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RECONNAISSANCE 

HYDROLOGIC & ENGINEERING INVESTIGATIONS 
ENGLELJooD DA~l 

ARAPAHOE COUNTY, COLORADO 

INTRODUCTION 

This report presents results of our Phase I engineering and 

geologic investigations for Englewood Dam, located on LJillow Creek, 

a tributary of Little Dry Creek. The study is an initial phase of 

an overall study of the Little Dry Creek Basin intended to define 

and evaluate drainage problems associated with ur.'anization of' the 

basin. 

The objectives of our study were: (1) to determine whether 

the dam and its appurtenant facilities could safely retain flood 

flows associated with the loo-year average frequency recurrence 

storm, (2) to determine whether the dam and its appurtenant fa 1 

ties could safely pass flood flows associated with the probable 

maximum precipitation (PMP) storm, and (3) to formulate preliminary 

opinions and criteria necessary to prepare feasibility-grade cost 

e8 mate8 for renovation of the dam if necessary to permit it to 

pass PMP storm. All evaluations of runoff are based on assumed 

residential and commer al development of the are8. 

our im/ssti tions are summarized on Fi UclS I 

through 20, and bles It II~ and III. 

I 
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CONCLUSIONS 

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

(2) We believe either the proposed ralslng of Englewood Dam by 
either 5 feet and construction 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 III is a summary of hydrologic and reconnaissance-grade 
cost data relating to possible rehabili tion of Englewood 
Dam to the extent necessary to permit it to pass the maximum 
probable flood occurrence. 

(4) Maintenance costs for a rehabilitated Englewood Dam designed 
to safely pass the probable maximum flood occurrence should 
be relatively minor. 

PROJECT DESCRIPTION 

Englewood Dam is an earthfill structure having a capacity of 

about 1200 acre-feet which was built during the mid-1930's to par-

tially control flood flows of Little Dry Creek. It is located on 

Willow C~eek in Section 29, Township 5 South, Range 67 West, a 

short dis C8 upstream of its conflu~ncB with Little Dry Creak, 

as own on Figure I Willow Creek and Little ere k are 

typi Iy dry. 

a approximat 9 1/2 s are mile watarsh d contribu ng 

En ewood Rese voi is gen y rollin and is p sen y covered with 
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grass and weeds. Only a 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. 

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!:1 and the downstream slope 

is about 2:1. The principal water outlet from the dam is an un-

gated 36-inch diameter concrete pipe haVing a maximum capacity of 

about 200 cubic feet pei second with water level at the crest of 

the dam. The outlet is located near the toe of the dam in the 

natural stream channel. In addition to the ungated outlet the dam 

is equipped with two unlined emergency spillways. Elevations and 

dimensions of principal festures of the dam are as follows: 

Elevation of top of dam 5606 feet. 
Elevation of spilllJay crest 5600 feet. 
Elevation of ungatod outlet 5574 feet. 
SpilhJay widths: Left 100 feet. 

Right 70 feet~ 

INV TIGATIor~S 

Soils and geologic investig ions for this rep6rt were in-

i ated and substan lated by March 1973. The inve8 

tions in udsd the ling of 20 t holes in the dam area and 6 

test les in e rase Ifoir area~ ~co 
d. ... j located on Fi I'e 2. The 

h e in the are8 in u d 5 along t a of the 3 ong 

n .lex-earn 8 of clam, th reE) .1 0 faat l:Hlstrealll of the 
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downstream toe of the dam, 3 along the alignment of each unlined 

spillway on the left and right abutments, 2 along the alignment of 

each spillway discharge channel, and 1 near the present outlet 

works. Penetration tests were made in these test holes to aid in 

identifying the underground materials and to provide data on in­

place firmness of the soil and hardness of the rock. "Undisturbed!' I 

Shelby ~ube "pu~hl' samples were al~o 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 tests were 

also performed in selected test holes in the dam and downstream of 

the dam to help ~0Blu~te 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-

tion analyses, Atterberg limits, standard compaction, urlcbnfined 

compression and triaxial compression tests. 

Our hydrologic investigations included (1) theoretical deter-

'mination of and routing of the 100~·year and P floods through the 

reservoir to de rmine adequacy of the existing dam to pass these 

floods~ (2) calculation of illway weir len hs necessary to pass 

the P Dod occurrence ~s ng t were to be 

eithl3I' 5 feet or 10 feet, and (3) c etion of the areB inun ted 

fo 8a clam height in c:('e8 Bf:1- I ncl u ded . is a re connai ssan ce· .. grad 

INC. :::::::::::::::::.:::::::::::..",:::===:.:;.::::::::;==:;==:::::!j 
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assessment of costs necessary to raise the dam for assumed condi-

tions of 5 feet and 10 feet. 

HYDROLOGY 

The estimation of probable peak rates and volumes of flow for 

any given average frequency flood occurrence is typically based 

on an evaluation of available information, extrapolation of av~il-

able information, and judgment by the hydrologist. We have based 

our calculations of flood magnitude for the IOO-year average recur-

rence storm 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 information prepared by the U. S. Weather Bureau as 

it relates to the maximum probable storm. In addition, we have 

assumed watershed runoff characteristics based on our field inspec-

tion of the area and calculated time of storm concentration. Items 

used in the calculation of the storm hydrographs and results are 

as follows: 

100-year storm = 4.7 inches in 6 hours 
P storm = 22 inches in 6 hours 

me of storm can centra on = 1.5 hours 
Runoff ctor = Curve No. of 80* 
lOO-year storm peak = 4100 cubic fest per second 

(Figure 12) 

ased on procedures used by U. S. Bureau of amation and Soil 
Conserv on Service 
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100-year storm volume = 1300 acre-feet 
PMP storm peak = 44,200 cubic feet per second (Figure 13)1 
PMP storm volume = 9700 acre-feet 

Results of our analyses indicate the existing dam should con-

tain the 100-year average frequency flood occurrence assuming 

operation of the ungated outlet. Al though 'Water lev'sl would be 

at emergency spillway crest elevation, as shown on Figure 15, the 

emergency spillways would not operate. We would expect less fre-

quent storm occurrences to result in operation of the emergency 

spillways. 

We were directed by Mr. Scott Tucker of the Urban Drainage 

and Control District to evaluate spillway size required to pass 

the maximum probable flood occurrences based on raising of the dam 

embankments by either 5 feet or 10 feet. Results of the study for 

raising the dam by 5 feet reveal a 460-foot wide spillway weir 

length would be required. A 200-foot spillway weir length would 

be required if the dam were raised by 10 feet. Both conditions 

assume 2 feet of freeboard above the probable maximum high water 

elav'ation. Inflow and outflow hydrogr hs and water elevations for 

I 
the 5-foot raise are shown on Figures 2,13'andl hy 0- ! 

I graphs for the 1 foot raise are shown on Fi res 2, lL~and 15. 

GE OG\f 

The and reservoir is underl n by the D son-Arkose form 

on compr Itston s and claystones. 
INC. ;,~:=====:==;:,..:::::::=::;=~::===::;::::.:::J 



Bedrock is mantled throughout the reservoir area by slopswash and 

alluvial soils 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 through the dam abutments and 

dam foundation should be minimal due to the clayey nature of the 

soils. 

DAM, 

Subsoil 

Our test holes show that the existing dam is constructed pri-

marily of stiff to very stiff clays, with occasional sandstone and 

claystone pieces, and is underlain by natural medium stiff to stiff 

clays, medium dense sands, and thence by claystone and sandstone 

bedrock. On a profile constructed along the centerline of the 

dam (s8e Figure 3) the aystone-sandstona bedrock uas found at 

'depths of up to 20 fset below natur ground. Laboratory test 

data from st as drilled on the exi ng are shown on 

Figures 16 and 18 throu h 20. 

The te les drilled ong ~ aXlS of e m appeared to v 

veri a cutoff t anch as wn on the 1936 an . st holes 

led s of e m ow man-made f 11 in one test h 8 
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and 10 to 28 feet of medium stiff clays and medium dense sands 

underlain by claystone and sandstone bedrock at depth of 10 to 30 

feet. Four sections constructed through the dam, showing subsoils 

found in our test holes in the dam and downstream of the dam are 

shown on Figures 4 and 5. In our opinion, the natural soils and 

the soils in the downstream section of the present dam are adequate 

to support the larger, higher proposed dams. 

Our test holes drilled in the vicinity of the existing left 

and right abutment areas sho~ up to 9 feet of natural medium stiff 

clays and medium dense sands (see Figure 17) underlain by general- I 

1y shallow and variably hard claystone and sandstone bedrock. 
I 

pro-I 

files constructed through the spillway locations under considera-

tion for this investigation are shown on Figure 7. These profiles 

indicate that spillways at either proposed location would be 

fOUllded on varying combinations of natural overburden and bedrock 

soils that should be capable of supporting conventionally designed 

illways without abnormal movements. 

s 

Our inves gations in uded theoretical stability analyses 

of the rlstrearn ope performed on an ernban ent sec n COll-

Oi11 cros sec on surveys b T' cl< all d C any. Th 

I' suI 4~ ("' 
~w 0 this s·t an YS8S ar(~ shown on Figure 11. This 

an y ~ ua ri to p ovid informs on .8 81. st: in ju nt C> l., 
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decisions on proposed raising of the existing dam and use of the 

present dam. The assumptions made, although based upon data which 

is not of the highest order of accuracy, indicate the dam to be 

stable. 

Borrow r'1aterial 

Our test holes in the reservoir area upstream of the dam re-

vealed that borrow soils from within the reservoir area would be 

predominately clays, as show on Figure 7. Bedrock was found at 

depths of about. 5 feet in three of the six test holes drilled 

and in general should be at relatively shallow depth. In our 

opinion, any of the bedrock soils which would break down during 

excavation and/or in placement could also be used as a source of 

borrow material for proposed raises of the dam. However, we do 

not believe it would be necessary to excavate into bedrock and it 

seems probable th more detailed investigations would verify an" 

adequate amount. of overburden clays of adequate depth for borrow 

materi s< 

SPILLWAY 

Our \18S ti ons in uded an ')/888 of illLJsys to pass 

p oDd wi out overt ing th ,~ss ng the dam Llef'(-'"! 

r sed ( ) 5 et above 8 P agent c:ee lev 1 or ( b) 10 

fee ab \/8 the p e ent crB 18\/(~l < hemat c details of the 
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proposed dam raises and spillway locations are shown on Figures 8 s 

9, and 10. Preliminary summaries of cost estimates for these vari-

ous plans are shown 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 aID-foot 

raise of the dam and a spillway over the left abutment as shown on 

Figure 10, appears to be the most economical of tha 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 limi ted value for indicating underground condi ti ons for 

final design or contractor bidding and construction. further in-

vestigations are, in our opinion, necessary to pro.vide final design 

criteria. If it is necessary to portray underground conditions 

well enough to enable contractors to more accurately evaluate con-

ditions for bidding and execution of work, we recommend consider-

ing exploratory work developed for that purpose, after the affected 

d . ,. J 1 ,... 
es~gns are esse0~ra __ y r~n ized. 

Profession judgments on de gn altern ives and criteria 

are pre ented in this report. These are sed par y on evalua-

tions of techni rmation thaI' d pa y on our un r an 

ing of 
, . 
~no a1:'a eristics of e cility being planned and 

partly on our gene experience wi subsur ce conditions in 8 
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area. We do not guarantee the performance of the project in any 

respect~ only that our engineering work and judgments rendered 

meet the standard of care of our profession. 

The test holes drilled for this investigation were spaced to 

obtain a reasonably accurate picture of subsurface conditions for 

preliminary design and cost estimating purposes. Variations from 

the conditions portrayed which wers not indicated by the test 8X-

plorations frequently appear. These variations are someti~es suf-

ficient to necessitate modifications in even preliminary desig~ 

criteria. Construction of earth dams involve the use of natural 

ma ter ial s \.,lhi ch: by their natu re, vary so much that it is not po s-

sible to cover all eventualities in design. Other aspects of con-

struction at this site fall into the same category. This neces-

sitates guidance in decisions at all stages of future final inves-

tigations and construction which must be made by competent and ex-

perienced personnel We recommend that addition investigations 

be undertaken to provide final design criteria should you decide 

to renovate Englewood Dam. We further recommend that cons J • 
UCClon 

be continuously observed by a soils specialist fully trained and 

experienced in the fi d, to t e advantage of all opportunitie 

to eCD iZB ffering con tians and minim 2e the sk of haVing 

undetected condi ons which would sf the p r rmance f the 
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B 
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(12 copies sent) 
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TOPSOIL, CLAY, ROOTS, MOIST TO 
VERY ~101 ST, LI GHT BROIJN, DARK 
BROWN. 

EXISTING DAM FILL, CLAY, STIFF 
TO VERY STIFF, SLIGHTLY SANDY 
TO VERY SANDY, SOME CLAYSTONE 
AND SANDSTONE PIECES AND FRAG­
MENTS, MOIST, BROWN, GRAY, RUST­
BROUN, YELLOW-BRO'olN (CL). 

CLAY, STIFF TO VFRY STIFF, SLI­
GHTLY SILTY, SLIGHTLY SANDY TO 
SANDY WITH VERY OCCASIONAL SAND 
LENSES, OCCASIONALLY GRAVELLY 
AND CALCAREOUS, MOIST TO VERY 
~IOIST, LIGHT BROLJI'i, DARK BROlJN, 
REDDISH-BROIJN (CL), 

SAND, MEDIUM D[NSE, CLEAN TO SLI­
GHTLY SILTY, OCCASIONAL GRAVEL, 
MOIST TO WET, LIGHT BROWN (SP-SM). 

SAND AND GRAVEL, MEDIUM DENSE TO 
DENSE, CLEAN, l~nIST, BROWN 
(SP-GP) , 

CLAY, STIFF, MOIST, BROIJN (CL) 
(WEATHERED BEDROCK), 

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

CLAYSTONE, MEDIUM HARD TO HARD, 
SLIGHTLY SANDY, THIN LENSED IN 
PART, 110IST, BROIJN, OLIVE, DARK 
BROWN (BEDROCK). 

CLAYSTONE, VERY HARD, SLIGHTLY 
SANDY, OCCASIONAL SANDSTONE AND 
SIL TSToNE LENSES, MOIST, LIGHT 
BROWN, DARK BROUN, BROIJW,' DLIVE 
(BEDROCK) . 
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SANDSTONE, MEDIUM HARD TO HARD, 
OCCASIONALLY CLAYEY, MOIST, BROWN 
(BEDROCK) . 

SANDSTONE, VERY HARD, OCCASIJNAL 
VERY HARD CLAYSTONE LENSE, MICA­
CEOUS, 110IST, DARK GRAY, DARK 
BROIJN, BLUE-GRAY (BEDROCK). 

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

FREE IJATER LEVEL AND NUMBER OF 
DAYS AFTER DRILI.ING THAT MEASURE­
MENT WAS TAKEN. 

INDICATES "UNDISTURBED" SHELBY 
TUBE SAMPLE. 

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

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

FOR NOTES, SEE FIGURE 4. 

WOODWARD- CLEVENGER 8 ASSOC., INC. 
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Dent.ler, ColoradO 

SUMMARY LOGS Of TEST HOLES 

PROFILE ALONG DAM AXIS 

ENGLEWOOD DAM 
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TOPSOIL, CLAY, ROOTS, MOIST TO VERY MOIST, 
LIGHT BRO~N. DARK BRO~N. 

EXISTING DAM FILL, CLAY, STIFF TO VERY STIFF, 
SLIGHTLY SANDY TO VERY SANDY, SOME CLAYSTONE 
AND SANDSTONE PIECES AND FRAGMENTS, MOIST, 
BRO~N, GRAY, RUST-BRO~N, YELLO~ BRO~N (Cl). 

CLAY, STIFF TO VERY STIFF, SLIGHTLY SILTY, 
SLIGHTLY SANDY TO SANDY WITH VERY OCCASIONAL 
SAND LENSES, OCCASIONALLY GRAVELLY AND CAL­
CAREOUS, MOIST TO VERY MOIST, LIGHT BRO~N, DARK 
BROWN, REDDISH-BRO~N (CL). 

SAND, MEDIUM DENSE, CLEAN TO SLIGHTLY SILTY, 
OCCASIONAL GRAVEL, MOIST TO ~ET, LIGHT BRO~N 

(SP-S~l). 

SAND AND GRAVEL, MEDIUM DENSE TO DENSE, CLEAN, 
MOIST, BRO~~J (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 
BROUN, DARK BRO~N, BROWN, OLIVE (BEDROCK). 

SANDSTONE, MEDIUM HARD TO HARD, OCCASIONALLY 
CLAYEY, MOIST, BRD~N (BEDROCK). 

NOT E S: 

32/12 

o 

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

INDICATES tHAT 32 BLOWS OF A 140-POUND HAM­
MER FALLING 30 INCHES WERE REQUIRED TO 
DRIVE A 2-lNCH DIAMETER SAMPLER 12 INCHES. 

FREE ~ATERILEVEL AND NUMBER OF DAYS AFTER 
DRILLING THAT MEASUREMENT WAS TAKEN. 

INDICATES "UNDISTURBED" SHELBY TUBE SAMPLE. 

INDICATES i-INCH DIAMETER PLASTIC (PVC) 
PIPE IN TEST HOLE FOR PERMEABILITY TESTS. 

DEPTH INTERVAL CALCULATED COEFFICIENT OF 
PERMEABILITY (FT./YR.) FROM FIELD 
PERMEABILITY TESTS. 

1. TEST HOLES ~ERE DRILLED ON JANUARY 11 TO 18, 1973 WITH A 4-INCH 
DIAMETER HELICAL AUGER PO~ERED BY A CENTRAL MINE EQUIPMENT (eME 55) 
DRILLING RIG. 

2. ELEVATION AND COORDINATE LOCATIONS ARE APPROXIMATE AND ~ERE FURNISHED 
BY MERRICK & COMPANY. 

3. DRILL LOGS IN THIS REPORT ARE SUBJECT TO LIMITATIONS, EXPLANATIONS, 
AND CONCLUSIONS OF THIS REPORT. 

~. THESE DRILL LOGS SUMMARIZE FINDINGS RELIED ON IN FORMULATING THE 
DESIGN CRITERIA PRESENTED IN THIS 'REPORT. THE EXPLORATIONS ~ERE 
NOT MADE TO DEFINE CONDITIONS FOR CONSTRUCTION NOR IS THE INFORMATION 
PRESENTED HEREIN FOR THAT PURPOSE. 

WOODWARD- CLEVENGER a ASSOC" INC. 
Consulting Engineers 8. GeoloQists 

Denver, Colorado 

SUMMARY LOGS_OF TEST HOLES 

SECTIONS A-A' a 8-8' 
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TOPSOIL, CLAY, ROOTS, MOIST TO 
VERY MOIST, LIGHT BROWN, DARK 
BROW~I. 

EXISTING DAM FILL, CLAY, STIFF 
TO VERY STIFF, SLIGHTLY SANDY TO 
VERY SANDY, SOME CLAYSTONE AND 
SANDSTONE PIECES AND FRAGMENTS, 
MOIST, BROWN, GRAY, RUST-BROWN, 
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) . 

SMD, MEDIUf~ DENSE, CLAYEY, r10IST. 
LIGHT BROWN (SC). 

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

SAND AND GRAVEL, MEDIUM DENSE TO 
DENSE, CLEAN, F,OIST, BROhlN 
(SP-GP). 

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

CLAYSTO~E, VERY HARD, SLIGHTLY 
SANDY, OCCASIONAL SANDSTONE AND 
SILTSTONE LENSES, rlDIST, LIGHT 
BROUN, DARK BROUN, BROlJN, OLIVE 
(BEDROCK) . 

FOR NOTES, SEE FIGURE 4 

III, '.- SANDSTONE, MEDIUM HARD TO HARD, 
~ OCCASIONALLY CLAYEY, MOIST, 

( BROlJN (BEDROCK). 

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

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

o 

p 

n 
17 ~I 

FREE WATER LEVEL AND NUMBER OF 
DAYS AFTER DRILLING THAT MEASURE-
ME~T UAS TAKEN. 

INDICATES "UNDISTURBED" SHELBY 
TUBE SM1PLE. 

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

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

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

Denver, Colorado 

SUMMARY LOGS OF TEST HOLES 
PROFILE E-E' e. F- F' PROPOSED 
LEFT AND RIGHT ABUTMENT 
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TOPSOIL, CLAY, ROOTS, MOIST TO 
VERY MOIST, LIGHT BROWN, DARK 
BROWN. 

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

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). 

32/12 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. 

FOR NOTES, SEE FIGURE 4. 
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HYDROMETER ANALYSIS SIEVE ANALYSIS 

~~~N, 
TIME READINGS 
tlDMIN. I9MIN, 4MIN, IMIN. 

U, S. STANDARD SERIf;S'"K) .1 CLEAR SQUARE OPENINGS 
-100 -50 -40-30 :16 -a -4 "'0' lI'4" I 'Ie' 3' 5' 6" 0 

,002 .OO!I .009 .019 ,.037 .074 .14& .297 0.590 1.19 1~.38 4,76 

DIAMETER OF PA"TI~LE IN MILdMETERS 
9,52 

CLAY (PLASTiC) TO SILT (NOH-PLAITIOI} I'IN[ Il&III.DI!:DIUM 

GRADATION TEST RESULTS 

GRAVEL. 0 SAND 38.50/0 SILT AND CLAY 

LIQUID LIMIT 31.8 % PLASTICITY INDEX 

MOISTURE - PERCENT OF DRY WEIGHT 

19.1 38,1 

61. 5 % 
17.1 % 

20 

30 
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90 
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130 

120 

110 

100 

90 

80 

MOISTURE - DRY DENSITY CURVES t--
r-- MAX. DRY DENSITY (P.c.F".)109. 9 

-- - ~.---~ OPTIMUM MOIST, cONT.("Zl 14.8 
SPECIFICATION 

DENSITY (p.e.F.l 

--r--- - I--

COMPACTION TEST RESULTS 

COMPACTION TEST PROCEDURE ASTM 0698-70, Method "A" 

SAMPLE OF Sandy Clay 
FROM Test Hole No. 5 DEPTH 38-40 Ft. FIG, 18 
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100 
31N 'I. IN NO.4 HO.IO HO.40 HO.200 

f- I I I I I 
J: 

I I I I I / 
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u 20 
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a 
/000 100 /0 1.0 0./ 0.01 0.001 

GRAIN SIZE IN "11 LLI"1ETERS 

COBBLES L GRAVEL I SAND I SILT OR CLAY 
I C I F I C I III I F I 

Test No. 1 2 3 h 
Water Content. Wo %~ 7.3 18.5 16.7 23.0 

.....J 
<l: Dry Density Lbs / Cu. Ft. 05.6 107. 7 108.9 96.4 
f--z Void Ratio. eo 

Saturation. So 'Y. 

we. after Saturation.Ws% c 
f- I.&J 

r.n -< w Saturation. S % 0: 
f- :::> 

w Consol'Pressure K/SqFt !< 
0:: CI) 

0 
LL We. after Cansol. We % W 
CD 

Void Ratio after Consol.~ 

w Maj.Prin.5tress.<J, K/SqFt 8.60 12.40 21.75 
0:: 
::> Min.Prin.Stress.<JIIIK/Sqft 2.16 h.32 8.6b .....J -
<l: Water Content. WF % LL 

f-
<l: Void Ratio. eF 

Specimen Diameter Inches 1.93 1.93 1.93 

Initial Height Inches h.oo 4.00 )/.00 

Test Ti me to Failure Min. 4.0 5.0 8.0 

WOODWARD-CLEVENGER & ASSOCIATES, INC. 
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Ij Remarks: SPECIMENS TESTED AT NATURAL DENSITY 
2 AND MOISTURE CONTENT 
1 

SPECIMEN NO. 4 SATURATED. 

3 6 9 12 15 18 2 
AXIAL STRAIN, PERCENT 

Type of Test RATE OF STRESS 

Constant PROJECT NO. 16849-7715 
Control 2 KSF/I'IIII • 

UN Consolidated u NDroi ned PROJECT NAME 
Ell ST' NG DaM 

Type of Specimen Fill 

91= 20 
1.5 

0 Tan ¢ • ~ c= K/SqFt. BORING NO. 5 DEPTH 38.0-40.0 Ft. 
Classification Cl DATE 
LL 31.8 I 
PL 14.7 1'6;-0 ~,-.,,~ TRIAXIAL COMPRESSION TEST REPORT I 

" :EO 
nAl 
~s: 
wZ 

5' 



-" 
1-" 
to 

tV 
o 

WOODWARD-CLEVENGER & ASSOCIATES, INC. 

u. s. S TA N DA R 0 S I EVE S I Z E 16 22 ---,......-r--,.-...,....-r--r-r--.,....-r-.,....-rl~rT-, 
100,....,._-+3'~IH.~3/.~,'N~. ~NO'~4.!.N*O;IOTNOV·,40~:!1NO~~oTo_-r-r--, 15 20 L-'--!--+-~--I--t-+-t-+-~+-t--+-t--r-1 

f-

~ 'I I I I I 4 f-'18 1---!.-!--I--~-l--t--+-t--+-+-+-t--t-t--r--1 - BO 1 ,. 
W I I I I I u.. 

~ I I I I I 1) g'6 l--I--l--l--+--l--l--+-l--+-+-+-t-+-t--r-; 
<Xl 60 ""-

~ I I I I , . 12 ~1 b I---!.-!--l--~-l--t--+-t--+-+-+-t-+-t--r-; 
~ I I I J I t Y 
~ 40 J I I I I 0 11 (3 ui12 
z (/) ({) 

W J I J I I '- • 0 1- w10 I--I--l--l--+--l--l--+-l--+-+-+-t-+-t--r-; u 20 (/) I V...... n:: 
0:: I I I I I ~ f-
W ~ (/) 8 , _ 
a. 'I I I , 9 / 11"2 T ~ __ 

I~OO 100 10 1.0 0.1 0.01 0.001 (/) 11-- ~ 6 \ l--~ 
GRAIN SIZE IN 1.11 LliMETERS 13 8 I ./ W 0 k-~ 

COBBLES I GRAVEL I SAN 0 I 51 LT OR CLA Y r: '{ V ~ 1 L-'-~\W--b-+-"'::::I;;f....?:z::.t-+-~+-~+-I--+-t--r-1 
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WOODWARD-CLEVENGER & ASSOCIATES, INC. 

TABLE I 

JOB NO 16849-7715 

SUMMARY OF LABORATORY TEST RESULTS 

F========~========='-T--- ======:;===~=======~~~:===:=:==-===::~~ 
t~A~URAL CONFINED TRIAXIAL SHEAR TESTS 

DEPT HI' , VE 
HOLE MOISTUR ENSITY LIQUID . DEVIATO NING SOIL TYPE 

(FEET) (%) PCF) LIMIT STRENGTH STRESS SURE 

4 3.0 10.4 

4 13.0 14.1 

4 23.0 17.3 

4 33.0 17.0 

4 39.0 5.2 

4 43.0 20.0 

4 53.0 21. 3 

5 5.5 14.2 

(%) (PSF) (PSF) SF) 

105.1 17700 

105.0 17736 

97.4 10684 

101. 4 5806 

28.9 I 12.0 

98.2 I 15228 

105.3 I 13717 

106.2 9516 

(Fill) I CLAY, very sandy, 
brown 

(Fill) I CLAY, sandy, 
brown 

(Fill) I CLAY, very sand~ 
claystone chips, 
brown & yellow 

(Fill) I CLAY, sandy, 
brown 

SAND, gravelly, 
clayey, brown 

CLAYSTONE, very 
sandy, brown to 
rust-brown 

CLAYSTONE, gray 
brown 

(Fill) I CLAY, sandy, 
gray & brown 



FORM NO, 

WCAI .6 

HOLE 

5 

5 

5 

5 

5 

5 

5 

DEPTH 

(F E ET) 

15.0 

25.0 

38-40 

44.5 

55.5 

63.0 

73.0 

JOB NO, 16849-7715 

WOODWARD-CLEVENGER & ASSOCIATES, INC. 

TABLE I 

SUMMARY OF LABORATORY TEST RESULTS 

NATUR RAL 

MOISTU ENSITY ICITyCOMPRESSIVE DEVIATOR CONFINING SOil 

(%) (PCF) LIMIT INDEX STHENGTH STRESS PRES URE 
TYPE 

16.5 

11. 6 

17.3 
18.5 
16.7 
23.6 

26.1 

27.6 

16.4 

16.2 

102.8 

119.4 

105.6 
107.7 
108.9 

96.4 

97.1 

94.3 

110.5 

108.1 

(%) (%) (PSF) (PSF) (PSF) 

31.81 17.1 

13851 

26553 

5734 

4574 

20760 

10499 

6438 
8078 

13110 

2160 
4320 
8640 
4320 

(Fill) CLAY, sandy, 
brown 

(Fill) CLAY, sandy, 
brown to rust-
brown 

(Fill) CLAY, sandy, 
brown 

(Fill) I CLAY, slightly 
sandy, brown, 
rust brown, gray 

(Fill) I CLAY to weathere( 
claystone, brown 
to greenish browr 

CLAYSTONE, brown 

SANDSTONE, 
slightly clayey, 
gray 
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HOLE 

5 

6 

6 

6 

6 

6 

6 

DEPTH 
(F E ET) 

88.0 

8.0 

15.5 

25.0 

34.0 

~3.0-48.( 

54.5 

JOB N016849-7715 

WOODWARD-CLEVENGER & ASSOCIATES, INC. 

TABLE I 

SUMMARY OF LABORATORY TEST RESULTS 
___ __ C'::"C:" " """' '''" ':'::=: '",':'::,:-".","," _, " ..• _ , __ .-

NAIURAL IN RAL DRY ATTER8ERG LlM1NCONFINED TRIAXIAL SHEAR TESTS 

MOISTURE DENSITY liOUID PLASTICiTyCOMPRESS,VE DEVIATOR CONFINING SOl L TYPE 
("!oj (PCF) LIMIT INDEX STRENGTH STRESS PRESSURE 

(%) \%) (PSF) (PSF) (PSF) 
-~- - -' _'" _''" ___ '_,L. ___ . __ :. 

20.0 105.6 27901 CLAYSTONE, brown 

21. 8 102.4 8812 (Fill) CLAY, sandy, 
brown to rust-
brown 

19.8 105.4 17079 (Fill) CLAY, sandy, 
brown to rust-
brown 

14.6 110.6 20766 (Fill) CLAY, sandy, 
brown to rust & 
gray 

12.9 118.0 27563 (Fill) CLAY, sandy, 
brown 

25.9 96.3 52.5 26.5 2385 2160 CLAY, sandy, 
24.5 101. 0 8321 4320 brown 
30.1 91.1 10091 8640 
30.3 93.6 5242 4320 

27.1 97.8 2690 CLAY, sandy, 
brown to rust-
brown 

....-' 

" 

--,~ _ .. -
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JOB NO, 16849-7715 

WOODWARD-CLEVENGER & ASSOCIATES, INC. 

TABLE I 

SUMMARY OF LABORATORY TEST RESULTS 
-.--~'-'~.---,--

NATURA RAlDRyATTERBERGLIM 

MOISTURE DENSITY liQUID PLASTICI CONFINING SOil TYPE 
(%) (PCF) LIMIT I~DEX PRESSURE 

~======~========~===~====~cc.=:====c==~~(~%~)==~~lO~/o:~)=~~, c~==~====P=S====~======:=~====~:============d 
6 63.0 17.8 

16 8.0 2.2 

111.4 

Non-PJJastic 

15314 

..-

CLAYSTONE, sandy, 
gray 

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 

NOT E 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 otherwise indicated. 

REFEREN CE: U. S. 8. 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 

l!:::============ WOODWARD-CLEVENGER & ASSOCIATES, INC. ================.1 



TABLE III 
REHABILITATION OF ENGLEWOOD DA~ FOS PROBABLE MAXIMUM PRECIPITATION FLOOD CONDITION "_ 

,\Jater Elavation 

Area Inundated 

CrDst Elevation 

Crest length 

Discharge Capacity 

Crast Elevation 

\Jelr Length 

Chute Width 

Chute Length 

~ 

lJQ1. 

Stripping 

Outlet Extension 

Riprap ~ Dam Toe 

Dam Fill 

Ft. 

- Acres 

- Ft. 

Ft. 

- efe 

- ft. 

- Ft. 

- Ft. 

- Ft. 

UNIT COST 
2 

$1. OO/VO 

Lump Sum 

$10.00/Y03 

$0.20/Y0 3.x-

SO.75/V03H 

Spillway By Anderson & Hastings 

*Dam Materials From 
Spillway Excavation 

PERTINENT DATA 

5 FT. RAISE 
fXISTING DAM SPILLWAY ON LEFT SIDE 

56oo} 

80 

5606± 

1700 

5600 

5609 
100 Year Flood 

140 

5611 

2250 

41,000 

5600 

1160 

290 to 200 
(crest to stilling basin) 

810 

COST ESTIMATES 

OUArJTITY 

15,000 

1 

200 

30,000 

TOTAL COST 

$15,000 

$ 5,000 

$ 2,000 

$ 6,000 

U.060,850 

$1,088,850 

10% ContinQency 108,900 
Engineering (design 
and construction 
observation) ~~ 

TOTAL $1,328,250 

AL TERNATIVES 

5 FT. RAISE 
SPILLWAY ON RIGHT SIDE 

5609 

140 

5611 

2250 

41,000 

5600 

460 

290 to 200 
(crest to stilling basin) 

OUANTITY 

15,000 

1 

200 

30,000 

1380 

TOTAL COST 

$15,000 

S 5,000 

S 2,000 

$ 6,000 

$1,243,800 

$1,271,800 

127,200 

153.000 

$1,552,000 

/ 

10 FT. RAISE 
SPILLWAY ON LEFT SIDE 

5614 

160 

5616 

2300 

35,000 

5600 

200 

130 "to 120 
(crest to stilling basin) 

QUANTITY 

21,000 

1 

400 

45,000 

30,000 

810 

TOTAL COST 

$21,000 

$10,000 

$ 4,000 

\I 9,000 

$22,500 

$615,900 

$582,400 

68,200 

81. 7QQ 

$832,300 

f 
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