.‘ : : —_ - . K/ :
' " Approved .f.{!(/!f.’.(-é..- ....... - ----,lQ.?.’..IZlecorded In Book--------.ﬁé ........ Page _:?ff_{__-

This is tomcertify that wé have examined the foregoing application ‘ra permit to appropriate water of the
State of South Dakota, and we hereby grant the saine as stated herein, subject, however, to the following limita-
tions and conditions: ’ :

. } i .
A Corarrduard s Grud - oo o ) i
Ao e adipudle fiad @&-MM-{!‘A!-JMM._-_@__g!lﬂny}_cl_a.o.,lpj_vﬁu_fg.md_y ol
v ] . . e I .
- adfpealtd yan Sy adeonth ) a0k, Gty sfpaiatelovs.agsed., ety iekeaed oMtEwliai (o
] ’ ‘ . - .

Lk doenatdin osatin Y - e te .« ' :
Cen emtSitonell AuMURL 2t W ot Gkl imnebodisi s Musksmusm cnitle,
g anrdd, aDall ACleo il toali Rasstalis 4t oo oy adutnre s asfpers sunnde |
e dAMMIA»L’-” Wl oAl e bk, (Bﬁf ' ) . {

; STATE_ OF-SOUTI DAKOT e,
i - T TS ‘o .
ST County Of cocemen. -_\[.C!./_/_(;{_/ffff.---;.’i- ] { I oLy

I Plerre, South Dakota, . ‘.“../_;«’f_u o ...-::%’:’;L;J;,?/ls.t-‘?_j7

:“ S This is to certify tnat the foregoing application was received by t’he Comtilsston at ---‘-‘:./.{:f.g__ o'clock

’ weZ-om. upon the .22 25 day O «one--.. xff/_ _tz_t!.zj_{{//f__ _______________ el 27

3 State Water Resources Commission .

' t By: (DQ*Q JARIIS
vl _ Chief Engincer, Executive Officer
PR R - _ ) '

,; Number of permit __:_j:(:é__.—.? .

“s ; ,/ - e ’ - - -y
. Date of first receipt of appication ouooocecicmaacmann- N :.442_-.’&:_‘?_:’_'_ S e eeemenm }.__-_)’.f:.--;.‘"’._. 1057
: _ ‘
‘g J Date of return to applicant for correction, amendments or changes required as follows: -caoooo__ AR 1 I

;4 ((( 2 . .

L .'[ Date of receipt of corrected application oo cea e T e 1o

) - G . 7" ~

o Date from which applicant may claim right ... L2 el £ e %__ k ............. 19.2._ 7

; . v
=

<
*

ist. The equivalent of at least one-fiith of the work above spacified is to be completed on or hefore ..

,é"é’(?:”».@.éf;’.’.,--é{?’..} 1027 . _
ond. The whole of sald work is to be completed on or before -..-. YW L LW eyt , 19

s

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

3rd. The limit of time for proof of beneficial use of water appropriated in accordance herewith is

li‘lfz Aoy . KB 9.2

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

5th. The prior right of all persons who, by complance with the laws of the State of South Dakota, have
acquired a right to the use of water must not be injuriously affected by thl_s appropriation.

C I AR X AR o =

6th. The amount of the appropriation herein granted shall not exceed .---.- < ':‘2_7'_-_(_{.{': _____________
cuble feet per second; neither shal! it exceed the capacity of the above described system of diversion works.
nor the least arnount of water that experience may hereafter indicate as necessary for the-preduction—of-erops-
Jn»ther:ﬂ-:-e—of-the—bess-husbnmlryf-nnd—furtharrsntd—ap;;;uprlatkm-—must—be“limltedw)—n@&—more—{han-ona«
-soventieth-{1/4%0)- 3Hme~eub!c—foul—of—wnterpur'se-"und-oﬁimc-for—each—aerewf--land --t«r}vhich»walev—ls—actually_

R -n‘;:(,lflﬁa‘ﬁéﬁ’c(éﬁﬁa;?pl@iﬁ%rr}dgﬁgn on or befule --Ml.:’.’.@..’_/i_--__-./_:?_-_-, 102 7 sald wnter to be used
; during the following descrited annual period:

e s )
B T

P

f "7 /L ! g /

e . ——————- .__,.________.,-.--_----_’L(—".-é': --i/—aé!f.f.‘{.rf.y(-- .............................................
T T
4 Witness my hand this ... Z./:..—-?. ...... day of ---:-.-ét.f..‘:../[ ............ , lQn‘Z-,,Z

State Water Resources Commission

C By: amb%w
‘ “hief Engineer, Exccutive Officer

Certlficate of (,'(mstruclio'ti fastted moccceemnnae A,U.C'.LD-@I---ZJQ--. IO{Q.(?
Water License fssucd AU&.U.‘%I--_-Z._(Q_, 10..(4.‘9

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

B

o




Form 2A — Wells (Supplement to Form 2)

Nell No. 32 (Test Hole G-7)

{Continued)

HI. Well Specifications

(a)

{b)

(e}

(@)

(e)

()

()

Hole and casing

Size of drill hole or excavation ... léft- ........................... ., Depth 46ft-
Type of casing ........... G Dncz@;%%é;"é&ﬁ'&éié;'"s'iééi',“'é‘ié.'i ..........................................................
Size of casing ...........; 13 ft. . , Thickness of casing ....... A8 i
Length of casing ... 5 2ft- ......... If collection gallery, length, size and depth of
PN 1 ) o OOV OO RSP RS R E R R R SRS R
Screens

Type of perforated screen ___Rammey Collectors .
Size of perforated screen ........... g?éiﬁiﬁé{éfi ................... , 300t°ﬁgggt§§- .................
Thickness of gravel pack ..ROMe . ... , length of gravel Pack ......ceeniniiniennicns
Water Bearing Materials

Distance to water .7£t=11l in. Character of water bearing materials . ...

..M to ers. sande=fn. 10, o8 gravel. . e

Thickness of water bearing material . B38.ft. . e

Pump and Motor

Type of pump .. ... ... o Tarbine.. . .. U YOS VOO SRR
(centrifugal, propeller, mixed flow, etc.)

Name of pump ........ pomopa. . e o ., size . 1,500 GPM,.

Kind of motor s CE1ECtPIC o e e

Horsepower LA ., Name of Motor F=M. N

Complete well

Capacity ...1,.49.0 GPM 5t grawdown of 10-15 ft. . Estimated cost .
Owner nf land upon which well is located City of Siomééfr;leélls ........ .
. Sidux Falls,. South Dakola
Address
Distance to nearest existing welis
On same owner's property 320 rods. On property owned by others

70 .rods



Perm No. M

STATE OF SOUTH DAKOTA

WHEREAS, On the 2% ... day or.. JOMMRYY A D 1977
................................... the City of Sfowx Falls .
B o ———————— e e County of Minnehgha =~ and State of
South Dgkota duly made application iNo._-ggéf.a____) to us for a permit to use ?.‘_!_2 .............
cuble feet per second of the waters of gi?,----.‘:'i’?.e_x: _________________ e ——
nehaha municipal
County of Min , State of South Dakota, for __. - — — ——
purposes; and
23rd March
WHEREAS, Onthe ... ______ Ay Of - e e e A.D 19..___
Permit No. ?_5____3 ....... was issued to said applicant... for the diversion of said water, and providing for the
13th
completion of the works of diversion therein described on or before the - oo __ -~ day of
—- e mm s fcem—————— A. D. JQ-.??. and for the application to beneficial use of said
water on or before the lm _____ day of_.).{?.“‘“el’l _— - A.D. 19-.?.9.
and,
28th Jul, 66
WHEREAS, On the ..o . _Jday of___ton LA A D.19.2°.
3.42
the holder.._ of said permit duly made proof of the completion of adequate works for the diversien of .. —.___
. . . 396-3
- cubic feet per second of said waters, as evidenced by our Certificate No. -~ 2 oo ___
August 26, 1966
dated & ’ -_?? ....... ---- confirming the completion of works of sufficient capacity for
i2
diverting and conveying to the place of intended use --.3.: ......... cubic feet per second of water, with date of
Janunry 22, 1
priority of 2 L o L and,
28th July
WHEREAS, On the _ —- day of e ———— A. D 19.____
12
proof was duly made of the application to beneficial use of ,-.3.'. ........... cubic feet per second of szid water;

for municipal use by the City of Sioux Falls

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



L

NOW, THEREFORE, By the virtue of the auwnority vested in us by the laws of the State of Souih Dakeia,
the City of Sioux Falls

We hereby grant and CONALIMN 0 me o e e e e e e e e e e e e e e e e i
. N the holder.... aud owner..._ of suid permit No. .?.9.6:.3.--
a water right, dating from Y 2y 1987 tothe ue of 9°X2 .
cubic feet per second of the waters of'f?.‘i@“!.‘.?f‘. __________________________________________________________
in the Caouniy of Himﬂnh: --- and Siate of South Dakota, or 50 much theresf as may be
necessray for the purposes herelnbeiow mentloned, to be diverted at 8 Po4nt 2200'W and 50'S of the
oenter of Section 20, TIORW, RWOW 0

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

for the purpose._.. of dcipal use e r— ;e ———————————————————

subject, hewever, to the laws of the State of South Dakota applicable to a license for the use of the waters of the
State, and subject, also to the local or community customs, rules and regulations which have been or may be
grdopted from time to time by a majority of the users from a common source of supply, canal or lateral from
which such water may be taken, when such rules and regulations have for their object the economical use of such

water,
WITNESS, My hand and seal of our office at Plerre, South Dakota,

26
s 0% day of Auewst A. D. Nineteen
Hundred and _oixWeSix
State Water Resources Commission
By:
J. W, GRIMBS
Chief Engineer, Executive Officer
; : E i . vi H ' : ' : . ! : :
< i i | I | Nl I N N Y N ST AN B
g il 4 [ S =1 S A | I | NN SN BN
\ ] ] 1 ' ' ) [} ] : : : ' !
H [ £ [ t ] 1 ' N | H ' H ] Q
& o 1 SO R U N AN T A N | N B B
a } ! ] t 1 ! 1 H ! ! ! ' t . !
" ! ! { . ' o b o Y
gl | A | RS B S | R | Pl
' ; | } ! ' : : : : : : . ' !
o 1 I R T N N Y I N NS Y IR
L ) I A dos o A I Po%




Porma Ko 83

Permit No..l 3% ? —
‘Water Division No. -_3._.?.15_ Sigg-g}.'_%rater District

Certificate of Completion of Works

TO ALL WHOM IT MAY CONCERN:

This ks to Certity, That . oo- 2o e oo ro o mmms oo mmomooomsmm s mmm o oo

______________________ , County of ___!l_lrmehaha__ ——— _, and State of

Bouth Dakota , the holder____ of Permit No. .._3.5__--:_’._, issued upon Application

o.-”lé.‘i--, bearing date of priority of January .22’ 195?. authorizing the diversion of

12 . cu. ft. per second of the waters of _559932_!!3'3? .........

a point 2200°'W ~nd 50'3

Mirnebaha , State of South Dakota, at

County of
of the center of Secticn 20, T102N, RUGW

-—— e S e o

I - fOr e -

purposes, ha-;..- fully com:glied with the provisions of the laws of the State of South Dakota relating to proof of

completion of the works of diversion set out and described In said Permit; that sald works are found in satisfactory

3.12

condition for diverting and conveying to the place of intended use -Z--- is cu. ft.

per second of water; and that the EERERXX use of sald wat~r ¥Kdescribed as follows,

cowit: to be used for municipal purpoaea by the City of Sioux Falls

26th August
Witness my hand $his oo eeereieae e e s T AUV RIS A. D 19_.6_§_

State Water Resouwcees Commissinn
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Porm 8—Notlce of Intention to Appt  ste Water Neaeo _39_6:'_ ____________
(First Publicationh@fore February 4., 19.57)
1
APPROPRIATION OF WATER ,
H
Office of State Water Resources Commission,
Pierre, G, Dak., «.___ January--28-------- ,10.57
Notice is hereby given that __the. Clty of Siovn Falls .o oo __ whosa2 postoffice
address 15 - Siones Falls e S. Dak,, has made an application in accordance with
the provisions of the water laws of South Dakota for a permic io appropriate for beneficial use ___--_3. _]_-_2.---
cublc feet of water per second of time from xmx---grmmﬂ-wamn .......................... through the
......... L] f.q;l_l;_lﬂgg_-;iz______________-___, the point of diversion of which is to be located opdhg —ocee oo
DK EIXHHIEK in the .. NW..______. 1% of the._..8¥.__________ 14 of Sectlon _.ooo.... 200

Twp. --.L10A_H_ Range - 49Y¥___. sald water to be used for the purpose of providingNHEXEIEYIIREREIL

oA ERHNUX K

This applicavion will be taken up by the State Water Reszources Commission at their office at Plerre for

conzideration upon the . 22th davof _____.__ Maxch ____, 10.87, at 2200___P_M. Al interested persons
j .
may appear and be heard.

Appropriate action will be taken hy the Water Resources Cominission after suitable time has elapsed for
the consideration of any or all information presented.
State Water Resources Commission

i }',! By:

_‘5 J. W, Grimea, Chief Engineer, Executive Officer
*
ce'~ Mr., John A. Kaennedy,publishar
Daily Argus Leader

Sioux Palls, South Dalkote
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Form 11~—Proot of Publication—Appropriation of Water.,

PROOF OF PUBLICATION

STATE OF SOUTH DAKOTA
Couniy ____Minnehaha 58

A, A. ROESLFR

sworn, deposes and says the anne\ed printed copy of Notice

being duly

of Intention to Apprlprlate Water was taken from the ______
STOUX FALLS ARGUS _LEADER, newspaper which

during the whole itme of publication of said notice herein
after staied, has been and is printed and published in the

: I8
___________ FJI.;L__of_____SiouLFalls_________County of

Minnehaha and State of South Dakota;
that tha said notice was published in said newspaper on the
followmg dates:

- February-26,.3057 . __
in each and every issue of the full number thercof, the first

publication being made on the ___hth__ day of__ Fabruory _

19_57 and the last publication onthe __..._ 2580 day of
---February _________ 19_.97, upon which days or tlmes

of publication aforesaid the newspaper was regularly pub-

lished, and that during the whole time of said publication he

l d.xv:-;u. ‘vii'ﬁ' c: w;,a,tm-:\

APFROPHIAZION A -
% ozhce of Etate wnu numg“v;ﬁ- '

. ' ALy
P!eru “8.Dak.. Jacua, :l. 1957 3
O‘N&tése; l}! llll.lenb gl\':’n t“;;l‘ mddc 4
alls, %, stottice addr .
Is Sloux Falls, 8. . D - hak % made - e‘ag "
uﬁl!cnuon in™ actordance with ths fo- !
ons of the water laws of Bouth
fota for & mrm!t\to-:pmcanne

& .

the N‘W e ol the swv €I Bection 23, |
Twp. 103%, Range 400" Satd water og
be used for the. pus Me of pzovldml
muu!d;u \uler-lu

This? l;p 1ilon stﬁl h: (3%
the Hta) l xﬂﬁo tF mm on
at thn 3 Plertdtfor Setisdera.
tion Ih $51, °
M) :3‘“ ’;ﬂ EW%?J% u{
appear Fory bo' k

p\pro riate . t.:ucn wlu be u!en by !
me afer Resources Commissinon after '
suitable time hag ‘elapsed for the cone
sideration ol -8y of all taformation
presanted. -
. -ame Water Ruour:u Come-

mlnl

on.

art
' gr‘ld Engln:er. xxccum‘e
(Feb. 4, 11, 18, 29%)

\i';] ST "'h‘u"‘] 3
Ul lfv\ * LU "‘ ” }’.
3 NI

K l
H .-.-..--.. Vi rweaa w ..ntt

Ml MU LVTEE

re

BT R w-'\-

Subgeribed and sworn to hefore me this ~25th dayof o__. ) _Lnuruarj.__-.‘._ A D 1957,
. P2 :
g: ' "'

...... '.,-_{.4'-1::_-4.:..;:.;' A /xL-,YS's-__._'~---__

_____ Jionehaha . County, S. D.



Forrs No. 21

293

S

Permlt -,-
2 G SIS uv
Water Divisinn No.. 7-.... R\.\l&@-- Water Distrlct
”j ofse s H
L Certificate of Examination of Works
Report of Examining Engincer
To the State Water Resources Commlisslon, Pierre, South Dakota:
Dear Sirs: T hereby certify that in accoﬁiance with your letter of authorization dated .. ...
T 19...-. , I have this day‘ inade a thorough examination of the diversion works congtructed By «oeeeemercecaruen= it

SO 1. ¥ =S QU“Y ...... . of S L0.0% ] {: ANLG

MU\U_\LEH AH A---_ County, Soutn Dakota, holder_. ot‘ Permit \' ...... 3 q.lﬂ.-_- ...... , Issued

upon Appllcauon No. -§.ﬁ(e__..3 bearing date of priority of JA&UA&&--.Z?:, mfﬁb, authorizing the
diversion of --.L\_Z cu, ft. per second of the waters of G]!.a.t? \).NQ-_W.(\.IE@ for --M_Q.MLQLPA&-.

purpcses. I have to report on the condition of the same as 1'0110\\5

A

The diversion \\orks comprise \MEL—.L. _____ 3 2----.’.2.&.NMC:Y-W.':LL---.‘:A.‘.?—.@ AutiS—
MoRSE. TuRRING _PumP BN 2373, Poweken BY. 15 H. P
i EAIR.BAQ ¥exMo. cz,ae---.t.... LECTRIC. MoTor QB K. Sap
o o 1" Ling. To 24" ColLecrion NE
\\ i Tmmomsssssoosess T T e S S ST s e e e,
o and the systemn is in the following condition: ... E\l(.'.c'.-.t: LJ«C’ M T: _________________________________
A } -----------------------------------------------------------------------------------------------------------------
A The point of diversion is located -_ZZ‘QQ._.W.-_-_- ---5(2--.§-.QE.--Z’I]LC_--.C:E.!:(T!-fﬁ
OE SecTioN 2o, TloN,Rdaw
The works are capable of diverting and conveyiug to the place of use 3__!_?.-:-_- cu. it. per second of water,
j which 1s to be used for MMONCIPAL USE
The legal sub-divisions to be frrigated are: oo i iiiareiiecisicsiceeicsaceevnrenann
L e e
3
‘ e e e e mm e e mma——m e comprising atotal of e oot oL acres of land
The domestic Use Intended COMPIISOS oo e ccecccccciramcsacmcrmccammereacemeemm—nemm—eeammenemn—a
The utllization for power, mining, or other beneficlal uses COMPrises: oo i mccmccicacccmaan
........................... _;; amemm e e Mo m e e e e e e com S e m s oL AmA— e eAaemaseceiadeaseacsemcobeccomeemons
P Witiess my hand, this $=

—~SFEAL—

OFFM,ER



WRH 2019-3
wRe 2963

Rehabilitation Report
Collector Wells 46 and 47

Prepared for:

The City of Sioux
Falls, South Dakota

Prepared by:
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1.0 INTRODUCTION
Collector Wells International, Inc. (CWT) was contracted in July 2005, by the City of Sioux.
Falls, South Dakota (City) to rehabilitate the City’s Collector Wells No. 46 and No. 47. The
rehabilitation included sealing the existing laterals, cleaning debris from the caisson, installation
of new ports in the caisson wall, installation of new laterals and performance tésting of the wells.
The work was conducted as authorized by Contract 05-1063 dated July 7, 2005. The
rehabilitation of the collector wells was accomplished during the period from August 2005
through January 2006. Procedures and results for the rehabilitation and testing are included in

this report along with recommendations regarding future collector well operations.

1.1 BACKGROUND

The City of Sioux Falls obtains its potable water supply from surface water and from ground
water utilizing over 60 wells including a number of collector wells, gravel-packed vertical wells
and Bragstad wells. Collector Wells No. 46 and 47 were installed by the Ranney Company of
Westerville, Ohio and were both in service by 1981. Wells No. 46 and Well No. 47 are located
north of the City, about 3.7 and 4.1 miles, respectively, north of the Sioux Falls Municipal
Airport. Well No. 46 is located about 3,000 feet west and 2,600 feet south of the intersection of
258" Street and Ditch Road, while Well No. 47 is located about 3,900 feet west and 500 feet ‘
south of this intersection (Figure 1). Both wells are located on the east bank of the Big Sioux

River, and draw water from the sand and gravel deposits of the Big Sioux Aquifer.

The original design capacity of Collector Well No. 46 was considered to be 1,800 gallons per
minute (gpm) or 2.59 million gallons per day (MGD). The City’s operating records show that in
recent years the well has been operated at rates between 900 and 2,200 gpm. The original design
capacity of Collector Well No. 47 was considered to be 1,670 gpm or 2.40 MGD. The operating
records indicate that in recent years Well No. 47 has been operated at rates between 150 and
1,000 gpm.

It is estimated that when installed, Well No. 46 had specific capacity of approximately 190
gallons per minute per foot of drawdown (gpm/ft). Operating records for the well for the years
1989 through 2004 indicate that the specific capacity had dropped off to 90 gpm/ft by May 1993
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at which time the laterals were redeveloped by the City. The redevelopment increased the
specific capacity to about 200 gpm/ft. The specific capacity gradually decreased until the
laterals were redeveloped again in April 2000, resulting in increasing the specific capacity from
about 70 gpm/ft to about 120 gpm/ft. The operating records for Well No. 46 indicate that in the
last half of 2004 the specific capacity averaged about 60 gpm/ft.

A pumping test conducted in Well No. 47 in 1981 indicated that it had an estimated specific
capacity of about 90 gpm/ft after 72-hours of pumping. Operating records for the well for the
years 1989 thrdugh 2004 indicate that the specific capacity had dropped off to 40 gpm/ft by
February 1992 at which time the laterals were redeveloped. The redevelopment increased the
specific capacity to about 80 gpm/ft. The specific capacity gradually decreased until the laterals
were redeveloped again in September 1996, resulting in increasing the specific capacity from
about 20 gpm/ft to about 100 gpm/ft. Redevelopment was conducted again in March 2000, but
this redevelopment was only successful in increasing the specific capacity from about 30 to
about 50 gpm/ft. The operating records for Well No. 47 indicate that in the first half of 2005 the
specific capacity averaged about 20 gpm/ft.

1.2 LIMITATIONS

This report was prepared for the exclusive use of the City of Sioux Falls, South Dakota for the
specific application to Collector Well Nos. 46 and 47 as specified in the report. Conclusions
reached in this report are based upon the objéctive data available at the time of forming our
opinions and the accuracy of the report depends upon the aécuracy of these data. Every effort is
made to evaluate the information by the methods generally recognized to constitute accepted
standard practices for ground water investigations at the time of rendering and the conclusions
reached therein to represent our opinions. CWI cannot be responsible for actual conditions
proved to be materially at variance with the data collected or supplied to us, upon which our

opinions are based.
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2.0 COLLECTOR WELL DESCRIPTIONS
Plan and section views for the rehabilitated collector wells are depicted in Figures 2 and 3, and
construction details are summarized in Tables 1 and 2. Information on these figures and tables is
in part based on information provided in the Project 05-1063 Bid Documents (H.R. Green Co.,
2005), which reference The Ranney Company revised as-built drawings dated 1/25/80.

2.1 WELL NO. 46

Well No. 46 was constructed with a 16-foot ID, 19-foot OD reinforced concrete caisson that was

installed to a depth of about 46 feet below the pump house floor. Thére were originally four (4)
laterals installed in Well No. 46 with two on the west side of the caisson spaced 60° apart and
two on the east side of the caisson spaced 60° apart. Lengths of the original laterals ranged from
113 to 137 feet.

The three (3) newly installed laterals are comprised of 12-inch diameter, stainless steel, wire-
wrapped well screen. The new laterals were installed at an elevation of 1398.2 feet, or about
three feet above the floor of the caisson. The new Lateral No. 1 was projected on the south side
of the caisson to a length of 107 feet. The new Lateral No. 2 was projected on the southwest side
of the caisson to a length of 127 feet, and the new Lateral No. 3 was projected on the northwest
side of the caisson to a length of 117 feet. It was planned to install three new laterals with each
having a length of 117 feet (110 feet of screen and a 7 foot blank). The new Lateral No. 3 was

. the first to be installed and was completed to 117 feet. However, the aquifer material
encountered during the projection of Lateral No. 3was relatively fine-grained at the end of the
lateral away from the caisson. Duﬁng the projection of the new Lateral No. 2, which was
installed second, the coarsest sand and gravel was encountered at the end of the lateral away
from the caisson. Because of this, the new Laterals No. 2 was projected an additional 10 feet to
127 feet. Because Lateral No. 2 had been projected an additional 10 feet to take advantage of the
coarser aquifer material, Lateral No. 1, the last to be installed, was projected only to a length of
107 feet. This gives a total of 351 feet of new lateral length installed in Collector Well No. 46.
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Collector Well No. 46 is equipped with a single turbine pump. The original design capacity of
the collector well was considered to be 1,800 gallons per minute (gpm) or 2.59 million gallons

per day (MGD). In recent years it has been operated at rates between 900 and 2,200 gpm.

2.2 WELL NO. 47

Well No. 47 was constructed with a 16-foot ID, 19-foot OD reinforced concrete caisson that was
installed to a depth of about 40 feet below the pump house floor. There were originally five (5)
laterals installed in Well No. 47 spaced 60° apart with two on the east side of the caisson; two on
the west side of the caisson; and one projecting to the north. The original lateral lengths ranged
from 33 feet to 129 feet.

The four (4) newly installed laterals are comprised of 12-inch diameter, stainless steel, wire-
wrapped well screen. The new laterals were installed at an elevation of 1405.1 feet, or about
three feet above the floor of the caisson. The new Lateral No. 1 was projected on the east side of
the caisson to a length of 117 feet. The new Lateral No. 2 was projected on the southeast side of
the caisson. The new Lateral No. 3 was projected on the southwest side of the caisson, and the
new Lateral No. 4 was projected on the west side of the caisson. It was planned to install three
new laterals with each having a length of 117 feet (110 feet of screen and a 7 foot blank).
However, during the projection of the new Lateral No. 3, fine sand was encountered between 75
and 85 feet from the caisson. During the projection of the new Lateral No. 4, clay was
encountered between 85 and 100 feet from the caisson. Because of this, screen was installed in
Laterals No. 3 and No. 4 to 67 feet (60 feet of screen and a 7 foot blank) and 87 feet (80 feet of
screen and a 7 foot blank), respectively. A fourth new lateral (Lateral No. 2) was installed to a
length of 102 feet to give a total of 373 feet of new lateral length installed in Well No. 47.

Collector Well No. 47 is equipped with a single turbine pump. The original design capacity of
the collector well was considered to be 1,670 gpm or 2.40 MGD. In recent years it has been
operated at rates between 150 and 1,000 gpm.
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3.0 REHABILITATION PROCEDURES
The rehabilitation of Collector Wells No. 46 and 47 included sealing the existing laterals,
cleaning debris from the caisson, installation of new ports in the caisson walls, installation and
development of new laterals and performance testing of the wells. The rehabilitation of Well
No. 47 was conducted first with project mobilization starting in August 2005. The rehabilitation
of Well No. 47 was completed by the end of October 2005, at which time work was begun at
Well No. 46. Rehabilitation of Well No. 46 was completed in January 2006.

Rehabilitation of Collector Wells No. 46 and No. 47 was accomplished as described below:
e The existing valves and valve stems on the laterals were removed.
e The existing laterals were sealed with blind flanges and gaskets.
e The caisson was then dewatered and prepared for installation of the new laterals.

e Holes were cored and four (4) new ports were installed in the caisson wall in Well No. 46
and four (4) new ports were installed in the caisson wall in Well No. 47.

e Three (3) new laterals, designated No. 1, No. 2, and No. 3, were installed in Well No. 46,
and four (4) new laterals, designated No. 1 through No. 4, were installed in Well No. 47.

e The full length of each of the new laterals was thoroughly developed.

e Following the installation of the new laterals, valves and valve stems, the floor of the
caissons were cleared of remaining debris and loose materials.

e The laterals were chlorinated by introducing a chlorine solution at the extreme end of
each lateral using a perforated pipe extending from the surface. The chlorine solution
was pumped at a uniform measured rate through the pipe as it is pulled back to ensure
that the complete length of each lateral was be chlorinated.

o After this, the well was flooded by opening the gate valves for each lateral. Additional
chlorine solution was added to disinfect the caisson.

¢ A post-maintenance pumping test was conducted on Collector Wells No. 46 and No. 47
using the permanent well pumps. During the testing, water level measurements were
taken in the collector caissons and the adjacent observation wells to evaluate the
effectiveness of the rehabilitation.
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¢ During the post-maintenance tests, divers entered the collector wells to take photographs
of the laterals and monitor the relative water velocity and water temperature from each
lateral while the wells were being pumped.
Prior to the start of the rehabilitation activities, the City removed the pump from each of the

wells. The City reinstalled the pumps following the rehabilitation activities, and the permanent

pumps were used for the post-maintenance testing activities

The new laterals in Wells No. 46 and 47 were installed by initially projecting nominal 16-inch
OD pipe to the desired length and sampling the aquifer materials as the pipe was projected.
Next, the 12-inch diameter stainless steel (type 304) screen assemblage was installed within the
projection pipe. The projection pipe was then hydraulically extracted from the aquifer, exposing
the screened lateral to the aquifer. The screen material used consists of 12-inch pipe size heavy-
duty wire-wound continuous slot well screen with a collapse strength of greater than 300 psi.
The screen slot sizes were varied depending on the coarseness of the material encountered,
which was based upon samples collected during the projection of the drive pipe. Following

installation, each lateral was fully developed using a sand line.

Information on the screen slot sizes used in for Well No. 46 is presented in Table 1 and the
screen slot sizes used in Well No. 47 are presented in Table 2. As listed in the tables, screen slot
openings varied between 0.030 inches and 0.125 inches. The total new screen open area
installed in Well No. 46, adjusting for couplings and blank sections, is 412 square feet. At the
design yield of 1,800 gpm, this equates to an average entrance velocity of 1.2 feet per minute
(fpm) (assuming 50 % blockage of the screen with aquifer materials). The total new screen open
area installed in Well No. 47 is 390 square feet. At the design yield of 1,670 gpm, this equates to
an average entrance-velocity of 1.1 fpm (assuming 50 % blockage of the screen with aquifer

materials).
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4.0 TESTING PROCEDURES
Post-maintenance testing of Collector Well No. 46 related to the rehabilitation activities was
completed on January 16, 2006. Post-maintenance testing of Well No. 47 was conducted at the
end of October and beginning of November 2005. The testing for both wells included a
multiple-rate step pumping test and a constant-rate pumping test. All of the testing was
conducted under the supervision of a hydrogeologist experienced in collector well evaluation.
The pumping tests were conducted on the well to determine its installed capacity and efficiency

following the rehabilitation.

4.1 GENERAL TESTING PROCEDURES

The first portion of the test pumping for each of the two collector wells involved an 8-hour
multiple-rate step test, conducted in two-hour steps at increasing rates of discharge. The step test
results were evaluated to determine the relative efficiency of the pumping well, confirm the |
proper operation of equipment, and determine the discharge rate for the subsequent constant-rate
test. Following the step test, a 72-hour constant-rate pumping test was conducted. The constant-

‘rate pumping test was conducted to determine the post-maintenance well yield.

During the testing periods, water levels were collected at pertinent intervals to the nearest 0.01
foot referenced from a surveyed point (i.e. —top of casing, pump house floor, etc.) using a direct
read electronic water measuring device and computerized data acquisition units and transducers.

Temporary staff gages were installed in the Big Sioux River near each well site to monitor river
| level changes during the testing activities. Relative elevations of the water level monitoring

points were surveyed by the H. R. Green Company.

The wells and points at which water levels were monitored during the testing periods at each of

the two collector wells include the following:

Collector Well No. 46 Collector Well No. 47

OW78-2-2 (R1), South Observation Well OW78-1-3 (R1), Middle Observation Well
OW78-2-4 (P1), Middle Observation Well OW?78-1-5 (P1), South Observation Well
OW?78-2-3 (P2), North Observation Well OW78-1-4 (P2), North Observation Well
Big Sioux River Big Sioux River
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Water level data recorded during the testing of Well No. 46 are presented in Appendices A and

B, and water level data recorded during the testing of Well No. 47 are presented in Appendices D
and E.

Water levels in the collector wells, observation wells and the river were monitored during the
testing period with computerized data acquisition units and transducers manufactured by In-Situ
Inc. The wells were periodically measured using direct-read electronic water level meters to

calibrate and check the performance of the transducers.

During the testing of Well No. 46, the water levels in observation well OW78-2-3 (P2), the
furthest north of the three observation wells, showed very limited response to pumping, and
continued to decline during the recovery period following the constant-rate test. Coﬂseciuently,
this well is considered to be plugged. Only limited amounts of data were collected from

OW?78-2-3 (P2), and these data were not used in the subsequent analyses of the performance of
Well No. 46.

Also, during the testing at Well No. 46 the Big Sioux River was ice covered.v Water level
measurements were taken in the river through a hole bored in the ice. During the beginning of
the testing period, the cold temperatures appeared to have caused problems with the In-Situ Troll
device that was installed in the river, and consequently only manual water level measurements
are available for the river for the start of the test period. Later in the testing period when it
became apparent that the Troll unit was malfunctioning it was replaced with the Troll that was
originally installed in well OW78-2-3 (P2).

Only one transducer was available during the step test conducted at Well No. 47 and this was
installed in observation well OW78-1-3 (R1). The collector well, observation wells and the river

were monitored using a direct-read electronic water level meter during this test.

The City’s permanent well pumps and in-line flow meters were used for the Well No. 46 and

Well No. 47 performance testing. During the testing of the wells, the discharge water was

conveyed to the City’s treatment plant through the normal raw water piping system. Changes in
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the raw water system pressure caused some fluctuations in the well pumping rates during the
testing. The line pressure indicated by the gages on the discharge lines just downstream of the

control valves in the well houses were recorded along with the pumping rate records.

To determine adequacy of development, a centrifugal sand-separating device manufactured by
the Roscoe Moss Company was used to measure sand production from the collector wells during
the performance testing. The sand sampler was attached to the top of the well discharge pipe just
ahead of the in-line flow meters. To conduct the sand tests, a flow of 0.5 gpm was allowed to
pass through the sampler, and the amount of sand collected in the sample tube was observed after
a minimum of 5 minutes had elapsed. Samples were collected at intervals of about 1 hour, 24
hours, 48 hours and 72 hours after the start of the constant-rate pumping test. The standard for
sand production was specified to be less than 2 parts per million (ppm) during test pumping of

the collector well.

After the pumping level in the collector well being tested had substantially stabilized during the
constant rate test, the relative flow (velocity) and temperature from each lateral were measured.
This was accomplished by a diver using remote measuring equipment. Additionally, color
photographs of the valves and laterals were taken by the diver, and copies of the photographs
from Well No. 46 are included in Appendix C and from Well No. 47 are included in Appendix F.

4.2 MULTIPLE-RATE STEP PUMPING TEST PROCEDURES

4.2.1 Well No. 46 Step Test

A multiple-rate step test was conducted in Well No. 46 on January 11, 2006. However, during
the constant-rate test, it was discovered that the valves on the laterals were nearly closed, and so
consequently the results of the first step test are not considered representative of the well’s
performance. The lateral valves were opened fully during the constant-rate test, and a second
multiple-rate step test for Well No. 46 was conducted on January 16, 2006. The eight (8) hour
multiple-rate test was conducted in two-hour steps at increasing rates of discharge. Based on
average rates determined from the in-line flow meter totalizer, the pumping rates for the four

steps were as listed below:
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Step 1 — 800 gpm

Step 2 — 1,000 gpm
Step 3 — 1,200 gpm
Step 4 — 1,830 gpm

Pumping rates were controlled using the valve on the discharge line just downstream of the in-

line flow meter. The pumping rates were adjusted as quickly as possible at the start of each step.

Pumping was started at 8:00 AM and continued until 4:10 PM. Before, during and following the
multiple-rate test, water levels and flow rates were measured at the pertinent frequencies in Well

No. 46 and the adjacent observation wells.

4.2.2 Well No. 47 Step Test
The Well No.47 multiple-rate step test was conducted on October 31, 2005. The eight (8) hour

multiple-rate test was conducted in two-hour steps at increasing rates of discharge. Based on
average rates determined from the in-line flow meter totalizer, the pumping rates for the four

steps were as listed below:

Step 1 — 290 gpm
Step 2 — 570 gpm
Step 3 — 930 gpm
Step 4 — 1220 gpm

Pumping rates were controlled using the valve on the discharge line to the north of the Well No.

47 caisson. The pumping rates were adjusted as quickly as possible at the start of each step.

Pumping was started at 11:55 AM and continued until 7:59 PM. Before, during and following
the multiple-rate test, water levels and flow rates were measured at pertinent frequencies in Well
No. 47. Water levels were measured in the collector well, the adjacent observation wells, and the
Big Sioux River with an electronic water level meter. Water levels in observation well
OW?78-1-3 (R1) were also monitored with a computeﬁzed data acquisition unit and transducer
(In-Situ Troll unit).
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Following the end of the pumping period for the multiple-rate test, water levels in the collector
well were allowed to recover for approximately 15 hours. At this time the water level in the
Well No. 47 caisson had recovered to within 0.2 feet of the previous day’s static water level and

was showing negligible changes (rise of 0.04 feet over 3 hours).

4.3 CONSTANT-RATE TEST PROCEDURES

4.3.1 Well No. 46 Constant-Rate Test
Following the recovery from the initial multiple-rate step test, the constant-rate test was started at
9:50 AM on January 12, 2006 and run for 71.5 hours until 9:30 on January 15, 2006. Based on

the initial step-test results, it was determined that the well should be capable of sustained

pumping at the maximum rate that the pump was capable of. The constant-rate test was run with
the control valve on the discharge line in the partially closed to allow for adjustment in case the

line-pressure changed.

On January 13, 2006, a diver entered the well to cohduct the lateral flow analysis. Upon entering
the well, the diver indicated that the valves on Laterals 1 and 2 were nearly shut, and the valve
on Lateral 3 was completely closed. At this point, the valves were opened and the test was
continued. Prior to opening the lateral valves, the average discharge from the collector well
based on the totalizer readings was 1,510 gpm (2.17 MGD). After the lateral valves were
opened, the pumping rate based on the totalizer readings averaged 1,590 gpm (2.29 MGD).

During the constant-rate test, water levels and flow rates were measured at pertinent intervals.
At the conclusion of the test, the pump was shut off and the recovery of water levels monitored
for 24 hours. Water level data and pumping rate data collected during the constant-rate period

are included in Appendices B and C.

Approximately twenty-four (24) hours after the start of the constant-rate pumping period, a
qualified diver performed a lateral flow analyses. As previously indicated, the diver discovered
that two of the lateral valves were nearly shut and one was completely shut. The flow analysis
was performed shortly after the valves were fully opened. To ensure that opening the valves did

not affect the flow analysis results, the flow analysis was repeated approximately 1-1/2 hours
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after the initial measurements. The flow velocity and temperature at the caisson end of each
lateral were measured by the diver using a handheld meters, which were remotely read by the
CWI hydrogeologist. The flow velocity measurements and the total pumping rate from the
collector were used to determine the flow rate and percent of total flow from each lateral and the
relative efficiency expressed as gallons per minute per foot of screen. Although not required, the
diver also attempted to photograph the lateral valves, but the camera malfunctioned and no

photographs were taken inside the caisson.

4.3.2 Well No. 47 Constant-Rate Test

Following the recovery from the multiple-rate step test, the constant-rate test was started at 10:59
AM on November 1, 2005 and run for 72 hours until 11:00 AM on November 4, 2005. Based on
the step-test results, it was determined that the well should be capable of sustained pumping at
the maximum rate that the pump was capable of. Consequently, the constant-rate test was run
with the control valve on the discharge line in the full open position. The average discharge

" from the collector well based on the totalizer readings for the 72-hour period was 1245 gpm
(1.79 MGD) during the test. The flow rates based on individual totalizer readings ranged from
about 1210 to 1280 gpm. The fluctuations in the pumping rate were due to fluctuations in the

discharge line system pressure.

During the constant-rate test, water levels and flow rates were measured at pertinent intervals.
At the conclusion of the test, the pump was shut off and the recovery of water levels monitored
for 24 hours. Before, during and following the multiple-rate test, water levels and flow rates
were measured at pertinent frequencies in Well No. 47. Water levels were measured in the
collector well, the adjacent observation wells, and the Big Sioux River with an electronic water
level meter. Water levels in the collector well, the observation wells and the river were also

monitored with a computerized data acquisition units and transducers (In-Situ Troll units).

Approximately forty-seven (47) hours after the start of the constant-rate pumping period, a
qualified diver performed a lateral flow analyses and took underwater pictures of the laterals and
lower portion of the caisson. The flow velocity and temperature at the caisson end of each lateral

were measured by the diver using a handheld meters, which were remotely read by the CWI
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hydrogeologist. The flow velocity measurements and the total pumping rate from the collector
were used to determine the flow rate and percent of total flow from each lateral and the relative
efficiency expressed as gallons per minute per foot of screen. The diver also took still
photographs of the caisson ends of the laterals and lateral valves. These photographs are

presented in Appendix E.
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5.0 WELL NO. 46 POST MAINTENANCE TESTING RESULTS
The results of the post-maintenance performance testing were compiled and analyzed to evaluate
the effectiveness of the rehabilitation and to evaluate the condition of the collector wells. Factors
that are used to evaluate well performance and efficiency include specific capacity and
drawdown differential. Specific capacity is the ratio of pumping rate of a well to the observed
drawdown in the well and is expresséd as gallons per minute per foot of drawdown (gi)m/ft).
The higher the specific capacity, the more productive the well is. Drawdown differential is the
difference between the water level in a pumping well and the water level in the aquifer measured
in a nearby observation well. It is expressed as feet of drawdown per unit rate of water pumped,
e.g., feet per 1,000 gpm (ft/1000 gpm) for the collector well. The more efficient the well, the

lower the differential value.

5.1 WELL NO. 46 MULTIPLE-RATE STEP TEST RESULTS

A summary of observed water levels and drawdowns in Well No. 46 during the step test
conducted on January 16, 2006 are listed in Table 3. Hydrographs showing the water levels in
Well No. 46 and the adjacent observation Wells OW?78-2-2 and OW78-2-4 during the step test
are shown in Figure 6. Semi-log plots of the observed drawdown with respect to time for the

step test are preserited in Figure 7.

The water level in Well No. 46 prior to the start of the step test was slightly more than 15 feet

below the pump house floor. The approximate water level elevation in the collector caisson prior
| to the start of the step test was 1426.0 feet, msl. Pumping for approximately 2 hours at a rate of
800 gpm resulted in an observed drawdown of 2.3 feet for an observed specific capacity of 349
gpm/ft. The observed drawdown at the end of the second step was 3.0 feet when pumping at
1000 gpm, and the observed drawdown at the end of the third step was 3.6 feet when pumping at
1200 gpm. The observed drawdown at the end of the forth step wés 5.5 feet when pumping at
1830 gpm, resulting in an observed specific capacity of the collector well 335 gpm/ft.

Analysis of the multiple-rate testing was performed using the Bruin and Hudson (1955) method.
This is a graphical method used to determine the head losses attributed to laminar flow in the

aquifer and turbulent flow into the well. These head losses are related to the equation:
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s=(Bx0 )+(cx?)

Where: s=  drawdown in the pumping well in feet

= the aquifer constant (laminar flow) in feet/gpm

= the well loss constant (turbulent flow) in feet/gpm?

=  the pumping rate in gpm
The Bruin and Hudson method is used to estimate the head losses in the aquifer and in the well
itself. As shown in Table 3, laminar flow through the aquifer represents greater than 93% of the
head loss at all pumping rates during the step drawdown test. As determined from this analysis,
the “B” factor was computed to be 0.0028 ft/gpm and the “C” factor was calculated at 1.3 x 107
feet/gpm’. These results indicate that Well No. 46 is very efficient in delivering the available

water.

5.2 WELL NO. 46 CONSTANT-RATE TEST RESULTS

Table 4 summarizes the observed water levels and water level changes during the Well No. 46

constant-rate test. Hydrographs during the constant-rate testing period are presented in Figure 8.
A semi-logarithmic plot of the observed drawdown values with respect to elapsed pumping time

is depicted in Figure 9.

During the initial step test run on January 11, 2006 with the lateral valves nearly closed, the
maximum pumping rate that could be achieved was slightly more than 1600 gpm. To allow for
some adjustment of the pumping rate in case discharge line pressure fluctuated, the valve on the
discharge line was'partially closed prior to the start of the constant-rate test. When the constant-
rate test was started, the Well No. 46 pumping rate was slightly more than 1500 gpm. Once the
lateral valves were opened, the reduction in drawdown in the caisson caused a slight increase in
the pumping rate. The average pumping rate for the last 48-hours of the constant-rate test based
on the totalizer readings was 1590 gpm (2.29 MGD). As listed in Table 4, the observed
drawdown in the collector well the end of the pumping period was about 5.8 feet. The water
temperature discharged from the caisson averaged 57° F during the testing period. The observed
drawdown in the observation well OW78-2-2 (the south observation well) at the end of the
pumping period was 3.2 feet. As shown on the ﬁgﬁres, the water levels in Well No. 46 and the

adjacent observation well were still declining at the end of the constant-rate pumping period and
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had not completely stabilized. During the pumping period, the Big Sioux River water level
adjacent to Well No. 46 fluctuated between elevations of approximately 1426.3 and 1426.4 feet,
and was approximately 0.07 feet lower at the end of the pumping period than it was at the

beginning of the pumping period.

The observed specific capacity at the end of the constant-rate pufnping test was 275 gpm/ft based
on the average pumping rate of 1590 gpm. Because the drawdown in the collector did not
stabilize, the specific capacity value would decrease with increased pumping time. Operating
records for Well No. 46, which are depicted in Figure 14, indicate the specific capacity in Well
No. 46 was approximately 60 gpm/ft at the end of 2004. This indicates that the rehabilitation of

Well No. 46 has made a substantial improvement in the well performance.

The observed drawdown differential at the end of the Well No. 46 constant-rate test based on the
water level in OW78-2-2 was 1.65 ft/ 1000 gpm. Thisisa relatively low value for drawdown
differential given the distance between the observation well and the laterals. The relatively small
difference of the water elevation in the Well No. 46 collector caisson and the water elevation in

the Observation Well is another indication that the collector well is performing efficiently.

The results of the lateral flow analysis conducted during the Well No. 46 constant-rate test are
presented in Table 5. As discussed in Section 4.3.1, the lateral flows and water temperatures
were measured more than once following the opening of the valves on the laterals to ensure that
this did not influence the results. The results presented in Table 5 are from the last set of flow
and temperature measurements, although there was little difference between this set of
measurements and the first set flow measurements. The lateral flow analysis conducted during
the test indicated that the flow in the laterals ranged from 28% to 38% of the total. Lateral No. 1,
which is projected to the south approximately parallel to the riverbank, showed the lowest flow
rate. Lateral No. 3, which is projected to the northwest toward the river, showed the highest flow
rate. The water temperature from the individual laterals ranged from 55.7° from Lateral No. 1 to
58.7° from Lateral No. 2.
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The results of the Well No. 46 post-mainténance sand testing are summarized in Table 6. The
sand tester was attached to the discharge line in the Well No. 46 pump house, and the sand
samples were collected during the step test and at intervals 6f about 1 hour, 24 hours, 48 hours
and 72 hours after the start of the constant-rate pumping test and during the second multiple-rate
step test. None of the sand test results from the constant-rate and second step test exceeded 0.5
ppm, and consequently all were within the sand specification of 2 ppm. The sand readings
during the constant-rate test decreased following the opening of the lateral valves, and the
somewhat elevated readings that preceded the opening of the lateral valves may have been

caused by turbulent water flow at the lateral valves when they were nearly closed.
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6.0 WELL NO. 47 POST MAINTENANCE TESTING RESULTS
The results of the post-maintenance performance testing were compiled and analyzed to evaluate
the effectiveness of the cleaning and redevelopment and to evaluate the condition of the collector

well.

6.1 WELL NO. 47 MULTIPLE-RATE STEP TEST RESULTS

A summary of observed water levels and drawdowns in Well No. 47 during the step test are

listed in Table 7. Hydrographs showing the water levels in Well No. 47, the adjacent
observation wells and the Big Sioux River during the step test are shown in Figure 10. Semi-log

plots of the observed drawdown with respect to time for the step test are presented in Figure 11.

The water level in Well No. 47 prior to the start of the step test was slightly less than 16 feet
below the pump house floor. The approximate water level elevation in the collector caisson prior
to the start of the step test was 1426.4 feet, msl. Pumping for approximately 2 hours at a rate of
290 gpm resulted in an observed drawdown of 1.0 foot for an observed specific capacity of 276
gpn/ft. The observed drawdown at the end of the second step was 2.0 feet when pumping at 570
gpm, and the observed drawdown at the end of the third step was 3.4 feet when pumping at 930
gpm. The observed drawdown at the end of the forth step was 4.8 feet when pumping at 1220
gpm, resulting in an observed specific capacity of the collector well 253 gpm/ft at the end of the
last step. - ‘

Analysis of the multiple-rate testing was performed using the Bruin and Hudson (1955) method.
As shown in Table 7, laminar flow through the aquifer represents greater than 91% of the head
loss at all pumping rates during the step drawdown test. As determined from this analysis, the
“B” factor was computed to be 0.003 ft/gpm and the “C” factor was calculated at 2.3 x 107
feet/gpm®. These results indicate that Well No. 47 is very efficient in delivering the available

water.

The step-test results also indicated that Well No. 47 was capable of pumping for sustained

periods in excess of 1200 gpm. Consequently, it was decided to conduct the constant-rate test at
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the maximum rate that the permanent pump could produce under the conditions of static water

level and discharge line pressure.

6.2 WELL NO. 47 CONSTANT-RATE TEST RESULTS

Table 8 summarizes the cbserved water levels and water level changes during the constant-rate

test. Hydrographs depicting the water levels in Well No. 47, the adjacent observation wells and
the river are presented in Figure 12. A semi-logarithmic plot of the observed drawdown values

with respect to elapsed pumping time is depicted in Figure 13.

The average pumping rate over the 72-hour pumping period based on the totalizer readings was
1245 gpm (1.79 MGD). As listed in Table 8, the observed drawdown in the collector well the
end of the pumping period was about 7.0 feet. The temperature of the water discharged from the
caisson was about 53° F at the end of testing period. The observed drawdown in observation
well OW78-1-3 (R1) at the end of the pumping period was 5.1 feet. As shown on the figures, the
water levels in Well No. 47 and the observation wells were still declining at the end of the
constant-rate pumping period and had not completely stabilized. During the pumping period, the
Big Sioux River water level showed a slight decreasing trend with a net drop of 0.12 feet over

the pumping period.

The observed specific capacity at the end of the constant-rate pumping test was 178 gpmy/ft based
on the average pumping rate of 1245 gpm. Because the drawdown in the collector did not
stabilize, the specific capacity value would decrease with increased pumping time. Data from
performance testing of Well No. 47 that was conducted in 1981 indicates that the observed
specific capacity after 72 hours of pumping at 800 gpm was approximately 92 gpm/ft, although
there is limited information available about the conditions at the time of the testing. Operation
data provided by the City for Well No. 47, depicted in Figure 15, indicates that the average
apparent specific capacity in 2005 prior to maintenance was about 20 gpm/ft. The apparent
specific capacity values from the operational data generally do not exceed 120 gpm/ft even for
periods that followed cleaning of the laterals. Based on the operation data from Well No. 47, it
is obvious that there has been a substantial improvement in the well performance, and the well

may be performing better now than it did when it was originally installed.
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The observed drawdown differential at the end of the Well No. 47 constant-rate test was 1.54
£t/1000 gpm at the closest observation well OW78-1-3 (R1). This is a relatively low value for
drawdown differential. The relatively small difference of the water elevation in the Well No. 47
collector caisson and the water elevaﬁon in the Observation Well is another indication that the

collector well is performing efficiently.

The results of the lateral flow analysis conducted during the Well No. 47 constant-rate test are
presented in Table 9. The lateral flow analysis conducted during the test indicated that the flow
in the laterals ranged from 11% to 44% of the total. Lateral No. 3, the shortest of the new
laterals showed the lowest flow rate. Lateral No. 4, which is projected directly toward and
extends underneath the river, had the highest flow rate. Lateral No. 1, although the longest, was
producing about 16% of the total flow. The lower flow from Lateral No. 1 is likely because it is
projected directly away from the rivér and consequently is farthest from the source of recharge.
The water temperature from the individual laterals ranged from 50.9° from Lateral No. 4 to 55.9°
from Lateral No. 3.

The results of the Well No. 47 post-maintenance sand testing are summarized in Table 10. The
sand tester was attached to the discharge line in the Well No. 47 pump house, and the sand
samples were collected during the constant-raie test at intervals of about 1 hour, 24 hours, 48
hours and 72 hours after the start of the constant-rate pumping. None of the sand test results

exceeded 0.5 ppm, and consequently all were within the sand specification of 2 ppm.
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7.0 COLLECTOR WELL YIELD PROJECTIONS
The yield from the collector well is dependent upon its efficiency, available drawdown and
aquifer hydraulics. Available drawdown at Well No. 46 and Well No. 47 is directly related to
the stage of the Big Sioux River. Aquifer hydraulics are related to saturated thickness, hydraulic
conductivity and recharge. The hydraulic conductivity is affected by changing temperatures as
the viscosity of water is inversely proportional to temperature. In other words, when the water is

colder, the water is more viscous and the effective hydraulic conductivity of the aquifer is lower.

7.1 WELL NO. 46 YIELD PROJECTIONS
Because the water levels in Well No. 46 did not completely stabilize by the end of the constant-
rate testing period, it is necessary to estimate the stabilized drawdown in order to estimate the

collector well yields under conditions that vary from the testing conditions.

The estimated time to reach equilibrium pumping conditions can be determined using the
following equation (Walton, 1970):

te = 652 a> S
T log (2a/r)’

Where t. = time required to reach equilibrium, in days
= effective distance to line source of recharge, in feet
S = storativity, unitless :
T = transmissivity, in gpd/ft
r = distance at which equilibrium conditions are reached, in feet

To estimate the time to equilibrium the following assumptions were made based upon
interpretation of data obtained from the initial hydrogeological investigation report of the
collector well sites (Klaer & Associates, 1979). The values used to compute the time to reach

equilibrium at Well No. 46 were as follows:

a =500 feet

S=0.15

T = 65,500 gpd/ft (adjusted for water temperature)

1= 94 feet (estimated effective radius of collector,
80% of average lateral length)

Using the above equation and assumptions, it was estimated that equilibrium conditions would

have been reached in 18.1 days after the start of pumping. Projecting the trend of the drawdown
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versus time relation at the end of the constant-rate test pumping period to 18.1 days indicates that
this would have resulted in an additional 1.2 feet of drawdown. This would give a total of 7.0
feet of drawdown under the test conditions and an estimated specific capacity of about 230
gpm/ft.

The following equation can be used to estimate the yield of a well under conditions that vary

from the test conditions:; .

=Q1 XM, X8, XV,

Q,

m; X8, XV,

Where: Q = yield (gpm) of collector well under test (Q;) and design (Q) conditions;
s = drawdown (ft) in collector well under test (s;) and design (s2) conditions;
m = aquifer thickness (ft) corrected for dewatering under test (m;) and design
(my) conditions; and
v = viscosity coefficient under test (v;) and design (v2) temperature conditions.

Substituting the observed data from the performance test (test conditions) into the above
equation and using the information presented below, it is possible to estimate the maximum yield
of the collector well for the test conditions average conditions and low temperature, low water

level conditions.

Yield conditions

Top of aquifer 1419 feet msl
Base of aquifer 1396 feet msl
Static Water Level
test conditions 1426.3 feet msl
design conditions, low river level 1418.2 feet msl
design conditions, average river level 1425.0 feet msl

Pumping level
test conditions projected to equilibrium (1590 gpm) 1419.3 feet msl
recommended minimum pumping level 1403.0 feet msl

Water temperature / viscosity coefficient

test conditions 57°F/ 1.04
average conditions ~ 55°%/ 093
low temperature conditions 45°F/ 1.26
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Using the above equation and assumptions, the potential stabilized collector yield would be
approximately 3440 gpm (4.95 MGD) under the test conditions, 3130 gpm (4.50 MGD) under
average conditions and 1800 gpm (2.59 MGD) under the combination of low water levels and
low water temperatures. Consequently, Well No. 46 should be capable of operating in excess of
the original design capacity of 1800 gpm (2.59 MGD) under most conditions. Actual drawdown
values in the collector will vary from the projected values with changes pumping rates and
pumping patterns, static water level changes and changes in recharge conditions. Drawdown in
the collectqr for a given pumping rate and pumping time will tend to increase as plugging of the

well screen and adjacent aquifer occurs due to mineral and/or bacterial encrustation.

7.2 WELL NO. 47 YIELD PROJECTIONS
As with Well No. 46, the water levels in Well No. 47 during the constant-rate test did not

completely stabilize. To estimate the time to equilibrium with the equation given in Section 7.1 |
the following assumptions were made based upon interpretation of data obtained from the initial
hydrogeological investigation report of the collector well sites (Klaer & Associates, 1979). The
values used to compute the time to reach equilibrium at Well No. 46 were as follows:

a =500 feet

S=0.15 :

T = 63,600 gpd/ft (adjusted for water temperature)

r= 74 feet (estimated effective radius of collector,
80% of average lateral length)

Using the above equation and assumptions, it was estimated that equilibrium conditions would
have been reached in 17 days after the start of pumping. Projecting the trend of the drawdown
versus time relation at the end of the constant-rate test pumping period to 17 days indicates that
this would have resulted in an additional 0.9 feet of drawdown. This would give a total of 8.0
feet of drawdown under the test conditions and an estimated specific capacity of about 160
gpw/ft. '

Using the equation given in Section 7.1 to estimate well yields under conditions that vary from

the test conditions, the assumptions used to project the yields for Well No. 47 are as follows:
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Yield conditions

Top of aquifer 1422 feet msl
Base of aquifer , 1400 feet msl
Static Water Level
test conditions  1426.3 feet msl
design conditions, low river level 1420.2 feet msl
design conditions, average river level . 1427.0 feet msl
Pumping level
test conditions projected to equilibrium ( gpm) 1418.3 feet msl
recommended minimum pumping level 1410.1 feet msl

Water temperature / viscosity coefficient

test conditions 53°F/ 1.04
design, average conditions 55°F/ 0.93
design, low temperature conditions 45°F/ 1.26

Using the equation given in Section 7.1 and assumptions given above, the potential stabilized
yield of Well No. 47 would be approximately 2010 gpm (2.89 MGD) under the test conditions,
2150 gpm (3.10 MGD) under average conditions, but only about 1040 gpm (1.50 MGD) under
the combination of low water levels and low water temperatures. Consequently, Well No. 47
should be capable of operating in excess of the original design capacity of 1670 gpm (2.40
MGD) under most conditions but may not be capable of operating at this capacity under the

combined conditions of low static levels and low water temperature.
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8.0 SUMMARY
Collector Wells International, Inc. completed the rehabilitation of the City of Sioux Falls
Collector Well No. 46 and Collector Well No. 47. The rehabilitation of the collector wells was
accomplished during the period from August 2005 through January 2006. The rehabilitation
included sealing the existing laterals, cleaning debris from the caisson, installation of new ports
in the caisson walls, installation and development of new laterals and performance testing of the

wells.

In Well No. 46, the three (3) new 12-inch diameter laterals have a lengths of 107 to 127 feet with
each having 7 feet of blank pipe adjacent to the caisson wall. In Well No. 47, the four (4) new
12-inch diameter laterals have lengths ranging from 67 to 117 feet with each having 7 feet of
blank pipe adjacenf to the caisson wall.

The testing results indicate that the rehabilitation efforts were successful in both Well No. 46 and
Well No. 47. The observed specific capacity of Well No. 46 at the end of the post-maintenance
constant-rate test was 275 gpm/ft based on the average pumping rate of 1590 gpm. In its current
conditions, the Well No. 46 should be capable of pumping for extended periods at the design rate
of 1800 gpm (2.59 MGD) with the pumping water levels above the minimum recommended
elevation (5 feet above the centerline of the laterals) of 1403.2 feet. The observed specific
capacity of Well No. 47 at the end of the post-maintenance constant-rate test was 178 gpm/ft
based on the average pumping rate of 1245 gpm. In its current conditions, the Well No. 47
should be capable of pumping for extended periods at the design rate of 1630 gpm (2.40 MGD)
with the pumping water levels above the minimum recommended elevation (5 feet above the
centerline of the laterals) of 1410.1 feet. However, Well No. 47 might not be capable of

pumping at this rate under conditions of low static level and low water temperature.

Routine monitoring of both collector wells is recommended to determine the point at which
additional maintenance will be needed. At a minimum, this monitoring should include
measurements of the static and pumping water levels in the caisson, pumping rate, and water
levels in at least one of the observation wells at each site (preferably the observation well closest

to the caisson). Measurements from the observation wells help distinguish between pumping
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water level changes that are due to changes in well efficiency and those that are due to changes
in aquifer conditions. These measurements should be made at least every other month. Ideally,
the collector well monitoring should be done at a time when the well has been running long

enough for the pumping level to become relatively stable.
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TABLE 1

Collector Well No. 46 Design Summary "
City of Sioux Falls, South Dakota

CAISSON AND LATERAL DESIGN

CAISSON INSIDE DIAMETER 16 feet
CAISSON OUTSIDE DIAMETER 19 feet
TOP OF PUMP HOUSE FLOOR ELEVATION 1441.33 feet, msl.
TOP OF PLUG (caisson floor) ELEVATION 1395.3 feet, msl.
INTERMEDIATE FLOOR ELEVATION . 1432.3 feet, msl.
CAISSON DEPTH (top of finish floor to top of plug) 46.0 feet
CENTER LINE OF OLD LATERALS (abandoned) ELEV. 1397.3 feet, msl.
CENTER LINE OF NEW LATERALS ELEVATION - 1398.0 feet, msl.
MINIMUM RECOMMENDED PUMPING ELEVATION ’ 1403.0 feet, msl.
TOP OF AQUIFER ELEVATION (2) ] 1419 feet, msl.
BASE OF AQUIFER ELEVATION (2) 1396 feet, msl.
LATERAL DIAMETER (new laterals) 12.0 inches
LATERAL LENGTH
LATERAL TOTAL
BLANK SCREEN LATERAL
LATERAL LENGTH LENGTH LENGTH
NUMBER (feet) (feet) (feet)

1 7 100 107

2 7 120 127

3 7 110 117

TOTAL 21 330 351

LATERAL SCREEN SLOT SIZE AND PLACEMENT

SCREEN SLOT SIZE (inches)
[TATERAL ][ 0.040 0.060 0.080 0.100 0.125
1 sy L] 7T | oo
2 ara7 | %0 | srer | er-107 | 107127
3 Do S | erer | ern7

1) Information on this table is in part based on information provided in the Project 05-1063 Bid Documents
(H.R. Green Co., 2005), which reference The Ranney Company revised as-built drawings dated 1/25/80.

File: Sioux Falls Wells 46 & 47 Rehabilitation Report Tables.xis Print Date: 02/27/07



TABLE 2
Collector Well No. 47 Design Summary (1)
City of Sioux Falls, South Dakota

CAISSON AND LATERAL DESIGN

CAISSON INSIDE DIAMETER 16 feet
CAISSON OUTSIDE DIAMETER 19 feet
TOP OF PUMP HOUSE FLOOR ELEVATION 1442.18 feet, msl.
TOP OF PLUG (caisson floor) ELEVATION 1402.2 feet, msl.
INTERMEDIATE FLOOR ELEVATION 1433.2 feet, msl.
CAISSON DEPTH (top of finish floor to top of plug) 40.0 feet
CENTER LINE OF OLD LATERALS (abandoned) ELEV. 1404 .2 feet, msl.
CENTER LINE OF NEW LATERALS ELEVATION 1405.1 feet, msl.
MINIMUM RECOMMENDED PUMPING ELEVATION 1410.1 feet, msl.
TOP OF AQUIFER ELEVATION (2) 1422 feet, msl.
BASE OF AQUIFER ELEVATION (2) 1400 feet, msl.
LATERAL DIAMETER (new laterals) 12.0 inches
LATERAL LENGTH
LATERAL TOTAL
BLANK SCREEN LATERAL
LATERAL LENGTH LENGTH LENGTH
NUMBER (feet) (feet) (feet)
1 7 110 117
2 7 95 102
3 ‘ : 7 ' 60 67
4 7 80 87
TOTAL 28 345 373

LATERAL SCREEN SLOT SIZE AND PLACEMENT

SCREEN SLOT SIZE (inches)
[TATERAL ] 0.030 | 0040 | 0.600 | 0.080 | 0.100 | 0.125 | 0.150
727 | 2737
1 97-117 s7.07 | 77.a7 | 3767 | er77
37-77
2 77 | 1727 | 2187 | oo, | 777
3 37-67 | 7-37
37-47
4 717 | Ar2r | 2rar | Ol | 4re7

1) Information on this table is in part based on information provided in the Project 05-1063 Bid Documents
(H.R. Green Co., 2005), which reference The Ranney Company revised as-built drawings dated 1/25/80.

2) Top and Bottom of Aquifer Elevations from Klaer & Associates (1979)

File: Sioux Falls Wells 46 & 47 Rehabilitation Report Tables.xis Print Date: 12/05/05
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TABLE 6

Well No. 46 Post-Maintenance Sand Testing Results
City of Sioux Falls, South Dakota

apsed Time| Elapsed Time
Pumping | of Reading | from Start of | Sand Volume
Rate at | from Start of | Pumping to in Sample
Start Time of Time of Reading | Sand Test Reading Tube Sand Content|
Sand Test Reading (gpm) (minutes) (hours) (ml) {(ppm) *
Constant-Rate Test
1/12/06 10:54{ 1/12/06 11:25] 1510 31 1.6 0.03 0.5
1/12/06 12:33] 1520 99 2.7 0.08 0.4
1/12/06 13:06] 1510 132 3.3 0.09 0.4
1/12/06 14:04] 1510 190 4.2 0.1 0.3
1/12/06 16:19] 1510 325 6.5 0.12 0.2
1/12/06 17:11] 1510 377 7.4 0.16] 0.2
1/12/06 17:50{ 1510 416 8.0 0.2 0.3
1/13/06 8:27] 1560 1293 22.6 0.3 0.1
1/13/06 11:40{ 1580 1486 25.8 0.35 0.1
1/13/06 11:44] 1/13/06 13:05] 1580 81 27.3 0.03 0.2
1/13/06 14:20] 1590 156 28.5 0.03 0.1
1/13/06 15:12] 1590 208 29.4 0.03 0.1
1/13/06 17:18] 1590 334 31.5 0.04 0.1
1/14/06 8:30] 1590 1246 46.7 0.05 < 0.1
1/14/06 9:25] 1590 1301 47.6 0.05 <0.1
1/14/06 9:30{  1/14/06 9:50{ 1590 20 48.0 0 0
1/14/06 10:50f 1590 80 49.0 < 0.01 <0.1
1/14/06 14:03] 1590 273 52.2 < 0.01 <0.1
1/14/06 15:00] 1590 330 53.2 < 0.01 < 0.1
1/14/06 16:05f 1590 395 54.3 0.01 <0.1
1/14/06 17:21] 1600 471 55.5 0.01 <0.1
1/15/06 8:40] 1610 1390 70.8 0.02 <0.1
1/15/06 8:43]  1/15/06 9:09] 1610 26 71.3 < 0.01 <0.1
1/15/06 9:28] 1610 45 71.6 < 0.01 <0.1
{IMultiple-Rate Step Test - 1/16/0
1/16/06 8:21 1/16/06 9:44 800 83 1.7 < 0.01 <0.1
1/16/06 10:14] 1000 113 2.2 < 0.01 <0.1
1/16/06 10:26] 1000 125 2.4 < 0.01 <0.1
1/16/06 11:59] 1000 218 4.0 <0.01 <0.1
1/16/06 12:49] 1200 268 4.8 < 0.01 <0.1
{ 1/16/06 14:11] 1770 350 6.2 < 0.0 <0.1
I 1/16/06 15:04] 1820 403 7.1 0.01 . <04
H 1/16/06 15:55] 1830 454 7.9 0.01 < 0.1

* Sand Content = [Sand Volume] / [Elapsed Time] x 528

File: Sioux Falls Wells 46 & 47 Rehabilitation Report Tables.xls Print Date: 02/27/07
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TABLE 10

Well No. 47 Post-Maintenance Sand Testing Results
A City of Sioux Falls, South Dakota

Elapsed Time| Elapsed Time
Pumping | of Reading | from Start of | Sand Volume
Rate at | from Start of | Pumping to in Sample
Start Time of Reading | Sand Test Reading Tube Sand Content
Sand Test Time of Reading| (gpm) (minutes) (hours) (mi) (ppm) *
Constant-Rate Test
11/01/05 11:55| 11/01/05 12:05] 1240 10 0.2 < 0.01 <0.5]
11/01/05 12:26] 1240 31 0.5 0.02 0.3
11/01/05 12:51] 1240 56 0.9 0.02 0.2
11/01/05 14:06| 1240 131 2.2 0.02 0.1
11/02/05 7:03] 1250 1148 19.1 0.02 <0.1
11/02/05 11:08] 1250 1393 23.2 0.04 < 0.1
11/02/05 11:09f 11/02/05 12:09] 1250 60 24.2 0.03 0.3
11/02/05 13:09] 1250 120 25,2 0.03 0.1
11/02/05 14:11] 1250 182 26.3 0.03 0.1
11/02/05 15:10] 1250 241 27.2 0.03 0.1
11/02/05 17:09] 1250 360 29.2 0.03 <01
11/03/05 6:31] 1250 1162 42.6 0.03 < 0.1
11/03/05 10:35] 11/03/05 11:02f 1250 27 471 0.01 0.2
11/03/05 12:12] 1250 97 48.3 0.01 0.1
11/03/05 15:07| 1250 272 51.2 0.01 <0.1
11/04/05 7:11] 1250 1236 67.3 0.01 <01
11/04/05 10:08] 1250 1413 70.2 0.01 <01
11/04/05 10:11] 11/04/05 10:41] 1250 30 70.8 0 0.0
11/04/05 11:00] 1250 49 71.1 0 0.0

* 8and Content = [Sand Voldme] / [Elapsed Time] x 528

File: Sioux Falls Wells 46 & 47 Rehabilitation Report Tables.xis Print Date: 02/27/07



396-3

File Nos. 7361-3, 7362-3, 7363-3, 5710-3, 1347-3, 299-3, 395-3, 396-3

Water Rights Program - DENR
Conversation File Documentation

NAME OF PERSON OR FILE: Water Permits for city of Sioux Falls
ADDRESS: 2100 No Minnesota Avenue, Sioux Falls SD COUNTY: Minnehaha County
DATE: October 31, 2012 TELEPHONE:

RE: documentation of transfer of water rights

Water Permit Application Nos. 7361-3, 7362-3 and 7363-3 were approved to transfer either
diversion rate authority from Water Right No 5710-3 or volume authority from Water Right No.
5710-3 or Water Right No. 1347-3 to the existing wells under Water Right Nos. 299-3, 395-3 and
396-3. This file documentation is intended to track the new quantity of water remaining in the
various water rights.

¥

The decrease in Water Right Nos. 5710-3 and 1347-3 is as follows:

Water Right = 5710-3 (cfs) 5710-3 (ac-ft) 1347-3 (cfs) 1347-3 (ac-ft)
Amount prior to 8.47 cfs 3,220 ac-ft 5913 cfs 4,282 ac-ft
applications ‘

7361-3 1.45 cfs 0 0 719 ac-ft
7362-3 1.45 cfs 0 0 719 ac-ft
7363-3 1.45 cfs 719 ac-ft 0 0
Amount Remaining 4,12 cfs 2,501 ac-ft 5913 cfs 2,844 ac-ft
after transfer

(continued)



Increases to diversion authority from wells authorized by Water Right Nos. 299-3, 395-3 and 396-3

Water = 299-3(cfs) | 299-3 (ac-ft) | 395-3 (cfs) | 395-3 (ac-ft) | 396-3 (cfs) | 396-3(ac-ft)
Right & 7363-3 & 7362-3 & 7361-3

Amount prior | 3.12 c¢fs 2259 ac-ft 3.12 cfs 2259 ac-ft 3.12 cfs 2259 ac-ft
to applications

7361-3 1.45 cfs 719 ac-ft .

7362-3 , 1.45 cfs 719 ac-ft
7363-3 1.45 cfs 719 ac-f '
Amount

Authorized 4,57 cfs 2,978 ac-ft 4,57 cfs 2,978 ac-ft | 4.57 cfs 2,978 ac-ft
from wells ‘

NAME: @M/ /




DEPARTMENT of ENVIRONMENT
and NATURAL RESOURCES

JOE FOSS BUILDING
523 EAST CAPITOL

PIERRE SOUTH DAKOTA 57501-3182
http://denr.sd.gov

SEP 0 6 2018

Greg Anderson

City of Sioux Falls
2100 N Minnesota Ave
Sioux Falls SD 57104

RE: Water Right Nos. 299-3, 395-3, 396-3, 1347-3, 5710-3, 7361-3, 7362-3 & 7363-3
Dear Mr. Anderson:

Enclosed are Water License Nos. 7361-3, 7362-3, 7363-3 and Reissued Water License No. 1347-3,
They are the final water right documents completing the process of obtaining Water Rights.
Included with the licenses for Nos. 7361-3, 7362-3 and 7363-3 are maps prepared by the staff
engineer who conducted the field investigation.

Upon licensing, the applicable portions of Water Right Nos. 299-3, 395-3 and 396-3 were
incorporated into Nos. 7361-3, 7362-3 and 7363-3 in their entirety. Portions of Nos. 1347-3 and
5710-3 were also incorporated into the licenses.

With respect to Water Right No. 5710-3, three of the wells are no longer in use and have been
plugged. Our intent is to schedule that portion of the water right for cancellation consideration.
Once the Board takes action, the water license will be reissued to reflect the remaining wells and
associated diversion authority.

For your information SDCL 46-6-27 requires that if in the future, the owner of an existing well
constructs a replacement well and does not plan to use the old well, the old well is considered
abandoned and must be plugged. As long as you use the water beneficially, as stated in the Water
Licenses, the State Water Laws provide that you have a continuing nght to use the water. If you
have any questions, please contact our office.

(605) 773-3352

enclosures
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