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BEULAH DAM COMPLEX

SlrC Proj ect #1464

I. INTRODUCTION:

The Beulah Dam Complex is to consist of a large rolled earthfilled
dam located in the SEf, of Section 9, Township l4l North, Range 88 l,test

on Brush Creek and a lowhead reinforced concrete channel dam on the

Knife River, located in the Sbff, of Section 4, Township l4l North,

Range 88 t¿est.

The small drainage area above Brush Creek Dam necessitates pump-

ing waters of the Knife River into the Brush Creek reservoir to maintain

the water surface level at spillway control elevation. The dam on the

Knife River will create the needed pumping pool.

Following are data relative to hydrology, design and estimated

costs for construction of the complex.

I I. HYDROLOGY:

A. BRUSH CREEKDAM - The drainage area of Brush Creek above the dam site
is approximatelV 33 square miles. The average annual yield of the

drainage basin, based on the yield of the Knife River above the

Golden Valley gaging station, is 44 acre-feet per square mile. The

total average annual inflow to the Brush Creek reservoîr is 1,452

acre-feet.

The average annual yield of Brush Creek is of minor significance
in consideration of f¡ll¡ng the reservoir. Flows of the Knife RÌver

will have to be pumped into the reservoir for fillÍng and maintain-

ing the v'rater surface level.

Hydrology developed for a rainfall of l0-year frequency on the

area would approximate 3.0 inches falling in a 3.6 hour period. The
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computed design inflow hydrograph has a peak of 2,723 cubic feet
per second and a total volume of 792 acre-feet which is equal to

a runoff depth of 0.45 inches from the contributing drainage area

of 33 square mi les. Computations developed for maximum flows and

a graphical presentation of the hydrograph are attached. Also

shown are ZJ-year and 1OO-year maximum discharges and total volume

of the respective storms.

The length of the Brush Creek channel is 17 miles and the

total faìì within this distance is 453 feet.
KNIFE RIVER CHANNEL DAM - The drainage area above the proposed

location of the Lowhead Dam on the Knife River is 1,408 square

miles. In considering the flows or yields of the Knife River,

practically aìl flow at the dam site would be available for
pumping into the Brush Creek reservoir. Spring Creek, with a

drainage area of 581 square miles, enters the Knife River below

the project and these flows would be available for use downstream

and would be sufficient for all existing appropriators on the

lower Knife River.

Fol lowing are duration tables of dai ly di scharges, highest

and lowest mean discharges, and high flow volume frequency duration

curves from gaging stat¡ons in the immediate area.

ln view of others having developed sustained yields of Knife

River flows, th¡s information is not included.
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Drainage Area at Dam Site = lJ square miles

Le.ngth of Channel = 17 ! mi.

Total Fall - 453 feet (Eìevatíon 2253 to Elevation 1800)
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3l ,995 x 0.30 = 9,598 Hr.Sec.Ft. = 793 Acre-Feet

33 Square Miles x 53.33 AF/sq. mi. x 0.45 (in R.0.) = 792 Acre-Feet (Check)
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Source: Missouri Bas ín lnter-Asency HIGH-FLOWcommittee VoLUME.FREQùENCY
DURATION CURVES

l¡EfEl¡EEE!

lEEtrcEE¡

J.CrtrCrrl

SOTEErl

IO¡CErl
Ahnua I

ïfr
3 EFIY

I ET{Y
Þl'rF cFS

Þ¡l
Ë
¡l
g

=¡,I
Ë

7 daY
3 day

l.TEEE!

sCEl
day

I'IYP cfs

t 9!t IDrOæ5(,¡to30ælo
ETCIEOCTE FiEQUEÍICY PER HUNDR€D YEARS

5 I

F¡¡IFE FBÆFI I\FI. GCI-EEI\ \,FLI EY (FIT. I\FI. EFTñEI.[I). N. DRK..

g

t////

1

ú
t

-4

a

./

r'.i. -¿.

'/,

t

E--

7,,-oD
4-t
-r'

t

vtÇ¿

F
c

Ir

s2

ã
Í

ry
7¡,y
v

o

c./

9
-a
t

lFt

'"f
I

.*

7

2
.,I

2

t

,
E

/

./

r-a

7

-ar

f
7

f

¡

-

E

7

,f
ç

ya'

..{

t

t.r't

,r'

,{Irr'
./

I

.F -/,/ 1,

+

lrrl



7

Source: Missouri Basin lnter-Agency Commit
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Ihlfe River near Golden Velley, N. Dak. (06-3395.00)

þgggo".--Lat 47"09,, long 102o03', in SEI sec.34,'I.143 N., R.90 W., on left bank 6 ft downstream frm highway brtdge, 44 mlLes downetrean
timlln Creek, and 9 mlleg south of Golden Valley.

DratnaÊe area.--1,230 sq nl, approxlnstely'
Averase dlscharFe.--36 years, 91.7 cfs'
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I(nl.fe Rlver near Golden Valley, N' Dak' (06-3395'00)

HrGHEsl f,lEAN DtSCHARGET lf{ CFSr FOR
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Sprlng Crêek dt. Zep, N. Dek, (06-3400.00)

LocaÈlon.--Lat 47"L7t, long 101055', ln slrtl sec.14, T.144 N., R.89 w., on rfght bank 250 ft downstreám frm Northern pacffic Railway brfitgeln Zap and 9 n1lee upatream from mouth.

Renarks,--Ilow regulaÈed by llo lÁke (capaclty, 7,130 acre-ft).
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Spring Creek at ZaP, N. Dak. (06-3400.00)
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Knlfe Rlver at l{azen, N. Dak, (06-3405.00)

Locatlon.--I¡E 47"L7 r, long 101'37', 1n SE| sec.18, T.144 N., R,86 W,, on right bank at upstreem slde of highway brldge, half a nfle eourhof Hazen end 2 nlles upstreår fron Antelope Creek,
Drainage area.--2,350 sq ml, approxlmtely.
Averaqe dlscharge.--29 years, 168 cfs.
Renarks.--SMll dlverelone above steÈfon, Slfght regulatfon by Iake llo (capaclty,7,l3O acre-ft).
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Knife Ríver at Hazen, N, Dak. (06-3405.00)
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llr. DES I GN:

A. BRUSH CREEK DAM - The base of the core trench for the earrhfîll
embankment will be excavated into firm and compact clay along the

valley walls, and into glacial till and bedrock along the valley
floor. The bench on the right bank of the proposed earthfiil is

to be excavated in its entirety in view of its sandy composition.

This coarse material will be utiìized in construction of the toe

drain for the embankment. Several small coal veins located beyond

the bedrock are not anticipated to cause excessive seepage in view

of the impervious material located above the coal bed. Should

excessive seepage occur in the future, it could be controlled

through grouting processes. The core of the embankment will
extend to elevation 1900.

The crest of the embankment ¡s to be established at elevation

l9l5 with a four-foot croh,n in the center of the f i I I to provide

for settlement. The crest of the embankment will have an 8O-foot

width and 6 inches of crown upstream and downstream to provide

for surface drainage. The embankment will be constructed with a

3:l upstream slope and 2:l downstream slope with 2 berms located

on the downstream side. The upper berm on the downstream side will
be l0 feet wide and located at elevation 1880.0. The lower berm

will be l0 feet wide and will be located at elevation 1840.0.

The creek bed elevation in this area is approximately 1795.

There are no drainage gutters provided on the downstream side

of the earthfill abutments. lt was decided that a calculated risk
would be taken regarding erosion in this area, hoping that erosion

r¡rould be minimal,provided a good grass cover 'ould be obtained in
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this area. ln the event grass cover is not sufficient, drainage

gutters can be instal led at some later date.

lncorporated in the embankment will be a horizontal firter
drain and a vertical chîmney draÌn. The thickness of the

horîzontal filter drain will be l0 feet through the bottom area

with a transition zone from l0 feet at elevation 1820 to ! feet
at elevatíon 1840. At elevation l840,there will be another transition
zone from 5 feet at elevation l84O to J feet at elevation 1865

at which point the drain wi I I be discontinued. The chimney drain
located at the downstream edge of the core will be 6 feet in

width and extend to elevation l365. Gradation of the material

for the chimney and horizontal filter drain will be the same.

A collector toe drain 5 feet wide and 4 feet in depth wilì extend

throughout that area of the horizontal filter drain with 2 points

of escape each 50 feet on either side of the outlet structure.
Further h,ater pressure rel ief measures are incorporated in the

structure with 8 relief wells. The wells will be 3 feet in

diameter and of varying depth. They will be located along the

base of the structure. lt has been determined that the water

pressure rel ief faci I ities incorporated in th¡s structure are

more than adequate to preclude sloughing.

The upstream side of the embankment is to be faced with rock

riprap from elevation 1830.0 to elevation 1910.0. Computations

developed for thickness of rock riprap required indicate a 6 inch

gravel base and an l8-inch rock riprap will be sufficient from

elevation 1830.0 to elevation 1860.0. From elevation 1860.0 to
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elevation 1880.0, a 6-Ínch gravel base is to be provided w¡th a

24-inch layer of rock riprap. From elevation ì880.0 to elevation
1910.0, a l2-inch gravel base is to be provided on top of which

a 30-înch layer of rock riprap is to be placed.

Slope stabil ity analyses of this structure ì^,ere developed

wíth a minimum safety factor of 1.75. The circular arc analysis

of the structure as proposed indicates that the structure has a

minimum factor of safety of 1.92. The translatory analysis by

the sl iding block method provided a safety factor of 3.66.

The service spillway will consist of a reínforced concrete

box drop inlet, a 48-inch reinforced concrete pipe extending

laterally through the embankment and a reinforced concrete outlet
structure. There are 3 anti-seep col lars provided on the lateral
pipe. One collar ís located immediately upstream from the core

and the other 2 col lars will be located wíthin the core. The

crest of the box ínlet is to be established at elevation 1900.0.

The inside dimensions of the inlet structure are 8'x Srwith an

8-foot drop. Add¡tional bearing will be provided by four 8-foor
cast-in-place concrete pi I ing 12 inches in diameter. The inside
dimensions of the outlet structure are lJr 6n x Zlt. This width
is required în view of the service spillway and the drawdown pipe

both dischargíng into the outlet structure. cast-in-place concrete

piling l2 inches in diameter will be provided on the upstream side

of the outlet structure with a 4-foot cutoff wall on the down-

streâm side. A special reinforced concrete pipe had to be

designed, due to the fill over the pipe being in excess of 5O feet.
The drawdown pipe wíll consist of a 24-inch welded steel

pipe with three-eighth inch wall thickness. The inlet of the
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drawdown pipe is to be established at elevation l82o and an outlet
at elevation 1792. There are I ant¡-seep collars provided on the

drawdown pipe w¡th 2 valves and manholes. The double valve system is

provided as an added safety feature. Cathodic protection is provided

on the steel drawdown p¡pe. The upstream manhole is to be con-

structed of corregated metal and will be approximately l0O feet
in height. The valve stem will be extended to the top and the

only reason anyone would have to descend this manhole would be ¡f
the valve became defective. Nylon nets will be provided at 2O-foot

intervals within the pipe as a safety feature to descend the pipe.

The pipe will be waterproofed with an asphaltic material. The

downstream manhole wi I I be constructed of reinforced concrete pipe.

Reinforced concrete bearing pads are provided at lO-foot intervals

along the drawdown p¡pe. Dresser coupl ings wi I I be uti I ized to
allow for expansion and settlement. A dresser type coupling will
be utilized at valve connections to allow for differential settle-
ment and also to provide for removal of the valves if necessary.

The crest of the emergency spillway is set at elevation .l905.0"

The minimum width of the spi I lway is 1OO-feet with 4: I side slopes.

Flood routing a l0-year flood frequency storm through the

reservoir indicates that the reservoir water surface level will
raise l.ì feet. Selection of the size spillway was to provide

adequate safety features for storms of cloudburst intensity. The

reservoir routing computations are as follows:
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Reservoir sedimentation was based on 50 years and found to be

a total of 495 acre-feet.

Evaporation and seepage losses would vary considerably depend-

ing upon the h,ater surface ârea, etc. Seepage ìosses will be

minimal several years after the reservoir is filled as porous

areas become plugged with silt and the water table of adjoining
lands is adjusted. Annual evaporation wi I I be in the vicinity
of 2.5 times the amount of water surface area. Following are

some physical features of the Brush Creek Dam:

a. Maximum height of dam embankment: 115.0 feet
b. Maximum depth of reservoir at control

elevation 1900.0: .100.0 feet
c. Reservoir water surface area control

elevation 1900.0: 185.0 acres

d. Reservoir capaclty at control
elevation 1900.0: 24,000 acre-feet

e. Drainage area above the dam: 33 sq. mi.

Area capacity tabulations and curve for the reservoir are attached.
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sOlLs - The soils encountered in the borrow areas are predominantly
lean to medium clays and fatty clays of the cL and cH soil group

respectively. The upper 20 feet + of the subsurface deposits are

h,eathered brown to mottled gray-brown clays (Cl) w¡th lent¡cular
or discontinuous fine-grained sand deposits. Maximum dry densities
ranged frorn 105 to l15 pounds per cubic foot and opt¡mum moistures
from 14 to 19 percent. Below the depth of approximately 20 feet,
the soil is a moist nonoxídized clay (cn) or the Tongue River

Formation. The bedrock clay is easy to dist¡nguish from the

overlying deposits because of its gray to bluish gray color and

the predominance of thinly interbedded lignite beds. The typical
lignite bed is about I to 2 feet thick. A considerable decrease

in maximum dry density occurs withîn the bedrock clay. Thîs is due,

no doubt, to carbonaceous deposits. Maximum dry densities ranged

f rom 92 to ll0 pounds per cubic foot and optimum rpistures f rom 17

to 24 percent.

ln order to evaluate the factor of safety of the downstream

embankment slope, it was necessary to seìect representative samples

of the borrow area for triaxial compression tests by the Highway

Department testing laboratory.

Triaxial Comoression Test:

The trîaxial compression test Q" is intended to provide a

rapid procedure for determinning the relationship between stress

and strain in a compressed soi I sample under various constant

lateral pressures. Six test specimens molded from disturbed
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borrow area samples were prepared for triaxial testing. The

6 test speciments were subject to lateral pressures of !, lO

and 20 pounds per square inch in determining the triaxiaì
compressive strength of the fill material. From the test
results, Mohrrs Stress Circles brere plotted for determining

the cohesion and angle of internal friction. Test values are

I isted below:

Test Hole No. l0:

Description of Sample: Brown Çl¿y (CL)

Depth: l.O - 7.0 feet

Maximum Dry Density: lll lbs per cu. ft.
0ptimum Moisture: l6 percent

Liquid Limi t: J8 percent

Plastici ty lndex: l9 percent

Specific Gravity: 2.58

Typical Angle of lnternal Friction: Near 38o

Cohesion: 648 lbs. per sq. ft.

Test Hole No. l0:

Description of Sample: Brown Clay (Cl)

Depth: 12.0 - 15.0 feet

Maximum Dry Density: ll0 lbs. per cu. ft.
Optimum Moîsture: l6 percent

Liquíd Limit: 37 percent

Plasticity lndex: 2O percent
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Specific Gravity: 2.63

Typical Angle of Internal Friction: Near 27o

Cohesion: .2,261 lbs per sq. ft.
Slope Stabi I ity Analyses:

The object of such an analysis is to determine beforehand how

steep or high a slope may be constructed in a given soil.
The prel iminary embankment design proposed a 2zl downstream

slope with two l0-foot stability berms. The stability analysis

was conducted in such a manner that the slope angle would

satisfy the specified factor of safety. ln selecting a numerical

value as a factor of safety, the Soiì Conservation Service was

consulted as to theirrrClass of Structuresrrand associated

factors of safety relative to slope angles. According to their
engineering handbook for l,Jork Unit Staffs, Beulah Dam would be

classified as a class c structure.

A class c structure is: Structures located where
faiìure may cause loss of life, serious damage to
homes, industrial and commercial bui ldings, important
publ ic uti I ities, main highways, or rai I roads.

Factors of safety under this class ranged from approximately

1.25 to 1.75. A 1.75 factor of safety of the slope with

respect to failure was chosen.

ln many soi ls, particularly those possessing cohesion, fai lure

in embankments generally take place along roughly circular arcs

and consequently a method of analysis has been developed on

that basis. Assuming that the soi I is fai rly homogeneous,

our method of analysís \nras to draw a ci rcle with center at

point 0 in Figure I and cutting the slope in points A and B
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as shobrn în the f igure. þJe consider that fai lure would most

likely occur when the mass of soil to the right of and above

the arc AB sl ides down the arc AB. From the area of the seg-

ment and its unit weight, the activating force t/ can be calcu-

lated through the center of gravity of the soil mass. Since

motion will take place about the center of the circle 0, the

weight ly' times the distance x of the center of gravity from

the vertical through 0 gives an acting moment equal to lrlx.

The resisting moment is suppl ied by the shearing strength of
the soil acting along the length of the arc AB. This moment

is egual to the shearing strength s times the arc length ÃT

tîmes the radius of the ci rcl,e R. Therefore, the factor of
safety SF of the slope for the selected circle can be calcu-

lated from

SF=

Selecting a cî rcle of differing radius or differing center

or both, a neu, SF can be calculated by the same method. The

minimum SF determined from a succession of such trials is

approximately the factor of safety of the real slope.

Figure I - Stability of Soil Slope
fl

resistihq moment :
acting moment

sÃER
I'Jx

R

*6
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The preceding method of slope analysis is essentially the same

as the Highway Department used for their solution by computer

programming. ln Fi gure 2, the dov,rnstream embankment section

of Beulah Dam is shown. lt h,as necessary to establish for a

given height and configuration whether or not a 2:l downstream

slope was stable for the measured values of soil cohesion,

angle of internal f riction and unit weight. The lo!ìrer rnost

cohesion value of 648 lbs per square foot was used to deter-
mine the factor of safety of the slope.

Slope stabi I ity calculations show a minimum value of .l.92

as the factor of safety of the real slope. As previously

ment¡oned, the specified factor of safety of the slope with
respect to failure of the 2: I slope angle was 1.75.

ln addition to the computer programs for slope stabil ity
calculations, several stabi I ity analyses were made relative
to translatory sl Îdes. lt may be considered in this case

that the horizontal f¡lter, weakened by neutral stress,

could cause a mass slide to occur where the initiaì move-

ment is translatory or straight-line rather than rotational.
Appl icat¡on of the translatory method of stabi I ity analysis

is illustrated in Figures 3 and 4.
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B KNIFE RIVER CHANNEL DAM - The Knife River channet Dam is a lowhead

reinforced concrete weir-type structure. The structure has a 50

foot flat section across the center and then slopes to the top of
the river channel banks. Past experience on this type of structure
has revealed exceptionally good hydraulic characteristics, which

minimize erosion of adjoining land.

The structure has been designed for a capacity which will allow
submergence of the structure urith equal level of water upstream and

downstream and thereby not induce floodîng in the general area. The

structure Ì^r¡ I ì be submerged as f lows approach 12,000 cfs.
The control elevation is to be established at 1779.5 and the

base of the apron is to be established at 1767.0, which is somewhat

below the downstream channel elevation and should preclude erosion

of that area immediately downstream from the dam. The over-all
width of the structure is l/0 feet. The total drop is lZ.5 feet
and the apron ìength 2l feet.

An 8-foot ten gage corrugated steel sheet pi I ing cutoff wal I is

provided on the upstream side inmediately beneath the weir of the

structure. The sheet piling extends l0 feet beyond the structure
at each end, which will allow for future extension should the need

arise. l,Jeep pipes are provided on the downstream cutoff waì I to

relieve u,rater pressure beneath the slab. The upstream side of the

weir will be coated with a hraterproofing agent to preclude seepage

through constructíon joints and/or any other pinholes which may occur

in the concrete. Rock riprap wi I I be provided 30 feet upstream from

the structure, l0 feet beyond the ends of the structure and 50 feet

beyond the downstream toe of the structure.
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It ís proposed that this structure be constructed in the dr:y

and then the Knife River Channel dîverted. After completion of

the structure an approach channel and outlet channel wi l l be

constructed away from the strqcture. Earthfill from the approach

and outlet channels wlll be utîlÍzed to construct an earthern plug

in the Knife River in the vicinity of the strueture. The balance

of earth will be spread. over that area of the oxbow immediately

south of the structure.

The purpose of this structure is to provide a pumping pool

which will be utilized in filling of the Brush Greek Dam

rese rvo i r. .

The capacity of the channel dam reservoir will be in the

vicinity of 200 acre-feet.
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I V . COST ESTIIIATE :

Fol lowing is a cost estimate for construction of

the dam: (Project interests have requested that
cost estimates be provided for Brush Creek Dam with
a 35-foot top v,ridth and an 8O-foot top width.)
A. BRUSH CREEK DAM:

6. Reinforced Concrete Pipe

(Service Spi I lway, 48', Diameter)

370 L.F. @$8o.oo

Drawdown Pipe

2

Stripping:
l0o,o00 cY @$0.35

Earthfi I I Embankment

$ 35,000.00

2,050,000 cY @$0.40 --- g20,ooo.oo

Core Trench Excavation

260350 CY @$0.80 ----- 2Og,2g0.OO

Concrete

112.0 CY @$l50.oo

Reinforcing Steel

I 6,800 . 00

8,000 tbs. @$0.20 I,600.00

3

4

5

7

29 ,600 . 00

2t ,420.00

a . l,Je I ded Stee I Pi pe, 24" d i ameter and 0 .37 5t,

wal I thickness, includes al I coupl ings,

cut off wal I s, bear i ng pads, etc.
612 L.F. @$35.00

b. Valves, 24" complete with stems

and accessor i es

2 valves @$J,000 6 , ooo. oo
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c

d

Manhole, compìete as shown on

plans (Upstream side)

Lump Sum

Manhole, cornplete as shown

on plans (Downstream side)

Lump Sum

e. Cathodic Protection

Lump Sum

8. Rock Ri prap

9

1,000.00

65,000 Tons @$6.00 ----- 390,000.00

Gravel Bedding for Rock Riprap

14,000 Tons @$2.50 35 ,000. 00

$ 15,000.00

2 ,000. 00

4oo,ooo.oo

4, ooo. oo

I 0 ,000. 00
.l.500.00

sr,997,200.00

10. Fi lter Drain Material

(lncludes excavating trenches, etc. )
.l60,000 Tons @$2.50

ll. Vertical Relief tlells
(lncludes constructing wel ls and

100 Tons graded aggregate)

Lump Sum

12. Seeding and Placing Black Di rt
Lump Sum

13. Trash Rack ----
SUB TOTAL

B. KNIFE RIVER CHANNEL DAM:

Channel Dam:

L Structural Excavation

Lump Sum 7,500.00



37.

2

3

Conc rete

275 CY @$l50.oo

Reinforcing Steel
$ 41,250.00

28,520 lbs. @$0.20 ----- 5,704.00

Corrugated Steel Sheet Pi I ing4

6

7

(10 sase)

l,!20 sq. fr. @$3.50

5. Rock Ri prap

1,800 Tons @$6.00 -----
Gravel Bedding

600 Tons @$2.50

Earth Excavation

Approach and Exit Channel (lncìudes

construction of channel plug-4,000CY)

55,000 cY @$0.40

8. tJeep Pipe, l,/aterstop, t^Jaterproofing

and Mi sce I I aneous I tems

Lump Sum

9. Black di rt, Ferti lizing and Seeding

Lump Sum

CHANNEL PLUG

5,320.00

I 0,800 .00

1,500.00

22,000.00

1,500.00

500. 00

10. Stripping

250 CY @$0.¡¡ 87 .so

I l. Core Trench Excavation

400 cY @$0.80 320.00

12. Rock Riprap

900 Tons @$6.00 5,400.00
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13. Gravel Bedding for Rock Riprap

300 Tons @ $2.50-------
SUBTOTAL-

ACCUMULATED SUBTOTALS :

BRUSH CREEK DAM.--.--

KNIFE RIVER CHANNEL DAM-.-..-

SUBTOTAL-

Contingencies

Construct ion I nspection

Contract Admi n i strat ion

TOTAL

750.00

2.325.000.00

TOTAL COST FOR DAI4 CONSTRUCTION US¡NG A 35-FOOT
TOP t^rlDTH FOR BRUSH CREEK DAM:

Toral Cosrs with 8o-foor rop widrh: $Z,3ZS,OOO.OO

Les s

l) Earthf i I I Embankmenr
294,540 Cy @ 40 cenrs- gil7,Bl6.OO

2) Reinforced Concrete pipe
(Service Spil lway,48r¡ Diameter)
4s u.F. @ $80- 3,600.00

3) Drawdown pipe (Wetaea Sreel
Pipe, 24t. Diameter)
45 l.F. @ $35- t.s75.oo

SUBTOTAL t22.991 .OO

ToTAL CoSTS t.llTH 35-F00T Top tflDTH 92,202,00g.0D

(Provisions will have to be incorporated in the bid proposal for
utilizing material from right bank bench in the firter drains.)

$1,997,200.00

102.63t.50

$2,099,831.50

100,169.50

50,000.00

75.000 - 00

c


