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RECONNAISSANCE
HYDROLOGIC & ENGINEERING INVESTIGATIONS
' ENGLEWOOD DAM
ARAPAHOE COUNTY, COLORADO

INTRODUCTION

This report preéents results of our Phase I engineering and
geologic investigations for Englewood Dam, located on Willow Creek,
a tributary of Little Dry Creék‘ The study is an initial phase of
an averall study of the Little Dry Creek Basin intended to define
and svaluate drainage problems assaciated with u§§%nization of the
basin.

The objesctives of Qﬁr study were: (1) to determine whether

i

the dam and its appurtenant facilities could safely retain f{lood

®

flous associated with the 100-year average freguency recurrenc
storm, (2) to determine whether the dam and its appurtenant facili-

ties could safely pass floed flows associated with the probable

nd (3} to formulate preliminary

iy

maximum precipitation (PMP) storm,
opinions and criteria necessary to prepare fessibility-grade cost

for renovation of the dam if necessary to permit it to

pass the PMP storm. ALl evaluations of runoff arve based on assumed
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CONCLUSIONS

(1) Our preliminary opinion indicates the existing Englewood Dam
is probably adequate to safely pass only the approximate 100~
year average frequency " recurrence flood. Some rehabilita-
tion work will be necessary at ths discharge end of the un-
.gated concrete pipe outlet.

(2) UWe believe either the proposed raising of Englewood Dam by
either 5 feet and construct*on of a spillway having a weir
length of 460 feet; or raising of the dam by 10 feet and con-
struction of a spillway having a weir length of 200 feet, as
discussed in our report, are feasible from the soils, geo-
logic and hydrologic standpoints. Preliminary study indicates
raising of the dam by 10 feet would be the cheaper of the al-
ternatives.

(3) Table II1 is a summary of hydreclogic and reconnaissance-grade
cost data relating to possible rehabilitation of Englewood
Dam to the extent necessary to permit it to pass lhe maximum

probable flood cccocurrence.

‘(4) MainbLnance costs for a T@habllJbﬁbed Englevoond Dam designed
to safely pass the probable maximum flood ocecurrence should
be relatively minor.

PROJECT DESCRIBTION

Engleuwood Dam is an ParbhflTl structure having & capacity o

about 1200 acre-fest which wae built during the mid-1930's to par~

o

ially control flood flowus of Little Dry Creek. It is located on
Willow Creek in Section 28, Tounship 5 South, Range 67 West
short distance upstream of its confluence with Littls
a5 shouwn on Figure 1. Willow Cresk and Little Dry Creek ars
typically dry.

e

The approximate © 1/2 squarsz mile watershed contributing to

Englewood Reservoilr is @eﬁnlg rolling and is presently covered with

o]
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grass and weeds. Only & few improvements have been constructed in
the area, although it must be assumed that much of the area will

ultimately be developed for residential and commercial purposes.

i+

Englewood Dam is an earthfill structure about 50% feet high
and 1700% feet long. It has a crest width of about 20 feet. The
upstream slope of the dam is about 2%4:1 and the downstream slope
is about 2:1. The principal water gutlet from the dam is an Ur-
gated 36-inch diameter concrete pipe having a maximum capacity of
about 200 cubic feet per second with water level at the crest of
the dam. The outlet is located near the toe of the dam in the
natural stream ;hannel. In addition to the ungated ocutlet the dam
is eguipped with two unlined emergency spilluways. Elevations and

dimensions of principal features of the dam are as follows:

Elevation of top of dam - 5606 fest.
Elevation of spillway crest . 5600 feet.
Elevation D? ungated cutlet - 5574 fest.
Spilluay widths: Left : - 100 fTeet.

Right - .70 feet.

INVESTIGATIONS

Soils and geclogic investigations for this report were in~
itiated and substantially csmpleied.my March 1973. The investiga-
est holes in the dam arez and 6

test holes in the rteservolr erea, as located on Figure 2. The

e
o

the downstream tos of the Emm? three 100
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downstream tae_of the dam, 3 along the alignment of each unlined
spilluay on ths left‘and right abutments, 2 along the alignment of
each épillway discharge channel, and 1 near the present outlet
works. Penetration tésts were made in these test holes to aid in
identifying the underground materials and to provide data on in-
nlace firmness of the soil and hardness of the ro;k, findisturbed"!
Shelby tube Y"push' samples were alsc taken from test holes drilled
along the crest of the existing dam to obtain samples of the dam
and the underlying natural soils. Gravity permeability tastaiuere
also pgrformed in selected test holes in the dam and downstream of
the dam to help evsiuate the permeability characteristics of the
dam and the underlying natural materials,

Laboratory testing included visual classification of samples,
moisture content determination, dry density determination, grada-
‘ﬁion'analysea, Atterberg limits, standard ccmpactimn,'uncén?ined

compression and triaxial compression tasts.

Our hydrologic investigations included (1) theoretical deter—
‘mination of and routing of the 100-yeax and PMP floods through the
reservoir to determine adequacy of the existing dam to pass these

£t x«,tm - O - -~ . n
fioods, (2) caleulation of spilluway weir lengths necessary to pass
the PMP flood ccecurrence assuming the dam were to be raissd by
gither 5 feet or 10 fest, and (3) calculation of the ares inundated

esse. included "is a reconnalssance-grad
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assessment of costs necessary to raises the dam for assumed condi-
tions of 5 feet and 10 feet.
HYDROLOGY |

Tﬁe estimation of probable peak rates and volumes of flow for
ény given average freguency flood omcurrénce is typically based
on an evaluation of available information, extrapoclation of avail-
able information, and judgment by the hydrologist. We have based
our caleculations of flood magnitude for the 100~year average Tecur-
rénce étorm on a review and analyses of rainfall records in the
general Denver area. Due to the extreme improbability of the maxi-
mum probable precipitational occurrence, we have relied on hydro-
~meteorologic infurmation prepared‘by the U. &, Weather Bureau as
it relates to the maximum probeble storm. In éddition, ve have

assumed uatershed runoff characteristics based on our field inspesc-

@

tion of the area and calculated time of storm concentration., I

used in the calculation of the storm hydrographs and results are

“Z

100~year storm = 4.7 inches in 6 hours

PP storm = 22 inches in 6 hours

Time of storm concentration = 1.5 hours

Aunoff Factor = Curve No., of BO¥

100-year storm peak = 4100 cubic fest per second
(Figure 12)

*Based on procedures used by U, §. Bureasu of Heclamation and Soil
Conservation Service

i
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100~year storm volume = 1300 acre~feet
PMP storm peak = 44,200 cubic feet per second (Figure 13)
PMP storm volume = 9700 acre-feet

Results of our analyses indicate the existing dam should con-
tain the 100-year average freguency flood occurrence assuming
operation of the ungated outlet. Although water level would be
at emergency spilluway crest elevation, as shoun on Figure 15, the
emergency spilluays would not operate. Ue would expect less fre-
guent storm occurrences to result in operation of the emergency
spilluays.

Ve were directed by Mr, Scott Tucker of the Urban Drainage
and Contrai District to evaluéte epilluay size required to pass
the maximum probable flood occurrences based on raising of the dam
embankments by either &5 fest or 10 feet. Results of the study for
raising the dam by 5 feet reveal a 460-foot wide spilluay weir
lengﬁh would be reqguired. A 200-Toot spilluvay weir length would
be required if the dam were raised by 10 feet. Both conditions
assume 2 Teet of freeboard above the probable maximum high jater

glevation., Inflow and outflow h elevations Tor
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the b-footl dam raise are shouwn on Figures 2, 13 and 15; and hydro-
graphs for the 10-foot raise arve shoun on Figures 2, 14 and 15.

GEOLOGY

=t 3 +
[ Sl

fhe dam and resenvoilr is underlain by the Douson-Arkose forma

interbedded sandstones, siltstones and claystones.
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Bedrock is mantled throughout the reservoir area by slopswash and
alluvial soiles on the steeper slopes, and by recent alluvium in
the valley bottom. The slopewash and residual soils comprise
mainly sandy clay, while the alluvium comprises a combination of
sand, silt, and clay. There is no evidence of slope instability
in the dam and reservoir area, nor do we anticipate any induced
slope instability problems. Leakage throuch the dam abutments and
dam foundation should be minimal due to the clayey nature of the
soils.

DAM.

Our test holes show that the existing dam is constructed pri-
maiily of stiff to'very stiff clays, with occaslonal sandstone and
claystone pieces, and is underlain by natural medium stiff to stiff
‘clays, medium dense sands, and thence by Dlaygtohe and sandstone
bedrock. On a profile constructed along the centerline of the
dam (see Figure 3) the(claystane~$&mdétgne bedrock was found at

1

up to 20 feet below naturasl ground. Laboratory test

o~
f

‘depths o

data from test boles drilled on the existing dam are shouwn on

netream of the dam show man-made fi11l in one
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and 10 to 28 fest of medium stiff clays and medium dense sands
underlain by claystone and sandstone bedrock at depth of 10 to 30
fest. Four sections cnnsfructed through the dam, shouing subsoils
found in our test holes in the dam and‘dmwnstream of the dam are
shown on Figures 4 and 5. In our opinion, the natural soils and
the soils in the dounstream section of the present dam are adeguate
to support the larger, higher proposed dams.

Our test holes drilled in the vicinity of the existing left
and right abutment areas show up to 9 feset of natural medium stifi
clays and medium dense sands (see Figure 17) underlain by general-
1y shallow and variably hard claystone and sandstone bedrock. Pro-
files canstxucteﬁ through the spilluway locations under considera-
tion for this investigation are shown on Figure 7. These profiles
indicate that spillways at either proposed location would be

founded on varying combinations of natural overburden and bedrock

2.

o]

soils that should be capable of supporting conventionally designe
spilluays without abnormal movements.

P,

Stability

bility analyses
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of the dounstream slope performed on an embankment ssction con-
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structed from cross section surveys by Merrick and Company. The
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to assist in judgment
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decisions on proposed raising of the existing dam and use of the
present dam. The assumptions made, although based upon deta which
is not of the highest order of accuracy. indicate the dam to be

stable.

Borrow Material

Our test heles in the reseévoir area upstream of the dam re-
vealed that borrow soils frﬁm within the reservoir area wouid be
predominately clays, as show on Figure 7. Bedrock was found ét
depﬁhs of about 5 feet in ﬁhree of the sixbtest holes drilled
and in general should be at relatively shallow depth. In our
opinion, any of the bedrock soils which woule break down during
excavation and/or in placement could slso be used as a source of
borrmu'material for proposed raises of the dam. However, we do
not believe it uwould be necessary to excavate into bedrock and it
seems probable that more detailed investigations would verify an
adeguate amount of overburden clays of adequste depth for borrou

Se

'

materia

=

SPILLUAY

Our. investigations included an snelyses of spillways to pass

fest ahove The nres Foeromet loyed by mpm o detsils of fthe
get alogve tne pregent Cregt Lleovedl., sChismatlc graiLs O e
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’proposed dam raises and spilluway locations are showun on Figures 8,
8, and 10. Preliminary summaries of cost estimates for these vari-
ous plans are shoun on Table III. In our opinion, all of the
schemes shown are feasible from the soils engineering, hydrologic
and geologic standpoint; however, the scheme involving a 10-foot
raise of the dam and a spillway over the left abutment as showun on
Figure 10, appears to be the most economical of thes three studied.
GENERAL INFORMATION

The exploratory data presented herein were collected to help
develop preliminary design and cost estimates for this project and
“thus have limited value for indicating underground conditions for
final design or contractor bidding and construction. Further in-
vestigations are, in our opinion, necessary to prévide final design
criteria. If it is hecessary to portray uﬁderground conditions
‘well enough to enable contractors to more accurately evaluate con~
ditions for biddiﬂg_and execution of work, we recommend consider~
;ng exploratory work developed for that purpose, aftey the affected
fde&igﬂ& are essentially finalized.

Professional judgments on design alternatives and criteria
are presented in this report., These are based partly on evalua-
tiong of technical im?crmati&n gathered, pactly on our undecstand-

ing of the characteristicsg of the facility being planned, and

3

partly on our general experience with subsurface conditions in the
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area. Ue do not guarantee the performance of the project in any
respect,; cnly that our engineering work and judgments rendered
meet the standard of care of our profession.

The test holes drilled for this investigation uwere spaced to

o

obtain a reasonably accurate picture of subsurface conditions for
preliminary design and cost estimating purposes, Variations {rom
the canditiohs portraved which were not indicated by ths test ex-
plorations frequently appear. Thgse variations are sometimes suf-
ficient to necessitate modifications in even preliminary design

criteria. Construction of earth dams involve the use of natural

materials which, by their nature vary so much that it is not pos-
sible to cover all eventualities in design. Other aspects of con~

struction at this site fall inte the same category. This neces—

sitates guldance in decisions at all stages of future final inves-
tigations and construction which must be mads by competent and ex-
perienced personnel. Ue recommend that additional investigations

be undertaken to provide final design criteriag should you decide

b}

to renocvate Enolewvood Dam. Ue furthasr recommend that construction
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be continuously obessrved b

experienced in the field, to take advantane of all opportunities

to recognize cdiffering conditions and minimize the risk of having
undetected conditions uwhich would affect the performance of the da
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If we can be of further service in discussing the contents

of this report, or in analyses of structural features from the soil

and foundation viewpoint, please call.
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MOIST, LIGHT BROWN, DARK BROUN,
REDDISH-BROWN (CL).

SAND, MEDIUM DENSE, CLEAN TO SLI-
GHTLY SILTY, OCCASIONAL GRAVEL,
MOIST TO WET, LIGHT BROWN (SP-5M).

SAND AND GRAVEL, MEDIUM DENSE TO
DENSE, CLEAN, MOIST, BROUWN
(SP-GP).

CLAY, STIFF, MOIST, BROWUN (CL)
(WEATHERED BEDROCK).

CLAYSTONE, FIRM, MOIST, BROUN,
OLIVE (BEDROCK).

CLAYSTONE, MEDIUM HARD TO HARD,
SLIGHTLY SANDY, THIN LENSED IN

PART, MOIST, BROWUN, OLIVE, DARK
BROWN (BEDROCK).

CLAYSTONE, VERY HARD, SLIGHTLY
SANDY, OCCASIONAL SANDSTONE AND
SILTSTONE LENSES, MOIST, LIGHT
BROWN, DARK BROWN, BROWN, OLIVE
(BEDROCK) . -

SANDSTONE, MEDIUM HARD TO HARD,
OCCASIONALLY CLAYEY, MOIST, BROWN
(BEDROCK).

SANDSTONE, VERY HARD, OCCASIONAL
VERY HARD CLAYSTONE LENSE, MICA-
CEOUS, MOIST, DARK GRAY, DARK
BROWN, BLUE-GRAY (BEDROCK).

INDICATES THAT 32 BLOWS OF A
140-POUND HAMMER FALLING 30
INCHES WERE REQUIRED TO DRIVE
A 2-INCH DIAMETER SAMPLER 12
INCHES.

FREE WATER LEVEL AND NUMBER OF
DAYS AFTER DRILLING THAT MEASURE-
MENT WAS TAKEN.

INDICATES "UNDISTURBED" SHELBY
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(PVC) PIPE IN TEST HOLE FOR
PERMEABILITY TESTS.

DEPTH INTERVAL CALCULATED CO-
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FROM FIELD PERMEABILITY TESTS.

FOR NOTES, SEE FIGURE 4.
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" PROJECTED 40' " PROJECTED 150' PROJECTED I5' : : ’ ’ - .
| '[7 EXISTING DAM FILL, CLAY, STIFF TO VERY STIF !
7 | = Pl sLicHTLY sanoy T0'VERY SanDY, Some cLavaTONE 32/12 INDICATES THAT 32 BLOWS OF A 14D-POUND HAM-
. / ) IO/IZ\ oo b ND SANDSTONE PIECES AND FRAGMENTS. MOIST MER FALLING 30 INCHES WERE REQUIRED TO
- 56 — “ 1 ’ ’ ’ _:
/F;‘!O;’IZ - BROUN, GRAY, RUST-BROUN, YELLOW BROUN (CL). DRIVE A 2-INCH DIAMETER SAMPLER 12 INCHES.
12/12 - | : {
(Ao w T CLAY, STIFF TO VERY STIFF, SLIGHTLY SILTY, =  FREE WATER | LEVEL AND NUMBER OF DAYS AFTER
7/ n SECTION A—A' | SLIGHTLY SANDY TO SANDY WITH VERY OCCASIONAL DRILLING THAT MEASUREMENT WAS TAKEN.
¢ J11/iz R SAND LENSES, OCCASIONALLY GRAVELLY AND CAL-
5580 L2712 — 5580 — = | CAREOUS, MOIST TO VERY MOIST, LIGHT BROWN, DARK INDICATES "UNDISTURBED" SHELBY TUBE SAMPLE.
_ | E
! L s/ | 52 /12 % 209 { BROWN, REDDISH-BROWN (CL). |
KA a0/12 o P z [} SAND, MEDIUM DENSE, CLEAN TO SLIGHTLY SILTY, INDICATES 3-INCH DIAMETER PLASTIC (PVC)
... 21/12 _ 10 |) OCCASIONAL GRAVEL, MOIST T0 WET, LIGHT BROUN r PIPE IN TEST HOLE FOR PERMEABILITY TESTS.
5560 i ,, 35/6 712079 FG/ 6 5560 — (sp-sm). 1
» : ; o i 50/5 ! :
; RURCYVIF: i 50/ | o 1 ] SAND AND GRAVEL, MEDIUM DENSE TO DENSE, CLEAN, DEPTH INTERVAL CALCULATED COEFFICIENT OF
30/6 | o/ 38/6 ‘ o o 20 MOIST, BROUN (SP—GP) : 7 PERMEABILITY (FT./YR.) FROM FIELD
o £ J SCALE IN FEET ’ | k PERMEABILITY TESTS.
s 50/1 CLAYSTONE, MEDIUM HARD TO HARD, SLIGHTLY
5540 : s | I 5540 — SANDY, THIN LENSED IN PART, MOIST, BROUN,
; % S0/2 OLIVE, DARK BROWN (BEDROCK).
, CLAYSTONE, VERY HARD, SLIGHTLY SANDY, OCCASIONAL
TH-5 TH-17 SANDSTONE AND SILTSTONE LENSES, MOIST, LIGHT
c620 ) - EL.5606 EL.5566 sdoo — BROUN, DARK BROUN, BROUN, OLIVE (BEDROCK).
840,090 E oo oye08 SANDSTONE, MEDIUM HARD TO HARD, OCCASIONALLY
PROJECTED 40’ | PROJECTED 35' [ cLAYEY, MOIST, BROWN (BEDROCK). |
g |
5600 J’%/m\ — 5600 ~ NOTES: | |
sl { ¢ ! ; i
r/ie i ‘ *«
:F’]?_G/‘Z : - 1. TEST HOLES WERE DRILLED ON JANUARY 11 TO 18, 1973 WITH A 4-INCH
g | i SECTION B—B' DIAMETER HELICAL AUGER POWERED BY A CENTRAL MINE EQUIPMENT (CME 55)
:F/jw'e | ; DRILLING RIG. ‘
: y ; cen | 2 ,
5580 — \./w”/’z | 2380 7 o 2. ELEVATION AND COORDINATE LOCATIONS ARE APPROXIMATE AND WERE FURNISHED
- | ] 2s/1e < 207 . BY MERRICK & COMPANY.
i o | |
:F/]‘g/'z w o 3. DRILL LOGS IN THIS REPORT ARE SUBJECT TO LIMITATIONS, EXPLANATIONS, | WOODWARD- CLEVENGER & ASSOC.. INC.
L [(Arere ‘ - AND CONCLUSIONS OF THIS REPORT. Consulting Engineers 8 Geologists
5560 So/6 5960 4, THESE DRILL LOGS SUMMARIZE FINDINGS RELIED ON IN FORMULATING THE | Denver, Colorado
. 0 I 1 | ' DESIGN CRITERIA PRESENTED IN THIS REPORT. THE EXPLORATIONS WERE SUMMARY LOGS OF TEST HOLES
50/3 — o © 10 20 - NOT MADE TO DEFINE CONDITIONS FOR CONSTRUCTION NOR IS THE INFORMATION .
y 5074 SCALE INFEET  PRESENTED HEREIN FOR THAT PURPOSE. : ,
- | SECTIONS A—A'8 B-B'
5540 co/a ] | : ENGLEWOOD DAM
f f s Prepared by: 77 g/
% [‘ £ } Job No. 16849-7715
- I FIG. 4




TH-13 l TH-18 LEGEND

| EL.5568 i EL.5565 ;
 ees0 - § N640,228 NEA0AAT, 5620 — MAN-MADE FILL, MIXED PIECES OF SAND- =  FREE WATER LEVEL AND NUMBER OF DAYS
| | A e STONE AND CLAYSTONE, SOME CLAY, | AFTER DRILLING THAT MEASUREMENT
MOIST, BROUN. | WAS TAKEN.
~] TOPSOIL, CLAY, ROOTS, MOIST TO VERY GRADUAL CHANGE IN MATERIALS. EXACT
L 600 5600 — ~!  MOIST, LIGHT BROWN, DARK BROUN. ! P‘{ STRATA CHANGE NOT LOCATED.
~ - EXISTING DAM FILL, CLAY, STIFF TO INDICATES "UNDISTURBED" SHELBY TUBE
L w ai VERY STIFF, SLIGHTLY SANDY TO VERY SAMPLE .
\ N I SANDY, SOME CLAYSTONE AND SAND- :
SECTION C-C z - B 5580 - O STONE PIECES AND FRAGMENTS, MOIST, ) INDICATES PRACTICAL DRILL RIG
ol I ’//’//,//’ | > . BROUN, GRAY, RUST-BROWN, YELLOU ' REFUSAL .
S ; > BROWN (CL). k
u 1
| - P
€97 w ﬁ—‘*\‘\\\“‘--~\\\~__f_____-_~ | . CLAY, STIFF TO VERY STIFF, SLIGHTLY l_- %gSégAgggEsIéNggsglQgigEioRLASTIC
/2 __“_,_,_,,,,,,«—-—--\____.-\\\\\\‘ é SILTY, SLIGHTLY SANDY TO SANDY WITH DERMEABILITY TESTS
10— - 5560 : . - - paa— 5560 — VERY OCCASIONAL SAND LENSES, OCCASION- | )
4500 ALLY GRAVELLY AND CALCAREOUS, MOIST DEPTH INTERVAL CALCULATED COEFFICIENT
TO VERY MOIST, LIGHT BROUN, DARK 5
0 : ‘ BROUN, REDDISH-BROUN (CL) 3 OF PERMEABILITY (FT./YR.) FROM
0O 10 20 ’ N : | FIELD PERMEABILITY TESTS.
SCALE IN FEET 5540 SAND, MEDIUM DENSE, CLAYEY, MOIST, ~
L 5540 LIGHT BROWN (SC).
, i —]  SAND, MEDIUM DENSE, CLEAN TO SLIGHTLY
TH-6 | TH-11 TH-12 : : - SILTY, OCCASIONAL GRAVEL, MOIST TO
5620 | EL 5607 | FL5986 . . ELSoT6 5620 — WET, LIGHT BROWN (SP-SM). |
ENZ?&%,’%%% £2.164.349 E2,|64,2|3 ‘ ; A M UM HARD TO HARD
PROJECTED 60’ PROJECTED 60' PROJECTED 50 2 CLAYSTONE, MEDI A , ;
( | ~ | | 1 SLIGHTLY SANDY, THIN LENSED IN PART, FOR NOTES, SEE FIGURE 4
7 | MOIST, BROWN, OLIVE, DARK BROUN |
Y/ : ’ i
] 1412 ' CLAYSTONE, VERY HARD, SLIGHTLY SANDY,
- D . - . OCCASIONAL SANDSTONE AND SILTSTONE
5 ] isﬁf w LENSES, MOIST, LIGHT BROWN, DARK BROUWN,
N j’z , . BROWN, OLIVE (BEDROCK).
bd /] 15/6 z
SECTION D-D' S | 5580 o i 5580 — 2 77 SANDSTONE, MEDIUM HARD TO HARD, OC-
< (A = < ié CASIONALLY CLAYEY, MOIST, BROWN
o y Pai/ie 30/6 7| 1312 u (BEDROCK) . .
20 7 m L e 7 w > WOODWARD- CLEVENGER 8 ASSOC., INC.
L, e/ 50/3 L1 17/12 |
/,/:] . o/3 ___/ 13/12 SANDSTDNE, VERY HARD, OCCASIONAL VERY H;ARD ConsuHing Engineers a8 Geologisfs
5 R ;
0 | s560 A18/12 , i o | 5560 CLAYSTONE LENSE, MICACEOUS, MOIST, DARK Denver, Colorado
2 [ plo/ie ; 50/4 T 2 GRAY, DARK BROWN, BLUE-GRAY (BEDROCK).
' b A 2210 | SUMMARY LOGS OF TEST HOLES
L Ths/12 | R INDICATES THAT 32 BLOUS OF A 140-POUND HAMMER
0 ! i - o 38/12 - ] is/12 | FALLING 30 INCHES WERE REQUIRED TO DRIVE A 2- SECTIONS C—C'8& D-D
9 o 29 50/4 { : , 50/4 . INCH DIAMETER SAMPLER 12 INCHES. A
SCALE IN FEET L 5540 - 5540 — | 1 ENGLEWOOD DAM
50/6 f 50/3 | ;
50/5 50/3 1 ‘ . Prepared by: 7 &2
3 Job No. 16849 —7715
. L L .

§ | ! FIG. 5



PROFILE F-F'—RIGHT
ABUTMENT SPILLWAY

ELEVATION-FEET

—

PROFILE E-E'- LEFT
ABUTMENT SPILLWAY

TH-9
EL.5601

N640,102
£2,164,970

PROJECTED 60'W.

(ON-FEET

ECEVAT

PROJECTED 240'E

— 5600

— 5580

TH-3
EL.5608

N639,826
£2,163,13]

8/12

18/12
26/12
rég;m
24/9
i a0/6
130/6
1 43/6

Al

-

TH-15

TH—-4 TH-16 TH-20
EL. 5608 EL 5598 EL.5598 EL.5567
N639,955 NG40,104  N640,I17 N640,44]
£2,163,514 E2,162,910 E2,163,498 E2,163,360

PROJECTED IS0'W. PROJECTED PROJECTED
410'E. 180'W.
]
[~
Ve ) 10/12
L
Ao/ -
’F
A 2
//tz/m ] 34/12
12 -

o |16/ -
' A L1/12

— 5560

— 5540

N,

TH-8
EL 5601

N640,374
E 2,164,858

PROJECTED 30'W.

TH-10
EL 5596

N 640,68l
£2,64,659

PROJECTED 60'S

TH-19
EL.5578

N640,714
2,164,289

5600

5580

5660

5540

ELEVATION-FEET

20

0

-

l 1
o 50 100

SCALE IN FEET

5600 ———— ey S —
24 30/6
| 41/6
. 50/4
50/4
5580
5560
5540 - ;
|

5600

5680

5560

5540

ELEVATION-FEET

LEGEND
~| TOPSOIL, CLAY, ROOTS, MOIST TO
32 VERY MOIST, LIGHT BROWN, DARK
BROWN.
(7] EXISTING DAM FILL, CLAY, STIFF
2: TO VERY STIFF, SLIGHTLY SANDY TO

20 =

10

Y T 1
@] 50 100
SCALE IN FEET

VERY SANDY, SOME CLAYSTONE AND
SANDSTONE PIECES AND FRAGMENTS,
MOIST, BROWN, GRAY, RUST-BROUN,
YELLOW-BROWN (CL).

CLAY, STIFF TO VERY STIFF, SLIGHTLY
SILTY, SLIGHTLY SANDY TO SANDY

WITH VERY OCCASIONAL SAND LENSES,
OCCASIONALLY GRAVELLY AND CALCAR-
EOUS, MOIST TO VERY MOIST, LIGHT
BROWN, DARK BROWN, REDDISH-BROWN
(cL).

SAND, MEDIUM DENSE,
LIGHT BROUN (SC).

CLAYEY, MOIST,

SAND, MEDIUM DENSE, CLEAN TO SLI-
GHTLY SILTY, OCCASIONAL GRAVEL,
MOIST TO WET, LIGHT BROUN (SP-SM).

SAND AND GRAVEL, MEDIUM DENSE TO
DENSE, CLEAN, MOIST, BROUN
(SP-GP).

CLAYSTONE, MEDIUM HARD TO HARD,
SLIGHTLY SANDY, THIN LENSED IN
PART, MOIST, BROWN, OLIVE, DARK
BROWN (BEDROCK).

CLAYSTONE, VERY HARD, SLIGHTLY

SANDY, OCCASIONAL SANDSTONE AND
SILTSTONE LENSES, MOIST, LIGHT

BROWN, DARK BROWN, BROWN, OLIVE
(BEDROCK) .

FOR NOTES, SEE FIGURE 4.

2

T

SANDSTONE, MEDIUM HARD TO HARD,
OCCASIONALLY CLAYEY, MOIST,
BROWN (BEDROCK).

SANDSTONE, VERY HARD, OCCASIONAL
VERY HARD CLAYSTONE LENSE,
MICACEOUS, MOIST, DARK GRAY,
BROWN, BLUE-GRAY (BEDROCK).

INDICATES THAT 32 BLOWS OF A
140-POUND HAMMER FALLING 30
INCHES WERE REQUIRED TO DRIVE
A 2-INCH DIAMETER SAMPLER 12
INCHES,

FREE WATER LEVEL AND NUMBER OF
DAYS AFTER DRILLING THAT MEASURE-
MENT WAS TAKEN.

INDICATES "UNDISTURBED" SHELBY
TUBE SAMPLE.

DARK

INDICATES 3-INCH DIAMETER PLASTIC
(PVUC) PIPE IN TEST HOLE FOR
PERMEABILITY TESTS.

DEPTH INTERVAL CALCULATED CO-
EFFICIENT OF PERMEABILITY (FT./YR.)
FROM FIELD PERMEABILITY TESTS.

WOODWARD-CLEVENGER & ASSOC,, INC.
Consulting Engineers 8 Geologists

Denver, Colorado

SUMMARY LOGS OF TEST HOLES
PROFILE E-E' & F—F'PROPOSED
LEFT AND RIGHT ABUTMENT
SPILLWAYS
ENGLEWOOD DAM

Prepared by: 7O
Job No..16849~7715

FIG. 6



DEPTH-FEET

BH-I BH-2 BH-3 BH-4 BH-5 BH-6
EL.5598 EL.5600 EL.5599 EL.5599 EL.5592 EL.5593
N 639,832 N 639,534 N 639,169 N 639,099 N 638,821 N638,421
£2,i164,732 E2,164,921 E2,165,I51 E2,163,779 E 2,164,098 E2,164,562
2]
“ 7
Y L/ //
A /iR A ,
4 // /]
Y/ 4
A (' B A
y V | 30/9 " 30/12 y | 25/12
/ % //
// // y
// @
/
( / = [ A
/
-, A
B /
Ve
(A
%
/
(A
//

20

30

40

DEPTH-FEET

!

; o R -
{

LEGEND

TOPSOIL, CLAY, ROOTS, MOIST TO
VERY MOIST, LIGHT BROWN, DARK
BROWN.,

333

CLAY, STIFF TO VERY STIFF, SLIGHTLY
SILTY, SLIGHTLY SANDY TO SANDY WITH
VERY OCCASIONAL SAND LENSES, 0OC-
CASIONALLY GRAVELLY AND CALCAREOUS,:
MOIST TO VERY MOIST, LIGHT BROUN,
DARK BROWN, REDDISH-BROWN (cCL).

CLAYSTONE, MEDIUM HARD TO HARD,
SLIGHTLY SANDY, THIN LENSED IN PART,
MOIST, BROWN, OLIVE, DARK BROUN
(BEDROCK).

SANDSTONE, VERY HARD, OCCASIONAL

VERY HARD CLAYSTONE LENSE, MICACEOUS,
MOIST, DARK GRAY, DARK BROWN, BLUE-
GRAY (BEDROCK).

INDICATES THAT 32 BLOWS OF A 140-
POUND HAMMER FALLING 30 INCHES
WERE REQUIRED TO DRIVE A 2-INCH
DIAMETER SAMPLER 12 INCHES.

z

32/12

FREE WATER LEVEL AND NUMBER OF
DAYS AFTER DRILLING THAT MEASURE-
MENT WAS TAKEN,

FOR NOTES, SEE FIGURE 4.

WOODWARD-CLEVENGER 8 ASSOC., INC.
Consulting Engineers 8 Geologists

Denver, Colorado

SUMMARY LOGS OF TEST HOLES]
RESERVOIR BORROW AREA

| ENGLEWOOD DAM

Prepared by: 7

Job No. 16849-7715

| - FlI6. 7



CREST ELEV. 5611

ELEV. 5609

00 YEAR FLOOD ™

g PMP WATER LEVEL

ELEV. 5600

RAISED DAM

EXISTING
DAM

1" = 40

SCALE

DAM CROSS SECTION

NEW

CONCRETE LINED SPILLWAY

4,000 C.F.S.

FOR Q

= 56009

HW.L ELEV
460" ELEV.= 5600

ELEV = 5611

SAM

--5550-.

-£NEW DAM CREST ELEV. 561l

580 oo mm e

e m—— 5

ENGTH =

WEIR

s S

> -7
\

& Geologists

gineers

En
Denver, Coiorado

LEFT ABUTMENT SPILLWAY

Consulting

DAM RAISED

5 FEET
ENGLEWOOD DAM

70T
16849 - 7715

Prepared by
Job No.

.|WOODWARD-CLEVENGER & ASSOC,, INC.

\
N

M RAISED 5 FEET

DA

"

SCALE 1" =200

FIG. 8




CREST ELEV. 5611

ELEV. 5609

!
i

v PMP WATER LEVEL

RAISED DAM

100 YEAR FLOOD

ELEV. 5600

EXISTING
DAM

SCALE 1" = 40'
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CREST ELEV. 5616

ELEV. 5614

2

PMP WATER LEVEL

ELEV. 5600

100 YEAR FLOOD

RAISED DAM

EXISTING
DAM

NEW CONCRETE LINED SPILLWAY

FOR Q

CROSS SECTION

DAM

35,000 C.F.S.

SCALE "= 40

5616 HWL. ELEV. = 5614

DAM ELEV.

ELEV. =5600

200’

WEIR LENGTH

LS "

NEwW DAM CREST.ELEV

5611

N

DAM

a

55§o e

EXISTING

gineers & Geologists

En
Denver, Colorado

LEFT ABUTMENT SPILLWAY

Consulting

DAM RAISED.

IO FEET
ENGLEWOOD DAM

16849 ~7715

Prepcred by: 7 L2 I

Job No.

IWOODWARD-CLEVENGER & ASSOC,,INC.

PLAN
AM RAISED IO F

N
\

EET.

i

D

200

SCALE 1"

FLG. 10




ELEVATION—-FEET

— 5620

~ 5610

~ 5600

~ 5580

—5570

— 5550

FILLED IN RESERVOIR

REFERENCE :

H
1
| H
H B4
i i
i i

ASSUMPTIONS

|
]
|
i

COHESION

SOIL WET DENSITY

| } EXISTING DAM 120
STABILITY ANALYSIS PERFORMED ON A 4 | NATURAL GROUND 120
COMPUTER USING "LEASE" PROGRAM OF 1 ‘ t
APPLIED GEODATA SYSTEMS, INC. AFTER

THE MODIFIED BISHOP METHOD. : ; |

ARC FOR LOWEST FACTOR OF SAFETY — - \
CONSIDERING APPROXIMATELY 90 TRIAL CIRCLES
FS=40 *

ASSUMED

ORIGINAL GROUND T

20°
10°

1500 PSF
2500 PSF

\ /NATURAL GROUND

ASSUMED TOP OF BEDROCK

-

SCALE!I"=10

5600

i
i BE SR
BEED

5860 —

EVATION —FEET™

i
.

E!

.
WOODWARD-CLEVENGER 8 ASSOC,, INC.
Consulting Engineers 8 "Geologists

Denver, Colorado

STABILITY ANALYSIS

ENGLEWOOD DAM

Prepared by: Z:OJ’I

Job No. 16849—-7715
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FLOW IN CUBIC FEET PER SECOND

4500 = «
%
PEAK = 4100 CF S.
4000 = i
3500 -
100 YEAR STORM INFLOW HYDROGRAPH
3000 -
g
2500 =
2000 -
1500 =
1000 -
WOODWARD- CLEVENGER 8 ASSOC., INC.
500 - ; . _ : Consulting Engineers 8 Geologists
100 YEAR STORM OUTFLOW HYDROGRAPH ,/ EAK =200 CFS Denver, Colorado
( ” _ e 100 YEAR STORM INFLOW
a \\ ~v}’Li AND OUTFLOW HYDROGRAPHS
0 , ; ,_ . r ‘ , : = —\— l | FLOW THROUGH 36 INCH
0 | 2 3 a4 5 6 7 8 9 10 70 71 70 UNGATED OUTLET
ELAPSéD TIME IN HOURS FROM START OF STORM ENG;EWOOD DAM_
v ; ; Prepared by: __ : ]
; Job No. 16849-7715 l

FIG. 12



45,000 =

PEAK = 44,200 CFS.

PMP™ INFLOW HYDROGRAPH j % PROBABLE MAXIMUM

PRECIPITATION

PEAK = 40,900 C.F.S

40,000 =
35,000 +
30,000 —

Q

p=d

O

O

w

9]

o

W 25 000 -

"

m PMP* OUTFLOW HYDROGRAPH

o “ 460" SPILLWAY CREST LENGTH

D 20,000

[&

g |

>

O

=

"

WOODWA’F-?D-CLEVENGER 8 ASSOC., {NC.
Consulting Engineers B Geologists

Denver, Colorado

PROBABLE MAXIMUM INFLOW

: ; AND OUTFLOW HYDROGRAPHS
' ASSUME 460 FEET WIDE
: SPILLWAY CREST
T T T T 1 T 1
I 2 3 4 5 6 7 8 9 0 ENGLEWOOD DAM

RN ‘-..'
ELAPSED TIME IN HOURS FROM START OF STORM Prepared by: /i i |
. | Job No. 16849-7715

~ | | | FIG. 13

B




PEAK = 44,200 CF.S.

* 1 | % PROBABLE MAXIMUM
PMP”™ INFLOW HYDROGRAPH PRECIP [TATION

PEAK = 35,100 C.F.S.

PMP* OUTFLOW HYDROGRAPH
200' SPILLWAY CREST LENGTH

FLOW I[N CUBIC FEET PER SECOND

- : WOODWARD- CLEVENGER & ASSOC,, INC.
, : ~ Consulting Engineers 8 Geologists

Denver, Colorado

PROBABLE MAXIMUM INFLOW
AND OUTFLOW HYDROGRAPHS
: , ; ASSUME 200 FEET WIDE
T T T T T L L T T 1 SPILLWAY CREST
! 2 3 4 S 6 7 8 9 10 ENGLEWOOD DAM
ELAPSED TIME IN HOURS FROM START OF STORM

- g Prepared by: 7+ | I -
| Job No. 16849-7715

FIG. 14




IN FEET

ELEVATION

5615

561C

5605

5600

5595

5590

5585

5580

5570

DAM CREST ELEVATION WITH 200" SPILLWAY CREST LENGTH = 5616

DAM CREST ELEVATION WITH 460" SPILLWAY CREST LENGTH =561

——————— EMERGENCY SPILLWAY CREST ELEVATION =560C

100 YEAR STORM —

/36" UNGATED OUTLET ELEVATION = 5574

/

_—PMP* STORM 200' SPILLWAY CREST LENGTH

e

PMP* STORM-—
460" SPILLWAY CREST LENGTH

¥ PROBABLE MAXIMUM PRECIPITATION

|
30
ELAPSED TIME

1 I
35 40
IN HOURS FROM

START

T
45
OF STORM

55

70

WOODWARD- CLEVENGER 8 ASSOC,, INC.
Consulting Engineers 8 Geologists

Denver, Colorado

WATER SURFACE ELEVATION
VS TIME FOR 100 YEAR AND
PROBABLE MAXIMUM STORMS

ENGLEWOOD DAM

- Preparedby: I

Job No. 16849-7715

FIG. 15




"FORM NG

s e WOODWARD—CLEVENGER & ASSOCIATES, INC.
ot ' GRADATION ANALYSIS
[ HYDROMETER ANALYSIS SIEVE ANALYSIS ]
) N SAND GRAVEL |

CLAY (PLASTIC) TO SILT (NON-PLASTIC) FINE ] WeEDIuM | COARSE FINE TOARSE JCOBBLES
25'HR 7ug  TIME READINGS . US STANDARD SERIES CLEAR SQUARE OPENINGS |
43MIN. ISKIN,  GOMIN I9MIN  4MiN IHIN. #200 ¥#ico ®s0  ®¥30 % ¥y #q 3/ 3 7S 3" 5" s"o
100 e
ol TEST HOLE (NO.| 4 _ 1

| AT|DEPTH 39.0| FT | y .

E 70 A 30 .
® z
L2314 40 -
Eso /// SAND, BRAVELLY, |, =
) ™~ . P‘
5 s /A |CLAYEY (sE) =
v / o
oS [ I A E R A B R T 70
/"/ o
20 //‘”/ 80
0 ’” LIQUID, LIMIT |= 2B.9 w0
0 PLASTICITY INDEX = 12.0 o
Helv) — o
| TEST HOLE (NO,| 5 A )

AT DEPTH 38.0+40,0 FT.

PERCENT RETAINED

PERCENT RETAINED.

g v - 20
§ &0 4 40
® b CLAY, SANDY (CL) |,
z
'3 40 60
o
a" 30 70
20 : 80
o LIQUID LIMIT = B1.8 o
. PLASTECITY INDEK ={17.1 0o
100 A ——— Y
.| TEST HOLE INO. 6 T x
) o ’
ol AT DEPTH 43 —| 45 FT v
[
E 70 30
2 80 40
* e CLAY, SANDY ({CH) |,
prad
g 40 80
i
g 30 70
44 80
" LIQUID LIMIT = 52,5 5
. PLASTECITY INDEK =]|26.5 o
001 002 008 009 0ig 037 074 149 287  8%0 [RE:} 2.38 476 9.52 19.1 38 76.2 127 200
i DIAMETER OF PARTICLE IN MILLIMETERS

‘Job No. 16B849-7715 | FIG. 16




 WCAl 4

. WOODWARD_CLEVE
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TABLE |
SUMMARY OF LABORATORY TEST RESULTS

NATURAL INATURAL DRY ATTERBERG LIMITSIUNCONFINED|TRIAXIAL SHEAR TESTS

HOLE DEPTH MOISTURE | DENSITY | L1QUID |PLASTICITY[COMPRESSIVEN DEVIATOR | CONFINING SOIL TYPE
(FEET) (70) (PCF) | U/M!T | NDEX | STRENGTH | STRESS | PRESSURE
(%) (%) (PSF) {(PSF) (PSF)
4 3.0 10.4 | 105.1 17700 (Fill) |CLAY, very sandy,
brown L
4 13.0 | 1l4.1 105.0 17736 (Fill) |CLAY, sandy,
brouwn L
4 23.0 17.3 97.4 10684 (Fill) |CLAY, very sandy,|

claystone chips,
brown & ysllou

4 33.0 17.0 101.4 5806 (Fill) |CLAY, sandy,
brown

4 39.0 5.2 28.9| 12.0 SAND, gravelly,
clayey, brown

4 43.0 20.0 98.2 15228 CLAYSTONE, very

sandy, broun to
rust-brown

4 53.0 21.3 105.3 13717 CLAYSTONE, gray
brown .
5 5.5 14,2 106.2 9516 (Fill) |CLAY, sandy,

gray & brouwn
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TABLE !
SUMMARY OF LABORATORY TEST RESULTS
N NATURAL NATURALDRYATTERBERGLNMTSuNCONQEED"muaxxALSHEARWGSTS ,
THOLE MOISTURE DENSITY L1QUID |PLASTICITY|/COMPRESSIVEN pEviATOR CONFINING SOiL TYPE
(FEET) (o) (PCF) LIMIT | INDEX | STRENGTH | STRESS | PRESSURE
(%) (%) (PSF) (PSF) (PSF)
5 15.0 16.5 102.8 13851 (Fill) |CLAY, sandy,
brown
5 25.0 11.6 119.4 26553 (Fill) |CLAY, sandy,
browun to rust=
brown
5 38-40 17.3 105.6 31.8 17.1 6438 2160 (Fill) |CLAY, sandy,
18.5 107.7 8078 4320 brown
16.7 108.9 13110 8640
23.6 96.4 4320
5 44,5 26.1 97.1 5734 (Fill) |cCLAY, slightly
sandy, broun,
rust brown, gray
5 55.5 27.6 94.3 4574 (Fill) |CLAY to weathered
claystone, brouwn
to greenish brour
5 63.0 16.4 110.5 20760 CLAYSTONE, brown
5 73.0 16.2 108.1 10499 SANDSTONE,
slightly clayey,
‘ gray ‘
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TABLE |
SUMMARY OF LABORATORY TEST RESULTS
earn | MATURAL NATURALDRYATTERBERGLum75é§§§g;ggii TRIAXIAL SHEAR TESTS
HOLE MOISTURE DENSITY LiQUID [PLASTICITY - 551 DEVIATOR | CONFINING SOIL TYPE
(FEET) R (PCF) LIMIT | INODEX | STRENGTH | STRESS | PRESSURE
{%) (%) (PSF) (PSF) (PSF)
5 88.0 20.0 | 105.6 | 27901 CLAYSTONE, brown|
6 8.0 21.8 | 102.4 8812 (Fill) |CLAY, sandy, |
brown to rust- |
brown '
6 15.5 19.8 105.4 17079 ‘ (Fill) |CLAY, sandy,
brown to rust-
brown ‘
6 25.0 14.6 110.6 20766 (Fill) |CLAY, sandy, ;
' brown to rust & |
gray |
6 34.0 12.9 118.0 27563 (Fill) |cLaAY, sandy,
brown
6 43.0-48.0 25.9 96.3 52.5| 26.5 2385 | 2160 CLAY, sandy,
24.5 101.0 8321 4320 brouwn :
30.1 91.1 10091 8640
30.3 93.6 5242 4320
6 | 54.5 27.1 97.8 2690 CLAY, sandy, x
’ brown to rust- |
| brown b
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TABLE |
SUMMARY OF LABORATORY TEST RESULTS
NATURAL NATURALDRYATTERBERGLJM:TSUNCO&F}QED TRIAXIAL SHEAR TESTS|
HOLE DEPTH | MOISTURE | DENSITY | L1guiD [PLASTICITYICOMPRESSIVEl DEVIATOR | CONFINING SOIL TYPE
(FEET) () (PCF) LIMIT | INDEX | STRENGTH | STRESS | PRESSURE
(%) (%) (PSF) (PSF) (PSF)

6 63.0 17.8 111.4 15314 CLAYSTONE, sandy,|
gray -

16 8.0 2.2 Non-Pllastic SAND, silty,
brown




TABLE II
SUMMARY OF FIELD PERMEABILITY TESTS

NATURAL
TEST INTERVAL WATER CALCULATED
HOLE TESTED TYPE OF LEVEL QUANTITY PERMEABILITY
NO. (FEET) TEST (FT.) (GPM) (FT./YR.)
3 0-39 Gravity Dry 2.1 17
5 0-30 Gravity Dry 2.6 39
6 0-30 Gravity Dry 0.3 4
7 0-28.5 Gravity Dry 0.09 1
11 0-27.2 Gravity Dry 0.3 5
13% 0-8 Gravity Dry 0.7 96
13 © 12.5-17.5 Gravity 14 3.7 4500
14 0-33,2 Gravity 12 0.5 7
NOTE S:
1. Gravity tests were made with a 3-inch diameter casing
in the hole.
2. Ground water level was assumed to be below bottom of

hole unless otherwuise indicated.

REFERENCE: U. S. B. R. Earth Manual, U. S. Government
Printing Office, Washington, 1968. p. 544

*¥Test conducted in hole drilled adjacent to TH-13

~ Job No. 16849-7715
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TABLE III .
REHABILITATION OF ENGLEWDOD DAM FOR PROBABLE MAXINMUM PRECIPITATION FLOOD CONDITION ..o ..

PERTINENT DATA ‘g

ALTERNATIVES
: , : 5 FT. RRISE S FT. RAISE e 10 FT. RAISE
Rsservoir ‘ EXISTING DAM SPILLWAY ON LEFT SIDE SPILLWAY ON RIGHT SIDE SPILLWAY ON LEFT SIDE
Mater £lasvation ~ Ft. 5600 5609 5609 i 5614
- 100 Year Flood , !
Aree Inundated .= Acres . 80 140 ) ) 140 S S SR 160
Dam ) : :
Crezst Elevation L~ Fi. . 5606% 5611 5611 5616
Crest Length - ft, . 17000 2250 « - 2250 - et 2300
Spilluay .
Discharge Capacity ~ ofs —— 41,000 41,000 : ?V 35,000
Crest Elevation - Ft. : 5600 5600 seon 7 seoo
Weir Length - Ft. _— 460 460 S 200
Chute Width - Ft. , — 290 to 200 290 to 200 : 130 4o 120
(crest to stilling basin) {crest to stilling basin) " (crest to stilling basin)
Chute Length ~ Ft, : e ) 810 : - 1380 o 810
Cost _ ' COST ESTIMATES :
1TEN UNIT COST ‘ QUANTITY TOTAL COST QUANTITY TOTAL COST QUANTITY TOTAL COST
Stripping : §l.DO/YQZ : — 15,000 815,000 15,000 $15,000 21,000 $21,000
futlet Extension Lump Sum — . 1 $ 5,000 1 8 5,000 -1 $10,000
Riprap @ Dam Tos $10.00/¥0” L : 200 $ 2,000 200 § 2,000 o “Véauo § 4,000
Dam Fill §0.20/Y0°% — _ 30,000 $ 6,000 30,000 $ 6,000 45,000 $ 9,000
50.75/Y03** — o i — — 30,000 $22,500
Spilluay By Anderson & Hastings $1,060,850 $1,243,500 s $615,500
: $1,068,850 , $1,271,800 F $687,400
10% Contingency 168,900 127,200 % 68,200
Engineering {design : i
and construction o
observation) 130,500 153,000 e 81,700
TOTAL = $1,5328,250 , $1,552,000 Lo $832, 300

*Dam Materizls From
Spilliuwey Excavation
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