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SHALLOW OUTWASH DEPOSIT IN
HURON-WOLSEY AREA,
BEADLE COUNTY, SOUTH DAKOTA

by.
Ian R. Walker

ABSTRACT

The Huron-Wolsey area is in east-central South Dakota in the central
part of the James Basin of the Central Lowlands Physiographic Province.
The area occupies about 250 square miles and is drained southward by the
James River. ;

Pierre shale of Cretaceous age forms the bedrock of the area, and is
mantled by an average of 75 feet of Pleistocene glacial deposits.

About 73 square miles of the Huron-Wolsey area is underlain by buried
glacial outwash deposits. The deposits are 30 or more feet thick in
about 20 percent of the area, and the sand and gravel is interfingered
with clay and glacial till to such an extent that the amount of water avail-
able for irrigation and domestic use cannot be computed accurately.

Irrigation pumping in the area in the summer of 1960 caused the ar-
tesian head of water in the buried outwash deposits to decline as much as
13 feet. :

The quality of this shallow water for irrigation is fair to poor.




INTRODUCTION

Present Investigation

The farm wells in the Huron- Wolsey area (fig. 1) have been drawing
water from either the Dakota artesian sandstone or from shallow sand
and gravel deposits. Until recently the shallow deposits haveyielded
adequate supplies of water for domestic use, except for a short period
in the early 1930's when the city of Huron had to pump water from shal-
low wells west of the city, thus reportedly withdrawing from the supply
available in the shallow sand and gravel deposits. However, since the
advent of irrigation in 1956, when two irrigation wells were drilled west
of the city, water levels have fallen in many of the farm wells which are
known to be drawing water from the shallow deposits. For this reason,
the State Water Resources Commission in 1959 requested that the State
Geological Survey make a study of the area to determine the limits and
the geologic relations of the water-bearing shallow sand and gravel de-
posits,

The field work for the present investigation was completed between
August 8 and August 31, 1960. The State Geological Survey provided the
writer as geologist, Robert Bliven as assistant, and an earth-resistivity
team of Richard Bruce and Charles Mickel; the U. S. Geological Survey
and the U, S. Bureau of Reclamation provided the facilities of their
Huron offices.

The limits of the shallow sand and gravel deposits were picked solely
on the basis of well log information and an inventory of farm wells. Well
logs from 85 wells were available. Included were Huron city test wells,
State Water Resources Commission observation wells, U. S. Army Corps
of Engineers test wells, U. S. Bureau of Reclamation test holes and
observation wells, and test holes and irrigation wells drilled for indi-
viduals. Because of the abundance of well information and the question-
able accuracy of the resistivity interpretations, the data obtained with
the resistivity instrument were not used in outlining the limits of the
sand and gravel deposits.

Acknowledgments

The preparation of this report was greatly facilitated by the cooper-
ation of the residents in the Huron-Wolsey area. Special thanks are
due to Fred E. Blechschmidt and O, Barr Doolittle of the U. S. Bureau
of Reclamation office in Huron for their readiness to offer advice and to
provide unpublished drilling, surveying, and earth-resistivity records.
The present study was performed under the supervision of M. J. Tipton,
Geologist in Charge of Ground Water Studies for the State Geological
Survey.

Previous Investigations

Many test wells have been drilled west of the city of Huron in at-
tempts to find additional water supplies for the city and for irrigation
projects. The first of these test wells were drilled in the 1930's, when
the James River was too low to be used as a source of water for the city.
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The South Dakota State Geological Survey performed a resistivity
survey of the buried sand and gravel deposits west of Huron in the sum-
mer of 1935. The survey was made by E. P. Rothrock and B. C. Petsch
(1935) with a ""home-made'' resistivity machine, one of the earliest uses
of such an instrument for this purpose. Since then, resistivity studies
and test-drilling programs have been carried out in the area by the U. S.
Bureau of Reclamation, and have been incorporated by the U. S. Geo-
logical Survey into a report entitled "Geology and Ground-Water Hydrol-
ogy of the Oahe Unit, James River Division, South Dakota'.. This report
has not been published, but is available for inspection at Huron and Ver-
million, R. F. Flint conducted a reconnaissance study of the Eastern
glaciated part of South Dakota which included the Huron-Wolsey area
(1955). More recently, the South Dakota State Geological Survey per-
formed a study for the city of Huron, for the purpose of finding a sup-
plemental water supply for the city (1959). The study was primarily
concerned with the sand and gravel deposits east of Huron but a few test
holes were drilled into the deposits west of the city. The jobs pre-
viously completed in the area west of Huronwere not done with the ex-
press purpose of determining the limits of the sand and gravel deposits,
but rather were attempts to determine their thickness and character.

Climate
The Huron-Wolsey area has a continental climate with extremes of
heat and cold, and rapid fluctuations of temperature. The average an-
nual precipitation recorded in Huron from 1880 to 1959 is 20. 05 inches.

The mean annual temperature for the same period was 45.2 degrees.

Topography and Drainage

The topography of the area consists of very gently undulating hills.
The maximum relief is about 105 feet, ranging from 1240 feet along the
James River to 1345 feet a few miles south of Broadland. Local relief
is generally less than 20 feet, except in the area immediately south of
Broadland where the relief exceeds 60 feet.

Well-Numbering System

Wells in this report are numbered in accordance with the U. S.
Bureau of Land Management's system of land subdivision, The first
number of a well designation indicates the township, the second the
range, and the third the section in which the well is situated. Lower-
case letters after the section number indicate the well location within
the section; the first letter denotes the 160-acre tract, the second the
40-acre tract, and third the 10-acre tract, and the fourth the 2l2-acre
tract, The letters a, b, ¢, and d are assigned in a counterclockwise
direction, beginning in the northeast corner of each tract. The num-
ber of lowercase letters indicates the accuracy of the well location; if
the well can be located within a 2l2-acre tract, four lowercase letters
are shown in the well number., To distinguish between two or more
wells situated within the same tract, consecutive numbers beginning
with 1 are added as a suffix to each well designation. Well 111-63-1ladcd2




is the second well described in the SE/4SWIWSEWNE4 sec, 11, T.
111 N., R. 63 W; the method of designation is shown by the illus-
tration on the following page (fig. 2).

GENERAL GEOLOGY
Surficial Deposits

The surface deposits in the Huron-Wolsey area, with the
exception of the alluvium along the floodplain of the James River,
were deposited by the last glacial ice sheet to cover Eastern
South Dakota, during the Pleistocene Epoch., This Cary glacier,
which retreated about 12,000 years ago, was preceded by five
other glaciers which deposited material in this area prior to the
deposition of the Cary deposits. These deposits, called drift,
consist of till and outwash, Till, having been deposited directly
by the ice, is a jumbled mass of unsorted clay, silt, sand, gravel,
and boulders. OQOutwash deposits were laid down by the meltwaters
of the retreating glacier and consist principally of sand and gra-
vel derived from the till, It is these outwash deposits which often
contain large amounts of water and which usually transmit it
readily., ; '

The outwash deposits in the Huron-Wolsey area are irregu-
lar in thickness and in outline (fig. 3). They underlie about 73
square miles and are as much as 50 feet thick although they av-
erage 20 feet. The deposits are overlain by tills that are 50 to
60 feet thick except near Broadland (fig. 3), where the buried
outwash deposits are within 13 feet of the surface, The outwash
deposits are believed to be part of a large pre- Cary outwash
plain that once filled most of the old James River Valley. Recon-
naissance maps prepared by the U, S. Bureau of Reclamation from
drilling and resistivity data show extensive outwash deposits be-
tween Huron and Redfield, South Dakota (fig. 1). However, such
maps do not differentiate between Cary and pre-Cary outwash de-
posits, Within the area of study the sands and gravels are inter-
bedded with one or more layers of till; thus they may represent
more than one age of deposition. It is believed that these deposits
were even more extensive in pre-Cary time, but were partially
removed by the advancing Cary ice.

The glacial deposits in the Huron-Wolsey area are underlain
by bedrock which in most places is Pierre shale but in at least one
locality is Niobrara chalk (Appendix A, Test Hole H-22). The
Pleistocene deposits are as little as 62 feet thick and are consis-
tently less than 100 feet thick; thus the bedrock is generally near
the surface,

Extent of the Glacial Outwash Deposits

Prior to the present study the U. S. Bureau of Reclamation
and the U, S. Geological Survey made different interpretations of
the extent of the buried glacial outwash on the basis of test well
and resistivity information (fig. 4). They are reconnaissance
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maps only, and are subject to change as additional data are ob-
tained. The writer's interpretation of the outer limits and the
varying thickness of the buried outwash is shown on Figure 3.

In compiling data for the map showing the thickness of the
outwash deposits, only the thickest sand and gravel layers from
each well were used, or in some cases, the total thickness of two
or more sands if they were separated by only a foot or so of till
or clay. Therefore, the total thickness of all the sand and gravel
at a particular location may be greater than is shown by the map.
For example, test hole H-21 (Appendix A and fig. 5) penetrated
four sand layers with a combined thickness of 34 feet, There is
no assurance that these layers are part of the same deposit, so
only the thickest layer, or the 16 foot layer, was included on the
map.

The numerous thin sand and gravel layers in the Huron-
Wolsey area make it difficult to establish boundaries for the major
outwash deposits in the area, There are apparently many deposits
of varying size (fig. 6). Test hole H-17 (Appendix A) penetrated
two thin sand layers which are assumed to be part of the thickest
buried outwash body (fig. 7). On the basis of the two layers pene-
trated in test hole H-17, and on the basis of an inventory of farm
wells in the area, the western limit of the buried outwash deposit
was placed immediately west of test hole H-17 (fig. 5). However,
these thin sand layers may be only localized sand lenses and
stringers. If this is the case, wells tapping these localized de-
posits would probably produce only limited supplies of water; thus
they would probably not be affected by decreases in water levels
resulting from pumping of irrigation or city wells because of the
lack of communication between them and the water sands that sup-
ply the latter,

Except in the center of the Huron-Wolsey area where about 13
square miles are underlain by sands and gravels at least 30 feet
thick, the buried outwash deposits are interfingered with layers of
clay and till. Within the area of interfingering sand, gravel, clay,
and till, the thickness of sand which is supplying the irrigation
wells may be but a fraction of the total thickness of the outwash
deposits. For this reason, the total volume of sand and gravel,
and the amount of water available for irrigation and domestic use,
cannot be computed accurately.

With the information available, there is no way of determining
whether the buried outwash deposits near the surface at Broadland
are part of or are connected with the deeper buried outwash depos-
its west of Huron. The Broadland deposits apparently are linear
stream channel deposits (fig. 6). In August, 1960, a well was
bored to 65 feet in the center of Broadland, and no sand and gravel
deposits more than 6 inches thick were penetrated. A new well
was bored 100 feet away, and at 13 feet a coarse sand and gravel
deposit of unknown thickness was tapped. The top of this coarse
sand and gravel deposit is at an elevation of 1291 feet. The upper
surface of the buried outwash deposits immediately west of Huron,
about 9 miles south of Broadland, is at an elevation of about 1255
feet. The four feet per mile gradient between the two points is not
excessive for the surface of a glacial outwash deposit, However, this
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13

does not necessarily mean that the surface outwash deposits at
Broadland are connected with the buried outwash deposits im-
mediately west of Huron,

Bedrock

Stratified sedimentary rocks are found beneath the uncon-
solidated surficial deposits of glacial drift. The stratified rocks
present immediately beneath the drift in the Huron-Wolsey area
are in descending order the Pierre shale and the Niobrara chalk.
Both are of Cretaceous age. .

The Pierre Formation, light- to dark-gray fissile shale with
many thin bentonites and layers of concretionary iron manganese,
has been considerably eroded and its true thickness in the Huron-
Wolsey area is unknown,

The Niobrara Formation, blue-gray calcareous chalk and
marl, is about 50 feet thick in the area,

Niobrara chalk was penetrated in only one test well so it
is concluded that the unconsolidated surficial deposits lie on the
Pierre shale throughout most of the area.

SHALLOW GROUND WATER
Occurrence

Some geologic formations are known as aquifers--formatinns
having properties that permit an appreciable amount of water to
move through them under ordinary field conditions. Two prop-
erties, porosity and permeability, determine the amount of water
which will move through an aquifer., Porosity is the percentage
of voids in a given volume of material. The percentage of voids
in samples of well-sorted fine sand and of well-sorted coarse gravel
is about the same. If the material were poorly sorted--that is,
consisting of varying sizes of sands and gravels--the percentage of
voids, and therefore the porosity, would be low. Permeability,
or the rate at which a fluid will flow through a material, is greater
for gravel than for sand. The larger voids offer less resistance
to flow than the smaller voids in finer sands, so more water will
flow through the coarser material in a given time,

Two types of aquifers are present in the Huron-Wolsey area.
In the type found at Broadland, the water table stands within the
body of sand and only that part of the sand below the water table
is saturated. Wells in this type of aquifer are called non-artesian
or water-table wells. In the type of aquifer immediately west of
Huron, the water-bearing sand is confined between layers of rela-
tively impervious glacial till, The full thickness of the sand is
saturated and the water is under enough pressure, or head, to
cause the water level to rise above the top of the sand when a well
is drilled into it. Such a well is said to be artesian. The sur-
face to which the water in an artesian aquifer will rise is called
the piezometric surface.
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Most of the wells in the Huron-Wolsey area that are drilled into the
buried glacial outwash deposits are artesian wells. The head averages
about 35 feet above the level of the sand and gravel,but none of the wells
flow,

Following the advent of irrigation in the area in 1956, the State Water
Resources Commission conducted pumping tests to determine the effects
of irrigation pumping on water level fluctuations. With increased irriga-
tion pumping, water levels in most domestic observation wells declined.
When irrigation pumping was reduced, a rise in water level in the obser-
vation wells definitely reflected the shutdown of irrigation pumping (State
Water Resources Commission, unpublished information). The Water
Resources Commission concluded that the buried outwash deposit was ab-
sent in those areas where observation wells showed no fluctuations re-
sulting from the pumping tests.

Fluctuations of water in wells penetrating artesian aquifers result
primarily from changes in pressure rather than from changes in storage
volume. The pumping of water for irrigation in the Huron-Wolsey area
has caused the piezometric surface to be lowered considerably as a re-
sult of a decrease in the artesian pressure from the buried outwash
aquifer (table 1).

Table 1. =-Water level fluctuations in feet in domestic observation
wells (May 24-August 8, 1960)

(for locations see fig, 5.)

Well Depth to Depth to Depth to Depth to
Water Water Water Water
as of as of as of as of
5/ 24/ 60 8/9/60 8/16/ 60 8/ 22/ 60

A 23.4 29.5 33.3 ---

B 21.0 3003 33.0 T - -

G 30.6 31.6 33.0 33.8

I 24.0 26,6 26.9 25.5

J 24.8 22.7 22.8 22.8

K 37.0 42.1 Dry Dry

L 27.0 35.1 40,5 35.5

@) 33.4 39.2 41.8 40.0

However, it is not always valid to conclude that, just because a do-
mestic observation well shows no fluctuation in water level, the buried
outwash deposit is not present in the area. In the Huron-Wolsey area
the State Water Resources Commission used abandoned bored wells as
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observation wells. Most of these shallow wells are more than fifty years
old, most of them were bored but a few feet into the buried outwash, and
many have become filled with as much as 25 feet of sand and mud. A
case in which an observation well showed no water level fluctuations in
an area underlain by the buried outwash is illustrated in Figure 8.

The map and cross-section in Figure 8 show the locations of an
abandoned farm well serving as an observation well, the Edward Kahre
farm well, two irrigation wells, five test holes, and their relationship
to the buried outwash. Edward Kahre, the owner of the farm, stated
that the irrigation wells were affecting his domestic well. Measurements
of water levels in the abandoned well show little or no fluctuation. On
this basis, the State Water Resources Commission assumed that the ait-
wash was absent in this area and that Mr., Kahre's complaint was not
justified. However, a cross-section of the area shows two outwash sand
layers throughout. The abandoned well was probably completed in the
first sand, the usual procedure. According to Mr, Kahre, his newer
well is deeper than the abandoned farm well and was apparently bottomed
in the major outwash deposit. If this is the case, a relationship between
irrigation pumping and the water level in the newer well can be demon-
strated, Conversely, the owner of a well pumping from the upper sand
would not be justified in complaining against the irrigators, who are
pumping from the lower sand.

Mr. Kahre's case indicates the difficulty in determining the thick-
ness and areal extent of the major outwash sand in the Huron-Wolsey
area. Sand lenses and stringers may be in hydrologic continuity with,

Oor may just as well be isolated from the major buried deposit.

Discharge

Discharge from a buried outwash deposit is accomplished in several
ways: (1) by down-gradient underflow through the outwash material, (2)
by discharge from wells and, (3) by natural discharge at the surface
through processes of surface runoff, evaporation, and transpiration.

It is difficult to determine how much discharge in the Huron-Wolsey
area is accounted for by underflow because this value cannot be di-
rectly measured, but it is probably a significant amount of the total dis-
charge. '

Irrigation pumping accounts for the largest volumes of water pumped
from the buried outwash deposit. Reliable records have been kept on ir-
rigation pumping since 1956 when the first irrigation wells were drilled
in the area (State Water Resources Commission, unpublished informa-
tion). It would be possible to estimate the amount of water pumped for
domestic purposes but this amount is probably only a small part of the
total discharge.

Evaporation and transpiration from the buried aquifer in the Huron-
Wolsey area are probably only small factors in the total discharge, be-
cause of the covering of till on most of the outwash materials which pro-
vides an effective seal against upward movement of water. Tipton (1960,
p. 5) reported springs alongthe James River which may account for some
of the discharge from the buried aquifer. It is not known how many of
these springs are discharging into the river but if the water is supplied
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from the buried aquifer west of Huron the springs could account for a
large amount of the discharge. There is no surface runoff from the
buried aquifer between Huron and Wolsey.

The buried outwash in the Huron-Wolsey area has a head or arte-
sian pressure of about 35 feet. This head could be produced in several
ways: (1) by a decrease in permeability of the sands to the south, (2)
by a decrease in cross-sectional area, causing a "bottle neck" to the
south, or (3) by a higher elevation of the sediments to the north,

No data are available on the permeability of the sands and gravels
or on changes of permeability from north to south. There is a de-
Crease in cross-sectional area of the buried outwash deposit to the
south but it is not known whether there is a sufficient decrease in area
to produce the 35-foot head. The difference in elevation between the
top of the gravel deposits at Broadland and the top of buried outwash
deposits west of Huron is about 36 feet. If the deposits in the two
areas are in hydrologic continuity, the loss in head between Broad-
land and the area west of Huron is about six feet. This would be a
reasonable explanation for the average 30-foot head in the Huron-
Wolsey area but, as in the cases of the two other possible explana-
tions already discussed, enough data are not available to warrant any
conclusions concerning the cause of the head in the Huron-Wolsey area.

Recharge

Recharge to the buried outwash deposits occurs directly or indi-
rectly from precipitation in the form of rain or snow, Direct recharge
can occur from percolation of rain or meltwater downward through the
overlying till. This is possible in the Huron-Wolsey area. Throughout
most of the area where the overlying till is 50 to 60 feet thick, direct
recharge is probably slow. However, near Broadland where outwash
deposits are only a few feet below the surface, some rapid recharge
undoubtedly occurs. It is not known whether the Broadland deposits
are recharging the buried deposits west of Huron. Recharge by pre-
cipitation to either the deposits west of Huron or to the Broadland de-
posits would be difficult to evaluate since it is not easily measured. It
is also possible that the water in the sand and gravel is being recharged
by the James River and its tributaries upstream from Huron. More
test well data are needed before any conclusions can be drawn concern-
ing the James River as a source for recharge to the buried outwash de-
posits,

Another possibility of recharge is through seepage upward from un-
derlying bedrock formations. Because no domestic wells are known to
be pumping from formations other than the Dakota sandstone, a compari-
son can be made only between samples from the buried outwash and sam-
ples from the Dakota sandstone. The Dakota water (sample 7, table 2)
is harder and has higher concentrations of calcium, sulfate, and total
solids than does the water from the buried outwash deposits (samples 1-5,
table 2). The water from the Dakota sandstone appears not to be re-
charging the sand and gravel deposits, Water from the Niobrara Forma-
tion may supply some water to the buried outwash deposits. However,
the Niobrara was penetrated beneath the surficial deposits in only one
test well (H-22, Appendix A). In that well, 75 feet of blue clay (till) sep-
arates the Niobrara Formation from the nearest overlying outwash sand.




raidioi

£x032eys13BsUn 03 snotanfuy
snotanfu] o3 poodH
pooH 03 Jua[[99XH

ueyj sS3] sueawW RV: skl

*III sselD
*II sselD
*I S8BID s %x

P230X?d 03 JOU  x x

‘0961 ‘uoI[[Twriap ‘Arojeroqer] [edTwWaYD 23elS Aq sashfeue i

IIT | 0L6T|020T| %°2 3 ot ¥°2| OTTT| <¢I ¥ 90%| P91 000T 561 °120 L#

TLL |2%€ | 9°0 - €T | €°0]| 92¢ | 9% LE -1 -9l ¢ 6G561 *Iny off

IIT | 8092|661 £ 0 ¥°0 8°T | 09% 0s 81 08¢l 0§ é 0961 *3120 &#

IIT | 269T | 8¢7¢ 6°0 € N.cv L°0| 02¥% €81 6¢€ 98%| <2¢ 1€9 0961 *3120 ¥#

I 9ST1T1 | 862 6°0 0 N.ov 1°0| OL% o€ (42 812| 89 168 0961 °*320 ¢#

II 260T | 6L2 8°0 0 L0 T .ov 0S¢ €1 62 88T| %9 0L 0961 °*320 zZ#

ok K

II 289 1789 T°1 0 8°0 S°8| 00% €8 LS €S 08T 102 0961 °*30 1#
000T % % Spiepueis

03 I3jep) SuryuiiQg

52 00s | --- 0°1 0T LE €°0 | 092 | 092 0s 2s - - YiresH >11qnd

jo *3da@ s °n

b % xUOT] 4 2 : 31
-edr1ay Heose oa? b.df oé)m. | W< % &e&r o° féo > 23s coﬁmum.mﬁ 103)

e id % &L & 40 S K o PM

I0} | spiioS| ssau X &L L2 3 2 ov.o ch jo [p21931[0D 33jep pue
sse[D | [e30] PIeH | ? ke 2 2 Ovb? y3dag |‘oN a1dures xajem

18

% B9ay A9STop -uoanp ayj wol] sajdures I1ajep Jo sasA[euy [edTwayd-- °7 3[qe L




No wells are known to pump water from the Niobrara in the area mapped,
SO a comparison between water samples from the buried outwash and
samples from the Niobrara Formation cannot be made.

Chemical Analyses

All ground water contains minerals which are obtained (1) from the
atmosphere as the water vapor condenses and falls, (2) from soil and
underlying deposits as the water moves downward to the water table, and
(3) from deposits below the water table, in which the water is circulating.
In general, the more minerals that a water contains, the poorer its qual-
ity.

The U. S. Department of Public Health has established standards for
public drinking water (table 2), which show the maximum concentrations
of chemical constituents that are permitted.

Table 2 shows the analyses of water samples taken from the Huron-
Wolsey area. Samples 1-5 are from the buried outwash channel west of
Huron, sample 6 is from the James River, and sample 7 is from the Da-
kota sandstone. Samples 1-6 exceed the Public Health standards for a
few of the chemical constituents but generally can be used for human con-
sumption. Sample 7 is unsuitable for drinking.

The standards for irrigation water classification are dependent upon
the conditions under which the water is to be used. Consideration must
be given to soil texture, infiltration rate, drainage, and salt tolerance
of the crop. Large deviations from the optimum for one or more of these
conditions would make it unwise to use a water that would otherwise be
satisfactory.

Table 2 shows that samples 1-3 are class II for irrigation purposes.
These waters, with proper management, could be used on porous well-
drained soils. Samples 4 and 5 are class III for irrigation purposes and
would be injurious to unsatisfactory even under average conditions.

- The soils in the Huron-Wolsey area are formed from fine-textured
glacial till. The resulting low infiltration rate of irrigation water into
these soils make it unsafe to use class III water.

CONCLUSIONS AND RECOMMENDATIONS

The results of this study by the State Geological Survey show that
the buried glacial outwash deposits underlie about 73 square miles in the
Huron-Wolsey area. Less than one-fifth of the area, or 13 square rr}iles,
is underlain by sand and gravel deposits 30 or more feet thick. The re-
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mainder of the area is underlain by outwash deposits that are interfingered

with clay and glacial till to such an extent that the total volume of sand and

gravel in the Huron-Wolsey area, and therefore the amount of water avail-

able for irrigation and domestic use, cannot be computed accurately.
The limits of the major buried outwash deposit in the Huron-Wolsey

area are difficult to determine because of the many thin lenses and string-
ers of sand. It is impossible to determine whether these smaller deposits

are in hydrologic continuity with the major outwash deposit, without ex-
tensive pumping tests.

At Broadland, buried outwash deposits are within 13 feet of the sur-
face. If these deposits are continuous with the deposits immediately west
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of Huron, they are probably responsible for a large part of the recharge
to the buried outwash deposits in the Huron-Wolsey area,

The artesian head of 35 feet developed in the buried outwash deposits
is sensitive to irrigation pumping, and declined as much as 13 feet in the
immediate area of irrigation pumping in 1960,

The water from the buried outwash deposits is satisfactory for do-
mestic use but is of doubtful quality for irrigation purposes in some areas.

The following recommendations are made concerning further develop-
ment of water resources from the buried outwash deposits in the Huron-
Wolsey area:

1, Controlled pumping tests of several irrigation wells should
be made before beginning long-term use of water from the
buried outwash deposits for irrigation,

2. Additional irrigation wells should be drilled only in the
center of the area, where the buried outwash deposits are
relatively free from interfingering sand and clay layers.

3. If class II water is used for irrigation in the area, special
management for salinity control will be required, and
plants with high salt tolerance should be selected.

4, In evaluating complaints against the irrigators, except
in those wells which are known to tap the major buried
outwash deposit, it is desirable if pumping tests can be
made of the irrigation wells in conjunction with frequent
water level readings in the well of the complainant.
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APPENDIX A

Logs of Huron City Test Holes

(for locations see fig. 5)

Test Hole H-5 (There are no holes H-1 to H-4)
Location: 110-62-5aa (see fig. 2)
Surface Elevation: 1303 feet

Pleistocene and Recent deposits, undifferentiated:

0-11 clay, yellow
11-43 clay, blue

43-64 sand
64-66 clay and sand
66 total depth

s s s sk sk ok ok ok

Test Hole H-6
Location: 110-62-6aa
Surface Elevation: 1310 feet

Pleistocene deposits:

0-52 till
52-76 sand
Pierre (?) shale
76 shale (total depth)

R EEEE.

Test Hole H-7
Locatim: 110-62-6dd
Surface Elevation: 1312 feet

Pleistocene deposits:

0-44 till

44-50 shale, broken, and sand
50-76 sand

76 total depth

L T

Test Hole H-8
Location: 110-62-4dd
Surface Elevation: 1295 feet

Pleistocene and Recent deposits, undifferentiated:

0- 18 clay, yellow
(continued on next page)

21




22

Test Hole H-8~-continued

18- 54 clay, blue
54- 56 sand

56-100 clay, blue
100 total depth

se s ok ok ok ok ¥

Test Hole H-9
Location: 110-62-9dd
Surface Elevation: 1289 feet

Pleistocene and Recent deposits, undifferentiated:

0-20 clay, yellow

20-30 clay, yellow, and gravel
30-42 clay, blue

42-48 gravel, fine

48-73 sand
Pierre (?) shale

73-92 shale, blue

92 total depth

% % ok %k ok %k kX

Test Hole H-10
I.ocation: 110-62-9cc
Surface Elevation: 1307 feet

Pleistocene and Recent deposits, undifferentiated:

0-15 clay, yellow
15-33 clay, blue
33-85 sand

Pierre (?) shale
85-97 shale
97 total depth

% ok %k ok ok ok ok

Test Hole H-11
Location: 110-62-17b
Surface Elevation: 1322 feet

Pleistocene and Recent deposits, undifferentiated:

0-18 clay, yellow
18-48 clay, gravelly, blue
48-62 sand

62-68 clay

68-73 sand
Pierre (?) shale

73-92 shale

9z total depth

s % g ok ok %k ok ok




Test Hole H-12

Location: 110-62-Tcc
Surface Elevation: 1310 feet

Pleistocene and Recent deposits, undifferentiated:

0-15
15-37
37-39
39-48
48 -56
56-78
78-85

Pierre (?) shale

85-92
92

Test Hole H-13

Location: 110-62-

clay, yellow
clay, blue
sand

clay, blue
sand

clay, blue
sand

shale
total depth

Hode de ok ok ok ok

Tbb

Surface Elevation: 1326 feet

Pleistocene and Recent deposits, undifferentiated:

0- 25
25- 51
51- 55
55- 85
85-103
103

Test Hole H-14

clay, yellow
clay, blue
sand

clay, blue
sand

total depth

% %k % % %k % % Xk

Location: 110-63-2dd
Surface Elevation: 1323 feet

Pleistocene and Recent deposits, undifferentiated:

0- 22
22- 61
6l- 63
63- 70
70- 90

Pierre (?) shale

90-105
105

clay, yellow
clay, blue
sand

clay, blue
sand

shale
total depth

% % % % % ok % Xk
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Test Hole H-15

Location: 110-63-2cc’
Surface Elevation: 1311 feet

Pleistocene and Recent deposits, undifferentiated:

0-22
22-43
43-50
50-73
73-88

Pierre (?) shale

88-92
92

Test Hole H-16

clay, yellow
clay, blue
sand

clay, blue
sand

shale
total depth

d* ok % ok % %k Xk X

Location: 110-63-4dd
Surface Elevation: 1307 feet

Pleistocene and Recent deposits, undifferentiated:

0-18
18-50
50-56
56-61
61-73
Pierre (?) shale

73-90
20

Test Hole H-17

clay, yellow
clay, blue
sand

clay, blue
sand

shale
total depth

% %k % % ok X % X

Location: 110-63-5dd
Surface Elevation: 1323 feet

Pleistocene and Recent deposits, undifferentiated:

0-15
15-48
48-50
50-68
68-76
76-98
28

clay, yellow
clay, blue
sand

clay, blue
sand

clay, blue
total depth

B ok % % %k %k %k %k



Test Holé H-18
Location: 111-63-28cc
Surface Elevation: 1323 feet

Pleistocene and Recent deposits, undifferentiated:
0- 19 clay, yellow

19- 21 sand
21-119  clay, blue (total depth)

% %k ok ok ok ok k%

Test Hole H-19

Location:: 111-63-27dd

Surface Elevation: 1321 feet

Pleistocene and Recent deposits, undifferentiated:

0-19 clay, yellow

19-21 sand

21-69 clay, blue

69-86 sand

86-98 clay, blue (total depth)

ok ook ok ok kX

Test Hole H-20
Location: 111-62-30bb
Surface Elevation: 1313 feet

Pleistocene and Recent deposits, undifferentiated:

0-18 clay, yellow
18-55 clay, blue
55-92 sand
Pierre (?) shale
92 shale, blue (total depth)

% ok %k % X K % X

Test Hole H-21
Location: 111-62-2lcc
Surface Elevation: 1300 feet

Pleistocene and Recent deposits, undifferentiated:

0-15 clay, yellow
15-32 clay, blue
32-38 sand
38-42 clay, blue

(continued on next page)
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Test Hole H-21--continued

42-46 sand, coarse
46-52 clay, blue
52-60 sand
60-66 clay, blue
66-82 sand
Pierre (?) shale
82 shale, blue (total depth)

% ok % % ok % % K

Test Hole H-22
Location: 111-62-27ad
Surface Elevation: 1292 feet

Pleistoce_'_he and Recent deposits, undifferentiated:

0- 4 soil
4--10 sand, red
10- 34 clay, blue
34- 38 sand,
38- 52 clay, blue
52- 57 sand
70  till
85 sand
85-160 clay, blue
NiobraraFormation
160-200 chalk
200 total depth

57 -
70-

% ok ok % %k %k % X

Test Hole H-23
Location: 111-62-9cc
Surface Elevation: 1293 feet

Pleistocene deposits:

0'-47 till
47-63 sand
63-99 clay, blue (total depth)

% ok ok ok %k ok

Test Hole H-24
Location: 111-63-1da
Surface Elevation: 1306 feet

Pleistocene and Recent deposits, undifferentiated:

0-12 clay, yellow
12-44 clay, blue
44-48 sand, fine

(continued on next page)




Test Hole H-24--continued

48-54 gravel, fine

54-68 sand
68-99 clay, blue
99 total depth

% % %k ok K K Kk X

Test Hole H-26
Location: 110-62-23bb
Surface Elevation: 1305 fee_t

Pleistocene and Recent deposits, undifferentiated:
>
0- 15 clay, yellow
15- 40 clay, blue
40- 43 sand and rock
43- 85 clay, blue
85- 87 sand
Pierre (?') shale
87-115 shale
115 total depth

* ok kK kK ok k-

Test Hole H-27
Location: 110-62-15cc
Surface Elevation: 1316 feet

Pleistocene and Recent deposits, undifferentiated:

0-15 clay, yellow
15-22 gravel
22-44 clay, blue
44-68 sand
Pierre (?) shale
69-91 shale
91 total depth

Test Hole H-28

T EEEEEE

Location: 110-62-16c
Surface Elevation: 1309 feet

Pleistocene and Recent deposits, undifferentiated:

0-15 clay, yellow
15-23 sand, red, and clay
23-52 clay, blue
52-77 sand
Pierre (?) shale
77-93 shale
23 total depth

% ok % % ok % K %
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Logs of U, S. Bureau of Reclamation Tes

Test Hole G-1

Location: 111-63-

APPENDIX B

(for locations see fig. 5)

22dd (see fig. 2)

Surface Elevation: 1317 feet

Pleistocene and Recent deposits, undifferentiated:

0- 4
4- 8
8§-18
18-25
25-38
38-55
55-58
58-61
61-67
67=-71
71-77
77-84
Pierre (?) shale

84-90
20

Test Hole G-2

Location: 111-63-

soil

sand and gravel
till, yellow
till, gray

till, gray
gravel, sandy at base
till (sandy clay)
till, gray, hard
sand

till, gray

sand, coarse
sand, lignitic

shale, fragmented in part
total depth '

* % % %k ¥ %k %k X

15cc

Surface Elevation: 1345 feet

Pleistocene deposits:

0-30
30-54
54-55
55-59
59-61
61-69
69-81
81-93

Pierre (?) shale
93-94
94

till, yellow
till, gray
lignite
till, gray
sand

till, gray
sand

till

shale
total depth

T EEEEEE

t Holes




Test Hole G-3
Location: 111-63-12db
Surface Elevation: 1315 feet

Pleistocene deposits:

0-16 till, yellow
l6-19 sand
19-23 till, yellow
23-52 till, gray

52-74 sand, lignitic and clayey from 65 to 71 feet
74-80 clay, lignitic

Pierre (?) shale

! 80-82 shale, gray
82 total depth

R EEEEE R

Test Hole G-4
Location: 111-63-12bc
Surface Elevation: 1301 feet

Pleistocene and Recent deposits, undifferentiated:

0- 2 soil
2-24 gravel and sand
24-25 till, yellow
25-26 gravel
26-42 till
42-46 sand
46 -48 clay
48-49 sand
49 -65 clay, lignitic from 49 to 60 feet
65-74 sand, silty from 66!2 to 74 feet
74-80 sand and clay, greasy and petroliferous

Pierre (?) shale
80-92 clay, black
92 total depth

% ok % % %k ok %k X

Test Hole G-5
Location: 111-63-20bb
Surface Elevation: 1322 feet

Pleistocene and Recent deposits, undifferentiated:

0-1 soil

1-15 till, yellow
15-17 sand

17-55 till, gray
55-56 sand, fine
(continued on next page)
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Test Hole G-5--continued

56-63 clay, hard
63-65 sand

65-67 clay

67-69 sand

69-96 clay (total depth)

sk ok % ok & ok

Test Hole G—‘?.
Location: 111-64-3bb
Surface Elevation: 1325 feet

Pleistocene and Recent deposits, undifferentiated:

0-10 silt, buff

10-25 sand, lignitic
25-26 clay

26-27 sand

27-32 clay, sandy, gray

32-35 sand
35-4012 clay
Pierre (?) shale
4012-50 shale
50 total depth

B ok ok % % k kX%

Test Hole G-8
Location: 112-64-2lcd
Surface Elevation: 1330 feet

Pleistocene and Recent deposits, undifferentiated:

0-1 soil
1- 3 sand, brown
3- 8 clay and silt

11-13 clay, sandy
13-24 till, gray

24-37 till, gray, and fine sand
Pierre (?) shale

37-42 shale, black

42 total depth

S ok ok ok ok koM %k

Test Hole G-9
Location: 112-64-22dd
Surface Elevation: 1342 feet

Pleistocene deposits:

0- 10 till, yellow
(continued on next page)
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Test Hole G-9--continued

10-38 till, gray
38-51 sand, very coarse at base
51-58 till and weathered shale
Pierre (?) shale
' 58-62 shale
62 total depth

s % ok %k %k % k ¥k

Test Hole G-10
Location: 112-64-24dd
Surface Elevation: 1328 feet

Pleistocene deposits:

0-1012 till, yellow

1012-15 sand, coarse, brown
15-51 till, gray
51-53 sand
53-54 till
54-58 sand
58-62 clay, sandy
62-63 gravel, silty
Pierre (? ) shale
63-67 shale
67 total depth

%ok oAk oAk ok ok k% .

Test Hole G-11
Location: 112-63-2%9ab
Surface Elevation: 1325 feet

Pleistocene deposits:

0-17 till, yellow
17-44 till, gray
44 -471 sand
4712-51 till
51-52 sand
52-5712 clay, sandy
572-6115 clay, contains coal
61126212 sand
Pierre (?) shale
6212-68 shale, fragmented
68-73 shale (total depth)

T EEEEEE
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Test Hole G-

12

Location: 112-63-27ab
Surface Elevation: 1301 feet

Pleistocene and Recent deposits, undifferentiated:

0- 2
2- 6
6-11
11-35
35-40
40-67
67-69
69-73
. 13-74
74-78
78-80
80-85
85-88

Pierre (?) shale

88-93
93

Test Hole G-13

soil

gravel

till, yellow

till, gray

sand, coarse at top
clay, sandy

till, gray

clay, sandy

till, gray

clay, sandy

till, gray

clay, sandy

till and weathered shale

shale
total depth

T EERE R

Location: 112-63-24dd
Surface Elevation: 1294 feet

Pleistocene deposits:

0- 12
l2- 22
22- 28
28- 40
40~ 77
77- 78
78- 88
88- 94
94-135

Pierre (?) shale
135-138
138

Test Hole G-14

till, yellow

till, black; contains sand and some coal
sand, coarse to fine

till, (sandy)

till, gray

till (sandy), cemented

till, gray

till (sandy); contains some coal

till, gray

shale, chalky
total depth

% ok % % % % % Xk

Location: 111-62-19dd
Surface Elevation: 1304 feet

Pleistocene deposits:

0-13
(continued on next page)

till, yellow



Test Hole G-14--continued

13-31
31-34
34-49
49-68

68-70%2

70%2-84
84-89
89-91

12

Pierre (?) shale

9112-93
93

Test Hole G-15
Location: 111-62-20bb
Surface Elevation: 1305 feet

till, gray

sand

till, gray

sand

sand, clayey

sand, lignitic, clayey
sand, clayey, cemented
till, black

shale
total depth

% e ok ok ok & kK

Pleistocene deposits:

0-
14-
15z~
472 =
51-
54-
55-
56 -
58 -
61-
86-
9212~
9915-1
100-1

14
1515
4715
51
54
55
56
58
61
86
92,
9914
00
092

till, yellow

sand

till, gray

sand

till (sandy clay), cemented
sand

till (sandy clay)

sand

till (sandy clay), cemented
sand

till, black

sand, cemented

gravel

sand, gray, fine

10912-1111> till, black
Pierre (7 ) shale

1111;-1

14

Test Hole G-16
Location: 111-63-24aa
Surface Elevation: 1307 feet

shale (total depth)

doode e ook ook ok kX

Pleistocene deposits:

0-16
1l6-18
18-34
34-38
38-44

till, yellow
sand

till, gray
sand

till, gray

(continued on next page)
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Test Hole G-16--continued

44-60 till (sandy clay), cemented
60-75%2  sand

75Y%2-79 till, black
79 total depth

R EEEEE

Test Hole G-17
Location: 111-62-7cc
Surface Elevation: 1306 feet

Pleistocene deposits:

0-15 till, yellow
15-4812  till, gray

4812-52 sand, clayey
52-55 clay, sandy
55-58 sand, clayey

: 58-6712  till (sandy clay)
6712-72 sand
72-81 till (sandy and gravelly clay)
81-88 till, gray
88 total depth

P EEEEE

Test Hole G-18
Location: 111-62-8cc
Surface Elevation: 1294 feet

Pleistocene and Recent deposits, undifferentiated:

0- 9 clay, yellow
9- 12 clay, gray
12- 13 sand
13- 27 till, gray
27- 30 till (gravelly clay), hard
30~ 75 till, gray
75- 77 till (gravelly clay), hard
77- 94 sand
94-102 till (sandy clay)
102-112 sand
112-115 till, soft
115-117 till (sandy clay)
Pierre (?) shale
117-120 shale, green
120 total depth

%o sk e e o3k % XK




APPENDIX C

Logs of State Water Resources
Commission Observation Wells

(logged by Water Resources Commission; for locations see fig., 5)

Well B-1c

Location: 111-63-2cc (see fig. 2)
Surface Elevation: (?)

Depth to saturated material: 50 feet
Depth to static water level: 8 feet

Pleistocene deposits:

0- 3 surface soil
3- 15 sandy clay, brown; some pebbles
15- 50 clay, blue
50- 60 sand, clayey, gray
60-'92 sand, fine-medium, gray; some lignite
92-100 clay, gray, sandy
100 total depth

% %k % % % %k %k %

Well B-2a

Location: 111-63-23bb

Surface Elevation: 1321 feet

Depth to saturated material: 50 feet
Depth to static water level: 22 feet

Pleistocene deposits:

0- 3 surface soil

3-30 sand, clayey, brown
30-50 sand, clayey, gray
50-80 sand, gray; some coal
80-95 coarse rock

95 total depth

s ok % % %k %k % %

Well B-2b

Location: 111-63-14dd

Surface Elevation: 1343 feet

Depth to saturated material: 52 feet
Depth to static water Level: 20 feet

Pleistocene deposits:

0- 3 surface soil
(continued on next page)
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Well B-2b-<continued

3- 17
17- 19
19- 52
52- 60
60~ 92
92-125
125

Well B-3

clay,
clay,
clay,
clay,
sand,
clay,

Location: 111-63-24dd

Surface Elevation:

sandy, brown

sandy, brown

blue

sandy, gray

gray, fine-medium, lignitic

gray

total depth

% % ok ok %k %k Xk X

1315 feet

Depth to saturated material: 52 feet
Depth to static water level: 10 feet

Pleistocene deposits:

0- 3

3- 15
15- 39
39- 52
52- 92
92-100
100-125
125

Well B-4

surface soil

clay,
clay,
sand,
sand,
clay,
clay,

sandy, brown

blue

clayey, gray

gray, fine-medium
sandy

gray

total depth

Location: 111-62-32a
Surface Elevation: (?)
Depth to saturated material: 18 feet
Depth to static water level: 13 feet

Pleistocene deposits:

0- 3

3- 15
15- 18
18- 30
30-"32
32- 50
50- 60
60-115
115-130
130

% e %k ok ok Kk K X

surface soil

clay,
clay,
sand,
clay,
sand,
sand,
sand,
clay,
total

sandy, brown

blue

gray, medium-coarse, lignitic
gray

coarse, brown; gravel

clayey

gray, fine-medium

sandy, gray

depth

% % % % ok ok K X
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Well B-5

Location: 111-62-21d

Surface Elevation: 1286 feet

Depth to saturated material: 15 feet
Depth to staﬁic water level: 7 feet

Pleistocene’deposits:

0-° 3 surface soil

3- 10 sand, clayey, brown
10- 15 clay, sandy, gray
15- 75 clay, sandy, gray
75-120 clay, gray
120 total depth

% ok ok ok ok ok ok Xk

Well B-6b

Location: 110-62-16cd

Surface Elevation: (?)

Depth to saturated material: 38 feet
Depth to static water level: 28 feet

Pleistocene'deposits:

0- 3 surface soil

3-17 clay, brown, sandy

17-38 clay, brown

38-55 gravel, some sand and clay
55-92 sand, gray, fine-medium, clean
92 total depth

B ok ok ok ok ok ok %

Well B-7

Location: 110-62-30d

Surface Elevation: (?)

Depth to static water level: 13 feet

Pleistocene deposits:

0- 3 surface soil

3- 15 clay, brown
15- 78 clay, blue
78-"98 gravel, clayey
98-125 clay, gray
125 total depth

% % % %k %k ok % K



38

89 yseminp paiag. 296-€9-T11 wel[[IM\ ‘PIePooMm
dnoxn ejoyeq ueIsSaIy P8-€9-T11 ‘If Y ‘aspaey
dnoxn ejoyeq ueIsajIy dPL-€9-T1T1 aae ‘xauldep
L9 yseminQ 2L-€9-T11 0330 ‘x8parH
00L dnoan ejodeq ueISa3IY 99-€9-TT1
®qL-€9-TTT ‘Y ‘xaparey
dnoxpn ejoxeq uelsajay ©L-29-2T1 pIeyd1y ‘sa1tH
dnoxn ejoyeq uersally q61-29-211 sowel ‘ySnewejay

¢00T ysemmnQ 26T-€9-211
dnoan ejoye( uelsajay PZ1-€9-211 wes ‘ewswooyg

dnoxpn ejoeq uelsalIy q62-€9-2T1
dnoxn ejoye(q uersalay PZE-€9-211 ‘unexg

L6V yseminQ PEE-€9~2T1
dnoxn ejoyeq uersalay q€Z-€9-211 ‘1a18ey
dnoxn ejoyeq uersajIy 251 -€9-211 ‘uelosJion
dnoin ejoyeq uersajiy BFI1-€9-211 I3woH ‘puelie N
dnoxn ejoye(q uersajIy 221-€9-211 uo( ‘sa1g

(3927)
11°M jJo yadaQg 23Inog o18071090H 11°M Jo ad£ 1 uorjeds’oT auaeN

S@Y0ODIT¥ TTIM ODILSANOAd ANV NOILVOIYHI

ad XIONIddV




39

-00T yseminQ q82Z-€9-111T 13wy ‘[e3red
9¢ yseminQ US-S_J: ‘D *H ‘seTIH
dnoan ejoe uersally ®0Z-€9-111 o8nyg ‘axspeey
dnoapn ejoded ueTS91IY 2,1-€9-111 | °V ‘uosaaydoistayd
921 A qe1Z-¢9-111 *d ‘auyey]
yseminQ paiog 299G T-€9-TT1 oees] ‘xaulep
0L ysemmp 2GT-€9-TTT a8a109n ‘xaulepm
09 yseminQ qezz-¢9-111 *D ‘Burire PN
$0S yseminQ paiod OPGI-¢9-1T1
yseminp paiog qe1-€9-T11 utAI® ‘IpraFzinay]
dnoxn ejoyed uersajly BZ-€9-1T11 [1AIQ ‘I33dejmag
dnoad ejoyeq ueISaIY qr-¢9-111 dTud A ‘ynaup
€9 yseminQo paiog BYEOTTT 11230 “yonoH
$006 dnoan ejoyeQq uersalay 2Z1-€9-111 0130 ‘Tyeny]
S08 dnoxd ejoyeq uersajay P6-€9-111 dor ‘uewWIlIng
yseminQo pailog qQ0T-€9-1TT
gseminQ palod PP-€9-TT1
yseminQ paxog qo€~-€9-TT1 UTATRN ‘aaulep
yseminQ paxod 2qp-€9-1T11 FID ‘uosIIY
(3993)
11em Jo mada(Qg 93Inog 25180109 11°M Jo ad4 T uorjes’0T awreN

pPenurjuo) - SPI0d3Y [[@M 213sdwo( pue uorjediiar--q xipuaddy

N




40

€ yseminp PLZ-279-TT11
dnoan ejoyeq ueIsSa3lIy vZ27-79-TT1
yseminQ 8nQ e1Z2-29-111 *1 ‘uouwrres
G9 212-29-111 ‘ysngadg
S9 gsemmQ q82-29-1TI1
154 yseminQ P6T-29-T1T *H ‘1e1d4yg
dnoxn ejoyeq ueIsSa}IY qL1-29-111 "M ‘21mtiood
LEE yseminQ P8-29-TT1
mﬂ-OHO ejoEe( UeISaliy 28-729-T1T11 PIoieH .mauu.m.moom
LL? yseminQ qQ91-29-111
LS¥ ysemimnQ qQL-29-111 paL ‘addueT]
dnoan ejoeq ueIsalIy 99-29-1T1
dnoan ejoye( uersalay ©)-€9-TT11 saosuex J ‘sewoy,]
Lé ysemimno Po€Z-€9-111 °r ‘e1rooq
PZ2-€9-1T11 amuy] ‘o9 g
dnoan ejode(q URIS9IIY 2972-¢€9-TT1
dnoxn ejoxeq uersajly BHE-€9-TT1 ‘2399
dnoan ejodeq uersajly PegE-€9-T11 *1 ‘dnpuexg
dnoan ejoyeq ueIsajIy qge-¢9-1T1
{001 yseminQ g282-€9-111 *d “pruung
:mmi
Iem p yadag ?2anog o1801025H 11eM Jo adLg, uoI1jEd0"T s uweN

panuIjuod - SpPIoday [[@M D1isdwo( pue uoijediiay-- xipuaddy




41 -

dnoxn ejoyeq ueisalay 9G6Z7-€9-011 ‘ayDdua
dnoxn ejoyeq uelsally 297-€9-011 preuo ‘L1112 yg
08 yseminQ 2¢2-¢9-011 *¥ ‘uyeqirQ
dnoxn ejoyeq uelsajly 277-€9-011 safxeyn ‘Ao y
yseminQ ng ©qg8-¢9-0T1 ‘uasier
S9 yseminQ ang qe/-€9-0T1 ‘H ‘mougarty
dnoan ejoyeQq uersajIy 2GT-€9-011 uyor ‘4Ajtyren
dnoid ejoyeq uersary q9-€9-01T 297 ‘pratus
P6-€£9-0T11 Ley ‘13pTeN
dnoxpn ejoyeq uelsally POT-€9-01T Iawy ‘yrwas

yseminQ paiog q1I-€9-071
06 yseminQ 2¢-€9-011 2ouate[n ‘9satx g
€9 yseminQo paiod BQ6-¢9-0T1 utaley ‘[99ud§
dnoxn ejoyeq ueIsSaAy PS-€9-0T1 *y] ‘uasaajag
L8 yseminpO PS-€9-0T11 *y ‘ussiajlag
LoL ysemino 3ng PeS-€9-0T1 31y ‘eauey
yseminQ ang qez-€9-0T1 Apuy ‘rwepaiN
dnoxn ejoye(q ueIsalIy BT-€9-0T1 UBWJISY ‘9yd9uay

02 yseminQ qQpe-29-1T1

(3233)
1em jo yydaQg @2i1nog >180109D 11oM Jo ad4g uo13ed07 aureN

panurjuo) - spIod3ay [[dM d13sdwo( pue uorjedriir--q xjpuaddy




42

dnoan ejode(q uerselIy PSZ-29-0T1 ‘g ‘123[3YdSs L
dnoan ejode( uersajIy ®97-29-011 11seg ‘ismBaag
dnoan ejoyeQq ueIsajay 2€€-79-011 ‘O *M ‘19ploayss
dnoan ejoyed ueISaIY e1€-29-0T1
q0€-29-0T1T1 19j)1eM ‘SSIPH
dnoad ejoxeQq uersajly B6Z-79-011 urmMpd ‘1343
20T A 227-79-0T11 wif ‘I3juIp
dnoan ®jode(q UueIsajay qLZ-279-011 ‘g ‘IdjuTM
dnoan ejoyeq uersajIy eg7-729-011 ‘g ‘Iajurp
68 ysemino ©02-29-011 at0T ‘I3heIN
dnoan ejoye(q uersajay qzZ-29-011 ploIeH ‘suamQ
08 ysemino q6-29-0T11 ‘d ‘saudeg
+0¥ yseminQ paiog 6-29-0TT ‘Bxag
dnoi1p ejoyeq uersajly q€-29-01T ‘T ‘ueqo]
BG-29-01T Aoxar ‘AySaToA
dnoxn ejoye(q uersajay qs-79-011 PIOoIRH ‘Tyem
dnoxn ejoye(q ueISa}IY q1€-€9-0711 1essO ‘xazjrog
dnoxn ejoye(q uBISa3IY PPZ-€9-011 ‘1 ‘xaheIN
13 yseminQo BGZ-€9-01T1 *D f‘uosueioDd
(3233)
112M Jo yadaQg 92aInog d2180103hH 11°eM Jo adLL uo1j3B207] sawreN

panuIuon - SpI023y [[2M 213Sdwo( pue uoiediiir--( xipuaddy




43

dnoxn ejoxeq ueIsSaIY B€T1-29-601 AITIM ‘uspd

dnoxn ejoyeq uersa3ay Qp1-29-601
dnoxn ejoye(q uersajay POT-29-601 uyol ‘D9AS
bkd4 yseminQ 96-29-60T ‘s38110D
dnoxn ejoyeq uersajIy 26-29-601 ‘s38110D

dnoxn ejodeq uels9lay ©8-79-601
+92 yseminQ 86-79-601 ‘H ‘uosydtiyg
dnoan ejoyeq ue1sa3Ay 86-29-601 *H ‘uosyo1ayg
P2€-29-60T vV ‘uosiajpg

LE yseminQ PE-70-60T
dnoxn ejoyeq ueIS9IY 27-29-601 991 ‘uosuyor
dnoaxn ejoyeq ueIsajIy ©Z21-29-601 Aeyg ‘usapd
L0¥ yseminQ P1-29-60T ‘1TTH
dnoan ejodeq ue1sSaAY ©1-29-60T ‘g ‘Ia199um

dnoxn ejoye(q uersally By=-29-ANT

dnoxn ejodeq uelsSaAy B8G-29-601
dnoan ejoyxeq uesajly dT€-T9-0TT VY °*l ‘siadpoy

dnoxp ejoxeq uersally qre-19-0T1T
A3 4 yseminQ 29€-29-0T1 ‘13381II0H

(3993)
11em Jjo yadaQg 92anog o180109n 1I1°M Jo adAg uoIjed0T] auxepN

T

penunjuo) - SpI0d3Y [[dM 2HIsdwo(  pue uonedriil-- xipuaddy




44

dnoan ejoyeq uBISaIY qlL-19-60T ‘ITH
dnoxn ejoyeq ueISa3IY 29-19-60T
dnoan ejoxeq ueIsSa3Ay ©9-19-601 pieuoaT ‘Iayjnay
(399))
@2anog 2180109nH I12M Jo adLg, uot1jedsoT aureN

I1eM jo wdaQg

penurjuo) - sSpIod3y [[@M d1Isdwo( pue uorjedrial--( xrpuaddy




