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GLOSSARY :

Automatic suspended-sediment sampler. A bottle that is equipped with intake
nozzle and exhaust tube, that is mounted in a fixed position, and that admits
water-sediment mixture when the water rises to the level of the nozzle.

Drainage density. The ratio of the total length of all drainage channels to the
drainage area.

Flocculation. The formation of a large sediment aggregate caused by the coa-
lescence of small particles that are subjected to certain physicochemical
conditions.

Instantaneous suspended-sediment discharge. The rate at which dry weight
of suspended sediment passes a section of a stream or conduit at a given
instant.

Particle-size classification. In this report the classification is, unless otherwise
noted, as follows: Sand, 0.062-2.0 mm ; silt, 0.004-0.062 mm ; clay, less than
0.004 mm.

Percent sodium. The ratio, expressed in percentage, of sodium to the sum of
the positively charged ions (calcium, magnesium, sodium, and potassium)—
all ions in equivalents per million.

Relief ratio. The ratio of the maximum relief in a basin to the longest dimen-
sion of the basin parallel to the principal drainage line (Schumm, 1956).

Sodium-adsorption-ratio. A ratio for soil extracts and irrigation waters, used
to express the relative activity of sodium ions in exchange reactions with
soil.

Na*

\/Ca”-i—Mg*”

2

The ionic concentrations are expressed in equivalents per million.
Suspended-sediment concentration. The weight of dry sediment per unit weight
of water-sediment mixture, expressed in parts per million.
Trap efficiency. The ratio, expressed as a percentage, of the weight of sediment
retained in a reservoir to the weight of sediment entering the reservoir.
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SEDIMENTATION IN SMALL DRAINAGE BASINS

SEDIMENTATION IN BROWNELL CREEK
SUBWATERSHED NO. 1, NEBRASKA

By James C. MUNDORFF

ABSTRACT

This report presents the results of a sedimentation investigation in Brownell
Creek subwatershed No. 1 which was made as part of a nationwide investiga-
tion of the trap efficiency of detention reservoirs. The subwatershed is in
southeastern Nebraska, has a drainage area of 495 acres, receives an average
of 28.75 inches of precipitation annually, has a total relief of about 95 feet,
and has a surface mantle composed mainly of loess and glacial till.

Average annual runoff, based on records of precipitation and reservoir dis-
charge and on estimates of reservoir evaporation and seepage loss, was 3.3
inches during 1955-59. Precipitation ranged from significantly below normal
in 1955 and 1956 to appreciably above normal in 1957-59.

Most of the sediment transported into reservoirs 1 and 1A is silt and clay;
generally, less than 10 percent of the suspended sediment is sand. Of the total
sediment that enters reservoir 1, all the sand and much of the silt and clay
are 'trapped. Trap efficiency of this reservoir, computed from partly estimated
data, was between 90 and 95 percent during 1955-59.

During 1955-59, total sediment discharge from reservoir 1 was about 400
tons, of which 135 tons was discharged during the period June 24-26, 1955.
About 77 percent of the sediment from reservoir 1 was discharged during seven
outflow periods, each of which was less than 5 days in duration.

INTRODUCTION

The Geological Survey, in cooperation with the Soil Conservation
Service, began an investigation of sedimentation in Brownell Creek
subwatershed No. 1 in 1955. This investigation is part of a nation-
wide investigation of the trap efficiency of detention reservoirs; it was
conducted under the general supervision of P. C. Benedict, regional
engineer, to 1957 and D. M. Culbertson, district engineer, after 1957.

Records of water discharge were furnished for 1955 and 1956 by
D. D. Lewis, district engineer, and for 1957-60 by F. F. LeFever,
district engineer. Records of precipitation were furnished by the
U.S. Weather Bureau. Valuable information on land use, land treat-
ment measures, and structures was furnished by Gene O’Donnell and
R. R. Hraban, Work Unit Conservationists of the Soil Conservation
Service. Information on reservoir stage-capacity relations and on
bulk density and particle-size distribution of deposited sediment was
furnished by H. G. Heinemann, hydraulic engineer, of the Agricul-
tural Research Service.
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C2 SEDIMENTATION IN SMALL DRAINAGE BASINS
CHARACTERISTICS OF THE SUBWATERSHED

Brownell Creek subwatershed No. 1, one of many subwatersheds
that compose Brownell Creek watershed, is in the central part of Otoe
County, Nebr. (fig. 1), and is part of the Dissected Till Plains of
eastern Nebraska. The drainage area of the subwatershed is approxi-
mately 495 acres.

CLIMATE

The climate of Brownell Creek subwatershed and of southeastern
Nebraska is continental and subhumid. At Syracuse, the long-term
mean temperatures are about 25°F for January and about 79°F for
July. Since about 1900, the range in temperature has been nearly
150°F; a maximum of 116°F and a minimum of —33°F have been
recorded. The growing season is usually 160-170 days.

The long-term average annual precipitation at Syracuse is 28.75
inches. On the average, about 55 percent of the total annual precipi-
tation occurs from May to August, and about 75 percent from April
to September. During 1955-59 the annual precipitation averaged
about 30.3 inches; in 1955 and 1956 it was significantly below normal,
and in 1957-59 it was significantly above normal.

Precipitation in Brownell Creek subwatershed was measured at a
recording gage near the south side of the subwatershed and at a non-
recording gage near the northeastern part of the subwatershed. (See
fig. 1.) The available records for these gages extend back only to
July 1956. For 1957, 1958, and 1959, the total annual precipitation
reported in the subwatershed was significantly less than that reported
at a recording gage and a nonrecording gage about 3 miles to the west
at Syracuse. Differences in gage maintenance and reporting tech-
niques may be responsible for some of the discrepancy. The discrep-
ancy between the data for the recording gages was appreciably less
than that between the data for the nonrecording gages.

Most of the rainfall and runoff are a result of warm-season thunder-
storms. For any particular storm, rainfall variability is high even
in small areas; therefore, data from the two precipitation gages in the
subwatershed give only a general indication of the quantity and dis-
tribution of precipitation over the area.

At Syracuse, precipitation events exceeding 0.25 inch occur, on the
average, about 31 times a year, and those exceeding 1.0 inch about 7

times.
GEOLOGY AND SOILS

Deposits of Pleistocene age mantle the subwatershed. Peorian
Loess, of late Pleistocene age, forms a nearly continuous mantle over
the eastern half of the area and is on divide areas and upper slopes
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C4 SEDIMENTATION IN SMALL DRAINAGE BASINS

in the western half of the area. Loveland Loess, which underlies the
Peorian Loess in this southeastern Nebraska area, is not exposed to
any significant extent. Kansan Drift, also of Pleistocene age, is gen-
erally exposed on moderate to steep slopes in the western part of the
subwatershed. The Kansan Drift, which is stratigraphically lower
than the Peorian and Loveland Loess, is also topographically lower in
most places. Late Pleistocene to Recent alluvium mantles the small,
narrow bottomland areas,

Soil development in the subwatershed varies mainly with parent
material, physiographic position, and slope. Because climate and
vegetation conditions under which soils developed in this small drain-
age basin were relatively -homogeneous, they were unimportant
determinants of profile differences. Soils developed on loess are pre-
dominant in the eastern half of the area and grade into mainly glacial-
till soils in the western part of the subwatershed. Slope, infiltration
rate, soil permeability, and parent material may vary within small
areas. Severe erosion has exposed the B horizon in small areas of
steeply sloping land.

A soil survey of Otoe County, Nebr. (Beesley and others, 1950),
indicates that 61.6 percent, or 305 acres, of the subwatershed is occupied
by soils of the Sharpsburg series, which are developed on Peorian
Loess. Of the 305 acres, about 155 acres is Sharpsburg silty clay loam;
112 acres is Sharpsburg silty clay loam, rolling phase; and 38 acres is
Sharpsburg silty clay loam, eroded rolling phase. About 29.3 percent,
or 145 acres, of the subwatershed is occupied by soils of the Carrington
series,! which are developed on glacial till. Of the 145 acres, about 5
acres is Carrington clay loam; 125 acres is Carrington clay loam,
eroded rolling phase; and 15 acres is Carrington loam, eroded rolling
phase. Soils of the Burchard-Carrington complex, developed on
glacial till, occupy about 2.0 percent of the subwatershed. The Judson-
Wabash complex, developed on colluvial-alluvial material, occupies
about 7.1 percent of the subwatershed. Figure 2 shows the relation
between soils, parent material, physiographic position, and slope.

Most of the drainage area is under cultivation; corn, sorghum,
wheat, and oats are the main crops. Much of the steeply sloping land
is in native grass or is seeded to grasses and legumes; small areas of
native grass are along the major channels. Nearly all the minor
drainageways have been seeded to grass to prevent gully formation.
Plate 1 shows the general kinds of land use during 1955-59 ; these uses
are indicative of the diversity of crops and of the rotation system com-
monly used in the subwatershed. The lack of quantitative data on

1In November 1959, the Carrington soil series was discontinued; the present (1962)

equivalent of the Carrington in eastern Nebraska is generally the Shelby series (A. R.
Aandahl, oral commun., 1962).
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The peak inflow probably would have exceeded 700 cfs if the.upstream
control structures had not been present. Figure 14 is an aerial view
of the reservoirs and part of the subwatershed on June 24, 1955.

Summaries of other selected periods of major discharge from reser-
voir 1 are shown in figures 15-20.

About 77 percent of the total sediment discharge from reservoir 1
during 1955-59 occurred during seven outflow periods, each of which
was less than 5 days in duration. About 88 percent of the total sedi-
ment discharge was during 11 outflow periods that had a combined
duration of 30 days.

TaBLE 6.—Summary of owtflow from reservoir 14, 1956-59

Discharge Weighted
Sediment suspended-
Date discharge sediment con-
Cubic feet per Acre-feet (tons) centration
second—days (ppm)
1965
Apr.23_ .. 0.9 1.8 6.0 2, 470
June 24______ _ _ _______________ 6. 2 12. 3 04 5, 620
June 28_______ ________________ 1.0 2.0 7.0 2, 590
1956
July 23 ______ 1.8 3.6 10 2, 060
July 31 _____________________ 1.0 2.0 7.0 2, 590
Aug. 18 _____________ 2.6 5.2 8.0 1, 140
1957
Apr.2-4 _____________________ 1.8 3.6 10 2, 060
June 17_____ __ __ ______________ 1.0 2.0 2.6 960
July v ___ 1.1 2.2 3.5 1,180
1958
Mar. 5~29_ _ __________________ 1.6 3.2 1.2 280
July 10-11____________________ 5.7 11.3 12 780
July 17-25____ ________________ 3.6 7.1 7.4 760
Aug. 5-6______________________ 11. 7 23.2 30 950
Sept. 3-6_ . 3.7 7.3 12 1, 200
Sept. 14-24_ __________________ 1.3 2.6 2.0 570
19569
Mar. 13-20_ _ _________________ 2.1 4.2 4.0 710
Mar. 25-31_ . _________________ 1.4 2.8 2.4 630
May 2-5__ o ____ 4.0 7.9 15 1,390
May 6-14_____________________ 7 1.4 1.8 950
May 18_______________________ 4.7 9.3 24 1, 890
May 19-31____________________ 2.5 5.0 6.5 960
June 30___.___________________ 2.2 4.4 4.7 790
Total___________________ 62. 6 124. 4 2711 |-

214649 O—66—4
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FIGURE 16.—Water discharge (inflow and outflow), accumulated rainfall, and suspended-
sediment concentration, reservoir 1, July 31-Aug. 1, 1956.

The large upstream reservoir, which was completed in 1959, retains
much of the sediment derived from the eastern part of the subwater-
shed and reduces significantly the sediment discharge into reservoir 1.
The sediment. discharge from both the upstream reservoir and reser-
voir 1A is predominantly clay; therefore runoff from about 70 per-
cent. of the subwatershed transports mainly clay into reservoir 1.
Although some of this clay is undoubtedly deposited in reservoir 1,
a large part remains in suspension and is discharged from the reser-
voir. Since May 1959, a disproportionately large percentage of the
sediment deposited in reservoir 1 is derived from the northwestern
part of the subwatershed because the runoff flows directly into reser-
voir 1 without first passing through the other reservoirs.

Field observations and data on inflow and outflow concentrations
indicate that an inflow of high suspended-sediment concentration may
behave as a density (turbidity) current upon entering the reservoir.
The relation of outflow concentration to inflow concentration for a
given runoff period varies with such factors as the intensity and dura-
tion of runoff, reservoir stage at the beginning of the runoff period,
maximum reservoir stage during the runoff period, antecedent inflow
conditions, and water temperature of inflow and reservoir water.

Suspended-sediment discharge cannot be computed for the different
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inflow sampling sites; however, the instantaneous suspended-sedi-
ment discharge into the reservoir at selected times can be computed
from partly estimated data. On June 24, 1955, the maximum in-
stantaneous suspended-sediment discharge into the reservoir was prob-
ably about 35,000 tons per day; this discharge probably prevailed for
only a few minutes. Maximum discharges of 10,000-25,000 tons per
day probably occurred for periods of a few minutes in 1956, 1958, and
1959. The data indicate that maximum inflow concentration and
suspended-sediment discharge either precede or coincide with maxi-
mum water discharge.
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sediment concentration, reservoir 1, Aug. 18, 1956.
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PARTICLE-SIZE OF SUSPENDED SEDIMENT

Particle-size distribution of suspended-sediment samples (shown
graphically in figure 21,) indicates that the outflow (tables 7, 8) has
a higher percentage of clay than the inflow (tables 9, 10), that most of
the sand entering reservoir 1A is trapped, and that all the sand and
much of the silt and clay entering reservoir 1 are trapped.

Figure 22 shows that the percentage of clay is related to the sus-
pended-sediment concentration of inflow to reservoirs 1 and 1A. Al-
though the plotted points show considerable scatter, the curve indi-
cates a general tendency for the percentage of clay to decrease as sus-
pended-sediment concentration increases. The concentration of clay
generally increases, however, as the total suspended-sediment con-
centration increases.

For selected inflow and outflow samples, particle-size distribution
of the silt-clay fraction was determined by two different settling medi-
ums—distilled water having a dispersing agent added and native
water. (See tables 7-10.) Such data on size distribution may indi-
cate roughly the degree and extent of flocculation and deposition in
a reservoir; however, a considerable part of the clay shown for the
dispersed analysis may have been transported into the reservoir as silt-
or sand-size soil aggregates, and preparation of the sample for anal-
ysis under dispersed conditions destroys these aggregates. Differ-
ences between size distribution in the two different mediums may be
caused as much by destruction of original soil aggregates as by the
flocculating ability of the native water.
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DEPOSITED SEDIMENT

The trap efficiency of reservoir 1 eventually will be computed using
data from reservoir surveys and data on sediment discharge from the
reservoir. At present (1961), the results of the surveys are not avail-
able and the amount of sediment deposition in the reservoir is not
known. Deposition in reservoir 1 can be computed, however, from
the available data on concentration and particle-size distribution of
inflow from different parts of the subwatershed, on sediment dis-
charge from reservoirs 1 and 1A, data on estimates of runoff distribu-
tion within the subwatershed, and from a small amount of data on bulk
density of reservoir deposits. About 4.5 acre-feet of sediment is esti-
mated to have been deposited in reservoir 1 and in backwater reaches
of channels leading into this reservoir. Trap efficiency of reservoir
1 is estimated to have been between 90 and 95 percent during 1955-
59, but the trap efficiency (computed as the ratio, expressed as a per-
centage, of the weight of sediment retained in the reservoir to the
weight of sediment entering the reservoir) has probably decreased
since the completion of the large upstream reservoir in 1959. Much
less sediment probably enters reservoir 1, and of the sediment that
does enter, the percentage of clay is probably higher than it was be-
fore construction of the upstream reservoir. Most of the sediment
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that is discharged from the upstream reservoir is clay, and much of
this clay probably remains in suspension and is discharged from
reservoir 1. The decrease in sediment inflow to reservoir 1 is prob-
ably greater than the decrease in sediment discharge from reservoir
1, and the result should be an apparent decrease in trap efficiency of
reservoir 1; however, the upstream reservoir probably has a trap
efficiency similar to that of reservoir 1, and the actual decrease in trap
efficiency of reservoir 1 will, no doubt, be slight. The rate of sediment
accumulation in reservoir 1 has probably decreased markedly since
about May 1959.

Reservoir bottom samples from eight locations in reservoir 1 and
from three locations in reservoir 1A (fig. 23) were obtained and an-
alyzed by the Agricultural Research Service during the spring
of 1958. For reservoir 1, the average bulk density of the samples,
expressed as grams per cubic centimeter, was 1.16; for reservoir 1A,
the average bulk density of the three samples was 0.89. For reservoir
1, the bulk density generally increased with depth and averaged 1.06
for about the upper 4 inches of sediment deposited, 1.19 for the ma-
terial about 4-8 inches below the surface of the deposit, and 1.25 for
the material more than 8 inches below the surface. For the samples
collected at reservoir 1A, bulk density was not related to depth. (See
table 11.)

The correlation between particle-size distribution of deposited ma-
terial and bulk density is only fair. However, the sample having the
highest percentage of sand had the highest bulk density (reservoir 1),
and the sample having the highest percentage of clay had the second
lowest bulk density (reservoir 1A). Figure 24 shows the relation
between percentage of sand and bulk density.

For reservoir 1, the percentage of sand ranged from 9 to 43, and
the percentage of clay ranged from 23 to 40; for reservoir 1A, the
percentage of sand ranged from 8 to 20, and the percentage of clay
from 27 to 46. The particle-size classification used for this series of
samples is that followed by the U.S. Department of Agriculture:
sand, 0.05 to 2.0 mm; silt, 0.002 to 0.05 mm; clay, less than 0.002 mm.
Particle-size analyses were made on about half the samples obtained
and the results are given in table 11.

In February 1957, samples of deposited sediment were collected
between the northeast corner of the reservoir and the junction of the
two main channels that drain the northern two-thirds of the sub-
watershed. Figure 23 shows the location of the sampling sections,
and table 12 shows the particle-size distribution of the sampled ma-
terial. In the reach from the downstream edge of the delta to the
termination of channel backwater, the particle-size distribution of
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deposited sediment was relatively uniform. Upstream from the chan-
nel backwater, the material contained a high percentage of sand and
some gravel.

Field observations indicate that the extent and particle-size compo-
sition of the channel deposits are affected by reservoir stage at the
beginning of a runoff period, maximum reservoir stage during a run-
off period, characteristics and duration of channel flow, recurrence of
minor flows after major flows, and the season in which the flow oc-
curs. An appreciable part of the sediment deposited in channel back-
water during high reservoir stages is probably transported as bed-
load into the reservoir by subsequent minor flows during low reservoir
stages.

In April 1957, a composite sample of material from the delta was
obtained at the upstream end of reservoir 1A. Particle-size analysis
of this sample showed 26 percent silt and clay, 69 percent sand, and 5
percent gravel.

The major source of the transported sand and gravel is probably
the glacial till deposits; minor sources are valley alluvium and
severely eroding road surfaces and ditches.

A comparison of suspended-sediment size analyses in native water
and in distilled water containing a dispersing agent shows that the
native water is of such chemical quality as to-induce significant floc-
culation of sediment during quiescent settling in the laboratory; how-
ever, flocculation under natural conditions in the reservoir is not
necessarily of this same magnitude. Results of chemical analyses of
water samples (inflow and outflow) are shown in table 13.

CONCLUSIONS

The following conclusions resulted from sedimentation investiga-
tions that were made in Brownell Creek subwatershed during 1955-59:
1. Average annual runoff in the subwatershed was 3.3 inches.

2. The sediment transported into reservoirs 1 and 1A was mostly silt
and clay. All the sand and most of the silt and clay that entered
reservoir 1 were trapped. The trap efficiency of reservoir 1, com-
puted from partly estimated data, was between 90 and 95 percent.

. A large dam, completed upstream from reservoir 1 in 1959, will
reduce the quantity of sediment transported into, and the trap
efficiency of, reservoir 1.

. During 1955-59, about three-fourths of the total sediment dis-
charged from reservoir 1 occurred during seven outflow periods,
each of which was less than 5 days in duration.

[ M)
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C48 SEDIMENTATION IN SMALL DRAINAGE BASINS

TaBLE 11.—Bulk density and particle-size distribution of samples of deposited
sediment in reservoirs 1 and 14, 1958

[Data from Agr. Research Service, Lincoln, Nebr.]

Percentage finer than indicated size,
Depth of sample Bulk in millimeters
Sampling location below surface density
of deposit (g per cc)
(inches) 0. 002 0. 005 0.020 0. 050 2. 000

A1 . 2-5 115 | e
5-9 1.19 31 31 54 79 100

9-13 1.30 |- oo

13-17 1.11 35 37 56 81 100

17-21 {1 DU (SN IR I U

A2 ___ . 2-6 . 89 33 34 57 87 100
6-10 .01 |||

10-14 1.25 29 30 51 70 100

14-18 1.32 |o oo oo

A-3 . 1-4 1. 23 33 38 59 80 100
4-8 1.36 |-

A4 . 1-4 1. 42 23 24 41 57 100
4-8 151 ||| ioaos

A-5 . 1-4 88 | e e oo
4-8 .97 40 43 70 89 100

A-6_______________ 1-5 80 oo | oo
5-9 1. 05 34 35 58 79 100

9-13 1.14 |||

A-7 . 1-3 1. 03 38 43 70 91 100
A-8 . 2-5 1. 14 33 34 59 80 100
5-8 1,21 | oo feoaas

8-12 1. 32 33 34 57 78 100

A-9 2-7 - PSRN (USRI FROUURN SRS S
812 . 96 31 31 57 86 100

12-16 P <1 T8 PSRN, SRS PRSP, JR PSR

19-23 1. 04 27 29 54 85 100

25-29 JUE - 5 30 PR ISR DN U R

A-10______________ 3-7 . 80 46 50 75 92 100
12-16 89 |

16-20 . 83 38 39 64 85 100

20-24 70 ||

A-11. . 2-6 .76 29 33 54 85 100
7-11 98 ||

11-15 .91 40 40 66 89 100

15-19 .02 | ||

19-23 .99 33 35 57 80 100

TABLE 12.—Particle-size distribution of deposited-sediment samples in channel and
in reserveir 1, Feb. 19, 1957
[Sampling locations shown in fig. 23]

Percent finer than indicated size, in millimeters

Sampling
location
0.002 | 0.004 | 0.008 | 0.016 | 0.031 | 0.062 | 0.125 | 0.250 | 0.500 | 1.000 | 2.000 | 4.000 | 8.000 | 16.000
____________ 78 80 87 95 99 99 99 | 100 (...._.
............ 49 51 59 81 91 9 95 96 100
____________ 36 37 47 85 99 | 100 |-ooofoeofaaaa
............ 38 39 45 67 81 89 95 98 100
42 67 89 94 99 | 100 ||| emaaa
42 67 90 96 | 100 |- |oooo b
39 75 94 96 98 99 | 100 |- oo |oo o]
35 67 91 95 99 | 100 |||




NEBRASKA (49

BROWNELL CREEK SUBWATERSHED NO. 1,

L9 €85 €’ €1 0 98 [ 69T t414 43 89 19 4 n-r T R T A X §
6961
LL 00% 9° (7 S A 991 eg’ kiz4 TTETTTTT gL 61 81 14 n-t TTTTTTTTTTTTeI ouns
8961
LL 853 €’ 01 0 81T ([ 81 8¥1 L9 19 bL €g Fo il S e
'L 691 [ 01 0 0L qr” 401 98 2’9 | 554 6% 0% n-r |7 “TTrgrady
08 012 a’ o1 0 06 91" 611 [438 LS 0°g g'g L3 n-t e} A X |
4961
09 ¥S1 [ [4 S Tl 19 LT’ LA 6°'C 1'% 6°¢ 8T a-1
GL 0°'1L €’ 61 Tttt 9C T T Tt 189 7e 1% a9 4
04 0°Lg £’ | 11 S R A "1 8¢ 0°¢ €1 0°'¢ g
gL QL8 €’ A Ty 91" it T 19 6°¢ 6°1 g9 [ 81 "3ny
9L 1341 € 91 Tt Lg (4N 88 T g8 I'y 34 11 g
¥4 L21 €’ 91 )Tt 8¢ 149 901 TTTmmemen ['é ¥y 0°c al 6  |TTTTTTTTTTT “1g AIng
£'8 LLT [ m | T bL i4 g1 Tt RN 9¥ €9 12 a1
9L 686 [ €1 TThmmTmTTe 0g 60" 1 I vy g% 1°C g8 14
8L 218 g’ 91 TTermTmTeT 8¢ 1’ 6L Tt LY 0°¢ €T gL g
8L cIl € ') SO T PR 8T ) S N 11 14 4 e'6 [ g Aing
8L €01 €’ et 7T (43 L €31 Tt 876 L'g 6°C 08 6 TTTTTTTETTTTT g g
9961
02 002 I |2 S St 6L 8T 621 TTTTTTe 19 ¥9 [ €2 a-t
L9 101 g [A S T OV 80° = A ITE LG ¥'o cl 14
8'9 668 T - 62 L0 € Tttt 9% 1 (x4 08 g
99 21T G’ (48 TTTTTeTTT - SF 1 18 Tttt KRS 0'e 0'¢ £1 ¥
9'9 L'8L T L D B 80" 09 7T lee V1 80 0°6 6
L9 8°qL 1 8 [T [ 100 A Tl ee o (4 0°8 6 TTTTTTemmmT $g ounf
8L 1214 Vo ST € [/ T e 1418 69 88 69 L8 fo T S grounyp
9961
00081
(Do 300J-0108 | 98B TOT)
38 wo Jad o181 ¢0DBD SB | 0D®) |13d suo], | -Brodead | GODH) [6:1) (BW)
ud soywon |-uo[jdiospB| wWINIpos | SsdupJdBy | S Sseu wWO INPISY | 99BUOQ umnis (eN) WNSou ®D) uo19820[ e
-Tur) 9ouB | -uinjpog | JweoIdg ajBuUOy -pIBH -Ieotg -sejoq | wmipog | -8B | wnpPre) | Supdusg
-1onpuod ~aBOUON
ayloadg SPI[0S PIATOSSI(L

{1 "3y ut umoys suofyeoo[ Juitdwes]

28NIDUAG ADOU PIYSIIIDNGNS Y24 J]UMOLG ‘$28A)OUD [DINUIYH—'QT ATV ],

U.S. GOVERNMENT PRINTING OFFICE:1966 O-—214-649



