B U T LI

1. Considered 3- /4 1T Z214949. 3
s, ame of applicant _AV/LIA Miniowl
3. Post Office Address /\/A/DII/... 2.
4. Amount of water claimed 2,0
5. Source of water supply jﬁzﬁf/?&b&QDRVQl7Z;£?
6. wWater to be used for ,’,‘QE/.C-}AT/';'?N'

Acres to be irrigated /6‘@ _
Water to be dwerted and used in FOA/ /L/QM/‘/LE county
about v:?K/l 4/\/ /m’:./l—es‘» ‘ /‘/A/DAL L

8. Proof of Publication Received Jf""' - - TS

~1

Not Received __

9. Aapplication Approved

Subject to

Not Approved

Action deferred

10. Remarks:

SEE LETTER S

Nedifie & oy defovment by phovc oy q-y-75
O/Q



Form #—Application for Fennit to Appropriate Water—Original

AT RRRT
T 4 ey fae ooy I A , i! {
w0 D723 T
&7 N RESA L CR
V/ater Division No..¥=2..... 42 1 BSQUCLSLEL sl (N 2, 98 m ("..J
(Dlanks 1o be Filled by the Engineer for the W, R. C)) Nt - “’r‘-"' LT
A SNV N

Phed A A e

ARPPLICATION FOR PERMIT R
To Appropriate Water within the State of South Dakota

(NOTE—Draw o line through 1tuns not appliceble.}

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

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

1. 1t a corporation

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

(a) Name of same

e o P e e 06 D PO R e R

(b) Date and place of incorporation

- o o e o S O L O G W O ey O O e e e o o o

(c) Amount of capital stock

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

(d) Amount pald IN c e mcem e eere o oo mmeeeoscenusamsns oo . w-)

(e) Names and addresses of directors

—————— 1  h e e e B A0 T e e e e

e e im—————_——————— 4 8 P m S A e e m S m oS es See s CkTESeSSSsCmosCsesssssRess oS SSoooSomSSSmsS s naons

11, Method of accomplishing the work and financlal resources of the applicant:
(a) Method of accomplishing work (Whether by contract, employrient of others, or hy direct Iabor)

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

(b) Cashonhand, $.eevceeunnca- (¢) Treasury stock, $ee.cccmcmeccaara

(d) Bonds to Ye issuad, 5.13.2..!.0...0.@ (e) Other resources, $.eeeemmeeumaoae
2, Name of ‘Uversion work —-—---- : - ‘ . ————- v ‘." .............................
3. Amount of water clalmed .. / -./. _-cublc feet per 500N aceo i iainiammcammrmemcc e .
4. Sou. e of water supply . briiled well in gection.21=0 =G0 Qf. 5th B ...
5. Loca: on of polnt of diversion Ll A -..----.:. ...... O S
--_.____----._------‘.'_/.._,_-------.---.--./ ............... 0N evcanamancmnn DANK ceeemimmrmemmm——————e County.
8. Annual period or perlods during which water is to bu used ... ?‘.]:.1.-1.6.?3 ................................

7. Tobe used for:

I. Irrigation or domestle use: Gravity, overhead sprinkling or comblnation system? _domestic & fire

rrotection
(R) Number of acres to be Irrlgated —cveemvcmncmomeans acres.

{b) Legal subdivisions to be IrFigated wcemcmmoooceeccaeaccoe oo oo cao e oo ao e e n e e

(NOTE~A st of lands to be irrigated, giving esch subdivision and teaction with acresge therenf, should be wriiten here, or may ¢
sppended as a part of this application. Same must also be shown on acrompanying map.)

(¢) Statement as to domestic use {(giving location, ete.) _.Domestic wae_ for itbe City of
Tyndnll.,

11, Stockwatering, mining, miling, power, fish culture, fire protection snd publlc recreatton:

(a) Natura of use -.-ﬂJEQ.DQOLB.CL‘LQn ......................................................

Nain» any of the above uses c'simed

(b) Amount of power to be generated ... none........... horse powesr.

Amount claimed for engine coollng

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

(c) Location of plant cceccemnioieimcacccncans e cerereecessammmcsmmmccsreesmsemasrmauesaneseroen
(d) Method of developing POWET ceeemmcecvacicmacnacanccnans  ememcesenmimAnmaas aessmsmaedmacesssmnm
{e) Point where water will be returned 10 src8M o oivceermmamccacnencnnanas msomons momcennmcoons

contract “&




3. FEstimated cost of worl:

(n) Head Gates, $-ccucceuce.. (b) Pumping plant, $.cvemeruuas
(¢) Fluming, §.eeemaacaaan (1) Canalearth, $.ccoccunan Roek, $....- e
(e) Other Btrurtures .eceeeacee--- temeemmcccceecenan SO S g {015 ] JO T ——

0, Dascription of diverslon. works;
I. Y ature of works: (Reservolr, dam, diteh, flume, pumplng nlant, ete.)

——— o emvero=- P 0 e o O s R e Y e D S e e e e e R P W B T v 08 % e D T R R P W

11, Dimenslons of works.

(a) Lam: Helght oo oocceaacvean feet; length at COtOM weccmcniicvmnmcnccmenennn feet; 1angth at top
.............. feet; thickness at bottom —eeeoooo—oo__..._.feet; thickness at tOp cececcacvmerun-a
feet; slope at front waler f8CC v cceecmcmccaecmccceaes s lope at back face cavmcemcnrenameconaax
material used In CONSLIUCHION o eeeemmcccaaiiecccccccmccmsuccrcusrasmmimrer .« moceacerwr smmm—

(b) Reservolr: Capucity when fllled . coecneoniaiemcmmmnnno- acre feet. Surfrce srea at highwater
1 121 - SRR acres, )

DEPTH AT BURFACE AREA AT LACH FEET ACABFEET
OUTLET-FZET DEPTH AT OUTLET—ACKES CAPACITY

(c)* Head gate: V/dth e eeaaeeee e nma———— feet; hright _ oo " fapt;
Materlal e ccamamaaen cmmemeemon rmemmmm———— mmmm———————————————— crmmmmmaranane

(d) Canal: Total length ..ueciimmammnannana- miles.

wuoc,\'uon BELOW DEPTH BOTTOM WIDTH AT GRADE

HEADGATE WIDTH WATER-LINE PER MILE

At . wee Mlle feet leet [ {333 DO feet
At ; Slu: .A feet!. ... feet feet). .- feet
y.\ S Mitel. feat (13 (R 121 leet
X S Mile|.cann feet — (0 PRSP -7 ] (R —— feet
At __.__. MU teet] . feet feet .. . feet
Al e Mile feet feet [ {-11) O —— fect

{Give dlinensfons where redurtiorsa In size are made.)

10. Time ;equired for completion of work .cu-.. nnew«.half. . .years.
11, Tlme required for complete application of water to the proposed Leneficlal use ong-halfuars,

12. Cholce of newspaper for publication of notice of intentlon to appropriate
ndsll Tribune & Registur, Tyndall, S. Duke.

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

STATE OF SOUTH DAKOTA
County of ----1.3.91.1.-2{.9.".“.“.9.- ineemmermanme -

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

I, .----LQDDQIQ Ea . ChagtkB et e ., helng first duly sworn
on my oath depose and say: That my relation to the above described undo:tnklng is that of owner, thnt I have
read the above foregolng statement, examined the map accompanying the same, and thm. i know ¢if my own

parsonal knowlsdge that the matter; thereln stated and shown are t);/ / Q
uig’nt‘d =i .- i;d“l.‘-.ﬁ-.’l-l --------- --x-./d .....
vl Vuvor - ""‘ t,y )T}}nda
Subscribed end sworn to before e this ... 235 . day» ---- f.ur._u/_ ............. LK

sEect; diversion Imust have & headgate or measuring device.
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Scace /=8 rpLe

WELL LOCATION & 10" WATER LINE ROUTE
FOR CITY OF TYNDALL, S. DAKOTA.

_ _ SURVEYORS CERTIFICATE
L, Frank J. Bohac, Registeres Larnd Surveyor, do hereby
location and Warer /ine yrourte [n the maenner /ndicareqd on this
imensions as Shown gre Froe god correst I wirness whereo

Certify *het I have Svrve e 7he We-/f
’éo/af':-/"}'éve lecg trons aqnd

Sea/ FArs /5% Fay of Jar. 1944,
: : ! A AL

REGISTERED Lalp Sopueyor

t
STrare o~ /OWwA

)JSS
CounTy ©0F . A/CODPBURY )
©Orn #9195 1579 g 0/'4/&!7,, /1 2CH before me g Netgr
"-7//7 a/a,c;ezzrcj

execorted #hbe for_c’gmnf 50(‘U570rf5 Cer #rtrcatkes

Poblic for sq/ad Covnfy gng S rqre
Frank S Beobac, £L S., Kknowr #o' me #o be #he Lersorn _a’e.scr/'bcse’ /I Ged w/m .

égc Sef gy Parog @ 7

S£mL

ersoms~ . f-

/“’7:1 CoOrmmiSs ern exp/'fies ,-./o/-’-f 44_/?é4 _
! 1
' ; _ Norary;

B L/C




Remarks by State Water Resources Commission:

. This well is located near demeatic wells whish may obiain water from the same
aquifer, If the well covered by this permit to Appropriate Vater depletes the
....donestic water supply, restrictions, to the extent necessary, of the capacity of

“"this well or periods of operation or other arrangements may be d y
.... the domesl.ioc water supply, Bom Y required o protect

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

- - @ o e = k= = S B AR RN RN, AR e E e AL A e e A edY mrt GRS RESSRAY S TeE te S R E e P em sl

STATE 0;7““ DAKOTA
84,
County of ceeu...o. /- -/{f,é.ﬁss ...........
Plerry, South Dakotd, eeoeeeeo- W!’Gé ..... /. 3. 19é¢

This is to certify that the forzolng t *plication was, recelved by the Comrnission at _-5:.355:_ o'clock

---g-_m. upon the .../ Z - -.?:'-.-- Jay of ceeae N -.4/.7...’{{_4.[5_/\/. ........... , 19-@.4

State Water Resou®es Comimnlsslor.

- Iy,

Eagineor, Executive QOffiter

By:
Number of permit -,AQ.?..‘:Q.’ ‘5
o~
Date of Grst 1ezelpt of appllcation oo iciianereaa ﬁﬂéﬁﬁ/{% ...... 7.---, 19-.@:4

——

Dale of return to appllcant for correctlon, awendments or changes reguired as follows! coeececaaccccana. I §: SO
————
Date of recelpt of corrected application ..o reeammemam—— \_7 ................................... , 19
N “u -~/ " 7
Date fron. which applicant may claim right ool S 4 2, --’Z.f---':;----.é—:?. RN I@J

y <
Approved .../ %, 4/:@?.&--_./../. RO | -2, Recorded In Book A Page -/_é..'.@.-

This Is to certify that we have examined the foregolng application for a per:nlt to appropriate water of the
State of South Dakota, and we hcreby grani the same as stated hereln, subject, however, to the following limita.
tlons and condltlons:

1st. The equlvalent of at l2ast onefifth of the work above specliied 15 to be complated on or before «a..-..-

-..b[%}ﬁ_@---[.[.-, 19é.4
ond. The whole of sald work Is to be completed on or before - .---_5_2- ---fﬁm@[//,wéﬂ

ard. The limit of time for proof of beneficlal use of water appropriated {n acccrdance herewlth is

................. WQ&-// 19&5

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

6th. The amount of ... appropriatlon herein granted shali not exceed co.oo.-. ./.- ......................
+ e feet per cecond; nefther shall ft exceed the capacity of the above described system of diversion works,
nor the least amouat of water that experience may hereafter indicate as necessary for the production o! crops
fn the exercise of the best husbandry; and further, sald appropriation must he limited t¢ not more than one-
saventleth (1/70) of one cubic fool of water per second of time for each acre of land to which water is actually

[-'
and beneficially applied for irrigation on or before ...~ & ZZKGA--.Z/., 1 .---..? said water to be useqd

during the following described annual perlod:

......................................... Lot UUSLy oo
Witnese my hand this ._...... /Q,f—__f_ day of _---/:MKI.’C ........ , 19-\’-:;.4

State YWa‘ter Resources Commiission

N, (Q/" .
) 4
By: \{:Q D PTGV

i
'\Chlef Englnevr, Executive Office~

Certificate of Constructlon fssued . ... A.U.QL.U_S..T.--.‘...'.!.... 19("‘1

.....

Water License lssued oo iinioai . MG.U..'-?.T ..... ‘..‘..--, 19.@_5




\
!
‘For.':-. .‘3)& — Wellas (Supplement to X¢'in 2) '
1
i
8. (Continued) :
III. Weil Specitications ;
() Holic and caslag . \z
Siz> ct drill hole or excavatlon ......... 311" ............................. » Depth 160f‘«0 :
Type of casing ............... steel . ... he et eeeRe s S Stssrsrnet s b e nsneensan e !
(wood, concrete, steel, ete.) '
Size of casing ey " .......................... , Thickness of :asing ... '375" ............................. !
106 Length of casing ....120 T 1t covection gallery, length, size and depth of
il
. BBILBIY oo s s s tb e me s ete et eeseteree et e eseateaeae et e e at e et st e s et eeeeseeseeeseeeesesen rrreren
(b) Screens |
Type of perforaled screen ............. Hopiz" ..... s lot"Eve‘Pd‘w" ........................................ :
Size of perforated screen ........... 1 6“ ............................... e hOqu ...................... .
(dinmeter) (length)
Thickness of gravel pack ... 9" ................ , length of gravel pack ...... 150' ....................
(e) Water Bearing Materlals
Distarce to water ....2%9.f1s. Character of water bearing -materials ... fine ........
sand to fine grovel {(Alluvium) _
!
Thickness of water bearing material . .. . 143 fte ... oo
(d) Pump &nd Motor
Type of pump ..... verticnlturbine
(centrifugal, propelier, mixed flow, etc.)
Neme of pump Feirl\anks’lorse ............... size 500g.p.m.@&52“1‘0ﬂ
Kind of mator .. ... electric = e et bbbt e raae s
(gasoline, electrlc, diesel, etc.)
Horsepower .. o e, , Name of Motor .. Y¥airbvenks lotor .~
(e) Complel: well . l
Copacity . 900 g€PM 44 drawaown of 10 10 & TR . Estimated cost 511’7 C %
(f) Owner of land upon which well is located ... Gity . of .Tvggélll .................................. , i
Tyndelly 8o Dake e, |
Address
(g) Distance {5 nearest existing wells
On same owner's property . TIONY  rods. On property owned by others ... 80 rods
. ... N




Form 15,

1 Permit No, 1073+3

Water Diversion No. 3 MISSOURT RIVEB _water Distriet

CERTIFICATE OF CONSTRUCTION

This is to Certify, That __the City of Tyndall

the holder ____ of
Permit No. _1075=-3 _, issued upun Application No. -_1075=3_, hearing date of priority of January 27,

1964 — authorizing the diversionof —_ 1.1, cu. ft. per second of the watersof__.__
ground uater ~—Countv cf _Bon_Howme . State of South Dakota at
_.LpninL.BD!LE_nndJiﬂl_n_aL_:he_ccm:r_Sccmn_lL, TOLYN, RGO
, for municipai

purposes_ha__&__ complied with the provisions of the laws of the State of South Daketa relating to proof of
rompletion oi the werks of diversion set out and described in said Permit; that said works are found in satisfactory

condition tar diverting and conve, ing to the place of intended use_2+33 oy i1 per second of water.
O+ August 11, 1969

WATER RESQURCES COMMISSION
By:

J.W, GRI1:%S5, Executive Officer




Form 1o, »
STATE GF SOUTH DAKOTA
WATER LICENSE NO, 1075-3
e .
(1) WHEREAS, Op the _____27th day of January A 1o b4
———— . the City of Tyndsll
made Water Right Apalication No, —1075=3  f4r s permit touse — 1,1 cubic teet peesccond of the waters
of ground wuter -
County of Bon Homme State of South Dahota, for . —Municipal
— purposes; and
(2) WHEREAZ, On the 13th day of March — D6
Permit No. —1075-3 il a date of priority of J. nuary 27, 19€4 —

wis iseued to said applicant ————_ for the diversion of saia water, and provided for the completion of construction  of the water

lith

supply sv=tem therein deseribed on or before the day o7 September ALt 64 and for the

application to beneficial use of said water on or hefors the 11th day of —Mayxeh___ Apiv__65

cud:
CH WHEREAS T s her by certified that the applicant bas complied with the provizions of the lawe of the State of South Dakota

relating to completion of the construetion of the water supply syvstem and is entitled to divert 1.1 cubic feel

persecond of water for heneficial use and.
) WHEREAS It is hereby eertified that the applicant has complied with the provisions of the laws of the State of South Dakota

refating @0 the application of water to heneficial use of the following extent,

to be used for municipal purposes Lv the City of Tyndall




(%) NOWTHERETORE, By the victue of the authority vested inous by the laws of the State of South Dabota, We herehy grant and
confirm to the City of Tyndall

Hilr—
of siid permit No. . 1075=3 4 water right. dating from —Japuery 27, 1964

the holder e and owner

r—

to use ol 1.1 cubic  feet per sevond of the waters

of 2Zround water

in the County of Bon_Homme

and State of South Dakota. or <o much thereol as may be necessary for the

purpo=es hereinbelow mentioned, to e diverted ..n_n_nnint_ZO_Q'_E_and.ﬁQl_N_QLxhe_anm,_SﬂMZl,_._.
T94N, R6OW

and conduct gyxxstaynn —through the city water digtribution syatem

for the purpose of municipal uee

subject to any lHwitations fisted in Waier Right Permit No. 20753 4 subject to the faws of the State of Socth Dakota.

WEENESS, My hand and seab of our office at ierre, South Dakota

thi- e 1Eh _ day of —__dugust AL,

Niticteen Fve-teed qnd___Sixty=nine

weo BRORESOURCES COMMISSiON
hiv:

Chief Emaneer, Execntive Offiee
Lief Emaneer, Execntive Hfu-r’ J.W. GRIMES



LY

‘

Farm H—Notice of Inteution o Apprupriate Waier No. . B 10?5"3 PP

on or bafore ..
(First Publication February 2 10.@.1.'...)

APPROPRIATION OF WATER

Office of State Water Resources Commission,
Plerre, S, Dak, danuarydl g, G4

. Notlce is hereby given that the City of Tyidall =~ - .. whowexpostofticy

. #. Dak., has made an applicotion in accordance with
; the provisions of the water laws of Scith Dakota for a permit to appropriate for beneficlal use 1'1 .

s
cubic feet of water ner second of time froxun{éi,g.‘,‘?}.‘.l}i_‘.{.‘f.‘fe_r . through the

; f‘!tymll , the point of diversion of which is to be located xon-the .

s

) pasouRosecin the . SY .y of the .NB____ y of section 21 —
x Twp. 9“" .. ..... Range 60\-! «. .. Sald water to be used for the purpose of providing FCHNXTOTRNX AKX AH]-
‘: MODIK O TR A

municipal supplies for the Clty of Tyndall

This application will be taken up by the State Water Rescurces Commission at their office at Plerre for
A { iare &4 2P
consideratlon upon the 11 h,. day of ... b rr}.., 19. ., at . ! M. Al interested persons

may appear and be heard.
Appropriate action wiil be taken by the Water Resources Commission after sultable time has elapsed for
the consideration of any or ali information presentea.

State \Water Resources Commlission

By:
CC: Mr. J. T. Travillyan, Publishor BURTON F. JOLWS
Tyndall Tribuno and Register Water Right Spaclelint

Tyrxlall, South Dakota



L
.

Form 1i-—Proof of Publication—Appropriation of Water,

1075-3

PROOF OF PUBLICATION

STATE OF SOUTH DAKOTA )
County BonHomme

John &, Whalen

sworn, deposes and says the annesed printed copy of Notice

being duly

of Intention to Appripriate Water was taken from ‘he ______
Tribune and Register

during the whole itme of publication of said notice herein
after Eiq;;d, has been qf}"inl& rinted and published in the
i - o S of__ . X . __.County of

___BonHomme . and State of South Dakota;
that the said notice was published in said newspaper on the
following dates:

Feb, 6, 196&
_Feb. 33, 196

a newspaper which

__Feb,_ _27;.9__1&9.6]_'"-_ ____________________________________

in each and every issue of the full number thereof, the first

pubucation being made on the 6 ____dayor Feb.

19_ 6l and the last publication on the 27 day of

___Feh. __ 19__6Y% upon which days or tirmes
of publication aforesaic the newspaper was regularly pub-
lished, an1 that during the whole time of said p ablication he

the printer.._ and publisher_;of

Notory Public /2t A2 42061 County, S. D.

LI AL NOTICES

A. - JPRIATION OF WATER

Office' of State Water Resour-
ces Commisaion,
Pierre, S. Dak., January 31, 1964.
Notice is hereby given that the
City of Tyndall, S. Dal:., has made
an application in accordance with
th> provisions of the water laws
of South Dakota for e permit to
appropriate for beneficial use 1.1
cubic feet of water per second of
time from ground water through
the ity well, the peoint of diver-
slon of which is to be loeated in
the SW % of the NE Y% of Section
21 Twp. 94N Range GO0W. Said
water o be used for the purpose
«f oroviding municipal supplivs
for the City of Tyndall
This application will be taken
up by the State Water Respurces
Commission after suitable tinie
has elapsed for the coensideration
of any or all inforiaation pre-
sented. .
State IWater Resources
Commission
BURTON F. JOXNIS
Water Right Specialist
(Feb. 6-13-20-27)

e TR
(.‘ITAT’ :‘--::&:E::‘: RE\?GUE{CES G\lua.,l
SRR, A Yo



Form No. 11,

“-ar--._;e oy 5'3‘;{,‘.‘ B ‘I." N r7.‘
S TOTA S

N i "l

) N gm0 o

) Permit No....3975=3____ - AL 4 ){U)j
River e DR tanTG (el )
Water Division Nooo... 3 Jisgourd . water DfsttﬁINE VATER REMSURCES COMR

LEGE ShUTH BAITA
Notice of Application of Water to Beneficial Use

(This blank must be filled out by holder of permit and forwarded to the State Water Resources Commission at
least sixty days before the time set for applicatien of water.)

..........

; (Duie) --.1173‘1.‘.9!1_-.2.9.!--}3.6.[} ________

TO THE STATE WATER RESGURCES COMMISSION OF SOUTH DAXOTA, PIERRE:

' DEAR SIRS: Notice |s hereby glven that on the oo 20 . day of ey, 1961!. ..........
| 19eeun.., at _'I_‘y_l‘_l_@@_]_-}_g___S_Q}l_i_‘_l'_l__r_)_ﬂ_l_{_(_)_t.%” County of —-..300. HOI . .—o.oceen State of South Dakota,
.} hofore -.- “---(.F..r-n-xr-;in-l;;-{:;;;n-e-c;-;r-a;a;;r-) ............... proof will be submitted of the application to beneficial uze
: Of coeaans }.'.} ............. cubic fcet per second o'f the waleld Of ccccmmccccccccess moccsemcmmmemcmcoccesmmenecs
‘ ..................................... In accordance with the terms and conditions of Permit No. “__1.915_-_5.-,_

IR S SR RESL AL LR LS € SRt h b

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

3. The amount applicd to heneficlal use is __--.,--“--.----.:L:.:.L.--(.’.‘E:..g.t'_'.-[--?.@?. ........................

4 The place where sald water is used Is (if for irrigation. give )1 and accurate description of the lands Ir-

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

_------------------..-------—---—_------------_-..---_--_- IR P R Sl i

5. The name of the canal or diteh or other works by which sald water is conducted to such place of usn Is

10" Water APENSMESAICN. LD s oo enenen s
g. ‘The right to take the water from such works is based upon permit No..--- 1272 5 e
7. The source of supply from which such water Is diverted Is ---'.1‘.-‘[11.(.1:2_1.1.-9.13:&-.\."_9_1_!-_ ..............

8. The date of priority which sald user i5 prepared to establish IS comoccescmmmem—casssmmmceessemsse-=msea

o e e e



“orn ") e p t"}(”
Permit No. .107%=3 ‘\ ADD ?4 o‘pf) |
\ . b | VRRO _LJ
Water Division No. . 3. Missowrd River e ISFATE \ih B RESEURCES COMM

HAhE. "0TY BAROTA
NOTICE OF COMPLETION OF WORKS :

This blank mast be flied out by tho halder of parmit and forwarded to tie Executlvo Offleer at least 60 days beforo the time set
fur completion of wurks

(P. 0.) ___‘l‘y_ndallg Soutl, Dakot

TO THE STATE WATER RESOURCES COMMISSION
OF SOUTH DAKOTA, PIERRE:

............................. Jodom oo mocceceeee_-ClL ft, pur second of the waters of the state fron . eee....
through the .eeeeveemcee—e myndell  City.ell. & Plve ddoe
fOT wemmcceacaaan Damastle water WODDLY. s purposes
........... e e e tm s amm—ma—a smmmmmnmmmmememmaeesomomamsneannnw (1 ilCCOTdAnce with the termg and con-

2. The postofiice address of such person or the place of business of such cornoration is Tyndnll, S. Dalk.

County of ____39_"3_-}3.9_"!‘.‘? .................... State of ----P.?HPH--@.!E?E@ ...............
3. The number of such permit is ----1.@15:3‘ ......... and the date set [or the completion of suth work is
4. Sald water to be used fOr .eeeeesevmoomcoa- oy 205 G e e purposes.

5. Sald works of diversion will be fully completed on the date set for such cempletion, and the amount of

water which said works are capable of conducting to the place of intended use, in accordance with the plans ac-

companying the application for such pernift, IS .o ooaoaeeiuen B P S cuble feet per second
6. The amount of land for which rd water I available is ------}..'.Q .................................. acres,
particularly described as follows: -.B‘.""_E.i_D.!J_i.UIE-}_’.t.'_9.-EQ.@!‘.@.-?P;&&-!.@.’._l’!_ef?_t:-.‘?.f:-_t.'m-..S_E_-‘.’.Q?ne!'
of the.NE3 of s68c..2L. TeQlNe, R.OO. of tho. Sth_P.M., thence North for a distance
of 208 ft.; thence West for a distauce of 203f ft«s thence South for a distance
of 208..Pt.,.-.thence.East.for..a _distence.to_point_.of beginning. ..o

1 hereby certify that the facts set forth in the above natice are trug,” Y

L2 S

'‘ayor, @ity of Xyndall
' ___'/

etk

g

e

~



Form No. st

Permit NOwweaaaa ...

Water Division No.-.:j ..... msSOU.!{.{-.%!}'.E&'.’atcr Dlstrict

Certilicate of Examination of Works

; Report of Exatmaining Engincer

To the State Water Resonrces Commission, Plerre, South Dakota:

Dear Sirs: T hereby certify that Imraecnrdocrx nritbosees Nettom niutiieien dawn heteds

WYX ., I have this day made a thorough examinailon w1+ diverslon wo.iis constructed by

the City of Tyndall

...................................................... 3 O e e —————————
: I}_r{r-\“}lc_n_n_m? .................... Couniy, South Dakota, holder... ¢f Permit No. ----!.0.7.5."_:} ______________ , Issued
v upon Application No. .. 107323 ___ bea-ing date of priority of -____ January 27 _____ , 19..64., authorlzing the
’ diverslon of ..1.:.1.--- cu, ft. per second of the waters of ..__. . 160" vell ... for —-munjeipal .

purposes. I have to report on the condltion of the same as follows:

e o - - 4 e G AL = o e e e = > Y 4 8 = e o e

The works are capable of diverting and conveying tothe placeof use .._____.___ o [t per second of water,
which is to be used for «ooovouo.......municipal purposes . ______._

The legal sub-divislons to be frrlgated ave: o e
................................................... comprisingatotal of .oeeen oo . ._______acres of land.
The domestic use Intended coOMPIISes oo e e e e e e e e e
The utllization for power, mining, or other beneficial uses COMPrISeS: oo e e e e e

Witness my hand, this .17t gy of ____ dune | ALRLA909 L R 9.5 EEE Y 0 4

—SEAL— )ﬂ o'—-u“/ Uuz»c_nj/

Examining Eugneor,
DONALD U*TSCOLL, Deputy Chief Engincer
Water kcsourcves Commission
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THORPE WELL COMPANY

15 keny, 50021 / 964-111: / ,
P.0. BOX m7t // QA(QES;I&'X 1ows smx//wmnx/ AREA ZOOE 618 Lﬁ}e 0!4?/)477 out. é’» Strredh
March 20, 197%

City of Tyndall
Tyndall, Sauth Dakota

ATIN: Mr. Schnilder
Dear Sir:

In reviewing our test well ana production well records, we have the
" . following tnformation.

The well was drilled in 1963 to a depth of 160', there 1s 43' of
stainless steel well screen, 8" diameter. The wel} procduced 700 G.P.M.
with a 69' pumping level. The aquafer is a shallow sand and gravel

the top of which is at 19' the battom s at 160'. We have no
information as to how large an area this well {nfluences, or if any
ether wells in close proximity are or would influence the aquafer,

We would reccmmend a pumping test using wiat equipment is installed
in the wells and observing any changes that occur.

The State Geological Survey has some informaticn on this area and ]
am sure they would gladly furnish this te you.

If we can be of assistance we would be more than happy to meet with
you and give you what assistance we could. Mr. Guy Lemar is very
familiar with the area and I'm sure could answer mest of vour questtons.

Sincerely,
THORPE WELL COMPANY

Nefl F. Archer
General Manager

NFA:db W
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E ENGINEERING Sergecnt Blulf, lowa 51054
=8 CONSULTANTS, BC. Phone 712-$43-5055

September 7, 1981

Honorabte Mayor and Council
City Hall
Tyndall, Soutn Dakota 57066

Members of the Council:

We are submitting herewith a Report on the Municipal Wateu
Supply Sor the City of Tyndall, Souti Dakota. We sincerely
hope this report will assist you in your plans for a quality
municipal water supply for your City.

We wish to express our sincere appreciation to the City for
the excellent cooperation in providing information for this
report and the opportunity to be of service.

Sincerely,

P.C.

“With Gad all 1king1 are possible” Mol 19118
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SCOPE

This report preseats results of engineering studies and
analyses of the Tyndall Water Supply. Present demands on
the system are examined and probakle future demands are

determined.

A recommendation is presented to provide the city with a

high quality water, economiczily.
Estimated construction costs are included.

DESCRIPTION OF CITY

Tyndall is located in the central part of Bon Hcmme County
approximately 30 miles west of Yankton. The City is served
by State Highway $#50, which runs east and wast through the
south part of the City. State Highway #37 runs on the west
side of the City and proceeds south to Springfieid.

“he water, sewerage, and electicity systems are municipally
owned and operated under control of the City Council.
Telephone service are provided by private utility companies.

Population trends in Tyndall since 1930 are illustrated in

Table 1-1.
TABLE 1-1
Year Population
1930 1287
1940 1289
1350 1292
1960 1262
1970 1245
1980 1249

Source: U.S. Census Reports



For purposes of this study, an averacs of the population
i b By

i

projections has been used and extended to the yerary Z2000.

Future water supply needs recommended in this report are

based?upon the population projections of 1300 for the year

zooo.f

WATER SYSTEM
w
The ex1st1pg water system source for Tyndall is from three

wells% Two deep wells located in the City which are at a
depth&of 800 feet deep into the Dakcta sandstcnes The se
fwo wells supply an adequate quantity of water, but provide
extremely poor quality of water. In 1963 the City drilled
a well, 3 miles South and 4 miles west, 160 feet deep ex-
tendlng into the Tyndall - Scotland aqulfer, which is sands
and gﬁavel.

COST ESTIMATES

Cost estlmates used in this report are based on 1981 price

levels‘and represent complete project costs. HNo attempt

has been made to forecast infiation or deflation which nay
i

occur in the future.

Estimates assume construction under contract awarded by

i, o . .
competitive bidding procedures and include a 10% allowance
for coﬁtingencies and an 18% allowance for engineering,

legal %nd administrative costs.
|
Hi



PAST WATER USE
‘1
A
Available water use records have been studied to determine

water consumption for the past several years.

AVERAGE DAILY WATER USE

Q Estimated Suppiliy
Year& Population (gpd) _{gpcd)
1974} 1245 146,100 117
1978 1246 173,600 139
1979 . 1247 167,800 134
1980 1248 196,400 157
1981Y 1249 223,970 179

gpd - gaﬂlons per day
gpcd - gallons per capita per day
(1) - 7 months

The average daily per capita pumpage ranged from 117 to 179

gallons. Y
The diffe;ence between water from supply and water sold is

"Unaccounted-for-Water”. Tn determine the Unaccounted-for-Water
.

we used tbe following:

; Pumped Sold
Timcﬁ gal. gal. 5
1980
Jan. Feb. Mar. 12,021.000 8:436,800 30%
1920

Oct. Nov. Dec. 15,414,000 11,284,700 27%

As indicated this Unaccounted-for-Water has amounted to approxi-

!
mately 30% of the total water pumped to the system.

1-3



Unaccounted-for-Water may be dua to wmany factors. Theso o~

clude distribution losses from service and main leaks, hydrants,
1. ) 2

fire flow land flushing, net meter inaccuracies, free and un-
I
metered s%rv1ces and miscellaneocus iossc

. .k . . . .
tion mains and services nmay result from joint failure, valve

. Leaks in distribu-~

N

\‘l . .
and hydrant leakage or pipe corrosicn. These losses can be
reduced by continuous inspection of the system for detection of

I
leaks. Leaks should receive immediate attention as they represent

loss of r%venue and a potential scurce of system pollution.

Individuai meters serving homes and businesses are often in-
aCcurate.a It is important that customer meters be maintained
and tested for accuracy. It should be noted that defective
‘meters ofgthe type used for individual services, aearly always

register low. This, along with unmetered serv.ices, result in

loss of revenue and misleading Unaccounted-for-Water percentages.

PEAK WATER DEMANDS

Peak déy ﬁsage~during the first 7 months of this year was 335,800
gpd (280 gpm) and in 1974 it was 339,600 gpd (283 gpm). By
the year éOOO, it is expected that peak day use will be about

350,000 gpd (292 gpm) .

FUTURE WATER USE

Future waﬁer use has been estimated tc establish a guide for

i
. i . . . .
planning improvements. Water ronsumption will increase with

growth inipopulation.

| 1-4



It is esti@ated that water pumped will increase from 165 gpcd
to about 2¢0 gpcd in the year 3000. Based on these figures
an. a growth in population to 1,300, the average daily domestic

water pumped in the year 2000, will be about 260,000 gpd.

Planning for water system improvements should envision the
260,000 gpd average usage and a peak daily usage of 350,000 gpd

for requirements in the future.

EXISTING SUPPLY

Presently the City's water is supplied by two deep wells which
produce from the artesian sands of the pakota at a depth of
‘about 800 feet. These two wells supply an adequate quantity
of water,‘but the extremely poer guality of the water has
become an increasing problem for the City. Some residents had
been forced to haul water great distances to supply their
household needs. The hospital reported that the water was
adversely affecting the function of some hospital equipment.
In 1961, an investigation of the ground water conditions is

an area of 88 square miles around the City was started. This
investigation consisted of the geclogical mapping of the area.
and the dfilling of 29 shallow test holes by the State Geological

Survey Department.

After much investigation the City of Tyndall had a well con-
structed in Sec. 21, T94N, R60W, and is located in the southwest
corner of the northeast quarter, near the center of the section.

This 1oca£ion is approximately three (3) miles south and four (4)



miles west of the City of Tyndall.'

The well is constructed in the Tyndall-Scotland aquifer, an
out-wash erosit of sands aand gravels, which partly fills a
pre-glaciil valley extending generally northward along Emanuel
Creek. The well was drilled in 1963 +o a depth of 160 feet and
43 feet ofistainless steel well.screen of eight (8) inch diameter
was instayled. The well was test pumped at a rate of 700 gpm
which is ééual to a rate of one (1) million gallons per day,

of 1.56 cﬁbic feet per second. The reported pumping level was

69 feet beiow ground level and the reported specific capacity

was 22 gpm per foot of drawdown at the end of 72 hours of pumping.

RAW WATER SUPPLY

The two major factors to be considered in evaluating a water

supply are the quantity and quality of the water that is obtained.

There are four major water bearing aguifers available in the
vicinity of Tyndall. These are in order of depth, Tyndall-
Scotland sands and gravel which is what the City's existing
well is inﬁo, the Niobrara, Codell and the Dakota sandstone.
Each aquifér has a sufficvient quantity of water to provide for

the City'sineeds.

A sample of the existing supply was analyzed by the State

Laboratory in October 1976.

A summary of the chemical analysis of ‘each aquifer is as

follows:



Test Resjilts for:

|
W

_Ei}mcfialfl,ﬂs:ot}.a‘r}g" Nlbra 0 Do
Potassium {mg/1) 9 25 0 14
Sodium (mgy1) .37 15! 356 it
Caiciumm (mg/1) 148 217 80 315
Magnesium {(mg/1) 47 41 18 52
Iron (mg/1) 0.2 0.12 - -
Nitrate (mg/1) - - - -
Fluoride (mg/1) - - - -
Chloride (mg/1) 7 55 174 113
Su’fates (mg/1) 510 788 410 890
Bicarbonate (mg/1) 185 295 329 147
pH 7.73 7.95 - -
Solids (mg/1) 896 920 1,360 1,780

Hardness (@g/l) - - 296 1,010

. i
Wate: quality criteria for public water supplies have been
more or Iéss left up to individual states to define and

1 .
enforce. ' However, it is generally recognized that certain

minerals and impurities in the water are undesirable. A few

of these undesirable characteristics are as follows:

Tastes add Odors

Tastes and odors in water can be attributed to dissolved gases
;
or organic matter in the raw water. Tastes and odors have not

been a serious problem in the past.

Iron andiManganese

When iroﬂ and manganese are present in a ccmbined total of 0.3
mg/l or ﬂore, they discolor fixtures and may affect the color
and tasté of water. Once established in a water distribution

system, iron causes clogging of water mains, valves and metexrs.

f
t

1-7



i
o
'Hardness;bn water is due to caleium and vagnosium in chemlool
combinat@%n with bicarbanatés and sulfates. Hardness in a
water suﬁ%ly is of concern to domestic, industrial and commer-
cial users. Hard water requires more soap and detergent for
\clean51n§ipurposes. ’Hardeater also deposits material on
‘surfaces whlch is unacceptab e in certain industirial and com-

: .merlcal q:eratlons. Man] authorities suggest that a hardness
P C

fﬁfof 3‘ “£o 120 mg/1 is desirable for domestic use. Some commer-

”& 01a1 processes requxre water with a hardness of near 0.

‘ In 1974 the "safe Drinking Water Act, Public Law 93- 523, "

was 51gned into law.

i? Tﬁe*Act i% designed to set Maximum Contaminant Levels (MCL's)

‘ k6f certai% contaminants. These contaminants are described as

'"Inorganlc Chemicals" such as Arsenic, Chromium, Lead, Silver,
i

ketc.,'"Drganlc Chemicals” such as Hydrocarbons, Endrin, etc.;

  "Rad10nudl1aes“ of natural and manmade beta activity and

‘“Turbldlty"

Included@in the Act are Secondary Regulations that are to be
used as iuidelines on water quality. The Secondary Regula-

tions are as follows:

Recommended

5 Maximum
§C0nstituant Levels
‘0dor 3 T.0.N,*
Manga - zse 0.05 mg/1
‘Iron 0.3 mg,/1
Foaming Agents {MBAS) 0.5 mg/1
Copper 1.0 mg/1
Color 15 Color units
Chloride 250 mg/1

i
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Recommendad

Maximum
Constitnant ___Level
Sulfate 250 mg/1
Zinc 5 mg/1l
Hydregen Sulfide 0.05 mg/1
Corrosion - ron-corrosive
pH 6.5 - 8.5
TDS* & 500 mg/1

*Threshold Odor Number
**Total Dissolved Solids
The Safe Drinking Water Act is to be enforced by the Environ-
mental Protection Agency in conjunction with the individual
State Regulatory Agencies. A public water supply system (except
regional systems) must comply with these requlations by

January 1, J1981.

in comparing the secondary regulations with the chemical
analysis of the existing wells, it appears that certain con-

stituants are in excess or will exceed the MCL requirements.

Additional tests will have to be conducted to insure that

present sources meet the MCL requirements.

FUTURE SUPPLY

The City currently has two wells in the Dhakota sandstone which
are large producers of water. The water use from thesec wells
has been discontinued due tc the undesirable quaiity of the

water.

The Codell aquifer and the Niobrara aquifer are also capable

of providing a large gquantity of water. Both of thesc aquifers

contain a high level of sodium which may cause additional problems

in heart conditions.
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We have reviewed the study of Geology and Water Resources of

Bon liomme County, Part I & Il prepared by Gouth Dakota Geological

,,”
.~
=

Survey, and test results from the Department of Water and

Natural Resources. We also have had discussions with both

& T

departments.

4$§E‘

From the forementiconed sources, it is iundicated that there is

z®

a large quantity of water in the Tyrdall-Scotland aquifer and

that this aquifer has a good quality of water. This aquifer

o

is limited to an area west of Highway 37 and approximately half

a mile north of Highway 50 - just north of the golf course along

=a

Emanuazl Creek.

The golf course presently has a well in service located on its

property. The well in the golf course is 270 feet veep with 15

]

fecet of 16" diameter screen. The pump sSetting is at 240 feet

&~

with the static water level at 13 feet. The pump is rated at

3 400 gpm at 210 feet of head. Tha 60 hp submersible pump 1s
b probably capable of pumping more than 400 gpm.
i1
. The well is located 630 feet south and 450 feet west of the
Northeast corner of Section 3. This positions the well 2%
miles west of the water main going into the City from the
’{i existing City wells.
5{ The pump could not be used to pumnp water to the City because
3 ]

it is not capable of pumping the head that is required. The

———
[+ ]

cost of installing a transmission nain from the golf course

to the City would be $105,000 and the cost of a new pump would

-

be an alitional $10,000.

[



There are numerous irrigation wells in the area, several being

; .2 L . . . . . :
located near the City well. These irrlgation walls are all o0

4

Lo

! - H

withdrawing water from the Codell and Niobrara aquifers. | Wy
: - fr‘v//' ‘ :

b

We have enclosed a record from the Department of Water & Natural
Resources indicating that the irrigation wells are not affecting
the drawdown at all. The seasonal weather seems to effect

the drawdown more than the irrigation pumping in this area.

RECOMMENDATION

Considering all factors, we would recommend that the City con-
struct another well next to the existing well in the Tyndall-
Scotland sand and gravel. The new well shall have a capacity
of 300 gpm. It is standard practice to place the wells 300
feet or more apart, when boti wells are being pumped simultane-
ously. In tnis case, both wells will not pump simultaneously,

therefore, construct the new well at the present site.

Cost Estimate

Construct the new well in the sand & gravel:

Test hole $ 1,500
34" dia. hole 9,000
12" casing 5,000
12" screen 2,000
Grout 500
Gravel Pack 500
Test Pump 500
Pump & Piping 10,000
- $29,000
Contingencies 2,000
$31,0060

Engineering, Legal and
Overhead 4,000
$35,000
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IN GLACIAL OUTWASH. GIaM 3 IMe DEPTH 64 FTe SAND POINT S59-64 FT. P
LSD 1334.52 FT ARDOVE MSL.
HIGHEST WATER LEVEL 20515 BELNw LSDs APRA—1F+—15F4%
LOYEST WATER LEVEL 27.30 BELOW LSDs JUNE 27+ 1968.
QECOPNS AVAILARLE: 196A-52. 1970-75.
WATER WATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL
My 4e 146h 26420 aa 11. 1567 26,01 AUG. 25 1971 23.73 SEP.
8y ) 26.12 JUNE S 26.12 SEP,. 10 24409  OCT.
MAY Q 26.06 JuLy 7 21.92 0OCT. B8 24435 MOV,
MaY 0 26,03  JULY 26 21.84  WNOV, 12 264.72 DEC.
MaY 11 24.07  2UG. 16 23.23 DEC. 9 24 .90 JEN.
MLy 12 Pe,0f  SEP. T 23.77 DEC. 29 _25.10 FEa,
MaY 37 23.93 0CT. 3 24.16  JAN. 20 1972 25.30 MAR .
MEY NP NN.OD ZO<I NN vacﬂm —u-mmc Mb Nmoua DDD-
MEY 25 26 .04  DEC. 19 24.56 MaR, 7 25.11 MAY
MAY 26 23.97  FFB. 12. 1968 25.49  Mar, 3} 25.12  JUNE
JUNE 6 23.97 MaAR, & 25.56 APR. 20 25.30  JUuLY
JUINF 7 NU.@w - APR., 4 NmtlﬁO MAY _.ml, o NU-Nmﬁr&ﬁbcmo
JUNE 14 23.77  may 21 26.13  JumE 207 20,19 SEP.
JUNE 22 24,02  Jung 27 2T7.30  JULY 26 21.84 OCT.
JUNE 27 2al02 LOR, B. 1670 26.584 AUG, 24 22.37 OV,
JuLy A 26.21 “AY 13 22.50 SEZP, 14 22.50 DEC,
alhi. 26.49 A 26 22.76 OCT. 16 23.27 JhunM,
atG. 15 24465  mAY 25 22.91 NOV, 16 23.73 FER.
SFP,. 10 24.85  MAY 31 23.00 NEC, 14 2+.08 ViR,
SFP, 27 26,97 JUNE 5 22.47  JAN. 10 1973 24430 APR,
OCT. 18 25.15  JUNE 10 ~-22.66  FEB, 15 22.78 MAY
NOV. 10 25.24  JaAM, 19. 1971 25.33  MAR. 19 20.54  JUNE
NOV. 29 22.66 FE8, '8 25.45 MAR. 21 20.60 JULY
DEC. 13 24.61 MAR, 2485  MaR. 30 20.72 AUG.
JAN. 5. 15667 24e€1 APR, 12 23.10 APR. 26 21.48 SEP.
JaN. 31 . 25.46 MaAY 12 23.72 MAY 17 21.85 0OCT.
FER. 17 25.70  JUNE 1S 22.14 JUNE 18 21.87  NOV.
MAR., © 25.82 JUuLY 8 22.87  JULY 16 21.68 UDEC,
APR. 6 25.93  JULY 30 23.35 - AUG. 15 22436

J.S.

GFOLOGICEL SURVFY.

S.W. OF TYNDELL.,

DR ILLFND OARSERVATICN

WATER TABLE WELL
TOP OF RECOFRDER PLATFORM

- —— A - — T S - D WS R e - T - . TS

WATER
DATE LEVEL
14y 1973 22.85
15 clell
16 21.50
i7 cl.18
17y 1514 21.80
16 22.27
186 21e3%
17 20.16
21 21.28
20 21.50
18 21.91
12 22.45
16 22.56
16 23.30
14 23.54
11 23.8c2
162 1975 2%.18
13 24,35
13 24 .55
9 o2& .69
i% ChoTH
10 24 .86
15 2t .02
12 Z5el7T
15 25.30
16 25.46
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GEOLOGICAL SURVEY
Water Resources Division
P, 0. Box 1412
Huron, South Dbakota 57350
April 24, 1975

Mr. Don Driscoll, Director

Division of Water Rights

Department of Natural Resource Development
State Office Building

Plerre, South Dakota 57501

Dear Don:

United States Department of the

Interior

RECETVED

APR2 (1975

PT, OF NA‘TUR(\L: -
RES‘%)EURCE B sLoripel

Enclosed is the water level information for well number 94NG6OW21BCCC

which you requested per phone conversation today.

Sincerely,

W inclell fovadind

Wendell Bradford
Hydrologic Techniciahn

Enclosure
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WATER SUPPLY REVIEW
THE "1TY OF TYNDALL
TYNDALL, SOUTH DAKROTA

MAY, 1975

INTRODUCTIOHN

The Hydrologist was contacted by Mr. R. J. Zieser,
City Attorney for the City of Tyndall, South Dakota, with
respect to reviewing the ground water situation for water
supply and determine whether a potential conflict with an
application for irrigation in the vicirity may exist. The
data was received from several sources and are enclescd in
the Appendix for information.

The purpose of the review by the llydrologist at
this time, was to determine the overall general resource
capability and whether additional uses and of what magni-
tude might impose a threat to the supply of the City of
Tyndall, South Dakota. This informaticn was gleaned from
the enclosed material.

LAYNE WESTERN COMPANY, INC, =-—r



GEOLOGIC SETTING

The City of Tyndall has a well located in Sec. 21,
T, 94N., R.60W., and is further located in the southwest
corner of the northeast quarter, near the center of the
section. This location is approximately three (3) miles
south and four (4) miles west of the City of Tyndall,

The well is constructed in the Tyndall-Scotland
aquifer which is an out-wash deposit of sands and gravels
which partly fills a pre-glacial valley extending generally
northward along Emanuel Creek. Little information exists
abcut the recharge mechanism and sources of recharge to
this aquifer but some circumstantial evidence and data does
exist. A hydrograph of water level cbserved in a nearby well
from the period beginning May, 1966 through June of 1968, in=-
dicates that periods of runoff flow along the Emanuel Creck
do recharge the aquifer to some extent, It has also been
the experience of the Hydrologist that rainfall and other
forms of precipitation in the area contribute to some
extent to the ovarall recharge of the aquifer system.

Exploratory test hole drilling and survey work
was accomplished by Layne-Minnesota Company in 1962. Copies
of the test hole boring loos and electric logs made at that
time, with a sketch of the epproximate location of each
boring, is attached for its Information. The actual well
was drilled in 1963 to a depth of 160 feet and installed
was 43 feet of stainless steel well screen of eight (8) inch
diameter. The well was test pumped at a rate of 700 gpm
which is the equivalent rate of one (1) million gallons per
day, or 1.56 cubic fecet per second. The reported pumping
level was 69 feet below ground level and the reported specific
capacity was 22 gpm per foot of drawdown at the end of 72 -
hours of testing. Analysis of the data by U. S. Geological
Survey indicates a transmissivity of 210,000 gpd per foot
width of aquifer wmaterial with a coefficient of storativity
of 0.20. The average hydraulic conductivity was 216 feet
per day., which is actually a velocity and converts to the
equivalent of 1,600 gpd, per square foot of material.
Frem the imaps indicated, the most permeable portion of _
this aquifer is less than one-half mile wide and extends in

‘length for about a four (4) mile reach along the Emanuei

Creek. Thinner sections of the same aguifer material
exists on either side of the deeper portion which have a
lower transmissivity of 20,500 gpd per foot width cf aquifer
material but are important catchment areas of local recharge
in the area.

LAYNE WESTERN COMPANY, INC, ———
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HYDROLOGIC SETTING

In order to better understand the terms and
expressions used in hydrology, the Hydrologist will take
license to utilize a very simple analogy to explain the
principal functions involved.

Visualize a 1,000 gallon horse tank with a 10 gpm
hose running into the tank and the tank is spilling over,
Obviously, the tank would spill over at a rate of 10 gpm.
One could install a pump with a capacity of 500 gpm and
pump from the tank for approximately two (2) minutes be-
fore the storage of the tank would be exhausted. If the
pump were shut off just prior to the tank being completely
exhausted, and the tank allowed to stand for 100 minutes,
it would be refilled by the 10 gpm supply to overflowing
again. This process could be repeated after full recovery
had been allowed and the impressicn that a 500 gpm rate
could be attained from this supply, would be misléading.
The fact would be that the recharge rate was only 10 gpm
but higher pumping rates are possible from the storage
of the system providing sufficient recharge and recovery
time is allowed to exist between pumping cycles.

The Tyndall-Scotland aquifer setting in the vi-
cinity of the City of Tyndall wells, has exactly the same
situation. Utilizing the calculations of transmissivity
of 210,000 gpd per foot width of aquifer for a one-half
mile width in the vicinity of the well field, and with an
average hydraulic gradient of three ({(3) feet per mile gives
an indicated flow of 315,000 gpd. Utilizing the additional
flow in the outlying portions of the aquifer on either side
of the deep channel, adds anothexr 123,000 gpd of flow approx-
imately. Therefore, it is estimated that the total recharge
to the aquifer system is approximately 438,000 gpd which is P
the equivalent rate of flow from the hose to the tank. The
storage capacity of the aquifer in the vicinity of the wells
which was taken to be an area of approximately one-half mile
wide and one mile long and 130 feet deep, was 1.8 billion
gallons. The normal usable supply from an aquifer system
is approximately 50 percent of its storage capacity which
is 900 million gallons of water in storage in the aquifer
tank. Obviously, more storage than this exists in the
entire Tyndall-Scotland aquifer system but outlying reaches
are beyond the capacity and the influence of the City wells.

LAYNE WESTERN COMPANY, INC, ——
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WACTEPR USE THVENTORY

From the information submitted by the City Auditor,
it appeers that a total of 53,328,000 gallons of water was
usad by the city in 1974. The yearly total converts to an
average annual day use of 146,104 gpd. This is 33 percent
or one-third of the recharge rate estimated for the aquifor
system, Obviously, this is not the only use being made o
wa-er from the system, There are many domest:ic and ranch
wells in the area and there may be some other irrigation
wells in the area. The Hydrolnyist leaves to others, to
es-imate the average annual usage being madae of water in
the vicinity. Obviously on an annual basis, there is
sufficient allowvance and recharg2 supply to allow the use
of water by others,

An analysis was made of the peak weekly use, which
was 2,377,000 gallons. This coaverted to the equivalent
average daily rate during that period of 339,572 gpd of water
use. Even peak day pumpage during a week of high use, was
below the apparent recharge rate to the aquifer system,

It has been reported that the City of Tyndall,
gouth Dakota has a permit issued in 1964 for water usage
up to 1.1 cuvbic feet per cecond which is the equivalent
of 494 gpm or 711,000 gpd of use. It is not understood
whether this is a peak rate limitation or an average
anniaal usage. 7Tt is assumed from the experience of the
Hydrologist that this is probably a peak day use limitation.
If so, the peak day use during the week of highest usage was
48 percent of the permit rate.

pased on the reported population of the City of
Tyndall of 1262, the peak day usage during the maximum week
of use, was the equivalent of 269 gpd per person. The average
annual usage per person was 115.8 gpd. It appears, that per
capita usage for the City of Tyndall, is in line with normal
averzyes for the area.

LAYNE WESTERN COMPANY, INC, ——-
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SUMMARY ZND (ONCLUSIONS

It was found that the City of Tyndall, South
Dakota has a well, or wells, located ir the Tyndall-
scotland aquifer system which is located several miles
southwest of the City. A review of the gologic dala
available to the lydrologist, suggests the average re-
charge rate to the aquifer system being utilized is
approximately 438,000 gpd of flow. It was further
estimated that the volume of water in storage within
the area of influence of tne City well was approximately
1.8 billion gallons, of which, it was estimated that the
usable supply was approximately 900 million gallons.

It was reported that the City used 53,328,000
gallons of water in 1374. fThis was the equivalent average
rate of 146,104 gpd, on an annual basis. This is 33 percent
of the estimated recharge to the aquifer system. Mo informa-
tion was available on the usage Leing mad2 by others in the
vicinity, -

It is the conclusion of the Hydrologist that the
recharge to the aquifer system may be sufficient to support
some additional usage :n the area.

LAYNE WESTERN COMPANY, INC, ——
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RECOMMENDATIONS

It should he recaognized that the estimates of
recharge were made on very limited data available from
the aquifer systemn. Of equal importance to the inventory
of usage from the area is a continuous record or periodic
record of water levels in more than one point covering
the aquifer area. It is therefore, recommended that the
City of Tyndall and other water users that may be involved
from the same aquifer system, install miniature wells or
piezometers which would have steel or plastic casing and
should extend well down into the middle of the sand and
gravel formation zones. The bottom 20 feet of the piezometers
should be slotted and should be of suitable diameter to ob-
tain a water quality sample when needed. Normal minimum
diameter of these piezometers is two (2) inch. Water levels
should be measured at least quarterly or once every three
months and carried out over a period of several years.

Should observations show the mean sea level
elevation of the static water level decline below elevation
1,300 feet, for a period of more than two (2) years, this
would indicate overdraft and overpumping of the aquifer
system, This would be the equivalent of drawing upon the
storage of the aquifer system in excess of the recharge rate.
Some draft upon the storage of the aquifer system is de-
sirable to make room for recharge of fresher and better
quality of water,

—— LAYNE WESTERN COMPANY, INC,




The City of Tyndall

TYNDALL, SOUTH DAXOTA 57056

from the office off City Auditor

April 4, 1975

Hr. Carl E. luzman

Hydrology Consultant |
Layne-Western Company, Inc, ?
1010 West 39th Street :
Kansas City, lissouri 64111

Dear Mr, luzman:

A reply to your letter which you sent Mr. Zieser, asking for all information ™
obtainable in regard to the well in discussion.

Enclsosed herewith is some of the information we could obtain.

The records of the resistivity survey on the five or six test holes made by
Layne-Western Co., Inc. was not to be found, at least not in our records, do
have scme information which is enclosed from Thorpe Well Co. who was awarded y
the contract to dig the well, f

Daily log of water numped is not kept but attached is a weekly log of water :
pumped each week and the total pumped for the year 1974, :

The permit issued to the City of Tyndall, was for 1,1 cubic feet of water ’ J
persecond, permit issued 196%, '

Also enclosed a Geological survey of our county with information on our well,
which may be of some value to you, should ysu need some questions answered
after reading through the survey, call Cleo M., Christensen, Vermillion, 5. Dak.,
telephone number 605 624-4471 who seums to have considerable krowledje about
the aquafer our well is located.

have
I hope this information is of some value to you, should you/any questions feel
free to call this office, number 605 589-3u81,

Sincerely yours,

] 7 d
aj?%:!déa Aehreeidsd
Ldddie Schheider

City Auditor
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THORPE WHELL(COMPANY

167 / Ankeny, 50021 / 964-1111 (&' A '
Po. 80x MM 7 QUXWONNX 10WA SRS/ SUKMISX, AREA CODE 818 e f—/o'b 01/l O1esernedd.

March 20, 1979

City of Tyndall
Tyndall, South Dakote

ATTN: Mr. Schnider
Dear Sir:

In reviewing our test weil and productfon well records, we have the
following tnfonsatton. o

The well was drilled in 1963 to a depth of 160", there {s 43' of
stainless steel well screer, 8" diameter. The well produced 700 G.P.M.
with a 69' pumping level. The aquafer {s a shallow sand and gravel

the top of which is at 19' the botton {s at 160'. We have no
{nformattion as to how larga an area this well influences, or {f any
other wells in close proximity are or would {nfluence the aquafer.

We would recommend a pumping test using what equipment ts installed
in the wells and observing any changes that occur.

The State Geological Suryey has some informatton on this area and I
am sure they would gladly furisish this to you.

If we can be of assistance we would be more than happy to meet with
you and give you what assfstance we could. Mr, Guy Lemar is very
familiar with the area and 1'm sure could answer most of your questions.
Sincerely,
THORPE WELL COMPANY
-3 . l,ﬁ ) e
//)/Z‘//

Heil F. Archer
General Manager

HFA:db

Uk
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Geology and water resources of Bon Homme County,
South Dakota
Part I, Water Resources

by
Donald G. Jorgensen

ABSTRACT

Bon llomme County, an agricultural county in southeastern South Dakota, has an arca
of 570 square miles and a population of 8,707. Sands and sandstones of Tertiary age, sands
and gravels, till, and loess of Pleistocene age, ard alluviwim of Holocene age overlie the
Cretaceous bedrock strata threughout nearly the entire county,

Water from Lewis and Clark Lake and the Missouri River has a low sodium hazard and a
medium salinity hazard. It is suitable for domestic and stock uses and for irrigation with
only moderate leaching of the soil. The water is used by the city of Springfield and also to a
limited extent for irrigation.

The quality of water trom Emanuel and Choteau Creeks varies with the rate of discharge
in the crecks, In general, the water has a high salinity hazard at low flows and should not be
used for irrdgation on soils with poor drainage. llowever, the water is suitable for stock use.

In Lake Henry the quality of water varies with both the scason of the year and the
volume of water in the lake. In particular, the water has a low sodiwm hazard and a variable
high to very-high salinity hazard. The watcr is not suiiable for irrigation under ordinary
conditions. However, in general, the water is suitable for domestic and stock uses.

Alluvial and surficial outwish aquilers supply ground water for domestic and stock use.
Shallow wells finished in these aquiters produce 3 to 10 gpm (gallons per minute).

Widespread till depuosits usnally yield water with a low sodium hazard and a very high
salinity hazard. This water is not suitable for irrigation under ordinary conditions. At certain
locations in the till the water has excessively high sulfate and dissolved solids concentrations
and may not be suitable for domestic use. However, the water is suitable and is con:monly
used for stock watering. Wells finished in the aquifer yield from 1 to § gpm.

Three extensive glacial outwash aquifers are vresent in the county. The 32-square mile
Choteau aquifer is adjacent to Chotean Creek. The Tyndall-Scotland aquifer underlies an
area of more than 90 square miles and extends from near Springticld to near Scotland. The
Hubonmix aquifer in northwestern Bon llomme County has an areal extent of about 36
square miles. Water from these three aquifers usually has a low sodium hazard and a high
salinity hazard. Therefore it should be used for irrigation only on land which has good soil
drainage. The water, in general, is suitable for domestic and stock uses. At locations where
these aquifers contain more than 50 feet of saturated aquiter material, properly constructed
wells should produce more than 100 gpm.

The Codeil Sandstone Member of the Carlile Shale, a bedrock aquifer that commonly
yields “soft” water, is widely used as a source of domestic water. Water from this aquifer
usually has a very high sodium hazard and a high salinity hazard. It is unsuitable for
irrigation but is usually suitable for domestic and stock uses,

The Niobrara Marl and the sandstone layers of the DDakota Formation are also bedrock
aquifers. Water from these aquifers generally has a low sodium hazard and a high salinity
hazard: it should be used only on land which has good soil drainage. The water, in general, is
suitable for domestic and stock uses. Properly constructed wells at eertain locations in the
Niobrara aguifer will produce more than 100 gphm, and properly constructed wells in the
lower Dakota aquifer may produce as much as 900 gpm,
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INTRODUCTION

The increasing use of water and the increasing awareness of the importance of water
resources in Bon Homme County and in other Scuth Dakota counties have created the need
and desire to evaluate the water resources of the State. The purpose of this jinvestigation is
to identify and evaluate the water resources of Bon Homme County. The signiticant findings
and the datz obtained will be useful in planning the orderly development of the water
resourges,

The study was started in 19¢5 as a part of the program of the U, S. Geological Survey,
the South Dakota Geological Survey, Bon Homee County, and the Fort Randall
Conscrvancy Sub-District. This is the fifth in a series of such cooperative county-wide
studies, The author is indebted to the residents of the county for their help and especially to
Kenneth Karanda, who supplicd many valuabie well logs.

Methiod of investigation.=The investigation included the coliccting of well data, test
drilling, measuring water levels and stream {low, smmpling and chemical analyses of waters,
and determining altitudes by spirit-level and altimeter surveys. The data were studied to
determine the source, movement, quantity, and quality of the ground and surface waters in
the county. The accuracy of maps and of other interpretations based on altivude
determinations is plus or minus 10 feet. Geological mapping was done by the South Dakota
Geological Survey.

Geography.~Bon Hemme County is located in southeastern South Dakota, It has an area
of approximately 570 sq mi (sq.are miles) ard a population ol 8,707 (1970 census). FFive
municipalities, Tyndall, population 1,262, Springficld, population 1,194, Scotland,
population 1,077, Avon, population 637; and Tabor, population 378, are located in the
county. About 97 percent of the lund in the county is in farms. Mote than ialf of the farms
are primarily engaged in raising livestock, and about one-third are small grain or row ¢rop
farms. '

Physiography.=The county, as shown ou figure 1, is part of two physiographic provinces,
the Great Plains and the Central Lowland, The dissceted glacial uplands west of Emanuel
Creck are part of the glaciated Misscuri Plateau section of the Great Plains Province
(Fenneman, 1946) and the low-lying land east of Emanuel Creek is part of the James Basin
of the Central Lowland Provinee. The James River Highlands in the southeast corner of the
county 13 a part of the James Basin. The Missouri River flood plain, which is approximately
1 mile wide on the South Dakota side of the Missouri River, has now been submerged by the
waier in Lewis and Clark Lake, above Gavius Point Dam, except for small arcas along the
river in the southwest corner of the ¢county. The flood plain is defined by blulfs 200 to 300
feet hiigh in the southeast and southwest corners of the county, and by bluffs 25 to 100 fecet
high in the south-central part of the county,

Altitudes of land surface in the county range from approximately 1,210 feet on the
Missouri River flood plain to approximately 1,950 teet on three hills of the glacial uplund in
the northwest corner of the county,

Geology ~The surticial deposits, except for the exposed bedrock strata, are glacial dritt,
alluvium, colluvium, and colian materials (Christensen, in - preparation). FFigure 2 is @
generalized geologic map of the surlicial deposits of Bon Homme County.

Exposed bedrock consists of the Tertiary age Ogallala sands and sandstones', and the
Picrre Shale and Niobrara Marl of Cretaceous age. The configuration of the upper surface of
the Cretaceous age bediock is shown in ligure 3. Unexposed bediock formations of
Cretaceous age inchide the Carlile Shale, Greenhorn Limestone, Graneros Shale, and Dakota

'Stratigraphic nomenclature usad in this ceport follows that of the South Dakota Geological
Survey, which ditfers somewhat trom the usage adopted by the U. S, Geological Survey.
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Formation. The Dakota lies unconformably on the Siouy Quartzite “basement™ rock of
Precambrian age.

Climate.~U. S. Weather Bureau meteorologizal tecords (1967) for Tyndall indicate that
the average annual temperature is 9.3° Celsius (48.7°F) and the average annuil precipitation
is 22.46 inches. The average dates of the last spring and first fall frosts are May 4 and
September 30 (Pengra, 1957b). The average dates of the first spring and first {all occurrence
of a “killing frost,” which is -2°C (28°F) or lower, at Tyndall are April 26 and Jctober 10
(Pengra, 1956a).

Previous investigations.~-Previous geologic or hydrologic investigations in the county
include  water-supply studies for the eities of Tyndall (Bruce, 1962) and Scotland
(Christensen, 1963). Simpson (1960) mapped the geology of the Yankton area, including a
part of Bon lHHomme County.

Well-numbering system.~The location of weils, test holes, and other items is described
according to the numbering systent shown in figure 4. The first segment indicates the
township, the second the range, and the third the section in which the well, test hole, or
other feature is located. The lowercase letiers following the section number indicate the
position of the well in the section. The first letter denotes the quarter section, the second
letter the quarter-quarter section, the hird letter the quaiter-quarter-quarter section, the
fourth letter the quarter-quarter-quarter-rquarter section (2%-acre tract). The subdivisions of
a section are lettered a, b, ¢, and d in a counterclockwise direction. starting in the northeast
quarter. If more than one weli is listed in a 2%-acre wact, consecutive numbers starting with
1 are added to the well numbers. Thus wel 93-58-15babb (tig. 1) is in the NW%, NW!4,
NEY%, NW¥ of section 15, Township 93 North, Range 58 West.

WATLER RESOURCES

Water resources include all water that can be used, whether it oceurs in the air, on the
gronnd, or in the ground. All water in Bon Homme County is of atmospheric origin.
Precipitation or the condensation of water vapor in the form of rain, snow, dev, or frost is
the scurce of toth ground water and surface water, Surface water is water that runs over the
land or is stored on the lnd surface. Water which infiltrates into the ground to the zone of
saturation is termed ground water. Some water is transpired by plants or evaporates and
returns to the atmosphere. The continual cyclic movement of water is termed the
hydrologic cycle. Figure 5 is a simplified sketch of the hydrologic cyele showing
precipitation returning to clouds (vapor) by means of evapotranspiration from plants, soil,
and surface-water bodies (rivers, lakes, ete.).

Surface Water

Surface water is the water on the surtace of the carth. 1t includes the water in lakes.
ponds, reservoirs, rivers, erecks, ete, Runolt is that part of the precipitation that appears in
surkace streams, Amount of runott is a function of many variables including precipitation,
size and slope ol drainage area, and soil permeability. The drainage arcas and the main
surface-water bodies in the county are shown in figure 6. The approximate sizes and the
names of the drainage areas are listed in table 1,

Magnitude and the Irequency of Hooding is a characteristic ol a stream that is ol special
importance to anyone who utilizes the floed plain. Flood-frequency studies are used to
predict the occurrence and magnitude of floods. Patterson (1966, p. 3-11) developed
regional flood-frequency curves applicable to Bon Homme County. The method is based on
two sets of curves and can be used to estimate the magnitude of Hoods that have recurrence
intervals of 1.1 1o 50 yews, Recunience interval is the average interval of time within which
the given flood will oe equaled or exceeded once. A tlood having a recunrence interval of 10
years is one that has a 10 percent chance of oceurring in any year; likewise a 50-year tlood
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Table 1. —Drainage areas
B

(See fig. 6)

Drainage area (sq ini)

Number Nome Total Bon Homme County
1 Cirotee: Creek 13 692
2 Coffee Creek 19'2 19%2
3 Emanuel Cieck 182 154
4 Unnamed 30 30
5 Unnamed 54 54
6 Snatch Creck 63 63
7 Dawson Creek 70 444
8 Prairie Creek 39 3C
9 Beaver Creck 140 57

10 Unnamed 42% 421

has a 2 percent chance of occurring in any year. One floed-frequency curve (fig. 7) relates
the size of the drainage arca to the mean annual Nood, Mean annual flood for a gaging
station is, by definition, the 2.33-year flood from the graphic-frequency carve defined by
points which are referred (o the same base-time period. Other flood-Tiequeney curve (fig. 8)
shows the relation belween the ratio of discharge to mear annual ilood and the recurrence
interval,

Procedure for using these curves in determining the discharge of a 10-year flood at the
mouth of Snatch Creek is as follows:

1. Determine the size of the drainage area. (Snatch Creek has a drainage arca of 63 sq

mi.)

2. Determine the discharge in cubic feet per second (cfs) of the mean annual flood for
this size drainage arca from figure 7. (The discharge for the mean annual flood for 63
sqq mi is 620 cfs.)

3. Determine the ratio of the flood of the selected recurrence interval to the mean annual
flood from figure 8. (The ratio for a flood with a 10-year recurrence interval to the
mean annual flood is 2.7.)

4. Multiply the discharge obtained from the mean annual flood enrve (fiz. 7) oy the ratio
obtained from the fizquency curve (fig. 8) to obtain the discharge of the flood in
cubic feet per second. (The discharge of the 10-year flood at the mouth of Snatch
Creek is 620 times 2.7, which is 1,670 cfs.)

Another uscful runoff characteristic is the total annual runoff in acre-feet that can be
expected. An acre-foot is a unit for measuring volume of water, and is equal 0 the quantity
of water required to cover | acre to a deptl of 1 foot (43,560 cubic feet). The probability
that annual runoff in acre-feet per square mile (acre-ft per sq mi) will equal or excead the
stated amount is given below:
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(percent) per s mi)
10 200
25 100
59 60
75 30
90 20

Average runoff is 80 acre-ft per sq mi which is conside
probability of 60 acre-ft per sq mi annual runoff. To determine the anmal ruzoff Tor any
probability, multiply the runoff figure listed above by the drainage area. For example, to
determine the annval runoff that will be equaled or exceeded 10 pereent of the time for
Emanuel Crack, multiply the drainage area of 182 sq i, as listed in table 1, by 200 ccre-ft
per sq ini, as listed above, thus obtaining a value of 36,400 acre-ft.

rably Luger than the 50 pclbcnt

Miss uri River

The Missourd River is the largest stream
been measured below Fort Randall bam sine £947. Flow had been regulated by Furt
Peck Dam: in Montana prior to 1952 and by | " ndall Dam thereafter. Average discharge
for the period of 1ecord (U. S. Geological Sunvey, 1968) is 22,890 cfs. Maxinum discharge
during the period of record was 447,000 cfs on April 12, 1952, Water, other than that fiom
Lewis and Clark Lake, is unused in Boa Homme County.

crea, Discharge of the Missouri River has

Choteau Creck

Choteau Creek drains 613 sq mi in Davison, Aurora, Douglas, Charles Mix, and Bon
Homme Counties. The 69.5 sq mi part of the drainage wrea in Bon Homme County consists
of dissected ti!l plains and a well-defined flosd plain along the lower reaches of Choteau
Creck. A gaging station was established for this study at 93-62-23bdd to deteimine amount
of Mlow in the creek. Monthly mean disclarges are listed in table 2. The maximum peak
discharge for the period May 16, 1966 to October 31, 1968 was 3,140 cfs (gage height, V.11
ft) at 1200 hours on June 19, 1967. The miniraam discharge for the sume period was 0.60
cfs on St mtember 5, 1966. It is believed that the flood on June 19, 1967, has been exceeded
only once in the last 20 years. A flood at a gage heizht of about 11 feet occurred in March
1962. Base Now of Cheteau Cr.cek is ground water derived from the Choteau aquifes,

Water is unused ex :pt as stock water in a few small dugouts and small stock dams.

Table 2.~Monthly mean discharge of Chotean Creek
(units of dischuarge are cfs)

Water
year Oct. Nov. Do . Jan. Feb. Mar. Apr. May June  July  Aug. Sept.

1906 .44 1.84  1.34 0.72
1967 1.08 1.68 1.8. 2.28 236 3.14 2,61 2.54 180 27.2 645 3.50
1968 2,61 1.87 2.21 2.11 2.35 235 4.03 1.31 143 632 1.76 8.88

LEmanuel Creck

Frumue! Creeh bas adniinage area of 132 sq mic 134 of which is i Bor Horme County.
The creek, svhich drains an arca of ti'l plains, flows inte Lewis and Clark Lake. Hts Jower

— —— e
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reaches are chanacterized by a small but well-defined flood plin A gaging station was
established for this study at 93-60-27dbb. Monthly mean dischaiges are listed in table 3.
Source of base flow is springs that discharge water from the Fyndall-Scotland and Niobrara
aquifers,

Maximum dischatge for the period May 16, 1966, to October 31, 1967, was 1,590 cfs
{gage height, 7.11 ft) on June 19, 1967, et 1445 hows. Mininum dischaige tor the same
period was 1.16 cfs on September 12, 1966, Several Hoods have been observed by local
residents it the last 20 vears at crests 2 to 3 feet Jhove the peak recorded on June 19, 1967.

Water is unused except as stockwater in a few small dugouts and stock dams,

Table 3.~Monthly mean dischirge of Emanuel Creek
(units of dischiarge are cls)

Water
year Oct. Nov. Dec. Jan. Febo Mar. Apr. May June  July  Aug. Scpt.

1966 ' 3.59 L6 197 1.50
1967 2.26 2.72 3.00 3.18 3.32 406 3.06 3.01 125 913 733 2.4

-

Lewis and Clarg Lake

Lewis and Clark Lake is formed by Gavins Point Dam, which is on the Missouri River Az
miles east of the southeast corner of the county. Storage began in July 1955, Normal
maximum capacity below altitude 1,208.0 fi is 477,000 acre-ft. Water is used primarily for
downstream navigation, recreation, power, and flood control. Four residents in the county
have used the water for irrigation. The city of Springfield used wn estimated 207 acre-Mt of
this water for domestic purposes in 1963,

Lake lenry

Lake Henry is formed by impoundment of water dehind a smali dani located on Dawson
Creck at 96-58-9. The lake is used for recreation.

Other Surface-Water Rodies

There are many small lakes and ponds in the county. Most of the lakes are ess *han d4
feet deep. and commenly dry up during periods of drought. These lake arcas are a habitat
for wildlife, but arz not ntherwise nsed. The many siall dams and dugouts in and along the
creeks have little storage and do not hold wzter permanently.

Ground Water
Definitions

Ground water is that water which oceurs beneath the surface ol tiae grovnd in the
saturated zone. The ground is said to be saturated when afl the voids tre filled with water. A
soil or rock material that yiclds water to wells or springs at a sufticient rate 10 be used asa
water supply is zalled an aqguifer. 1l ground water is confined it is said to be under artesian
conditions. If ground water is only under atmospheric pressurc, it is uncontined, or it is said
. be under water-table conditions. Artesian and watei-table conditions are shown
graphically in figure 5.

The level to which water will rise in a we!l is termed the potentiometric level. The
potentiometric level is the water surface at atmospheric pressure. For water-taile
conditions, this surface (rater table) is within the aquifer; whereas, for artesiap conditions it
is an imaginary suiface above the aquiier. The shape of the water table or potentiometric
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surface is the configuration of water surface slopes resulting from water movement between
areas oi techarge (water entering the aquiter) and areas of discharge (water leaving the
aquifer).

Porosity is the ratio of the volume of voids to the total volume ol a rock or rock
material. The greater the porosity of an aquifer, the larger the amount of water that can be
stored in the aquifer. The amount of water that can be drained from a unit volume of
aquifer material by gravity is called its specific yield. lHowever, not all of the water will drain
by natural gravitational fozce because some water adheres to the pore walls; the quantity of
water per unit volume tetained in this manner is termed its specilic retention. Therefore,
specific retention plus specific yield is equal to the effective porosity of a saturated material.

Storage coefficient (S) is the volume of water that an aquifer releases or takes into
storage per unit surface area of the aquifer per unit change in the component of head
normal to that surface. For an unconfined aquifer, the value of 8 is the same as its specific
yield. Typical storage coefficient values range irom 0.1 to 0.3 for unconfined aquifers and
from 0,0005 to 0.005 for confined aquifers.

Hydraulic conductivity (K), expressed in terms of feet per day (ft per day), represents
the riate at which water will pass througl an area of 1 square foot of water-bearing material
at vuit head. Raie of water movement through a material may a'so be discussed in tenas of
pesmeability (') expressed in gallons per day per square foot (gped per £12) at unit head. The
relation between hydraulic conductivity in feei per day and permeability in gallons per day
per square foot 1s P=0.134K, :

Transmissivity (T) is an expression of the water transmitting capability of the entire
thickness of an aquifer. 1t is equal to the average hydraulic conductivity times thie aquifer
thickness. Tiansmissivity of an aquifer con be expressed in units of square feet per day (ft?
per day) or in units of volume such as gallons per day per foot (gpd per ). Transmisivity
values in square feet per :uy are converted to values in gallons per day per foot by
multiplying by 7.48.

Well yield is a function of transmissivity; other factors being cqual, the larger the
transmissivity the larger the yield. If an aquifer has uniform permeability, a well constructed
in the portion of the aquifer that has the largest saturated thickness will produce the most
water,

To describe an aguifer in any detail it is necessary to determine its size, thickness,
amount of water in storage, and hydraulic conductivity. A water-level mup or map of the
potentiometric surface is tmportant because it describes the altitude of the water surface at
a particular time and place. The water-level or potentiometric map, together with
hydrographs of the water level in rarticular wells, are very useful in defining arcus and types
of recharge unu discharge for the aquifer.

Alluvial Aquifers

Stream-deposited sediment (alluvium) is found along stream channels in the county.
Most alluvium consists of silty clay, clayey silt, and some sand. Figure 2 shows the location
and extent of all. W deposits in Bon Homme County. Alluviel deposits have low
permeabilities cndd do not yield water rapidly. Thus, small yields of 3 to 10 gpm (gallons per
minute) are normally obtained from wells finished in the alluvium. One gpm approximately
equals 1/449 ¢fs.

Recharge to the alluvial aquifers is by infiltration of precipitation, seepage from streams,
and subsurface inflow: discharge is by cevapotranspitation, seepage to  streams, and
subsnrface outflow. The aquifers are of minor importance to the county as only 5to 10
stock wells are finished in them.

Till Aquifer

Till is an unstratified heterogencous deposit of glacial debris consisting of clay and silt
wiih some sand, gravel, and cobbles. 1t is the predominant surficial devosit in the county
(fig. 2) and underlies most of the suificial alluvial and glacial outwa 1 deposits. In Ben
Homme County, till has a low permeability and is a poor aquifer because it yields water
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slowly. Recharge to the till is from precipitation, and discharge is by evapotranspiratior,
subsurface outflow into more permeable aquifers, and pumping.

Figure 9 shows that water levels in the till have not changed appreciably since 1936. In
constructing this graph, vater levels measured during the 4th quarter of the calendar year
were plotted. Water levels at this time of year are niore stable and are the best indication of
long-term water-level changes. Most of the long-term changes in water level ure the result of
long-term weather variations; that is, a greater depth to water is the result of drought
conditions; a lesser depth is the result of “wet” conditions.

Figure 10 shows the seasonal water-ievel fluctuation. The rise of the water level in Ma;
1967 occurred when the ground frost melted and allowed snowmelt and rain to recharge the
aquifer. The rise of the water levelin Taly 1967 was ihe result of infiltration of rainwater to
the saturated zone. Declining  water levels resulted from  the loss of water by
evapotranspiration, by drainage to other deposits, and by pumping.

The till aquifer is used extensively as a stock-water source because wells drilled at almost
any location will yicld from | to 5 gpm. In 1968, the 150 wells producing from the till
furnishied an estimated 180 acre-ft of water,

Shatlow Outwash Aquifers

Sand and geavel deposited by glacial melt water is called outwasl. Most outwash deposits
are porous and permeable and, therefore, are good aquifers if they have sufficient saturated
shickness. Shallow outwash deposits are present below the thin atluvial cover along Dawson,
Prairie, Snatch, Emanuel, and DPry Choteaun Crecks (fig. 2). These aquifers do not have
adequate <cturated thickness to yield large volumes of water. Even though yields are low,
more than 50 shaliow wells, whicl: produce 1 to 10 gpm, have been constructed. These wells
in 1968 witndrew an estimated 65 acre-ft of water, most of whicl was used by livestock.

Choteau Aquifer

Those glacial outwash sand and graset deposits (fig. 11), which underliz the surficial
alluvium along Chotean Creck and extend castward beneath the surficial till layer, are
collectively tzrmed the Choteau aqufer. The aquifer lias a 32-sq mi area within the county,
and a much larger areal extent in adjacent counties. Maxinium known thickness is 170 feet
at 94-61-19adec. Abort 10 q mi of the aquifer, as shown in figure 11, has a saturated
thickness of 50 feet or more.

A 12-hour aquifer test at the site of well 94-16-19¢cee indicated a transmissivity of
200,000 gpd per ft and an estimated storage coefficient of 0.2,

Recharge to thie aquifer is by subsurface inflow, direct precipitation, seepage from
Choteau Creek and Dry Choteau Creek, and percolation through tire till cover. Limited
water-level observations indicate water movement is frora Choteau Creek toward Emanuel
Creek. Water-level maps of the Niobrara and Codell aquifers, which are contigunus with the
Choteau aquifer, indicate that there is little or no water movement between these aquifers
within Bon Homme County.

Figure 12 shows the rise of water level in well 94-61-19ccce due to seepage from Dry
Choteau Creek. The abrupt rise of the water table in June and July 1907 is largely the result
of water seepage from Dry Choteau Creek. Lowering of the water table during the first half
of August mostly results from spreading of the ground-water mound that was built up
during the time vhen tie aquifer was being rechared. -

Natural discharge from the aquiter is by subsurface outflow, evapotranspiration, and loss
to Choteau and Dry Choteau Creek. In 1968 the water stored in the Bon ltomme County
part of the aquifer was estimated to be 120.000 acre-ft. Only 20 to 30 wells, which in 1968
withdrew an estimated 28 acre-ft of water, are finished in the aquifer, Iroperly constructed
wells in the area with the greatest saturated thickness as shown in tigure 11 should produce
water at rates exceeding 450 gpm.

Hubonmix Aquifer

The Hubonmix aguifer of silty sand and gravel is located in the northwest corner of the

5
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county. This aquifer has an area of about 26 sq mi; however, its exact extent is pocrly
detined. The outwash deposit is normally 10 to 30 feet thick and is overlain by as much as
200 feet of till. Maziimum known thickuess is 53 feet at well 96-60-5bbbe.

Only a few domeostic and stock wells are finished in the aquifer; many wells exten
through the outwash to the deeper Codel* acr.fer. Properly constructed wells at locations
with more than 50 feet of saturated sand ana gravel should produce water at rates in excess
of 100 gpm. At certain locations, wells that tip the aquifer flow. Figure '3 shows the
known area and the potentiometrie surface of the aquiter.

Tyndall-Scaitund Aquiter

The Tyndall-Scotland aquifer is an outwash deposit of sand and sands and gravels that
partly fills a preglacial valley extending generally northward from about 3 miles northwest
of Springficld to west of Tyndall, then eastward and northieastward out of thie county east
of Scotland (fig. 14). This outwash is the most extensive in the county. The aquifer
underlies an area of 90 sq mi within the county and includes an area of 25 sq mi with a
soturated thickness greater than S0 feet. (See fig. 14 The outwash is buricd beneath the
till, except for a small area where it is overlain by surficial allavium along Emanuel Creek
(fig. 2) where it crops out.

Water in the aquifer is under artesiun conditions at most plices; however, water-table
conditions exist locally. Rise of the water level in well 94-60-2Tbeee, which is located about
300 feet fiom Emanuel Creek, indicates that recharge takes place when there is flow in
Emanuel Creck. (See fig. 15.) The eifect of recharge is so pronounced at this location that it
suggests the possibility of artificially recharging the aqguifer by water-spreading .aethods.
Most recharge is by percolation of water through the overlying till or alluvium. Possibly
some recharge is by underflow from bedrock aquifers at some of the locations where they
are in contact with the Tyndall-Scotland squifer.

‘The Tynd 1t municipal weil (94-60-2 lacce) can produce more than 700 gpin and has a
specific capaai., »f 22 gpm per It of drawdown after 72 heurs ol continuous pumping. An
aquifer test made by pumping this well indicates a transmissivity of 210,000 gpd per ft and
a storage coefficient of 0.2. A test hole at the site penetrated 130 feet of saturated n dterial;
thus, the average hydraulic conductivity is 210 1t per day (1,600 gpﬁ:ﬂ'ﬁcr ). ‘,}ﬂ)l/ ’

A 12-hour aquifer test at well 94-60-20dcod indicated a transnussivity of 20,500 gpd per
ft. Relatively low transmissivity at this site as compared to the transmissivity at well
94-60-21acce is due to a decrease in saturated thickness.

Areas underlain by more than 50 feet of saturated aquifer miaterial are shown in figure
14. These ateas offer the most promising sites for properly constructed wells that might
produce from 100 to 900 gpin.

Discharge from the aquiler is lirgely from springs in the outcrop area along the lower
reaches of Emanuel Creek as shown in figure 16, This discharge constitutes most of the base
flow at the Emanuel Creek gaging station at 93-60-27d. Study of daily discharge records at
this site indicates that the ground-water discharge from the outwash was approximately 3
cfs (1,000 gpm). Discharge is also by evapotranspiration. by pumping, and at certain
locations by secpage into the contiguous bedroek aquifers. Discharge is a'so by subsurface
flow vut of the county near Scothind to the James River trench; such cischarge oceurs cast
of a ground-water divide 6 to 10 miles cast of Tyndall. Some discharge is to the Niobrara
and Codell aquifers: spedifically this ocevrs 2 to 3 miles northeast of Tyndall and probably
along a line between 944-60-4 to 95-59-28.

Pumpage in 1968 from the one muricipal well and the 80 or more doimestic wells in the
aquifer was about 244 acre-feet. or only atout 006 percent ol the estimated 440,000
acre-feet of water stored in the aquifer within the county.

Niobrara Aquifer

The Niobrara Marl, locally called the *“chalk rock,” consists of nearly horizoatal layers of
calcarcous shale, chalk, and chalky limestone. Thickness of the formation ranges from 0,

where it has been completely removed by erosion, to about 205 teet iv the northwesl corner
of the county.
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Figure 17 shows the altitude ot the upper surface (top) of the Niobrara Marl. Depth to
the top of the formation can be calculated by subtractivg the altitude of the top of the
formation from the altitude of the ground surface. IFor example, to determine the depth to
the top of the Miobrara Marl at Perkins, subtract 1,200 feet from 1,451 feet (land-surface
altitude). Thus at Perkins the top of the “‘chalk rock™ is 251 feet below land surface.

In figure 18 the contours show the depth below ground level to the top of the formation,
For example, the depth to the marl at Perkins is more than 200 fect but less than 300 feet.
Either figure 17 or figure 18 can be used to estimate the depth to the top of the formation;
however, if the altitude of the land surfece is known, the catculated depth to the formation
lllging data from figure 17 will probably be more accurate than the depth ai shown in figure

Water at some locations in the Niobrara aquifer is under artesian conditions; however, at
most locations it is under water-tible conditions.

Water levels measured in well 93-61-28cdac, as shown in figure 19, had only minor
fluctuations during the period of measurement indicating nearly equal amounts of recharge
and discharge.

Shape and altitude of the potentiometric surface and the direction of water flow are
shown in {igure 20. The figure also shows that the subsurface flow probably discharges from
the aquifer near Scotland and that subsurface flow from the Tvndall-Scotland aquifer
probably occurs in the arca about 2 miles northeast of Tyndall. 1n addition f{igure 20
indicates that the Missouri River valley is the major discharge arca. Many of the springs arc
in the bluffs of the Missouri River valley where water in the Niobrara aquiter emerges at the
Jand surface.

Most recharge to the aquifer is by subsurface inflow and by percolation through the
overlying till, outwash, or shale deposi‘z.

Pumpage of water from municipal wells at Scotland and Tabor and an estimated 225
domestic and stock wells was about 438 acre-ft in 1968, Well yields range from 2 to 100
gpm. Maximum yield that can be obtained from this aquifer is unknown: however, it
probably is in excess of 200 gpm and less than 700 gom. In other counties, yields larger than
450 gpm have been obtained. but porosity, specific vield, and permeability vary so greatly
that local values can be determined only by an aquifer test. llowever, test drilling indicates
that, in general, the most favorable locations for the construction of wells that might
produce more than 100 gpm are in areas where the depth from the land surface to the top
of the aquifer is less than 100 feet.

Codell Aquifer

The Codell Sandstone Member of the Carlile Shale in Bon Homme County is siltstone to
fine-grained sandstone. This unit is locally called the “soft-water sandstone™ because it
yields characteristically soft water. The aquifer is present in the subsurface of the entire
ccunty except for a part of the Tyndall-Scotland bedrock valiey, where it has been removed
by erosion (fig. 21). Where present, the sandstone is overlain by § to 30 feet of impermeable
shale and underlain by 130 to 160 feet of nearly impermeable shale, The sandstone layer
ranges in thickness from 0 to 100 feet and is commonly about 25 feet thick.

Depth below land surface to the top of the aquifer ranges from approximately 100 to
900 feet. Figure 22 shows the altitude of the upper surface of the sandstone. Either figure
21 or figure 22 may be used to estimate the depth to the aquifer.

The sandstone is saturated and the water is under artesian conditions. Hydiograph of the
water level in well 93-61-15ddbb (fig. 23) skows neither a continuous rising nor a
continuous declining trend. Fluctuations were less thon 1 foot in magnitude during this
period ol record, indicating that the rates of recharge and discharge were uniform and nearly
equal.

Discharge from the aquifer is largely by well pumpage and by subsurface outflow to the
Missouri River trench. Discharge by subsurface outflow to the Tyndall-Scotland aquifer may
also occur north of a possible ground-water divide in the Tyndall-Scotland aquifer cast of
Tyndall.

Recharge is mostly by subsurface inflow from outside the county. Some recharge is from
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the Tyndall-Scotland aquifer «nd occurs at a location about 3 miles northeast of Tyndall
and from a source associated with the anomalous high in the potentiometrie surface at
94.51-13. (See fig. 24.) The anomaly may be the result of recharge from the
Tyndall-Scotland aquifer at 95-60-32 where the glaciai outwash is contiguous with the
Codell Sandstone Member. (See fig. 21.) At some locations water from the artesian aquifers
of the Dakota Formation leaks through broken casing mto the Codell aquifer; however, the
amount of water recharging the aquifer in this manner is small.

An 8-liour aquifer test in the Avon municipal well indicated a transmissivity of 400 gpd
per ft and an approximate storage coefficient of 0.001.

Yields from domestic and stock wells range from 2 to 5 gpm. The public-supply well at
Avon produces 90 gpm, and two public-supply wells at Tripp, 4 miles north of the county,
produce 80 and 100 gpm. Total pumpage in 1968 from the estimated 465 wells tapping the
aquifer was about 609 acre-it and was used largely fer domestic purposes.

Aquifers in the Dakota Formation

he sandstone layers of the Dakota Formation underlie the entire county and constitute
two aquifers. These layers are composed of poorly consolidated, finc- to medium-grained
sandstone.

Relation of the Dakota sandstone layers to each other and to the overlying and
underlying formations is illustrated in figure 25. IFigure 25 also shows a composite electric
log; the formations and the sandstone layers are easily identified by their characteristic
traces of spontancous potential and resistivity on the clectric log. The upper sandstone
layer, which is an aquifer and locally is culled the “first flow,” is teried the upper Dakota
ar aifer in this report. The lower sandstone layers also are an aquifer, which locally is called
the “second flow,” and in this report is termed the lower Dakota zouifer.

‘fhe upper sandstene, which is about 20 feet ihick. contains water under artesian
pressure: however, the water is under less artesian pressure ihan the water in the lower
sandstones. Wells tapping the upper Dakota aquifer yield less water than wells tapping the
lower sandstones because the upper Dakota aquifer has a lower transmissivity and has less
prescure. Altitude of the top of the upper Dakota aquiter is shown in figure 26 and the
depth below land surface to the top of the upper Dakota aquifer is shown in figure 27. The
depth to the top of the lower Dakota aquifer can be estimated by adding 90 feet to the
depth to the top of the upper Dakota aquifer.

Aggregate thickness of the lower Dakota aquifer is not constant because of the uneven
surface of the underlying Sioux Quartzite, and because of possible variations in deposition,
At well 93-60-10ddc¢ the total thickness of the aquifer is 217 feet.

Several studies have been made of the artesian conditions in the Dakota l'ormation.
Studies, which include those by Darton (1896 and 1909), Barkley (1952), Davis, Dyer, and
Powell (1961), and Dyer and Gochring (1965), document the declining potentiometric

arfaces of the aquifers in the Dakota,

Figure 28 shows the decline of pressure (lowering of the potentiometiic surlace) in the
lower Dakota aquifer. The water level in wells finished in the upper Dakota aquifer has
decreased more rapidly than the water level in wells finished in the lower Dakota aquifer.
Recently, the pressure has stabilized or increased slightly in the lower Dakota aquifer. Large
pressure decrease in the past occurred during a time when many wells were allowad to flow
uncontrolled. As the piessute decreased the number of flowing wells decreased, thus
reducing the volume of discharge and causing a change in the rate of pressure decline.

Figure 29 shows some pressure variations which may indicate a seasonal water-level
trend. An increase of pressure oceurred in the spring of 1967 and possibly again in the
sprii.. of 1968, However, because the accuracy of the measurement is £%1 pound per square
inch (1.15 ft) the existence of the seasonal variation cannot be positively ascertained.
Abrupt rise of the potentiometric level in August 1966 occurred when the normal free flow
of 250 apm from the well was terminated, Specilic capacity of the well is 14.7 gpm per foot
of drawdown indicating that if the well was pumped it could produce water at a rate of
approxinmatcly 900 gpimn,

Discharge from the aquifer is by subsurface outflow, flow from wells, and well pumpage;
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recharge. however, is entirely from subsurlice inflow. Because of the variable thickness of
the aquifer, and because the storage coelficient is undetermined, the volume of water in
storage was not estimated.

Approximately 190 llowing wells which tap the Dakota aquiters in the county
discharged an estimated 1,290 acre-ft of water in 1968. Only 269 acre-ft of water was used
beneficially; the rest flowed to waste. Figure 30 shows the area where wells will flow, the

contours on the potentiometric surface, and the direction of water movement in the lower
Dakota aquifer.

Water Quality

‘Suitability of water for a given use is determined by its chentical and physical properties.
Water suitable for one use may not be suitable for another. For example, water suitable for
stock may be undesirable for both irrigation and domestic use. Sowe of the factors that
affect the chemical and physical properties of water are climate, geology, topography, and
man's activities such as irrigation, drainage. and waste disposal.

This report emphasizes properties associated with incrganic constituents that influence
the suitability of water for domesiic, livestock, and irrigation uses. All concentrations
except ptl are reported in milligrams per liter (mg/1) Units of milligrams per liter are very
nearly equivalent to parts per million (ppm) and are regarded as equivalent in this report.

Chemical constituents that are often measured to evaluate water for domestic use are
listed in table 4. Limits of concentration recommended by U. S Public Health Service,
1962, for some constituents for domestic use are also included in table 4. These
recommended limits are hereinafter referred to as “Irederal drinking water standards.”

A water-classification system for livestock use is given below (South Dakota Agricultural
Experiment Station, 1959, p. 10):

Dissolved solids (mg/l) Class

0- 999 I:xcellent
1,000-3,999 Good
4,000-6,999 Satisfactory
7,000 and over Unsatisfactory

Most livestock can tolerate water of liigher mineral content than linmans.

Selenium is toxic even in small quantities and when present in some soils can adversely
affect livestock health, Certain pea-type plants of the genus Astragalus, such as the
well-known locoweed, remove selenium from the soil and water and concentrate it within
their tissues. Animals grazing on these plants may suffer Irom the ailment called “blind
stagger” (Hem, 19589). In Bon Nomme County, Cretaceous-iuge stratd, which are in part
aquifers that are known to contain selenium, are the Pierre Shale, the Niobrara Marl, the
Carlile Shale, the Greenhorn Limestone, and the Graneros Shale (Koch, 1967, p. 971). The
county agent generally is aware of selenium poisoning and should be consulted whenever a
new source of water is to be used for irfigating forage crops or pastures.

Several methods of  classification of water for irrigation are in use. lFor these
classifications it is assumed that the water will be used under average conditions witlurespect
to soil texture, infiltration rate, drainage, guantity ol walter used. climate, and sait tolerance
of the crop. Large deviations from the average of one or more of these factors may make it
unsafe to use water that would be safe under averge conditions.

Method of classification most often used is based on the irrigation hazards of salinity and
sodjum. This method is deseribed fully by Wilcox (1955). A measure of the salinity of the
water is its specific conductance. Specific conductance of a water is casily measured with
use of a conductance mieter which indicates the case (conductivity) of electrical flow in the
water. Units of measurement of EC (specific electrical conductance) are miccomhos per
centimeter (um per an) at 25°C; however, in reports of the U. S. Geological Survey the
term “centimeter” s commonly omitted. A measure  of sodium hazard is the
sodium-adsorption ratio (SAR). The larger the SAR ratio the greater the sodium hazard. The
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Table 4 =Significance for domestic use

of common chemical

constituents and physical properties of water.

Constituent or
physical property

Source or cause

Significance

Silica (§i02)

Iron (Fe)

Manganese (Mn)

Calcium (Ca) and
Magnesium (Mg)
Sodium (Na) and

Potassium (K)

Bicarbonate (HCO3)
and Carbonate (CO3)

Sulfate (SO1)

Dissolved from practically all
rocks and soils, usually in
amounts less than 25 ms/l.
However, waters diaining from
deposits high in silicate miunerals
particularly feldspars, often
contain as much as 60 mg/l.

Dissolved from practically all
rocks and soils. Usually less
than 1 my/tin alkaline surface
water. Higher amounts occur in
acid waters from mine drainage
or other sources.

Dissolved from some rocks and
and soils. Usually less than |
mg/l in alkaline surface walers.
Large concentrations often
associated with high iron
content and with acid waters.

Dissolved from practically all
rocks and soils, but espeeially

from limestone, dolomite, gypsiin,
and gy psiferous shale.

Dissolved frem practically all
rocks and soils. Found also in
sewage, industrial waste, and
waste brines.

Action of carbon dioxide in
water on carbonate rocks and
soil materials such as limestone
and dolomite.

Dissolved from rocks and soils
containing gypsum, iron sullides,
and other sulfur compounds.

Forms hard scale in pipes and
boilers. Inhibits deterioration
of zeolite-type water softeners.

More than about 0.3 mg/l stains
laundry and utensils reddish-
brown. Objectionable tor food
processing, beverages, dyeing,
bleaching, ice manufacture,
brewing, and other processes.
Federal drinking water standards
state that iron should not exceed
0.3 mg/l.

Sanie objectionable features as
as iron. Causes dark trown or
black stains. Federal drinking
water standards provide that
manganese should not ex ceed
0.05 mg/L

Causes most of the hardness and
and scale-forming properties

of water; soap consuming. (See
hardness.)

Large amounts, in combination
with chloride, give a salty

taste. Moderate quantities have
little eltect on the usefulness

of water for most purposes.
Sodium saits may ciause foaming
in steam boilers.

Bicarbonate and carbonate pro-
duce alkalinity, Bicarbonate of
calcium and magnesium decompose
in steam boilers and hot water
facilities to form scale and

release corrosive carbon dioxide
gas. In combinatior with calcium
and magnesium ciuse carbonate
hardness.

Sulfate in water containing
calcium fonus hard scale in
steam boilers. In large amounts,
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Table 4.-Signilicance for domestic use of common chemical
constituents and physical properties of water.

Constituent or
physical property

Source or cause

Significance

Silica (SiO2)

Iron (Fe)

Manganese (Mn)

Calcium (Ca) and
Magnesium (Mg)
Sodium (Ma) and

Potassium (K)

Bicarbonate (HCO3)
and Carbonate (CO3)

Sulfate (504)

Dissolved from practically all
rocks and soils, usually in
amounts less than 25 g/l
llowever, waters draining from
deposits high in silicate minerals
particularly feldspais, often
contain as much as 60 mg/l.

Dissolved from practically all
rocks and soils. Usually less
than 1 mg/l in alkaline surface
water. Higher amounts occur in
acid waters from mine drainage
or other sources.

Dissolved from some rocks and
and soils. Usually less than 1
mg/l in alkaline surface waters.
Large concentrations often
associuted with high iron
content and with acid waters.

Dissolved from practically all
rocks and soils, but especially

from limestone, dolomite, gypsun,
and gy psiferous shale.

Dissolved from practically all
rocks and soils. Found also in
sewage, industrial waste, and
waste brines.

Action ol carbon dioxide in
water on carbonate rocks and
soil materials such as limestone
and dolomite.

Dissolved from rocks and soils
containing gy psum, iron sulfides,
and other sultur compounds.

Forms hard scale in pipes and
boilers. Inhibits deterioration
of zeolite-type water sotteners.

More than about 0.3 mg/l stains
jaundry znd utensils reddish-
brown. Objectionable for food
processing, beverages, dycing,
bleaching, ice manufacture,
brewing, and other processes.
Federal drinking water standards
state that iron should not enceed
0.3 mg/l.

Same objectionable features as
as iron. Causes dark brown or
black stains. Federal drinking
water standards provide that
manganese should not exceed
0.05 mg/l

Causes most of the hardness and
and scale-forming propertics

of water; soap consuming. (See
hardness.)

Large amounts, in combination
with chloride, give a salty

taste. Moderate quantities have
tittle effect on the usefulness

of water for most purposes.
Sodium salts nuy cause fomming
in steam boilers.

Bicarbonate and carbonate pro-
duce alkalinity. Bicatbonate of
calcinm and magnesium decompose
in steam boilers and hot water
facilities to form scale and

release corrosive carbon dioxide
gas. In combination with calcium
and magnesinm cause carbonite
hardness.

Sulfate in water containing
calcium forms hard scale in
steam boilers. In farge amounts,
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Table 4-continued.

Constituent or
physical property

Source or cause

Significance

Chloride (Cl)

Fluoride (F)

Nitrate (NO3) .

Dissolved solids

Hardness as CaCOa»

Usnally present in drainage from
mines and in some industrial
wastes.

Dissolved from rocks and soils.
Present in sewage and found in
large amounts in waste brines
and some other industrial wastes.

Dissolved in small to minute
quantities from most rocks and
soils. Present in salt water from
oil wells, and industrial waste
from processing of insecticides,
disinfectants and preservatives.

Decaying organic matter, sewage,
and nitrates in soil and ferti-
lizer.

ChicHy mineral constituents
dissolved from rocks and soils,
Includes any organic matter.

In most waters nearly all the
hardness is due to calcium and
magnesium, Metallic cations

sulfate in combination with
Gther ions gives a bitter taste

to water and may cause a laxative
effect. IFederal drinking water
standards recommend that sulfate
content should not exceed

250 mg/i

Chloride in large amounts and

in combination with sodium
gives salty taste to drinking
water and increases the carrosive-
ness of water. Federal drinking
water standards recommend that
the clhiloride content should not
exceed 250 myg/l.

IFluoride in drinking water reduces
the incidence of tooth decay
when the water is consumed during
the period of enamel calcifi-
cation. HHowever, it may cause
mottling of the teeth depending
on the concentration of fluoride,
the age of the child, amount of
drinking waier consumed, and
susceptibility of the individual.
Federal drinking water standards
recommend that fluoride content
be between 0.8 and 1.3 mg/! for
Bon Homme County.

Concentrations much greater than
the local average may suggest
pollution. More than about 45
myg/l nitrate may cause methemo-
globinemia in infants, sometimes
Catal. Water of high nitrate
content shiould not be used in
baby feeding.

Water with large concentrations
of dissolved solids often taste.
IFederal drinking water standards
recommend that the dissolved
solidds should not exceed 500
mg/1 unless mineralized supplies
are not available.

Consumes soap betore a lather
will torm, Deposits soap curd on
bathtubs. Hard water forms scale
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Table 4~continued.

Constituent or
physical property

Source or cause

Signiticance

Specific
conductance

Hydrogen ion
concentration(p*l)

Color

except alkali metals also cause
hardness.

Mineral content of the water,

Avcids, acid-generating salts, and
dissolved catbon dioxide lower
the pll; carbonates, bicarbonates,
hydroxides, phosphates, silicates,
and borates raise the pll.

Natural color is usually
associated with swamp drainage,
and is often the result of
decomposition produets ol
vegetal material,

in boilers, water heaters, and
pipes. Waters of hardness up to
60) me/l are considered soft; 61

to 120 myg/!, moderately hard:
121 to 200 mg/l, hard; wore than
200 mg/l, very hard.

Specilic electrical conductance
(1zC) is a measure of the ability

of the water to conduct an electric
current. Varies with temperature,
concentration, and degree of
jonization ot the constituents.

A pll of 7.0 indicates neutral
solution. Values higher than

7.0 indicate increasing alkalinity;
values lower than 7.0 indicate
increasing acidity. pllisa
measure of the activity of the
hydrogen jons, corrosiveness of
water generally increases with
decreasing pll. However, excessively
alkaline waters may also attack
metals.

Coler affects the use of water
for dyeing. textiles, food
processing, ice making, and is
esthietically unpleasant.

sodium-adsorption ratio is calculated by the equation:

1955):

+
SAR =—NA

\ /CA*‘* +Mgtt
2

in which the concentrations of sodium (N:l+), calcium {C:l++). and magnesitm (.\lgH) are
given in millequivalents per liter (meg/D. Millequivalents per liter may be calculated by
dividing the constituents molecular weight by the jonic charge or valescee.

The irrigation water classification method based on EC and SAR uses a diagram as is
shown by figure 31. For example, the average SAR and EC for the analyses of Codell
aquifer water are 15 and 2,030 a1 respectively. These values are used as covrdinates and
define a point in the C3-S4 area of the diagram.

Significance of the classes of water shown on figure 32 is summarized as follows (Wilcox

Low-salinity water (C1Y can be used for inigation with mo:t crops on most soils, with
little likelihood thet a salinity problem will develop. Some leaching is required; however,
this gencrally occurs under normal irrigation practices except in soils of extremely low

permeability,
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Medium-salinity water (€2) can be used for irrigation if a mederate amount of leaching
ocenrs. Mants with moderate salt tolerance can be grown on most soils without special
practices for salinity control,

High-salinity water (C3) can not be used on soils with restricted drainage. Even with
adequate drainage, speciol management for salinity control may be required and plants with
rood salt tolerances shouvld be selected.

Very high salinity water (C4) is not suitable for irrigation under ordinary condiiions, but
it may be used occasionally under special circumstances. §f this water is used, the soils must
be permeable, the drainage must be adequate, the quantity of iirigation water applied must
be in excess so as to provide considerable leaching, and very salt-tolerant crops should be
grown,

Classification of irrigation waters with respect to SAR is based primarily on the effect of
exchangeable sodiury on the physical condition of the soil. Sodium-sensitive plants may
suffer injury as a result of sodium accumulation in piant tissue when exchangeable sodium
vales are lower than those effective in causing deterioraticn of the physical condition of
the soil.

Low-sodium water (51) can be used for irngation on most scils with little danger of
harm. However, sodium-sensitive creps may be injured by accumuiation of sodiun:
concentrations.

Medium-sodinm water (§2) presents appreciable sodium hazard in fine-textured soils of
high cation-exchange capacity, especially under low-leaching conditions, unless gy psum is
present in the soil. This water may be used on coarse-textured or organic soils that have
good permeability. ‘

High-sodinm water ($3) may produce harmful leve!s of exchangeable sodium in most
soils and requires good drainage, high leaching rates, and addition of organic matter.
Gypsiferous soils miy not develop harnmful levels of exchangeable sodium from such walters.
Chemical amendments may be required for replacement of exchangeable sodinm.

Very Eigh sodimm water (S4) is generally unsatisfactory for irrigation except at low and
perhaps medivm salinity where the solution of calcium from the soil or the use of gypsum
or other arnendments may make the use of these waters possible.

Somet.anes the irrigation water may dissolve sufficient calcium from calcareous soils to
decrease the sodiuin hazard appreciably, and this should be taken into account in the use of
C1-S3 and C1-S4 waters. For calcareous soils with high plI values or for noncalcarcous soils,
the sod'um status of waters in classes C1-S3, C1-84, and C2-54 may be improved by the
addition of gvpsum to the water. Similarly, it may . be beneficial to add gypsum to the soil
period’cally when C2-53 and C3-52 waters are used.

Clessificat-on of water for irrigation based on the concentration of boron is also uscful.
Boron, even in small quantities, is toxic to some types of plants. Some crops, includiv 3 most
decizucus fruit and nut trees and beans are sensitive to boron; most small grains, potatocs,
and come vegetables arc semitolerant; alfalfa and most root vegetables are tolerzat
Perrissible boron concentrations are shown in table 5 (Hem, 1959, p. 245).

Surface Water

Ouality of surface water varies widely within the same stream and from one stream 3
another. Variations in quality are due to the type of soil that the water contacts, length of
contact time, past use of the water. amount and source of base flow, amount of storm
runoff, and many other factors. These variations can Le described in terms of maximum and
minimum concentrations, frequency of occurrence of specific concentrations, and their
dwation. A computation of average quality for a year from an analysis of daily samples has
limited value; however, a discharge-weighted quality computation is meaningful in
anticipating the quality of water in a reservoir.

Quulity of water in both Choteau Creek and Emanuel Creek varies inversely with
discharge. Low nuneral concentrations oceur during periods of high discharge when most of
the flow is swiface unoff. High mineral concentrations ovccur during petiods of low
dischatge ahen most of the base flow is pround water. Figure 32 shows the
discharge-dissolved solids relation for Choteau Creck. and figure 33 shows this same relation
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Table §.-Rating ol irrigation water [or various ¢rop, on the
basis ol boron concentration (atter Hem, 1959).

Classes of water

Sensitive Semitolerant Tolerant
Rating Grade crops (mg/l) crops (mg/l) crops tmg/h
! Lxcellent <033 <0.67.......... <FO00.
z Good 33 10.07 0710133 1.00 10 2.00
3 Permissible .67 10 1.09 1.33 to 2.00 2.00 to 3.00
4 Poubtiul 1.00to 1.25 2.00 10 2.50 3.001t03.75
S A Unsuitable >125 >2.50.......... SITS

for Emanuel Creek. No relation between season and mineral composition of water was
tound. Tables 6 and 7 list chemical aaalyses at various rates ol discharge for Choteaun and
Emanuel Creeks. In general, the water at discharges of Tess than 8 ¢fs Trom either creek is
unsatistactory for irrigation because ol its high dissolved solids and salinity. These creeks are
not considered as sources of irrigation water beciuse they seldom have Nows exceeding 8
ofs. Water in cither creek is suitable for stock use and could be used tor domestic purposes
althaugh the concentrations of dissolved solids, sulfete and iron at commonly oceurring
discharpe rates may exceed those recommended in the Federal drinking water standards.

Quulity of the water in Lewis and Clark Lake was monitored from July 1. 1964 to June
30. 1966 at Gavins Point Dam. 9 miles cast of Bon Homwe County, by i continuous
recorder operated by the Bureau ol Sport Fisheries (written commun.). The results were:

1]

Constituent or Property Range

Conductivity 650-840 mictomhos
Turbidity 10-675 mg/l
Bicarbonate 144-180 mg/1 of 11COs
Dissolved oxygen 5.4-14.0 mg/l

Quality of water discharged from the lake measured at Yankton. 12 wmiles cast of the
southeast corner of Bon Homme County, for the 1958 water year is shown in table 8 (U.S.
Geological Suivey, 1962).

Although some ditterences between the quality ot water in the Missouri River above
Springlield, and in iewis and Clark Lake below Springlield is observable, the dilferences are
not of such a magnitude to appear significant.

Water from Lewis and Clark Lake and the Missour? River is of good quality for domestic
and stock use, and is classiticd as C2-S1 (low sodium hazard and medivm salnity hazard) for
irrigation. (See fig. 31.) The water is suitable tor most plants and requires only moderate
feaching of the soil to prevent soditm build-up.

Quality ol water in Lake Henry. a reservoir on Dawson Creek, may be similar to the
quality of water that would be expected i o reservoir was constructed on Emanuel or
Choteau Creek. ihe variation of the quality is seasonal and is due to the processes of
ditution and distiltation. That is, when surface water of low mineral content tlows into the
lake it dilutes the more mineralized lake water. During the growing season, transpiration
removes nearly pure sater and leaves a concentrated mineral olution behind; during winter
months. freezing at the surface concentrates the minerals in the unfrozen water beneath the
ice. Table 9 shows that dissolved-solids content deercased with the rising lake level except
tor the February 4. 1905 analysis which shows the increased concentration cansed by




[

Table 6.-5c¢lected cheinical analyses of water from Choteau Creek.

(All concentrations in mg/l--all samples collected at 93-62-23b)

Date

Discharge (cls)
Gage heigat (T()
lron (Fe)
Calcuun (Ca)
Magnesium (Mg}
Sodium (Na)
Potassium (K)
Bicarbonate (11C03)
Carbonate (€.02)
Sulfate (SO1)
Chloride (CD)
Nitrate (NO3)
Sclenium (8e)

Dissolved soiids

Ca, Mg hardness as CaCQs

Noncarbonate hardness

i5 Calis
SAR
EC inwu
pll
Temperature in °C

Remarks

9-8-66
0.62
1.00

03

Ead]
(7S
D

44
86
17

259

680
38

1,540
762

350
L
1,700
7.6
20

base tlow

6-7-67
130

70
14
17
10
161

.0

452

2:49

117

560

7.0
17

273

164
30
2.4
001
664
420

196

900
7.3
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Table 7.-Sclected chemical analyses of water from Emanual Creek

(All concentrations in mg/l-all sample

Date

Discharge (cfs)
Gage height (ft)
Iron (FFe)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Bicarbonate (11C0a)
Carbonate (CO3)
Sulfate (S01)
Chloride (Cl)
Nitrate (NOa)
Selenium (Se)

Dissolved solids

Ca, Mg hardness as CaCOa

Noncarbonate hardness

as CaCQas
SAR
ECinum
pll
Temperature in °C

Remarks

9-8-66
1.19
10
.00

1,580
745

477
2.2
1,960
7.5
24

bas2 flow

s collected at 93-60-274)

6-7-67
415
3.86
.60
64
4.8
6.3
7.7
151
0
60
4.0

4.0

332
180

to

377
7.2
17

7-7-67
1.8
.80
.00
194

16
005

1,200

716

500

1,530
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LOCATION.~At gaging station at Meridian Highway Bridge on U. S.
Highway 81 in Yankton County, 5.8 miles upstream from James River,
and 6.1 miles downstream from Gavins Peint Dam.

DRAINAGL AREA.-279,500 square miles, approxim-=icly.

RECORDS AVAILABLE.~-Chemical analyses: October 1950 to
September 1951; October 1956 to September 1958.

Water temperatures: October 1956 to September 1958,

EXTREMES, 1957-58.-Dissolved solids: Maximum, 439 mg/1 Oct. 1-31;
minimum 377 mg/! May 25 (o Apr. 17.

Hardness: Maximum, 236 mgfl Oct. 1-2:, s auin, 154 g/t
Mar. 26 to Apr. 17,

Specific conductance: Maximum daily, 7724 1n Oct. |; minimum
daily,5374em Apr. 6, 7.

Tuabie §.-Water quality of Missouri River at Yankton, South Dako:a

O~

Water temperatures: Maximum 27°C (81°F) Aug. 19; minimun: 1°C
(33°F) on many days during December to February.

EXTREMES, 1956-58.--Dissolved solids: Maximum, 559 mg/i Aug. 2
to Scpt. 30. 1957 minimum 327 mg/l Mar. 16-31, 1957.
Hardness: Maximum, 289 mz/l Aug. 29 10 Sent. 30, 1957; minimum,
168 mg/l Mar. 16-31, 1957.
Specific conductance: Maximum daily. 8394 m Aug. 22-25,
Sept. 5-8, 1957; minimum daily $79..Lm Mar. 30, 1957.
Water temperatures: Maximum 27°C (81°F) Aug 101943
treezing point on many Juys during winter months.

REMARKS.~Daily samnples for chemical analyses composited by discliarge.

Records of specific conductance of daily samples available 2t USGS
office, Lincoln, Nebrasks.

Chemical analyses, in mg/l, water year October 1957 to September 1958

Dissolved soligs Hardness
{residue at 180°°C) as ﬁ...ﬂOu
© Se»- Specific
Po = Cal- drum con-
Mean Mag- 1as- 5 silli- | Tons cium, | Nen-| ad- duct-
dis- Cal- } me- | So-" | si- | Bicar- | Sul- Chlo- 3 Ni- grams per Tons mag- | car- | :orp- ance
Date of charge | Silica Iron |cium [sium | dium | um {bonate | fate ride | Z 1 trate | Borun per acre- per nc- | bon- | tion EC
collection (cfs) |(5i0.) (Fe} | (Ca) | (Mg) | (Na) (K) AIOOuv Amo.«v (Ci) 5) AZOUV (B) liter 100t day s.um | ate | o inym
QOct, 1-31, 1957 28,12 10 0.04 63 19 71 5.6 191 209 12 0.6 0.5 V.19 aye 8.97 37,130 236 79 2.0 IS8 7.7
Nov. 1-30 11,800 13 .02 63 17 -] . 185 190 10 7 .5 .13 166 .63 13,850 238 76 1.8 698
Dec. 1-31 8,151 18 .01 59 18 60 s.9 200 180 11 .5 1.2 .07 453 62 10,210 a2 58 1.8 678 7
Jan. :-31, 1958 8,803 13 .01 61 17 58 5.3 182 174 10 .5 1.2 A2 <20 .60 10,200 22 73 1.7 661
Feb. 1-28 6,695 13 .01 60 17 55 $.0 185 167 9.8 .5 .6 .10 442 .60 10,380 221 69 1.6 673 7.
Mur, 1-25 8,206 13 .01 e 1A sz [} 7 ivo LNV .5 1.2 .13 q1<2 .56 9.170 07 64 1.7 627
Mar. 26-Apr. 17 20,820 13 .00 51 16 4= 4.7 166 l1ae 3.7 .5 1.2 08 377 .51 21,190 194 58 1 578
Apr. 18-Hlay 12 2492 11 0% 56 17 54 <7 176 16 9.4 .5 1. .10 <1t 56 27.8%0 210 a6 th 6T b
May 13-31 26,530 9.5 .03 54 13 55 4.6 172 167 9.2 .8 .2 Ll 4112 .56 29,500 208 67 1.6 639 k]
June {-30 27,950 9.6 .01 53 18 60 4.7 162 184 8.9 ) .6 .12 <2 .58 32,070 206 73 1.8 652 7
July 1.31 25,97 7.7 .00 56 7 60 - 168 195§ 8.9 .5 .1 .19 445 613 J:,200 211 73 1.8 T 7.
Aug. 1231 25,220 8.5 0u 50 18 hl 6.0 174 194 9.0 .5 .8 .16 <86 €2 32,740 2158 72 1.8 673 7.
Sept. 1-30 28,910 8.6 .00 58 19 62 2 187 PUR) 10 .5 . .15 %70 6% 36,690 Pty 1 1.8 609 K
....nmmm:m__a
average 19,720 10 0.01 57 18 60 5.1 177 185 9 £ 0.5 0.7 0.as 243 0.60 23,590 216 n 1.8 67!

uxnmanun:: 100 percent of runoff tor water vear Octcber 1977 to Septemher (954,

s
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Table 9.-~Selected chemical analyses of water from Lake Henry,
(All concentratiens in mg/l-all samples collected at 96-58-9d)

Date

Gage height (1t)
Iron (Fe)
Manganese (Mn)
Calcium (Ca)
Magnesium: (Mg)
Sodium (Na)
Potassium (K)
Bicarbonate (HCO3)
Carbonate (CO3)
Suifate (S0.)
Chloride (Cl)
Fluoride (F)
Nitrate (NOa)
Phosphorous as I'Oa
Phosphate (POa)
Boron (13)

Dissolved ox.ygen (DQ)

Dissolved sclids

Ca, Mg hardness as CaCOa
Noncarbonite hardness as

CaZ0:;
SAR
ECinum
pH
Temperature in °C

*Depth below reference mark 1.

**Caleulated

10-24-64

9.86*
.06
19
128
119
185
18
108
0
8¢7
107
4
1.5
56
36
.68
11.38
1,520
803

610
2.8

2,060
8.5

10

2-4.65

9.99*

.09
1.4
160
156
225
2]
239
0
1,150
139
A
4.8
1.4
1.4
.09
3
1,980+*
1,040

844
3.0

2,520
1.8

2

5-17-65
8.60*
01
.29
1
112
166
17
172
0
T4
115
3
1.5
0.44
37
S8
8.4
1,350**
7317

509
2.7

1,920
8.5

19

9-6-65

7.97*
.05

88
71
98
17
178

432
71

310
1.09

1,300
8.4

19
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freezing. The quality of water of Lake Henry and other selected lakes is discussed fully by
Petri and Larson (1968).

Figure 31 indicates that the classification of tie water for irrigation has a low sodium
hazard and high to very high salinity hazard; theretore, the waier should not be used on soils
that are not permeable or adequately drained. The water is suitable for stock use. However,
it is not recommended for domestic use because it has concentrations of manganese, sulfate,
and dissolved solids that exceed the limits specified by Federal drinking water standards.

Ground Water

Summaries of the results of 109 “complete” chemical analyses are shown in tables 10
through 15. The tables list the number of determinations for cach_constituent, the
maximu and minimum values for cach constituent, and the average (X). A measure of
dispersion of data from the mean is the standard deviation (s) and is defined cs the positive
square root of the sum of squares of the deviations of the observations from the arithmetic
mean divided by one less than the total number of observations. Values of s and X listed in
tables 10 through 15 were determined numericzlly. The curve defined by plotted points on
normal probability paper was used to determine the probability of a value being equal or
exceeded. That is, the values listed under 25 percen., 50 pereent, ind 75 percent in table 8
indicate that the probability of the listed value eing equaled or exceeded is 25 percent, 50
percent, and 75 percent, respectively. The 50 pereent valtuz is the median or middle value of
the group. Neither standard deviation nor probability ‘was determined if less than four
observations were aviilable.

Ground water from the Choteau, Tyndall-Scaotland, Ninbrara, Codell, and the upper and
lower Dakota aquifers is suitable for domestic use; although, all of “he aquifers yield water
with one or more undesirable characteristics. As an example, water from the Choteau,
Tyndall-Scotland, Caodell, and the upper and lower Dakota aquifers can be expected to have
excessively high sulfate and dissolved solids concentiations 1s compared to  those
recommended in Federal drinking water standards, Water from the tii! may not be suitable
for domestic use because it has concentrations of sulfate and disso ved sulids which often
greatly exceed Federil drinking water standards,

Water from all aquifers sampled is classificd as satisfactory to excellent for livestock.

Figure 31 shows the irrigation classification for the average values of conductivity and
sodivm-adsorption ratio for waters from euch aquiler  Water from the Chotean,
Tyndall-Scotland, MNiobrara, and Dakota aquilers is classificd as C3-51 (low sodium hazard
and high szlinity hazard), and thus should not be used for irrigation on soils with restricted
drainage, even though sodium build-up would not be a problem. Water from the Codell
aquifer is classified as C3-S4 (very-high sodium hazard and high salinity hazard) and is
generally unsatisfactory for irrigation because of the likelihood of crop damage by sodium
build-up especially an poorly drained soil. Water from the till aquiler is classified as C4-S1
(low sodium hazard and very-high salinity hazaid) and is not suitatle for irrigation undey
ordinary conditions.

Chemical analysis ol a water sample from we 96-61-29¢dca finished in the Hubonmix
aquiter is as follows: calcium=128 my/l; magnesium=:0 mg/l; potassium=28 myg/l;
bicarbonate=98 mg/l: carbonate=0 mg/l; sulfate:=628 mg/l; chloride=17 mg/l; nitrate=8.4
mg/l; boron=1.0 mg/}; EC=1.:430u m; and SAR=: 2. As only one saraple was obtained from
this aquifer no confident statement can be made about the chemical quably of the water
from the aquifer. All chemical analyses of water samples collected e listed in part 1, the
basic-data report for this investigation.

Average boron concentration of water samples trom the till, Tyndall-Scotland, Niobiara,
Codell. and Dakota wquifers did not exceed that reconmmenied for irtigation of semitolerant
crops (Hem, 1959). Not enough boron analyses wore available for the Choteau aquifer water
to permit an evaluation of the boron hazard and no boron determination was made of the
water sample from the Hubonmix aquifer.

Mixing of natural waters caused by recharge of water from one aquifer to another occurs
at several places within the county. Recharge to both the Niobrara and the Codell aquifers
from the Tyndall-Scattand aquifer is indicated by the nearly identical water levels and the

53
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Table 10.-Summary of chemical analyses of water from the till aquifer
(All concentrations in mg/1)

Number
Constituent of Standard
or deter- Average Medium deviation

property minations  Maximum Minimum (X) (50%) (s) 25% 75%
Czlcium (Ca) 16 555 154 325 318 117 400 235
Magnesium (mg) 16 662 25 130 23S 55
Sodium {Na} 16 486 41 222 220 124 310 130
Potassium (K) 16 40 1.4 18 18 11 25 12
Bicarbonate (HCO3) 16 735 122 329 305 174 450 160
Curbonate (CO3) 15 9 0 — e
Sulfate (SO4) 16 2,680 450 1,380 1,340 687 1,820 850
Chloride (Cl) 16 386 4.0 85 110 28
Boron (B) 5 1.6 1.2 1.4 1.4 55 1.5 1.2
Dissolved solids 16 7,220 1,030 3,080 2,880 1,610 3,950 1,800
Mg, Ca hardness as

CaCOs 16 4,000 480 1,610 1,480 986 2,000 950
Noncarbonate hardness

as CaCOs 16 3,510 296 1,360 . 1,300 969 1,900 700
ECinum i6 7,380 1,370 3,270 3,080 1,450 3,850 2,300
SAR 16 5.6 .6 3.0 2.7 1.8 4.0 1.4




Table 11.-Summary of chemical analyses of water {rom the Choteau aquiter
(All concentrations in mg/l)

Number
Constituent of Standard
or deter- Average Median deviation

property minations  Maximum Minimum ) (50%0) (s) 25¢; 75
Calcium (Ca) 4 248 128 160 160 51 215 105
Magnesium (Mg 4 30 19 24 24 3.8 27 21
Sodium (Na) 4 225 38 126 125 06 177 73
Potussium (K) 4 28 9.4 19 19 6.7 19 13
Bicarbonate (HCO3) 4 372 97 198 197 105 289 107
Carbonate (CO3) 4 0] 0 0] 0 0 0 0
Sulfate (SO:) 4 630 500 568 570 61 623 517
Chloride (CH) 4 49 10 30 31 17 46 16
Boron (B) [ 1.0 — .
Dissolved solids 3 1,320 1,140 1,220 .
Mg, Ca hardness as

CaCOs 4 718 400 00 £C3 127 574 432
Noncarbonate hardness

as CaCOs 4 492 284 358 368 83.5 433 303
ECinum 4 1,630 1,440 1,520 1,530 7] 1,580 1,470
SAR 4 4.0 .6 2.3 2.3 1.2 3.2 1.3

139
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Table 12.~Summary of chemical analyses of water from the Tyndall-Scotland aquifer
(All concentrations in mg/l)
Number
Constituent of Standard
or deter- Average Median deviation

property minations  Maximum Minimum (X) (50%) (s) 5% 73%%
Calcium (Ca) 6 293 108 172 170 62 210 130
Magnesium (Mg 6 43 20 35 36 1.5 12 30
Sodium (Na) 6 474 18 128 50 20
Potassium (¥) 4 22 6.9 14 14 6.7 19 9
Bicarbonate (HCO3) 4 281 146 186 162 110 176 148
Carbonate (CO3) 4 13 0 3 - e
Sulfate (S04) 6 770 260 520 515 202 650 380
Chloride (CD 6 119 3.0 36 27 38 15 39
Boron (B) 3 2.7 .9 1.8 e
Dissolved solids 6 1,840 65+ 1,210 1,220 428 1,520 930
My, Ca hardness as

CaCOas 5 872 450 609 600 151 460 740
Woncarbonate hardness

as CaCOs 4 501 230 384 362 71.9 387 337
EC th i 3 2,080 857 1,590
SAR 5 3.0 3 1.0 2 )




Table 13.-Summary of chemical analyses of water from the Niobrara aquifer
(All concentrations in mg/1)

Number
Cunstituent of Standard
or deter- Average Median deviation

property minations  Maximum Minimum (X) (50%) (s) 255 75
Calcium (Ca) 25 433 80 241 235 93 300 170
Magnesium (Mg) 25 129 19 55 52 33 80 23
Sodium (Nu) 22 384 24 209 2i5 118 3i0 120
Potassium (K) 22 56 6.2 26 25 9.9 35 a1
Bicarbonate (HCO3) 26 471 112 289 288 I1s 370 205
Curbonate (C0O3) 26 1 0 i
Sullute (SO4) 26 1,435 300 891 900 282 1,110 650
Chiloride (Cl) 26 235 6 53 38 61 60 15
Boron (B) 1 2.4 0.93 1.7 1.8 0.46 2.1 1.3
Dissolved solids 2 2,800 759 1,860 1,880 483 2,200 1,550
Mg, Ca hardness as

CuaCOs 26 1,610 300 827 . 820 349 1,040 600
Noncurbonate hardness

as CuCOs 26 1,230 156 593 600 308 8C5 . 385
ECinum 20 3,020 98s 2,160 2,180 515 2,510 1,850
SAR 2 8.6 .5 3.8 3.8 2.4 5.3 2.2



Table 14.-Summary of chemical

anal
Adlewas

(All concentrations in mg/D

yses of water from the Codell aguifer

84

Number
Constituent of Standard
or deter- Average Median deviation

property minations  Maximum Minimum WX (50%) (s) 25% 75%
Calcium (Ca) 33 344 10 &0 126 18
Magnesium (Mg >3 67 1.0 1S 26 6
Sodium (Na) 30 494 i3 356 3548 1n: 416 297
Patassium (K) 33 55 1.4 20 20 11 6 14
Bicarbonate (HCO3) 33 501 66 329 323 113 403 203
Carbonate (CQs) 33 67 0 12 i9
Sulfate (SO ) 33 1,550 44 410 650 80
Chloride (CD) 31 420 3 174 180 142 293 65
Boron (B) 2 2.1 1.1 1.€ voaee
Dissolved solids 33 2.360 340 1,360 1,330 472 1,650 1,010
Mgz, Ca hardness as

CaCO» 33 1,390 37 296 500 64
Noncasbonate hardness

as CuCOs 33 1,180 0 172 240
ECinum 32 3,000 581 7,030 2,090 165 25350 1,640
SAR 31 30 4 15 16 9.6 21 10

- - R e -



Table 15.-Summary

(All concentrations in mg/l)

of chemical analyses of wzter from the lower Dakotz aquifer

Number
Constituent of Standard
or deter- Average Median deviation

property minations  Maximum Minimum (X) (50%) (s 25% 75
Calcium (Ca) 24 415 206 315 320 73 366 273
Magnesium (Mgz) 24 82 19 2 54 18 66 42
Sodium (Na) 23 202 42 101 102 34 22 82
Potassium (K) 22 22 14 19 19 1.8 20 18
Bicarbonate (HCQa) 23 205 97 147 143 26.3 164 126
Carhonate (CO3) z3 8 0 0 ¢ 0 (] 0
Sulfate (SO4) 24 1,450 338 890 899 240 1,050 8949
Chloride (C1) 23 160 57 113 118 36.0 44 91
Boron (B) 3 2.8 1.0 1.7
Dissolved solids 23 2,230 1,210 1,780 1.830 364 2,130 1,530
Mg, Ca hardness as

CaCOs 24 1,330 520 1,010 1,010 246 1,170 855
Noncurbonate hardness

as CaCOs 22 1,200 525 868 880 77.2 1,000 760
ECinum 19 2,650 1,510 2,040 1,540 378 2,320 1,720
SAR 17 3.3 A 1.4 1.4 .6 1. 1.1

6S
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similar quality of water from wells that are finished in these aquifers at locations in
Township 94 North and Range 60 West,

An apparent chemical anomaly exists at the municipal well in the Codell aquifer at Avon
where the hardness of water is considerably greater than the hardness of water in the Codell
aquifer from nearby wells (Jorgensen, 1968). Increased hardness of the water at Avon is due
to mixing of Dakota and Codell waters. Dakota water, which 1s under greater artesian
pressure than Codell water, flows into the Codell aquifer through a rupture in the casing of
an abandoned Dakota well. Many other cases of water mixing as the result of well-casing
failures exist in the county, but the quantity of water involved is not as large as at Avon and
the etfects upon water quality are probably very localized,

SUMMARY

Water from Lewis and Clark Lake and from the Missouri River is suitable to use for
irrigation, domgstic, and stock purposes. The water has a low sodium hazard and a medium
salinity hazard, and thus is suitable for irrigation use in soils with only moderate leaching.

Quality of water in Lake Henry is variable, ‘This variation is seasonal and is due to the
processes of evaporation, transpiration, freezing, and dilution. Because the water has a high
to very-high salinity hazard, it should not be used on soils that are not permeabie or well
drained. The water is not recommended for domestic use because at times it is very high in
dissolved solids; however, *lie water is suitable for stock use.

Limited information about the quality and quantity of the water in Choteau and
Emanuel Creck indicates that the mineral concentration decreases as the rate of discharge
increases. Water in the crecks is, in general, unsatisfactory for irrigation at commuonly
accurring low flow rates because of its high salinity. The walter is suitable for domestic and
steck use; however, at commonly occurring discharge rates the concentrations of iron,
sulfate, and dissotvad solids may exceed Federal drinking water recommendations.

Water from the alluvivm gind the shallow outwash aquifers is wied as stock water. Wells
finisned in these aquifers yietd water at rates of 1 to 10 gpm,

Till-aquifer water has a low sodium and a high salinity hazard; theretore, it is not suitable
for irrigation under ordinary conditions. The aquifer yields water to wells at most locations
at rates of 1 to 5 gpm, Most of the water is used for livestock.,

Available quality-of-water data for the Tyndall-Scotland. Choteau, and lubonmix
aquifers indicates that these waters have a low sodium hazard and a high salinity hazard.
Therefore, the waters ave suitable for irrigation on soil with good drainage. Water from these
aquifers is largely used for domestic and stock purposes. Properly constructed wells tapping
these aquifers at locations at which the saturated aquifer thickness is more than 50 feet
should yield water at rates in excess of 100 gpim.

The Niobrara aquifer can be expected to yield water with a low sodium hazard and a
high salinity hazard which is suitable for irrigation on soils with goo:d drainage. Yields of
wells that are finished in the aquiter range from 2 to 100 gpm. Sites at which wells might
produce more than 100 gpin can probably be found by drilling and aquifer testing.

The Codell aquifer yields relatively “soft” water which is w dely used for Jdomestic
purposes. The water has a very high sodium hazard and a high-salinity hazard and is
unsuitable for irrigation. Wells finished in the aquifer produce water at rates from 2 to 100
gpm.

The upper and lower Dakota aquifers yield water which bas 1 low-sodiunt and a high
sclinity hazard. The water is suitable for irigation on kind witl: goud soil drainage. Properly
constructed wells tapping the lower Dakota aquiter could produce up to about 900 gpm,

Water suitable for domestic use can be expected from wells tapping the Choteau,
Tyndall-Scotland, Niobrara, Codell, and the upper and lower Dak ota aquifers. [owever, all
the aquifers can be expected to supply water that has concentratic ns of dissolved solids and
sulfate in excess of those recommended in the Federal drinking water standards.

Water front all aquifers sampled is classified as satisfactory to excellent for livestock.,
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£ Ked Eeport on Test Dralling

Pende 11, Soat [Dakoeta

Crentlenen:

T et

PR she . . )
Under contract dated November 28, 1860 Lhetveen the ot af Ty odall 7oy the
’ . P

Fayne-Minuesota Co,, we havce drlled a serrea o toay poles e the oateash
area of Voranuel Creck which lies approxroately 3 to & reitea soothacest of

LS

Tyndall, * Five teat wells werce drilled, the approxiinate Iocation o chich fy

‘ ‘ahown on the accompanying location map, Teat Wells &1 o2 ynd 85 were
ton ('ll'rlrif ](ww.'d NG} fu"vv.u( ur samples sub. M ted to nu-;' 1ty analveey,
(-r.tru' Xu, was pot ran on Test Plolen 3 el &1 and lmn: Atery apralys
we rahol run oa Y,.nnp\rn therelrom, Touos of all test o ciin are aftached, to-
.+ anther ".'llh‘l'ul‘l’f s;:c lr-gzﬁ of '_h ee of the vells,
Sieve tegts swere run on \‘, px. al rample s fron: the test wells, and floa toeets
\, Nyere run an tlmr" typical samples which wvoold be bele s the purnmng level o
. a p"'."'llll “‘L w'-' ‘nL that g:te, . The electrie loe aas gied as an aaditionad goade

in a.-i('ct\m et hrnnpvu-w to be tegted an the lahoratery,  Daboratory Report of
. \ i

Sieve \ndl\'ﬂ:-i for savples from. ;"B tHolen 41, HS ean 4% are attached,  The
. wide variatiovsio o ritiezl sise of the sarple materiat o ditfereat Tesels sndi-

cotes thepwidely varying conditinng nnder u! achabe catevaay and aitvvinm was
‘(Iv:positc(l. Because the inedian aize of all sand sampies vires fran L UORY to
o023 in tive test heles Arilled, s obvioas that preat aare must be taken in
t! e dcﬂ'yn aud coustraction of the perimanent we H to aganse atabitity,
‘a,“_ S R PR

{ M PR
M”/' -

ERer ) ¢ Y

Fluw tegly oo re Fan o 'iuuplv'"",r;)m Test Welty !tl. €2, aed 5, Oroalpoing

20 wells wuuld ht' pussgihle ot those siter With ranue fropreiniie copavitiedisgs
ﬂh(w.z\ CHhe capacite figures do notanelude weli fossen ovd arara NUean s e
<

n\“ n'lln l.m)ludn, 1o in tice n-.'!!.- k2 ‘l'!ll“‘ o vu' take inteoa ongste pation the

trru "'sma:bxht Aot the veere ('i ferm ativrfor effects o boarderivs snicn

2 )
A
ino (m)‘ e eptebdined by actaal pumping tent fin o TEOUTN e o boneetepably
(\ water ey .l mnasorementa it veo, ur Cnnre (rmr Svabion e R ’
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il v
. o
)':'Q'.hlb'.(‘ Caprcity of welin
Tent Yals il - MG 0 S22 g, pon,
"Test 1{ole f(.,, - B EAN IR L TR TR ST
' 1)
Teat Holo 45 - 555 tg Y5 wonom,
S 7 | 5 \ S
Ag stated hv{nr'_':, the abuu- fipures do n()l include —cell formatien icsaesn, ,
There are, of cource, h.nu)n errors in sdmooling and testing hich are net :
subject to evaluation, //I"‘m ahove fypares da, hawrver, pre 1 goot picture
Hf the camparative predection abititien of produciog ve’le at the siea indr-
’ N . . .
cated and a fair }mm. esaluaticn of the well capacitics el can be Zuticipatod,
. .,_J‘ u \ .
N / - * 4
All C.ll("ll.lll(vn‘a of/capacity werc inade on basis of & gra. el Gall W7 diameter
o surromtidmg a 12 ’/H aneter g roen cwith flov rate lese thon the Celovity which * H
would cause tarbidlent flow.  The tength of the sorecn and lepth of gcreen AL
settiog are such an il obtain maxiinoun produacing corpacity of the well with
N LN
allowances for calenlated drawidowa, :
i i | Length o Sercen epth
B N ..", . -
P : 0 Teat Hole 4 300, BRI TR N I , :
NI B - . - . oy !
U e Test Hole 2 L 100 o 1ed
‘ ’ Test Hole 45 , 30 It 110t e i 1
¥ ) '>
h Yoy : . - o {
SRR IS Becauee 'of the extremely fine san-d ahich is cnccountered at ~avicus tevels in ,"
. i ’ : . :
: the test hnlf’s, it is recommended that the dJouble gravel filter tope will bhe
' B v used fnr permanaent well junti Uations, Water pisnplea froen the test holes i
{:l: Ll showed: rongiderable Aamounts of yron. Tron, in corbinatiog with the valts in . '!
[ N i . . .
“3 hard watera, cae present mointenanse ot tlow probicoa ~specially wells !
R . oy . . i
. pumped at high capacily.,  The rete of plugging is 1o nreps ~tion to the amouat i
L of fron, the pll and aldalinity o the sater and the velocity theeoph th - formation, '
; ‘ pravel pack and screen, I taurbaient fiow ie attaineq, the rate of ohoaging in- .
; { credaes with the shuare of the orlocity. Thus it is ehoicus that as t rae
, Vi depositions are mads the voide are reduaced i size, the sotocity ine cased
. and the rate of plageing aceeleaten - 4 viciong eycle, Aag g vell gla g it he -
';”\ii; comed increasinply difficalt to imducr eleaning materials thianel the sereen,
: N ‘ ’ 13 H : .\ -
‘ Lo Acids  polyphoaphate, clidorione and other well cleaning solationa follow the N
L o palh of leaat vregirance ami de not reach the areas where ne dedd mnat, s
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{5 < 1'
v We, therefore, recer anead thit 3 treatment cofl of wnt-cnrresive rwatevial ,
‘ be in(ah\lln( atouat the ‘ell Teagth of the screan in the outey pe rimeter of the ?
Cgeavel wall, 'Hlu-' will provide g meann to zpply chloel e and well cicnuing *
" solutiong 1o the nuter wal) ol the gravel pack withaut vemaving the manping '

equipment, The enae with which the aperation cou be purtorned will be con- {
L ducive to maintenancs of mpximum pecific capacity, , o
. ' ' |

y .

Reccemimended Sp= cifivaticnry

'
iy

e e, -

The '.onnwmu ﬂHVJ_’.‘.‘sl'\.‘ apecifications covnr our recomenendatio e foe the

xPL'Jmancnt well, or weila, 1o the Fraapusl Grasb oatwineh area:

-'t,.,.‘{‘\tn opsn hole 34 in‘n.‘xf’s in diameter shall he drilled from-the
Hu rfacc to thrn'-ib‘\ the water-hraring formation sntictpated at a wetal deptn of
o ft. . The well may be drilled by any atandard drilling methon, Cf
cable teol Nluipmrn. in usrd, the casinge shall br reranved ag the graved wall .
and permanent casing is placed, and shall remajn the property of the Comtran- I
tor, 'l'rmporary casinga, if used, may uot be teftin the well,

L I

the prrmanent,

LY
outer casing must be coementedd inlo native material by fittiag the acnuiar apace

betwaen the temporary and peraranenat casiog with cocent grout a8 the trmpo-

rary casing is removed. Graveling between the temperary casioae and the ‘:
sereen and jaoer raving shall be 3 progreesive oprratien wvith extreome care i
being um'd lo praveot aloaphing of the native fnrvnalmn :{
If rotary or reverse rotary method {9 used drilling flaic wil) be Lept at a minl- %
B U’ mum epecific gravity. and commercial Arilling L\-l:yya, if uned, ahall be of the "
B A thin caking type easilv remavable with detergents and/oar wetting agenta, The }
‘<‘a S Contractor ehall be prepared to demonstrate theas charactesisties to the satis- {
- ‘{ faction of the enginzcr. !
Q Y ~After the 34 inch diamceler hole vs drill=d, the 12 Such diamnetes sceceen, inner !
; l '  casing and treatinent cotl with riner to the aurfeie hols rhall e wloced con- ‘
L centric with the 34 diamete ry o donble grivvet woll trnatled bt the b tie oy .
. grading froin “!'l‘('. ae-et 1o the formation to coarse pest 1y the qcreen,  Fhia ™~
e double wall ef ¥ ter prac~l may be placens by prefotmineg vne cagres ey .
A - material on the scrren before lowering in the cvell, or b vae of a 2ivi ey . X
*i - castug which nhall ke withdrawn an the gravels ave pinerd, g
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. . The graveling zhall be conticusd from the botlora to a poivt It [rom

the surfece ot #hich Mine the 24 dnch dlameter pereian ~m vrlar caring ahall

i be Installed and cemzated dnto the 34 Inch epen hate jor e cutito tength,

L Ballant gravel will 1hn he placed between the canlngs to the surface, k2
~ . . \-,»;‘V:_;;, : . L ,J‘ 5 t . : "
. ' Casing - The outer cazing 6hall be 24 inch outelide dirmeter Sohedule #20 with N
".’;‘J.» : 375" wall and shall walgh 94. (2 Iba, per ft. plain end. The inn~r caaing shall '

ba 12-3/4 inch outnie diamcier Schednle $40 wiia | 31757 will and ahall weight
19,56 Ik, per ft. AL eaaing ahnll be platec end for fleld batt werlding,
’ at"{f’.i‘u ) “/x“'-‘ H:\';“! o ‘%'J"" o
Seyeen - The wall pe

A . ) C o
reen ehull be of the abutter type

~ith horivontal shatters
ﬂ oo designed for gravetiwail type coustruction. ™t ahall be minivuun 12 fach inside L
U ‘:4‘35‘;?';tllan\\:lcr and formed from No. 304 ntai.'xlen\' \"’"'l.\pla'.r'“lwith oo metal removed,
i 0 The screcn ehall have a yizla etrength §n axg A 60,000 pounde with not .
{* o cmorve than 0.2 parcent permanent deformatic A with openings no less than
5. .085 inch, © )
- 2 iyt R . : . : : K ‘ ‘
[Lr\ S Gravel .~ Gravel fur the gravel wall well shall he quarts. and shall contain no

“miere than two percent (23%) calefum, The pravel io caotaet with the farmation
shall bhe aixed to withhole 90% of the vative material,  The gravel next to ths
'serean’ghall be pined to sithhold 100%, of the outrr gravel, In no case ahall

= the nleve size which pacrea be more thau donble the sicve sjye which rataine

the filter media.

1

. o o
A

it Cemanted Can\ug‘ -

I

L
= The annular apace hetween the 34 tech dreilled hale and
L the 24 Inch porn-inent casing ahall be [Hlled with cernant fprout for its entire

length, Cement must he placed {rom the bottomn up Lo the surface by pumiping -
axr by conllnuour tremie,

s irw e
TR ey T e T T

ity

l ’ Well Test -~ After the wall has becn cotnpleled, cleared and completely de-
o veloped a vertical turhined derp well taat punp chall be {estalled and 1 tont

run. ' The well teat si:all bhe conductad for » peried ef . hours with

readiugs taken by a representative of the Cantractor ant te ergineer ovapy
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, s Well to be diilled 34 inch dineter taongh the

bod --—-2-34 M. gooe B3 ‘ ‘ N
; { formation o he ',L'.t!('pwl :z:n!lr\pah'(’. ab on appron-
‘la-Jdodn -~ o : 5

I‘f , o nete depth of 160 0

rl J_"l j\ Sereen o he seb oppostte Wt v i sty cong-
. ) centric with open hole with blimb casme evtendme to

i ‘ . , ¥
‘~, 1ot the surtace. Graded grnet to be pampet anto place o
: | ‘ . {4 .
‘ : fovm o gravel filter about the cercen aael o 100 {4t
A - .
-~ et
! ta fronn the surlace .
i = i
! ' Outer casme 34 inck diometer to b gronted in
., open bole nd ey elhuy comtinned Between casines to
i ., .
, i the surbaee.

Miteiind

o

G 100 feorab 24 el dumeter steet pape

} ' p V10 Lot of 12 e dhaeetor ateel pipe
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Gravel feed

Ballast grove! to surface

nrasn

Lt

i

Shutter screen

Cchemical feed

Riser

<&
GRAVEL WALL WELL
with
TREATMENT COIL
Well to be drilled by any standard method
to provide large diameter hole completely
penetrating the water bearing formation. A
coil marde of non-corrosive tubing shall be
placed about the screen with riser extending
tothe surface priorto placement of the gravel
wall, The bottoin end of the coil shall be
closed, A seriesof properly sizedand spaced
holes shall be drilled in the coil to provide
equal .ribution of treatment liquid to the

extremity of the gravel wall,

Orill hole

Surfaca casing
_Treatment coil

Riser for coil

~.Screen ard casing
Gravel wall

C\(,()or,a'l.lgrqnn(f\a)afnrgcbc/oﬁurl
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Shutter Screen

The basis for an efficient, economical well

The purpose of a shutler screen is to permit the
free flow of water from water-bearing formations
into the well proper. The screen retains gravel
which, properly selected for size.prevents in-flow
of sands.

XWANAANANANN

0 e,

The use of fine mesh sand screans effectively
holds back sand particles but correspondingly re-
duces intake of water, drawdown is greater, pump-
ing head is increased and averall pumping costs
tecome excessive and impractical.

Coarse mesh sand screens simply swap these
problems for others, as they permit sand seepage
and continuous screen abrasion. The result of
constant abrasion is an eventual failure of the
screen,

Layne Shutter Scrizen construction provides extra
failure resistance without additional cost or loss of
opening area.

The Layne gravel wall well using the Lavne Shut-
ter Screen results in a weli which operates efli-
ciently and economically.

Optimum conditions are achieved by the use of
the proper screen opening. properly selected and
sized gravel, to form the gravel wall (or envelope)
—see illustration—providing much greater con-
tact area with the water-bearing sands. and in-
creasing the efticiency of the well.

This produces the most efficient type of well, guar-
anteeing maximum water production at minimum
operating and maintenance costs.

-
LIERG

This method . . . conceived, pioneered and devel-
optd by Layne, has beer. imit~ted and copied, but
never equalled or surpassec.

4@ CROSS-SECTION OF GRAVEL WALL WELL
WITH THE LAYNE SHUTTER SCREEN IN PLACE

The Layne Underreamed Gravel Wall Weil, using
the Layne Shutter Screen, is the most ellicient
ground water producing unit in existence.

The waler-bearing larmation is underreamed alter
the permanent upper casing is set in place. The
screen ol the proper diameter and length is cen-
tered in the large diameter of the underreamed
hole. Selected and araced gravel is placed about
the screen, resulting ;= a qravel envelope held in
place by a long-lasting screen, designed to allow
the maximum flow of water.
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Unsurpassed Construction

The Layne Shutter Screen is a product of Layne's creative
research and ergineering. Years of development and field
testing, together with new materials and methods, make this
the most advanced scteen available today.

The superiority of the Layne Shutter Screen stems from its
simplicity. This screen is unique because it is made com-
pletely from one piece of cvlindrical stock. Nothing is added
—nothing is removed.

The openings are die punched into the walls of the cylinder
by a special process which incorporates the cut pottion into
a vita) »nd integral part ot the finished screen. This cul por-
tien, the louver, is expanded and extended—upward and
outward—forming an arch over the opering, cf which it
still remains a continuous part. This construction feature
strengthens the screen and affords protection to the open-
ings during graveling and developm :t of the well.

There are no “separate parts™ to the Layne Shutter Screen.
There are no wires welded to rods to initiate corrosion. In
fact, there are no rods, reinforcing bars, buttons, or wire
lugs to become loose or to interrupt water flow. Louvers are
shaped to create an upward flow as water enters the well.
This bridges gravel away from the mouth to allow a liee area
far the full extent ot the opering and provides a reduction
in entrance velocity. The gravel wall makes possible the use
of larger openings, thereby increasing water intake. The net
result is less drawdown, reduced total pumping head and
lower pumping costs.

Materials

Because waivr conditions vary and corrgsive propertics may cause injuty
to standard metals, Layae produ-es chutter screens inoa variety of ma-
terials, each having a specitic innunity to particular corrosive agents.

Stainless Steel—AIS! Type 304 (18-8), hot rolled. annealed and pickled.
No. 1 finish, Composition: 18-202, chromium, 8-12°, nickel, 2°0 manga-
nese and small amounts of carbon, phosphorus, sulphiur and silicon, This
type ol stairiess steel 1s very resistant to all cotrosion ant. 1s recom-
mended when unusualy severe conditions exist. No type 304 Stainless
Stect Layne Stutter Screen has ever latied from corrasion in any Layne
Gravel Wail Well.

Ammco Non—a urilorm iron ol tgh chomcal purity, temarkably tree
from tust-proccoting  progettes. This freedom Trom imputities insutes
QIroater 1esis1ance 1o tust ang cortaricn

Everdur—--an ooy contimng epproximately 9 s pure copper. 1%, man-
ganese and 3. siicon The strength of s alloy approaches that of
steel, yot Fac gl e corrasien-rosisting properties of pure copper. it has
dotenste strenagth and elastic hnt equal to tow and medium carbon stecls,

tlonel Metal (Speciat Orderi-—~Typoe Noo 25, cola rolled. ASTM Specifica-
tion B127-411, Crass A Compostton: 67 nicke!, 30% copper. 1 4°:
ron 17, manganese and traces of siticen. carton and sulphur.

A aripg ha
Wl n;'.&iﬁ‘?.ﬁ the. &

AN RTIEVININS

All seams ar { joints (in assembling field sections) are electric
welded. The  eld has vrusus! strength and resists shock and
cofrosion.

ey —

Heavy power presses cut. stamp and form louver openings in
the shufter screen. Precision dies mainisin uniformity of open-
ings. ang:c and curvature of louvers.

(R "

Layne shutter screen is made In uniferm § foot lengths. These
aty welt'ed tagether in 10, 15 or 20-too! seclions for proper
ticld lenjih.

pr v
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Shutter Screen

for water wells

Sizes

Layne chutler tcraens come In a varlely of standard lengths and dia-
melelrs Iclioslgned to 1lll Individual well design requirements casily and eco-
nomlcally.

Length: Sectlons § It, each. Assembled and deli,-red In 10, 15 and 20 1.
field lengths.

Dlameter: 6 inch minlmum; 48 Inch maximum. Larger sizes avallable on
speclal order,

Jolnts: Butt band welded Into fleld lengths for welding at well sie, screw
coupled or siveted far joining fleld lengths, ate also avallablc., .

Louvars are made by die punching rows of openings in a cylindricel tube
of tha required malterial. No materlal Is removed from the cylinder. The
louvsrs are pushed oulward and upward, forming sn arch. This provides
added stiength as well es alording protection to the openings during
graveling and well development,

Advantages: Unilarm Louver openlags oller lower Inlel velocitles, in-
creased water Intake, teduced pumplng head and reduced drawdown.

World's Most Complete Water Service Organization

The L.ayne organizaticn Is first In the jield—because
over 75 years of pione2ring and !eadership around tha
world have provided on-the-job experience dealing
with every water problem known to man.

Layne and its assoclate companies offer complete wa-
ter service, from initial yeological studies through drill-
ing, well and pump installation to service and malnten-

ance. Back of this cervice Is the Layna Research Divi-
sion, constantly deveicving new methods, tetter ma-

aerne

2 -

JaC AR,

layne & Bow!sr. Inc.

General Ofires and Fartory, Voonpho s Terer 0cs

Layne Asscaates Corporo s Theoughont the \Worlld

terials and grealer economies. The services of Lavna
Research are always available to Layne customers.

A completo staff of hydrologists, engineers, consull-
ants, technicians and field crews are avaiable lor any
phase of ground water deveinpmant.

LAYNE SERVICES DO NOT REPLACE, BUT RATHER )

CO-ORDINATE WITH THOSE OF COMSULTING,
PLANT OR CITY ENGINEERS.

BULLETIN 930—PRINYED N 1.5 A. 21aM—11/89
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[ AYNE - MANNESOTA - CO

FIELD REPORT OF TEST HOLE

— s

Moma of Job CITY OF TYNDAILL Test Hola No. !

Addrese Tyndail, Scuth Dakota Depth 135!
__ Date 1/3/62 - 1/4/62
1LOG PERMEABILITY DATA
) Sample {Hydrometer | Fluid Loss

From| To Material Token | Reading inches Remarks

0 | 9 |Top roil & lcarny cl.Jy .

9 15 |Sand & gravel M-F | . | _Soft

15 25 [Sand % gravel M:F ) Soft
25 35 |sana fine grnvel M-¥F Soft

35 45 |Sznd, gravel M-I | Sofi
_45 | 55 |Sand, grivel M-F | . Soft

55 65 [Coaree rand, grave M-r Soft
_ 65 1_75 |Fine sand | . h:?.”.f.‘.!__‘*'“‘”"fl_.zf clear

15 85 |Fine sand _ o Firm, clean & cleav
a5 95 |Fing aapd__ . F'irnn. cleao & clear-

95 | 109 |Fing % corrne sand Clcan & brownlsh

100 110 M. to F. 2an: Clean & hrownlel
319 1116 1M ta K, _rand

. Clean & brownish
116 {123 |Dluish G, Clay Hard bluc gray
123 | 124 |Clay & 2andy Softcrf;;";'g;'

P,
124 | 125 |Glay & szncy Sof!crjlélruay
L, —— nie
125 | 130 |Clay & raudy Hard/gray

130 135 |Clay & nandy | ] ) Hartd blue Rray

Size of Pit: Length__.f____f1. Width 6 fi. Depth 4 f1.
Statiz Water Laval —_______f1. helow ground lavel, Diameter of well _21.2/8 _in
‘Was well pumpad ——_—— Yield _______ g p.m. Waler sample

Depth of screen zetting —— ¢t Size of gravel used —_

Date 1/4/62 Arillar Jarry Bonrall

A
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LAYNE -~ MANNESOTA  CO

LABORATORY REFPORT OF SIEVE ANALYSIS

Name of Job CITY OF TYNDALL Test Hola Mo. ___J_
Addrass Tyndall, Scwth Dakota Depth of Sample 15 - 25
Date
Largaest Porticls
Recommandad size gravel in o in.
Remarks
Tyler Standard .
Screen Scale Sievas \’\’elqms Or“ or Total Parcant
J3 or 1414 Batween Siavay
I ' .
LNE C:r;]\g;\::r;q tesh | Grams Percaent Qn Passing Remarks
263 3 1 .5 .5
6 132 5 19 3.1 A, 6 _
8 093 3 | 3l 13.3 | 719
12 065 10 29 12. 4 4.3
16 046 I 4 34 4.6 ). 48.2|
cO | 0328 | 20 30 1.3 Al [
30 N232 28 0 15.5 8o, 1
40 D164 | 35 | i1 11, ( 42,3
50 O116 | a8 10 4,3 96, §
70 .00 .3”2“ ) 56 2 - 28|94
100 | _.005%8 | 160 2] .8 9, 2, .
2Q0 0029 | 2C0 3 1.3 99.5 |
- | S SRS IO - o
Fon | 0000 | Per § | ecjten.o) .
b el s e |

b -—

Gosple ofained by -~ rolary undar pressure, cakle teol, coissan rig

ey

b TSIy e PRI Dy

foet ity o e boaz Test by,
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L AYNE - MINNESOTA  CO

LABORATORY REPORT OF SIEVE ANALYSIS

Namo of Job CITY OF TYNDALI, Test Holo No. 1
Address Tyndall, South Drketa Dapth ot Sample 25 = 40 __
Date
Largest Particle
Recommended sizo gravel in. to in.
Remarks
Tyler Standard ,
Scroyen Scolcdgioves Vioights Or.‘ or Total Parcen!
/3 o 1414 Balween Sievas
L:\E; Oigéa'ansq thash | Grams Parcont On Paesing Remaorks
263 3 1 .4 .4
6 132 6 28 12. 5 12,9
8 .093 (3 41 18.3 31.2
12 | .065 10 32 14,3 AR,
16 .046 14 21 9,4 54,9
20 .0328 20 18 8,0 62,9
30 0232 | 28 19 8.5 71.4 _
40 0164 [ 35 26 11, 6 83.0
50| 0116 | 48 23 10,3 93.3
70 .0082 65 9 4.0 97.3
100 .0058 100 2 .9 98,2
200 0029 | 200 2 9 99, 1
Pon .0000 Fon 2 .9 | 100.0
Total 224 100, 0

Sample obtained by— rotary under pressuro,cable tool, caisson rig.
Pcrogity % Pormeability

Tost Driller LLob. Tast by

Dotla




LAYNE = MBINES O C)

-
LABORATORY REPORT OF

CITY OF TYNDA Ll

SIEVE ANALYSIS

-y g ——

Hame of Job “Test HoloMo .

Address Tyndintl Sevth Dadvela ______Dapth of Sampla 49 60_
e e Dats - —
Largest Farticla e
Racommanded tize araval — in. fo - in.
. Remarks —
L T Tylar Standaord Waichts On r T o N
Screan Scals Siavas Datvican § _'“ o Tolal Parcent
{ V2 or 1.414 Lt
- l}{gg qgg;:;;q Mo | Grama Parcent On [*azsing Ramarks
| ' . . X
= .263 3 } V5 L5
e 6| 132 6 13 8a8_|.___ 70| ;
- 81 093 | ol s | vl aealo |
12 065 10 21 12,7 39,6 l__,
16 .046 I4 23 0.8 ] 5o 4 .
20 0320 2 20 7. 4 59, 8
g 30 0232 | 20 21 9.9 02.3.
40 01864 ] 30 | 28 12,5 02,2
i 50/ .0116 | 4n 21 3.9 | 921
70:] .0002 | 65 10 4.1 260
: 106 00468 1100 3 1,4 90,2
.- 200 0029 | 200 A ee9 99.1
o Y .
Pan 0000 | Pan 2 .Y 100,04 |
Yolal 100, 0 | .

Sampla obtainad by — rotary undar pressure, cabla tagl, caieson rig.

Paroeity % Parmsaobility

Test Drillar
Nate ... ...

l.abh.

Tast by

-

Dote oo
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LAYNE = WNINESOTA - CO)

LABORATORY REPORT OF SIEVE ANALLYSIS

Mame of Job CITY OF TYNDALIL Tesi Hole Mo, !
Addrass Tyndall, Ssuth Dakota Dopth of SamnnleP0 295

=Dan

Largest Particla

Racommendad gize grovel in to__ in.
Ramarks
Tylor Smndorvd od o
Scraan Scals Sizver \{;‘I{ﬁ:: O.':'. _L: Total Parcond
2: or [ 414 stviaen Sisvea .
= .
L:“; f.')igg;:;nsq Meeh | Grema Percant On Fazsing Remarks
263 R} 1
6| .132 6 |
£ 093 8 3 1A 1.¢
12 065 |10 4 2.4 |4
16 045 | 14 6 3.5 1.7 )
0 0328 20 9 - 5.3 13,0 L
30 | 0232 | 28 | 43 b 20.6 |
10 Oled 35 z 14,1 4,7 ~
50 K IRA: 18 40 23,5 58.2
70 0082 65 | 39 z2.9 a1, )
100 0058 1100 | 22 12,9 94,0 |
200 0023 [ 200 | A7 98.3
Pon | 0000 | Pon | = 1.3 jaeeo | -
Taota 170 166.0 N D

Samole oblaginad by — rolary under pressure,cablo tool, coisson rig.
Porosily % Parmoabilitv

Tast Drillar e o — bLob Tast by . ____ .

DY D o e e e e e e DO O e e e e e e ———



LAYNE = MNNESOTA O

LABORATORY REFORT OF

——

SIEVE ANMALYSIC

Namo of Job CIIY QF TYMDAVL. .. . Tast Hala No.

L
Addross Tyudizll, 5:'.:‘!.‘.;_1.’_\‘4'!‘!’&.__._“-_L‘:pfh of Jamele 22~ L4
——Dste —
lLargazt Particle
Recommended size gravel in. 1o in.
Ramarks
ar Standare .
Sc;y(:nrstinc:'adg;:vca \'I‘alght!. On or ] Total Fercont
V3 or 1.414 Gatviean Sizves
R '’
1{42 O”'::R:&q Maih | Groms Parcent On "GHYiNg Retnarks
263 | 3 '

6 132 G 3 1.5 1.5 | .

8 .093 g @ 4,3 _\___ 5.2\ .

12 085 1C 32 17,0 22,81

16 046 14 4% 24,5 A7.3 4

20 | 0328 ; 20 37 19,1 67.0 |

30 0232 28 15 e.0 | 15,0

40 0164 | 35 S 4,8 7981

50 0116 | 48 11 5. £5.7

7Q 0082 | 65 13 ) 6.9 | 92.6

100 005h8 ...I?O - 3 4.3 97,4 L
200 | 0029 |200 | 4 2.1 99.5 | _

Pon | 0000 _|Pan | v | s | oaeoe) 1
. Total | | 188 | 100.0

Sarmpls obiained by-- rotary undar pressure, cobls ool caitson ria

Porosity _ emeeeeh Parmeability. .
Toaet Qrillar ... — lab. Tast by o
T VUSRI b 11} 1, SO

e e ae s S ——— ———————
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LAYNE = MANNE ST A CO)

o

FIELD REPORT OF TEST HOLE

- T o T A, o P oy € P s e o e e s S —

——————

Mama of Job._ CITY OF TYNDALL - Teat Mol Ho oo 2
ASUrans o oo byndall, South Dakotn _ Dorth..__ 1089

-y

T . Dafe.__ 1710782

N — 1

LOS PERMEARILITY DATA
Q o = ;
From| To kialarial J{:},g’n{) H:;;rg(rin‘iiﬂrr F“;;,c::hl"c?ﬂ Remarks
O 15 | Sand, gra.'.:::! 17 i o "“MD::“_“”“N

15 29 | _Sand, finec | LDyy - r,
el ) X5 Sand flrer : —— __Dry = fie.

35 45 | Eand ] S21t clean (w)

45 50 _._‘!Bnd, finer Soft - PR,

50 55 ] S5and, cearse A Swft - By,
.55 60 ! Sand, conrun ' _ Soft - Br.

60] 65| Sang, cerree A | Soft - Br.

€71 701 Sapd, gearse ‘L I [ Snft - Br,
IR T2l ganA. eorres — — — Scefv = R

75 00| Sarvd, ccarse Scit - Br.
. _80) 85| &and, fine _ { Salt
bRl 20) Ssesd, _finc . | Geit = Yhlte

0] 35] Sand iive Seft - White
=A51.2Q00 Sando Sing - ___Sojft - ¥ihits

1901 105] Sandg, fluc Soit - White
_105) 119] Sand, iin2 Soft - Yinite
JJAQ_US) Snnd. fee Soft - \hite
~ABL JAUL Sandd, fins — . J_.. o J__Saft - vhite
_IR|_125] Sang, line - ) Seft = White

1250 1301 Ssvd, fine j ___._L_‘_. Firm - Vihite
Size of Pit: Length.. 10 ____  ft. Width 4 f1. Depth 3 .
Qtntic Wotse Lrval . . halevs grpend laval Diometar of well __7.7/8 __in
Yovse MLl PUB e e e e maa e e S R R UIT Y PRI 1153 1 1 S A U T I 74 -,
Depth of screen setiing 183 ft. Size of gravel used

Dote

1/18/

2
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Name of Job

Address

TYMNRALL_ULTY OF

Tegt HolaNo o —2————
T\,cndr.ll._&rJ.t.\an.katn_.._._..Dapﬂ\ of Samplg35 =60

Dats

Lorges! Parlicle

Recommended size gravel

Remarks

—in.to

Tylar Standard
Screen Scale Sieves

Waichts On or
Datweon Sicves

Total Percent

V2 or 1.4i4
UN?): O.lggmnsq Mash | Grams | Parcent | On |Posaing Rsmarks
263 3 3 2.4 2.4
6 132 6 19 15.2 17.6
8 .093 8 12 7, 6 212
|2 065 10 1] 1A 16,0
16 Q46 14 10 8.0 44,0
20 0328 20 ] 5.6 49.56
30 .0232 20 6 4.8 54,4
40 0164 35 8 6.4 60,8
50 Ol 6 48 13 10, 4 1L.2
70 .0002 G5 18 4.4 | _ARLAL
100 0058 | 100 13 10,4 T
200 0029 200 4 3.2 99.2
Pan .0000 Pan 1 LB _100.0
Total 125

Sample obtainad by —
Porosity

Tast Drillar

Date

Date

Lab. Tast by

rotary under pressure,cable tool, caisson riq.
% Pormoability
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Name of Job CITY OF TYNDALL Test Hole No. .2
Addross TyrAnll Santh Dabota -Depth of Sampls 69 =65
Oala
Largast Parlicle
Recommended tizo gravsl in. to in.
Remarks
Tyler Standard .
Scroyen Scalo Sisves ¥reights Of' or Total Parcont
/3 or 1414 Batween Gisvss
L,{j (%gég;nsq Kesh | Grams Parceant On Paazing Ramarks
263 3 4 3.1 3.1
6| .132 6 13 10,2 13.3
B .093 3 12 9.4 22.1
i2 065 10 11 8.6 _31.3 |
16 046 14 10 7.8 39,1
20 0326 20 7 5.5 44. 6
30 0232 28 5 3.9 48,5
40 0rea 35 10 7.8 56,3
50 0116 49 16 12, 5 68.8
704 .0002 | 65 2 2.2 R4 .
100 0058 | 100 14 AL 9609
200 0029 |200 3 2.3 99,7
Pon .0000 PPan L S lpn_n_
Total 128

Sample obtoined by — rofary under pressuro, cabla tool, caisson rig.

Porosily % Perinaability
Test Drillar Lab. Test by.__.
Dl“ !e — —— D')'O [, - -




r\

[ AYNE = MBINE SO 74 CO)

- -

LABORATORY REPORT OF SIEVE AHALYSIS
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-
-
o

Nams of Job ALY QE YTNRAMI e _Tay HolaMo 2
Addrass Tyncald, Swuarh Dalistr Dupih of SempleZ0 - 75
Dats .
" Largest Particle
Rocommearnd=d yizge araunal ~in. to . in.

I g o
L I R - e . E .- B

PN T P e rme tes e - T e E e e e e R A e T M P e e W 08 W et 2er Y B vy - o—

Tyler Si(llldf;l.!dw rmi
Scraan Scaole Sisve: eights gn o Total Psreant
V3 or L414 Bstwaen Sisvas
ng‘:'; ?ﬁg;}:’"sq Sash | Grams Parcent On Fasting remarks
.263 3 n 4.5 4.5 |
6 132 S 34 12,0 Z3.5 |
8 .093 $ 11 6.1 29.6
12 .065 10 12 6.7 36.)
16 046 4 19 S 4).9_
20 0328 20 10 5.6 | __4T.5_
30 0232 28 14 7.8 53, 2
40 0164 35 20 11,2 66,5
50 0116 | 49 223 I 0 N O £ W N
70 .0082 65 21 11,7 20, 5
100 .0058 |100 13 T3 ) .91.8_
200 0022 | 200 3 1.7 97.5
Pan 0000 | Pan 1 DR T T X1 ) ¢ I
Total 179

Samplo obtoinad by ~ rotory under preseura, cabla foot, coisson rig.
Porosity . % Parmeahility_.

Tast Dritler e — Lob. Teet by.
Date ... —— - late
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Nome of Job CITY QF TINDALIL Teat HolaMo. 2 .
Addross ool fxath.Priet———- e gih of Somple f0.- 83
' -..Dala
Largost Porticla
Recommsnded size graval in. to in.
Remarks
Tyler Stondord
S‘.r;an Scela gizvm \tfa!ghtn 0’.1. & Total Percent
V3 or 1414 Bsteten Sines
%%: (‘)'ggmn‘g Msah | Groms | Percent On | Pozsing Romarks
263 S Le | LB
6 32 5 13 11,3 13,3
8| .083 | 8 9 Tad A A4
12 | .065 LO 6 5.3 | as,7
16 046 14 5 i Aeb 220
20 [ 0326 | 20 4 ] 35 33,6 |
30 0232 | 28 7 _ 62 1 38
40 0164 | 3D 20 17.7 57,3
50 Ol16 | 40 -4 19. 5 77.0
T0 0082 | 60 16 141 ) .1 _
100 Q0058 | 100 & 7.1 9%.3
200 0029 | 200 Z 1.0 109, ¢
Pan] .0000 jPen | _ -- _
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Sampla obtalned by - rofary urdar praseuro, cable tool, calngon rig.

Porosity % Permaablility
Tost Driller L.ab. Toat by
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Mame of Job CITY OF T{MDALL __Yeat Hola fo. %o
Addrass —_ Trodnll Snzth Dukiats -Dogth of Sompledi-90 .
Date
Largast Particle
Recommendad size gravel in. to— in.
Ramarks
Tyler Standard .
ilscrganrsjmlﬂ Sisves woighte On cr Talel Parcend
VE or 1.414 Batvieon Sigves
L,’;,%: Ongggg\sg Mazh | Groms Parcent On Pnasing { Ramarks
.263 3 7 3.9 3.9
61 .132 H | %6 14.5 16, 4
- 8 .093 8 15 8.4 | _R6.R
12 | 065 101 15 RoA ) 3A.Z_
16 046 K 1] 6,0 ) _AhA .
R0 0328 | 20 10 _ sh_ | 469
30 0232 28 § 0 1 _%1,59
4C | 0164 | 35 | 14 7.0 | 59.7
50 0116 40 26 14.% | 14,2
70| .0082 | €9 37 16,8 $1,0
100 0058 | 100 14 7.8 94, 8
200 0029 | 200 2 1.2 100,9
Pan 0000 | Pan --
Totol 179

Sarnpla oblalnad by rotary undar pressure, cable tool, coizgon rig.

Porosity - % Pormeability
Tast Driller - — l.ob. Test by
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LABORATORY REPORT OF SIEVE ANALYSIS

Name of Job CITY OF TYNDALL Test Hole No. .2
Addrass Tyrasll. Seutk Deketa _ Dapth of Sampla_109 = 105
Data
Largest Particle
Recommondad size gravel in. to in.
Remarks '
Tyler Standord .
Scroysn Scala Siaves Woights 0[.] or Total Percent
V3 or L.414 Batviaen Siavas
US.| Opening | poon | Geams | Porcent | On | Possin Romark
No. | inches ‘ ‘ g ginarks ;
.263 3
6 132 6
8 .093 8
12 065 10
16 046 K 1 1. 1.l
20 0328 20 2 2.2 3.3 '
30 0232 20 4 4.3 1.6 f
40 0164 A5 15 1A, 1 21.9 .
50| .0116 | 48 22 23.9 41.8 _
70 0002 65 25 27,2 | __1%,0
100 0038 | 100 16 17. 4 $3.4
200 0029 | 200 3 5,4 97.8 .
Pan .0000 |} Pun 2 Azl _100.0
Total 92

Somple oblainad by —~ rotary under pressure, cable fool, calsson rig.
Porosity % Pormaahility

Test Driller —— Lab. Tast by
Date Dats




.

[,

| AVNE = MINNESOTA - CO

(\
LABORATORY REPORT OF SIEVE ANALYSIS

Name of Job
Addrosa

Largast Particlo
Recommendad sizo graval
Remarks

CITY OF TYNDALL

Tost Holo NO. —#eeer
Tyudall, Seuth Daketn...—--Daopth of Sample A5-110

Daota

in 1o —-

Tylar Standard

y/aights On or

Sampla obtained by — rotary under pross
Porosity

o

“.

Tas! Driller

Screan Scale Siavas . Total Parcent
V3 or 1414 Balviaan Sigves
L{f’): Oigg;::‘naq Mesh | Grams Parcent On Fassing Remarks
263 3
™~ 6 132 6
) 8 .093 8 ___
12 065 1o
16 046 R W S .9
20 0328 | - 2 1,9 2,8
30 .0232 2u 5 A b 7.4
40 0164 35 1& 16,7 24,1
50 0116 48 ' 25,0 49, |
70 0082 65 kY 26 18,1
100 0038 | 100 17 15.7 94. 4
200 0029 | 200 § 5. 6 109.0
Pon 0000 | Pan
Total 108

- aaentety

Date .-

Lab. Tast by ——
Date e —

ure,cabla tool, coiacon rigQ.
*% Parmocbility




LAYNE = MINESOA CO

LABORATORY REPORT OF SIEVE ANALYSIS

Name of Job CITY OF TYNDALL JTeet Hole Ho. A

Addrece - Typdn)), Seooth Dakota.— - Danth of Sampl2 Q=115
- SR 01 k14

Larqggst Particla

Rscommended eize graval in. 1o in.

Remaorks

Tylar Standerd

. “aial .
Screen Scalo Sisver vigights On e

Tolal Parconi

V3 or L.414 Raiwasn Stavaa
l{qi: Oi;!]:ggiensg Mathl Grems Parcent On | Fassing Ramarks
263 3 N
6 432 |6 _
8 093 0 .
12 | _.0€5 10 \ .
6 | od6 | 14| ]
20 | .032C | 20 3 3.2 3.2 L
30 0232 28 4 4.3 5 |
40 0164 | A5 i 5.6 17. 1
50] 0116 | 48 18 19,1 36,2
70| .0082 | 63 26 27.7 63.9
100 0080 | 100 20 21.3 05,2
200 0029 | 200 11 11,7 96.9
Pan 0000 | Fon 3 3.1 ] 100.0
Total 94 } L_ _
Samplo obloinad by — rotary undar pressure, cabla tool, caissen rig.
Porosity % Permsability
Tast Driller l.ab. Tagt by

Date o Dals




LAYMNE - MINNESOTA CO

LABORATORY REPOR

Homae of Jab

CITY OF TYNDALL, __  _ _ Teat Polo Hoo 2

Addroso

TyeAll, Sspth Jmhets

LT R Pl 7Y ST

Largost Particle

RO [ } 1]

T OF SIEVE ANALYSIS

[rth 6f Somple 12— 430

Rocornmandad cize grovsl

Ramarkse

-y -

in. to

Tyler Staaderd
Screen Scale Sitvow

V2 or 1.414

- P it ¢ e e ~ -

Walahto On of
wetvgen Sinedy

Total Pergent

lkg: ?ﬁg{:g? pissh{ Crame Parcent Qn Faacing Netnarks
263 3] ] | 1
6| .132 6 | i) R
0| .093 0l I | J
12 Q68 | 10 - _ ., _
16 046 14 o
20 ] 0328 | 20 3 1.9 1,2 |
30 00232 | 28 g kW 2 T 2% . S
40 0164 39 1) %, € L
50| .01i6 | 40 | 1 13,4 | 31,0
TO | .000% | 63 | 39 ALA| AR
G 1 .C088 [ 190 | it4 az.2 | o0
200 | 0022 }700 1R 11, 1 20, 1 |
Fon | .00CO o 2 : 1.9 164, 0 L
Total | 109 ]

- @ yer———— ¢

Sample chlakned by~ rotary under prassure, cebla tosl, cainson rig.

Parosity

Teat Deillgr e

Date . .

X Parmaohility

oee Lab. TEA BY e
Date v

s




o= Date e ‘ Date

LAYNE - MIPINE SO CO

LLABORATORY REPORT OF SIEVE ANALYSIS

P S ] IR WA

Hame of Job CITY OF TYMDALL Tezt Hols Ho. .2
Addrest Tynfall, floush Oekota __ Denth of Semplal20-125
Date
Largest Porticla
Racommendod siza gravel in to.— in.
Ramarks
g e e oot meen e e
Tyler 3tandard ot b .
Scracn Scals Sieval \'é?:;g}:;‘?"i;\?fs Total Parcant
V2 or 1.314 TRl S
L&g C%r;])gmnsg Woeh | Grams Parcent On Nasaing Remarks
263 3 | ~
6 132 ) .
0 093 4] 8
2 065 10 b} 2.8 2.8
16 .046 | 4 [ 33 6.1
20 | 0328 ) 20 2 4,4 10,5 |~ .
30 0232 | 20 14 29 9.4 L
40 0164 3% 29 16,1 35.5
50 ] .0116 | 40 39 2l o 56,6
70 0082 65 A3 23,9 0.5
100 00849 | 100 25 13. 9 06.4 |
200 0029 | 200 10 5.6 100. 9
L
Pan | .0000 | Pan - |
Totol 150 ]

Sampla obtalnad by rotary under preseurd, cabla tool, caiseon rig.

Porogity % Pormoability

Tast Drillar Lob. Te88 DY e e, -




—"'ONI 'ANVdWO0D NY3ILSIM INAVT

US Standard Sieve Openings in Inches

US Srandurd Sieve Numbers

100 3 2% v N Y 4 19 20 30 _40 S50 70 10C 140 200 °
m T 1 T T T v, v . h T ' Y T 5 ; T T I 1
o r Lo Jodtid Pha , Pl . |
IR TN SN i L AL B 0
90 [} T i S : 3 o b | | | ' o i : H
I b ! oy P ey _u ' e i i B Lo .
I ! B | LA L t B ”
8D v M | ) | v . \h | ; ] y 1 | 20
| o | i ! |- sy ! Lo : | i ' :
(i P : Foi b : ! IR E i : ! Lo
701 N SRR 7 1 _ , ! a0
T R R W R R
- -1 - .
<= Lo i b . _ / : i o b
) . : ; | =
? sobt— - =y _ , it R
3 I M ! [\ _ X L 3
> 1 . I : ) ~
P B N _ ! ! RN [ | _ | :
: 0 ol : | ! 'R ar o L ; © 2
£ ol b , ' P P b , :
T Sl il ] m B \ BEE P NI o €
E fih 3 ‘ IR i L f o 3
HEEH I 1 i I ' . . i : ' ] i) t ] t .W-
ac bl i o i s . foid b / ' Vo { : TS (o ! ;o - o
, : r——y _ : : : v
LR _ ! Nl Py BRI _ IR 2
I ' } Pei gt . [RI , i 3 H _—
. ' 1 . [ ] ; | [ :
20— ” P _ e / et RSN * 80 z
Lo | ! | " Lot [ _/ v i ! t o ! n
i i . yout ! [ ' i y N
L Pl P ; v : , / i ; ‘ Ve o m
0 T : i T 'y . " . 90
! m I N K R BRI z
! : i _ . ~ i ! _ b o i n : V/Ah‘ ‘ i | [ . i j ~ i >
o i i ' Coaf ! i Ll Db . + { . | I . i i 100 -
100 50 10 5 1 05 0.1 0.074 0ol 0a0s 0.00t =
Grain Size in tillimeters b
UNIFIED GRAVEL oot | mepium sanp FINE SaND | FINES
AASHO GRAVEL COARSE SAND FINE SAND _ SILT _ cLav
Boring No. | Sample No. |SemplaDepth LL w PL. Classification

e

/25 -1340

projects _(ITY OF 1T VYNDALL

Laborasery: \.A\bp).\mm.m O\-ﬁ o\\.h 3 O.

Dcte Tested:




O

LAYNE - MINNESOTA  CO

LABORATORY REPORT OF SIEVE ANALYSIS

Name of Job
Address

CITY OF TYNDALIL

Test HoleNo. 2

Tyundall, Seuth Dakota

Date

Depth of Sample 125 - 130

Largast Particle

Recommendsed size gravol
Remarks

in. to

Tyler Standard
Screen Scale Sieves

Yicights On or
Betwaen Sisvas

Total Percent

V2 or 1.414
Li'\,g Olggrr]\lur;g Mesh | Grams Percent On Passing Rsmarks
.263 3

6 132 6

8 .093 8 1 v 6 — 8
12 .065 10 2 1.1 1.7
|16 .046 14 3 1.7 3.4
20 0328 20 5 2.9 1 63
30 0232 20 8 4,6 10, ¢
40 0164 35 23 13, 1 24,0
50 O 6 48 37 21,1 45,1
70 .0082 | 65 51 29,1 | __14.
100 .00%8 | 100 30 17. 1 91.3
200 0029 | 200 13 7.4 98,7
Pan .0000 | Pan 2 1,3 100, 0

Total 175

Sempla obtainad by~ rotary under pressure,cable tool, caisson rig.

Porosity % Perineability

Tast Drillar
Dale —

Dalse

Lab. Test by




te

[ AYNE = MIINESOTA - CC

L ABORATORY REPORT OF SILVE ANALYSIS

Nams of Job CITY OF TYNDALL Test Hola Mo 2o —
Addross Tynanall, Suuth Dakaote __Dapth of Samplelif A5
—-Dato_ —
Largast Porticla
Racommandad sizo graval in. 10 in.
Ramarks '
Sc:eyc::rsi'oﬁ:dg::vos Visights O'.‘ o Totol Percent
V3 or 1.414 Boiweon Sizvas
l‘;‘fg: Oi[{\:gg;nag Mash| Grams Percaent On T Passing Remarks
263 3
6 132 6 1 .5 .3
g 093 0 | _1 .5 1.0 B
12 .065 1Q 2 1 S T 7%
16 | 046 14 8 Y O
20 03208 R0 12 6,5 1 1329
30 .0232 28 19 10,3 23,2
40 0164 35 28 15.2 368.4
50 0116 | 48 37 20,1 | 58,5
70 00682 | 65 43 23,4 81,9 _
100 0058 | 100 | 23 12,5 94.4
200 |_0029 | 200 | s | 49 1953l
Pan 0000 | Pan T 1 100, 0
Totaol 104 _ .

Sampls obtainad by — rotary undar prossura, cahla tool, caissen rig.

Porosity

Tagst Driller
Dole

L.ab.
Doto

% Pearimaability

Taat by




[ AYWNE = MEINESOTA - CO

(\

L ABORATORY REPORT OF SIEVE ANALYSIS
Name of Job CITY OF TYMDALL Tast Hola No. o B e
Addrass Tyndell, Sowh Berkata . Depih of Sompla. lia =149

Dato
Larges! Particla
Recommendsd sixa gravel in. to in.
Remarks
Tyler Standard - , . )
Screan Scala Sieves Wweights (3," o Tetal Porcent
/3 or 1.414 Bsivaon Sioves
":f;: oi,‘iﬁﬂi;‘," Mexh | Grams Forcent On Pazsing Remarks
263 | 3
e 6| .132 6 2 3.1 2.1

8 .09 8] 1 1,0 3.1 —

12 065 10 3 3, 1 4,2

16 046 14 6 6,2 1. )2, % -

20 03248 20 8 3.3 20,7
30 0232 28 y/ 1.1 20,00
a0 | 0164 | 351 19 19,4 1 WA ‘
50 0116 48 16 16,7 85, 1 )
70| .0082 | 65 2 22.9 78,0
100 0058 | 100 15 15,6 | __93.6 [ V.
200 0629 200 5 5.2 98.8 R
Pan | .0000 | Pan_| 3 12 100.Q |

Totul 26

Sarng:0 obtained by — rotary undsr preszure,cable tool, coineon rig.
Porosity % Parmeability

Test Driller Lab. Test by
Dato Date




LAYNE = MMNNESOTA CO

LABORATORY REPORT OF SIEVE ANALYSIS

Nama of job . CITY OF TYNDALL TsstHoleMo. 2
Addrase Tywfall, Zouth ”"“"‘“.”.,...._Cap:h of Sumplo_li?_:_li”
e Dato L
l.argeat Particla
Recommandad sizs gravel in. to in.
Remarks
Tylar Standard T o
Screan Scola Sievss vigights ?,n fw Total Percent
V3 or 1414 Betvrgan Sizvpa

‘f‘,g (}g;;:g:q Mezh | Grams { Porcont On | Paseing Rormarks

B 263 3 NN
.

L6 ] _.132 G 1 5| .5 .
_.B( .093 8 10 4,7 5.2 L

12 2850 |10 12 5.7 10,9 |
16§ .046 | 4 1 5.2 16,1
_20 0328 | 20 15 T | 23,2 .
30 0232 20 19 9.0 32,2

40 .Ol ()4 35 25 ll'a 6{‘.0 _
B0 0116 | 40 35 Wb | 69,6
10 0002 GH 43 21. 4 £2,0

IO\:' g, .00 59 -'...O..Q.... A7 11. 4 Q3.8.
200 |- Q029 |200 11 5.2 79.0

Pan 0000 | Pon | A 1.0 )

Total 211 1

Sample obtained by — rotary urder presaure, cable tool, caisaen rig.
Porosity % Permscbility. .__,... _— _
Teal Drillar - Lab. 123t by.. —

Dale Daty -




LAYNE = MiINE SOTA - CC

LABORATORY REPORT OF SIEVE ANALYSIS

Nams of Job CITY OF TYNDALL Tos! HalaNo. ... 2
Address Trednll,_Routb Dekate . .—..Dspth of Sample 145 - 150
Dala
Larga~* Porticla
Recommanded gize gravsl in. lo__. in.
Remarks
S 0 .
Sc:eysl:rs‘zmgdéigves visights O'.] or Total Pzrcont
J3 or 1.414 Batvoen Sioves
%,2 oir‘:g\‘:)nsq losh | Gramg Percont On Passing Remarks
263 3 .
3] 132 6 1 1.1 1,1
8 .093 N 1 1,1 Ny

12 065 10 1 VR U W

16 N46 14 4 2.1 5.4 o

20 0328 20 5 [P 0.7

30 0232 20 8 8.5 13,2

40 0164 35 9 1.1 30.9

50 0116 40 18 19. | 50. 0

70 0002 6D z4 25.5 15,%

100 0058 | Q0 17 18, 1 33.6_1

200 0029 | 200 5 5.3 98,9

Pan .0000_ | Fun 1 1.1 | _100.0

Tolal 74

Sample obtainad by — rotary under prossura, cahle tool, caiason rig.

Parosity % Permeability .
Taost Driller l.ab, Teel by
Date Data -




"ONT 'ANVJWO0I NY3LSIM INAVT

- s - - - N - —— R - o - - h
U S ‘tandard Sieve Openings in Inches U.5. S*andasd Sieve Numberns
3 21 1 % h Y 4 sp 0 10C 140 200 0
100 v 7 ™ T T T L} T T T T T3 ] 1
I NI | IR ! i _
R i | AR O DR TR 1 T : 1
i ! ' RS N A T ! | v ] it oo :
90 - _ : d _ — —— — 10
ne || ! R " Podig i | R
Pt ; IR I I Eofr P b . |
80 : _ — m — : : N , — -— - 20
i [ i IR h ! Vo | 1 | B [ {
RN EEEN RN H P Dl RN 0
IR N T i " T 1IN
z T R h R ?
3 S , . — T 40 3
z i ! P b S\ : i ! z
: ; T . - AR ' : ~
2 m i oo | froty _,/ - A, v ! ' so 8
g b RN C 1 b ../ R N P H
-4 ' ! « ' : H 1 . b . g
- ) - i i . : [ o
: L i | ! A gt | o
S b R IR a1 m $
E-N - . nm-
P Poivt | R / : R _ —_— o
! i [ o e : R ! | =
IR R N N g
. i RETEER R Ptar b | | =
! | N ' B : F3 oo [ H : 80 zZ
| RN SR ,,_/ S I “ i m
IR U Nyt m ~, o m
Voo b : : . T oy vy ! _ >
P e by i _ { / 1 i i ! =
R i & i
Pooi !l m_ P Py b * oo _ | 100 W
<
10 5 1 0.5 0.1 0.074 0.001 w
Grain Size in Millimeters v
UNIFED GRAVEL _ nM»»hmm MEDIUM SAND FINE SAND FINES
AASHO GRAVEL COAR3E SAND FINE SAND SILT __ CLAY
Boring No. | Sample No. {Sample Depth, LL w PL Classification T
— project: _(ATY OF TYNDALL
= ]50%I55 i

Laberatory: x>zm\0\rm ﬁ&un\\>>0~

Cate Tested:




A ——— e s = s e ¢ & . —— e e

LAYNE - MINESOTA O

LABORATORY REPORT OF SIEVE ANALYSIS

Name of Job CITY QF TYHDALL Test Hola Mo, LA
Addrsn Tyodall, Ssuth Dakats Dopth of Saraplg 159 = 155
-.Rate
Largeat Particic —
Recommanded size graval in. to._. -in,
Remarks
Tylar Standard Wit
Screen Scals Siaves Aignts On cr Total areent
V3 or 1.4)14 Bolween Siovee
%“g: (%,‘:g;:g;q Rlash | Grams Parcent On Passing Namarks
263 3
S 6 132 G . .__
‘ -5 083 | 8.1 _, N N
2 069 10 _ 2 L,2_ . ,8
16 046 K 6 3.1 5,5
20 0328 &0 13 0.1 13. 6
30 | 0232 | 28 | 15 9.3 az.§
40 | 0164 | 35 | g 1.2 | 34,1 ‘
30 10116 | 40 2t 16. 8 50,9 _
70 0002 59 45 25,0 78.9
100 00508 | 100 19 11,8 50,71
200 0029 | &00 13 1,5 28,2
Pan 0000 | Pan 3 1.0 100, 0
Total 161

Samplo obtolned by — rotary undor pressure, cable tool, calzson rig.

Porosity % Parmaability

Le

| Test Drillsr Lab. Tast by —
Nate Date




o

LABORATORY REPORT Or

[ AYIMNE = MBINE S O 74

Namo of Job

Addrezs

CITY OF TYNDALL

Tyn:‘.*..l.\J

Aonth Dakota

Largest Particls
Racommandod siza grovel

CO

SIEVE ANALYSIS

__Tost HelaNo. e
Depth of Samplalfi - 160
—.Date

in. to

in.
Raemarks
Tylar Standard .
Scresn Scala Sioves Vaights On or Total Percent
V3 or 1.414 Batwaan Siawes
L;\',Soz O_lgg;\\i"nsg Mzsh | Gramw Parcent On Passing Remarks
263 3
6 132 6
G 093 | _ 8 ! SR
2 065 10 2 1.5 2.2
|G 046 | £ 10 7.3 9.5 1
20 ) 0328 20 1 15 10.9  d_ AN 4
30 0232 20 13 9.5 | _29.9
40 0164 | 35 13 9.5 | 39,4 L
50 0116 | 49 19 13,9 | _53.3
70 0082 65 14 21.17 81.0 |
100 0058 | 100 17 12, 4 93.4 .
200 0029 |200 8 5,9 99.3 _
Pan .0000 | Pon 1 .1 loo.r
Total 137 | I .
Samplo ol ined by— rotory under prossure, cably teoal, raissonrig.
“arosity —% Permaability
Test Drillar — Lah. Tasi by
Dala Date




LAYMNE - MANESOIA CO

LABORATORY REPORT OF SIEVE ANALYSIS

Name of Job CLTY OF TiHDAILL - Taet Hola HO. P
Addross Tyedall, Seueh Dakota _ Dopth of Sample A8 = 15
' Date

Largest Particla

Rocommended tiza grovel - in. to in.
Remarks
Tylar Standard nt . ) -
Scraen Scala Sigvas \,‘mghm O'.' o Total Fercent
V3 or 1414 Giahwaen Sisved
l‘;ﬁ Oiﬁgaic"‘“ Meah | Grams PFarcant On Paasing Remarke
263 3 |
6 A 32 6 | _
8 093 2] 2 A ) - 1.1 —
2 0695 10 16 8,6 7% A
16 046 | 4 3 11,3 21,0
20 0328 20 26 14,0 | _35.9
30 0232 | 28 19 19.2 4n.2 j
40 0164 35 15 2.1 53,3 !
50 0116 | 48 22 11.8 65. 1
70 0082 63 an 17.2 62,3
100 0050 | 100 23 1. 4 4.7
200 0029 200 9 4,8 9.5
Pan 0000 | Pan 1 5 leg,e
Totol 186 “’

Sample obfainad by — ratary undar prassure, cabls tool, caiseon rig.
Porosity % Permaability

Test Drillar Lab. Tost by
Daote Date.




LAYNE - MINMNES QT4 0

-

LABORATORY REPORT OF SIEVE ANALYSIS

Name of Job CILY QF TYMRALY_ ______ Taost Hols Ho..__2
Addrozs tpodall, Soath Dobeta  ivegth of Samels 165 - 170
Daolg
Largest Particle
Recommandad tize graval in. to in.
Remarks
Tyler Standard Viaichts On cr
Screen Scelq Siovas eeis S e Tetal Pereent
VZ or 1414 Batwaon Siaves
l,{jg' Oiﬁg;:i’nhg Moseh | Grama frercent O Paasing lamarks
. - - _ ____J “—
| 263 3| )
6 A32 ] 6
0| .o9a 0_|__ _ |
12 065 10 z 1.6 L& |
16 046 14 4 1 4.1
20 )] 0328 | 20 10 1.9 4%, 6]
30] .0232 | 20 | 13 1.2 | 2a.8
40 0164 | 39 14 11,0 | 31,8
301 0116 | 48 2l 15,5 50.3 |
70 .00R2 | 68 | 35 AL b N 71,9
100 | 0038 1100 1 2 _gse l 3.9
200 0029 1200 A 5.3 95.2 i
_Pan 0000 | Fan 1 .8 mloo.o
Total 127
Saomple oblaingd by — rotary vndar prossure, cable tool, ceinson rig.
Poroeity % Pormaability._
Tast Drillar . Lob. Yest by

Onte Daole.
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U S Stondard Sieve Openings sn Iinchas U.s. Standord Siave Numbers
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| UNIFIED GRAVEL _ ConRE ~ MEDIUM SAND FINE SAND FANES
T
* AASHO GRAVEL m COARSE SAND FINE SAND sy _ 4V ¢

Baring No. | Semple No. |Sample Depth Lt w | PL Ctlassification Project: D\q\v\ Oﬁ‘ le\ZD\D.rr
_2 10" 172]

Loboraotory: X\D:..L m>m n~.ﬂ .\\M \SO.

Dote Teosted:




LAYNE - MiVINESO/4)

ae

LABORATORY REPORT OF SIEVE ANALYSIS

Nama of Job

Addrass

CITY OF TYNDALL

Tynfzl), fauth Dakotm

Dote

L.argest Particle

Recommendod size gravsl

Ramarka

Tos! Hole No, 2
-Dapth of Samplal?0 =113

in. {0

in.

Tylar Stondard
Screen Scale Sigves

Weights On or
Qotweaan Siavis

Total Psrcont

V2 or 1.414
",{',?): Oigg‘\'enag faeh | Grams Percent On Rassing Remarks
263 3
6 132 6
8 .093 6 1 4 A
12 .065 10 13 KK A8
16 046 | 4 19 ol
20 0328 | 40 23 9.7 23,6
3 0232 | 28 26 11.0 34,6
40 0164 | 35 24 10,2 44,8
50 0116 | 48 37 15,7 69. 5
70 0082 | 65 432 _A0,3. ] _Be.8..
100 0058 | 100 2% 12,3 93.1
200 0029 | 200 13 5.5 98, 6
Pan .0000 | Pon 3 1,4 100,0
Totoal 236

Sompin obtalned by — rotary unydsr pressure,coblo faol, caisson rig.
—% Parmoobility

Porosity

Tast Driller

Date

-— Date

Lab Tast by .-




LAYNE ~MIVINESOTA CO

. FIELD REPORT OF TEST HCLE

Name of Job CITy OF TYNDALL Test Hola Moo 3
Address . Tyrdsll, Ssrth Dskata Depth 105" '
Date . l?&‘.Lf’L...___—__-.
LOG PERMEABILITY DATA
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5 10| Ton noil -~ heavy, shndy Jdalverx solor
10 15 | Sandy clay & rand .
J5l 20| Sandfieatn conzae i bl clay Kina ts coaxas.
301 25] Clay klun-gray | _Gray % sticky
25| 30| Clay blue-gray | Grgy & rUcky '
- 30 35| Clay blug-gzny Gray &k sticky
15 40| Clay blno-pgray Gray & nticky
40 45| Clay hluo-gray Gray & sticky
4 A0 L Clax hinn-esax Graxteanlcky .
50l _55) Cenxng aaml k flee Frivly clonn
55 60| Bzund {in9 - seft Clesn moft '
- 601 65] Sang,_ygryfine - ¢ Lﬂ. Clean eoft
' hal_10] Spedcxaex fiza - apls Cleanrslt :
.- _10 5] Sand, wnry fine ~ &,L'!t Clozn neft ‘
. 5 80} Band, vory {inc - rlv(t Clcan neft
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81| 851 Clay & pand Med, dixty sxay
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.._'.!L;..Jﬂ.ﬁ..u'-.la,r...e..s‘nrx White 2o Ught gray .~
Size of Pit: Length L' _____ fi. Width 4 ft. Dopth__41/2 f1.
Static Water Lavel — . ft. below ground lavai. Diamatar of well11/8 _ in
ﬁ Was wall pumpad Yigld — g.p.m. ‘Woier sample :
‘ Depth of screen saiting fi. Size of graval usad

Date 1/23/62 Deiller Jerry Bonnall
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Tedn! Parcant

L{g Ouf])g;\‘l‘;?] Hash Grams Parcent On Passing Remarks
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