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TOURIST POTENTIAL of the Joplin area is well Illustrated by this view from "Impiration Pofnt" on Shoal
Creek lust above Grand Falls.
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AN INDUSTRIAL COMPLEX, east of Joplin, Mo.• utilizes water from wells and springs In the area.



Water Resources Report 24

WATER RESOURCES

of the

JOPLIN AREA, MISSOURI

By G. L. Feder. John Skelton
H. G. Jefferv. and E. J. Harvey

WATER RESOURCES DIVISION, U. S. G. S.
Anthony HOlnyk, OfstnolChle1

PREPARED fN COOPERATION WITH

MISSOURI GEOLOGICAL SURVEY AND WATER RESOURCES
W. C. Hayes. State Geologist & Director

March 1969 Rolla. Mo.

iii



STRATIGRAPHY

DIVISION OF GEOLOGICAL SURVEY AND WATER RESOURCES
William C. Hayes,~ Ph. D., State Geologist and Director

Wallace 8. Howe~ Ph. D., Assistant State Geologist

PUBLICATIONS AND INFORMATION

Larry D. Fellows, Ph. D., Chief Stratigraphy
Thomas L. Thompson, Ph. D., Geologist
Ira R. Satterfield, M. S., Geologist
Mary McCracken, B. S., Geologist
Richard E. Wagner, E. M., Geologist

GRAPHICS

Douglas R. Stark, Chief Draftsman
James L. Matlock, Draftsman

ADMINISTRATION AND MAINTENANCE

Charlotte L. Sands, Administrative Secretary
Edith E. Hensley, Accountant Clerk III
Marjorie P. Richards, Stenographer II
Linda B. Kelley, Clerk Typist I
Everett Walker, Superintendent, Bldgs. & Grnds.
Wilbert P. Malone, Maintenance Man II
Walter C. Bruss, Custodial Worker II
Robert J. Fryer, Custodial Worker I

SUBSURFACE GEOLOGY

Kenneth H. Anderson, B. A., Chief, Subsurface
Jack S. Wells, B. S., Geologist
Joseph L. Thacker, Jr.• B. S., Geologist
Arthur W. Hebrank, B. S., Geologist
Henry M. Groves, B. S., Geologist
Leigh Bryson, Clerk Typist II
Golda L. Roberts, Clerk Typist II
Woodrow E. Sands, Laboratory Supervisor
Ira F. Bowen, LaboriiltoryTechnician
Jerry A. Plake, Laboratory Assistant

ANALYTICAL CHEMISTRY

Mabel E. Phillips, B. S.• Chemist
Yu·hsia Yeh, M. S., Chemist

~Jerry D. Vineyard, M. A., Chief,
Publications & Information

E. Barbara Tryon, B. S., Geology Editor
Larry N. Stout, Assistant Geology Editor
Kittie L. Hale, Clerk Typist III
Bonnie L. Happel, Librarian
Dorothy E. Reynolds, Clerk Typist 11
Judith A. Schiffner, Clerk Typist II

GROUND WATER

Dale L. Fuller. B. S., Chief, Ground Water
~Aobert D. Knight, B. S., Geologist

Donald E. Miller, M. S., Geologist
Albert E. Koch, Clerk III
Glenda M. Otis. Stenographer II

ECONOMIC GEOLOGY

James A. Martin, M. S.• Chief, Economic Geology
Heyward M. Wharton, M. A.• Geologist
Charles E. Robertson, M. A., Geologist
Eva B. Klsvarsanyi, M. S., Geologist
Ardel W. Rueff, B. A., Geologist
Marilyn L. Willenburg, Clerk Typist II

ENGINEERING GEOLOGY

•James H. Williams, M. A.• Chief
Engineering Geology

~Edwin E. Lutzen, M. A., Geologist
Thomas J. Dean, B.S.• Geologist
Christine L. Jacobs, Stenographer II

-Certified Professional Geologin by the American Institute of Professional Geologists.



Conter1ts

CONTENTS

SOURCES OF WATER
Ground water

Cambrian and OrdOYteian formations - the deep aquifers •
Hvdrologk characteristics
Quantity available, ., _ , _ , .
Quality of water . , • • . , . . ,

Mississippian fannations - the shallow aquifer
Hydrologic characteristics
Quantitv available _

Wells and springs
Mines

Quality of water
Surface wStll1. , , ,

Varlability of flow .
Duration of flow
Flood flows

Magnitude and frequency of floods,
LowfloWl ....• " _.,_

Low-flow freQuency _ • . _ _ _
Seasonal venus annual frequency curve

Seepage runs. • ' , _ , _ . •
Base-flow recession CUl'\'ft _ • • • _ _

Storage requirements to augment low flows.
Development of areal draft,storage CUIVilS •

Partial-record stations and ungaged sites with 7~ay ~ of zero.
Application of Meal draft-storage curves to ungaged sites

Reseryoir k)sses • • • •

Evaporation loss. • .
Reservoir sedimentation

ABSTRACT , ,

INTRODUCTION
Purpose and scope
Location and extent of study area
CooperatIon and acknowledgments
Well numbering system • . • •

THE HYDROLOGIC ENVIRONMENT
Climate, •
Droughts
Flood flows

PATTERNS OF TOPOGRAPHY AND
Surface features. ,

GEOLOGIC SETIING
Stratigraphy '
Structure ' .
Mineralization.

DRAINAGE

•

•

Page

1

3
3
3
3
3

6
6
6
6

6
6

••
• •

'0

11
12
12
12
12

• 16
Z2
Z2
2.
26
30
30
34
34
3B
38
38
44
44
44
44

54
54
56

• 56
56
56
56
58



WATER RESOURCES OF THE JOPLIN AREA, MO.

CONTENTS (Continued)

Seepage losses
Limitations of data.
Quality of surface water.

Shoal Creek
Spring River .
Center Creek .
Turkey Creek.

56
56
56
60
60
60
63

POTENTIAL AND CONSEQUENCES OF DEVELOPMENT
Deep aquifers. . .
Shallow aquifers. .

Wells and springs
Mines ....

Streams. . . . .
Quantity available
Quality of water
Floods .

63
64
64
64
64
66
66
67
67

CONCLUSIONS 66

SELECTED REFERENCES 69

APPENDIXES

Appendix I Well... data from selected wells in formations of Cambrian and Ordovician
. . 71

Location, type of streamflow information, and other pertinent data for all
gaging stations in the Joplin area, Missouri . . . . . . . _ . 82

Chemical analyses of waters from the Joplin area, Mo..

Hypothetical problem illustrating use of f100d·frequency equations .

Hypothetical problems illustrating procedure for estimating low-flow
characteristics and storage requirements at ungaged sites

91

73

72

92

well must be drilled to penetrateA method for estimating the 'depth a
the deep aquifer . . . . _ . .

Appendix II

Appendix III

Appendix IV

Appendix V

Appendix VI

Appendix VII Definition of terms and conversion of units. . . _ . 95

,i



PAGE

2

4

5

9

11

13

15

'8

19

23

24

25

27

28

29

31

35

36

37

39

45

FIGURE

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

'8

19

20

21

Illustrations

ILLUSTRATIONS

Geologic map showing Spring River basin

Principal part of Tri·State zinc-lead district showing mined areas

Genenl Land Office Survey System and method of subdividing sections

Comparison of unaltered geologic section of Mississippian rocks with one affected
by solution and mineralization

Structural contour map of the top of the Ordovician System

Map showing general distribution of specific capacities of wells in deep aquifers.

Variations in chemical character of water from deep aquifer'S

Generalized distribution of dissolved-soltds content of water in deep aquifers

Chemical character of water from wells in shallow and deep aquifers and a mixture

Distribution of breccia areas

Cross-section of Oronogo-Duenweg mining belt from Hyde Park mine shaft to
Oronogo Circle Lake

Hydrographs of mine w~ter-level fluctuations, streamflow in Center Creek, and
daily precipitation at Joplin airport

Cross-section of shallow aquifer showing artesian and water-table conditions

Water table map of shallow aquifer

Hydrographs of effects of a storm on water level in the Mont B mine shaft and
the flow of Center Creek

Graph of yearly departure from mean annual precipitation (1930 to 1966)

Variations in chemical character of water from shallow aquifer wells

Variations in chemical character of water from springs

Variations and chemical character of water from mine shafts and open pit lakes

Hydrograph of annual mean flow of Spring River showing variability of streamflow

Relative base-f1ow and flood-flow characteristics of streams

vii



PAGE FIGURE

22

WATER RESOURCES OF THE JOPLIN AREA, MO-

Graphical solutions of:

46
47
46
49
50
51

A

6
C
o
E
F

1.2
2.33
5
'0
25
50

'year flood-frequency equation
'vear flood-frequency equation
-year flood-frequency equation
·year flood-frequency equation
-year flood-frequency equation
'Vear flood-frequency equation

52

53

55

57

61

65

23

24

25

26

27

28

Low·flow frequency curves for Shoal Creek

Discharge measurements in Spring River, Shoal Creek and Center Creek basins

Base-flow recession curves for Shoal Creek and for Sprirlg River

Storage requirements for selected draft rates tor a drought of 20'year recurrence
interval

Relation of cations and anions to total concentration In most of Spring River basin

Comparison of specific conductance of water in Shoal Creek. Center Creek, and
Spring River

INSIDE BACK COVER

PLATE

viii

Map showing hydrologic data collection sites



PAGE

1

11

20

33

38

"
56

59

62

63

TABLE

3

4

5

6

1

8

9

'0

11

Tables

TABLES

Generalized section of geologic formations

Maximum. minimum, and median values of constituenu dissolved in water hom deep
aquifen

Source and significance of dissolved mineral constituents and properties of Wilter

Pumpage and use of mine water

Maltimum. minimum. and median values of constituents dissolved in water from rocks
In the shallOW' aquifer

Equations for determining magnitude and frequency of floods

Low-flow frequency and draft·storage-frequencv data at continuous-tecord and low>
flow partial-record stations

Constant storage requirements for partial-record stations and ungaged sites with 1-day
~ of zero

Average annual sediment attumulation in McDaniel lake and Grisham reservoir

Summary of Quantity and Quality of available Sl,lpplies

Average dally use of water by municipalities and Industries

"



x

WATER RESOURCES OF THE JOPLIN AREA, Mo.



Abstract

WATER RESOURCES OF THE JOPLIN AREA. MISSOURI

G. L. Feder, John Skelton. H. G. Jeffery,
and E. J. Harvey

ABSTRACT

w.t. Alpplies in the Joplin _ .........il8b.. from RI'NIM. the sh8l1ow 8quif. Wmestone of Mis­

sil5ippian .1, .nd the deep ~uif. ldoiomiU and undst_ of Ordo¥ician 8nd Cambri8n .,.1. The sh.llow
8quifer Mlppliel the bndlow of the _'$ strMrm••nd .Iso providec tom. rechwgII to the deep .:juifer.

AlthOUfll~ to the shallow 8quif. oc:cun lIIrithin the ....... rl'I(X1 of thI recharvt to the deep Iquifer
oc:cun outside the _ ..

St,..ms .... the l-vest source of _ter in thoI .,. and off. the .-t8$l pot....tia! for further develop­

ment. The ......,. discherve of the _'s streams is IIbout 1 billion pilON per d.ly IgpdJ ••nd the flowex~

150 million gpd 90 ....cent of the time. Flooding is not • serious problem 8t ~t. but ineteased urbani­
znion m8Y ef'Mt. problems.. The Spring River b8sin yilllds the highest 1W""fII flow 8Ind $hCMl Cnek basin

yi-'ds the highest ~fl_. Str.m wnw is generally of good q ....lity "lei is • c.lcium barbotl8te type.

How_, Turk-V Creek .nd kJwer Center Cnek ... poIlut. by industri.1 8nd munictpi'l W8S1IS••nd by

t18tullll draitl8ge from mining ......

Most wells in the deep Iquif... yillld 100 to 300 pllons per mi"",t. (lJpm). The w.t... is of good quality•

• nd Is I cllcium mIlJrMSium bic:llrbonate type with. IlIf1l1l1 in disaotv. IOiIds of 140 to 290 milti9t1lms pili'

lit. (mg/II with I m.i.n ....Iu. of 227 mgli.

Watlll' Mlpplles ftom the shlll_ aquifer can be obt.ined from wells. mine worki•••nd springs. Yields of
wells in the shillow aquiflll' tinge from 1_ th.n 10 lIpm to morelhln 300 gpm. A well drilled to th. Elsey or

Reeds Spring Formation willgenerlUy yield from 10 to 50 lJPm. Wells drillld in brecciated .r_ m.y produce 50

to 300 gpm. The dissolved_lids content of welt waterlllngef from 162 to 981 mgli. with I median ....lue of 288
fn9I'l. The witIN' is lJIll'llll'ally • calcium bicarbonate type. butioelllly Mllfide minlll'.ls h.ye dlanged lIto a calcium
Mltfate type. Wells in the shallow .quifer are subject to contaminlltion from thesurf_. A f_ wells cont.in more
th.n 200 m9ft nitrate.

l.rge .b.ndoned zinc mines in the .ree contlin billions of pllons of water in sto•• Ind can yield from
50 to 1,000 lIpm continuously. Pumping from. mine IffIllc:1s ItIttounding minIS so th.t coordin.tion of pumping

"till by adjacent uselS is necllS1'ry. Most mine w.ten we I Cllcium Mllf.te type with. pH below 7. The dissolyed­
solids content tinges from 329 to 2,200 m~I, with I median w.lu. of 1.080 mgll. Some mine waters contlin
I.... Imounts of zinc, iron, .nd mlllJnesium. Due to the poor qu.lity of mine watlll' most usn wilt be rllS1rlcted
to indlll1ry. Disposal of mine witill' mlY pt'8Sent. problem to UMfl.

ThIlr. I,. numlltous springs in the erllll, with many yielding 100 to 500 gpm. The w.11N' is genet"llly of
good qUllity, .nd is I c.lcium bic:llrbonllte type. TM dissolYed-sollds content IlIf1l11!1i f.om 123 to 520 mgll,
with I median y.lu. of 186 ~.

At pt~t about 20 mgd (million p1l0ns per dlyl of Wit. is being us«l in the Irllll, of whidl about 8

mvd ts pumped from streams. The wlter resources of the ...... ""'. mudl po18fltial for furthIN' development but

proper INnagemertt n -.ltill for e1flCient development.
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Figure 1. Geologic map of the Joplin area, Missouri, showing Spring River basin. Geology from State
Geologic Map of Missouri IMcCradcen, 1961}.



Intr<Xluction

INTROOUCTION

PURPOSE AND SCOPE

Joplin, one of the famous zinc mining camps of
the early 1900's, is today experiencing a considerable
growth in population and industry. Continued popu.
lation and industrial growth requires water, and a
knowledge of its availability and Quality is necessary
for the continued economic expansion of the area.

Many aspects of the area's hydrologic system
are unique. The area has adequate water for future
development, but the interaction between waters in
the various environs of the system makes proper man­
agement essential to prevent pollution and assure ade·
quate supplies. During past periods of mining, large
quantities of mine-water were discharged directly to
the streams, and in dry periods the Quantity of mine­
water often exceeded the natural flow of those
streams. With the cessation of mining activities and
the advent of industrial use of mine-water, questions
arose concerning its quality, availability, and its
effects upon streamflow and stream quality, especial.
Iy since the affected streams are, or contribute to,
interstate streams.

For these reasons a study of the water resources
of the Joplin area was undertaken to appraise all
sources of water in the area, with respect to their
potential for development, and the effects and pos·
sible consequences of man's activities on the system.

LOCATION AND EXTENT OF STUDY AREA

The Joplin area is in southwest Missouri and
(for this report) includes all of the Spring River basin
in Missouri (fig. 1). It is approximately bounded by
latitude 36040'N and 37040'N, and longitude 93040'
and 94040'. The area includes all of Jasper County.
and parts of Newton, Lawrence, Barry, Dacle and
Barton Counties, an area of about 2,000 square miles.
Particular emphasis is given to the mining area in the
Missouri part of the Tri-State zinc-lead district (fig.2).

COOPERATION AND ACKNOWLEDGMENTS

This study was made in cooperation with the
Missouri Geological Survey and Water Resources (Dr.

William C, Hayes, State Geologist and Director).
Logs of wells drilled into the Ordovician and Cam·
brian aquifers, structure maps, and water analyses for
the deep aquifers were obtained from the files of the
Missouri Geological Survey and Water Resources.

Chemical analyses of surface water were ob·
tained in cooperation with the Missouri Water Pol­
lution Board, Jack K. Smith, executive secretary. A
survey of the biological and chemical characteristics
of Spring River and Center Creek was made by the
Missouri Water Pollution Board, in cooperation with
Missouri Conservation Commission, and the State and
Federal Surveys as part of a statewide program to de­
termine basic surface water quality. The results of
this study will be published by the Missouri Water
Pollution Board.

The extensive files of George M, Fowler, Joplin,
Mo" consulting mining geologist, were entrusted to
Missouri Geological Survey and Water Resources for
geologic studies and were made available to the writ·
ers for the study. The authors wish to thank the many
homeowners, industrial and mining personnel, and
city officials who furnished information and help in
collecting the supporting data.

The work was performed under the direction
of Anthony Homyk, District Chief, Water Resources
Division, Missouri district.

WELL NUMBERING SYSTEM

The location of the wells used in the report are
given in accordance with the General Land Office Sur·
veys and according to the following formula: town­
ship, range, section, quarter section, quarter·quarter
section, and quarter-quarter-quarter section (lO-acre
tract), The subdivisions of a section are designed a,
b, c, and d in counterclockwise direction beginning in
the northeast quarter. If several wells are in a 1Q-acre
tract, they are numbered serially after the above let·
ters, and in the order in which they were inventoried
(fig. 3).
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WATER RESOUncES OF 1 HE:- JOI~lIN AFH~A, MO,

THE HYDROLOGIC ENVIRONMENT

The aVgrage annual precipit.ation on the area, if
distrilJuted uniformly, would amoullt to over 3.6 bil,
lion gallons per day. AbDUl 75 percent 01 this;tOlitl is
lost by evapolranspirstlon, leaving almost one billion
gallons per day Bvallable to streamflow and ground­
water rechilrge. Of this quantity an average of about
BOO rngd qulr'..kly flows out of the area as surface run­
oft lind about 200 rn9l'i rechilrges the shallow aquifer,
The ijfC)und WBtef then becomes available: to wells,
and as seepage to springS and streams. HowiNeI'. due
to non-uniform di~tribution of precipitation, the sup·
~Jy aVilllable at allY gilJe.rl time is; quite variable_ Our·
ing peritJds of heav .... r;;il1tall OliP.f 20 billion gallons
pel dav may flow alit 01 the area-asfloodllow, while

len than 0.1 hillion gallons nel day flows -out during

dry periods.

The water in the deep artesian aquifers is de·
rived from infiltration outside the are<! and by down·
ward seepage from the shallow aquiftlr,

In order to deteffnine the occurrence, move­
rmmt, quantitv. and qualtty of water fn an an'l8, one
11'1(181 first lu'lderstaml what controls these factOrs, In
the Joplin area, as In all areas. thec{)ntrolsarw cl1m·
ate, tOI>ography, dlainage, surtaC1! features, the flea'
lOojir.: framework. and flllln-madc developments.

CLIMATE

The {:limatll' of th~ study area is continental.
The lIverage annual precipitation during th~ peri()d
1931-£:;0, based on records from six long'lime statiolls.
was 40 Int:hes arid Ih~ average <Innual tfflTlperature
tJudng the same period was 14.4 degrees Celsius
lcentigradeJ.

DROUGHTS

During 1952·53. rainfall averaged 14 inc~hes

below normal making it the driest period J>lnce 1887,
the tleginnlng ot continuuus climatological record.
Thu c.umulative effe<:t 01 Ih~ 2 i>eVerefy dry Vears.
lollowed bV below normal rnecipltatlon in 1954,
fp.s-ulted In Ih~ 1{lw\!Sl streamtlow5 of l'acOrtl in 1954.

Minimurn slr!UtJTlllow~ in the area usually O;:CW

6

in September or October_ At long-Time continuous
record STations. 44 percent 01 the vearly minimum
dlScilarges have occurred in September 'lI1d 17 per.
cent htlve occurred In OCtober.

FLOOD FLOWS

The maximull'l ;:mnvitl rainfall of 61 lnche£

occurred hI the area In 1945. HQw~er, "'''xl mum

flood Oltaks on the s1r!!lIf1'1s. were rt:con:ltld ill Mav
1943.

Most peak flows occur durll'HJ the spring aJ'ld
eilrly ~Umnlel as a rP.Stlll 01 the Jntt'1'lSIl thund...rslOrms
which occaSionally sweep Ihe ;lrea. At gaying st.<ltiOM
willi long-term (ecords, 55 petcent of the ptlak IIQ~

ha...e occurrlld In April, May, and Jurle.

PATIERNS OF TOPOGRAPHY AND DRAINAGE

The southam part ot Ihe b<l-$ln is lhl'! maturely
dissected surface of the Sprinofield Plateau whic;h is
underlain by Mississippian limestone. The northern
part of the bastn is the relativelv flat Osage Plaint>
/onned predorninantJy bv Pennsvlvtlni.m shales llnd

sandstones. i'he phYSiographic diVisions In the Joplin

arei:l are Shown in figure 1. AltlturJes uf land sur/ace
ran~ between 800 amJ 1.300 feet, PflHlIIlll(l1 ..1re<lmS
tlow to the west across the SPf mgfleld Plateau In
valleys as dl:'ep as 150 f~t. Strllams whiCh t.lraln the
Osa9~ Plsins flow to th~ south, arc tl~nerallv in1t~'·

mittent. and are Mt :!>O d~eply incised.

SURFACE FEATURES

The Int.ense 011nln9 ilctJ ... 11y .....hlch oceurroo In
the p,l&t C;rlJilted surluc,," feawres in the J(lplill ;H1m

whicll plity ,111 irnpDltant nan i,.. the distribution of
the waWI supplv and its ultimate qUillitV. In Ihe min
109 fiett1s. in the we-!itern pSI; at the! <I(!!;]. ~x1fll1S-j\lil

d1at pc1eos- (mine tailings) rspidlv absorb ralnlijll and
he-Ip to rt;plenlsh the groumJ watflf sum~l ... ,

Or:'lil"Qye' dit<:ho!S emptying Into aretl~ uf ml(1fl
l:a\l{O·InS al$O.1 ';Porv\!' <l~ f.1pid mp,<lIlS of 9r(".I11(1 o'Jatcr
ff!Plenistllllt'l1t. A SiS1t'lTl ',I d'-alnaHI! Ijlt!:tle5 In lhe
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WATER RESOURCES OF THE JOPLIN AREA. MO.

Oronogo-Duenweg mining belt was constructed duro
ing the 193O's by the Works Progress Administration
to alleviate some of the mine flooding during periods
of heavy rainfall. Many of these drainage ditches still
function and carry large quantities of zinc-bearing
waters to Center Creek during heavy rainfall.

Most of the basin outside the mining area is cov­
ered by woodlands and farmlands which help impede
rapid runoff.

Although many of the features of karst topog·
raphy. such as caves and springs are present, sinkholes
are few. However. the cherty residual soils that have
developed on the limestone are receptive to the infil·
tration of rain water and this is shown by the well-sus­
tained flow of the streams during dry periods.

GEOLOGIC SETTING

The Spring River basin is principally an area of
carbonate rocks which dip gently to the northwest
and pass beneath the Pennsylvanian shales. In the vic·
inity of Joplin and Webb City mineralization of the
rocks and subsequent mining have altered the water
regimen by changing the recharge, distribution. and
flow pattern of the ground water. Elsewhere in the
basin the regimen is probably little changed.

stated by Robertson 11966, p. 71. "The name 'Grand
Falls chert' is restricted to a distinctive body of mas·
sive chert which crops out at and in the immediate
vicinity of Grand Falls on Shoal Creek south of Jop·
lin. Missouri. ....It is recommended that usage of
the name 'Grand Falls' be discontinued except for
this limited chert unit. and that the widespread, map­
pable. sedimentary unit which immediately overlies
the Reeds Spring Formation and which has previously
been referred to as the 'Grand Falls Formation' in
southwestern Missouri be given the name 'Elsey For·
mation· ...

The comparison of an unaltered geologic sec·
tion of Mississippian rocks with one affected by solu·
tion and mineralization (fig. 4) shows the increase in
porosity resulting from these processes. Because of
hydrologic considerations. the aquifers have been
grouped into two principal units: the Mississippian
aquifer will be referred to as the shallow aquifer, and
the Cambrian and Ordovician aquifers will be referred
to collectively as deep aquifers. Deep and shallow
aquifers are separated by the relatively impermeable
Kinderhookian silty limestones and shale. w~ich form
a poor hydrologic connection between the aquifers.
and by the Devonian·Chattanooga Shale, which is
present only in the southern part of the area.

STRUCTURE

STRATIGRAPHY The Joplin area lies on the western edge of the
Ozark uplift. The rock strata dip gently to the west

Important aquifers in the area occur in rocks and northwest at a somewhat steeper angle than the
of Cambrian, Ordovician, and Mississippian age. The land surface. A structure contour map of the top of
surface geology of the basin is shown in figure 1. the Ordovician System showing the major structural
Limestone of Mississippian age is exposed in much of features of the area is ~lVen in figure 5. The overlying
the area. Rocks of Pennsylvanian age crop out in the Mississippian and Pennsylvanian formations generally
northwestern part of the area. and occur in many reflect these structures on the surface. In the southern
sinks and as outliers throughout the area. The Pen- '. part of the area the streams generally flow in the dir­
nsylvanian rocks in contrast to those of Mississippian ection of regional dip, but are locally controlled by
age have low yields of poor quality water. fracture systems in the rock.

A generalized section showing the order of the
geologic formations and their hydrologic properties
is given in table 1. The nomenclature used in this
report is that of the Missouri Geological Survey and
Water Resources and not necessarily that of the U.S.
Geological Survey.

One of the important water-bearing units in the
Mississippian section is the Elsey Formation. In this
report the name "Elsey Formation" is used in pref­
erence to the name "Grand Falls Formation". As

B

Rock fracturing not only affects the direction
of flow of streams. but is of major importance in the
movement of ground water. The courses which
ground water first follows are determined by bedding­
plane openings, lithologic variations. and tectonic fea·
tures such as fractures, faults, and minor folds. In the
mining area at Joplin. much of the rock fracturing
and brecciation is a result of solution and collapse of
limestone and chert beds; the effect on the availabil~

ity and movement of water is considerable.
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Soon after the deposition of the cherty Missis­
sippian limestone beds, the area was raised above sea
level and solution of the limestone commenced. Ex·
cept for a few periods of further deposition, solution
has continued to the present. The removal of lime­
stone by solution often left large undCl"ground open­
ings with inadequate ceiling support. The overlying
beds eventually collapsed giving rise to pol'"ous brec·
ciated areas locally called broken ground or confused
ground. Due to the relative insolubility of chert, it
was left behind as the limestone was dissolved. The
resulting breccia section is thinner than an undis­
turbed section, and contains a higher percentage of

chert. (See fig. 4). According to D. R. Stewart:
(written communication, 1967) "Subsurface zones of
solution breccia vary from very tight healed bteccias
to the extremely loose facies, known locally as 'hog­
chaw' . The tight breccias are those that are either
cemented or healed with gangue minerals such as jas­
peroid and dolomite, plus those healed by the ore
minerals themselves." Many of the breccia areas con­
tain Pennsylvanian sediments whidl either settled out
in these cavernous areas, or slumped in at a later date.
Most of the Pennsylvanian outliers shown on geologic
maps of the area occur in breccia areas.

Enlargement of openings by solution along bed­
ding planes and fractures gave rise to caves, solution
channels, lost rivers, sinkholes, and springs - the fea­
tures characteristic of limestone terrane. However,
sinkholes characteristic of typical karst topography
are not prominent in the Joplin area or in the basin
as a whole.

MINERALIZATION

Solutions deposited large quantities of minerals
in the Mississippian limestones. Small amounts of
mineralization may be encountered throughout the
area, but only where lead and zinc minerals were suf­
ficiently concentrated to justify exploitation were ex·
tensive mine workings developed. Sphalerite, galena,
pyrite, marcasite, dolomite, calcite, chert, and jasper­
oid are the most common minerals found.

Passage of water through sulfide mineralized
areas causes an increase in the dissotved-solids content

10

of the water. This increase is principally in the cal­
cium and sulfate contents and represents the final
products of a complex series of chemical reactions
between the minerals, country rock, and the water
and its dissolved gases. These reactions also bring
zinc and iron into solution; however, the amount of
these metals remaining in solution is generally small.

Mineralization in the Joplin area is usually
associated with solution features. The circle deposits
are the result of mineralization of breccia in sinkholes.
The runs, or watercourse deposits, occur as elongated
vFins. These are generally large solution channels with
the minerals cementing and replacing collapse breccia
fragments and filling voids. The sheet ground deposits
occur in areas where limestone of the cherty Elsey
Formation was dissolved leaving behind the relatively
insoluble chert. The chert, broken by the weight of
overlying sediments, became the host for the·miner­
als deposited by ore-bearing solutions. Mineralized
areas generally contain much water, except where
mineralization has completely filled the openings in
the rock. After the minerals were deposited, water
table changes, erosion of the overlying beds, and pos­
sible regional uplifts caused the minerals to be
exposed to oxidation and solution which further in·
creased the porosity of mineralized areas. Solution of
the minerals is continuing at present, and accounts in
part for the unusually high zinc content in the water
of many wells and streams in the area.

Geomorphic, tectonic, and climatic events of
the past have greatly altered the rates and types of
solution and mineralization that occurred in the area,
so that some phenomena observed at present might
not have occurred in the past and vice·versa. For ex·
ample, water levels in the shallow aquifer stand higher
at the present time than water levels in the deep aqui·
fers. This head relationship of the deep and shallow
aquifers would not allow mineral-bearing solutions to
enter the shallow aquifer from below as they did
when the minerals were deposited. Since the advent
of mining, man has so changed the natural conditions
of this area, that it is often impossible to determine
which phenomena are man-made and which are nat·
ural.
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WATER RESOURCES OF THE JOPLIN AREA. MO.

SOURCES OF WATER

Water supplies can be obtained from both sur­
face and ground water sources in the Joplin area.
Quality and quantity of water vary throughout the
area, and using one source often affects another. An
understanding of the relationship between the sources
is essential to efficient development and utilization of
the water SUpply.

GROUND WATER

CAMBRIAN AND ORDOVICIAN FORMATIONS
__ THE OEEP AaUIFERS

Water from the deep aquifers is under artesian
pressure and yields of individual wells vary consider­
erably. The water has a fairly unifonr. dissolved-solids
content and is a calcium-magnesium bicarbonate type.
Many municipalities and industries obtain their water
from these formations.

HVdrolOlilic: Ch....act... inies

In the deep aquifers wat~ is obtained from por­

ous and fractured dolomite and limestone, and sand­
stone that comprises only a small percentage of the
total thickness of the section. The depth at which
these aquifers are reached is about 300 feet and they
extend as deep as 1,800 feet. The principal areas olre­
charge of the deep aquifers are outside the Spring
River basin. Local variations in precipitation do not
directly affect the supplies available from the deep
aquifers, and the supply available is relatively con·
stant. Only major long-term changes in the climate
of the recharge areas would affect the water supply
available from the deep aquifers.

A secondary source of recharge to the deep
aquifers is from the overlying shallow aquifer. All
water-level measurements made in the area indicate
that the piezometric surfaces of the deep aquifers are
below that of the shallow aquifer. This rel~tionship

favors the downward seepage of water and, in areas
where faults and fracture openings connect the aqui­
fers, direct downward leakage of water from the shal­
low aquifer can occur. Where the aquifers are separ­
ated by the Northview Formation, the Chananooga
Shale, or both, these shales act as aquicludes permit­
ting little water from the shallow aquifer to pass
through.
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Several deep wells in the Carthage-Webb City
area have abnormally high Ca:Mg ratios or heavy
metals contents. This may be a result of leakage along
the well bore or more widespread direct recharge
from the shallow aquifer. Elsewhere in the Joplin
area the shallow aquifer is generally a minor source of
replenishment, but can be a source of conta"min.ation,
especially in the mining area. In the Joplin-Webb City
ilfea, casings in some abandoned deep wells are not
plugged and the corroded casings allow mineralized
waters to move down the wells into the deep aquifers.

Discharge of water from the formations is by
pumpage and by underflow to the west (see fig. 141.

au.ntity A....ilabl.

Yields of wells in the deep aquifers range from
less than 50 gpm to more than 500 gpm. with most
yields between 100 and 400 gpm. Specific capacities
of wells in the vicinity of Joplin and Carl Junction
generally range between 1 and 2 gpm per foot of
drawdown. In the surrounding areas specific capacit·
ies between 5 and 15 gpm per foot of drawdown are
common. Figure 6 shows the variation in specific
capacity in the area" The yields obtained from sel­
ected municipal wells in the Joplin area, formations
penetrated, and specific capacity are listed in Appen­
dix L It is generally found that acidizing a well in·
creases production. Well yields after acidizing are also
listed in Appendix I. The locations of wells listed in
Appendix I are shown in plate 1.

Despite the extensive use of the deep aquifers
by municipalities and industry, only a small part of
the total available water supply is being used. At
present much of the pumpage in the basin centers
around Joplin. This is the area where differences be­
tween water levels in the shallow and deep aquifers
are largest.

Water levels in the deep aquifers in the eastern
part of the basin stand higher above sea level than
they do in the western part. (See fig. 14). Ground·
wat~ movement is from east to west and discharge
is west of the state line. In the eastern part water lev·
els in the deep aquifers generally stand 50 to 100 feet
below those of the shallow aquifer. except where
water levels were measured in an existing drawdown
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conE!. Differences in the western part are as much as
180 teet.

Water level declines. are moderate. Althe Webb
City well field a decline of about 46 feet has occurred
since 1910. lh other parts of the basin declines may
be in the range of 50 to 100 feet In drawdown cones
of well fields but much less than 50 feet elsewhere.
In a well drilled to the Potosi Dolomite north of
Duenweg, continuous water levels from an automatic
recorder maintained by the Missouri Geological Sur·
vey and Water Resources show that there has been no
decline since 1956.

A 24-hour interference test was made at the
Webb City well field using four wells for observation.
The pumped well (see plate 1. no_ 2341 and three of
the observation wells were drilled to depths of 850 to
870 feet penetrating the Roubidoux Formation. Th,
fourth observation well (drilled to 1,307 feet) reached
the Eminence Dolomite. All wells were open in the
Roubidoux Formation; casings were set and cemented
below the Mississippian limestone. Di!)1ances from the
pumped well to the observation wells ranged from
34tI to 600 feet.

The specific capacity of the pumped well after
24 hours was 2 gpm per fOOl of drawdown. The trans·
missibilltv of the producing zone wh'ich was prfnci­
pally the Roubidoux Formation averaged 4,000 gal.
10m. per day pel foot and the 5torage coefficient was
0.0002. However, plots of the water levels showed
that physical conditions within 'the aquifer varied
greatly so that the permeability of the aquifer in all
directions from the pumped well is not uniform, The
transmissibilitv and storage coefficient given above
can be considered only 8$ estimates of the magnitude
of those parameters in the Webb City area.

The Webb City well field 'is within 1 mile of the
Oronogo·ouenweg belt. Ore was mined in the Missis­
sippian limestone above the deep aquifers and varia·
tions in physical character of the limestone are known
to be great. Variations in pen-neability of the deep
aquifers due to abrupt changes In physical character­
Istics such as Jointing, fau Iting, cementation, and sel­
ution probably can be assumed_ Variations in specific
capacity shown in figure 6 indicate that the lowest
yields can be expected in the vicinity of Joplin and
l)Btter yields (on the average) elsewhere in the Spring
River basin, If cementation by mineraliZing solutions
and tectonics are responsible for the low specific cap·
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acities of the deep aQuifers In the vicinity of .IQplin,
these effects may Of>t be important in the remainder
of the basin

The results of lhlt tes1 were compared with a
test made at the municipal welt field at Pittsburg,
Kans., about 30 miles northwe51 of Webb City
(Stramel, 1967, p. 1761. Plots 01 the data in that test
showed more uniform conditions in the aquifer, trans­
missibility of 250,000 gallons per day per foot and
specific capacity of 75 gpm per foot of drawdown.
The ratio (If transmissibllltv to specific: capacity itt
Pittsburg compared with the specific capacity of the
;lumped well at Webb City gives II' lransmissibility of
6,700 gallons per day par foot, This is In th~ same
magnitude as that estimated from the Interference
test.

Specific capacity is not only the meaStJre of the
perforniance of a well but Is also a clue to U1C per·
forman,ce of the aQuifer. If suffiCient specific capacity
measurements are available the areal variation can be
portrayed as shown in figure 6. The map depicts an
averaging ·of conditions. In limestonA and dolomite
aquifers large variations in specific capacity may
occur in wells a few thousand feet apart. However,
prediction of water level declines in mUltiple-well
fields cannot be made on the basis of speci.fic capac­
ities alone. but they can help, The storagt! and flow
characteristics of the aquifer measured bv the trans­
missibility and storage c»effident allow the determin­
ation of interference effects In a well field_ Water
levels in wells too closely ~paced will exhibit exces­
sive drawdown due to the interference of other wells.
This results in excessive electric power costs. Wells
spaced at excessive dist'dnces require large capital ex­
penditures for pipe line. Aquifer characteristics. elec·
tric power costs al1d capital expenditure mlJst be
evaluated in w.ell field design.

For example. a weI! drilled Into an aquIfer with
a transmissibility of 4,000 gallons per day per foot
and a storage Ct)cfficiant'of 0.0002 and pumped at an
average rate of 200 gpm for a year will cause a draw·
dOwn of 52 feet at a distance of 500 feet. At a dis·
tance of 1,000 feet the drawdown would be 44 feet.
Howevm, if the transmissibility were 10,000 and the
storage coefficient 0.0005, the drawdowns would be
21 feet arId 18 feet respectively. It is obvious that the
extra lift lind attendam power costs reflected in draw­
downs caused by Interference are Important consid­
erations in well field design, In lieu of tran5mrssibility
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values specific capacities are useful in design. Gener­
ally, where specific capacities are highest well spacing
can be closer.

The general practice in the Joplin area, when
drilling a deep well, is to case off the shallow forma­
tions and to leave the hole open below the casing.
This allows mixing of water from all formations pene­
trated below the casing and makes it difficult to deter­
mine the relative yields of the formations. In general,
the more formations penetrated the greater the supply
of water. However, the maximum supply of water
available from even the deepest wells is quite variable.
A method for estimating the depth that a well must
be drilled to penetrate the deep aquifer is given in
Appendix II.

Further development of the deep aquifers will
be most successful at locations ~ay from present
areas of heavy pumping and in areas where specific
capacities are highest. Proper spacing of wells with
adequate casings is essential to the most efficient de­
velopment of this valuable water supply.

The chemical quality of water in the deep aqui­
fers is relatively uniform over the area. Calcium, mag­
nesium, and bicarbonate are the predominant constit­
uents dissolved in the water (fig. 7, table 21, reflecting
the dolomitic character of these formations. Other
constituents generally are present in small amounts,
but in a few places sulfate is a significant part of the
dissolved solids. Maximum values for sodium, chlor­
ide, and nitrate in table 2 are unusual and they are
not representative of any area. Median values are typo
ical for water in much of the area. The complete
chemical analyses are listed in Appendix III and well
locations are shown on plate 1.

The generaliZed distribution of the dissolved­
solids oontent of water in the deep aquifers in south­
western Missouri is shown in figure 8. The. area of
lowest dissolved-solids oontent of water in the deep
aquifers shown in figure 8 is anomalous because it is
not in or near the outcrop and it is surrounded by
water with a higher dissolved-solids content. Water
in the shallow aquifer overlying the anomalous area
has a higher dissolved-solids content than the water
in the deep aquifers; hence, leakage through frac.
tures or fault openings connecting the two aquifers
cannot account for the lower dissolv~··o;olids con-
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tent of the water in the deep aquifers. The anomalous
area generally coincides with the presence of the
Northview Formation and the Chattanooga Shale
which lie between the shallow and deep aquifers. It is
possible that this anomalous oondition is influenc:«t
in some way by the membrane properties of these
shares. However, proof of this is beyond the scope
of this report.

In the Spring River basin the dissolved-solids
content of the water generally is lower in the south­
ern part and increases to the northwest. Wells in deep
aquifers are open below the shallow aquifer and the
formations between the bottom of the casings and
the bottom of the wells contribute water. The anal­
ysis for a well may represent water from one or sev­
eral formations.

Water levels in the deep aquifers are lower than
those in the overlying shallow aquifer and, where a
direct connection between the two aquifer systems
exists, the deep aquifers are recharged from the over­
lying shallow aquifer. The ratio of calcium to mag­
nesium in water from Carthage Well NO.1 and Webb
City Well No.7 and the nitrate content of water from
the Carthage well indicate that water from the over­
lying limestone is leaking into these wells. Spectro­
graphic analyses (Appendix III) show that water from
these two wells also contains more zinc than is found
in water from other wells in these formations. Zinc is
a common constituent of water in the Mississippian
limestone.

Changes in enemical character that result from
the leakage of water from the shallow aquifer are
shown in figure 9. The upper diagram is for water
from the shallow aquifer; the middle diagram repre­
sents the mixture of water from Carthage Well No.1,
and the bottom diagram is for water from the deep
aquifer only. In the examples shown, note that the
magnesium and nitrate contents are intermediate be­
tween those concentrations for water from the deep
and shallow aquifers. Changes in the chemical charac·
ter of water in deep aquifer'" where direct leakage
from the shallow aquifer occurs would be similar to
those shown, but the magnitude of changes would
depend on the amount of leakage and the concentra­
tion of constituents in the water in the overlying aqui­
f".

Probably the best method for determining if
direct leakage has occurred is to compare the ratio of
calcium to magnesium. In deep aquifers, the ratio is



Sources 01 Water

Data in milligrams per liter. except pI!

Gon:5t t.tuent

Silica (5102)

Iron (Fe) -----------.

Cal~lu~ (ca) .--------

Hagnesi,um (Mg) -------

Sodium (Na + K) ------

Maxitl1Jm

12

1.7

74

2Z

30

Minimum

5.0

.00

25

I I

1.6

f'ledian

8.0

.07

40

18

5.4

Carbonate plus
bicarbonate (C0

3
+HCO)} 257 120 206

Sui fate (SOt.)

Chloride (el)

Fluoride (f) -.-------

NitrllCl" (NO)} -------­

Dissolved Solids -----

Hardness as caeo) ----

p~1 ----.--------_.----

68

n

.5

12

290

246

8.4

3.7

1.7

.1

.0

340

112

7.3

13

5.2

.1

.0

217

176

7.6

Table 2. Maximum. minimum, and median values of constituenb dissolved in water from deep aquifers.
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Constituent Il' prClperty

WATER RESOURCES OF THE JOPLIN AREA, MO.

Soure:tl and siunifil:anCll of dissolved mineral constituents and propenill$ of watel

Source Or elIuse Signlfiunee

Irlln IFe)

M:lnganese (Mn)

CIllcium lCaI ,nd m~
nesium IMg)

Sodium INal and Plltas­
slum (Kl.

Blearbonate (HC031 and

carbonate (C0
3

)

Chtllride ICII

FLuo.ida IF!

20

Ois$Qlved fnlln pracliully .U 'lICks
and soils, commonly 18SIi than 30
mg/~" High collo::enlrations., as muei'l
as 100 mgJl, ganerally occur in
highly alkaline waten.

Dissolved from p'llCtically all rocks
and soil~ May also be derived
from iron pipet. pumps. and othl!l"
equipment. Mo,a Ih:an 1 Or 2 mg!1
of soluble i,on In surf.ce waters
geM.ally indicates acid wllStn from
mine dralnao;,e l»" Othe<' EOUrtl!S.

Di$l;olved frllm $Omlf roo::k~ and solis.
Not 00 ellmmon as i,on. Large
quantities often a5$0CiBllld with
hi9h Iron contant and acid waten..

Diosol~ed hom pr...,ll""lIy 1I1i roclts
and- solls, but especially Irllm lime­
stone, dolomite, and gypsum. Ca~
cium arn! mllillnesium 'rt. found in
WllI& Quantilil!$ in Sllme b,inl:lS.
Magnesium is present in la'V& qu~1'I­

tities in sea wilte,.
Dissolved from pr.ctlc:ilily .11 r<lCks

and 5OiI~ Found i1lso In aReiant
brines, _ water, Irtdustri,l brintlS,
and .sewage.

Action of carbon dioKida in wlIler on
c8fbllnate ,odc~ UJdl as Ifmastllne
and dolomite..

Oi5$Olved ft",,!, rOCk' ..nd solls c",n'
tlI;ning gypsum, 1,0\'"1 sulfides. and
lim", 5Ulfur cOmpound!., ellm·
monly present in mine waters and
some Irdustriitl wadllL

Dissolved from rocks and 5llils. P,as­
ent in _age and found i1'l hlrge
amounts In ancien1 brinas. sea
watar. and indudrial wastes..

Dissolved in small til minula quanti.
tie:s from most ,~ks ard SO;I..
Added to many wlltan by Jluo.lda­
lion of municipal 6UPJWi~

Forms hll'l'd \\I:ahl in pipes lind boilan.. Canied Ovtlf in
steam of high-prvssur. boilen to form deDOSiu on
bl!Jd{!$ 01 turbines. Inhibiu deterioration 01 lelltita­
type watet j.Oflenflrs.

More th"" about 0.3 mgtl stains laund.y and uten~lb

reddish brown. Ob;..ctionalbe fo, food p'OC'lrUlng,
{ll)(tile processing, b8Yeragas, ice manufaeture, b,_
1nll. and other proo::esses. USPHS 119621 Idrinking­
wat"r nandlms state that irlln should not e.>co::eed
0.3 mWI. lR0V9' quantiti_ o::aUSll unpleiK8nt IlISte
lind f8\l0, growth of Iron bacteria.

Same obje.:tillnabhl features as iron. Causes dark brown
Il, btil(:k $tiI;n. USPHS (19621 drinking-water lItan·
dllrds suta that n,a"9'!""'"' should not exceed 0.05
milO.

Cause mOST 01 the hardness and sc:.ale-rorming P'QPII'­
tis of wllta,; SOllp consuming lsee Hardnessl.
Waters low in Gil!o::ium and mllllnesium desired in
"h,etroplilting, tannin\!. and dy~ng lind In lelltil.
matlufaetu.ing.

larve amounts. in combination with d1lo,ide, giva II

salty laste. Mode'i1ta quantities ha~a little effact lin
the usefuln_ Ilf water fo, most purposes. Sodium
salb may eause foaming In mum bIlilet'$, and. high
sodium eontant may Ifmit the u~ of ""atar fo, ini
lIItiOn.

BiCllrbom.te and earbllnaUl p,oduc" alkahruty. Bicarb­
oniltes of ClIleium and magnesium dllCompose in
$t8llm bollars and hot·walRr facilities to form seale
and ,el_ cortosive ea,bon dillxide gill. In combin­
ation with Cilk:ium and magnesium they C3.lQIl car·
bonate hardn__

Sulh.te in wllte, eontllinillg c:illcium lorms hard ~I.
in neam boilar.. In larve amoun,s, sullete In cOm­
blnatiorl with 011'a. Ions gives a bitt'" wte to
wata,. Some c:alcium SUtfilt. is consida,ed benelicial
In the brewing pr..cau. lISPHS (1962) drinking­
WatM ltandard~ 'eo;ommend that Ihe sulfato cOntent
should not exc:ll&d 250 mg/l.

In 10'11" amounts In combination with sodium gives
Airy tMte to w81e•. In large Quantities increases the
corrosiv_ of watel. USPHS 119621 d,inking­
water standards recommend that the chillrida eon·
tant not "xceed 250 !niI1.

Fluoride In d.inkill\l water reduC8$ tlte incidence of

toath decay when the wate, is o::o.niUmed during the
period of flnamel ClIlciho::.ation. However, it may
C3UM motlling 01 tha tll'llth dllptlnding on the oon·
cent,ation Ilf fluo,ide, the • of the child. the
amount of watlll'" consumed, and the suK<llptibility
of the indiwidual. The millllmum concentration of
fluoride recommended by the USPHS (1962) va,i"
with the annual av,""agll of muimum dilily ,ir
temperatures and ranges dowrtWard from 1.1 mgJl
fo, an aver.lgll muimum daily tempe,ature of 10.00

C to 0.8 mg!1 fOl'" an avt1raga maximum daily tamp­
IIntu,e ot 32.50C. Optimum concenttations fll'
these rilnges arll Irom 1.2 10 0.1 mill!.



Sources of Water

Table 3. Source and significance of .?issolved mineral constituents and propertillS of water--Continued

Constituent or proper1y Source Or cause Significance

Affects usefulness of water for many purposes. Most
users desire water of uniformly low temperature.
Seasonal fluctuations in temperature of surface waters
are comparatively large depending on the volume of
water.

Sediment must generally be removed by flOcculation
and filtration before water is used by industry or
municipalities. Sediment deposits reduce the storage
capacity of reservoirs and lakes end clog navigable
stream channels and harbOrs. Particle-size distribution
is a factor controlling the dll11si1y of dep~;ted sediment
and is considered in the design of filtration plants.
Sediment data are of value in designing river-develop­
ment projects, in the study of biological conditions
and fish propagation, and in programs of soil conser­
vation and watershed management.

Concentration much greater than the local average may
SU99Bst pollution. USPHS 11962) drinking-water stand­
ards suggest a limit of 45 mg/I. Waters of high nitrate
content have been reported to be the cause of meth­
emoYlobinemia lan often fatal disease in infants) and
therefore should not be used in infant feeding. Nit·
rate has been shown to be helpful in reducing the
intercrystaline cracking of boiler steel. It encourages
the growth of allllle and other organisms which may
cause odor problems in water supplies.

USPHS (1962) drinking-water standards recommer.ri
that the dissolved solids should not exceed 500 mg/l.
However, 1,000 mg/l is permitted under certain cir·
cumstancllS. Waters containing more than 1,000 mgll
of dissolved solids are unsuiteble for many purposes.

Consumes soap before a lather will form. Deposits
soap curd on bathtubs. Hard water forms scale in
boilers, water heaters, and pipes. Hardness equivalent
to the bicarbonate and carbonate is called carbonate
hardness. Any hardness in excess of this is called
noncarbonate hardness. Waters of hardness up to 60
mgll are considered soft; 61·120 mgll moderately
hard; 121-180 mgl1 hard; more than 180 mgll very
hard.

Indicates degree of minerali,zation. Specific conductance
is a measure of the capaci1y of the water to conduct

an electric current. It varies with the concentrations
and degree of ionization of the constituents, and
with temperature.

A pH of 7.0 indicates neutrality of a solution. Values
higher than 7.0 denote increasing alkalinity; values
lower than 7.0 denote increasing acidity. pH is a
measure of the activity of hydrogen ions. Corrosive­
ness of water generally increases with decreasing pH.
However, excessively alkaline water may also attack
metals,

Water for domestic and some industrial uses should be
free from perceptible color. Color in water is objec­
tionable in food and beverage processing and many
manufacturing processes.

Vellow·tO-brown color of some water
·usuallY is caused by organic maner
extracted from leaves, roots, and
other organic substances. Color in
water also results from industrial
wastes and sewage.

Climatic conditions, use of water as a
cooling agent, industrial pollution,

Mineral content of the water.

Acids, acidilenerating salts, and free
carbon dioxide lower the pH, Car­
bonates, bicarbonates, hydroxides,
phosphates, silicates, and borates
raise the pH.

In most waters, nearly all the hard·
ness is due to calcium and mag·
nesiu'm. All the metallic cations
other than the alkali metals also
cause hardness.

Decaying organic maner,legume
plants, sewage, nitrate fertilizers
and nitrates in soils.

Chiefly mineral constituents dis­
solved from rocks and soils.

Erosion of land and stream channels.
Quantity and particle-size gradation
affected by many factors such as
form and intensity of precipitation,
rate of runoff, stream channel and
flow characteristics, vegetal cover.
topography, 1ype and characteristics
of soils in drainage basin, agricul·
tural practices, and some industrial
and mining activities. Largt!$l con­
centrations and loads occur during
periods of storm runoff..

l"Public Health Service Drinking Water Standards," revised 1962, apply to drinking wilter and water'supply systems used by
carriers and others subject to Federal quarantine regulations.

Temperature

Hydrogen·ion concentra­
tion (pH)

Color

Suspended sediment

Hardness as CaC03

Dissolved solids

Specific conductance lmi­
cromhos at 250CI.
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WATER RESOURCES OF THE JOPLIN AREA, MO.

about 10 parts calcium to 6.5 or more parts magnes­
ium and in the shallow aquifer, the ratio is about 10
parts calcium to 2.0 or less parts magnesium. The
ratio in a mixture would be somewhere between these
two limits. Although the mixing of water from two
aquifers might not be detrimental as far as chemical
quality of the water is concerned, water in areas of
direct leakage is susceptible to contamination because
water in the shallow aquifer is subject to rapid con·
tamination from surface sources.

Water from the deep aquifers is of a good chem·
ical quality and is suitable for most uses. The hard·
ness of the water in some areas is undesirable for
domestic and municipal use and softening would be
beneficiaL The source and significance of the major
constituents and properties of water are shown in
table 3.

MISSISSIPPIAN FORMATIONS
- - THE SHALLOW AQUIFER

The quantity of water available in the Mississip­
pian formations is highly variable and its quality is
generally poorer than that in the deep aquifers. Most
wells in the shallow aquifer were drilled for domestic
water supply. Large quantities of poor quality water
are available for industrial use from abandoned mines
penetrating the shallow aquifer. All of the springs in
the area issue from the shallow aquifer, many, of
which are perennial and yield supplies of good quality
water. Springs are presently being used by homes,
farms, industries, and fish hatcheries.

Hydrologic Characteristics

The shallow aquifer consists of about 300 feet
of limestone and chert. Solution and collapse of the
limestones, and mineralization have resulted in large
variations in the permeability of the shallow aquifer.
Highly permeable breccia areas may yield up to sever·
al hundred gallons per minute. Undisturbed areas of
dense limestone, locally called limestone bars, sur·
round the brecciated areas and generally have low
yields. Mineralized breccia areas generally have high
permeabilities, but the groundwater inflow to these
areas is controlled by the permeability of the sur­
rounding limestone bars. Figure 10, which is adapted
from a series of maps (Mo. Gaol. Survey and Water
Resources, 1942) shows the distribution of breccia
areas in the vicinity of Joplin.
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Breccia areas which contain mines are locally
called pools. The pools cont::jin large amounts of
water stored in abandoned mine workings and the
surrounding breccia area. Where mine workings con·
nect adjacent breccia areas, a single large pool is
formed. During past mining periods there was often
200 feet of head difference between adjacent pools
immediately after dewatering one of them, because of
poor interconnections. However, the effects of dewat­
ering a pool slowly extends to surrounding pools,
especially during dry seasons. An example of the
effect can be shown in the recent dewatering of the
Hyde Park mine (Pool No.6 in fig. 11). Shortly
after the pumps were turned on in the summer of
1965, the mine hydrographs (fig. 12) showed the
effect on the Nowata shaft (Pool No.5) 1% miles to
the northwest; even the McGregor mine shaft (Pool No.
4) 3 miles away, is affected by the dewatering.

A well drilled in a breccia area can yield 50 to
100 gpm or more, while a few hundred feet away
(outside the breccia area) well yields may be 15
g:Jm or less. Due to the scarcity of outcrops and the
thick residuum in the area, breccia areas are difficult
to locate outside mining areas. The series of maps
showing mineralized areas (breccia) in the vicinity of
Jop,ill (Mo. Geol. Survey and Water Resources, 1942)
can be used to locate such areas. These maps are
based on many thousands of drill·hole records, out­
crop .studies, and mine examinations. Undoubtedly
breccia areas exist outside the area covered by the
maps and figure 10. Resistivity surveys in portions of
the area indicate its possible use as a tool to locate
such areas. The water saturation in these areas pro·
duces anomalously low resistivity readings.

The shallow aquifer acts as both a confined and
water·table aquifer as shown in the schematic cross­
section in figure 13. In this report no distinction is
made between the piezometric surface and the water
table of the shallow aquifer; both are referred to as
the water table. When drilling in breccia areas, water
may be reached at the water table (Well No. 1). In
other areas water may first be tapped several hundred
feet below the water table and will rise in the well to
a lev.el corresponding with the water table (Well No.
2.) Where the aquifer is confined, a well which is
drilled below the level of the water table and does
not penetrate the confined aquifer will generally be
dry (Well No.3). In areas where the land surface is
below the water table, wells and abandoned mine
shafts penetrating the confined aquifer will flow
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EXPLANATION
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Figure 10. Map snowing distribution of breccia areas in the vicinity of Joplin.
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WATER RESOURCES OF THE JOPLIN AREA, MO.

(Well No.4). Flowing mine shafts and test holes can
be mistaken for springs be¢ame watercress, usually
associated with springs, is often present.

Water in the shallow aQuifer is recharged rapid·
Iy by local precipitation, which moves through solu·
tionaJly enlarged fractures and bedding-plane open·
lngs toward stream valleys where it Is discharqed
through seeps and §prlngs. Springs whiCh contribute
most of the base flow to the streams are more num·
erous Clod hll\le larger flows in the southeastern. por­
tion of the area, farthest removed from the Pennsyl­
vanian outcrop, where solution has advanced further
in the expoS«! older rocks.

The water table map of the area, figure 14,
ShOWl the slope of Ihe water table in the aquifer and
the direction of movement of the water toward the
streams. Regionally the water table slopes to the west
similar to the slope of the piezometric surface at the
deep aquifers. Heavy pumping in the area north 01
Duenweg has formed a cone of depression and has
altered the normal groundwater flow pattern, causing
water to flow into the cone 10 replace water that has
been pumped.

Hydrographs of mine water level fluctuations,
streamflow in Centel'" Creek near Carterville, Mo., and
the daily precipitation at the Joplin aIrport (fJg. 12),
show how rapidly the shallow aquifer is recharged by
local precillitation in the mining area and the decline
of the water table during dry ueriods as the water
discharges to Center Creek. Figure 15 shows the ef·
fects of a single storm on the water level in the Mont
B mine shaft and the streamflow of Center Creek
near Carterville. Mo. Figure 16 depicts thll yearly de­
parture from nl£!<In allnual precipitation at Joplin
from 1930 to 1966 and the variability of rainfall in
the area. During wet periods, such as the period from
1941 to 1945, groundwater levels remain high and
water users can safely maintain greater pumping rates
in the aquifer. During dry periods, such as 1952 to
1956, groundwater levell' are unusually low and the
sustained yield of the aquifer Is reduced. For dewater·
Ing operations, greater pumping capacity would be
needoo for W(!t periods than for dry periods.

After an extended drought a return to the nor·
mal rainfall pattern will quick I.... raise groundwater' lev·
als. Unless the shallow <lquifet is replenished periodi­
cally by ~ecipitation, the streams in the area will go
dry. However, the JoplIn area has never experienced a
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drought sevete enough to dry up Its streams, lhough
iOtream-llow has been Sharply reduced during a few re­
cent drought periods. Greatly increased purnpage
from the shallow aquifer would reduce natural
groundwater discharge to streams.

QUlIntlty AVlIilab..

W~b and Spring$. - _ The shallow aquifer dis­
charges an average of approximately 300 cis tl35,OOO
9pml to the streams of the area. However, the amount
of water available from a !>ingle well is generally small
by comparison. Wet periods and droughts increase and
decrease well .... ields to a slight e><tent, but the varia·
tion is less than the change in flow of streams. Well
yields of more than 100 gpm Bre r.lr@ in the shallow
aQuifer, hut many springs in the area 16SlJing hom the
shallow aquifer yield 100 to 500 gprn or more. Be·
cause springs in the area yield as much as 9,000 gpm,
wells drilled to inter'SP.Ct spring drainage systems can
have larqer yields than any presently dL'Veloped.

Thp. several formations ltable 1) which com­
prise the shallow aquifer have different water yield·
ing characteristics. Wells in the Reeds Spring Forma­
tion and the Elsey Formation yield small 5Upplie5
which are adequate for farms and home5. The Elsev
Fonnation raraly yields over 50 gpm, except where
it is highly fractured. Where fracturtld and minerlll·
[zed, the Elsey Formation is locally called. sheet·
ground and may yield up to 300 gpm of fall' to poor
quality water. The overlying Burlington·Keokuk For·
matlon is generally a poor water producer, except in
brecCIa areas where It llsually yields 25 to 100 gpm,
and as. high as 300 gpln.

Isolated solution channels carrying large Quan­
tities of water may be penetrated outside the breccia
areas. The most favorable sites tor finding solution
channels are near springs in areas that contribute large
quantities of ground water to stream base·flow. Geo­
physical methods and test drilling may be used to re­
veal the existence 01 solution channels.

Most of the springs in the area issue ffOm the
Elsey and Reeds Sprlng Formations. These springs
generally occur along outCr<lOS in stream valleys, and
flow from bedding pl,mes and joints enlarged by
solution. The magnitude of the!ie springs varies from
small intermittent springs to large springs .... ielding
more than 20 cfs (9,000 gpml. Flows of all springs
fluctuate during rhe year, but some springs vary less
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EXPLANATION

--1150---­

WOler-toble Contour

Shawl altitude
oqulhr. Ooshed

of 'Water table In
• hlrl approximately

shallow
located .

Contour Interval 50 feel.
mean seo level

Oalum is

Number I' altitude of
in deep aquifer well, In

mean sea levil

level
above

00

wa te r
feel

~"".

-+

5 mil..

Sea Ie

..---
Basin Boundary

•
lOU

••R

••,

AB

I
\R

\

~~'.-'~~~~~o'~R~~1~-::'~\

Figure 14. Water table map of the shallow aquifer fOI June 1966, with altitudes of watel levels In selected deep
wells.

28



~-"...,".,.,
~5

".,
:~.;.,.,...'.,
•".".

El!PLANAJlQN
~__ ~ cVO.Ul eM..._ CU11~YlI.lf. _ .....

~ .....'_ ••__ _!l.
---.. _0 .....n _.L _ .... 1<_,.... ....,5,1_

•••··, ,
... I-----.j-----.j------I------l-------1-t'-1-----I------l-------1------+------f------1f-j

I,

"•;
.= r\, ,.. , ,, \r , \i ------- ------ ----- ---- ------ ---- --r-- \

.. to ' \
h : \
Idus I------<I----;I----I----J----J--!--I-+-~,!-,--+---,,'",---1-----1-----1-----1--1il / .. '-" '"

• f ~-­,,,,,,
r-

Figure 15. Hydrographs showing detailed effects of a single storm event on the water level in the Mont B mine shaft and the flow of Center Creek near
Carterville, Mo.



WATER RESOURCES OF THE JOPLIN AREA, MO.

To determine the seasonal variability in yield
of a mine with continuous flow, a weir was placed on
the outflow channel of the Anderson and Crackerjack
mines (T, 28. R. 33, sec. 33). A staff gage was in-

than others, Springs with direct connections to sur­
face drainage and little storage capacity ShOw a sharp
rise and fall In discharge following a heavy rain. The
measured discharges given with the Chemical analyses
of water from springs In Appendix III indicate that
where several measurements are available for a single,
spring the flow varies seasonally.

MirtQ.- _ Large quantities of watllr all! avail­
able from abandoned mines in the area, As much as
1,000 gpm have been pumped from individual mines
over extended periods, and as little as 40 gprn from
others. Pumpage and use of mine water in and around
Joplin are shown in table 4. Supplies available from
anyone mine or group of mines are quite variable;
factors controlling availability are:

Water from Ifmestone of Mississippian age gen­
erally has moderate dissolved·solids content and is a
calclum bicarbOl'ate type, but the chemical character
and dissolved-solids content of the water vary with
the source. Water is available from three sources:
springs, welts. and mines. Chemical analyses. tabu­
lated by sources, are presented in Appeodix Ill. and
they are summarized in table 5. The data in table 5
show that, for many of the constituents, there is con­
siderable ovel'lap between the maximum valull'S for
one source and the minimum values for another
source. Spring water yeneraJly contains less dissolved
solids and is more uniform in chemical character than
well or mine w!:lter because of freer circulation, Well
water Is intermediate between ipring and mine water.
while mine water Is more variable In both chemical
character and dissolved-solids content than that from
either springs or wells.

stalled on a lake. with very I1ttle surface drainage area.
formed by a mine cave-in about 1,000 feet south of
the shah. The water level In the lake coincided with
the water table. Periodic readings were taken of the
gage and the weir over a period of 6 months. The
flow from the shaft ranged from 150 to 450 gpm.
with lake levels directly related to flow. During heavy
rainfall the water level in thl' lake rose and the flow
from the shaft increased rapidly: soon after the
rain, however, both receded at a gradually diminish·
Ing rate. The results of this study and a similar study
of fluctuations of mine shaft water levels and seepage
10 Center Creek in the Oronogo·Duenweg mining field
Indicate that in developing a wate! supply from a
mine an optimum Dumping rate would be one that
provided for a compromise between maximum water
storage for dry periods and maximum available stor·
age for wet periods to minimize outflow.

The principal factors that cause departures
from the natural calcium bicarbonate type of water
are contact of Ihe water with sulfide mineral deposits,
and contamination of the water from surface sources.
The influence of lhese factors can be recognized by a
high sulfate or nitrate content. A con,parison of the
maximum and minimum values in lable 5 shows that
increases in dissolved solids resull principally from
increases in calcium, sulfate, and nitrate. Maximum
values for sodium and chloride in water from wells are
unusual and sources of these conl;1ituents are not

Extent of mine workings

Permeability and location of surround·
ing limestone bars

Permeability of the ground overlying
the mine

Extent of tailings piles in the vicinity
of the mine

Surface drainage around the mine

Amount of local precipitation

Proximity to other pumping
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5)

6)

71

,)

21

4)

Because of these factors an extensive mine may have
a large amount of watel in storage. but its inflow or
sustained yield may be lower than a much smaller
mine. A seepage run made on Center Creek during
the low-flow season indicates that the Oronogo-Duen·
weg mining belt contributes a minimum of about
1.500 gpm to the stream by natural discharge. This is
in addition to approximately 2,000 gpm being
pumped from the mines. During past mining periods
an average of about 13,000 gpm was pumped from
the field to keep it unwatered. This is probably the
most water that could be pumped from the field con·
tinuously, and may Include a large Quantity of recir­
culated wale'. Wei and dry periods would alter this
figure temporarily. When determining the potential
yield of a mine, consideration should be given to the
departure from normal precipitation preceding and
during the pump test or unwatering periOd.

30



Sources of Water

6 +20

••~
0•
.5

• 50 +10 •,! 0-~ 0

•• 's.
0

• ••0 Q.

0 <;4 ,
~ •'u •«
~ •Q. 0

<; •, :>
• E•« 30 -10 0•

~

••,-<;
~•
"20 -20

10'L-----:k:----:::!-:c,..---"!.,,..---,k;;----'------.J
1930 1940 1950 1960

Figure 16. Graph showing yearly departure from mean annual precipitation at Joplin, Mo. from 1930-66.

31



Map
No.

Name of
Mine Owner

Pumping
Rate, gpm Remarks

114 Vagey ._._--------------- Independent Grave I Co. 900 Gravel washing Measured 7/19/65. Inter-
mittent pumping.

llJ Hyde Park --------------- P. Chi Idress 750 Mine unwatering Measured 7/19/65. Rate
varies during wet and
d,y periods

102· King Wi lliam - ". Regis Davison Chemica 1 Co. 500
r

Cooling Intermittent pumping
103

118 Anderson and Crackerjack L. McDonald 500
r

Grave 1 washing Flows 150-450 gpm when
not pumping

Intermittent pumping

106 '" Plant ---------_._--- Independent Grave I Co. aOOr Gravel washing Intermittent pumping

100 Athletic ._-_._-------_.- Atlas Chemical Co. BOOr Cooling Intermittent pumping

105 Kramer -----------.------ Farmers Chemica I Co. IOOr Cooling Intermittent pumping

11\ George H ------------_.-- D,. 8. F. Graves 1,500
r

Hydrau lie mining Intermittent pumping

34 A. Collard 200
r

Irrigation Seasona I pumping

r Reported

Table 4. Pumpage and use of mine water in the Joplin area, Mo.
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OStA 1n m:ll1tgr81lll1 pl."r I in,r. excopt C"ndll~l.nc,,-, pH. C"olor

Spn ng;s Well' Mtn".

Con.tLtucnt :-tall. ~Il" . Me.,Jlan t14x. Hin. Median :-Iu: , Min. Hedlan

5 t J L~a (5i02) ---- .._-_._---- 17 5.0 '. , 21 7.2 '.0 ,. 2.' 10

Iron (Fl!) ------------------- .11 .00 .02 2.4 .00 .24 )3 .<1, • t.H

"<l°Ranelle (>In' -_ .._-------- • I .00 .00 ., .00 .00 5.4 .00 .3

7..l.IlC (7." ) -------_._-.------- -- - -- '.7 .05 •• 35 ., 7,1

ca leiulIl (e.t I ---------------- 147 31 " 22J )3 SO ", .. 266

KBgnell1uIlI (l'l;8) ------------- 7.3 .4 2.4 " ., '.S 31 ).J II

:>Qdiua (1'01'1) -._------------- to 1.1 4.J 106 3.0 7.' 81 4.4 I'

Pot~1I1UBI (K)--------·_-- I .• •2 •• 43 •• ... '2 .7 2.0

Cat"honate plus
btc.3rOOuAllIR: (COJ+HCO~) --- 2}3 90 "" '" 72 21' 277 12. 181

Su Ifat" (5°4 ) U2- 1.2 '.' 44' 1.6 43 l,350 104 5"

'"j' i.~ride (el) _._---_._--_._- 13 2.' '.2 130 .2 4.1 13 2.0 '.2

F hun:ld" (F) ----_ .. _-- ..---- .> .0 .0 .S .0 .2 3.' . 0 ••
lUI rale (1'0)) --------------- 18 1.1 '.3 277 .0 4.2 II .0 .4

l)!$Ilolved So I id!l ------------ 520 U3 186 '81 162 288 2.200 m 1.080

Illlrdneu .. ca£0J _._--_._--- 3'n Q2 148 597 138 23 , 1,440 248 74'
Spe~(n( ('onductancl!'

(1lI1.-rolllhos " 25° c) -_.- -- 74' 201 301 1, )qO 28' 470 1,200 514 1,260

,li ._-_ .. - ----- - - ... - ------- 8.3 7.' 7.5 ',3 ,. , 7. , 8.0 5. , 7.3

Gnll,lf ._-----------_._._----~
, 0 , 10 Q I 5 Q 2

Table 5. MaxImum, mInImum, aod mechan values of conflltuents dissolved In water from rOf:ks In Ihe
mallow aquifer.



WATER RESOURCES OF THE JOPLIN AREA, MO.

known. The higher chloride content in water from
some wells is associated with higher nitrate content.
Higher magnesium contents reflect dolomitization
which occurred during mineralization of the rocks. A
comparison of minimum and median values indicates
that near maximum values for many of the constitu­
ents are unusual. Median values are representative of
the average chemical quality of water in much of the
area.

Mine water contains more iron, manganese, and
zinc than well or spring water. The concentrations of
iron and zinc shown in the table of analyses fOf well
water probably have been influenced by the solution
of these twO constituents from well casings, piping,
and pressure tanks. Analyses of a few comparative
samples collected directly from wells and faucets after
the pressure tanks indicate that 35 to 100 percent of
the zinc content of well waters is from the galvan.
ized plumbing.

Variations in the concentration and chemical
character of water from rocks of Mississippian age are
shown in figures 17, 18 and 19.

The diagrams in figures 17 and 18 show that
water from wells and springs generally is a calcium
bicarbonate type. Diagrams for the lower concentra·
tions are illustrative of the chemical quality of water
in areas where rocks are relatively pure cherty lime­
stone and where sulfide mineralization of the rocks
is not widespread. Variations in the dissolved-solids
content of water in these areas are essentially due to
changes in the concentration of calcium and bicarbon­
ate.

The diagrams for mine water (fig. 19) and those
wells and springs with the higher concentrations and
higher percentages of sulfate are illustrative of water
in areas of sulfide mineralization. Principal areas of
sulfid~ mineralization a(e in the Joplin-Webb City vic­
inity (see fig. 2), but many well records in southwest·
ern Missouri show sulfide minerals in drill cuttings in­
dicating that isolated patches of sulfide mineraliza­
tion occur throughout the area. The diagrams show
that sulfate is an appreciable part of the anion con­
centration in water from areas of sulfide mineraliza­
tion, and that most of the increa~ in tota1 concentra­
tion is caused by increases in calcium and sulfate.
This tendency toward a calcium sulfate type of water
as the total concentrations increase is caused by the
oxidation of insoluble sulfide minerals to a soluble
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sulfate form and the subsequent solution and hydrol·
ysis of the soluble sulfates. Sulfuric acid is produced
during hydrolysis, and the neutralization of this acid
by the calcium carbonate wall rock leaves calcium and
sulfate in solution. An exception to this is well No.
39 (plate 1I. This well is in the northern part of the
basin and all or most of the sulfate content of water
from this well is a result of leakage of more concen­
trated water in the overlying Pennsylvanian rocks into
the underlying Mississippian rocks.

The relatively high nitrate content shown by
many of the diagrams for well and spring watef indi­
cates a widespread distribution of nitrate throughout
the area. As there are no extensive geologic sources
for the nitrate, it is likely that it comes from surface
sources such as nitrate fertilizers, barnyards, or cess·
pools. The range in concentration of nitrate is much
greater in water from wells than in water from springs,
but the median values (table 5) indicate that the nit·
rate content of spring water generally is higher. Spring
discharge is a composite of water from many small
areas of both high and low nitrate content, whereas
water from a well generally receives its nitrate from a
small area around the wel1. Although the nitrate con­
tent of most samples was less than the 45 mg/I recom­
mended limit for potable watef supplies, considera­
tion should be given to a bacteriological examination
of the water if it is to be used as a domestic supply be­
cause of possible bacterial contamination.

SURFACE WATER

The quantity and quality of streamflow in the
Joplin area varies areally, seasonally, and from year to
year. In order to provide information for present and
future development of surface water supplies in the
area, the results of the study are defined in tefms of
frequency, duration and areal variability of flows,
storage requirements, and quality of the water.

Appendix IV presents the location, type of
streamflow information, and other pertinent data for
all gaging stations in the area.

VARIABILITY OF FLOW

There would be few water supply problems in
the Joplin area if the streams discharged at their aver·
age rate at all times. However, seasonal and daily
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WATER RESOURCES OF THE JOPLIN AREA, MO.

variations in runoff rates combine to produce consid·
erable variations in total runoff from year to year.
The variability of yearly runoff is indicated by the
long-time record of Spring River near Waco (fig. 201.
Supply is more variable than demand in the Joplin
area, but the variability of each contributes to the
problem because the peak demands occur during min­
imum streamflow periods and the largest streamflows
occur in periods of low demand.

Minimum streamflows in the area usually occur
during the fall or late summer. At the long·time gag.
ing stations, far more minimum flows have occurred
in Septembel" than in any other month with October
and August in second and third place, respectively.
The lowest streamflows ever recorded in the area
occurred in August and September 1954.

Flooding resulting from heavY rains may occur
during any month, but occurs most frequently dur­
ing the spring and early summer, April to July. The
greatest known floods in the area occurred in May
1943.

DURATION OF flOWS

Flow duration data provide an excellent com·
parison of the flow characteristics of streams because
the slope of the duration curve is a quantitative meas·
ure of the variability of streamflow. Thus, the slopes
of flow duration curves representing different streams
or different reaches of one stream may be compared
to determine relative base-flow and flood·flow char·
acteristics.

Flow duration curves of Shoal Creek above Jop.
lin and Spring River near Waco (fig. 21) illustrate
graphically the differences in streamflow characteris·
tics from north to south in the study area. The por·
tion of the curves exceeding 90 percent duration rep·
resents ground water discharge to the streams accord·
ing to Stuart (written communication) and shows that
base flows in the southern part of the project area are
better sustained. This occurs as a result of the greater
capacity of the geologic formations to store and yield
water. (See discussion of stratigraphy).

The shape of the upper left part of the curves
reflects the amounts of overland runoff from the bas·
ins during periods of excessive precipitation. The unit
runoff of the northern tributaries of Spring River is
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greater ~uring these periods than that of other
streams in the area because they drain areas of Pen­
nsylvanian shales where runoff rates are high. Above
5 percent the duration curves are practically identical
because the slope of the curve in this range is depend·
ent on parameters which are very similar in the two
basins; i.e., the pattem and type of precipitation and
the relief of the watersheds.

The flow duration curves presented in figure 21
represent the long·time distribution of future flows in
the Spring River and Shoal Creek basins provided no
significant man-made changes occur.

flOOD flOWS

Magnitud.and ffeqUem:y of Floods

Flooding of streams in the area may increase in
severity and cause considerable damage in the future
because of increased urbanization and encroachment
of industrial and domestic structures upon the flood
plains of the streams. Therefore, water managers and
consultants working in the Joplin area need informa·
tion about the magnitude and frequency of flooding
to insure proper planning and design of water facilit·
ies.

Sandhaus and Skelton (1968) defined state­
wide flood-frequency equations from an analysis of
flood data available from continuous'record and crest·
stage stations throughout the State. These equations,
which are presented in table 6, are applicable to the

Table 6
Equation$ for delermining magnitude and frequency of

floods on unrllllulated streamst

Frequency Magnitude Standard error
of flood of flood estimate

Iy.arsl Ictsl (%)

1.2 61.5 A 0.651 S 0.191 50.7

2.33 72.3 A 0.119 S 0.330 44.1

5 82.3 A 0.143 S 0.411 44.8

10 90.1 A 0.157 S 0.462 45.6

25 74.8 A 0.716 S 0.654 36.9
tt 50 70.4 A 0.804 S 0_680 36.9
t Equallons art applicabl. to drainage areas greal" than 0.1

'Cluar. milas.
tt Fifty·ytllr flood·frllqu,ncy estimates at eaSing stations

were obtained f,om drainage a,eas in exc_ of 50 'Cluare
milas. Th.... is no .... id.Me to suppOl"t the usll of the SO-
yea, equ.tion for duinage areas leulhan 50 K1uare miles..
Th. equatiorl$ do not ;Jt)ply near tha mouths of suums
draining into l¥9"streams because of possible bKkwat..
off",.
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Lo...·f I.... frequency dilu Orilft-stan.ge frequency dau

Amount of storage ". thouaands of
Station "raln..ge Annual t ....·fl .... In ch ro< Indicated Recurrence acre-feet) for draft rate (in ch)
numer ~ecord used urea. I'erlod , recurrence Interval, ,. yeau Interval, indIc.ad In colu~ headinss (not
(Plate "

St.tion na_ In .naly.is .,. .L d.ys years corrected ro< reservoir evaporulon,, , 10 " 30 " sedlllll!ntaLlon, .., seepase)

1-1854--- Willi.... Creek near 1954 , 1962·64 _........ 7 '-' ... .. '.0 ..... .... - -- -_ . , ,
Mount Vernon d. d,

" 0.22 1.50

1·IS56.5· Sprins River near 1943-4!' _........ 7 " -_ .. 18 ..... ----- . .. _. " 70
Stotta City 1946_41, 1949, d. d,

1954. 1962·64

" 2.50 21.0

1-ISn---- Spring River 0< 1951·64 306 7 " '8 " ..... -_. -- --- -- 60 70
Laruaae-1 d. d.

rs " 30 " -- --- -- --- -_._.
30 " 32 " ....- ... -- ----- 20 12.5 20.8

1·1851.5-- Whia Qe.k Cruk 1954, 1962_64 ..-..... 7 0 ..... 0 ----- .. --- -- --- 0.8 ,., ,
near Avl b b d. <h <f.

20 0.28 LOO 1.88

1-IS58··-- Spring River near 1954, 1962-M .---.. -. 7 " ..... «) ... -- --- -- ----- 60 70
\etk Cltyb <f. d.

20 9.00 14.5

Table 7. Low-flow frequency and draft-storage-frequency data at continuous-record and low·flow partial­
record stations.3
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f)rafr-s~"ral?''' tnq",moy da'."

A"""a1 1""-f1,,... t" d~ for
'-"'-\lff~"<-" If\t~rv~l_. 1,.

Sr.~UCl"

~,m>b~ r
(Plat.. I)

7-J858_~-- flottll ]'Iork l\pdng
Rlv~( at LlI- .... ,J>

1l8.:"r~ ""e,1
In a""l)'~h

194). l'146.
\962"-",

!\r.u'lI-gt
an.. ,

a'-j. 1"1. ,
(J_ I -- --- 0

'"

R~a"N~nc.

l.nt"""a I,
'f"ara

ATro"~' _n' H~Ta88 (110 '_~o,,~allda 01
aCTe-ro.~~) 10\" drat, ran (tn ,fa)
indtc"l:~d IlL ""Iu"'" h., ..dl~" (n"t
corr",l~,j r." "pi!-r""tr ~v"por.. \lo""
.·~i""/n\.ti,,,,. an" "'''Vag... )

,
."

----- 6.l\

7-111bO---- Spring River I,eal;
Iiaco

1.t86l ••• - Cnter t;reak f\~ar

S.arcoxie

7-IB~I'--- Ctnlrr tr~tk o~~r

I'lrI~lity

t .11>4 ,
"30

",.,
'"174

7

7

""".
""'2~IJ

4311

""""""",

""""""'"

a,I'

"))

".
""""

7.2
1I,~

'"""""

'-,
'.",.,
7.1)

"~8
"

,.,
'""

'"

0.34

30
d.
0.4.1
l.h3
~.58

I.
~ f~

."ch
l. t a
3,47
4.66

~.64

~II

rfp
Z.5f:1
~. 7)
7.34

~!i,,,
3.47
7 .n!.
8.81

"".
4_5/\
~_Q2

Ill. 7

7-IB6.4··-- (.:.. no-", Cr..~k n"al'"
C.rtu-villed '" " ,., "d.

zo ~.75 17,1

Table 7 (continued). Low-flow frequency and draft·storage·trequency data at cominuous-record ~"lnd low·f1ow
partial-record stations,a



Low-flow frequency data Duft-storage frequency data

An>ount o( storage (io thousands of
Station Drainage A""na 1 low-flow 1n da f" indicate Recurrenc acre-feet) for draft rate (in ds)
number Record used area, reriod recurrence interva1, in years interva I, indicated in column headings (not
( Plate C) Station name in analysis .q. mi. dsys y"ars corrected C" r"s"rvoir e~~porl\tion,

2 5 10 20 30 50 s"d ime.ntat ion and se""a""

7-1864.2-- C"nter Creek near 1962-64 -----~-- 7 35 ---- (.) ---- --- - ----- 50 75

Webb Cltyb ,r. ",
20 12.3 36.2

7-1864.6-- Center Creek near 1943. 1946, ------- 7 18 ---- (. ) ---- ---- ----- 55 80

Carl Junction 1949. 1952, ,r. of.
1954, 1956,
1962-64 20 13.8 37.2

7-1%7--- Shoal Creek near 1954, 1962-64 -------- 7 17 ._-- 7.6 ---- ---- ----- 15 22

Fairview ", ",
20 l.O~ 6.00

7-1868--- Capps Creek near 1962-64 ------- 7 20 ---- 11 ---- ---- ----- "BerwiCk ,r.

20 0.40

7-1868.5- Clear Creek near 1954, 1962-64 -------- 7 7.0 ---- 2.2 --- - ---- ----- 7.5
Ritchey ",

20 1.40

7-1868.8- Shoal Creek " 1954. 1962-6- ------ 7 54 ---- 20 ---- -- -- ----- 57
Ritchey of.

20 to.7

Table 7 (continuedl. Low·flow frequency and draft-storage-frequency data at continuous-record and low-flow
partial-record stations,2a
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L.:.w-rlD" !~"<luehey data ntaft.~tora.K" fr"<jll"ncy dal:&

Am""nt 0' lltnrit8~ ('0 thl,,,'II'll'ls of
5t:ltton Dral'U1Be IInnua\ low_lluw " efs '0< tn~tcar", ilr.c,urr-..nc ""r.. ·fe.,t) for <l .... ft r'il"" "" da)
llUIlll.>"-l" Record used ....-.,11. Period. r"currellc' (ote-Nat. " yean lnt<'rval, I nd j cated in eolullIll helll1ln!t. (n"t
(\,ll1t .. ,) Stlltl4l\ 1\"""" L!l an" l.r"ia ". mL ~,. yean corrected tor reaervoir evapora~Jon., ,

" '" '0 '" 9..dlmcntllLlon and see II •
,- lR611. Q- 5fwal Cn.. ~' .. 1~('I-('''. ------ ,

" ---- " ---- .--- ----- " 70
rl ..o,,"" t'JI4~.46. ," ,b

i':W:I. l')~Z ,
193f, • 1962¥f,4 20 ~. 70 Ill. ~

1-11l(''1--- iHclwry Cr..c. 0< 1~41. 1962-M -------- , ,.. ---- .., -- -- ---- ----- ,
~'Nal,,, ,"

2,) 1.2~

i-I&70--- SI",>! 1 CrH'~ .1><> .... " 1~1<1-62 '"
, " " " 12 " -_.-- " " 60 " "JoplLn "

,.
" " " " ----- d, cf. ." c f. ."

10 '02 " " " 12 .---- 10 0.40 0./1 L 19 2.60 4.36

" Uo " '" " " --_.- " I. 7<1 1.97 5.3S 1l.~3 11. I

" Ul} " " " l~ --- -- ." t. • .l~ ... Q50 1.73 11. 5 14.5

'8l LIO LOO " " " --- --
274 " '" '" " " --- --

":!lLJ;:>I .on "0' .h"W>, I.nt It'"r~ey Cr •• !;ag~ .
l'hlo f I,...,' .,~ t-h;~ 01 tfl8", " r~g" I ,,' 0,
~(l.,&Si' ~Hh,~"t.

~Dhconli"uc,1 1',..-I.l. l-t<1c<lr~ ¥tar "e.
0 "-,, "r ,,~[tmat~.Inaulflchnt

,1':"oti""""8 -ru<,,,,ol l.lItton "hie,", " """ly7. cl.. • parrl~l-[~c"r flr.attoo f.~< III SOl "t ~c~
, <14(8 •

"l!!tlmarc "0< leull 1.. beeau..... of alR:lllka , 1"",- f 1,
.."V....nt.. t loJ" b" un l1lIlrLal "p'r,,- 1C'n8 <;Iud , ..xten<le ,,, I1tS' •

Table 7 (continued). Low-flow frequency and draft·storage-frequency data at continuous-record and low-flow
partial.record stations. a



WATER RESOURCES OF THE JOPLIN AREA, MO,

Joplin area and should be used in computation of
magnitude and frequency of Ooods. at any site in the
area. To supplement these data, a Hstlng of peak
stages and discharges for the period at record at con·
tinuous·record and crest·stage stations is presented in
Appendbc IV.

The solution of the equations is somewhat lab­
orious; therefore, graphical solutions are presented in
figure 22 A·F for convenience. A hypothetical prob­
lem illustrating the use of the flood-frequency equa·
tions is presented In Appendix V.

The interpretation of the standard error column
in table 6 should be made in the following ways, us­
ing the C<:luation for the 50-year flood as an example:

1. A statement that the actual value for the
SO-vear flood lies within 1 standard error
(36,9 percent) of that obtained from the
equation will be correct 2 times out of 3,
on !.he BVCl'"age.

2. A statement that the actual value for the
SO-year flood lies within 2 standard errors
173.8 percent) of that obtained from the
equations will be COrTect 19 times out of
20, on the average.

The values of the standard error are given so
that the user will be able to evaluate the accuracy of
the results tram the statewide equations.

LOW fLOWS

Low·Flow Frequaney

low-flow frequency data relate recurrence in·
terval to lowest average discharge for periods of var­
Ious length during each climatic year. These data were
computed by statistical methods described by Skelton
(19661 and are presented in table 7.

An example of low-flow frequency curves tor
Shoal Creek above Joplin is shown in figure 23_ Each
of the curves represents a continuous period of dif­
ferent length between 7 and 30 days. The scalo at
the letl of the figure shows the l1\Ierage discharge in
cfs tor any of these periods. The scale at the bottom
shows the average recurrence interval in years at
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which average discharges no't eXceedIng those shown
can be expected to occur as an annual minimum.

Data from low-flow partial-record stations and
continuous records of less than five annual minimums
arB indadequate to define frequency ClJNCS 01 annual
values. These data were related to long·time gaqing
stations in the area and the resulting graphical reqres­
sion was used to estimate the median annual mini­
mum 7-day flow l7-day 021 and the 7<iay lO·year
recurrence interval flow as shown in table 7.

EstimateS of low·flow characteristics at ungllgcd
sites may be obtained by using methods described by
Skelton f19661. Hypothetical problems presented in
Appendix VI illustrate these procedures.

Sell$OnaI ¥ersus AnnUllI F'equ,,~y CUI'Y'. The 3·
month period, June-August, is especially important
from an agricultural standpoint because it includes
most 01 the'growlng:season. low-flow frequency es·
tlmates Included in table 7 are based on the lowest
periods during each climatic year, regardless 01 the
season in which they occur. For lhis leason, a ratio
(1.6: 1) was computed to prov1de a comparison be·

tween estimates based on growing season data and
annual minimum 7-day data. For example, if the user
wishes to get an idea of the June-August 7-<1aV 02 for
Spring River near Waco 17-18601. he should multiply
!he annual 7-day 02 (58 cfs from table 7) by 1.6 to
obtain the seasonal 7-day ~ of about 93 cfs.. The
ratio stlould nOt be used to estimate any tIme period
or recurrence interval except 7-day 2·year because the
relation between seasonal and annual curves is not
uniform throughout,

SeeplIQe Runs

In the slJmm~r and fall of 1964, three seepage
runs were made in the study area ltig. 24). Measure­
ments of discharge and spedfic conductance were
made during the investigations to pinpoint areas of
streamflow gains or losses and determine which
reaches are affected by effluent from mines, indu~try,

or other sources, The measurements were made dur­
ing base flow periods with an estimated recurrence
interval of about 3 years. Although the discharge
measurements were not made during periods of ex.
ceptionally tow base flows, they delineate areas where
base flow gains or losses. may be expected during any
dry period.
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In gefleral, the measurements show that the base
!Iow 01 Shoal Cn:ek, Center Creek, anti Spring Ri~er

originates in the headwater areas with little or no in·
creases and solne losses in The lower reaches of Cen·
ter Creek and Spring Ri~er, The northern tributaries
of Spring River comprise about h<ilf of Its drainage
area in Missouri but drain Pennsylvania,~ shale which
contriuutes practically nothing to the base flow of

the stream.

Streamflow losses were encountered in several
reaches along Sprmg Ri~er and Center Creek, Dis­
charge meaStlrements in the vicinity of Honey Creek
in the Spr ing River basin .showed that losses from
Honey Cret!k and Saring River in the area between
stations 3 and 8 (see fig. 24) amounted to approxi.
mately 3,000 91'10. Smaller losses were observed be'­

tween stations 15 and 16, and 17 and 19 in Spring
River lJ~sin and between statIons 33 3rW 34 In Center

Creek basin.

An industrial complex along Grove: Creek in the
Center Creek basin utilires mine wilter, deep well
water, and spring water in lIS operations. The pump­
age from mines and deep wells usually increases dur­
ing extended droughts and m<ly significantly allgml!nt
the base flow of Grove! Creek and Center Creek down­
stream from Grove Creek, However, the pattern of
water use by the Industrial plllnts is quite erratic and
varies markedly from day to day. At the time of the
seepage run these operations were causing a regulated
flow of 5.2 cts and a specific conductance of 2,200
micromhos in Grove Creek (station 301. As a resull.
tho conductance of Centf!f Creek. increased from 290
micromhos at station 29 to 695 mlcrornhos al station
31.

Mine water drainage into the streams was found
to be a slgniflc,1nt factor in only one area, a reach of
Center Creek between stations 32 and 33. A total of
3 ds of highly mineralized mine water was entering
the STreatn at various points in the reach. At station
32, for example, aboul 90 gallons pet minute with a
specific oond\Jctanctl of 890 micromhos was being
added to the creek by a gravel washing operation
which used mine water for this purpose, The dt<lin­
aye from the- mines raised the specific conductance of
the water from 600 micromhos at station 32 to 695
micrumhos 51 station 33,
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B_Flow Reeeuion Ctlr\le

Base flow recession curves Bre valuable tOOls in
the prediction of future base Ilow, These data are
most often used In (1) evaluating S1reamtlow tor mun·
icipal and domestic water supplies to dett'!rmine pos·
sible neOO fat slipplemental supplies. (21 evaluatillg
ade<luacy of strearrttow for waste dilution to deler·
mine if wastes should be tempOrarily' stored or accel­
erated trE:3tmllnt begun, and (3) administering Wa[flr
laws. particularly those l,,"Qncernec! with withdrawal.

Base·!1ow rcces..~ion curves. Hi!!, 25) were. prtl-­
pared fOr the stallons, Spring River neal Waco, Mo.
and Shoal Creek above Joplin, Mo" to provide a
means of making shon·term forecasts of base flow in
continuous·recorn sratioTlS in the STudy area, The
curves enable lhe user to start with a known base
flow at a gaging station and predict bilse ftows for any
period up to 20 days in the future. The It!ngth of the
period of e~timate Sh(lUld be 20 days or less hecause
short segments of base floW were used in lht.' deriva·
tion of the cUl"'les. RainhJl during the period ot the
fOrecast will require thal a new estimate I.h! made
after the stream again rcm:hes base flow,

Two curves are presented for each gaging Sla·
tion, Curve A represents [he averagll exper ience at the
gaging station. Use of Curve A is recommended when
ev<lpotranspiration losses are normal. Curve 8 should
be used when these losses are abnormally high. The
curvt~ are essentially enveloning curves wllich cover
the range of conditions 10 be expected at the stations.

StO.flllle Requlf1'fnlJr>1.$ 10 AU!J"'enllow Flow,

When water supplies larger thall those provided
by unregulated streamflow arc required, storClge reser·
voirs are n~ed. Water can then be stored during pe-r­
iods of high flow for use during succeeding dry per­
iod!..

For (his repon, urah,storage estlmates were
made for 19 continuous·record and low-flow parlial­
record stations. The estimates are presented 10 tllllle 7
and arc based on withIn-year storage anQlyses using
the frecwenw-mass-curve ffwthod described by Sku I·
ton (1968). The draft ratC'S rolect81:1c1re Those which
can be maintained by storage that will be replenishCl.1
each vear. Higher draft rates can be obtainoo by add i-
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tiona I annual carry-OVef storage for years of deficient

flow.

The data are useful "rimarlly in making prelimi­
nary Ilstlmates of ~otential development and In com­
paring the development pOssibilities of different
streams. However. these eSlimates will often be ade·
quate fur the final design of small. multi-purpOse res.­

ervoirs.

CllvlIlopmanl of Arl!ll1 Drah-Storl'll(l Curve5. To
obtain esllmates of storage requirements at partial·
r~ord stations and ungagEd sites. <lrelll draft.storage
curves Ifig, 26) based on a drought of 20·yellr recur·
renee Interval were developed from data computed
for long·tlme continuous-record statlons in southwest
Missouri.

The curves were used to estimate storage re­
Quirements at all partial·r~ord stations where 7-day
02 could be defined and was greater than zero.

PartM·rllCOtd 5tlltio"s and ungll{llld 5it... with 7>(1BV a,
~.- - In order to estimate storage reQuirements
fOr 8 drOught with recurrence interval of 20 years at
partial-record stations and ungaged siles wilh 7-day
Oz of zero, a constant storage requirement was deter·
mined for ~lected draft rates as shown in table 8.

TabtIl8.- - Conna"1 storage requirem8011s for p"rtilll N1Card
n ..tions.~ uns-ged litfO$ with 70dBV 02 ot UfO

Craft ....,.e .02 .06 •••
h,f5m1

Star. 'Ufuired " 6. .20
18(:,e-leet pet" llIl'<iilre mileJ

These average values. were determined by com·
puting data from continuous-record stations in 'SOuth·
west Ml~uri and extraPQlating areal draft·storage
curves.

ApphetllOn 01 arelll dfaf1·nOtilVtl eutvttl to Ilngagad

..!l!!:!,- _Reservoirs are rarely located at sites where
long streamflow records are available. Therefore, the
a..eal draft.!>torage curves of figure 26 or the constant
storage reQuirement sh<>wn in table 8 an'! u!>el:l to
make estimates of storage requirements at ungaged
sites.

The following steps are necessary in makIng esti·
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mates of storage reQuirements at ungaged meso

1. Determine the drairlage area upstream from
the site,

2, Es,imate thl! 7-day 02. The estimate fllay be
obtained from a few base-flow measure­
ments, as described by Skelton (1966. p. 251.
In the Springfield Plateau area (see fig. 1) it

is Imperative that three or four b<lss·flow
measuremems are ObtaIned. preferably on
different ret;essioni In different years, betore

any e5timate 01 the 7-day 02 i" made, Large
water losses or gall'S may be experienced in
shoft reaches of Plateau Mreams.

3. Entel figure 26 with 7-day 02 in dsm. inter­
sect the appropriate areal draft curves and
read the estimated storages required in allrtt­
feet per square mile lrom thtl ordinate scale_

4. If the 7-day 02 IS estimated to be zero, use
the constant storage reqUirements shown In

tabla 8 to make estimates of storage require­
ments.

Hvpothetical ploblems are presented in Aupen·
dl" VI to Illustrate the use of areal drafl-storage
curves and to show methods for estimating reservoir
lasses

RlIl5O!f"Yolr Lo"","

EvapO,ltllon lou. _ The gross water supply in

a leservoif is inevitably lessened by evaporation, Il'lak·
log the ~tjmation of this loss lin i\llportaf'\t faclor in
reservoir planning. The design of major l>10rage pro·
jects often includes detailed study of observatIons
made at the proposed reservoir sites, bU1 for lesser
projects. generalizoo estimates of free-wflter evapora·
tion may be adeQuate.

Generalized estimates of annual and May-Oc·
tOber evaporation losses trom water surfaces are can·
talned In U. S. Weather Bureau Technical Paper No.
37, "Evaporation Maps for the United Stat!~", 1959.
This pUblication shows an aVl:!rage annual evapOration
loss of 44 inches from lakes in the Joplin area.

The evaporation loss appropriate 10 adjust with·
in·year storage ocrurs durlng the critical 4_to 7_month

period when evaporation losses are 9r eatest_ Therefore.
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the average annual lake evaporation of 44 inches
should be adjusted by a factor of 74 percent to ob­
tain an average evaporation loss of 33 inches for the
critical May-October period. This figure should be
used in all computations of. evaporation losses In the

study area.

Rese",olrSedlmlitflllltion,- _ Sediment deposition
occurs in any reservoir constructed to impound the
waters of a Bowing stream .!tIld in time robs most res­
ervoirs of tl)eir capacity to nore water.

No sediment data have ever been collected In

the project area: however, sediment deposition sur­
veys (U_ S. Dept. of Agriculture. 1964) have been
made on a limited nl"lmber of reservoirs in Missouri.
The survey results from two of the reservoirs were
selected for presentation In table 9 because they re­
flect deposition rates which might be expected from
streams In southwest Missouri,

The annual rate of capacity loss can be con­
verted to total capacity loss by selecting a time per·
iod, for example 20 years, 8S a basis for planning_
This 20-year total to be allocated for sediment stor­
age can then be addecl to the original reservoir capac­
ity estimate to provide for the amount of capacity
lost during the 20·year period. This approach is con­
servative since the storage space allocated to sediment
is actually filled with sediment gradually during the
20-vear period.

The reader should use total capacity loss esti­
mates as reconnaissance-type information during pre­
liminary studies.

Seep. Lo$!1M.- - An evaluation of potential
seepage losses Is an integral part of reservoir design.
Although a study of the reservoir site is necessary for
a precise evaluation of this faclor, a general appraisal
of seepage losses will be of value in the design of
small, general-purpose reservoirs.

According to James H. Williams, Missouri Geo­
logical Survey and Water Resources lwritten com­
munication);

'~ losses lII1I dlrec:1ly relatm to phv5iography In the

ftudy iltH_ In the Springfield Plate8U ,uee, permeable d'lerty

clay soils end perm8/lbll residuum under',in by mod.,ate'v

ClillAll"nous bedrock .hlvlI contrlbullid to. hIgh rete ot~

witt. compilra1lvllv Htlle surface 'unoff except during intense

storms. TOlX'llraphically tnll ravion 1$ rotl"t1.-.ly IIMlI. LlX:llly.

Intense sinkholll developmlnt AUITOUnded by BrUS 01 broad

end poorly defined nlleys, wh1eh in effec;t ere sinicholll$ hom

Ihi aspect at 8 high wrbee ...,at,,"" lass. e .....18 tr9mllndoul

pollution and .esorvGir lesk... hazards. The Osagll Plains arlla

is underlain by P.nnsyIVilni;m dl'pOlih af ~ndslones. shales

and thin 11m8l1tonlrS. SoO 1:OV'&r Is thin In this region, ,nd seep.

Ilge isslow_"

LIMITATIONS OF DATA

Streamflow data presented In this repon are
applicable only if no ilppreciable man-made changes
OCCUf in the area. Changes in the stream regimen are
b'rought about when natural conditions are altered.
Estimates should be used with caution if si{JOificant
man-made changes such as canaliz'ation occur in a
specific area of interest.

The amounts of storage required to sustain indio
cated draft rates at the stations listed in tabla 7 are
hydrologically possible to an-ain. However. it is the
responsibility 01 the designer to determine if such
stOfage requirements are physically possible. The ter.
rain may not be suitable for reservoir construction. It
is not the purpose of the report to define (he feasibU­
ity of specific projects. Therefore, hydrologic data
alone are presented with no analysis of reservoir con­
struction sites. The draft rates selected are those
which can be maintained by storage that will be Il!·

pelnished each year. Higher draft rates can be ob­
tained bv utilizing excessiVE! annual ftows in years of
deficient flow_ 1t is also assumed that thll reservoirs
will spill each year in the spring runoff'and the reser·
'IOlr will be full at the beginnil19 of each period 01 cal·
culation,

QUALITV OF SURFA.CE WATER

The chemical character and dissolved-solids
content of surface waters in the Spring Riv&r basin
are relatively uniform throughou1 the basin, except
for GrOve Creek, the lo .....er reaches of Center Creek,
aotl Turkey Creek where the water has been polluted



Contributing Storage Avg. annual sedi-
Nearest Physiographic drainage area, Date of capacity. ment accumulation

Reservoir Stream town region 'q. mL Survey acre-ft. in acre-feet pee
'q. mi.

HcDanie 1 Litt Ie Spring- Plateaus 41.5 ---- 1929 3,452 - -
Lake _v ____ Sac field June 1940 3,207 0.54

River

Grisham --- Lost Bismarck Plateaus 0.45 Oct. 1930 24.05 1.13
Creek July 1939 19.56
(drains
mining
area)

Table 9. Average annual sediment accumulation in McDaniel Lake, near Springfield, Mo., and Grisham
reservoir, near Bismarck. Mo.
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by industrial and municipal wastes, and the natural
discharge of water from old mine workings. The
chemical analyses of water from streams (Appendi;ll
IIl)show that in the areas where the chemical quality
of water has not been aHectec:fby waste discharges in·
to the streams, the dissolved·solids content of the
water ranges from about 130 to 200 mg/l with the
larger concentrations oceurring during perioos of low­
er flows. The waten are a calcium bicarbonate type
(fig.27) throughout the ranges ~f streamflow sampled.

In figure 27A it was necessary to plot the combined
calcium and magnesium value because in most of the
analyses for Shoal Creek calcium and magnesium
were determined collectively and reported as hard­
ness as caep3' Other a~lyses indicate a~ aver~

Ca:Mg ratio of 10: 1 milliequivalents per li~er ~eflect­

ing the calcium carbonate character of the bedrock in
the basin. The concentration of other constituents is
variable but usually low.

Although the chemical character and dissolved
solids content of unaltered surface waters are similar,
slight differences in each basin do exist. The results
of specific conductance measurements made during
seepage runs on Shoal Creek, Center Creek and Spring
River (fig. 28) show downstream variations in water
quality, and they also indicate that water in Shoal
Creek has a lower dissolved-solids content, the un·
altered portion of Center Creek is slightly higher than
Shoal Creek, and water in Spring River contains more
dissolved solids than the other two streams. These
differences are related largely to the length of time
the water is in transit underground before it is dis­
charged to the streams. This underground transit time
is controlled largely by the solutional development in
each basin. Formerly this entire area was covered
with Pennsylvanian rocks. As erosion caused the Pen­
nsylvanian outcrop to retreat to the northwest, solu­
tion could proceed more readily in the uncovered
Mississippian limestone. Evidence of more extensive
solution development in the southeast is the large
number of springs and the higher base flow in Shoal
Creek, and the virtual absence of springs and the low
base-flow yields in much of the Spring River drainage.

Shoal CrMk

The chemical analyses of monthly samples of
water from Shoal Creek above Joplin, Mo. (Appeodix
III) are representative of the chemical quality over a
large part of the range in discharge. The analyses show
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that the water in Shoal Creek is a hard, mooerately
mineralized calcium bicarbonate type. At discharges
ranging from 82 cfs to 452 cfs the dissolved solids
content of the water was relatively uniform ranging
from 145 to 172 mgtl. Hardness of the water ranged
from 122 to 146 mg/1. The turbidity values, ranging
from 2 to 30 mgtl as silica, indicate that the stream
is clear most of the time; however, turbidity values
are not available for flood flow and it is likely that
they are quite a bit higher during floods or during
rapid rises of the stream. The iron and manganese
content of the water probably dbes not exceed 0.10
mg/I. The analyses of samples collected in April and
June of 1966 indicate a zinc content of water in
Shoal Creek ranging from 0.0 to 0.2 mg/1. Except
for hardness, and possibly turbidity during high flows,
water in Shoal Creek is of good quality and it is suit­
able for most uses. For some uses, however, softening
would be desirable.

Spring River

Water in Spring River is a hard, moderately
mineralized calcium bicarbonate type. The dissolved­
solids content ranges from 131 to 196 mg/l at flows
ranging trom 98 cfs to 2,430 cfs. Hardness of the
water ranges from 84 to 171 mg/I. The sulfate con­
tent of water in Spring River near Waco is higher than
that found in its headwaters due to addition of water
from the Pennsylvanian rocks in the northern part of
the basin. The iron and manganese are also slightly
higher and at times the combined value exceeds the
0.3 mg/l limit recommended by the U. S. P~blic

Health Service (1962) for potable waters. The anal­
yses of $8mples collected in April 1966 indicated that
the zinc content of water in Spring River is less than
0.05 mg/l. The observed turbidity values range from
5 to 100 mg/l as silica. The turbidity of water during
floods or heavy runoff from the Osage Plains area of
the basin likely is much higher than the observed
maximum. Water in Spring River is adequate for most
uses, but for municipal and some industrial uses the
hardness and, at times, the combined iron and mang­
anese content and the turbidity are excessive.

The water in Center Creek above Grove Creek
is like the water in Shoal Creek.. Grove Creek dis­
charges waste into Center Creek which contains large
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Table 10. Summary of quantity and quality of water supplies available in the Joplin area. Mo.
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QUantities of fluoride. nitrate, phosphate ,and am·
mon;a nitrogen. Much of the wasle water was
pumped from old mine workings which contribute
manganese, z.ine, and sulfate to Center Creek. In ad·
ditlon, the nawral drscharge 01 3-6 cfs of ground
water from the Oronogo-Duenweg mlnlllg belt to
Center Cleek adds to the loads of these constituents
already present In the stream. Overland runoff from
tailings piles also contributes to !.he chemical loads in
Center Creek. Since most of this action occurs during
heavy rains dnutton reduces the effect. linc contents
as high as 69 mgll have been measured In drainage
from tailings piles. Analysis of s<trTiples collected on II

seepage run on Center Creek on August 4, 1966 indi­
cale thaI linc cOI"Itent of water In Center Creek comes
from Grove Creek Ind from influent seepage below
Grove Creek. Al Fidelity. Mo.• the llllC content of
water in CerHel Creek was 0.0 mg/l. In Grove Creek
the llnC content was 9.7 mgtl, and at th8 IJ<I9ing sla­

tlOil on Center Creek the lirlC content was 0.82 mg/I.
OownslIeam Irom the galjinlJ nation the ZIn(; content
varied from 0.41 to \.0 mgll.

Monthlv samples show that the dissolved-solids
content of water in Center Creek ranges from t53
10 595 mgtl; howlN1ll'. the maximum conductance
obtained by a continuous recorder at this site
was 1,5tO micromhos indicating thai al times the

dissolved-solids content has been as much as 1,000
mg/L Although the dlssolved·solids content of the
water generally is not ucessive. the large conuntra·
lions of fluoride, nil rate. and phosphate render the
water bEllow G,ove Creek unfit for many uses.

TURKEY CREEK

Watl!f In Turke'( Creek is II calcium bicarbo~

ate-sulfate type. Most 01 the streamflow is derived
from municipal ancllndustrial effluents In Joplin; con­
sequently. the concentrations of most constituents

are higher than those found in other streams in the
area. The dissolved-solids COntenl of the watet nlnges
from 233 'to 610 mgli. Hardness of the water ranges
from 153' 10 367 mg/I. The effects 01 muniCIpal and
inrJustnal wastes are shown by the concentrations of
detergeflu. phosphates, componenu of the nitrogen
cycle, and dissolved oxygen, Detergents as MBAS,
(methylene blue clCtlve substances! n1nge from 0.1 to
3.2 109/I: phosphorus as P04 ranges hom 0.81 to 22
mgll; nitrate ranges from 0.2 to 26 109/I; organic and
ammonia nitrogen rangElS from 0.33 to to mg/I. The
dissolved oxygen content ranges from 1.0 to t 1.2
mg/I and Iho oxygen uturation ranges Irom 11 to 134
percent.

POTENTIAL AND CONSEOUENCES OF DEVELOPMENT

The utility of a water supply at a given location
depends upon Its Quantitv, Quallty. cost of extraction.
and the cost of disposal of Ihe used water. The
sources of water in the Joplin ..rea are wells in the
deep and shallow aquifers. streams. springs, and Mines.
The quantity and quality of watet availablo from the
wrious sources in !.he Joplin area are summarized in
table 10. The shallow aquifer supplip.s water to walls
springs. mines, and streams. The shallow aquifer also
recharges the deep aqutrer. Due to the intimate rela·

tionship of the various sources which comprise the
area's hydrologic system, plans for development of
any part 01 the system will have to include consider­
ation of the effects on other parts of the system.

The average dally use of water by municipalities
and industries in the Joplin area for 1965 is shown in
table 11. In addition to tha quantity of water used by
municipalities and industries, households and tanns
use a total of about 1 mgd of water principally

Deep we{1s Mines Springs Slreams Totals

Municipal 4.8 mgt! 0.0 0.0 7.2 mgel 12.0 mgd

Industrial 1.3rnVd 2.8_ 1.4 mgd 0.9 mgel 6.4 mgd

18.4 mgd

Table 11. AVeragE! daily use of wate, by municipalities and Industries
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wells. Some water from streams and wells is used for
irrigation in the area. but intermittent use makes esti­
mates diHicult. The average daily use of irrigation
water in 1965 was about 1 mgd. However. most irri­
gation occurs during dry periods so that the pumping
rate at those times would be much higher than 1 mgd.

An idea of the potential of the Joplin area's
water supply for further development can be illus­
trated by comparing the average outflow from the
area. about 1.000 mgd, to the average use in 1965,
about 20 mgd. Even the lowest recorded average an­
nual outflow (about 100 mgd, 1954 water year) was
substantially greater than the 1965 usage. Of course
localized water shortages may develop during dry per­
iods. or individual wells may have insufficient yields,
but proper management of the area's water supply
should eliminate major water supply problems.

DEEP AQUIFERS

Wells in the deep aquifers are generally capable
of greater yields than wells in the shallow aquifer. In
the vicinity of Joplin and Carl Junction well yields are
generally less than 100 gpm. while in other portions
of the area yields of 300 gpm are common. Outside
the vicinity of Joplin and Carl Junction properly
spaced wells will generally provide enough water for a
mOderate-sized municipality or industry.

The water is of good quality and uniform temp­
erature. Because the head diHerence between the
deep and shallow aquifers favors downward leakage,
the deep aquifers are susceptible to contamination
from the shallow aquifer. When new wells are com·
pleted and old wells are abandoned. care should be
taken to prevent contamination from the shallow
aquifer.

SHALLOW AQUIFER

Wells and Springs

Because of the generally small yields of wells in
the shallow aquifer, most of its future development
will be restricted to small capacity domestic and farm
wells. Well yields from the shallow aquifer generally
range between 10 and 25 gpm. but yields of up to
300 gpm can be obtained in breccia areas or from sol­
tion channels. GeOphysical methods and tesl drilling
may be used to find water supplies in SOlution chan·
nels. The location of breccia areas can be obtained
from maps (Mo. Geo!. Survey. 1942) and from resis­
tiv[ty surveys.
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The chemical quality of water in the shallow
aquifer is quite variable. Changes in the natural cal·
cium bicarbonate character of the water are caused
pi'"incipaliy by contact of the water with sulfide min·
eral deposits and by seepage of contaminated water
from the land surface. The end result of exposure to
sulfide minerals is an increase in the calcium, sulfate.
and dissolved-solids content. Contamination from sur­
face sources is indicated by an increase in the nitrate
and chloride content of the water. Due to the rapid
circulation of water in limestone aquifers. and their
inability to filter contaminated water, the danger of
contamination of the shallow aq uifer is always
present. Where shallow well water is used for human
or stock consumption the water should be sampled
periodically for bacteriological contamination. The
Division of Health in the Department of Public Health
and Welfare in Jefferson City. Mo., can furnish infor­
mation on having samples analyzed. Contamination
of the shallow aquifer also affects springs; therefore
springs should also be tested before being used for
human consumption.

Both springflow and the base-flow of streams
are dependent on ground water from the shallow
aquifer for their supply. Excessive pumping from a
well located near a spring can reduce or stop spring­
flow if a connection exists between the two sources.
This reduction can become important during dry per­
iods. A large increase in numbers of wells pumping
from the shallow aquifer in an area could reduce the
base-flow contribution of that area. During a drought
the use of well water would probably increase result­
ing in not only a reduction in base flows, but a diver­
sion from storage in the ground. This water would
have to be replaced before the streamflow could be
restored. Problems could develop due to reductions
of streamflow. In the Shoal Creek basin. where most
of the base flow is supplied by springs. consumptive
use of these springs could drastically reduce base flow
during dry periods.

Mines

Abandoned mines in the vicinity of Joplin con·
tain large quantities of water. and if the quality of
water. in a mine is adequate for the intended use. the
mines are potential sources of water supply. Yields
over 500 gpm are common. and some workings should
yield over 1,000 gpm. In addition to high-sustained
yields some mines contain billions of gallons in stor­
age. Because interference between neighboring users
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could reduce the vield of individCJal mlees in a hydro·
logically oontinuous mining field Hke the Oronogo­
Duenweg belt. coordination of withdrawals among
users is es.'iElntial for optimum development.

The mine waters are. in general, of much poorer
qualltv than water from other sources, and the dispo.
sal of waste water from mines could create problems
in the receiving stre<lm. Because of the many varIables

which control the chemical quaUtV of water in the
mines and the chemical reactions after the water i.s
discharged to the stream, It is difficult to predict the
extent of deterioration in the quality of water in the
receiving stream.

Discharge measurements on Center Creek dur­
ing low-flow indicate tlnn the natural discharge of
the creek. from mines in the Oronogo-Duenweg belt,
Is in the range of 3 to 6 cfs. The zinc content or the
concentration of other constituents can be calculated
from the following formula, as!>lJming no chemical
reactiol'1$,

Q1 C,+02C2"'03C3'

where 01 = discharge in creek upstream Irom mine
water setlpage,

C1"" vnc content of creek upstream from mine
water seepage,

02= mIne water seepage to creek,

C2= zInc content of mine water,

03'" discharge of creek downstream from mine
water seepage,

C3= zinc content of creek downstream from
mine water seepage.

Assuming mine water seepage of 3 cfs, a zinc content

of mine water of 7.7 mglt (median zinc content 01

mines, trom table 5), the 7-day 02 of Center Creek

above the mines of 35 cis ICenter Creek near Webb
Cit\', table 71, and the zinc content in Center Creel<;

upStream from the mine seepage is 0.0 mg/I, the line

content of water in Center Creek below the mine
seepage would be 3)(7.7+35xO=0.6 mg/l of zinc,

38
assuming flO precipitation or adsorption. If otrer con·

dllions remained lhe same and mine seepage in­
creased to 6 cfs the zinc content of, v.ater In Center

Creek would be 6x7_7+35)(0"'1.1 mg/I of -zinc. These
41

calculations are indicative of the range in zinc concen·
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tration. In order 10 measure the effects of the disposal

of mIne water Into Center Creek, discharge measure­
ments were made and zinc samples were collected on

Grove Creek (which was discharging pumped mine

water to Center Creek) and on Center Creek above

and below Grove Creek on August 4. 1966. The dis·
charge. and zinc concentration In Center Creek above

Grove Creek (Station 411) was 24.9 cfs and 0.0 mg/l
zinc; for Grove Creek (Station 424) 4. t7 cis and 9.7

mg/I and for Center Creek near Carterville (Station

412) 29.1 cts and 0.82 mg/1. The calculated zinc con·

tent of water in Center Creek below Grove Creek is
24.9xO.OO+4_17)(9.1= 1.4 Mg/l but the determined

29.1
zinc content near Carterville was 0.82 mg/1. The dif·
ference in the calculated and determined zinc concen·
trlltions is probably a resull of precipitation and/or

ad§Qrption of the zinc in the bed of the stream.

If lhe mines were heavily pumped or complete­

ly dewatered and the water discharged into a stream.

the chemical Quality of water in lhe stream would

deteriorate. In March 1905. during a period of inten­

sive mining and dewatering in the vicinity of Joplin.
samples collected from streams in the area showed

zinc concentrations ranging from 0.3 to 732 mg(l and

dissolved·solids content ranging from 180 to 3.800

mgt! IBailey, 19t 1). TI"I8 analysis of waters in mines
during II period of mining activity (date nOt given)
shows Ihe line content ranging from 13 to 4,867 mgt!.

As the water level in a mine is lowered, sulfiue

minerals are again exposed to rapid oxidation and
solution, thereby increasing the zinc and di5S0lved­

solids contents of the mine water. Though final con­
centrations cannot be predicted, the concentration of

calcium, sulfate. and heavy metals will generally In­
crease. Plans based on chemical analysis of mine

water before pumping will generally have to be re­

vised because of water Chemistry changes as pumping

proceeds.

STREAMS

QUANTITY AVAILABl.E

The streams of the area offer the greatest pOten­
tial for dE'Velopment of large water supplies. Up to
now droughts have not seriOUSly endangered water
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supplies from streams and proper development of
the streams in the area will reduce the threat of water­
shortages during droughts. Storage facilities for low­
flow augmentation, and deep wells used to supple­
ment stream supplies, are the two best solutions to
potential shortages.

Substantial quantities of water are available for
storage impoundments, but care must be exercised in
locating the structures because of the possibility of
large seepage losses in some areas. Studies of 12 lake
sites by the Missouri Geological Survey and Water
Resources (written communication) indicate that
small lakes are not feasible in the area south of Inter­
state Highway 44 because of cavernous bedrock and
permeable residuum.

The best sustained yiek:ls to base flow occur in
the southern and eastern portion of the area, where
the shallow aquifer has the greatest capacity to store
and transmit water. The eastern quarter of the Spring
River and Center Creek basins supply about 80 and 40
percent of the respective streams' base flow. The east­
ern half of the Shoal Cree\( basin in the southern por­
tion of the area contributes approximately two-thirds
of the base flow. Measurable base-flow losses occur in
the western portions of Center Creek and Spring
River basin during low-flow periods. Pumping plants
along these reaches would be especially susceptible to
shortages during droughts.

QUALITY OF WATER

The chemical quality of water in Shoal Creek,
Spring River, and in Center Creek above Grove Creek
is relatively uniform and suitable for most uses. Of
these three streams, Shoal Creek has the lowest dis­
solved·solids content.

Center Creek downstream from the mouth of
Grove Creek, and Turkey Creek carry industrial and
municipal wastes and under present conditions are un­
suitable for many uses. low·flow augmentation or ad·
ditional treatment is needed on these streams in order
to improve their Quality to acceptable levels. low­
flow augmentation could alleviate some problems on
these streams, but not all of them. Under present con­
ditions the average discharge of Center Creek up­
stream from Grove Creek, which is the theoretical
maximum draft which could be obtained from a stor­
age facility, is not sufficient to dilute all the objec­
tionable constituents in the creek to acceptable levels.

For example, the average fluoride content of 50
Wlter samples collected at the Center Creek station
near Carterville ws 16 mg/L With a discharge of 26
cfs (7-day O2 ) and fluoride content of 16 mg/I, it
would take an additional 250 cfs to dilute the fluor­
ide to the level of 1.5 mg/1. However, the 170 cfs
estimated average discharge of Center Creek above
Grove Creek is insufficient to dilute the fluoride con·
tent to an acceptable level.

During low-flow periods the flow in Turkey
Creek is mostly sevvage waste effluent, and the only
way to improve the quality of water in this stream is
to increase the degree of treatment of the wastes be­
fore they are discharged to the stream.

Abandoned coal strip mines and proposed new
coal mining operations in the northwestern portion
of the Spring River basin are a potential sourCi! of
pollution in the North Fork of Spring River. How·
ever, at the Pfesent time (1968) no pollution is occur­
ring. Intense local thunderstorms, which are common
in the area, could wash a slug of acid mine water or
acid from spoil banks, into the stream causing a tem­
porary deterioration in water quality, possibly result­
ing in a fish kill. Despite the very low flows of North
Fork of Spring River during base-flow periods 17-day
~,O.l cfsl the stream contains numerous large pools
which store enough water to dilute most small slugs
to safe limits within a short distaoce downstream.

FLOODS

Although floods have not been a serious prob·
lem in the past, future development of the area may
create problems. Increased urbanization wilt reduce
infiltration of precipitation. That portion of a rainfall

which would have infiltrated into the SOil, is prevent­
ed from doing so by paved streets, buildings, parking
lots, etc., and becomes part of the overland runoff to
streams. The result is that, as urbanization spreads,
similar rainfalls will cause constantly increasing flood
peaks. Industrial and domestic structures w,ich en­
croach on flood plains will not only be subject to
larger and more frequent floods, but constrictions in
the channel caused by structures on the flood plain
will result in higher flood stages. In general, develop­
ments which·are highly susceptible to ffood damage or
which seriously retard overbank flows should not be
located within the flood·plain areas.
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Some action should be taken toward the adop­

tion of suitable flood-plain regulations for the area.

Some of the various actions that could be taken are

(1) establishment of channel and floodway encroach­

ment lines (2) zoning ordinances (3) sub-division reg-

ulations (4) building codes (5) open area regulation,
and (6) floodproofing requirements.

With proper management of its water resources
the Joplin area should have no serious water prob­
lems in the foreseeable future.

CONCLUSIONS

1. In 1965 about 20 mgd of water was used in
the area. This is about 2 percent of the average daily
outflow and 20 percent of the lowest daily flow on
record (1954). Almost half of the water used in the
area is pumped from streams. The remainder is
pumped from mines. wells, and springs. Due to the
interrelationships between the various sources of
water in the area, plans for development of any part
of the hydrologic system will have to include consid­
eration of the effects on other parts of the system.

2. The deep aquifers are an important source
of water for future development by small towns and
industries. Because of the good chemical quality of
the water it generally requires no treatment. However,
the aquifers are susceptible to contamination by leak·
age from the overlying aquifers and improperly con­
structed wells. Therefore, proper well construction is
essential to protect the quality of water.

3. Springs and wells in the shallow aquifer fur­
nish water supplies for farms and industries. Water
from this same aquifer maintains the base flow of the
area's streams. Most wells in the shallow aquifer yield
10 to 50 gpm, but wells in brecciated areas can yield
up to 300 gpm. The shallow aquifer is highly suscept·
ible to contamination from waste disposal systems,
feed lots, mines, etc., and can affect the streams.
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4. The old mine workings contain large quan­
tities of water in storage. The water generally is of
poorer quality than that from other sources, but it is
adequate for some industrial uses. The disposal of
large quantities of mine water into the streams would
probably raise the concentrations of some constitu·
ents above the limits imposed by the proposed water
quality standards for streams in the area so that facil·
ities for the treatment of mine water waste effluents
may be required.

5. The streams in the area have the greatest
potential for the development of large water supplies.
Storage impoundments can make substantial addi­
tional quantities of water available during dry per­
iods. The use of deep wells to supplement stream
water withdrawals during dry periods should be con­
sidered. Spring River. Shoal Creek. and Center Creek
(upstream from Grove Creek) have good quality
water. but Center Creek downstream from Grove
Creek and Turkey Creek have sufficient waste to
render them unsuitable for certain uses. Treatment
will be required to bring them up to quality standards
proposed for interstate streams.

6. Floods are not a serious problem at present.
However, increasing urbanization without proper zon­
ing in the Joplin-Webb City-Carthage area could cre­
ate problems.
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APPENDIX I

WELL DATA FROM SELECTED WELLS IN FORMATIONS OF CAMBRIAN AND
ORDOVICIAN AGE, JOPLIN AREA, MO.

Format ion symbo Is: Pee. Ch~roke.. Group; Mbk, Bur 1lngton and KeokLlk Limenone.; i'N,
Waroaw Formation; Mg, Elsey Formation; Or, Roubidoux Formation,
Og, C.sconade Dolomite; €e, Eminence Dolomite; Gdd, nerby_Doerun
Dalomlte; PE, Precambrian. (Data compiled (rom Ground-Water Map.
of Hhsouri, Well Oaca, 1963, by Charles E. Robert.on, Missouri
Geological Survey and Water Reoaurce•. )

Basal formation Static SpecHic capacl~y

'"' '". CeoL City well Location Surface penetraC"d Yield In gpm
gpm!ft of dra",do"nwater

number Survey formation !c".. l
Plate , ,", Well Casing

feet
J;umber Formation Depth depth depth

bel"" Before After Before After
penetrated (ft) (ft)

land a~idl .. ing addizlng acldidng acid I. ins

surface

'00 7,170 Aurora , T26N ,R26W, sec. P "'. ,. , 1,240 m '" '" '" U '.0
'"' Aurora 2 T26N,R26W, sec. P "'. 0, '" 1,275 '" '" ''" '" '"' '"'" 4,238 ". Vernon 2 T28N,R26W, sec. n "'. " W 1,115 '" '" ''" --- 12. J ---

'" 2,106 Pierce CHy ,
T26~,R28W, sec. n "'. " " 1,000 m '" '" --- --- ---

"" 11,89\ Pierce City , T26N,R28W, sec, n "'. 0, W 1,160 ,eo '" no --- '-' ---
no \7,949 Exeter T2JN,R28W, sec, " " "' '" '" '" "' '00 --- U ---
'" 1J,984 Monett , T26N,R29W, sec, " "'. ". " 1,600 '00 '"' '" ", --- ,. ,
m 14,322 Monett • T26N,R27W, sec. n "'. ,.. " 1,550 '00 "" " WO O. , LO

'" 11,439 Purdy T24N,R28W, sec. , "'. 0, n ,n on '" '00 --- '"' ---
W 17,737 Dlsn>:lnd T26N,RlIW, sec. W "'. " " 1,250 m " " --- O. , ---
m 9,51l Carthage , T28N,R)lW, sec, ,

~ " " 1,250 '" 'W %0 '00 '-' ...
m 16,906 Duenlo'eg 2 T27N,R32W, sec, W "'. " "" 1,228 '" " WO --- '"' ---
m 2,73\ Webb City 7 T28N,R32W, sec. " ~ ,. '" 1,415 --- '" '"

_.. -- - _. -
", 4,142 Colden City 2 T31N,R29W, sec, " ~ 0, '" '" '00 '" ''" -- - U ---
'" 9,604 Monett , T26N,R27W, sec. n '" ,. " 1,200 m '" ''" --- '-' ---
'" 1,872 Carthage • T28~,R)lW, sec. ,

~ " " 1,854 --- '" '" . -- '-, ---

'" 12,618 Lamar 2 T32~ ,RJOW, sec. " ,.. " " '"' m '" " no -- - '-'
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APPENDIX II

A METHOD FOR ESTIMATING THE DEPTH A WELL MUST BE
DRILLED TO PENETRATE THE DEEP AQUIFER

To estimate the depth a well must be drilled to penetrate the deep aquifers, the following procedure
can be used.

1. Locate the proposed well site on a topographic map and determine the altitude at the site.

2. Locate the site on figure 5 and determine the altitude of the top of the Ordovician.

3. Subtract the altitude of the top of the Ordovician from the altitude at the site to obtain an
estimate of the depth to the Ordovician.

4. Determine the approximate thickness of the deep formations overlying the desired aquifer
from table 1. More exact determinations of formation thickness can be obtained by referring
to logs on file with the Missouri Geological Survey and Water Resources, Rolla, Mo.

5. The approximate footage to be drilled is equal to the sum of the depth from the surface to the
top of the Ordovician and the thickness of formations overlying the desired aquifer.
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APPENDIX III

CHEMICAL ANALYSES OF WATERS FROM THE JOPLIN AREA, MO.

Chemical analyses of water from wells in Cambrian and Ordovician rocks
(data in milligrams per liter 1 e~cePt as indicated)
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APPENDIX III (continued)

Spectrographic analyses of 'oVater from IA€IIs in Carrbrian and OrcbJician rocks
(data in micrograms per liter)
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APPENDIX III (continued)

Chemical analyses of water from wells in rocks of Mississippian age
(data in milligrams per liter except as indicatedl
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APPENDIX 1lllcontinued)

Chemical analyses of water from mine shafts and open pit lakes in rocks of Mississippian age

(data in milligrams per liter except as indicated)
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APPENDIX III (continued)

Chemical analyses of water from springs (data in milligrams per liter except as indicated)
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APPENDIX III (continued)

Chemical analyses of water from Station 423, Shoal Creek above Joplin. Mo.
(data in milligrams per liter except as indicated)
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APPENDIX III (continued)

Chemical analyses of water from Station 409, Spring River at Waco, Mo.
(data in milligrams per liter except as indicated)
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APPENDIX III (continued)

Chemical analyses of water from Station 412, Center Creek near Carterville, Mo.
(data in milligrams per liter except as indicated)
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APPENDIX III (continued)

Chemical analyses of water from Station 415, Turkey Creek near Joplin, Mo.
(data in milligrams per liter except as indicated)
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WATER RESOURCES OF THE JOPLIN AREA, MO.

APPENDIX IV

LOCATION,TYPE OF STREAMFLOW INFORMATION, AND OTHER PERTINENT
DATA FOR ALL GAGING STATIONS IN THE JOPLIN AREA, MISSOURI

For each gaging station, the descriptions show the following information if it is available: location,
drainage area, datum of gage, data available, average discharge, extremes of discharge and remarks. The
number preceeding the station name is a code number used by the U. S. Geological Survey to place the
stations in downstream order. The number following the station name is the map reference number from
plate 1.

The location and drainage area are determined from the most accurate maps available.

The datum of the gage (elevation above mean sea level of zero on the gage) is shown if it is known.

Under data available are shown the type of information available and the water years during which it
was collected.

Average discharge at the continuous-record stations is shown for the period of record.

Under extremes are given the maximum discharge and gage height and the minimum discharge during
the period of record. For partial-record stations the maximum or minimum discharge only is shown.

Conditions that affect the natural flow of the streams are noted under remarks.

Gaging stations are located throughout Missouri,
including the Joplin area, to maintain a continuous
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Peak SU"gS' and dischamo ditta listoo where il"lCiilable. Data from eontlhuouS-l',ecord and partial-record
ststJOIU ar41 COfTIpited and published 'Dr oadl water yea- in the publlallllcn "Ware! RnD\lrces Data lOf
MISSOlJll . Plt/"l I. Surface Wa~ Reoo.ds" Whl:;h may I>e obtJlined from DiS1riCI Chis'. U. S. Gl:!OlOSical Sur.
I/fl¥. Waw' AesomatS DIvisIOn. P. O. Bo.x 340. RoUa. Mo.• 6540t.

7,185'4 Williams Creek. near Mt. Vernon - 400

lOQ"llon.- N~ :14. T. 28 N.. R 27 W" ." br1d~ 0f1 County Highw~ V. 2Y, mila west 0' Mt, V,-"r\Oft.
~rmewCwIUV.

Ml/~lImUID dJ5dw1lQ crr88Sl.Jll!l1..- -O.otO ols Oct 6, tfJ53.

Lor:allol\ S~Wt;. 26. T 29 N.• A. 27 W.. al brk$gr; on 5U1IJ: HighWAV 39. 1'.', mileS 'OUlh '11 MIller.
LClwrmce.Cr.>untV·

Dflllflii9!J' lI",a. - - 3.88 sq. ml.

Data BYaihilill!..- -1951·59 IOaily dischtlr.!je 8'1aUablej
1060-ti5" (Olsch-vge rn.easuremetHS, da.I'( lJ8Qe·llf!,lghl. &od rllllllllli records avadablel_

Maximum dtsctHIl9R'.- - 1.440 1:11 jyr.e 11, 1964.

YOI'

'06.".,.05.
,""....,...
'06'.,.,."'.....,...
lOOt

,!1St
,,.3,...,...

14'
904
301

'3'
250..,,..
0,.

1,010...
1.180
',430

""..­........
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WATER RESOURCES OF THE JOPLIN AREA, MO.

7-1856 South Fork Stahl Creek near Miller - 402

Location.- NEY.NEY.sec. 35, T. 29 N., R. 27 W., on left bank at culvert on State Highway 39, 2 miles south of
Miller, Lawrence County.

Drainage area.- 0.94 sq. mi.

Data Available.-1951·65 (peak discharges only).

Maximum discharge.- 818 cfs June 11, 1964

Water year

1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965

Peak stage
(feet, msl)

Local datum only

Peak discharge
(cfs)

90
54
30
54

180
380
260
160
240
295
385
<.30
200
818
135

7-1856.5 Spring River near Stotts City - 403

Location.- On line between sees. 13 and 14, T. 28 N., R. 28 W., at bridge on State Highway 97, 2 miles north
of Stotts City, Lawrence County.

Data available.- 1943·44, 1946-47, 1949, 1954, 1962-65 (base-flow measurements only).

Minimum discharge measured,- 10.5 cfs Sept. 2, 1954.

7-1857 Spring River at Larussell- 404

location. SWY.SWY.sec. 12, T. 28 N., R. 29 W., at Bower Mills Bridge, '%miles north of Larussell, Jasper
County.

Drainage area.- 306 sq mi.

Datum of gage.- 1,030 ft (from topographic map).

Data available.- April 1957 to sept. 1965.

Averagedischarge.- 8 years, 175 cfs.

Extremes of discharge.- Maximum discharge, 16,300 cfs May 8, 1961 (gage height 15.30 ftl; minimum, 15 cfs
Dec. 21, 1963, result of ice conditions upstream.
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Appendix IV

Peak discharge
(cfs)

8,190

2.220

'....
6,160

16,300
3.430
3,130
2,580

7,420

Approximate peak stage
(feet, msl)

----11----~=----
1....

'.038
'.038
'.042
'.045
'.040
'.040
'.038
'.043

.967

.958
• 969....
'96'
'962
'963
.964

'965

Water year

7-1857.5 White Oak Creek near Avila - 405
(Station discontinued)

location. NE%NE%sec. 12, T. 28 N., R. 30 W., at bridge on State Highway 37, 2 miles southwest of Avila,
Jasper County.

Data available. 1954, 1962--64 lbase-f1ow measurements only).

Minimum discharge measured.- No flow observed several times.

7·1858 Spring River near Neck City - 406
(Station discontinued)

location. On line between sees. 1 and 2, T. 29 N., R. 33 W., at bridge on State Highway 43, 2 miles north­
west of Neck City, Jasper County.

Data available. 1954, 1962~5 IBase-fiow measurements only).

Minimum discharge measured. 47.2 cfs Sept. 4, 1963.

7·1858.5 North Fork Spring River at lamar - 407
(Station discontinued)

location. W% sec. 25, T. 32 N., R. 31 W., at bridge on U. S. Highway 160, Y.mile east of junction with U.S.
Highway 71 at lamar, Barton County.

Data available.- 1943, 1946, 1962-63 (base-flow measurements only).

Minimum discharge measured.- No flow Sept. 4, 1943 and Aug. 22,1962.

7·1859 Opossum Creek at Jasper - 408

Location. NEY.NE14sec, 26, T. 30 N., R. 31 W., at bridge on U. S. Highway 71 at Jasper, Jasper Coonty.

Drainage area.- 9.67 SCI mi.

Data available. 1955-65 (peak discharges only).
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WATER RESOURCES OF THE-JOPLIN AREA. MO,

Maximum discharge.- 1,860 cfs May 8, 1061

Water year

'95S
19..

'957,...
lOS"
'960
196'
'962
196',...
'96'

Peak stage (teet, msll

Lucal dllll.l", onlV

Peak discharge (ctsl

',610
330

1,110

840
1.080
1,560

1.860
54<l

1,240
1,100

730

7·1860 Spring Riller neBr Waco - 409

Location.- On line hetween SEl4sec. 7 and N84scc. 18, T. 29 N., R. 33 W., 6\ bndge on county hIghway. 1~

miles eas\ of Waco, Jasper County.

Drainage at£l3.- 1,164 sq mi.

Dalum of gllge.- 833.23 ft,

Data avallable.- April 1924 to Sept. 1965

Average discharge.- 41 years, 823 cfs.

Extremes of dischame.- Maximum dlsch<l'1}e, 103,000 cis May 19. 1943 (gllgll' helghl 30.94 II); minimum. 4.2
ch Aug. 28. 1954,

Rmnarks.- Low flow slightly regulated by gristmills upstream from stillion,

Water year Peak. stage (feet, msl) Pt!ill< dlS"Charge (ds)

'924 853.35 18.200
1925 843.60 6,650
1926 849.63 13,400
1921 B.61.8.J 57.400

1928 854.03 19,000

1929 855.88 25,000
1930 846.19 9,350
1931 845.15 8.140
1932 8SA.l1 19,800
1933 851.07 15.100
'0:,' 840.93 3,950
19,. 853,46 18,100
1936 848.93 12.500
1937 852.65 17,200

1931l 851.13 16.000
'9,. 848.51 ll,9oo
1940 8"'4.69 7,700
1941 857,89 38,800

'942 857.63 37.300
1943 8$4.17 103.000
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7-1860 Spring River near Waco - 409 (Continued)

Water year

'944,...
'946

'94'
'948

'94'
'950

'95'
'952
'953
'954
'955
'956

'95'
'958

'95'
'96.
'96'
'962
'963,...
'96'

Peak stage (feet, m5l)

849.83

857."
852.33
857.83
857.86
848.73
857.73
852.75

853.3'
1140.86
841.37
850.93
841.14
857.43
850.<3
849.16
854.58

859.13
844.61
942.96
852.n
852.n

Peak discharge lcfsi

14.200
38.300
18,400

38.300
38.300
13,000

37....
19,200
20,700

3,710
4,160

16,000
3.680

34.500

'3....
'2.200
22.400
47,900

'....
'.530

17,300
18,400

7·1861 Center Creek near Sarcoxie - 410

location.- On line between sees. 1 and 2, T. 27 N., R. 30 W.. at bridge on State Highway 37.2 miles northwes1
of Sarcoxie, Jasper County.

Data available.- 1954, 1962·65 (base-flow measurements only).

Minimum discharge measurec:l.- 9.04 cfs Oct. 21, 1964.

7-1862 Center Creek near Fidelity - 411

location.- NW'tosec. 34. T. 28 N.• R. 31 W., at bridge on U. S. Highway Alt. 71,1% miles north of Fidelity.
Jasper County.

Data available.- 1962-65 (base-flow measurements only).

Minimum discharge measured.- 11.6 cfs Oct. 2, 1963.

7·1864 Center Creek near Carterville - 412

Location.- NW% NW% sec. 24, T. 28 N., R. 32 W., at bridge on County Highway HH. 3 miles east of Carter­
ville,~ County.

Drainage area.- 232 sq mi.

Datum of gage.- 913.21 ft.
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WATER RESOURCESOFTHE JOPLIN AREA, MO.

Data available.- June 1962 to Sept. 1965.

Extremes of discharge.- Maximum discharge, 5,180 cfs Ape 3, 1965.
(gage he'!)h1 11.22 ttl; minimum, 16 en Oct. 20, 1964.

Water year

196'
196.

''''

Peak stage (feet, msll

920,75

922.76
924.43

Peak discharge (ets,

2,.220

3,520
5,180

]·1864.2 Cooter Creek near Webb City - 413
(Station discontinued)

Location.- On line between sees. 5 and 6, T_ 28 N., R. 32 W., at bridge on County Highway 0, 2 miles north
of Webb City, Jaspet'" County.

Data available.- 1962-65 Iba.se-f1ow measuremenu onlyl

Minimum discharge measured.- 20.2 cfs Oct. 3, 1963.

7·1864.6 Center Creek near Carl Junction - 414

Location.- NE%sec, 9, T. 28 N., R. 33 W., at bridge on State Highway 171,2 milessoutheaS1 of Carl Junction,
JasPer County.

Data available.- 1943, 1946, 1949, 1952, 1954, 1956, 1962-65 (base-flow measurernenu onlyl.

Minimum discharge measured.- 14 cfs Sept_ 20,1956.

7-1866 Turkey Creek near Joplin - 415

Location. NE%S E%sec. 25, T. 28 N.. A. 34 W., at bridge on Jasper County Highway P, 2~ miles upstream
from mouth and 3 miles northwest of Joplin.

Drainage Ilrea.- 41.8 SQ mi.

Datum of gage.- 848.80 ft.

Data available.- October 1963 10 September 1965. Record collected 1933 to 1939 at point 4.5 miles UJIDream
from present gage.

Extremes of discharge_- Maximum disctlarge, 3,520 cis June 13, 1964 (gage height, 9.22 tt.).

Remarks.- Natural flow of stream affected by sewage effluent.

7-1867 Shoal Creek near Fairview -416

Location.- On line between sees. 3 and 10, T. 24, N., R. 29 W., at bridge on State Highway 97, Y~lTIi1e east ot
junction with County Highway T and Ph miles east of Fairview, Barry County.

Data available.- 1954. 1962-65 (base-flow measurements).
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Minimum dischafDe measured. 5.75 cis Sept. 2. 1954.

7·1868 Capps Creek near Berwick - 411

Location. NE%sec. 15, T. 25 N., R. 29 W., at bridge on county highway, 3 miles south of Berwick. Newton
County.

Data available.- 1962065 (base-f1ow measurements),

Minimum discharge measured.- 12.9 ds Nov. 6, 1963.

7·1868.5 ClearCreek near Ritchey - 418

Location.-S8'sec. 30. T. 26 N, R.29 W., 100 feet south of county highway, %mile upstream from mouth,
and 2% milf:$ east of Ritchey. Newton County.

Data available. 1954. 1962·65 (base-flow measurements only).

Minimum discharge measured. 4.34 cfs Oct. 3, 1963.

1-1868.8 Shoal Creek at Ritchey - 419

Location. SW%.sec. 26, T. 26 N.. R. 30 W.• at bridge on County Highway 0 at Ritchey, Newton County.

Data available. 1954, 1962-65 (base·flow measurements only).

Minimum discharge measured. 31.8 ch Oct. 3, 1963.

1-1868.9 Shoal Creek at Neosho - 420

Location. SW'.4sec. 7. T. 25 N., R. 31 W., at bridge on county highway at city water works %. north of U. S.
Highway 60 (Business Route) and Y.r mile northeast of Neosho. Newton County.

Datasvailable. 1941·43.1945-46,1949.1952,1954,1962·64 (base-flow measurements only).

Minimum discharge measured.-12.9 cfs Sept. 2. 1954.

7·1869 Hickory Creek at Neosho - 421

Location,-SW.4sec. 18, T. 25 N., R. 31 W.• at bridge on U. S. Highway 60 (Business Route) near north city
limits of Neosho, Newton County.

Data available.-1941. 1962·64 (base-flow measurements).

Minimum discharge measured. 3.69 cfs Sept. 2. 1941.

7-1869.5 North Fork Carver Branch at Diamond - 422

Location.-$W%SW'Asec. 4. T. 26 N.• R. 31 W.. at culvert on County Highway V, 0.8 mile west of Diamond,
Newton County.
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WATER RESOURCES OF THE JOPLIN AREA. MO.

Drainage area.-O.33 SCI mi.

Data available.-1955-65 (peak discharges only).

Maximum discharge.-250 cfs Sept. 22, 1962

Water year

195'
1956
1957
1958
1959
1960
1961
1962
1963
196'

Peak stage (feet, msl)

Loeal datum only

Peak discharge
(ds)

110
92

110
100
<30
191
78,.
28

110

7-1870 Shoal Creek above Joplin - 423

Location.-NE'Asec. 1,1. 26 N., R. 33 W., at bridge on U. S. Highway 71, 4 miles southeast of Joplin, Newton
County.

Drainage area.-410 sq mi.

Datum of gage.-902.37 ft.

Data available.-October 1941 to September 1965.

Average discharge.- 24 years, 376 cfs.

Extremes of discharge.-Maximum discharge, 62,100 ds May 18, 1943 (gage height, 16.8 tt) minimum 12 cfs
Sept. 7, 1954.

Water year Peak stage (feet, msl) Peak discharge (cfs)

1942 914.23 11,500

1943 919.17 62,100
1944 '912.37 7,260
1945 915.67 24,800
1946 912.93 9,840
1947 915.10 20,400
1948 912.27 7,440
1949 910.44 3,620
1950 915.97 27,300
1951 913.24 10,900
1952 910.05 3,110
1953 908.47 1,300
195. 910.73 4,150
195' 912.33 7,740
1956 912.37 7.740
1957 914.41 16,100
1958 912.71 8,100
1959 911.47 4,710
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7·1870 Shoal Creek above Joplin - 423 (continued)

Water year Peak stage (feet, msl) Peak discharge (ds)

'96.
'96'
'962
'963,....,...

915.87
915.60
912.30
....32

914.25
912.57

26.500
ZO.500
••030

'.230
10.800.....

7·1862.5 Grove Creek near Scotland - 424
(Station discontinued)

Location.-Slh sec. 25. T. 28 N., R. 32 W., at low-water ford on county highway, 1 mile north of Scotland,
Jasper County.

Data available.-1954, 1962-65 (base-flow measurements only).

Minimum discharge measured.- 4.00 cfs Oct. 7, 1953.

Remarks. Base flow augmented by effluent from an industrial complex that uses mine water and deep well
water in its operations.

APPENDIX V

HYPOTHETICAL PROBLEM ILLUSTRATING USE
OF FLOOD·FREQUENCY EQUATIONS

Only two variables, drainage area (A) in square miles upstream from the proposed site and average slope
(S) in feet per mile between points 10 and 85 percent of total mainstem distance upstream from the site are
required to solve the statewide flood·frequency equations presented in table 6. For example, assume that an
engineer wishes to design a structure that will pass a 10·year flood from a drainage basin in the Joplin area. The
following steps would be necessary in computing the magnitude of this flood:

1. Determine the size of the drainage area from the best topographic maps available. For this example,
assume a drainage area of 67 square miles.

2. Compute average slope of the streambed. This should be done as follows: (a) determine elevations
from a topographic map at points along the main stem which are 10 percent and 85 percent of the
total distance from the proposed site to the basin divide (b) find the arithmetic difference between
these elevations and divide by the distance between points. For this problem, assume that the length
of the main stem upstream from the gage is 26.7 miles, the elevation at the 10 percent point (2.7
miles) is 500 feet and the elevation at the 85 percent point (22.7 miles) is 650 feet. The average slope
of the streambed is 650Jeet . 500 feet or 7.5 feet per mile.

~mlies

3. Select the applicable equation from table 6 and compute flood magnitude. For this problem, the
equation is as follows:

lD-year flood=90.1 A"757S·462
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WATER RE-SQURCESOF THE JOPLIN AREA, MO.

=5,520 cfs

or, select applicable graphical solution. For this problem figure 22D.should be used. Interpolating
between slopes of 1 and 8 feet per mile prOYides 8 value of 5,500 cf$.

APPENDIX VI

HYPOTHETICAL PROBLEMS ILLUSTRATING PROCEDURE FOR ESTIMATING lOW-FLOW
CHARACTERISTICS AND STORAGE REQUIREMENTS AT UNGAGED SITES

The procedure for estimating low-flow characteristics and storage requirements at ungaged sites may be
illustrated by hvpothetical prOblems:

Problem 1:

An Industrv wishes to locate several plants at a site in the vicinity of nplon Ford on Shoal Creek In New­
ton County within the next S years. The plants will require a dependable water supply of 75 cIs at all times.
Is the base flow of Shoal Creek la~ enough to meet these reqUirements or will storage facilities be required?
The stTeam is located in the Spnngfie'd plateau area (see fig. 11 and the df1linage area upstream from the pro­
posed site is 370 square miles.

1. TIle Industrial planners realize that large waler losses or gains may occur in short reaches of streams
draining the Springfield plateau. They first check the tabulation of discharge measurements made dur­
ing the areal seepage runs (see fig. 241_ Measurements were made on Shoal Creek at Neosho and at the
continuous-record station near Joplin, but no measurements have ever been made a1 Tipton Ford.
Had there been a measurement near the proposed site. the planner would have had 8 rough idea of
the magnitude of flow during a drought with recurrence interval of about three years. There would
ha\te been little need for further discharge measurements.

The planners decide that three or four base flow measurements must be made at the sIte in order to
estimate low flow characteristics.

2. After base flow measurements are obtained, the 7-daV 02 can be determined by correlative proced­
ures which involve the use of concurrent base flow discharges at continuous-record stations in the
area (see Skelton, 1966, p. 251. Assume that the 7-day 02 is approximatelv 15 cfs.

The planners realize that the 7-day Q2 is the median of the annual mmlmum 7-day discharges, and
that there is a 50 percent chance in any year thai the annual minimum 7-day ave.-age flow will be
equal to or leu than 15 cfs. They also note from table 1 that the annual minimum 1-day flow for a
drought with. five-year recurrence interval at the continuous-record station on Shoal Creek is 54
cfs, and that this staUon ;s onlv four miles downstream from the proposed site. The planners conclude
that a dependable flow of 15 cfs cannot be obtained WIthout storage facilities.

3. Entet'"ing figure 27 with 7-oay Q 2 = 15 cis = 0.20 cfsm, the follOWIng storage estimates are
370 sq. mi.

obtained for a drought with recurrenC1! interval of 20 years'

Storage required Draft rate

cf"" '" acre-feet/sq. mi. acre-feet
0.2 75 21 7,770
0.3 110 95 35.200
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4. After the initial computations are completed. storage estimates must be inaeased to allow fOf' water
lost by evaporation and seepage and storage capacity lost by sediment deposition.

a. To estimate losses from evaporation, first assume that the effective evaporative area is
equal to the surface area of the tull reservoir.

For illustrative purposes. assume that the lake surface for the storage requirements 01
step 3 ale 500 and 1.500 acres respectively.

The average evaporation for the critical May-October period, as stated in the section on
"Evaporation Loss". is 33 inches or 2.8 feet in the Joplin area. The computations nee-­
essary to determine estimated losses from evaporation are as follows:

(500 acresl (2.8 feet) % 1.400 acre-feet

11.500 acres (2_8 feet) '" 4,200 acre-feet

b. Quantitative estimates of sediment deposition can be made by use of table 9. For this
problem, assume a time pedro of 20 yean; for convening annual loss to total capacity
loss. Also assume that there have not been extensive mining operations in the Shoal Creek
basin.

McOaniellake. with an average annual sediment accumulation of about 0.5 acre-feet per
square mile, is located in a region similar to the Tipton Ford area, and this figure should be
used to estimate losses from sediment deposition for this problem.

The computation necessary to det~mineestimated loss from sediment deposition is as
follows:

(20 years) (370 sq. mi.l (0.5 acre-feet per SQ. mi. per year) '" 3,700 acre-feet

c. Quantitative estimates of seepage losses for a specific site cannot be determined from this
report. However, the report can be utilized to determine if the possibility of large seepage
losses should be investigated more fully.

The proposed site is located on the Springfield Plat~i:lu and, as staled previously, high seepage
rates are the rule in this physiographic region. The site should be investigated carefully to
determIne If corrective measures are necessary to prevent significant seepage losses.

5. After computation of reservoir losses. the estimates of step 3 are tinalized as follows:

Draft rate io efs Storage required in acre-feet
(20-year recurrence interval drought)

75 7.770 + 1.400 + 3.700 '" 12.900

110 35.200 ... 4.200 + 3,700 '"' 43,100

From the foregoing procedures the industrial planners learned (11 that storage facUities are necessary
at the proposed site to insure a dependable flow of 75 cfs, (2) the approximate amount of storage
required to supply their needs during a drought with recurrence interval of 20 yeatS, and (3) the
approximate amount of storage required for a greater draft rate than needed.

A more detailed engineering study at the site woukJ be required to determine if the t~rain Is suitable
for construction of a reservoir of the size required.

93



WATER RESOURCES OF THE JOPLIN AREA, MO.

Problem 2:

City planners are intere5ted in building a storage reservoir on an intermittent stream in northwestern
Jasper County, They wish to get a rough idea of the draft.storage relationship at the proposed site. The stream
is located in the Osage Plains province (see fig, 11 and the drainage area above the site is 70 square miles. Assume
thaI the stream drains an area of extensive mining operations.

1. The planners know from past experience that the stream ceases to flow for periods of several weeks
each year during late summer and earty fall, and they conclude that the 7-day 02 is zero.

2. The stream is located in the Osage Plains province; therefore, the constant storage requirements
shown in table 8 are applicable to this problem.

3. Using the constant storage requirements shown in table 8, the planners obtain the following estimates
for a drought with recurrence interval of 20 years:

Draft rate
cfsm cfs

.02 1.4

.06 4.2

.10 7,0

Storage requ ired
Ac·ft/sq. mi. Ac·ft.

17 1,190
60 4,200

120 S.4OO

4. Storage computations must be increased to allow for water lost by evaporation and seepage and star·
age capacity lost from sediment deposition.

a. To estimate evaporation losses. use the same approach as for problem 1. Assume lake
surface areas of 100.400, and 800 acres for the storage requirements of step 3.

The computations to detennine estimated losses from fNaporation would be as follows:

(lOa acres) (2.8 feet) 280 acre-teet

(400acresl (2.8feet) '" 1,120acre-feet

(SOO acresl (2.S feet) 2,240 acre-feet

b, Ouantitative estimates of sediment deposition can be made from table 9. Assume a time period of
20 yea~ for converting annual loss to total capacity loss.

Grisham Reservoir, with an average annual sediment accumulation of about 1.1 acre-feet per
square mile, Is located in a mining area, and this figure should be used to estimate losses fram
sediment deposition.

The computation necessary to determine estimated loss from sediment deposition is as
follows:

(20 years) 00 sq mil (1.1 acre-feet per sq mi per year) ;. 1.540 acre-feet.

c.. Ouantitative ~timates of seepage loss cannot be determined from this report. However, the
report CCln be utilized to determine it the possibility of large seepage losses should be investi·
lJirted more fully.

The proposed site Is located on the Osage Plains and, as stated previously, seepage is slow in
the region. The possibility of large seepage losses can be disregarded for this problem.
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5. After computation of reservoir losses, the estimates of step 3 are finalized as follows:

Draft rate in cts

1.4
4.2
7.0

Storage required in acre-feet

1,190+ 280+1,540=:3,000
4,200 +1,120-t-1,54CF6,900
8,400 +2,240+1.540=12,100

From the,foregoing procedures the city planners obtain a general knowledge of the draf-t-stOfil!je
relationship at the proposed site. A detailed engineering study would be required to determine it
the terrain is suitable for construction of a reservoir.

APPENDIX VII

DEFINITION OF TERMS AND CONVERSION OF UNITS

1. Acre--fool,- -The volume of water required to cover one acre to a depth of 1 foot.

1 acre:-foot .. 43,560 cubic feet

'" 325.851 gallons

2. Aquifor.- -A rock formation, bed, or zone containing water that is available to wells. An aquiler may be
referred to as il water--bearing formation or water·bearing bed.

3. AQuiclude.- -A rock of relatively low permeability that overlies or underlies an artesion aquifer and con­
fines water in the aquifer under pressure. As most aquicludes are leaky, the term aquitard Is sometimes used
because of its connotation of a retardation rather than a prevention of the movement of water. Such a rock
may also be called a confining bed.

4. Artesian water.- -Ground water under sufficient pressure to rise above the level at which the water·bearing
bed is reached In a well. The pressure In such an aquifer commonly is called artesian pressure, and the rock
containing artesian water is an artesian aquifer. Such an aquifer may also be called a confined aquifer,

Base flow.- -That portion 01 the stream discharge which is derived from ground·water outflow.

Climatic year.- -The 12-month period. April 1 to March 31. The climatic year is designated by the calendar
year in which it begins and Is used as the annual time unit for the analysis of low·flow data because it does
not separate the annuallow·f1ow seasons.

Confined water.- -Water under artesian pressure. Water that is not confined is said to be under water·table
conditions.

Continuous-record station. -A site on a stream where continuous records of discharge are obtained.

Cubic feet per ~nd (cfsl.- -The unit expr~sing rate of discharge. One cfs is the raw of discharge of a
stream having a cross-sectional area of 1 square loot and an average velocity of 1 foot per second.

1 cfF-7.48 u. S. gallons per second

=449 U. S. gallons per minute
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=0.646 millions of U. S. gallons per day

Cf!Hlay.- -The volume of water represented by a flow of 1 cubic loot per second for 24 how$,

1 cfs-day-"1 983 acre-feet

z86,400 cubic feet

=0646,317 gallons

Cubic feet per second per square mile tdsml.- -The average number 01 cubic reet of w8ter flowing per
.second from each square mile of area drained, assuming that the runoff is distributed uniformly with regard
to time and area. Ct'sm is computed by dividing the discharge in cfs by the drainage area in square miles. It
should be used with caution in the Springfield Plat'esu region because low·flow yields may diffel widely with·
in the same basin.

Evapotranspiration. -The movement of water into the atmosphere by the combined processes of direct
evaporation and transpiration from plants.

Grouodwater --Water in the zone of saturation or belaw the water tablo.

Hydrology.--The scietlte that relates to the watel of the earth.

Infiltration.-The flow or movement of watllr into the surface soli.

IntermittenLstream. -A slream that flows only part 01 the time or through only part of its reach.

Mean annu.aLfJ~- - Tht! melln of the annual flood peaks. It is descriptive of a drainage basin's flood
characteristics and is an Index of the geographical variation of flood lJows,

Partial-record stalion.- -A site on a stream where occasional discharge measurements have been collected
over a period of years.

Peretlnial stream. -A rtream That flows continuously. such as $hoal Creek.

permeabjlity, -The capacity of a rock to transmit water.. The field coefficient of permeability of an
aquifel is the coefficient of transmissibility divided by the saturated thickness of the aquifer, in feet.

Piezometric surface.- -An imaginary surface that everywhere coincides wltl'l the static level or pressure
surface 01 the water in the aquifef.

Rechat'ge.- -The addltion of water to the zone of saturation. Infiltration of precipitation or stream bed
seepage lITe torms of natura/ recharge; injection 01 water into an aquifer throuyl1 welts is one form of
anificial recharge.

Recurrence interval -The average Interval of time within which a given event wilt be exceeded once.
Recurrence Intervals arE' averages and do not imply regularity 01 occurrence; an event of 5O·year recurrenCl:!
interval might be exceeded in consecutive years or It mlghl not he exceeded In a lao'year period. In other
words, a 5O-yeat flood or dr:lught has a 2 percent chance of occurring in any year.

7·day Q2.- -The annual minimunl average discharge for seven const!Cutive days which will occur on an
averagt: of once in two years. rhis is an index to the low·flow potential of a stream and should be used as
a guide in comparing one stream to another,

Specific capaclty.- - The yield of a well per unit of drawdown after a specified period of pumping. Gen·
erally expressed as ga1l0ns per minute (gpml pet toot of drawdown. It a welt yields 500 9pm with a draw·
down of 25 feet, its specific capacity is;go. or 20 gpm pet f1.
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Specific conductance.- -A measure of the capacity of water to conduct a current of electricity. expressed
in micromhos per centimeter at 25°C. Conductance yaries with the Quantities of dlS:SQlyed mineral constit­
uenU and with the degree of ionization of the constituents as-well as with the temperature of the water. It
is useful in indicating the approximate concentration of mineral matter in water.

Unconfined water_- - Water not under artesian pressure.. Generally applied to denote water below the water
table.

Water table.- -The upper surface of the lone ot saturation, where the SUrface is not confined by impermeable

",,:k~

Water year_- -The 12-monlh period October 1 to september 30. The water year is designated by the calendar
Veal in which il ends and which includes nine of the 12 months. Thus, the year ended September 30, 1965 is
called the 1965 water year.

Wlthin-vear storage.- -That storage which will be replenished each year by the high flow 01 the stream for
release during succMing low-flow periodS. Unlfonn draft rates less fhan the minimum annual mean flow are
used in oomputations. 01 within-year storage requirements.
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