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FOREWORD

The following statement and memorandum of transmittal conceming
South Dakota' s Ground Water Needs and Supplies, prepared by the South
Dakota CGeological Survey, were presented by the State Geological Survey
before the U. S, Senate' s Select Committee on National Water Resources
at a hearing in Huron, South Dakota, on October 27, 1959. Fart of
this testimony was published in Part 6 of the report of the U. 3. Senate,
86th Congress, First Session, pursuant to Senate Resolution 48, in
March, 1960, (p. 1040-1047, and map feollowing p. 968). ’

Since that time the State Geological Survey has received numerous
requests for copies of this material. As a result, it is presented
herein. Except for bringing the maps up to date, and making ‘several
minor changes in wording, the report and covering memorandum are the
same as when they were presented in October, 1959, because South Dakota s
Ground Water Needs and Supplies are substantially the same now as they
were 24 years ago.

The State Geological Survey welcomes inquiries regarding the
geology of this major economic resource of South Dakota. :

Allen F, Agnew
State Geologist

Vermillion, South Dakota
June 5, 1962
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October 24, 1959
MEMORANDUNM OF TRANSMITTAL

TO: The Honorable Robert Kerr, Chairman, and other distinguished Senators
of the Select Committee on National Water Resources
FROM: Allen F. Agnew, State Geologist
SUBJECT: Ground water in 3South Dakota--estimated requirements and
supplies

The United States is not short of water. The average yearly
precipitation for the Nation as a whole 1s about 30 inches. About
70 percent of this water returns to the atmosphere by natural evapor-
ation and transpiration. The remaining 30 percent (9 inches) is the
supply that is theoretically manageable. However, only a third of this
manageable supply is actually withdrawn from the streams and from the
ground. Out of this one-third (or 3 inches), one inch is consumed by
evaporation and transpiration, and two inches is returned to the streams
and ultimately reaches the ocean. Thus, the total amount that finally
escapes to the ocean is eight inches, which is nearly 90 percent of the
manageable supply.

The water-use situation is equally interesting. Industrial and
irrigation withdrawals are about equal; however, 60 percent of the
irrigation water is consumed, while only 2 percent of the industrial
water is consumed. Ten percent of all public water used is consumed.
Irrigation accounts for 80-90 percent of all water that is consumed.

Considering the United 3tates as a whole, the water problem cannot
be a problem of total quantity of water, because we withdraw only one-
third of the manageable supply, and consume only one-tenth of it. There-
fore, the National problem must be one of water management and water
use. Water management concerns those who make decisions about water,
as well as those who carry out a plan of action for water development,
use, or conservation. The State Geological Survey is not a manager,
but the managers are the people such as the State Water Resources Com-
mission who prescribe action or take action by legislation, by use of
other authority, by application of rules, and by legal decision.

Organized emphasis on water and water planning has begun in sev-
eral states, including Texas and California. In recent years the U. 3.
Congress has strongly emphasized planned water development.

Current predictions indicate that the National withdrawal of
water by 1980 will be double the withdrawal in 1955. Withdrawals and
artificial consumptive use could be doubled, and still remain well
within the National average manageable supply. However, water with-
drawal could not be doubled in all parts of the United States except
by a complicated and excessively costly system of regional transfers
of water from basin to basin. For example, in some parts of the South-
western United States, water use may have to be reduced within the
next generation because stored reserves of ground water will not last
indefinitely.

On the whole, however, the National water-withdrawal pattern
is very wasteful, and forecasts about the future should be gloomy only
if they assume that such wastefulness will continue. Records of water




use, however, make it obvious that much of the prospective increase
in water demand could be met simply by more efficient use of the water
that is being withdrawn. Increased demand already has been met by
improved efficiency of use and re-use in several plants in the steel
industry. It has been met by public supply systems where waste water
is reclaimed and re-used. Another good illustration is the petroleum
industry. About 41 barrels of water must be circulated to process one
barrel of crude oil. In some plants no water is re-used, and the cir-
culation consists of 100 percent new water. For the petroleum industry
as a whole, about 27 percent is new water. However, in plants where
short supply forces conservation and re-use, only about 5 percent 1s new
water.

Most uses of water (except for power generation) damage guality--
they raise the temperature, al ter the chemical nature, add to the sus-
pended-sediment load, or all three. Industrial chemical waste, sewage
and other organic contaminants, salt leached from the soil in irrigated
areas, sediment produced ‘in areas where man has disturbed the cover of
vegetation, all depreciate the quality and the usability of water. This
problem is beginning to loom larger all the time. Many of the Nation's
streams, including some large ones, already are little better than open
sewers. An unfavorable salt balance is evident in some irrigated areas
of the Western United 3tates. Such problems have been widely publi-
cized. Many of them can be overcome by control of wastes and by water
treatment. That is, quality control can be improved by liberal applica-
tion of technology and money, and by leaving enough water in streams
to dilute the unavoidable waste.

From a beginning that dates back to the 1930 s, and by concentrated
activity in the last 10 years or so, the South Dakota State Geological
Survey has put a large share of its effort into collecting basic data
on water, and working on both long-range and short-range problems.
As you are well aware, water was taken for granted, and there was little
public support for a program with long-range broad objectives, until
very recently.

Significant water problems developed in the United States during
the drought years of the 1930' s. Thereafter, World War Il created a
sudden demand for expansion of many water developments, and for new
supplies for a large number of defense industries, for military in-
stallations, and for the enlarged operations of governmental agencies,
especially in the Federal Government. It is fortunate, indeed, that
World War II occurred during a climatic wet period; had the war years
been at a time of drought, economic distress in the Nation would have
been magnified.

In the decade following the war, the importance of long-range
water planning became widely recognized. A large number of State and
Federal Government agencies, commissicns and advisory committees, citi-
zens groups, and professional societies made many studies. In short,
the need for intensified and systematic water programming and projects
is now generally and widely recognized. Considerable ground remains
to be covered, however, before it is recognized that, with a mobile,
annually renewable resource which is controlled by natural laws, sound
programming and planning requires a broad base of scientific¢ support.




The kinds of data and scientific information that are needed for
water development can be acquired only at considerable expense. Know-
ledge is costly, but it is cheap compared to the cost of ignorance.
Knowledge can eliminate the high cost of guesswork in the construction
of projects.

The purpose of the South Dakota State Geclogical Survey, by basic
policy and the traditions of the nearly 70 years of public service,
is scientific. In our water-resources program we collect basic data
as the raw materials with which to do our work; we analyze and interpret
the data and express their meanings in water-supply appriasals; we
determine and analyze the processes and factors that control water
in natural and artificial environments, and we express these factors in
terms of scientific principles; and we publish this information. The
work of the South Dakota State Geological Survey with water, in short,
provides a scientific basis for water management, such as is carried
out by the South Dakota State Water Resources Commission. In the case of
specific developments, it provides the scientific means for determining
the consequences of management actions that have been taken, for pre-
dicting the consequences of actions that may be taken, and for choosing
between alternate actions.

In summary, sufficient water is available for present needs and
for a very large increase in use. Too much water has been wastefully
and shortsightedly used in the past, and conservation and far-sighted
scientific management are essential. Nature distributes water poorly,
for our purposes, but enough water is available so that artificial re-
distribution can meet many local problems. The basic problem is eco-
nomic: what can we afford to spend? New development costs could be
reduced by more efficient use of supplies that are already available.
A most important problem during the near future will be that of improving
control of the chemical quality of water, for all purposes.

Where do the functions of the South Dakota State Geological Survey
fit intc this picture of the future? A good development program and a
plan of action must be based on scientific evidence of how much water
is gvailable, where it is available, and what kind of water it is. We
propose to continue to obtain this kind of informaticn and to translate
it into terms that are useful to water managers.




SOUTH DAKOTA' 5 CROUND WATER NEEDS AND SUPFPLIES

by
Allen F. Agnew, state Geologist

Frepared by Merlin J. Tipton and Fred V. 3teece

September 25, 1959
INTRODUCTION

In 1955, South Dakota used an average of 243 million gallons
of water per day, of which 76 percent or 185 million gallons was de-
rived from ground water (MacKichan, 1957). This was the highest ratio
of ground water use to total water use of any State. This means that
South Dakota has had to rely heavily on wells for its water supply.
It is this ground water supply with which the State Geological Survey
is concerned, because a knowledge of the geology of the formations from
which this ground water is obtained will be a tremendous aid in developing
future water supplies in South Dakota.

The depths to this ground water and the formations from which it is
obtained vary considerably in different parts of the State. There is a
natural division between shallow and deep ground water, and between the
eastern glaciated part of the State and the western non-glaciated part
of the State (fig. 1).

SHALLOW GROUND WATER

Eastern South Dakota

That part of South Dakota east of the Missourl River is covered
by glacial deposits which vary from a thin veneer to more than 700
feet thick; it is these glacial deposits that provide almost all of the
shallow ground water in eastern South Dakota. ' The only other sources of
shallow ground water in this part of the State are the Recent alluvial
deposits (table 1) along the major rivers and their tributaries, the
ancient river channels buried beneath the glacial deposits, and the
bedrock. ,

The shallow ground water obtained from the glacial deposits gen-
erally comes either from small sand lenses in the glacial debris, or from
large sand and gravel plains called outwash deposits (fig. 2). The sand
lenses do not provide large gquantities of water, but most of them are
capable of producing enough for individual farm needs. These sand lenses
usually vary to such a degree that their size, shape, extent, and depth
cannot be outlined accurately without drill hole or geophysical infor-
mation.

The outwash plains, except where they are thin, provide large
quantities of water, In many places enough to irrigate or enough for
municipal supplies. These outwash plains occur at the surface and




Table 1.--Stratigraphic Units Present in South Dakota

Time Rock Chart

Era System Formation or Rock Type
‘Recent alluvial deposits
Cenozoic Quaternary glacial deposits
Tertiary sands, silts, clays
Hell Creek
Fox Hills
Fierre
Niobrara
Cretaceous Carlile
Mesozoic
Greenhorn
Graneros
Dakota
Morrison
Jurassic
Sundance
Fennsylvanian Minnelusa
Mississippian Madison (Pahasapa)
Devonian limestones and dolomites
Paleozoic :
Silurian limestones and dolomites
Ordovician limestones, sandstones
and shales
Cambrian sandstones and shales
Frecambrian Precambrian

Sioux Quartzite and granite
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are as much as 100 feet thick. In contrast to the sand lenses, they
have a characteristic surface expression and therefore can be outlined
very accurately. The State Geological Survey has mapped many such plains
in several parts of eastern South Dakota in the past few years (fig. 15),
and has found then to have great potential value for future water develop-
ment. The only outwash plain that has been exploited to any great degree
as yet is the Parker-Centerville plain (Tipton, 1957) along the Vermillion
River in Turner County, where more than 70 irrigation wells are now
pumping--sept., 1959. However, there are many more undeveloped plains
in South Dakota which contain enough water for irrigation, industrial
or municipal uses. These include the Big sSioux ¥alley plain (Steece,
1998; Lee, 1958) along the eastern border of South vakota, the Missouri
River plain (Jorgensen, 1960), the Vermillion River plain from Turner
County southward to the Missouri River plainj and several other outwash
plains (fig. 2) not associated with major rivers. All of the outwash
plains shown in Figure 2 are large; not included are innumerable small
ones, too small for the scale of the map. Most of the outwash plains
shown in Figure 2 have not as yet been investigated in detail, so their
potential value is not accurately known. But, as an example, three that
have already been mapped--the Parker-Centerville outwash, the Big Sioux
Val ley outwash, and the Missouri Valley outwash in the Yankton-North
Sioux City area (Jorgensen, 1960)--show a supply of approximately 2000
billion gallons of water, (enough to supply the whole State for 27 years
at the rate of use during 1955).

Recent alluviumn is also a source of shallow ground water in east-
ern South Dakota, but usually does not provide the guantities needed
for more than individual farm wells. These alluvial deposits are found
along rivers, streams, and creeks.

The buried channels of ancient (pre-glacial) rivers are another
source of shallow ground water, and some of them could produce large
quantities of water. However, these deposits have not yet been studied
in detail in South Dakotaj; nevertheless, they should be included in any
future water development program.

Bedrock, where it is close to the surface, 1s another source
of shal low ground water in eastern Socuth Dakota, but owing to the usually
thick cover of glacial deposits, shallow water from this source has
been developed in only a few places. The Sioux Quartzite is locally
used as a source of shallow water in Davison, Hanson, McCook, and Minne-
haha Counties (fig. 11), although it does not provide large guantities.
The Niobrara Marl [and Codell Sandstone] also provide shallow ground
water where they are near the surface in southeastern South Dakota
(figs. 4 and 5).

Western South Dakota

In general, shallow water supplies are difficult to obtain in
western south Dakota, and are not a major source of water in that part
of the State. The only shallow sources of water in western South Dakota
are in alluvial plains and terraces, and surface bedrock formations.
Except along streams, the surface of western South Dakota is composed
of bedrock, and about half of this bedrock is Fierre Shale. The Fierre
Shale itself is not a good source of water and consequently most of the
ground water in the Pierre Shale area is derived from deep sources.




- The alluvial plains and terraces along the major rivers and their
tributaries provide enough water for individual farms, and in places
could produce larger quantities of water. They are such small areas
that they do not constitute a major source of water in this part of the
State. :

The bedrock, where composed of sand, is a good source of shallow
ground water. In the northwestern part of the State the Fox Hills
Sandstone (fig. 3 and table 1) provides a shallow source of good water,
locally in large quantities (for areas mapped, see fig. 13). The Hell
Creek Formation (table 1) in this northwestern area has someé sand zones
which provide shallow water for farm use. The Tertiary sands in the
south-central and southwestern part of the State (for areas mapped, see
fig. 14) also provide good sources for shallow water. In the Black
Hills area the bedrock limestones and sandstones, where near the surface,
provide good sources of shallow water. Generally, however, alluvial
sources are used for ground water supplies, especially where the granite
crops out in the central part of the Hills.

Owing to the small amount of rainfall in the western part of the
State, and to the limited supply from shallow scurces, water is a very
scarce and highly prized commodity which deserves the study of all
agencies related to finding water supplies.

DEEP GROUND WATER

Deep ground water provides much of the water used in the State
of South Dakota. Thousands of wells have been drilled into the artesian
aquifers, especially the Dakota sandstones (Newcastle, Fall River,
Lakota). Although these Dakota sandstones have lost much of their
artesian head in the last 50 years, many places in the State still have
flowing wells from this source. In addition, many other deeper forma-
tions also contain large quantities of untapped water. The State Geo-
logical Survey has prepared reports of artesian ground water in many
parts of the State (fig. 12).

Any future water development should include a conservation program
of plugging the ""wild' flowing artesian wells. These "wild" wells have
reduced the piezometric (pressure) head of the flows tremendously since
the artesian formations were first tapped. As an example, the artesian
pressure at Woonsocket dropped from 250 pounds per square inch in 1890
to less than 25 pounds in 1950. The plugging of the "wild"' wells will
greatly curtail this rapid decrease in pressure, and will stop a needless
waste of water.

The chief potential sources of deep ground water in South Dakota

are:

1. Fox Hills Formation (fig. 3): sand and sandy clay; as much
as 250 feet thick.

2. Niobrara Marl (fig. 4): chalk and marl; becomes sandy west-
ward; about 200 feet thick in the central part of the State, 120 feet
thick in the east, and 400 feet thick in the west.

3. Codell Sandstone Member of Carlile Shale (fig. 5): Carlile
Shale includes the 50-foot thick Codell Sand in parts of southeastern
South Dakota.

4. Dakota Group (fig. 6): interbedded sands and shalesj as much
as 400 feet thick; several productive sands.




5. 3Sundance. (fig. 7): The 3undance is chiefly sand; as much
as 350 feet thick. Several sands are water-bearing in Black Hills
area, ''Sundance'’ artesian sand is productive in central South Dakota.

6. Minnelusa Formation (fig. 8): mostly limestone and dolomite
with interbedded shale and sandstone; as much as 500 feet thick; several
productive zones. » _ : ‘

7. Madison (Pahasapa) Limestone (fig. 9): chiefly limestone and
dolomite; as much as 900 feet thick; several productive zones.

8. Ordovician-Cambrian (fig. 10): Ordovician Red River Limestone,
Winnipeg Sandstone, and Cambrian Deadwood Sandstone in northwestern
half of Statey [Ordovician and Cambrian’] sandstones in southeastern
corner of State.

9. Sioux Quartzite (fig. 11): Massive silica-cemented hard
quartzite and thin interbedded ''shales''. Water occurs in- highly
jointed and fractured areas.

Of the rock units discussed above, several have been important
sources of water over the years, although most of them contain highly
mineralized water. Frobably the most important and best known of these
is the group of Dakota sandstones; nearly all the deep artesian wells
in the State have their source in these sandstones. Second in importance
is the Fox Hills Formation especially where it is at or near the surface.
The Fox Hills yields adeqguate supplies of high-quality water both for
domestic and industrial use. The Codell Sandstone is an. important
source of relatively shallow artesian water of good quality in south-
eastern South Dakota. The '"Sundance Sand'" and Minnelusa Formation also
provide large volumes of water that is rather high in mineral con tent,
in both central South Dakota and the Black Hills area.

Water from the other rock units discussed is also likely to be
high in mineral content.

FUTURE DEVELOPMENT

The plans for the South Dakota State Geological Survey in the
next 20 years call for a large amount of geologic mapping of ground
water resources. Many sources of ground water in South Dakota have
not vet been studied either geologically or hydrologically, and it is
the plan of this Department to study as many of those sources, in coop-
eration with the State Water Resources Commission, as budgetary limi-
tations will permit. Fresently, approximately 40 percent of the annual
budget of the State Geological Survey is being spent on studies of
ground water. In addition, the 1959 State Legislature appropriated
-$10,000 per year (which is being matched by the Federal Government )
to the 3tate Geological Survey for cooperative investigations with the
U. 5. Geological Survey dealing with specific ground water problems
in South Dakota.

Certain glacial deposits in the Eastern South Dakota area are
good water sources and need to be studied further, as they have the
potential to provide much of the future water needed in this part of
the State. The western part of the State badly needs an up-to-date
artesian water study much like those that have been carried out recently
in the eastern part of South Dakota by the State Geological Survey
(Barkley, 1952 and 19533 Erickson, 1954 and 1955).
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In addition to the general studies referred to above, many of the
water supply problems in South Dakota are local in nature and must be
studied individually, because of the locally different and complex
problems involved. Many such studies of the geology of local ground
wa%er problems have been published by the State Geological Survey (fig.
17).

It has been shown that water problems already exist in South Dakota,
and undoubtedly will become more acute in the future. Many of these
problems will be readily solved by a proper study of the geology and
hydrology of the ground water resources. Agencies such as the State
Geological Survey should have substantially increased budgets so that
they can devote increased effort to the study of their specific phases
of the program.

If this coordinated and accelerated program of study is carried
out, most of the immediate water needs of South Dakota will be provided
for, and many of the future water problems will be solved.

REFERENCES CITED

Barkley, R. C., 1952, Artesian condi tions in southeastern South Dakota:
S. k. Gol. Survey, Rept. Invest. 71, 71 p. '

3 1953, Artesian conditions in the area surrounding the Sioux
Quartzite Ridge: S. Dak. Geol. survey, Rept. Invest. 72, 68 p.

Erickson, H. D., 1994, Artesian Conditions in east-central South Dakota:
S. k. Geol. survey, Rept. Invest. 74, 116 p.

, 1955, Artesian conditions in northeastern South Dakota: S. Dak.
Geol. Survey, Rept. Invest. 77, 39 p.

Jorgensen, D. J., 1960, Geology and shallow ground water resources of
the Yankton-North Sioux City area: S. Dak. Geol. Survey, Rept.
Invest. 86, 29 p.

Lee, K., Y., 1958, Geology and shallow ground water resources of the
Brookings area, Brookings County, South Dakota: S. Dak. Geol.
Survey, Rept. Invest. 84, 62 p.

MacKichan, K. A., 1957, Estimated use of water in the United States,
1955: Jowr. Amer. Water Works Assoc., vol. 49, p. 369-391.

Steece, F. V., 1938, Geology and shallow ground water resources of the
Watertown-Estelline area, sSouth Dakota: S. Dak. Geol. Survey,
Rept. Invest. 85, 36 p.

Tipton, M. J., 1957, Geology and hydrology of the Parker-Centerville
outwash: S. Dak. Geol. Survey, Rept. Invest. 82, 19 p.



Figure |.

o 1/ *|' J LT
N 1T

. 4 I
s N L ™ EL ‘\ -
——— T | . ' 1 i 11
A
] T HHH
— | ] l \\3 | %Lm‘\

o 50 100 miles
= i —

Scale

Outwash or aqlluvial plains (contain abundant
shallow ground water)

Areas where shallow ground waler is
difficult to obtain



Figure 3.

Hills Formation

Fox

- outcrop

subsurface distribution

100 miles

50

o

Scale

Marl

Niobrara



Figure 5.

Shale

Carlile
(including Codell

sand)

Jl outcrop

subsurface distribution

100 miles

Scale

Dakota Group



Figure 7.

c

Q

=

>

el

- — w
® -
c » €
O © o
-~ o
4 )
© [S]
M w]

a % 2

[ (@]

wn © s a7 3
I3) (72} w

= . £L
[} W =
QO w
Q ol
O
©
[«
ps |
(7))

Formation

Minnelusa



Figure 9.

Madison (Pahasapa) Limestone

[
o}
-—
3
0
1=
—
7
©
L
O
O
-
s
3
"4
0
=
w

Q
o
-
[
-
b=}
o

100 miles

50

Scale

Ordovician and Cambrian

and sandstones

limestones



Figure

Figure

[
.0
—
3
Q o
e M
o =
= o
° o
[}
- (V]
- - Q
N o ©
L a o o —_—
| S o) w O T w
O b » wn
3 2 a
o > 3
(o] (7]
o
x
3
o
wn

Index Map of Artesian Water Surveys

Area covered by one report

(RI

R1 71

= Report of Investigations)
(Figure shows date of publication)



Figure 13,

peddow se|bupiponpd D

Y10%VQ HLNOS TNOMIWEIA
v G i i P _— Sna20
A3JAYNS ¥21907039 FLVIS Fahc » u._,ﬁ _ - = . |_| il i ) StEOL__ 00wOl g0l
o & SleStr
g e M3 alwo yp Itz | - : N - T
£ I J iy I e | 5 & »| =
s Fl1 0 &1 & ¢ el o | il eBTa | SIS
S31IW NI 37¥0S 0% & \%v_uaﬁ__| 2 & & o.fww s & ) AF vostiion L o./e/ 3 5 ! %&
7 0T anw 2 Py ROIEA BEIS A »’ £y ] > OE & bugpioH-
“ ssoutuarg | 3 o ke .; & A 55&% [ ¥ = [5) | &
suojooo]  iBubipoRD TR [ R SO Y r———-] g NP 3 wniog* - (@)
oRaGt— — | Ena ! ssjng uns aowpoid f
pe 7 ssydog, MODEIW. wng. TR _ 9 N i a Y v H a bna..wN
i » o e A Py wodipat
& oOF g aue - yuo) ol = &
WANAY AFAE 2 Wi v o TN AN k\ww S o
oy T X B3 o & 4 - A GJ.J. 7 >
wa i AR HE LS TSR | & ? s “
A:] Swg S i oo a } £ g |
96| azET - N 0 g g DN epos ey co o)
[ hooron o § A_:vc.m:rﬁrgs\c“ ] P— | [ o5t T
SONY13T8YL SNO30VL3HO & ] oS
~
MO Y34V V00 o | & =
1
JHL J0 &
P ] =
SITONVHAYND 219071039 A ot o
40

dviH XIONI




14,

igure

paddpw sa|Buviponsn |

Sballd 00201 m_nwgoo -
L]
VLOAYG HLNOS 'NOMIWY3A !
AJAYNS I¥D1907039  3ILVIS BN J.(.H\ra
L]
m huow Y _
1
== =1 ' )
oz o] B ; N 3 g [
S3ITW NI 3TVOS 1 ” uaiy, _. wNv
_ _ vz
D A
sucljoaen  91bunipong ! \Mu s g = \hf A BERES, ._ Q
S il o . Z
ot 1N S _ ! _
o 4 | 9
ﬁ_. 11 OEeEl T t ] - RS
| |03p 1. 1oy A1y, | |
St H _ _,.wp& @&. k 1 1
_ wldunng & &awr 41 13 | _
16 <0l m 1 .¢OQ 7S ,wosxe) \ _
g6+— AV 2 |
e . T P s | ooy
Stek¥ W X T : Ml Sttt
E R
SANYT 318VL AYVILY3L | oo =
1 =
=
m _I_ 1 H_ O soumjey f“ qpiny G)
Chal - T P oasuuay oiw.n _ . m
SATONVYHAYND 219071039 1 L =
o _V 4& v W A _ 5 3 N
’ oo._wm&m == 0000 SleDO! %001 G000 .n&o_mo,v..

d¥W X3ANI




Figure 15,

96°45'

9700

o
@ a
ul a
— . =
o s >
=z Z o woo= E
s n w ® g o
23] > a
1. <1 £ " n o @
o o w o 5 a1 o TR ==
s a T s = Tk
= > 5 Q o =
w D ] z s @ o
L ° o = 5 - o =
o L o = o 2 .- ©
= o 9w g a9 w B g
D) & & H e 3 =
1 o) H @ = o
m m o .M 3
< - %
W " []
(18}
o
H 3
3 Y B I & b
i 2 2 Q\WE
i
H
.r.uol.-.. 1 )
v N V.w_qe T Yy
_ .«\\\ et V..,v o >
Tw| Y ../ (4 =g
H
H 5 s o
_nlva o, S -
o sz, , ELY o,
K
Kw ™S (4 r : e
1 s
o e 1 ]
O + (e 1 w 5 &
"«G&- u..vh m ....l_ &0_? x vL ..... ey b = E < ¢
: i 5 %M ' R Uy ] £ ] Loy bl
wl | &) by |
° e e —— | : x £ o = e
& 1 ' T = ¥ = £ (dp]
L - Ay 1 3 7 Ol\._(p%b.\
| %%, 1 ™,.) ! ", L_voe S <
v Ry o s i hvwm.-ln-l_ Yy, §X -, o
) | T ! = 1%
xi | @ 1 m ! . ! < : Pm
- \ x = - 2 &
A x| 4 i r O 1 & 2
®) 10, 3, @ Yy, & 4, T Op, 5 I}
z| % g ™y R R o B o it S o
¢ _ H :
of 3 = Y0, 1V 2 EEy, sy ° fo NosNVA 5 o3 M O H &
¥ S o =] @ G
fl ! Il L 1 1 Sw H ¥ = ' T 93 N8 m
b~ @ n 9 2 2 ] ® % 0 o n 5
S Y 5 ] ] g ] o 2 es
3 ¢ 2 ¥ 2 - i 3 ¥ ® 2 e b m




Figure 16,

NORTH DAKOTA
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Figure |7.
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