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DEPARTMENT OF THE ARMY
NASHVILL% DISTRICT. CORPS OF ENGINEENS

P. 0. BOX 1070
NASHVILLEL TENNESSEE 371o

iN 06PLY 70W TO 2 SEP 1981
ORNED-G

Honorable Lamar Alexander
Governor of Tennessee
Nashville, TN 37219

Dear Governor Alexander:

Furnished herewith is the Phase I Investigation Report on Crystal Lake Dam
near Bolivar, Tennessee. The report was prepared under the authority and pro-
visions of PL 92-367, the National Dam Inspection Act, dated 8 August 1972.

The report presents details of the field inspection, background information,
technical analyses, findings, and recommendations for improving the condition
of the dam.

Based upon the inspection and subsequent evaluation, Crystal Lake Dam is
classified as deficient due to minor erosion on the embankment and emergency
spiliway.

The recommendation concerning repair and stabilization of this erosion, and

others contained in this report should be undertaken in the near future.

Public release of the report and initiation of public statements fall within
your prerogative. However, under provisions of the Freedom of Information
Act, the Corps of Engineers is required to respond fully to inquiries on
information contained in the report and to make it accessible for review on
request.

Your assistance in keeping me informed of any further developments will be
appreciated.

Sincerely,

,2 )

1ncl f -W. TUCKER
As stated Colonel, Corps of Engineers

Commander

CF:
Mr. Robert A. Hunt, Director
Division of Water Resources
4721 Trousdale Drive
Nashville, TN 37220
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Phase I Inspection Report
National Dam Safety Program

Tennessee

Name of Dam ......................... Crystal Lake

County .............................. Hardeman

Stream .............................. Trib. of East Fork
of Spring Creek

Date of Inspection .................. February 23, 1981

ABSTRACT

This report is based on the findings of a Phase I
inspection of Crystal Lake Dam in Hardeman County. The
zoned earthfill embankment is 27 feet high and 410 feet
long with a crest width of 13 feet. The embankment
slopes are IV:4.3H upstream and IV:3.lH downstream.
The dam impounds 63 acre-feet at normal pool level with
36 acre-feet of flood storage) The drainage area is
21 acres. The service spillway is a cast in place
concrete riser leading to a 12 inch concrete pipe. The
drawdown drain is a 12 inch slide gate at the base of the
riser. The emergenci spillway is a triangular earth
channel with a maximum depth of 0.6 feet and a top width
of 15 feet. 4Trhe dam is in the small size, high hazard
potential category. Erosion on the downstream slope of
the embankment and in the emergency spillway is becoming
severe. Some indications of dispersive soils were noted.
The reservoir has sufficient storage/spillway capacity to
pass the PMF but the PMF overtops the dam by 0.1 feet
for 24 hours. Crystal Lake Dam has been assigned a
condition classification of *deficient#. -
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PHASE I INSPECTION REPORT
NATIONAL~ DAM 5Ab-ETY PROGRAII

CRYSTAL LAKE DAM
HARDEMAN COUNTY, TENNESSEE

SECTION 1 -GENERAL

1.1 Authority - The Phase I inspection of this damn
was carried out under the authority of Tennessee
Code Annotated, Sections 70-2501 to 70-2530, The
Safe Damns Act of 1973, and in cooperation with
the U. S. Army Corps of Engineers under the
authority of Public Law 92-367, The National Dam
Inspection Act.

1.2 Purpose and Scope -The purpose of a Phase I
investigation is to develop an engineering
assessment of the general condition of a damn with
respect to safety and stability. This is accom-
plished by conducting a visual inspection;
reviewing any available design and construction
data; and performing appropriate hydraulic,
hydrologic, and other analyses. A comprehensive
description of the Phase I investigation program
is given in Recommended Guidelines for Safety
Inspection of Dams, Department of the Army, Chief
of Engineers, Washington, D. C. 20314.

1.3 Past Inspections - Past inspections of Crystal
Lake Dam include a cursory inspection by George
Moore anad Troy Wedekind of the Tennessee Division
of Water Resources on February 14, 1979. The
formation of jug holes indicative of dispersive
soils was observed during this inspection. Also
noted were the wet area on the right downstream
embankment abutment contact and erosion of the
emergency spillway. Several inspections were made
during the construction of the dam by Ed O'Neill
also of the Tennessee Division of Water Resources.

1.4 Miscellaneous Details - The day of the inspection
was clear with light breezes and an ambient
temperature of about 450 F. A rainfall had
occurred on February 20, 1981, three days before
the inspection.



1.5 Inspection Team Members - The inspection was
conducted by the following State personnel:

Ed O'Neill, Chief Engineer
George Moore, Regional Engineer
Anthony Privett, Engineering Co-op
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SECTION 2 - PROJECT DSCRIPTION

2.1 Location - The\project is located in Hardeman
county, Tennes~e, about 4 miles east of Saulsbury,
Tennessee. The dam is located on the Saulsbury
topogr8 phic quadrangle at 89001129 " west longitude
and 35 02'39" north latitude. Location maps are
provided in Appendix B of this report. The dam
is located near an unnamed tributary of the east
fork of Spring Creek about 21.6 miles from its
confluence with the Hatchie River.

2.2 Description

2.2.1 Embankment (Design data is shown in
parenthesis.) - The Crystal Lake Dam is a zoned
earth embankment dam with a straight alignment. The
maximum height is 26.9' (27') and the length
is 410' (400'). The crest width is 13' (12').
The upstream slope is about IV:4.3H (IV:3H) from
the water surface to the top of the dam. The
downstream slope is IV:3.lH (lV:3H). The dam has
a poor cover of sage grass and no upstream wave
protection. Sketches are provided in Appendix B.

The embankment is designed with an impervious core
and cutoff trench constructed of material in group
CL in the Unified Classification System. The core
has side slopes of IV:0.5H. The cutoff trench
has a 10 foot wide base and lV:2H side slopes and
a minimum bottom elevation of about 486' msl. The
upstream zone and the inner zone downstream of the
core are specified as "random fill" with no other
material classifications. The outer portion of
the downstream zone is constructed of SP and SC
material.

2.2.2 Service Spillway/Drawdown Drain - The
service spillway is a 2 ' x 4' concrete riser
with two 1' x 4' inlets at the water surface and
a 12" concrete conduit through the dam. The
inlet elevation is 524.0' msl. The drawdown drain
is a 12" slide gate at the base of the riser.

2.2.3 Emergency Spillway - The emergency spillway
is an uncontrolled earth saddle located on the
north abutment of the dam. The spillway is
triangular in shape with a maximum depth of 0.6
feet and a top width at the low point of the dam
of 15 feet. The maximum outflow is estimated to be
37 cfs. The emergency spillway has no vegetative
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cover. The design plans call for a trapezoidal
channel with a base width of 10' and lV:3H
side slopes.

2.2.4 Reservoir and Drainage Area - The reservoir
has a surface area of 6.3 acres at normal pool
elevation with a fetch of 800'. The normal
impounding capacity of the reservoir is estimated
to be 63 acre-feet with about 36 acre-feet of
flood storage. The draindge area is 20.8 acres
and the predominant soils are Ruston, Lexington,
and Providence. Watersned land use is being developed
as a medium density residential development.

2.2.5 Miscellaneous - The dam is currently owned
by the Candlewood Lakes Property Owner's Asso-
ciation tW. J. Arnold, President). The dam was
built in 1976 as a recreational lake for the
Candlewood Subdivision being developed by Terra
Aqua Corporation. The dam was designed by Ragon
Engineering Company with soils testing subcontracted
to Construction Materials Lab, Inc. The
construction was performed by S & W Construction
Company. Other than filling in erosion gullies,
no major repairs have been reported since
construction. A Certificate of operation was
issued by the State in 1977. Ownership of the dam
was turned over to the Homeowner's Association
in 1979. No instrumentation was found on the dam.

4



SECTION 3 -INSPECTION FINDINGS

3.1 Specific Findings

3.1.1 The downstream slope is eroding in a manner
which is indicative of dispersive clays. A past
inspection report (Appendix F) shows that jug
holes have occurred before and have been repaired.

\The problem is now recurring (photo nos. 7 & 8).

3.1.2 A seep or spring is emerging on the right
downstream embankment abutment contact about one
foot below the pool elevation the day of the
inspection. A slight flow (less than 1 gpm) is
coming from the seep, but there is no indication
of the transport of embankment material. The flow
is beginning to erode a gully along the right
downstream embankment abutment contact (photo nos.
9 & 10).

3.1.3 The emergency spillway is undergoing an
excessive amount of erosion. Material washed
from the side slopes has filled the control section
to the point that the effective depth of the *ihannel
is only 0.6'. Gullies have formed in both the
entrance and exit channels (photo nos. 11 & 12).

3.1.4 The upstream slope of the dam has no wave
protection other than vegetative cover and some
minor erosion is occurring at the water surface
(photo no. 2).

3.1.5 According to OCE guidelines, the dam is in
the small size and high hazard potential classi-
fications. As such, the structure is required to
pass the one-half to full probable maximum flood
(PMF). The volume of inflow during the PMF is
47.6 acre-feet using Antecedent Moisture Condition II.
Analysis indicates that the PMF will overtop the
dam for about 2.4 hours with a maximum depth of
about 0.1 feet. The PMF passes with no flow in
the emergency spillway. Analysis of the 1-10 day
100-year storm indicates that this storm will pass
with no flow in the emergency spillway.

3.1.6 A sample of the embankment material is a
silty sandy clay of group CL in the Unified
Classification System. The sample is a shallow
depth (0.5 to 2.0 feet) hand auger sample taken
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near the crest and is not necessarily indicative
of the overall composition of the dam.

3.1.7 The dam is located in seismic zone 2.

3.1.8 This dam is in the high hazard potential
classification as outlined in the OCE guide-
lines. Failure of the dam could cause loss of
life in the residential subdivision being
developed downstream of the dam. A railroad and
Hwy 57 which are about 0.5 miles downstream
could also be damaged.

3.1.9 A 6-8" vertical drop was found near the
toe of the embankment above the service spillway
pipe. The drop appears to be a mechanical cut
possibly due to the use of earthmoving equipment
near the toe.

3.1.10 Design plans and specifications for this
project were developed by James Ragon of Bolivar,
Tennessee. Copies of the plans, the soils test,
and the hydrologic calculations have been included
in Appendix G. Except for the emergency spillway,
the dam appears to be in substantial compliance
of the emergency spillway and the deposition of
material in the base of the channel appear to be
the cause of the descrepancies between the designed
and actual spillway. A freeboard designed storm
of 0.8 PMF was used.

3.2 Conclusions and Recommendations

3.2.1 Conclusions

a. The Crystal Lake Dam was determined to be
in a deficient condition due to the suspected
presence of dispersive soils on the downstream
slope and the deteriorated condition of the
emergency spillway.

b. The structure appears to be adequate with
respect to hydraulic and hydrologic considerations.

c. There were no observable signs of instability
on the embankment. Side slopes appear adequate.
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d. The seismic stability of this dam is
unknown; however, dams in seismic zone 2
are assumed to be adequate against seismic
loading if judged adequate in static stability
requirements.

e- The seep or spring on the dam appears to be
groundwater and does not appear to present tny
immediate hazard'to the structure.

3.2.2 Recommendations

a. The downstream slope should be checked by a
qualified engineer to deterimine if dispersive
clays are present in the embankment and make
recommendations if necessary to repair and
stabilize the slopes against further erosion
and jugging.

b. The emergency spillway should be regraded
to the design configuration and a soil binding
grass cover established to stabilize the channel.

C. The erosion on the upstream slope should be
repaired and stabilized.

d. Minor surface irregularities on the embankment
should be repaired and the grass cover should

be improved.

e. An emergency action plan should be developed
for notifying dcwnstream residents in the event
potentially serious situations arise.

f. A program of routine maintenance and periodic
inspection should be developed for the dam.

7



SECTION 4 REVIEW BOARD FINDINGS

The Interagency Review Board for the National Program

of Inspection of Non - Federal Dams met in Nashville

on~ 18 June 1981 to examine the technical data

contained in the Phase I investigation report for

Crystal Lake Dam. The Review Board considered the

information and reconmmended that (1) the owner should

establish a regular program of inspection and mainte-

nance to provide detection and timely correction of

problem areas, (2) an emergency action plan should be

developed, including a warning system to alert down-

stream residents, in the event a serious condition

develops with the project, and (3) flood routings

using Antecedent Moisture Condition III should also be

computed and included in the report. They agreed with

other report conclusions and recommendations. A copy

of the letter report presented by the Review Board is

included in Appendix F,
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APPENDIX A
DATA SUMMARY

A.1 Dam

A.1.l Type - Zoned earthfill, linear alignment
dam with a concrete pipe service spillway and
drawdown drain and a vegetated earth emergency
spillway.

A.1.2 Dimensions and Elevations - (Elevations
are taken from design plans. Field measurements
are shown in parenthesis if different from
design plans. A TBM, elevation 539.3, in oak
tree on left abutment was used for field
measurements. This marker was reportedly used
for construction.)

a. Crest length - 400' (410')
b. Crest width - 12' (13')
c. Height (from service spillway outlet) - 27' (26.9')
d. Crest elevation - 530' msl (529.8')
e. Service spillway elevation - 524' msl (523.7')
f. Emergency spillway elevation - 525.4' msl (529.2')
g. Embankment slope, U/S - IV:3H (lV:4.3H)
h. Embankment slope, D/S - 1V:3H (lV:3.lH)
i. Size classification - Small

A.1.3 Zones, Cutoffs, Grout Curtains

A.1.3.1 Zones (Fill material given as per Unified
Classification System)

a. Core material - CL
b. Side slopes (max.) - IV: H
c. U/S zone material - random fill
d. D/S zone (1) material - random fill
e. D/S zone (1) slope (max.) - IV:l.5H
f. D/S zone (2) material - SP-SC

A.1.3.2 Cutoff Trench (Filled as part of core)

a. Base width - 10'
b. Side slopes - lV:2H
c. Bottom elevation - 486' msl (approx.)

CA.1.3.3 Grout Curtains - None



A.2 Reservoir and Drainage Area

A.2.1 Reservoir - (Normal pool elevation 524' msl,
6' below the effective crest of the dam.)

a. Surface area (normal) - 6.3 acres
b. Fetch - 800'
c. Capacity (normal) - 63 acre-feet
d. Capacity (top of dam) - 99 acre-feet

A.2.2 Drainage Area

a. Size - 21 acres
b. Maximum relief - 80'
c. Soil - Ruston (HSG B), Lexington (HSG B),

Providence (HSG C)
d. Cover - Medium density residential
e. Runoff (PMF) - 47.6 acre-feet
f. Runoff (PI00 ) - 8.2 acre-feet

A.3 Outlet Structures

A.3.1 Drawdown Drain - (Slide valve at base of
service spillway riser.)

a. Valve diameter - 12"
b. Invert elevation - 513' msl

A.3.2 Service Spillway - (Skirted concrete riser
connected to concrete pipe with concrete antiseep
collars.)

a. Inlet size (2) - 1' x 4'
b. Pipe diameter - 12"
c. Pipe length - 150'
d. Pipe slope - 6% min.
e. Antiseep collars (size) - 8' x 8'
f. Antiseep collars (number & spacing) - 5 @ 12'
g. Capacity - 15 cfs

A.3.3 Emergency Spillway - (Vegetated earth
trapezoidal channel curving around right end of
dam.)

a. Base width - 10'
b. Control section length - 30'
c. Control section elevation - 529' msl
d. Side slopes - lV:3H
e. Maximum head - 1
f. Capacity design - 37.2 cfs



The existing spillway is a bare earth triangular
channel with the following dimensions:

g. Elevation - 529.2' msl
h. Maximum head - .6'
i. Top width - 15'
j. Capacity - 8 cfs

A.4 Historical Data

A.4.1 Consruction Date - 1976

A.4.2 Desicbner - Ragon Engineering Cumpany
Bolivar, Tennessee

A.4.3 Soil Testing - Construction Materials Lab, Inc.
Jackson, Tennessee

A.4.4 Builder - S & W Construction Company

Memphis, Tennessee

A.4.5 Developer - Terra Aqua Corporation

A.4.6 Owner - Candlewood Lakes Property Owner's
Asso., W. T. Arnold, President

A.4.7 Previous Inspections - February 1979

A.4.8 Seismic Zone - 2

A.5 Downstream Hazard Data

A.5.1 Downstream Hazard Potential Classification

a. Corps of Engineers - High
b. State of Tennessee - 1

A.5.2 Persons in Probable Flood Path - Undetermined
(D/S area being developed into residential lots.)

A.5.3 Downstream Property - Residential lots;
Hwy 57; main line Southern Railroad

A.5.4 Warning Systems - None
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SKETCHES AND LOCATION MAP
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PHOTOGRAPHIC RECORD



Photographic Record

Photo No. 1 - The upstream slope of the dam from the left
abutment.

Photo No. 2 - Erosion occurring near the water surface
on the upstream slope.

Photo No. 3 - The service spillway riser.

Photo No. 4 - The outlets of the service spillways and
toe drains.

Photo N~o. 5 - A discontinuity on the downstream slope near
the-toe and slightly to the right of the service spillway
outlet. The feature was apparently produced by earth
moving equipment.

Photo No. 6 - A closeup view of the feature in photo no. 5
showing the layering of soil in the embankment.

Photo Nos. 7 & 8 - Holes on the downstream slope due to
erosion and/or dispersive clays.

Photo Nos. 9 & 10 - A seep or spring on the right embankment
abutment contact starting about one foot below the pool
elevation.

Photo Nos. 11 & 12 - The emergency spillway channel showing
the sparse vegetation and excessive erosion of the side
slopes.
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Check List
Visual Inspection of Earth Dams
Department of Conservation
Division of Water Resources

, Name of Dam Crystal

County ,lardemtian Date of Inspection l/?3/'1

ID # - State 35-7n31 Federal . "'-'31

Type of Dam Zoned earthfill

Hazard Category-Federal Irish State

Weather Clear Temperature A,50

Pool at Time of Inspection alout ,:L (distance from crest)

Tailwater at Time of Inspection None (distance from stream bed)

Design/As Built Drawings Available: Yes J: No

Location: TWtIR

Copy Obtained: Yes x No

Reviewed: Yes " No

Construction History Available: Yes .. No

Location: TT.P,

Copy Obtained: Yes x No

Reviewed; Yes No

Other Records and Reports Available: Yes No

Location:

Copy Obtained: Yes No -

Reviewed: Yes - o

Prior Incidents or Failures: Yes No v

Inspection Personnel and Affiliation:

!tl O':Ieill - YDWR

George Ifoore - TDM;R

Anthony Privett - TD, P



I. Embankment

A. Crest

Description (1st inspection) Straipht alignment;

north-sout , orientation.

1. Longitudinal Alignment _.,,.

J4

2. Longitudinal Surface Cracks _ _one

9- Transverse Surface Cracks lone

4. General Condition of Surface rood

5. Miscellaneous Creqt is coverod b' sate 7rass -it

little other cover.

B. Upstream Slope

1. Undesirable Growth or Debris Fa-e grass;

ontirt, Or should 1, rorassed.

1



2. Sloughzng, Subsidence, or Depressions 'lone

3. Slope Potection 'lone anparept, only sage brush;

some minor erosion at water surface.

a. Condition of RPprap "_one

b. Durability of Individual Stones ,"/A

c. Adequacy of Slope Protection Against Waves

and koff O.!. at nrespnt time.

d. Gradation of Slope Protection - Localized Areas

of Fine Material _ _/A

4. Surface Cracks 'lone

C. Downstream Slope

1. Undesirable Growth or Debris Sn,'e rr.s co,.,r, on'-

needs more nroteetive cover.

2



2. Sloughing, Subsidence, or Depressions; Abnormal

Bulges or Non-Uiiformity Somp loles nr,' coYlapsed

-.l.s; shnlow, rgeneral'l- !pqs tian 1' deep. V$at

apnears to be a c,,t area is located just above t:- spil]I]v.av ning.

rinor siouPxn',dr ) occurring at !77 edge or t'.e crest.

3. Surface Cracks on Face of Slope

:;one

4. Surface Cracks or Evidence of Heaving at

Embankment Toe "on

i. Wet or Saturated Areas or Other Evidence of Seepage

on Face of Slope; Evidence of "Piping" or "Boils"

lbrA'

6. Drainage System rflar, no flow.

7. Fill Contact with Outlet Structure " "

8. Condition of Grass Slope Protection Poor alt1 ,otir'i

erosion is ,ilninal.

i3
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D. Abutments

1. Erosion of Contact of Embankment with Abutment from

Surface Water Runoff, Upstream or Downstream ,_.

2. Springs or Indications of Seepage Along Contact of

Embankment with the Abutments See below.

3. Springs or Indications of Seepage in Areas a Short

Distance Downstream of Embankment - Abutment Tie-in

'lone

1i'.'t enankrent alutr ent: tie' In is wet. Coulio not 'c
surface runoff. The wet area begins alout I foot ' e o,:
tie normal nool Plevation. ""e flow is clear. T'ere
is little xiet :and veretat ion in t*,, ar ,-. T'I,e ,,, aroa
is nossihly rue to sprint' floy alt o,"i t',- envr'e cv
splllav sliou!,I hav' Intercnnttod any 1rniind !'atrr fi!o".
T'ie flow nasseq al.ore- tl- toe, to t' e outle" c,.rne!..
ri o, o sliiht (r-sqs t'i-ir' 1 rve'nr'- i1 v fin t P Tc ar r
slio'ilel he ref,.n-r'~t-.v' in r'rv" 't~i-r.

4



I. Area Downstream of Eban ment, Including Channel

A. Localized Subsidence, Depressions, Sinkholes, Etc.

J1i e

B. Evidence of "Piping", "Boils", or "Seepage"

C. Unusual Presence of Lush Growth, such as Swamp

Grass, etc. oe

D. Unusual nuddy Water in Downstream Channeln V
E. Sloughing or Erosion _ _O__

F. Surface Cracks or Evidence of Heaving Beyond

Ebankment Toe __ nn

G. Stability of Channel Sideslopes n.".

4. Condition of Channel Slope Protection 0.1:.



I.Adequacy of Slope Prtcto Against Waves, Currents,

and Surface RunoffOK

J7. MIiscellanous N/A

I. Condition of Relief Wells, Drains, and Other

Appurtenances .IA

L. Unusual Increase or Decrease in Discharge from

Relief Wells _______________________

6



UZ. Instrumentation

A. Zonumentation/Surveyu 7ounO bcne':marl; see nJans.

B. Observation Wells Nonp

C. Weirs None

D. Piozometers None

S. Other None

7
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XV. Spillways

A. Service Spillway (Service/Emergency Combination Yes __ No x.)

1e Intake Structure Condition o.1.; observed fror, ",n'-.

2. Outlet Structure Condition Coon; correte

culvert pipe; o served from outlet.

3. Pipe Condition Good; end c1iinpe1.

4. E vidence of Leakage or Piping !one

5. General Remarks

B. Eergency Spillway

1. General Condition .o cnvor

2. Entrance Channel ,orto siltation occurr'nr'.

3. Control Section :!oderate to severo siltition;

wil. eventail.!v raise crest of spilwav to crrst

of d a r.

8



]kit Chanel ItM oderate erosion occurring; not

well defined.

. Vegetative/oody Cover None

5. Other Observation- Right spillway, hank is not

stabiltz.d an(' i- erodit', into the cianrel.

9



V. Eergency Drawdown Facilities (if part of service spillway

so state) Part of service spillway.

A" Facilities Operable: Yes -- o - n! nown

Were Facilities Operated During Inspection: Yes - o -"

Date Facilities Were Last tsed Vn"_,on

10
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VI. Reservoir

A. Slopes TI slones in none areas are almost vertical

but appear stable.

4

B. Sedimentation ,-iror

C. Turbidity Clear, 'r.,;i' green; ?' visi' i'it".

VII. Drainage Area

Description (for hydrologic analysis) T.ow' d!Cnsitv

ri iert i ' , it'i £vO P1 
i lots

A. Changes in Land Use .

ri

11



VIII. Downtream Area (Streami)

A. Condition (obstructions, debris, etc.) O.K

3. Slopes Flat

C. Approximate 1Wo. Homes, Populations and Distance D/S
Area jtnneeiatel- fl/S of (,a-,, is ' pi. eeornrl

for residential lots.

D). Other Hazards "wy ';7 and riain line Sont'-rn flail rozO

about .5 riles n'/S.

12



0OHI0 RIVER DIVISION, NASHVILLE DISTRICT

SOIL TEST DATA SUMMARY

PROJECT (Xy,51"5V /Aedc I9-,A//OLE ELEV. TOP______ WMET....L.. OF..L....SHEETS

~.DEPTH 0OF N AT. ATTERIENS MECHANICAL ANAL.
me SAMPLE LABORATORY CLASSIFICATION WTR LMT aeSi ie

CON T. -- p

__ __ ____ _ - -~ ' /$ 272. /55 , _

SEPT 6



IX. M~iscella.neous

Incidents/Failures ':on(,

ribserved Geology of Area ~avc'av ROI1r. A road cut rear ,ns-

O'F dam revoaYled a I 'p*'!fill (I sa-d' 1 alprs a-Itpermnt

',it1 n rla" layer). cWi' sarpn 'e on creqt- 11 deep.

X. Conclusions

TDar aipp-ars i." r'ood con(I-t ion e :ce'nr for I nadeonxiat-

vr' 'etat i'e cover.

X1. Recommendations

Renovate -,raris cover.

Re'lrnae an,' stab i1i.e sn 117av, an(! 'anks.

"o-'Uor snop.r~e.

ReginalEnneer

Chief Engineer

13



APPENDIX E

HIYDRAU3LIC AND HYDROLOGIC DATA



Hydraulic and Hydrologic Calculations

Crystal Lake Dam is located in Hardeman County, Tennessee.
The primary land use is medium density residential
development with about 30% of the area under water. The
predominant soil types are Ruston (HSG B), Lexington
(HSG B), and Providence (HSG C). The runoff curve number
was calculated to be 84 AMC II.

The Crystal Lake Dam is a small size, high hazard
potential dam. As such, it is required to pass the

Probable Maximum Flood ( PMF). The PMF is derived
from the Probable Maximum Precipitation. Using the U. S.
Weather Service TP-40, the 6-hour PMP was estimated to
be 29.7 inches yielding 27.5 inches of runoff during the
PMF and 13.8 inches during the % PMF.

The total inflow into the reservoir during the PMF is
about 20.8 acre-feet with a peak rate of 251 cfs. Crystal
Lake has a maximum storage above normal pool of 36 acre-
feet and maximum spillway discharge rate of 23 cfs. The
impoundment is sufficient to pass the h PMF with no flow
in the emergency spillway. The PMF overtops the dam by
about 0.1 feet.

Routing of a 1-10 day, 100-year storm indicated that the
storm would pass with no flow in the emergercy spillway.

The inflow hydrograph was calculated by methods contained
in Chapter 21, Section 4, of the SCS National Engineering
Handbook. Hydraulic calculations were performed in
accordance with King & Braters' Handbook of Hydraulics
The routings were taken from NEH-4, Chapter 17. Equation
17-11 was rearranged to the following form:

1(I , 00 - r= + 02



ANTECEDENT MOISTURE CONDITION
EVENTI I

Overtops 0.1' for Not routed
2.4 hours

Passes about 2.5'
freeboard Passes wi.,th no

% flow i.n the emergency
spi -.way

Hot routed Not routed

00 - YEAR

1-10 day, Passed with no flow
100 year in emergency spillway Not routed
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APPENDIX P

CORRESPONDENCE



Date _2/14/79 Region West

INSPECTION REPORT

Name of Dam: Crystal County: Hardeman

Owner's Name: Quad: 432SE

Type Project: Application No.

Existing X
New Construction
Repair/Alteration
Removal

Type Inspection:

Phase I Phase I Reconnaissance
Phase II
Certificate
Cursory
Preliminary Site

Review

Damage Potential Category:One _ Two Three __ Undetermined

Inspection by: George Moore and Troy Wedekind

Inspection Results:

Several holes, apparently due to subsurface erosion, were

ohserved in an area along the n/S slope and about 30 to 50 feet

either side of the service spillway. The holes are of a

confiquration normally associated with dispersive clay. Further

evaluation, including dispersive clay tests, should be

performed to determine the cause and possible solutions to this

problem. Several areas along the U/S face near the water surface

have eroded and should he repaired. A large erosion gully is

in the emergency spillway. This should be repaired and the area

reseeded. A possible wet area along the right abutment about

3' below the water surface should be reinspected during dry

weather to determine if it could be seepaqe or leakaqe. A large

0



INSPECTION RrPORT (cont.)

area on both sides of the service spillway outlet has eroded

and need to be repaired. Leakage was apparently coming

from the last section of conduit. Repair and evaluation

of the conduit should be made to insure its integrity. This

report is accompanied by photos.



Photographic Log

Photo No. 1 - Erosion gully in inlet of emergency spillway.

Photo No. 2 - Possible wet area right abutment about 3 feet
below water surface.

Photo No. 3 - Erosion on upstream face near left abutment
at the water surface.

Photo No. 4 - Erosion pit on downstream slope.

Photo No. 5 - Looking down downstream slope toward service
spillway outlet.

Photo No. 6 -Erosion pits on downstream slope.



P 0T-

J



~AI

PHOTO NO.3

PHOO O.

-~ ~ lid, -



P N T NO0.5
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CANDLEWOOD LAKES PROPERTY

OVERS ASSOC.,INC. A/ r~rt o "

I.P Box 171l ,1 c-
MUPMUTN. 3117

WJ. 0 Aau. P December 31, 1980

A m-p v.P. .

J. tl0

6I04M 14

6S14
Mr. Robert A. Hunt, Director
Division of Water Resources
Tennessee Department of Conservation J0'[
4721 Trousdale Drive
Nashville, Tennessee 37219

Re: Dams at Candlewood Lake, Spring Lake #2, Crystal Lake #4 and
Old Hickory Lake located in Hardeman County

Dear Mr. Hunt:

Your letter of December 1, 1980 to Candlevood Lakes Inc., has

been forwarded to us.

As of January 1, 1979, the ownership of ihe above mentioned dams

was transferred to Candlewood Lakes Property Owners Association.

We were not aware of the State Safe Dams Act, but we will be
glad to cooperate with you in any way possible to keep the dams
safe.

Please direct all future correspondence to Candlewood Lak -
Property Owners Association, P.O. Box 171321, Memphis, Tet.aessee
38117. The phone number is 901-685-6968.

Sincerely,

W. J. Arnold, President

Candlewood Lakes Property Owners Assn.

WJA/a
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RAGON ENGINEERING COMPANY
CONSULTING ZNGINEXR8

TIS WRIT MARKMT ST.

P. 0. ne it?

DOLIVAR. TCNNESgErf 36006

December 7, 1976 DON R. MO Z. ESCE MIT
JAM N 4. RAOON P. U. )MOND B. O'NEILL. i Usf

BoBBY L. TULLRY. RSA T

Mr. Robert A. Hunt
Tennessee Department of Conservation
Division of Water Resources
6213 Charlotte Ave.
Nashville, Tennessee 37209

Re: Candlewood Subdivision
Crystal Lake (Lake #4)

Dear Mr. Hunt:

The construction of Crystal Lake (Lake #4) has been completed
in substantial conformity with the approved plans and specifications
as prepared by Ragon Engineering Company.

Yours truly,

a H. Ragon, E.

JHR/ct

Enc.

cc: Mr. Edmond B. O'Neill
Regional Engineer

S & W Construction Co.
Memphis, Tennessee



NON-FEDERAL DAM INSPECTION REVIEW BOARD
PO BOX 1070

NASHVILLE, TENNESSEE 37202

ORNED-G

Commander, Nashville District
US Army, Corps of Engineers
PO Box 1070
Nashville, TN 37202

1. The Interagency Review Board, appointed by the Commander on 8 October 1980,
presents the following recommendations after meeting on 18 June 1981 to consider
the Phase I investigation report on Crystal Lake Dam inspected by the Tennessee
Department of Conservation.

2. The owner should establish a regular program of inspection and maintenance
to provide detection and timely correction of problem areas.

3. An emergency action plan should be developed, including a warning system to
alert downstream residents, in the event a serious condition develops with the
project.

4. Flood routings using Antecedent Moisture Condition III should also be com-
puted and included in the report.

5. Te Board is in agreement with other report conclusions and recommendations
f oll-iwing minor re y~sions.

BOBBY G&OORE
Chief, Design Branch Assist:aft State Conservation Engineer

ern te Chairman Alternate, Soil Conservation Service

v ROBERT A. HUNT THOMAS N. PORTER
Director, Division of Water Hydraulic Engineer

Resources Al. *nate, Hydrology and
State of Tennessee Hydraulics Rranch

EDWARD B. BOYD TIMOTHY McSKEY V
Hydrologic Technician Chief, Instrumentation and
Alternate, US Geological Survey Inspection Section

Alternate, Geotechnical Branch



APPENDIX G

DESIGN AN~D CONSTRUCTION DATA
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ANALYSES OF MOISTURE DENSITY TEST OF COMPACTED FILL

S & W Constrction Company CANI)LIVOOD (CYSTAL LAKE)
Contractor Project ------ M.

S & W Conetruction(2); IBagon Fgineering Date y :,, 1976g Rsport to Dae. ____ - ___

Lab. No 30512

Test No, 1 2 3 4
Density of Sand 98.0 98.0 98.0(lbs./cJ ft.)

Wgt of Jir & Sand ... ......
(betor( test) 7 0 7 80

Wgt ofJ,,&sanJ 355. 3 30 .
(after t-st) 355 3.62 3.80 374

Wgt. of Sand
in Hole & Funnel 4.23 4.19 4.09 4.06

Wgt. of Sand
in Funnel 1.98 1.98 1.98 1.98

Wgt. of Sand . . 2. . 08
in Hole 2.2 2.2 .211 2.0_

Voluhe cf Hole
(cu. ft.) .0230 .0226 .0215 .0212

Wgt. ofWetSoie 2.91 3.15 3.03 3.09

Soil 2.53 2.73 2.69 2.74

Wgt. of Water .38 .42 .34 .35

Moisture Content
(% of Dry Wgt.) 15.0 15.4 12.6 12.8

Density, Dry Soil(lbs/cu. ft.) 110.0 120.8 125.1 129.2

% Required Density 95.6 104.9 103.8 107.2
Required Density

(lbs/cu It) 115.1 115.1 120.5 120.5

Optimum Moisture
(% of Dry Wgt) 14.6 14.6 11.2 11.2

Stone, % by Wgt.

Location of Tests
I At Station 2+20 25' S. off Center of lie Elevation 503.5
2 At Station 3+00 15' S. off Center of Dam Elevation 503.5
3 At Station 2+50 30' N. off Center of Dam Elevation 503.5
4 At Station 2+50 45' S. off Center of Dam Elevation 503.5

CONST,,,rC, : '.7.IS L...3, .

r73U301
40 OLD HICKORY COVE JACKSOP TL.NNSSE- 12 1 ,2Itl I- e rnillq3Zb



ANALYSES OF MOISTURE DENSITY TEST OF COMPACTED FILL

Contractor S & W Construction Project C LiUOa5 (crmr.%L lA)

Report to 8 & W Constrnctio;(2); It.oa 1n Aineoring Date July "', 1976

Lab. No 3113

TestNO. ... 1 2
Density of S.nd

(lS/Cu ft) 98.0 98.0 90.0 98.0
Wct. of Jir & Sand

(beforf. test) 7.iA) 7.-U6 7.)2 7. i,2

W;t of Jai & SanJ
(after test) 3.79 3.7 5. ., 3.4,1.

Wgt. of Sand
in Holt & Funnel 4.01 1.19 J4.20 4.38

Wgt. of Sand 1 .
in Funnel 1.6a 1.68 1.6 1.,8

Wgt of Sand
in Hole 2.33 2.51 2.52 2.70

Voluyme cf Hole ....
(cu. tt.' .0 234 .0256 .0257 .0276

Wgt.-of-Wet
Soi 2.96 3.47 _._0 3.41

Soil 2.44 2.95 2.83 2.98

Wgt. of Water o52 .52 .57 .43

Moisture Content
(% of Dry Wgt.) 21.-3 17.6 20.1 14.41

Density, Dry Soil
(lbs./cu. ft.) 102.5 115.2 110.1 108.0

% Required Density 91.1 102.4 97.9 96.0
Required Density

(lbs./cu ft.) 112.5 112.5 112.5 112.5

Optimum Moisture
(% of Dry Wgt.) 14.6 14.6 14.6 14.6

Stone, % by Wgt.

Location of Tests

1 Centerline of Crystal ,, ce Dam, Sta. 4+00-151 Below Grade
2 E. ide of 1)a, ta. 4 00-15' L;e'ow Grade
3 Centerlins of Daw. 20' olo-v Grode--bta. 2.00 4)

4 V £tde of Da# 20 Belw Gmd-tao 2400

40 OLD HICKORY COVE JACKSON, TENNESSEE 38301

1901 US7274



ANALYSES OF MOISTURE DENSITY TEST OF COMPACTED FILL

(' I--', rAL-)

Contractor 5 Project j, ,_ " .-

Report tc . . -:- ( _ 1.. Date .. _,_____

Lab. No -

Test No.

Density c Sand
(Ibs /cJ ft) -.5 _ .0---

Wrt of Jar & Sand
(beforE test) 7".' . 7,O _ 7.bl

W ;t of Jar & SanJ
(after tobt) J- 7 . 95

Wgt of Sand

in Holc & Funnel _ . .' :.' 3 93 ....-- 3 ,

Wgt of Sand
in Funnel I . -. '.J , - ,,._.

Wgt of Sanc
in Hole .02.. 2.03

Volume cf Hole

Wat of Wet

S~olf Dr..... =L.G. __ ,. 2 77 2.- _ _,__,

i Wct of Dr-y

'soil- .. 3

Wgt of Water -- -

Mosture Content 1 -46

(% of Dry Wgt.) . ,.', --- i. -

Density, Dry Soil
(lbs./cu. It) i_._'-_ * . - - - - -

% Requireo Density - ,- - q

Required Density
(Ibs /cu ft ) . . 1LZ. b . - _ 12.U - -- -.__-

Optimum Moisture
(% of Dry Wgt) ,._''' iL - L"ii i --

Stone, % by Wgt.

Location of Tests

2 ie-c',ck &4*i--eenlorlinc of cIrun
3 At. .ttaiori u'.2--. ' ... c-; r of .- ' i
's At Station 2+-:'" 251 . . u t c Ler of dw-i-3' tiwi ,v ;,-iu

. C, ,,,

40 OLD HICKORY COVE JACKSON"NNE-SE63,. -

(9011668-7274 -I II I
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ANALYSES OF MOISTURE DENSITY TEST OF COMPACTED FILL

(dQV:.TAL)
Contractor o il .' . Project ..... 4..,I... ,

Report to .. , - - ,, - Date ." ".-

•-;':tunri n.,, Lob. No. " . __ _ _ _

.. .. Test NO. -

Density of Sand __--_ . . . . . I
(lbs /ci t )

W.4t of Jar & Sand
(before test) -. ,- . . 7..- 7.7 7-77- --- 7

Wqt , I . & Sand
tatter IU5l)

Wgt of Sand 3
in Hole & Funnel

W t. of Sand
in Funnel

Wgt of Sand
in Hole

Volume cf Hole
(Cu. ft.)

-- i 2

Wt. of Wet
Soil • , 4.- t... . ,6' . .... ..,'3 - d 2 .i"" .} . . -'% 1 --

Wgt. of Dry """
Soil

Wgt. of Water -

Moisture Content -- "- . .-
(% of Dry Wgt.) -i

Diensity, Dry Soil., 1 . .. . .1 - I
(Ibs./cu. ft.)

ReuiedDesiy"'t.----- ,.-- --- '.9---- -') 7. -- -- I8?---10e "

% Required Density
Re u iredDensity ",*.t.. . , .- . ..-- 7 t") - -° .0 " -- , -,;.

(lbs./cu. ft)
Optimum Moisture J1::.';.. I1?. - -1?.1- -- 1:.- 112.0 1- -

(% of Dry Wgt.) -V1.11- - -11Y.- . . - -- . --- - f. - "-1 . .

Stone, % by Wgt.

Location of Tests

1'e-check at St.ation ',.O--5O' ;. oif centor of dnm--t1t below rnde
ii-cocl at Stnation 2+52--23' W. off center of dria--151 belov gradleAt \ , tat ioa C+30--101 ; f coater of dam--)'1 br%1nv -ra

At 3tation 2+91--12' .. )f confer of dam--91 below -id'o
At !Lati,- 3.60--in cenLor of dnm--9' below grade
At Ztaton 4+10--101 V. off canter of dam--90 below grado 'r,. .

co:si. ..

40 OLD HICKORY COVE . 'JACKSO rTENNESSEE 3301 " '

I f ' ~ :"  /~.2-,~--l. .. .ik'U t. .t."



C>L
ANALYSES OF MOISTURE DENSITY TEST OF COMPACTED FILL

Contractor S & C onstruction Ci rurany Project CAN7IJ' .XOD LW.4jo (CarJAx. w,; L)

Ro & V CnetruoLao (2), 1 4ACOR 1 n9l eeUIran* Au-,Ut 10, 1976Reort to .. ... ao

Lab. No. 31287

-TooI No. 2 3 '6 - -
Density of Sand

(Ibs/c.,. ft.) 914.0 98.0 98.0 98.0 98.0
Wgt of Jir & Sand

(before lest) 7.61 7.93 7.02 7.72 7.65
Wgt of Jar & Sand

(after lost) 3.68 3.85 3.80 3.70 4.07
Wgt of Sand
in Holt & Funel 4.13 4.08 4.02 4.02 3.78
igl. o Sand
in Funnel 1.83 1.83 1.83 1.83 1.03 _

Wgt of Sand
in Hole _ 2.30 2.25 2.19 2.19 ..... 1.9 _

I• _.1.) ..0235 .0230 .223 .0223 .o

Wot. of Wet
Soil - 3.00 3,00 2.95 3002.

Wgt of Dry
Soil 2.63 2.57 2.53__ 2.61 2.49.

Wgt. of Water .937 ,43 .42 .39 . . .26
Moisture Content

(% of Dry Wgt.) 14.1 16.7 16.6 14.9 10.4
Density. Dry Sol

(lbs.cu. ft.) 111.9 111.7 11-. .117.0 12.1

% Required Density 97.2 97.0 98.6 10141- 193.8
Required Density

(lbs.1cu. ft) 115.1 115.1 115.1 115.1 120.5

optimum Moisture
(% oforywot) 14.6_ 14.6. 14.6 14.6 11.92

Stone, % by Wgt.

Location of Tests
1 at St,. 1+50. 250 1. off center of Dam--15 o Delov Grade
2 at ta. 1400, Ia Ceitcr of i, ..-- 1 5 i:clov (rade
3 oc1&cck at Sta. 2+30 14 L. of Ceanotr of bIas--9 0 Delev Gr&%e
4 At St.. 2+75v In Center of D3ow"# Dolow Grade
5 At Ste. 3#18v 100 E. of Cater of Dan"$ Blw Grade

rnv 1' JLIC.
t r- n ' ) p

40 OL 0;uJ 411ESM=
r ii, uI.. ' "' .,." ," wu n



ANALYSES OF MOISTURE DENSITY TEST Of COMPACTED FILL

Contract) S. aWb Construction Co.:n- yPojc AfI wo L.rn cTYrrLL&C.

ReotI & W Construction Coo (2)1 Rtgon Mng. 'i.t12, 1976

Lab. No. 31306

TeI~.1 __ 2- 4 ____ ___

Density osf Sand
-(Ibs.Ici It) 9--.0 98.0 98.0 9.

W91OfJ~r & Sand S0
W- (eote&sand 7.91 7-77 -7.87 -17-b7

(be oJr tet __________

(allt t-,st) 4.13.-. 3.65 3.65 3.59 _______

Wgt. of Sand
in Hole & Funnel 3.78 3.92 4.02 3.93

Wgt. of Sand
in Funnol 1.83 1.83 1.63 1.83 __

Wgt. of Sand
-in Hole 1.3209 -. 19 2.15

,Vouw cfI Hots
(cu. ft.) .0- 0213 .023 .0219 ____ ____

Wgt. of Wet
Soil ____ 2.67 2.90 2.96 2.94 ____

Wgt. of Dry___I
Soil 2.27 2.8 2.1 2.3

Wgt. of Water .1,0 .42 .45 .41 ____

Moisture Content
(% oftDry Wgt.) 17.6 16.9 17.9 16.2 _________

Density, Dry Soil
(tbs./cu. 11.) ___ 1116.1 116.4 112.6 115.5

% Required Density 99.1 101.1 97.8 100.3 ____

Requirsd Density
(lbs./cu. ft.) 115.1 115.1 115.1 115.1 ___________

Optimumr Moisture-
(% ofry Wgt.) 14.6 11.6 14.6 14.6 ____ ___

Stone. % by Wgt._____ _____ ___________ ____ __ _____

Location of Tests

1 At Sta. 1-90, 201 Y;. off center of fld--12f Delow Grade
2 At SU- . 1Ntj5g la ccatecr o& i.L-12 ioow Gra&do
3 At bta. 0+909 151 Le Off Cnter of Dan'.121 Below Grade
11 At Sta. 00o 151 Woo Off Center of Ammmm21 Below Grade

40 OLD HICKORY COVEI JACKSON, TENNESSEE 3601



ANALYSES OF MOISTURE DENSITY TEST OF COMPACTED FILL

Contract.xr S & W Construction project CAM~LEV00D U = LAJIcr1SiIMLK)

Report to S & W Consetwuctlisn(2); Bacon NDineerg Date AuIp~a nt 13, 1976 _____

Lab. No._________________

Toot No. 1 2 34 ____

Density o'f Sand
(lbs./cj. ft.) 98.0 998 . .0 98.0 _ ____

Wgt. of JMr& Sand 73 77 73 7 ~ ____

(beforv test) 7__3_777_7_W7_75_

Wgt of- J ir & S-anJ 74 37 .9 0
(after fast)374 37302 .3

Wgt. of Sand
in Hole & Funnel 4 .09 4 -.03 3.96 3.72 __ __

Wgt. of Sand 18 .3 18 .3 _____

in Funnel183 18183 13
Wg. of Sand 22 .0 21 .9 __ ___

In Hole 22 .3 18

.Volumne Cf oe.21~.27 .13 _________

(cu. ft.) .0231__ .022____ _0217__0193

Wgt. of Wet4
Soil 3.17 3.08 2. 98 2.-66 _________

Wgt. of Dry
Soil _____ 2.73 2.63 2.64 2.35 ____

Wg. of Water .4.45 .34, .31 ___

Moisture Content
(%. of Dry W91.) 16.1 17.1 1299 13.2 -

D en-s ity, Dry S o Il 11 1.. 117 118 _____

(lbs./cu. It.) 1182_17 __ 11___le

% Required Density 102.7 102.0 101.0 101.1 _____ ____

Required Density 151 151 10, _____ _____ ____

(lbs./cu. ft.) 11____.__ 11______1 _ 120_____5_ 120______ ____5__

Optimum Moisture
(% of Dry Wgt.) 14.6 14.6 11.2 11.2 ____ ___

Stone, % by Wgt.______________ _______

Location of Tests

1Sie0.15, In Coat., of Dcam- i Below Grad@
2 St.. 0+90v 20' E,. off Center of 1).-o-91 Llov Grad.e
3 Sta. 1.10, 201 We off touter of sam-90 Below Suede
4 St..i 2.00, In Cst"t of Domm90 Below Grad.

40 OLD MICKORY COVE JACKSON, TENNESSEE 3301

- . . 11111111 Uswim
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CT>L

ANALYSES OF MOISTURE DENSITY TEST OF COMPACTED FILL

Contractos  & W Conatruction Project CAfrt'L WPAD 1A. (WS'1vAL LAZE )

Report tc S & W Conatructlon(2)| ]14gon En nuearing Date A;uia-wL 17s 1976

Lo.N.31365
ToLt No. 1 2 4

Density of Sand-0 -. 1
(lbs /cJ ft.) ,,;.0 98.0 9a.0 98.0

Wgt. of J 3r & Sand
(before test) ;70 7.9 7.75 7.

Wqt of J.ar & SanJ .. 9..... ... 3.
(after test) 3o,9 3.65 3.bB 3-59

Wgt. of Sand
in Hole & Funnel 4.17 4.03 3.87 4.29

Wgt. of Sand 1..8
in Funnel 1*83 1.83 1-83 1,83

Wg,. of Sand ..
in Hole 2. , 2.2.0 2.04 2.46

,Vo ,ue Cf Hole . ..(cu. ft.) .- 0239 0 =1 4 .0208 •2,51

Wgt. of Wet
Soil 3.03 2.82 2.48 3.00
Soil 2.79 2.57 -. 30 - .73

Wgt. of Water .26 .25 .18 .27
Moisture Content

(% of Dry Wgt.) ' 9.3 9.7 7.8
Den sity, Dry Soil(bs. C. I 116.7 114.7 110.6 108.8

% Required Density 101.4 99.7 96,1 97.1
Required Density

(lbs/cu. It.) 115*1 115,1 112.0
Optimum Moisture

(% of Dry Wgt.) 14.6 14.6 14.6 14.6

Stone, % by Wgt.

Location of Tests
1 Sta. 3+959 In Center of Dam--On Grade

St. 2.+80, In Centcr of &-Om GraWe
3 $te. 1.65v, In Center of Dwa--ca On Grade
4 St.. 0.32# Ia Center of Dam-on Grne , ,,. .

. .,° I

40 OLD HICKORY COVE JACKSON. TENNESSEE 35201

lo i i ii ll
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6TH ANNUAL MEETING AMERICAN COLLEGE OF SURVEYORS IN TENNESSEE
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6TH ANNUAL MEETING AMERICAN COLLEGE OF SURVEYORS IN TENNESSEE
(.Am"ILL IILI'll '0lli It SUP'LY CO. HUB CTY ,IkLUE PINT 9 SUPPLv CO.

;W11 A' IM Avyi, %I, flo*m ROYAL STP.

MI -,'i i.. -- ' 'lid, I I ' IN JA CKSO N . TFNN .I"II,,oN Cli') VT-75A, i PMO 't (901) 427-9071

A6 - V,- 2,-4 - Y1.0

, ,/DD4 - =3 rP, X14f /
/~ 4've A/</ . 3 / q" X9 d 6J,- , 92.7"

k~/ 4;~, -- /.-rx<, // %rte*/
14, . . 3 YY10i '

0 /. :; o

od' rA,1-_ - /OF Al

?i/Y ,., =. 9 " . .,<-! I~b l'>, ,t oi/ I.

# .',i -- of l'l "t 05



elll/ , 5".-

1. 2 5 " 6 7 0 9 10 11 12

v Vtv iV V v/~~V, ;i %/Ql 0 Q0 Ili Qf b

- , - - ~fa- -t-

.4 _ ' ) :, __,,__ " .. z ._ . 1 r -

52; .7. / /i'2 ., , ,."/ ' . ," /52-'p 7' ~6- ",, /~I-'?

-3P /a. 42- / ,/7

729 Y7.7 34,.4 7 ,

" r2, S ¢27 32. /7 'i

- - - - -W - - - -5

9," f 7.
3.f

,,. -•,a -.,m.

__

. .. . . ...- ...-. -- " ..,,-, .;" ' a 7 ..... ... .

., . I *;" . '



-7-7 71 .----. K

..... ....

7 .77.7

. ................. .......

71
_ _ _ _.. . .. ..... ..

*t~ j:'

.1 I EWAN



ATII

LME


