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13. (Concluded).

After an initial visual inspection of the locks, approximately 750 lin ft of 6-in.-
diam cores were taken by the Mobile District for the laboratory testing program to
support the static and seismic analyses. Portions of the cores were subjected to phy-
sical testing to develop parameters for the static and seismic analyses. The physical
testing for the concrete consisted of tests to find unconfined compressive strength,
Poisson's ratio, elastic modulus, splitting tensile strength, specific gravity, absorption,
voids, and ultrasonic puise velocity. Petrographic examinations of three specimens
were conducted on the in-place concrete from Eisenhower and Snell Locks.

Three typical concrete chamber wall monoliths were analyzed: a north anu a
south wall at Eisenhower and a north wall at Snell. Each monolith was analyzed for
three loading conditions: normal operation with upper pool in the chamber, normal
operation with lower pool in the chamber, and the maintenance condition with the
chamber fully dewatered.

For static loading and with the current condition as analyzed, the chamber wall
monoliths at Eisenhower and Snell Locks show no evidence of being overstressed.
The results of the static analyses show that the chamber wall monoliths have tensile
stresses below 200 psi and compressive stresses less than 1,000 psi. These stress
levels are below any of the strengths determined from the laboratory testing program
(390 psi for tensile splitting tests and 3,660 psi for compression tests).

A response spectra seismic analysis was performed for a north chamber wall
monolith at Eisenhower. The response spectra (Operating Basis Earthquake (OBE))
and Maximum Credible Earthquake (MCE)) developed from the geological-
seismological investigation were used to perform the linear dynamic stress analysis.
For both the OBE and MCE conditions, catastrophic failure of the lock wall is unlikely
to occur. No damage should occur during the OBE event with a maximum principal
stress of 300 psi. There is a possibility of damage to the structure during the MCE
event near the top of the structure where the sloping face transitions into a vertical
face. If damage does occur during the MCE event, no more than about 5§ to 10 per-
cent of the section would be damaged.

14. (Concluded).
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EXECUTIVE SUMMARY

The Eisenhower and Snell Locks were constructed between 1955 and 1958 as
part of an international cooperative effort to build the Saint Lawrence Seaway. In
February 1990, the Saint Lawrence Seaway Development Corporation (SLSDC)
requested the Corps of Engineers (CE), through an intergovernmental Agency Agree-
ment, to perform a structural evaluation study of these two locks to determine the
adequacy of the existing locks considering present conditions and future needs, and to
determine the advisability of their rehabilitation. The study focuses on the intemal
structural integrity of the chamber wall monoliths at each lock.

The study consisted of three phases:

a. Phase | - Field Investigation and Laboratory Testing Program: This phase
of the study explored the current state of the in situ concrete in the chamber
wall monoliths and determined the concrete properties needed for the stress
analyses in the subsequent phases of the study.

b. Phase |I - Static Stress Analysis: In this phase of the study, the state of
stress within the chamber wall monoliths is examined by performing
nonlinear, two-dimensional, soil-structure interaction finite element analyses
of two monoliths at Eisenhower Lock and one monolith at Snell Lock.

¢. Phase |l - Seismic Stress Analysis: Dynamic finite element analyses of two
monoliths are performed to assess their structural integrity during an earth-
quake. To support the dynamic analysis, a geological-seismological investi-
gation was conducted to provide the ground motions, time histories, and
corresponding response spectra that couid be expected during a seismic
event in the region.

After an initial visual inspection of the locks, approximately 750 lin ft of 6-in.-
diam cores were taken for the laboratory testing program to support the static and
seismic analyses. Portions of the cores were subjected to physical testing to develop
parameters for the static and seismic analyses. The physical testing for the concrete
consisted of unconfined compressive strength, Poisson’s ratio, elastic modulus,
splitting tensile strength, specific gravity, absorption, voids, and ultrasonic puise
velocity. Petrographic examinations of three specimens were conducted on the in-
place concrete from Eisenhower and Snell Locks.

Three typical concrete chamber wall monoliths were analyzed: a north and a
south wall at Eisenhower and a north wall at Snell. Each monolith was analyzed for




three loading conditions: normal operation with upper pool in the chamber, normal
operation with lower pool in the chamber, and the maintenance condition with the
chamber fully dewatered. For static loading and with the current condition as
analyzed, the chamber wall monoliths at Eisenhower and Snell Locks show no evi-
dence of being overstressed. The results of the static analyses show that the
chamber wall monoliths have tensile stresses below 200 psi and compressive stresses
less than 1,000 psi. These stress levels are below any of the strengths determined
from the laboratory testing program (390 psi for tensile splitting tests and 3,660 psi for
compression tests). The highest stresses under static loading are in areas of low
strength as determined in the testing program. If for some reason the cross sectional
area is significantly reduced, such as concrete deterioration as found in the history of
Eisenhower Lock, the structural integrity would be in question. It is important for the
SLSDC to maintain an aggressive maintenance program of replacing deteriorated
concrete. In the near future, attention should be given to the repair of deteriorated
concrete near the bottom of the lock walls at Eisenhower Lock.

For the seismic analysis, a geological-seismological investigation was con-
ducted to find the strongest motions that the locks could expect to experience. There
were no active faults either at the Eisenhower or Snell Lock sites or in the general
area. The locks were determined to be in a high seismic area termed the Massena
zone. The zone was given a floating earthquake of Modified Mercalli (MM) intensity of
Vil which is the threshold of damage to properly built structures. Parameters for a
Maximum Credible Earthquake (MCE) were assigned as horizontal peak motions of
0.83 g for acceleration, 35 cm/sec for velocity, and 12.4 sec for duration. The Operat-
ing Basis Earthquake (OBE) was assigned 0.46 g, 24 cm/sec, and 8.8 sec,
respectively. A set of six accelerograms with response spectra was selected for use
in the seismic analyses.

A response spectra seismic analysis was performed for a north chamber wall
monolith at Eisenhower. For both the OBE and MCE conditions, catastrophic failure
of the lock wall is unlikely to occur. No damage should occur during the OBE event
with a maximum principal stress of 300 psi. There is a possibility of damage to the
structure during the MCE event near the top of the structure where the sloping face
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transitions into a vertical face. If damage does occur during the MCE event, no more
than about 5 to 10 percent of the section would be damaged. Since, the MCE event
has a low likelihood of occurrence and the damage level is low, it would be prudent to
wait and make repairs to the chamber walls if such an earthquake event.
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PREFACE

The Waterways Experiment Station (WES), US of Army Corps of Engineers,
was authorized to conduct this study by the US Army Engineer District, Buffalo on
12 February 1990 by DA Form 2544, Number NCB-DA-90-16EJ.

Mr. Reed L. Mosher, Computer-Aided Engineering Division (CAED), Information
Technology Laboratory (ITL), WES, was the Project Manager for the study. He was
also the Principal Investigator for the static stress analysis and the primary author for
this report. Messrs. Michael Pace and Kevin Abraham, both of CAED, helped in per-
forming the static stress analysis. Mr. Tommy L. Bevins, Structural Analysis Group
(SAQG), Structural Mechanics Division (SMD), Structures Laboratory (SL) performed the
seismic stress analysis under the direction of Dr. Robert L. Hall, Chief, SAG, SMD, SL.
Mr. Bevins authored the section of this report describing the seismic analysis.

Mr. Billy D. Neeley, Application Group (AG), Engineering Mechanics Branch, (EMB),
and Dr. Robert H. Denson, formerly of Engineering Sciences Branch (ESB), Concrete
Technology Division, SL, supervised the laboratory testing program. They were
assisted by Messrs. Percy Collins, AG, Michael Lloyd, AG, Roy C. Gill, Cement and
Pozzolan Group, ES, Sam Wong, Engineering Material Group (EMG), Ms. Judy Tom,
EMG, and Ms. Linda Mayfield, Applied Mechanics Group, EM. Mr. Neeley authored
the section of this report describing laboratory test results. Ms. Eileen M. Glynn, Rock
Mechanics Branch (RMB), Soil and Rock Mechanics Division (SRMD), Geotechnical
Laboratory (GL), logged the core and supervised drilling operation at Eisenhower and
Snell Locks. Dr. E. L. Krinitzsky, Earthquake Engineering and Geosciences Division
(EEGD), GL, conducted a geological-seismological investigation to find the strongest
motions for the seismic analysis.

COL Larry B. Fulton, EN, was Commander and Director of WES during the
preparation of this report. Dr. Robert W. Whalin was Technical Director.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-S! units of measurement used in this report can be converted to Si (metric) units

as follows:
Multiply By To Obtain_
degrees (angie) 0.01745329 radians
Fahrenheit degrees 5/9 Celsuis degrees or Kelvins®
feet 0.3048 metres
inches 2.54 centimetres
kips (force) 4.448222 kilonewtons
miles (US statute) 1.609347 kilometres
pounds (force) per square foot 47.88026 pascals
pounds (force) per square inch 6.894757 kilopascals
pounds (mass) per cubic foot 16.01846 kilograms per cubic metre

* To obtain Celsius (C) temperature readings from Fahrenheit (F) readings, use the
following formula: C = (5/9) (F-32). To obtain Kelvin (K) readings, use; K = (5/9)
(F-32) + 273.15.




STRUCTURAL EVALUATION OF EISENHOWER
AND SNELL LOCKS, SAINT LAWRENCE
SEAWAY, MASSENA, NEW YORK

PART I: INTRODUCTION

1. The Eisenhower anu Snell Locks were constructed bet..een 1955 and 1958
as part of an international cooperative effort to build the Saint Lawrence Seaway.
The US portion of the project was authorized by the Wiley-Dondero Act of 13 May
1954. This act also created the Saint Lawrence Seaway Development Corporation
(SLSDC) to construct, operate, and maintain the locks. SLSDC contracted with the
Corps of Engineers (CE) to design and construct these locks. The CE has had a long
history of providing engineering and review assistance to the SLSDC for the two locks.
The SLSDC requested the CE through an Intergovernmental Agency Agreement
(Appendix A.) to preform a structural evaluation study of the two locks and prepare a
report detailing the findings of the study. The US Army Engineer Buffalo District
(NCB) has overall responsibility for the study’s coordination and project managing.

Purpose and Scope

2. The purpose of the structural evaluation of Eisenhower and Snell Locns is tn
determine the adequacy of the existing locks considering present condition and future
needs, and to determine the advisability of their rehabilitation. The scope of this study
focuses on the internal structural integrity of the chamber wall monoliths at each lock.
The study reviewed the history of the Saint Lawrence Seaway Development Corpora-
tion's (SLSDC) structural repairs to these monoliths and evaluated the monoliths’ cur-
rent internal condition based on field investigations and detailed finite element analy-
ses for both static and seismic conditions. Previous reports, including the Gannet
Fle ming reports, were reviewed to identify pertinent information and acceptable exist-

ing data for use in the current evaluation.




3. The study is divided into three phases:
a. Phase | - Field Investigation and Laboratory Testing Program : This

phase of the study explored the current state of the in-situ concrete in
the chamber wall monoliths and determined the concrete properties
needed for the stress analyses in the subsequent phases of the study.

Phase |l - Static Stress Analysis: In this phase of the study, the state of
stress within the chamber wall monoliths is examined by performing
nonlinear two-dimensional soil-structure interaction finite element analy-
ses of two monoliths at Eisenhower Lock and one monolith at Sneli Lock.

o

Phase Il - Seismic Stress Analysis: Dynamic finite element analyses of
two monoliths are performed to assess their structural integrity during an
earthquake. To support the dynamic analysis, a geological-seismological
investigation was conducted to provide the ground motions, time histo-
ries, and corresponding response spectra that could be expected during
a seismic event in the region.

o

Detail Scope of Work

4. In this section, the general scope of work presented in the Intergovernmen-
tal Agency Agreement is expanded.
Phase | - Field investigation
and laboratory testing program

5. The field investigation and laboratory testing program were conducted to
provide the necessary parametric data to support the static and seismic analyses.
The Mobile District conducted the drilling operation. Continuous six inch diameter
cores were obtained from vertical core borings made at six representative locations.
Four core borings were made at Eisenhower Lock (in monoliths - N53, N57, S$19, and
S17) and two at Snell Lock (in monoliths - N56 and S15). Each boring, except N56 at
Snell, was approximately 125 ft deep and penetrated 10 to 15 ft into the bedrock
beneath the locks to check for any unknown rock cavities. Boring N56 extended only
74 f#t from the top of the wall. A total of approximately 750 lin ft of 6-in. diam core
were obtained. Core drilling was performed from the top of the lock walls. For
monoliths N53 and N57 at Eisenhower Lock and N56 at Snell Lock, the borings were
located approximately 4 ft from the face of the lock wall to avoid the cable gallery. All
borings were located to ensure no interference with the main culvert or any ports for
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filing and emptying. All coring was accomplished with a single drill rig and with only
one mobilization. Mobile District provided a borehole camera that was used to visually
inspect the existing conditions of the concrete and rock core holes. WES had a field
representative on site to log and inspect the cores. All cores were wrapped with
material to resist drying. The cores were stored on site in space provide by SLSDC.

6. Two additional core borings were made at Eisenhower Lock in monoliths
S19 and S17. These borings were located as close as possible to the back of the
walls and were extended to a depth of approximately 20 ft. These borings were used
to investigate the possibility of the existence of a crack near the top of the wall where
the back of the walis change slope.

7. Once the coring was complete, samples were selected and shipped to WES
for laboratory testing. The laboratory testing program consisted of tests to find uncon-
fined compressive strength, Poisson’s ratio, elastic modulus, splitting tensile strength,
specific gravity, absorption, voids, and ultrasonic pulse velocity along with direct shear
tests and petrographical examination for the concrete. For rock the testing program
consisted of tests to find unconfined compressive strength, Poisson’s ratio, elastic
modulus, and ultrasonic pulse velocity along with several direct shear tests at the
interface between the concrete and rock.

Phase Il - Static stress analysis

8. The static stress analysis phase focused on the evaluation of internal struc-
tural integrity of the chamber wall monoliths at Eisenhower and Snell Locks. Of
primary concern is the state of stress of the concrete in the chamber walls. The
stress conditions in the chamber walls result from gravitational forces on the walls and
from external forces applied by the backfill and water. The stress analyses were per-
formed by using the finite element method. Three typical concrete chamber wall
monoliths were analyzed, a north and a south wall at Eisenhower and a north wall at
Snell. Each monolith was analyzed for three loading conditions: normal operation
with upper pool in the chamber; normal operation with lower pool in the chamber; and
the maintenance condition with the chamter fully dewatered.

9. The analyses were performed using the computer program SOILSTRUCT
written by Dr. G. Wayne Clough and co-workers at Virginia Polytechnic Institute and




State University. SOILSTRUCT was specifically developed to model complex soil-
structure interaction problems by the finite element method. The finite element com-
puter program has been used to analyze a wide variety of problems, such as naviga-
tion locks, retaining walls, supported excavations, dams, tunnels, foundations, and
cofterdams. The analyses were incremental soil-structure interaction analyses where
the placement of the concrete and the backfill is simulated so as to obtain the induced
stresses in the systam. The incremental analysis applies the loads to the model in
small increments to allow the nonlinear constitutive mode! for the soil and interface to
adjust during the loading increment.

10. The study commenced by reviewing construction records and previous
studies of the locks. From this information, the characterization of the backfill and
foundation and a preliminary characterization of the concrete was made. The
chamber wall monoliths were reviewed for selection of the monoliths for analysis.
After selection of the monoliths, a finite element mesh was developed for the north
wall at Eisenhower Lock. Once the mesh and modeling techniques had been proven
to be sufficiently accurate, meshes for the other selected monoliths were generated.
After the field investigation and laboratory testing had been completed, the final mate-
rial characterizations were made for the analyses and each was reanalyzed for the
three loading conditions. The results from the three analyses were processed and
evaluated considering future rehabilitation of the walls and results are presented later
in this section of the report.

Phase lll - Seismic stress analysis

11. A response spectra seismic analysis was planned for either Eisenhower or
Sneil lock depending upon which structure was subjected to the highest seismic accel-
erations. If the earthquake ground accelerations were approximately the same, the
seismic analysis would be conducted on Eisenhower Lock, since it has the poorest
concrete conditions. To determine the strongest ground motions, a geological-seismo-
logical investigation was conducted to provide the peak values of acceleration,
velocity, and duration for comparison of earthquake ground shaking between both
sites. Time histories (accelerograms) and corresponding response spectra were




provided to represent site-specific cyclic shaking as it would be felt at the structure
experiencing the strongest disturbance.

12. Once the most critical structure was determined, it was analyzed consider-
ing three loading conditions together with an operating basis earthquake (OBE). The
three load cases are: normal operation with upper pool in the chamber; normal opera-
tion with lower pool in the chamber; and the maintenance condition with the chamber
fully dewatered. Two different typical lock-wall monoliths were analyzed using two-
dimensional (2-D) finite element procedures with a response spectra from the OBE.
These analyses considered the 2-D dynamic behavior of the structure, hydrodynamic
loading from the water in the lock, and the dynamic lateral earth pressures. The
active dynamic soil pressures were computed using the Mononobe-Oakbe equation,
and the passive pressures were computed from either a Coulomb or log spiral analy-
sis. The foundation of the lock is considered rigid. Static stresses from Phase Il were
used with the dynamic stresses in order to determine the total state of stress within
the structures.

13. These analyses provided a preliminary structural evaluation of this structure
for a seismic event at the site. [f the total state of stress is within the allowable limits
of the material, no further seismic stress analyses will be necessary. However, if
these analyses indicate that cracking is likely, a seismic analysis using a time-history
acceleration record and a nonlinear concrete model should be considered. Such an
analysis is beyond the scope of work for this study and would require additional funds.

Organization of the Report

14. In Part ll, the background and historical information on Eisenhower and
Snell Locks is presented. Part Ill summarizes the results of the Field investigation
and Laboratory Testing Program phase of the work. Part IV describes the proce-
dures for the the static stress analyses and presents the results of these analyses.
Part V describes the procedures for the dynamic stress analyses and reports the find-
ings. Part VI summarizes the findings and presents the conclusions drawn from the
study alonng with recommendations on need for future rehabilitation of the locks.




PART Ili: BACKGROUND

introduction

15. The Eisenhower and Snell Locks were constructed between 1955 and
1958 as part of an international cooperative effort to build the Saint Lawrence Seaway.
The US portion of the project was authorized by the Wiley-Dondero Act of 13 May
1954. This act also created the Saint Lawrence Seaway Development Corporation
(SLSDC) to construct, operate, and maintain the locks. SLSDC contracted with the
Corps of Engineers to design and construct these two locks.

16. The Eisenhower and Snell Locks are located in the Wiley-Dondero Canal
portion of the Saint Lawrence River just north of Massena, NY, (Figure 1). The locks
are about 4 miles apart and together they allow vessels to transit around the Saint
Lawrence Power Project. Figure 2 illustrates the locations of the locks, and the Long
Sault Dam and Moses-Saunders Power Dam that are the hydropower portions of the
Saint Lawrence Project.

17. The Eisenhower and Snell Locks have lifts of 38 to 42 ft and 45 to 49 ft,
respectively. The chamber dimensions are 80 ft in width, 860 ft in length from
upstream miter gate to downstream miter gate, and the locks have 30 ft of water
depth over the sills.

18. The locks are concrete gravity type walis founded on rock. Both locks
have mitering type gates, fender booms, and stop log closures. Eisenhower Lock has
a vertical lift gate to prevent loss of Lake Saint Lawrence in the event something
should happen to the miter gates. There is also a vehicular tunnel built through the
upstream miter gate sill at Eisenhower Lock. The filling system consists of upper sill
intakes, tainter valves, wall culverts, and side ports. This system empties into a floor
diffuser system below the lower miter gate. The guide walls are of the concrete

gravity type except the downstream guide wall at Snell Lock that is a concrete cap set

on steel sheet piles.
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Historical Problems and Repairs

19. Eisenhower Lock has experienced problems both with surface concrete
deterioration and with structural cracks from the filling/emptying culvert to the land side
of both lock walls. Snell Lock has not had a surface concrete deterioration problem,
but has experienced the same problem with culvert cracks. This section will briefly
present the surface concrete deterioration problem at Eisenhower Lock, and the struc-
tural crack problem at both the Snell and Eisenhower Locks.

Concrete deterioration

20. The concrete deterioration problem at Eisenhower Lock has been linked to
the natural cement used in the concrete mix. The mix at Eisenhower contained
25 percent by weight natural cement. After review of the available data and reports
on the concrete deterioration, the mechanism of the concrete deterioration is freezing
of water in the pores of the concrete. While the mechanism of the concrete deteriora-
tion is clear, the reason the concrete at Eisenhower lock is less resistant to deteriora-
tion than the concrete at Snell Lock is less clear.

21. The concrete mix both Eisenhower and Snell Locks varies throughout the
structures depending on the location. The concrete mix design was the same at both
locks except for the 25 percent by weight of natural cement. The concrete contain 4
to 6 percent entrained air. A detailed investigation of concrete at the two locks was
conduced by the US Army Engineer Waterways Experiment Station (WES) (Buck,
Mather, Thorton 1967).

22. Both the Corps (Buck, Mather, Thorton 1967) and Harza Engineering Com-
pany (Harza 1981) sighted the slow development of the strength of the concrete at
Eisenhower lock as the most plausible reason for the lower resistance to frost
damage. The available evidence from the construction records and laboratory experi-
ments show that the Eisenhower concrete developed strength more slowly than did
the Snell concrete. Based on the construction data, it would take about 12 and
37 days, respectively, for the Snell and Eisenhower exterior grade concrete made in
1956 to reach a strength of 3,000 psi (Buck, Mather, Thorton 1967). Buck, Mather
and Thorton reported that although laboratory tests had not shown one strength level
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to be required for adequate durability of concrete for all mixtures, the data did show
that a considerable strength development was necessary before concrete becomes
durable under freeze-thaw conditions. The value of 3,000 psi compressive strength
was used to illustrate the different rates at which equal levels of strength maturity
would be attained between the concrete in Eisenhower and Snell Locks. The

3,000 psi compressive strength value had been found at the time of the report to pro-
duce durable concrete in the laboratory freezing and thawing tests. However, it stated
that under the severe exposure conditions actually experienced at Eisenhower and
Snell Locks, a greater maturity would have probably been required.

23. The concrete was required to be kept at a temperature above 40 °F for
5 days and above freezing for 14 days. Buck, Mather, and Thorton reported that
climatological data at Eisenhower and Snell Locks show that the cores for the con-
crete placed 24-27 September and 2-26 October 1956 would have been subject to
freezing at an age between 14 and 18 days. The exterior concrete at Eisenhower
Lock placed during 1956 had an average 28-day compressive strength of 2,812 psi as
compared at 28-day compressive strength at Snell Lock of 3,954 psi. Yet by 1966,
samples of nondeteriorated concrete from comparable locations within Eisenhower and
Snell Locks had compressive strength approaching one another, 5,160 psi (range
4,190 to 5,860 psi) and 5,550 psi (range 4,760 to 6,450 psi), respectively (Buck,
Mather, Thorton 1967).

24. This was regarded by Buck et al (Buck, Mather, Thorton 1967) as the most
probable reason for the low durabile of the concrete at Eisenhower Lock. if the con-
crete had matured enough, it should have been just as frost resistant as the Snell
concrete has proven to be in service. The freezing of the low frost resistant concrete
had the effect of introducing additional void space, such as micro cracks, that would
not otherwise be present. This additional void space, beyond that the entrained air-
void system had been provided to protect against, wouid provide the location of addi-
tional freezable water that could freeze and produce progressive deterioration of the
concrete.

25. Harza Engineering sighted the slow development of strength in the con-
crete at Eisenhower Lock as the most plausible cause for the low resistant to frost
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action and resulting low durability of the concrete. Based on their calculation of matu-
rity factor as defined by ACI Committee 306, March 1978, it appeared to them that
concrete placed after 1 October and before 15 April 1957 has less than desirable
resistance to damage by frost.

26. At the time the locks were constructed, the winter curing and protection
techniques employed were common engineering practice. The contractor was
required to maintain concrete temperatures above 40 °F for 5 days followed by addi-
tional curing above 32 °F for 9 days.

27. Extensive concrete repairs have been made to the chamber faces, filling
and emptying culverts, gate recesses, pintle bases, and sills at Eisenhower Lock.
SLSDC has had aggressive program to repair and replace deteriorated concrete. The
concrete deterioration at Eisenhower Lock will be a continuing problem.

Culvert cracks

28. In January 1967, during inspections of the Eisenhower Lock filling and
emptying culverts by SLSDC and CE personnel immediately after winter dewatering, a
continuous crack was observed along the landward-ceiling corner of the culvert in the
north wall. Further investigation revealed that these cracks were continuous from the
culvert through to the exterior backfilled face of the lock wall. At the time, the crack
leaked water in varying amounts along its entire length and fresh spalls of concrete
were found lying on the culvert floor beneath it. Subsequent detailed inspections and
other pertinent investigations revealed that the crack extended along the culvert
between the upper and lower valve monoliths.

29. After initial discovery of the crack in the north culvert, a close inspection
was made in the south culvert. The same kind of crack as existed in the north culvert
was present in the south culvert, at its landward-ceiling corner. Its longitudinal extent
were the same as that of the north culvert crack. Examination of the Snell Lock cul-
verts revealed similar cracks in that lock.

30. With these cracks extending through to the backfill, the overall stability of
the lock walls became a matter of serious concern. Under certain conditions, all wall
loads must be taken on the 15-ft-thick section between the culverts and the faces of
the lock chambers. This was thought to be especially serious with respect to
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Eisenhower Lock where portions of this section were deteriorated and thus less capa-
ble of supporting the imposed loads. The core boring program underway conceming
the problem of deterioration was enlarged to include exploration of these cracks. To
obtain additional data on the extent of the cracks and condition of the surrounding
concrete, joint meters were installed across the cracks to measure changes in the size
of the cracks during lock operations, bar joints were installed across the lock cham-
bers to measure relative movements of the lock walls and an inclinometer was used to
measure tilting of the lock walls during operation, alignment control was set up
whereby any lateral displacement of the wall could be measured, piezometers were
installed in the backfill areas to provide information on saturation levels and drainage
patterns, and correlated flow measurements were taken of flows in the backfill drains.

31. Because of this information in combination with the knowledge gained by
the concrete survey in 1966-67, a determination was made by an SLSDC convened
Board of Consultants that a complete rehabilitation program was necessary to
guarantee continued structural integrity and stability and to assure ability to operate
the locks. In a letter of June 26, 1967 from the Administrator, the CE was requested
to perform the necessary design and contracting services conceming the proposed
rehabilitation program for the Eisenhower and Snell Locks to restore the locks to a
condition of full stability.

32. Priority was given to Eisenhower Lock. The rehabilitation work for the
crack consisted of placing post-tensioned anchors across the culvert crack, . This was
accomplished during the winter shutdown of 1967-68 by contract with Peter Kiewit &
Sons. Similar post-tensioned anchors were placed across the culvert cracks at Snell
Lock during the winter of 1968-69 under contract with Morrison-Knudsen.
Post-tensioned anchors - lock wall monoliths

33. In the winters of 1967-68 and 1968-69, post-tensioned anchors were
installed in Eisenhower and Snell Locks, respectively. The north and south walls of
the Eisenhower and Snell Locks have 14 monoliths with narrow tops and sloping
backs (Figure 3). These walls in the chamber portion of the locks are 606 ft long.
The typical chamber monoliths with anchors are outlined on a plan view of Eisenhower
Lock in Figure 4. Eighty-two and eighty-three anchors were installed in the north and
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south walls, respectively, of each lock. Six 636 kips anchors were installed in each
monolith. The average spacing of the anchors is 7.33 ft.

34. Review of data and stability analyses show that the saturation level in the
backfill was at el* 221.0 ft at the time of anchor installation. This elevation is 16 ft
higher than was designed for originally. Recent field inspection of drainage pipe and
dye tracing study by Gannet Fleming Geotechnical Engineering, Inc.(1986) of the
drainage blanket show that they are operational and continuous. From historical data
and recent observations it was determined that the static groundwater level is at the
drain invert in the drainage blanket for the soil below the blanket. This data also
shows that the soil is saturated up to 18 ft above the drain in the same locations.
These high piezometer levels observed in the upper portion are the result of a
perched water table fed by the water level in the nature soil. While the drainage blan-
ket and pipe are functioning, they are not connected to the soil above the drainage
blanket.

35. In February 1989, the SLSDC and CE conducted an anchor investigation
program at Eisenhower Lock. The objective of the investigation was to determine
whether or not the post-tensioned anchors in the chamber monoliths at Eisenhower
Lock have sustained any significant corrosion due to water ieakage through the exist-
ing culvert cracks. Of the 165 anchors in Eisenhower Lock, two anchors were exam-
ined, one in monolith N-51 and one in monoliths S-17, at locations near the greatest
amount of leakage through the existing culvert cracks. Significant corrosion was con-
sidered to have the greatest potential at these locations. The investigation consisted
of excavating the concrete from inside the culvert to expose a short section of each
anchor for visual inspection and dimensional measurements.

36. Results of the anchor investigation showed that the grout was intact and
completely surrounded the anchor strands in the exposed areas. The anchor strands
were observed to be as shiny as new and there was no evidence of any surface cor-
rosion or pitting. Based on the results of this investigation, it was concluded that the
anchors are in excellent condition. It was further concluded that post-tensioned

* All elevations (el) cited herein are in feet referred to the National Geodetic Vertical
Datum (NGVD).
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anchors in Eisenhower Lock should remain structurally sound and should adequately
serve the anticipated life expectancy of the lock. In any future structural evaluation of
the lock, the existing anchors should be assumed 100 percent effective.
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PART lll: FIELD INVESTIGATION AND LABORATORY
TESTING PROGRAM

Site Visit

37. In February 1990, representatives from WES, Buffalo District (NCB), North
Central Division (NCD), Headquarters (HQ), and the Saint Lawrence Seaway Develop-
ment Corporation (SLSDC) inspected the Eisenhower Lock while it was dewatered for
winter maintenance. The lock was dewatered for repair to the concrete surrounding
the miter gates and to replace surface concrete at the toe of the same chamber mono-
liths. Poor concrete was visible in some locations. A number of locations of unsound
concrete were found during the inspection. The recently repaired surface concrete
appeared to be sound.

Drilling Operation

38. After completion of inspection of the locks, boring locations were assigned
in areas that were representative of the concrete placed after 1 October 1956 and
before 1 April 1957. Four boring locations for Eisenhower Lock are shown in Figure 5
and two boring locations for Snell Lock are shown in Figure 6. Personnel from the
US Army Engineer District, Mobile, drilled the borings using diamond-tip core barrels.
Approximately 750 lin ft of 6-in.-diam cores were obtained from vertical borings.

While, larger diameter cores would have been preferable because of a maximum
aggregate size of 6 in., but their cost was prohibitive. The borings were located so as
not to interfere with the main conduit or any ports for filling and emptying. Personnel
from the WES logged the cores on ENG Form 1836. The boring logs are presented in
Appendix B. Pertinent information describing each boring including boring number and
depth is presented in Table 1.

39. The cores were preserved and handled using procedures described in Test
Standard RTH 103-80 (WES 1980). After removal from the core barrel, each core
was marked to indicate boring location and depth. Loss of moisture was prevented by
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wrapping the core in thin polyethylene, followed by cheese cloth, and then coating with
a lukewarm wax. The cores were then placed in a wooden box, cushioned with
vermiculite, and shipped to the WES for testing.

40. Two core borings were made at Eisenhower Lock in monoliths S19 and
S17 to investigate the possibility of the existence of a crack near the top of the wall
where the back of the walls change slope. The borings were located as close as
possible to the back of the walls and were extended to a depth of approximately 20 ft.
No cracks were found.

41. A borehole camera that was used to visually inspect the existing conditions
of the concrete and rock core holes. An examination of the video tapes of the bore-
hole camera inspection showed no voids or unusual conditions in the concrete.

Test Specimens and Laboratory Testing

42. A visual examination of all cores was made in the laboratory to supplement
the field boring logs and to assist in the selection of representative test specimens.
Concrete test specimens were selected based upon the physical condition of the con-
crete and depth in order to obtain representative properties throughout the structure.
Figure 7 is a schematic showing the general location of samples selected for testing.
Rock specimens were selected to be representative of the bedrock in close proximity
to the base of the structure. Forty-eight concrete specimens, six rock specimens, and
two concrete-bonded-to-rock specimens were tested from Eisenhower Lock. Twenty-
two concrete specimens and two rock specimens were tested from Snell Lock.

43. Each specimen was visually examined prior to any destructive testing. The
results of the visual examination are given in Table 2. The laboratory testing con-
sisted of the following conducted in accordance with {he appropriate test method:
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Test Method

Propeny ROCk Concrete

Unconfined compressive strength RTM 111 CRC-C 14 (ASTM C 39)

Elastic modulus and Poisson's ratic RTM 201 CRD-C 19 (ASTM C 469)

Spilitting tensile strength CRD-C 77 (ASTM C 496)
Specific gravity, absorption, voids CRD-C 23 (ASTM C 642)
Ultrasonic puise velocity RTM 110 CRD-C 51 (ASTM C 597)
Direct shear RTM 203 CRD-C 90

Direct shear testing was performed on intact concrete specimens and concrete-
bonded-to-rock specimens. Results of the laboratory testing are given in Tables 3 to
8.

General Comments for Concrete

Eisenhower Lock

44. There appears to be considerable variation in the quality of concrete in
both the north and south sides of the lock. Compressive strengths range from above
6,000 psi to below 4,000 psi, while splitting tensile strengths range from above 700 psi
to below 400 psi. The top 15 ft of concrete appears to be dense and well consolid-
ated. At greater depths, the concrete exhibits varying degrees of voids and poor
aggregate-paste interface. Some of the larger voids could have resuited from poor
consolidation. However, the mortar fraction of the concrete in these areas appears to
be porous, grainy, and generally of poor quality. The test data indicates the poorest
quality concrete to be in the lower part of the lock, primarily in areas 15 ft above the
bedrock down to the bedrock. Variable quality is also indicated by ultrasonic pulse
velocity and voids content. An increase or decrease in compressive strength in a
particular area was not always confirmed by an increase or decrease in splitting
tensile strength, ultrasonic pulse velocity, or voids content. Average physical
properties of the concrete in the upper 15 ft as compared to the lower 15 ft as well as

the overall average are given below:
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Test

Unit weight, pcf

Pulse velocity, fps
Compressive strength, psi
Splitting tensile str., psi
Elastic modulus, x 10 psi
Poisson's ratio

Percent voids

Upper Lower
159.2 155.8
18,210 16,834
6,050 4,070

620 570
7.55 4.65
0.28 0.22

9.1 10.4

Percent

Ditference

-7.6
-32.7
-8.1
-38.4
-21.4

-4.3

Overall
Average

157.8
17,505
5,230
580
5.70
0.23

10.3

45. There was no bond at the concrete-bedrock interface in three of the four

borings. The bedrock was primarily a hard, dense, dark gray dolomite with occasional

layers of weak clay or shale.

46. There was little difference in the physical properties on the north side of the

lock as compared to those on the south side. The average compressive strength of

the concrete in the south side was approximately 10 percent higher than that on the

north side. Other properties differed by approximately 4 percent or less. Average

properties for the concrete on the north and south sides are given below:
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Test North side South side

Unit weight, pct 158.3 157.4
Pulse velocity, fps 17,790 17,248
Compressive strength, psi 4,930 5,500
Splitting tensile strength, psi 585 580

Elastic modulus, x 10 psi 5.75 5.65
Possion's ratio 0.22 0.23
Percent voids 10.3 10.3

Snell Lock

47. The general quality of concrete varies with depth on both sides of the lock,
but appears to be somewhat better than that of the Eisenhower Lock. Compressive
strengths range from above 8,000 psi to below 4,000 psi, while splitting tensile
strengths range from above 900 psi to below 500 psi. The top 15 ft of concrete
appears to be dense and well consolidated on the north side of the lock. At greater
depths, the concrete exhibits some minor voids and varying strengths. On the south
side of the lock, varying degrees of voids, poor aggregate-paste interface, and
strengths are indicated from the top surface down to approximately 5 ft above the
bedrock. The concrete just above the bedrock is of a poorer quality. There was no
bond at the concrete-bedrock interface. There appears to be no correlation between
compressive strength, splitting tensile strength, ultrasonic pulse velocity, nor voids
content. An increase or decrease in compressive strength in a particular area was not
always confirmed by an increase or decrease in splitting tensile strength, ultrasonic
pulse velocity, or voids content. Average physical properties of the concrete are given

below:
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Overall Percent

Test Average Lower Difterence

Unit weight, pcf 158.3 1568.3 0

Pulse velocity, fps 17,810 17,046 -4.3
Compressive strength, psi 6,620 3,730 -43.7
Splitting tensile strength, psi 650 495 -23.8
Elastic modulus, x 10 psi 6.85 4.60 -32.8
Poisson’s ratio 0.25 0.20 -20.0
Percent voids 11.0 11.6 5.5

48. Concrete on the south side of the lock appears to be inferior to that in the
north side. Splitting tensile strength, elastic moduius, Possion’s ratio, and voids con-
tent differed by more than 10 percent while unit weight, pulse velocity, and compres-
sive differed by 4 percent or less. Average concrete properties on the north side and
on the south side of the lock are given below:

Test North side South side

Unit weight, pcf 158.7 167.9
Pulse velocity, fps 18,127 17,494
Compressive strength, psi 6,750 6,480
Splitting tensile strength, psi 710 590

Elastic modulus, x 10 psi 7.20 6.45
Possion’s ratio 0.26 0.23
Percent voids 10.3 11.7

Petrographic Examination

49. Cores from both Eisenhower and Snell Locks were taken for evaluation
and examination. Portions of two cores from Eisenhower and one from Snell were
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selected for examination. The complete test results are presented in Appendix G.
The concrete was air-entrained. The air content for the samples examined ranged
from 2.3 to 2.8 percent. The low air content of the concrete is not believed to be of
any significance. Previous average air contents reported by Buck, Mather, and
Thorton (Buck, Mather, Thorton 1967) were 3.5 percent for the two lock structures. It
may be due to the relatively small area of sampling. The examination show that the
concrete from both structures are similar and free from damaging cement-aggregate
reactions and other deleterious reaction. The concrete from the two structures are

similar.

Summary

50. The concrete testing program shows that the three principal properties
needed for the finite element analyses, compressive strength, tensile strength, and
modulus of elasticity, Figures 8, 9, anc 10, respectively, decrease with depth in both
Eisenhower and Snell Locks. The average compressive strength for Eisenhower Lock
is less than that of Snell by 31 percent, 5,230 psi versus 6,620 psi. The lower value
at Eisenhower is biased by the larger number of test specimens from the lower portion
of the wall when compared with specimen from Snell, six from Eisenhower and only
one from Snell. Using the average compressive strength from specimens taken from
the upper portion of Eisenhower borings and comparing that to the Snell average, the
difference is only 9 percent which is approximately the same percent difference
reported by Buck, Mather, and Thorton (Buck, Mather, Thorton 1967). This same
trend of bias by the larger number of specimen from the lower portion of the borings
from Eisenhower is found in the overall average value for the modulus of elasticity.
This trend is not seen in the tensile strengths. The average tensile strengths from the
lower to upper portion of the borings from Eisenhower only vary by 8 percent. The
test values for the modulus of elasticity and the unit weight may have been influenced
due to the aggregate size when compared to the diameter of the cores which may

result in higher test values.
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PART IV: STATIC STRESS ANALYSIS

Introduction

51. This section presents the results of the static, nonlinear, soil-structure
interaction analysis of three typical concrete chamber wall monoliths, a north and a
south wall at Eisenhower Lock and a north wall at Snell Lock. The static stress
analysis of Eisenhower and Snell Locks focuses on the evaluation of the internal
structural integrity of the chamber walls monoliths. The objective of the study is to
determine the current state of stress of the concrete in the chamber monoliths at
Eisenhower and Snell Locks using the finite element method and to check these
stresses against the strength of the concrete.

Problem Description

52. The Eisenhower and Snell Locks are located in the Wiley-Dondero Canal
portion of the Saint Lawrence River just north of Massena, NY. The locks are about
4 miles apart with Snell Lock located downstream of Eisenhower Lock (Figure 2).
Eisenhower and Snell Locks are sister locks with chamber dimension of 80 ft in width
and 860 ft in length. The lock walls are approximately 110 ft high and 63 ft in width at
the base. Figures 11 and 12 show typical cross sections through the lock chamber at
Eisenhower and Snell Locks, respectively. The chamber walls are unreinforced mass
concrete sections with large filling and emptying culverts, smaller drainage and supply
culverts, and a cable gallery at the top of the north walis. The concrete monoliths are
founded on dolomite rock which forms the chamber floor of the locks. The backfill
behind the lock walls is a compacted glacial till. The natural soil at the site is a glacial
till. Figures 13, 14, 15, and 16 show typical chamber wall sections for the two locks.

Eisenhower Lock has a high pool level at el 240 ft and a low pool level at el 200 ft.
Snell Locks has a high pool level at el 200 ft and a iow pool leve! at el 155 ft.

53. As discussed in Part ll, Eisenhower and Snell Locks have suffered struc-
tural ciacking of the concrete. The chamber wall monoliths have a continuous crack
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along the landward ceiling corner of the filling and emptying culverts. The crack
extends from the culvert to the surface of the backfilled face of the monolith. The
primary loading on the chamber walls that could cause the formation of the crack is
from the backfill and the groundwater in the backfill. The backfill is a compacted
glacial till with unusually high unit weight, 145 to 150 pcf. In situ tests by Gannett
Fleming Engineering, Inc. (1986) to determine the horizontal stresses, i.e., iateral earth
pressure, in the backfill showed that the horizontal stresses may be 1.5 to 2.0 times
the effective vertical overburden pressure. This suggests a high degree of compaction
of the backfill. An additional factor is that the groundwater level in the backfill is
approximately 20 ft higher than anticipated in the original design.

54. With the backfill as the primary source of loading, the assessment of the
stress in the concrete of the chamber walls involves significant soil-structure interac-
tion. Because of the nonlinear stress-strain behavior of the soil and the formation of
the crack in the concrete, a nonlinear soil-structure interaction finite element analysis
is necessary to accurately estimate the stress in the chamber wall monoliths. Conven-
tional equilibrium method and linear elastic finite element models cannot capture these
impontant aspects of this problem.

55. The analyses for the assessment of static stresses in the chamber wall
monoliths were performed using the computer program SOILSTRUCT. SOILSTRUCT
is a general purpose finite element computer program for two-dimensional, plane
strain analysis of soil-structure interaction and soil-inclusion interaction problems. it
calculates displacements and stresses due to incremental construction and/or load
application and is capable of modeling nonlinear stress-strain material behavior. The
simulation of incremental construction may include embankment construction or back-
filling, the placement of layer(s) of a reinforcement material during backfilling or
embankment construction, dewatering, excavation, installation of a strut or tie-back
anchor excavation support system, removal of the same system and the placement of
concrete or other construction materials. The incremental loading simulation may
consist of the application of concentrated loads, boundary pressures or loads due to
temperature changes in nonsoil materials.
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56. The initial version of SOILSTRUCT was developed by Professors G. W.
Clough and J. M. Duncan for use in the analysis of Port Allen and Old River U-frame
locks (Clough and Duncan 1969). This version of the program reflects modifications
made in conjunction with a number of projects at WES to expand the capabilities of
the finite elements constitutive models, load vector formulation algorithms, the size of
problem which may be analyzed, and the transfer of input, output, restart and plot data
files by means of disc storage. A detailed description of the program is provided in
Appendix C.

Finite Element Model

57. The study commenced by reviewing construction drawing and records and
the reports from previous studies of the locks. From this information, the characteriza-
tion of the backfill and foundation and a preliminary characterization of the concrete
was made. The next step in the analysis was to select the dimensions and elevations
for the chamber wall monoliths to be analyzed. NCB requested the analysis of three
chamber monoliths, a north and south at Eisenhower Lock and one from Snell Lock.
In the detail scope of work, a south monolith at Snell Lock was scheduled for analysis.
A review of the data revealed that the north chamber monoliths have a slightly higher
backfill behind them resulting in the decision to analyze a north monolith at Snell Lock.
Figures 17, 18, and 19 show the basic elevations and dimension for each lock wall
sections selected for analysis. The dimensions and elevations are not for specific
monoliths at Eisenhower and Snell Locks, but are lower bound possibilities formed
from the typical sections shown in Figures 13 through 16. The boring data shows the
rock surface to range from el 139 to el 143 ft at Eisenhower Lock and from el 99 to
el 102 ft for Snell Lock. The Eisenhower models used el 140 ft for the rock surtace
and Snell model used el 100 ft for the rock surface. Figures 20, 21, and 22 shows the
overall model configuration including the wall, backfill, and foundation. The backfill
surface begins at the top of the wall for both locks and connects to the surface of the
natural soils. The surface of the natural soils and the slopes of the excavation (Fig-
ures 20, 21, and 22) are consistent with preconstruction drawings for the two locks.
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58. This information provided the basic data to construct the finite element
meshes for three monoliths to be analyzed. Symmetry about the center line of the
chamber allows for modeling of only one wall of the lock at a time. This significantly
reduces the required mesh size. Each mesh contains a section through a lock wall
and a representative portion of the foundation rock, backfill, and in situ soil. One of
the side boundaries of the meshes is at the center line of the lock chamber. The
other side boundary is 500 ft from the center line of the lock, in a position such that
simulation of the construction of the lock wall and backfill placement should not effect
the stresses near this boundary. The rock foundation extends 200 ft below the base
of the lock walls.

59. Construction of the mesh for the north chamber wall monoiith at
Eisenhower Lock, the first mesh generated, consisted of several stages with certain
constraints applied to the configuration of the mesh. Initially, a mesh was constructed
with approximately half the elements of the final mesh and a backfill placement was
simulated to test for accuracy. The mesh had to allow for the simulation of a crack
extending from the landward ceiling comner of the filing and emptying culverts to the
surface of the backfilled face of the wall. Special interface elements had to be used
between the wall and the foundation and between the wall and the backfill.

60. Clough and Duncan (1969) found that an accurate mesh for the simulation
of backfill placement was obtained if the stresses in the soil elements in the mesh did
not vary more than 10 percent during a placement of a lift. Maintaining this criteria
allows the soil constitutive model in the finite element computer program to follow the
nonlinear stress-strain response of the soil. The initial mesh was refined until the
changes in stresses were below 10 percent. Other criteria followed in the construction
of the mesh was maintaining an aspect ratio less than 4 in the wall and surrounding
soil. The QM5 element used in SOILSTRUCT is accurate for aspect ratios up to
eight. The highest aspect ratios in the wall, less than four, are along the slope of
backfilled face of the wall. In this area, the criteria was to have four or more elements
parallel tc the crack to ailow for accurate prediction of stresses in the direction of the

crack.
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61. Figure 23 shows the mesh for a section through a typical chamber monolith
of the north lock wall at Eisenhower Lock. The mesh consists of 2,505 nodal points to
define 2,200 two-dimensional elements representing the lock wall, soil, rock, and 221
one-dimensional interface elements. This was the first mesh generated and was used
to set a minimum standard for the two remaining meshes. Figure 24 shows the mesh
for a section through a chamber monolith of the south lock wall at Eisenhower Lock.
The mesh consists of 2,898 nodal points to define 2,818 two-dimensional elements
representing the lock wall, soil, rock, and 290 one-dimensional interface elements.
Figure 25 shows the mesh for a section through a chamber monolith of the north lock
wall at Snell Lock. The mesh consists of 2,353 nodal points to define 2,278 two-
dimensional elements representing the lock wall, soil, rock, and 245 one-dimensional
interface elements. The interface elements are at the interface between the concrete
and soil backfill, concrete and rock foundation, and soil and bedrock.

Simulation of the Construction and Loading Conditions

62. The finite element modeling technique used for this study is a nonlinear
analysis, where loads are applied incrementally to simulate the actuai conditions in the
field. The key stages in the modeling are the initial conditions after excavation for the
construction of the lock, placement of the lock wall, placement of the backfill, raising of
the water table in the backfill, formation of the crack, placement of the anchors, and
operation of the lock. These are depicted schematically in Figure 26.

63. To establish the in situ stresses after the excavations for the construction
of the locks, the natural soil was placed incrementally in the configuration of the exca-
vations. This established the necessary in situ stresses to start the modeling of the
structure and the backfill placement and is more expedient than trying to model the
excavation process. During this stage of the analysis, the elements in the rest of the
mesh are weightless with no stiffness. After establishment of the natural soil and exca-
vation, the lock wall is placed under gravity load. At this point, all displacements in the
mesh are set to zero, thus creating the reference point for the remaining stages of

construction and loading simulation.
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64. The placement of backlill is simulated by placing the soil in load steps or
lifts of one row of elements each. Five iterations for each lift were used to permit the
stress-strain curves of the soils to be followed as closely as possible. This number of
load steps and iterations has been found to generate an accurate response for earth
pressures (Clough and Duncan 1969). In order to develop sufficient earth pressures
on the lock walls to cause a crack to develop, the effects of compaction had to be
included in the analysis. The program did not have a procedure to account for com-
paction, thus a procedure had to be developed. Elements above the lift being placed
are considered inactive and have zero weight and no stiffness.

65. Compaction equipment moving across a backfill adjacent to a wall induces
additional lateral earth pressures on the wall. When the compaction equipment moves
away from the wall, a portion of the additional lateral earth pressures continues to act
on the wall due to the inelastic nature of the soil. A typical pressure distribution
against a wall resulting from compaction is shown in Figure 27. This is similar in
shape to the pressure distribution reported in the Gannett Fleming report (1986) from
the pressuremeter and hydrofracture testing. A simplistic approach was taken to sim-
ulate the effects of compaction in the backfill for this study. The procedure used was
to increase the vertical forces being applied during simulation of the placement of a lift
of the backfill. This was accomplished by increasing the unit weight of the backfill lift
being placed by a magpnification factor. The magnitude of the factor was determined
by performing a series of analyses where the factor was increased until the minor
principal stress at the landward ceiling corner of filling and emptying culvert reaches a
value that would initiate a crack.

66. After placement of the backfill, the water level in the backfill was raised.
The increase in water level was simulated by applying the water pressure in the back-
fill resulting from the change in elevation of the water table and applying boundary
pressures to the back and base of the lock wall to equal the hydrostatic head due to
the change in water table. The static groundwater level in the backfill below the drain-
age blanket is at the drain pipe invert in the drainage blanket. For the soil above the
drainage blanket, the location of the perched water table, the groundwater level is set

equal to the groundwater level in the natural soil.
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67. Once it was determined that the earth pressures were sufficient to initiate
the crack, another complete analysis was performed with zero strength and stiffness in
tension along the crack. This provided the state of stress in the lock wall after the
crack had occurred. Next, the placement of the post-tensioned anchor was simulated
by applying point loads to the lock wall equal to the value for post-tensioning of the
anchors in the field. In the subsequent load step, the stiffness of the anchor is
activated. Six 636-kip anchors were installed in each monolith. The average spacing
of the anchors is 7.33 ft. SOILSTRUCT uses the plain strain assumption. Thus, the
load applied to simulate the post-tensioning of the anchors is equal to the post-
tensioning loads, 636 kips, divided by the average spacing of 7.33 ft. The force due
to post-tensioning of anchors is applied at the head of the anchor, while an equal but
opposite force is applied to four nodes below the crack in the direction of the line of
action of the anchor.

68. Operation loading conditions evaluated are a result of raising the water
level in the chamber of the lock from the dewatered condition to the lower pool water
level and then to the upper pool level. These are simulated by applying boundary
pressures to the chamber wall face, surfaces of the culverts, and base of the chamber
wall monolith equal to the hydrostatic water pressure for the different pool levels.

Soil and Concrete Parameters for Finite Element Analyses

69. The finite element models require input parameters for the concrete in the
lock walls, foundation rock, backfill, and natural soil at the site that describes their
stress-strain characteristics, unit weights, and initial stress conditions. These parame-
ters were determined from the laboratory tests described in Part lll and from the
reports provided by the SLSDC and NCB.

Unit weights

70. The in-place relative soil density of the backfill soil has been a point of
controversy for sometime because of the high values measured by in-place tests.
Assumed wet densities from previous studies have ranged from 125 pcf in the 1955
Corps Design Memorandum to 140 pcf used in Harza Engineers’ study (1981).
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Measured backfill density values from in-place tests range from a low of 135.5 pcf to a
high of 150.6 pcf. Measured values from laboratory tests of reconstituted soil samples
showed an average maximum dry density ranging from approximately 135 to 140 pcf
that would result in wet density values ranging from approximately 144 to 149 pcf.
Based on this information, a wet unit weight of 148 pcf was used in these analyses.
Angle of internal friction and cohesion

71. Because of the difficulty involved in obtaining undisturbed samples, labora-
tory testing has only been performed on reconstituted samples. Measured values for
the angle of internal friction from reconstituted samples ranged from 35 deg reported
in the Corps Post Construction Report (US Army Engineers, Buffalo District 1957) to
42 deg reported by Empire Soils Investigations, Inc. (1985) and from zero to 5.4 kst
for cohesion. During the engineering study by Gannett Fleming Geotechnical Engi-
neers, Inc., (1986) a value of 45 deg for angle of internal friction and zero cohesion
was used in their stability computations. This angle of internal friction value was esti-
mated from the results of pressuremeter tests.

72. The report by Empire Soils Investigation, Inc. (1985) recommended an
angle of internal friction of 40 deg and zero cohesion, based on the average of three
sets of triaxial tests of reconstituted samples (37, 40, and 42 deg, and 0,0, and
0.3 ksf, respectively). Our reanalysis of these tests, Appendix D, shows the angle of
internal friction ranging from a low of 35.2 deg with cohesion of .23 ksf to a high of
41.7 deg with a cohesion of 1.5 ksf. The greater strengths were for the materials
classified as SM. The lower strength materials were classified as CL.

73. It has been found that the angle of internal friction obtained from a triaxial
test is from 4 to 9 deg smaller than from a plane strain test. Plane strain conditions
develop along the chamber lock wall in this study. Therefore, the values from triaxial
tests will under estimate the angle of internal friction of the backfill behind the lock
walls. A conservative estimate of the plane strain angle of internal friction may be
found using the value from a triaxial test in the correlation:

bps = 1.56,-17
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for an angle of internal friction greater than 34 deg (Lade 1976). Using this correlation
the plane strain angle of internal friction from a triaxial test performed by Empire Soils
Investigation, Inc. would be 38.5, 43, and 46 deg, respectively, and a similar range for
our reanalysis. In light of this, the value of 45 deg for angle of internal friction used by
Gannett Fleming Geotechnical Engineers, Inc. (1986) seems reasonable and was
used in this study. The reanalysis of the Empire Soil tests showed significant values
of cohesion. It was felt that a cohesion of 0.5 ksf should be used in the analyses.
Stress-strain parameters for the soil

74. Using the procedures outlined by Duncan et al. (Duncan 1970) the neces-
sary stress-strain parameters can be computed from the results of drained triaxial
tests. These procedures were used to determine the stress-strain parameters from
the triaxial tests reported by Empire Soil Investigation Inc. The results are presented
in Appendix D. They show the strength correlation factor, Ry, with values ranging from
0.31 to 0.76, hyperbolic exponent factor, n, with values ranging from 0.2 to 0.69, and
the modulus constant, K, with values ranging from 223 to 1,232. The modulus con-
stant values seemed low for soil with such high density. Considering the fact that the
stiffness of a soil increases significantly with prestressing from loads such as compac-
tion and the authors’ personal experience, the stress-strain parameters used in the
analyses are shown in Table 5.
Concrete properties

75. The concrete lock walls are assumed to behave linearly elastic in the finite
element analyses in this study. The primary properties of the concrete needed for
these analyses are the modulus of elasticity, Poisson’s ratio, and unit weight. The
most important of these is the modulus of elasticity. The modulus is the primary
parameter controlling the magnitude of the displacement of the wall. In Part il the
test results show that modulus value decrease from the top of the wall to the bottom.
The value ranged from 3.5 to 7.7 X 108 psi with a mean value of 6.08 X 106 psi and a
standard deviation of 1.20 X 108 psi (approximately 20 percent). Having a lower value
of the modulus in the bottom 25 ft of wall had less than a 5 percent change in the
stresses and less than a 3 percent difference in the displacements for the Eisenhower
north wall model. These differences are not significant enough to justify using a
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varying modulus for the concrete walls. Therefore, a value of 5.0 X 108 psi was used
in the analyses. The unit weight of the concrete ra~ged from 153.7 pcf to 163.8 pct.
A value of 150 pcf was used. The lower than average values for the elastic modulus
and unit weight used in the analysis were chosen because concern over the influence
of large aggregate size on biasing the average values. Poisson's ratio values ranged
from 0.16 to 0.30. A value of 0.25 was used. The tensile strength was needed in the
analyses to determine the stress level where cracking would occur. The laboratory
tests showed a range for the splitting tensile strength from a value below 400 psi to
values over 700 psi. The tensile stress range assumed for initiation of a crack was
300 to 400 psi.

Analysis Results

76. Since the results for the three monoliths show the same general trends and
approximately the same maximum and minimum stress levels, only the results for the
north wall at Eisenhower Lock will be discussed in detail. The results for the other two
monoliths are presented in Appendixes E and F.

Initial stress state after
dewatering and excavation

77. The first important step in the analysis was to establish the initial state of
stress in the natural soil after the excavation for construction of the lock and in the
lock walls after placement of the concrete. This was accomplished in two steps;

(1) placement of the natural soil at the configuration of the excavation and (2) place-
ment of the wall. Figure 28 shows a plot of the mobilized shear strength of the
natural soil. Figure 29 shows the distribution of vertical stresses in the lock wall after
its placement. Figure 30 shows the distribution of the minor principal stress in the wall
after its placement. When minor principal stresses in an element exceed the limiting
value of negative 57,600 psf (400 psi) or a zone of element has stresses greater than
43,200 pst (300 psi), a crack is assumed to occur. Negative values denote tensile

stresses, while positive values denote compression.
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Placement of backfill
78. Figures 31 and 32 show the contours of the vertical and horizontal dis-

placement, respectively, resulting from the placement of the backfill prior to the estab-
lishment of the crack at the comer of landward ceiling of the filling/emptying culvert.
The greatest vertical displacement is 0.29 ft and is located on the boundary between
the backfill and natural soil. As found by Clough and Duncan (1969), the maximum
displacement is located midway in the soil stratum being placed. The maximum verti-
cal displacement in the wall occurs near the top of the wall and is less than 0.04 ft.
The maximum horizontal displacement is 0.12 ft and is located at the top of the
chamber wall. These displacements occur during the placement of the backfill and to
our knowledge no measurements are available for comparison. Figure 33 shows
mobilized shear strength for the soil after backfill placement. The shear strength in
the backfill is fully mobilized near the top of the wall. This is expected because the
wall is moving away from the backfill initiating the beginning of the development of
active earth pressures.

79. Figure 34 shows the distribution of the minor principal stresses and the
deformed shape of the wall and surrounding backfill after placement of the backfill.
Figure 35 shows that the value of the minor principal stress near the landward corner
of the ceiling of the culvert has exceeded the limiting value for initiation of a crack.
Figure 35 shows that one element has exceeded the 57,600 psf (400 psi) level and
Figure 36 shows a zone surrounding the landward ceiling corner with stresses greater
than 42,000 psf (290 psi). The differences in stress levels shown in Figures 35 and
36 is due to the contouring algorithm in the plotting software. In Figures 35 and 36,
the initiation of the crack can be seen. Figure 37 shows the distribution of the major
principai stresses and the deformed shape of the wall and surrounding backfill after
placement of the backfill. The maximum compressive stresses ranging from
120,000 (833 psi) to 110,000 psf (764 psi) are found on the chamber face of the wall
at the change in slope near the toe and surrounding the chamber side of the ceiling
corner vi the cuvert. Figure 38 shows the major principal stresses surrounding the
landward ceiling corner of the culvert. The major principal stresses at the corner are
approaching zero. This analyses was used to establish the lateral earth pressure
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required to cause the existing crack at the landward ceiling corner of the filling and
emptying culvert.

80. Once the crack has formed, zero tensile strength and stiffness is provided
across the crack and stresses carried across prior to the formation of the crack are
redistributed into other portions of the wall. Figures 39 and 40 show the distribution of
vertical and horizontal displacements, respectively. The displacements are essentially
the same with or without the crack. Figure 41 shows the distribution of the minor
principal stresses and the deformed shape of the wall and surrounding backfill after
placement of the backfill for this case. In Figure 42, a .'~se-up of the culvert region
is shown. From this figure, the opening of the crack can be seen. A gap to the back-
filled face of the wall is not seen in this figure because the computed displacements
are so small, but the crack is open to the backfill face of the wall. Comparing the
minor principal stress distribution in Figure 41 with that in Figure 34 shows that the
tensile stresses once carried across the crack are redistributed to the concrete along
the chamber side of the culvert and to the concrete below the culvert. Before crack-
ing, the minor principal stress in these regions ranged from approximate O to -

12,000 psf (83.33 psi). After the formation of the crack the minor principal stresses
increased in tension in these regions to a range from -4,000 psf (27.8 psi) to -

16,000 psf (111.1 psi). Figure 43 shows the distribution of the major princioal stresses
and the deformed shape of the wall and surrounding backfill after placement of the
backfill for this case. The maximum compressive stresses ranging from 120,000 psf
(838 psi) to 108,000 psf (750 psi) are found on the chamber face of the wall at the
change in slope near the toe and surrounding the chamber side of the ceiling corner
of the culvert. These stress levels and locations are approximately the same as seen
in Figure 37. Figure 44 shows the major principal stresses surrounding the landward
ceiling comer of the culvert. The major principal stresses at the corner are
approaching zero.

81. Figure 45 show the resulting lateral earth pressures acting on a vertical
plane directly over the heel and the pressuremeter results from Gannet Fleming
Engineering’s investigation (1986). The predicted lateral earth pressures show good
agreement with the pressuremeter results in the upper portion of the backfill. In the
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mid height range, predicted values are higher than the pressuremeter results. In the
lower portion of the backfill, there were no pressuremeter results for comparison.
Figure 46 shows the shear stress from the finite element analysis on the vertical plane
above the heel. The shear stress in the upper portion of the backfill relates to a wall
friction of 8 to 10 deg and in the lower portion of the backfill, it relates to a wall friction
of 28 to 30 deg.
Placement of the anchors

82. Figure 47 shows contours of the horizontal displacements. It shows that
the post-tensioning of the anchor moves the top of the wall back into the backfill by
0.003 ft. This is an expect result of the post-tensioning of the anchors. Figure 48
show the distribution of the minor principal stresses and the deformed shape of the
wall and surrounding backfill after placement of the anchors. It shows a slight
increase in the compressive stresses on the face of the chamber and surrounding the
culvert. Also, there is a change in the stresses at the anchor head. Figure 49 shows
the distribution of the minor principal stresses and the deformed shape of the wall and
surrounding backfill after placement of the anchors. The distribution of stresses is
only changed in the top of the wall with a slight reduction in the minimum value of the
tensile stresses, 26,390 psf (183 psi) to 24,610 psf (171 psi). Figure 50 shows a
close-up near the culvert. The crack has partially closed with the placement of the
anchors. This is consistent with the leakage found in the field. The leakage suggests
that the crack is not completely closed.
Lower pool

83. Figure 51 shows the distribution of horizontal displacements. It shows that
the top of wall moved 0.001 ft toward the backfill due to the raising of the water in the
lock chamber to the lower level. Figures 52 and §3 show the distribution of the major
and minor principal stresses, respectively, and the deformed shape of the wall and
surrounding backfill after raising the pool to el 200 ft. The distribution of stresses
shows a slight reduction in the maximum and minimum stress levels. These results
show that this load case is less critical than the dewatered case.
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Upper pool
84. Figure 54 shows the distribution of horizontal displacements. It shows that

the top of wall moved 0.009 ft toward the backfill due to the raising of the water in the
lock chamber to the lower level. Figures 55 and 56 show the distribution of the major
and minor principal stresses, respectively, and the deformed shape of the wall and
surrounding backfill after raising the pool to el 240 ft. The distribution of stresses
shows a slight reduction in the maximum and minimum stress levels.

Summary and Conclusions

85. The static stress analyses have shown that the most critical loading condi-
tion is when the lock is completely dewatered. For this condition, the static analyses
have shown that the chamber lock walls were overstressed in the past, due most likely
to over compaction of backfill and the 20 ft higher than anticipated water level in the
backfill. This overstressing was sufficient to cause the present crack from the upper
landward corner of the filling/emptying culvert and extending to the surface of wall on
the landward. Once the crack had occurred and the anchors were placed (the current
state of the walls), the analyses show that the tensile stress that caused the crack to
form has been redistributed to the concrete along the chamber side of the culvert and
to the section below the culvert. This redistribution of tensile stresses has not
overstressed the lock walls and leaves them with a factor safety greater than
2.0 (tensile stress of 180 psi from analyses versus 400 psi cracking limit) against ten-
sile stress induced cracking. The compressive stresses are well below (3.5 times) the
lowest compressive strength found in the laboratory test program. The location of the
highest compressive strength is in an area where the concrete deterioration has been

a problem.
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PART V: SEISMIC ANALYSIS OF THE NORTH WALL OF THE EISENHOWER
LOCK INCLUDING FLUID-SOIL-STRUCTURE INTERACTION

Introduction and Objectives

86. The active earth pressures and water pressures due to a horizontal seismic
motion on the lock have been estimated for the Eisenhower Project Site. Response
spectra from the Operating Basis Earthquake (OBE) and Maximum Credible Earth-
quake (MCE) were used to perform the linear dynamic stress analysis. Two dimen-
sional plane strain analysis was used to estimate earth pressures and water pres-
sures. These pressures were then added to the dynamic results to yield the final
stress values. Figure 57 shows a typical section of the north wall of the lock.

87. The purpose of the present report is to use current analysis methods,
which could incorporate the effects of soil structure interaction for a seismic analysis of
the lock. In addition, the report provides pertinent state-of-the-art information on soil-
structure interaction and identifies critical areas of the lock structure that should be

carefully engineered.
General Overview of Analysis

88. Retaining walls designed for earthquake effects may be grouped into two

main categories on the basis of their failure mode:

a. Gravity retaining walls, using the mass of the wall for stability, which fail

by sliding or by overturning. These may be called displacement-
governed walls. The internal force levels in such walls are of secondary
importance.

Cantilever, tied-back or braced walls, which fail by fracture or yield of
one of the structural components involved. These walls may be called
force-governed walls. For at least some part of such structural systems
the internal force level is important.

The present analysis assumes that no displacement failure is anticipated, and the

o

Eisenhower Lock is composed of force-governed walls.
89. Generally the objectives in earthquake-resistant design are as follows:
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To ensure that no significant structural damage results from a moderate
earthquake having a reasonable likelihood of not being exceeded during
the life of the structure.

b. To ensure against collapse or major structural failure for a rare severe
earthquake.

90. The first design objective can be met by sizing the structural members
such that their strengths will not be significantly exceeded in an earthquake of moder-
ate intensity. At this design level, the behavior is essentially linear elastic and applica-
tion of elastic response spectrum analysis can be used to arrive at critical member

I

forces.

91. The second design objective of ensuring against a major structural failure
is often met by employing design details that ensure ductile behavior.

92. These two objectives can be met if the necessary steel reinforcement is
provided. This is always the case for residential buildings and a certain class of life-
line structures such as bridges. For retaining walls that are very lightly reinforced
however, the objectives are still the same, but the objectives are met in a somewhat
different way.

93. The "dual spectrum approach"” is used if two distinct levels of prescribed
earthquake excitations are employed to meet the two aforementioned design objec-
tives. The higher intensity motion is often called "maximum credible earthquake"
(MCE) or ductility level earthquake and the lower level motion is referred to as "operat-
ing basis earthquake" or strength level earthquake. The MCE spectrum reflects an
envelope of response values which have a high probability (e.g., 85-95 percent) of not
being exceeded during the lifetime of the structure. The OBE spectrum has a moder-
ate probability (e.g., 50-60 percent) of not being exceeded. The structure should not
suffer any damage from the OBE. Damage is acceptable for the MCE, but the struc-
ture should remain mostly intact and not experience a catastrophic failure.

94. For gravity retaining walls and in particular for forced-governed walls, the
members are sized so that failure is avoided and only reparable damage is allowed to
develop. This is accomplished by sizing the wall sections so that the strength of the
contraction material will be exceeded in limited areas that retain the function of the
structure and are accessible to retrofiting after the earthquake.
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95. The analysis reflects the "dual approach.” The procedure for both the
OBE and MCE is the same with the only difference being the intensity of the lateral
forces acting on the lock wall.

96. The following steps comprise the analysis:

a. Evaluate lateral stiffness of soil in contact with the wall.

b. Evaluate earth pressures on the wall.

c. Stress analysis using the OBE and MCE loading conditions.
The dynamic analysis of the wall was performed with ADINA (ADINA 1988).

97. The wall was modeled with plane strain rectangular elements, while
spring elements were used to represent the soil. The evaluation of the spring con-
stants is based on state-of-the-art soil dynamics procedures. The minor differences of
the frictional angle of the soil, and the modulus of elasticity of the concrete E_, used in
the static analysis and the dynamic analysis are insignificant given the complexity of
the system and the computational procedures in both analyses. The finite element
method (FEM) modeliing of the lock, i.e., size of elements, and mesh were performed
according to guidelines found in FEM literature (Bathe 1982). The FEM model used to
extract the mode shapes as well as performing the response spectra analysis is
shown in Figure 58.

98. The analysis revealed that the soil-structure interaction (SSi) does not
effect the dynamic response of the lock significantly - at least the effects on the
natural frequency of the fundamental mode shape. Without the soil, the natural fre-
quency was 12.1 Hz; with the soil, the natural frequency was 12.7 Hz, for a total per-
cent difference of 4.7 percent.

99. As a consequence of this small change, the earth pressures acting on the
wall have been changed insignificantly from the ones evaluated without soil-structure
interaction.

100. It should be pointed out that SSI, as has been accounted for in this analy-
sis, is a rough approximation of SSI behavior under seismic loads. Salient deficien-
cies of the analysis include:

a. Evaluation of the soil spring stiffness from a shear modulus, G, esti-
mated from earthquake induced strains.
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Assumption that the soil stiffness is constant. This is not always a
conservative assumption since the magnitude of the soil stiffness is
highly dependent on the frequency of the excitation (Wolf 1985).

Neglect of radiation damping in the soil. Radiation damping is a mea-
sure of the energy loss from the structure through radiation of waves
away from the footing, i.e., it is a purely geometrical effect. For hori-
zontal and vertical translations, radiation damping may be large
(greater than 10 percent of critical damping).

>

o

Analysis

101. The seismic analysis used the response spectra method. Two cases

were considered:

a. OBE with 5 percent damping.

b. MCE with 10 percent damping.
The 10 percent damping for the MCE is an approximation that accounts for structural
damage. This is a standard method used in response spectra and thus linear for
seismic analysis.

102. The response spectra for both the OBE and MCE is an envelope of maxi-
mum values of the site specific response spectra provided by Krinitzsky (1991). The
response spectra are for a Modified Mercalli intensity Vill earthquake. The time histo-
ries and response spectra are for a near field, hard site, and shallow earthquake. The
response spectra used are shown in Figure 59.

103. A total of 10 mode shapes were used to compute the seismic stresses.
The method used a standard response spectra method to combine the stresses from
each mode shape to calculate the net stresses. This method was a square root sum
of squares (SRSS) method, thus all stress values are positive. Although this is con-
fusing at first, it causes no problems in interpreting the results. Since it is an earth-
quake loading and thus a cyclic loading, the stresses are equally likely to be tensile or
compressive. Simply adding the dynamic stress to the static stresses will give the
largest tensile stresses which are important to determine if failure is occurring.

104. The static stresses are from the SSI calculations covered previously in
this report. Note that the sign convention for the stresses are different. Tensile
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stresses are positive while compressive stresses are negative. Also, note that all
dimensions and elevations are given in inches and stresses are in pounds per square

inch.

Results

105. The results from the dynamic analysis are shown starting with Figure 60.
This figure is a contour plot of the maximum principal stresses for the OBE loading.
The largest stress value is 300 psi located at el 2,678 on the exterior or right face of
the lock. This stress is well within the tensile strength of the concrete (f,=500 psi).

106. The results for the MCE are shown in Figure 61. The maximum stress
value is in the same location as is the OBE. Now, the maximum principal stress is
405 psi. This is getting close to the tensile strength of the concrete.

107. Combining the OBE stresses with the static stresses changes the maxi-
mum stress value very little. The OBE combined with the static load case is shown in
Figure 62. The combination did create another high stress region near the base of the
right face. This new stress is 225 psi.

108. Figure 63 shows the MCE stresses combined with the static stresses.
Again, very little change occurs in the location or magnitude of the maximum stress
value. ltis at el 2,678 on the exterior face of the lock. The stress near the base of
the right face is now 250 psi.

109. For this structure, since the maximum dynamic stresses occur near the
top of the structure, which is a low stress area for the static load case, and since the
static stresses are high in a region where the dynamic stresses are low, the combina-
tion of static and dynamic stresses does not generate very high stress levels.

Conclusions
110. For both the OBE and MCE conditions, catastrophic failure of the lock
wall is unlikely to occur. No damage should occur during the OBE event with a maxi-

mum principal stress of 300 psi. There is a possibility of damage to the structure
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during the MCE event near the top of the structure where the sloping face transitions
into a vertical face. If damage does occur during the MCE event, no more than about
5 to 10 percent of the section would be damaged.
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PART VI: CONCLUSIONS

111. For static ioading and with the current condition as analyzed, the chamber
wall monoliths at Eisenhower and Sneli Locks show no evidence of being over-
stressed. The results of the static analyses show that the chamber wall monoliths
have tensile stresses below 200 psi and compressive stresses less than 1,000 psi.
These stress levels are below any of the strengths determined from the laboratory
testing program (390 psi for tensile splitting tests and 3,660 psi for compression tests).
The highest stresses under static loading are in areas of low strength as determined in
the testing program. If for some reason the cross sectional area is significantly
reduced, such as concrete deterioration as found in the history of Eisenhower Lock,
the structural integrity would be in question. It is important for the SLSDC to maintain
an aggressive maintenance program of replacing deteriorated concrete. Immediate
attention should be given to the repair of deteriorated concrete near the bottom of the
lock walls at Eisenhower Lock.

112. For seismic loading events, catastrophic failure of the lock walls is
unlikely. No damage should occur during the OBE event where combined static and
dynamic tensile stresses reaches 300 psi. There is a possibility of some damage to
the walls during the MCE event near the top of the structure where the sloping face
transitions into a vertical face. |f damage does occur during the MCE event, no more
than about 5 to 10 percent of the section would be damaged. Where the MCE event
has a low likelihood of occurrence and the damage level is low, it would be prudent to
wait and make repairs to the chamber walls after such an earthquake event.
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Table 1

Elevation

Top of Elevation | Concrete Elevation | Boring
Lock Boring Boring, Top of Bonded Bottom of | Depth,

No. ft. Rock, ft to Rock Boring ft.

Eisenhower N-53 251.5 1411 No 120.4 131.1
Eisenhower N-57 251.5 138.9 No 126.5 125.0
Eisenhower S-17 251.5 141.9 Yes 128.7 122.8
Eisenhower | S-19 251.5 140.8 No 122.5 129.0
Eisenhower | SS-18 251.5 . NA 215.7 35.8
Eisenhower | SS-19 251.5 * NA 216.5 35.0
Snell N-56 205.0 * NA 131.1 73.9
Sneli S-15 205.0 105.9 No 100.7 104.3

* Boring did not extend to concrete rock interface.

NA - Not applicable.




Table 2. Visual Inspection of Cores for Eisenhower and Snell Locks

Box Specimen | Concrete
Hole No. No. or Rock Comments
N-53 4 38 Concrete | Dense, well consolidated
39 Concrete | Dense, well consolidated
10 40 Concrete | Minor voids; poor agg/paste interface
41 Concrete | Minor voids
19 42 Concrete | Considerable voids; poor interface;
chipped end
43 Concrete | Poor consolidation; broke while sawing
25 44 Concrete Minor voids; poor agg/paste interface
45 Concrete | Considerable voids
26 46 Concrete Minor voids
47 Concrete | Considerable voids; poor agg/paste
interface
28 48 Rock Sound, intact
49 Rock Sound, intact
19 43R Concrete | Minor voids; poor agg/paste interface
N-57 7 1 Concrete | Broke in half while sawing
2 Concrete | Minor voids
15 3 Concrete | Minor voids; poor interface
4 Concrete | Minor voids
19 5 Concrete | Minor voids; chipped end; poor
interface
Concrete | Considerable voids; chipped end
25 7 Concrete | Considerable voids; poor agg/paste
interface; big rock
8 Concrete | Considerable voids; poor interface




Table 2. (Continued)

Box Specimen | Concrete
Hole No. No. or Rock Comments
26 9 Concrete | Minor voids; poor intertace;
chipped end
10 Concrete | Considerable voids
29 11 Rock Sound, intact
12 Rock Sound, intact
7 1R Concrete Minor voids: poor agg/paste
interface; big rock
S-17 7 13 Concrete Minor voids; one big rock in
specimen
14 Concrete Minor voids
10 15 Concrete Minor voids
16 Concrete Minor voids
17 17 Concrete Minor voids; #5 steel anchor in
specimen
18 Concrete | Minor voids; poor agg/paste inter-
face
24 19 Concrete Minor voids
20 Concrete Minor voids
26 21 Concrete Minor voids
22 Concrete | Minor voids; poor interface; big
rock
27 23 Both Good bond @ C/R interface
29 24 Rock Sound, intact
25 Rock Sound, intact




Table 2. (Continued)

Hole | Box Specimen | Concrete
No. No. or Rock Comments
S-19 1 26 Concrete | Minor voids; poor interface
27 Concrete | Minor voids; poor interface;
chipped end; big rock
11 28 Concrete | Minor voids; chipped end
29 Concrete | Minor voids; chipped end
16 30 Concrete | Considerable voids
31 Concrete | Minor voids
32 Concrete | Minor voids
33 Concrete | Minor voids; big rock
34 Concrete | Minor voids; big rock
35 Concrete | Minor voids; poor interface; big
rock
N-56 3 62 Concrete | Dense, well consolidated
63 Concrete | Dense, well consolidated
9 64 Concrete | Minor voids
65 Concrete | Minor voids
12 66 Concrete | Minor voids
67 Concrete | Minor voids
16 68 Concrete | Minor voids
69 Concrete | Minor voids
17 70 Concrete | Minor voids
71 Concrete | Minor voids; chipped end




Table 2. (Concluded)

Hole | Box Specimen | Concrete
No. No. or Rock Comments
S-15 1 50 Concrete | Minor voids
51 Concrete | Minor voids
6 52 Concrete | Minor voids; poor interface

53 Concrete | Minor voids

11 54 Concrete | Considerable voids; poor interface
55 Concrete | Considerabie voids; poor agg/paste

interface

19 56 Concrete | Minor voids
57 Concrete | Minor voids

23 58 Concrete | Minor voids
59 Concrete | Minor voids

24 60 Rock Sound, intact
61 Rock Sound, intact
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Figure 8. Variation of concrete compressive strengths with depth
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Figure 9. Variation of concrete tensile strengths with depth




DEPTH, FEET

& EISENHOWER, HOLE N-53
O 1. EISENHOER, HOLE N-57 - &

- | o EISENHOWER, HOLE S-17

- EISENHOWER. HOLE S-19 .
e SNELL, HOLE S-15

= SNELL. HOLE N-56

400 F o 0

_120~L I ! L ! P L ! : e
0 1 2 3 4 S 6 7 8

MODULUS OF ELASTICITY, MILLION PSI

Figure 10. Variation of modulus of elasticity of the concrete with depth




007 Jamoyuasi3 je saqueyd ayl ybnoiyl uonosas ssoid jeoidAy 'y aunbiyg

AIYM HLNOS J7vM HL1HON
=T #00H 0¢l|
cel byl b Lol fs s s Ll Lo bz N zpef z s jz i 2 L L2 AN 7]
0G1] o-.. 0O oGl
0.9, . ' @
— .. v .6 .
cLil = v e 01
f 13)Nv8 RTINS o LDINVIE 1L WIOVIO
5Tl \: 39VNIVHO . \: 3OVNIVHQ Sel
o~ | - > urvnuiw
Gie ff . 012
—=5 TUL WIOVID
0g€e UL WIOVID 0ge
Q31OVdNOD i 3 Q31OVdWOD S
.lo ¥ LN 1 . —ee e LANONY N AN AN N 02
o E)

CLe




3907 ||13ug 1B J3quieyd ayl ybnosyl uondas $soD jedIdA) ‘21 ainbiy

TIYM HLNOS TIYM HLIHON
o8 o8
*OOH

00l 001
02l 0zl
— ] TUL WVIOVID

Obl L3MNVI8 1DINVIE Ovi

Avmngimo 3OVNIVHG
09l — — 091
081 THL WVIOVID TIL WIOVIO 081
Q31OVdWOD ! 0 Q310VdWOD

002 |ty J L S . 00¢
- 3 S

022




£l 185.50

h

Figure 13. Typical cross section of chamber wall monolith on the south side at
Eisenhower Lock
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Typical cross section of chamber wall monolith on the
north side at Eisenhower Lock
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Figure 15. Typical cross section of chamber wall monolith on the south side at
Snell Lock




Figure 16. Typical cross section of chamber wall monolith on the north side at Snell
Lock
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Figure 17. Basic elevations and dimensions for the model of north chamber wall
monoliths at Eisenhower Lock
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Figure 18. Basic elevations and dimensions for the model ot south chamber wall
monoliths at Eisenhower Lock
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Figure 19. Basic elevations and dimensions for the model of north chamber wall
monoliths at Snell Lock




%207 JaMOYyuasi3 18 SYljouow jlem Jaquieyd yliou 4o |3pow 8yl 1o} uonesndiyuo)

l‘l'll’

001

ovi

092

a3

3

3

00S  0GH 00% 0GE 00€  0%2 002 oSt 00l  0S 0
L | [ | | |
N\ T | — 1\
, e e MO A A A A A A Y A
)
7L —+
L WIIVID L - WIovTo
—  Q3129dnW0D 1
V - - - ——,—
. _ _ .
% §ise 13 |
092 13

001

.0S1

002

082

.00E

"0z 8.nbiy




%007 JOMOYUBSIJ 1B SYIIOUOoW [|BM 13quWeYd YInos JO japow a3y} 10y uoneinbiyuo)

001

081

.00¢2

062

.00¢

001 osl 002

"1 anbi4

00S

R
,,é

~

|J_._: |_<Hu<|_o
Qm;u.qazmu

aui




%907 ||3US 18 SYN|ouoW ||em JBGWIEYD YLIOU JO |9POW Y} 10} uoneinByuony ‘gz aunbig
00 00% 0SE 00€ 052 002 051 001 0% 0

I L I I 1
N— i — f—_ — f—t—t— ]

= Y ®w w .Y « -~ ) w5 Y A Y AN .Y -~ Y - ) | DD~ Ju

e XQDQnlklkaWkTLTLflflflk@\

L %@

TIIL IVIov9

-T313vdWO2 @ i

1.002

_ N
S0c ‘13 G02 13

T.082

-+ .00€




%007 JOMOYUSSI] 18 SYHOUOW ||em JaqUIBYd YIJOU JO [3pOW 8y} JO§ YSBW Judwa(d aliuly  "EC ainbiy

brnes

jamowiessass
NS08 e

(2=

[summsssnn
jomanings




%007 19MOYUBSI] 1B SYIOUOW ||BM JIqWIBYD YINOS JO [3pOW 3y} 10} |ySaw luawa|d ajul{ ‘pz ainbig

18
=

1t

s

jamang
et

ja-




3207 (|18US 1B SYljouow jjem Jaquieyd Yyliou J0 |8POW 3yl 10} YSaw Juswajd ajiul4 "Gz aunbiy

C o

%
T
o=y
11
LTI,

1
{4

E:
-
-
=

£
-

|
g




$$920.d j3pow ay3 jo diewaysg

‘9z ainbi4

AN

AT

AN ?/ AN A\
AN AN S
A\N ALY AN
N Ne
ALY W\ W
AN N4
N A\ Y Y

Al




OEPTH - feet
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Figure 45. Lateral earth pressure on a vertical plane above the heel after backfill
placement
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Figure 46. Shear stress on a vertical plane above the heel after backfill placement
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Figure 59. OBE and MCE response spectra for Eisenhower locks
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Figure 60. Principal stress contours for OBE event
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Figure 61. Principal stress contours for MCE event
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Figure 62. Static and principal stress contours for OBE event
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Figure 63. Static and principal stress contours for MCE event
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CEWES IM-bL
APR 12830  (Reed mas""’?

Study Management/Project Engineering Branch

SUBJECT: Structural Evaluation, Eisenhower/Snell Locks

Mr. Steven Hung

Contracting Officer's Representative

Saint Lawrence Seaway Development Corporation
Office of Engineering and Planning

Post Office Box 520

Massena, New York 13662-0520

Dear Mr. Hung:

Enclosed is the final Scope of Work for the subject study.
The Waterways Experiment Station (WES) will be performing the
bulk of the work for this study. Their Detailed Scope of Work is
incorporated into the final Scope of Work. The Mobile District
of the Corps of Engineers will be doing the core drilling and
sampling under the direction of WES. The Buffalo District will
be preparing the final report and is also responsible for study
coordination and overall project management. The North Central
Division (NCD) of the Corps in Chicago and the Office of the
Chief of Engineers (OCE) in Washington are providing technical
assistance.

The study cost is estimated at $570,000. A detailed cost
estimate and study schedule are contained in the enclosed scope.

The study is proceeding in accordance with the schedule
contained in the interagency agreement between your agency and
the Corps of Engineers. The agreement was signed on
February 2, 1990 by General Patin. I anticipate on-site work
will commence on May 15, 1990. My project manager will provide
you a monthly report on the progress of the study.
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Study Management/Project Engineering Branch
SUBJECT: Structural Evaluation, Eisenhower/Snell Locks

My point of contact pertaining to this matter is Mr. Michael
Barton, P.E., of the Study Management/Project Engineering Branch
who may be contacted at 716-879-4231 or by writing to him at the
above address.

Sincerely,
BRUCE W. BAIGE
~. U.,8. ARNY
-a.--.‘mgl
Bruce W. Haigh
Lieutenant Colonel, U.S. Army
Acting District Commander

Enclosure

CF: Barton/mb

CECW-EG (Tony Liu) Gorecki

CENCD-ED-TT (Joe Schmidt) Nicaise

CEWES-IM-DI (Reed Mosher) Gilbert
Brooks

Haigh
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STRUCTURAL EVALUATION OF EISENHOWER AND SNELL LOCKS

SAINT LAWRENCE SEAWAY

MASSENA, NEW YORK

1. PURPOSE AND SCOPE

The purpose of the structural evaluation of Eisenhower aqd
Snell Locks is to determine the adequacy of the existing locks 1in
light of their present condition and future needs, and the
advisability of their rehabilitation. The scope of this study
will focus on the internal structural integrity of the chamber
wall monoliths at each lock. The study will review the past
history of the St. Lawrence Seaway Development Corporation
(SLSDC) structural repairs to these monoliths and will evaluate
their current internal condition based on field investigations,
detailed finite element analyses and seismic analyses. The Corps
will also review previous reports, including the Gannett Fleming
reports to identify pertinent information and acceptable existing
data for use in the subject evaluation.

The study will be divided into three phases:

Phase I - Field Investigation and Laboratory Testing
Program: This phase of the study will determine the current

state of the in-situ concrete in the chamber wall monoliths and
determine the concrete properties needed for the stress analyses.

Phase II - Static Stress Analysis: The state of stress
within the chamber wall monoliths will be examined by performing
two-dimensional soil-structure interaction finite element
analyses of two monoliths at Eisenhower and one at Snell.

Phase III - Seismic Stress Analysis: Dynamic finite
element analyses of two monoliths will be performed to assess

their structural integrity during an earthquake. To support the
dynamic analysis, a geological-seismological investigation will
be conducted to provide the ground motions, time histories, and
corresponding response spectra that could be expected during a
seismic event.

The findings from these three phases will be used by the
Waterways Experiment Station (WES) to assess the adequacy of the
existing locks, and for WES to make recommendations on the
possible needs for future rehabilitation.




2. PROJECT MANAGEMENT Y

The Buffalo District will be responsibye for project
management during this evaluation. These duties include the
following:

a. Provide monthly progress reports to the SLSDC with
copies furnished to North Central Division and Office of the
Chief of Engineers.

b. Coordinate the schedule for work being done by various
Corps agencies.

c. Initiate funding documents for work by other Corps
agencies relating to this evaluation.

d. Monitor funds used and report usage to the SLSDC.

e. Serve as point of contact for SLSDC and all Corps
agencies involved.

f. Coordinate OCE and NCD review of all documents generated
by this evaluation.

g. Perform _.'.2r miscellaneous project management tasks as

required (examnl:: arrange purchase and delivery of core boxes
for drilling)

3. DETAIT.ED SCOPE OF WORK

Tn the following sections, the general scope of work
presented in the Intergovernmental Agency Agreement has been
expanded to provide the SLSDC the necessary information to assess
the adequacy of the proposed study.

Phase T - Field Investigation and Laboratory Testing Program

The field investigation and laboratory testing program will
be conducted to provide the necessary parametric data to support
the static and seismic analyses. The Mobile District will be
conducting the drilling operation. Continuous six inch diameter
core will be obtained from vertical core borings will be made six
representative locations, four at Eisenhower Lock (in monoliths -
N53, N57, S19, and S18) and two at Snell Lock (in monoliths - NS56
and S15). Each boring will be approximately 125 feet deep and
will penetrate 10-15 feet into the bedrock beneath the locks to
check for any unknown rock cavities. A total of 750 linear feet
of 6-inch diameter core will be obtained. Core drilling will be
performed from the top of the lock walls. For monoliths N53 and
N57 at Eisenhower Lock and N56 at Snell Lock, the borings will be
located approximately 4 ft from the face of the lock wall to
avoid the cable gallery. All borings will be located to insure
no interference with the main conduit or any ports for filling
and emptying. All coring will be accomplished with a single
drill rig and with only one mobilization. Mobile District will

e




provide a borehole camera to be used to visually inspect the
existing conditions of the concrete and rock core hples. WES
will have a concrete technologist on site to log and 1nspect_the
cores. All core will be wrapped with material to resist drying.
The core will be stored on site in space provide by SLSDC.

Three additional core borings will be made depending on the
budget and if a distinction can be made between lift joints and
cracks. Two will be made at Eisenhower Lock in monoliths S19 and
S18 and one in monolith S15 at Snell Lock. The borings will be
located as close as possible to the back of the walls. The
borings will extend to a depth of approximately 20 feet. These
will be used to investigate the possibility of the existent of a
crack near the top of the wall where the back of walls changes
slope. If the budget permits, these borings will be made in
addition to the six primary borings. If not, three of the six
primary borings will be reduced in depth to allow these borings
to be made.

Once the coring is complete, samples will be selected for
laboratory testing. The following tests will be performed.

Concrete Tests

Type of Test Number of Testsx*
1. Unconfined Compressive Strength 30
2. Poisson's Ratio 30
3. Elastic Modulus 30
4. Splitting Tensile 30
5. Specific Gravity, Absorption, Voids 30
6. Ultrasonic Pulse Velocity 30
7. Direct Shear 10
8. Petrographic Examiﬁation 2

* These are only approximate numbers of tests and are subject to
change after viewing the cores. Extra laboratory tests have been
included to compensate for any inconsistent test results due to
the 6-inch maximum size aggregate. The results will be presented
in a report.




Rock Tests

Type of Test Number of Tests*
1. Unconfined Compressive Strength 12
2. Poisson's Ratio 12
3. Elastic Modulus 12
4. Ultrasonic Pulse Velocity 12
5. Direct Shear at Interface 2

* These are only approximate numbers of tests and are subject to
change after viewing the cores. Extra laboratory tests have been
included to compensate for any inconsistent test results due to
the 6-inch maximum size aggregate. The results will be presented
in a report.

Phase II - Static Stress Analysis

The static stress analysis phase focuses on the evaluation
of internal structural integrity of the chamber walls monoliths
at Eisenhower and Snell Locks. Of primary concern is the state
of stress of the concrete in the chamber walls. The stress
conditions in the chamber walls results from gravitational forces
on the walls and from external forces applied by the backfill,
water, and other possible external loads. The stress analyses
will be performed by using the finite element method. Three
typical concrete chamber wall monoliths will be analyzed, a north
and a south wall at Eisenhower and a south wall at Snell. Each
monolith will be analyzed for three loading conditions: normal
operation with upper pool in the chamber; normal operation with
lower pool in the chamber; and the maintenance condition with the
chamber fully dewatered.

The analyses will be performed using the computer program
"SOILSTRUCT" written by Dr. G. Wayne Clough and co-workers at
Virginia Polytechnic Institute and State University. SOILSTRUCT
was specifically developed to model complex soil-structure
interaction problems by the finite element method. The code has
been used to analyze a wide variety of problems, such as
navigation locks, retaining walls, supported excavations, dams,
tunnels, foundations, and cofferdams. The analysis will be an
incremental soil-structure interaction analysis where the
placement of the concrete and the backfill is simulated in order
to obtain the induced stresses in the system. The incremental
analysis applies the loads to the model in small increments to
allow the nonlinear constitutive model for the soil and interface
to adjust during the loading increment.




The study will commence by reviewing cgns;ruction.records
and previous studies of the locks. From this 1nformat1qnc the
characterization of the backfill and foundation and a preliminary
characterization of the concrete will be made. The chamber wall
monoliths will be reviewed for selection of the mopoliths for
analysis. After selection of the monoliths, a fin1§e element
grid will be developed for one of the selected monoliths. The
grid will allow for a simulation of a crack from the upper corner
of the culvert to exterior surface of the wall and the placement
of a post-tension anchor across the crack. The grid will include
a sufficient portion of the foundation and backfill as needed_to
represent their interaction with the structure. Special
interface elements will be used between the wall and the
foundation and between the wall and the backfill. The rock
foundation will be modeled as a linear elastic material with its
properties determined from the laboratory testing program. The
backfill soil will be represented as a nonlinear material using
the Duncan-Chang hyperbolic model. The parameters for the model
will be developed from previous soil tests and correlations with
published values. The grid will be evaluated for accuracy and
adjustments will be made if found necessary. Using the initial
characterizations for foundation, backfill, and concrete, a
complete analysis of this monolith will be made so that the
accuracy of the model can be assessed. Adjustments to the model
may also be necessary at this point. Once the model has been
proven to b2 sufficiently accurate, grids for the other selected
monoliths will be generated. This work can be done concurrently
with the field investigation and laboratory testing.

After the field investigation and laboratory testing has
been completed, the final material characterizations will be made
for the analyses. Once the final material characterizations
have been completed, each of the three monoliths will be analyzed
for the three loading conditions. The results from the three
analyses will be processed and evaluated in light of the internal
structural integrity of the walls. The results will be presented
in a report.

Phase III - Seismic Stress Analysis

A seismic analysis will be conducted on either Eisenhower
or Snell lock depending upon which structure will be subjected to
the highest seismic accelerations. If earthquake-ground
accelerations are approximately the same, the seismic analysis
will be conducted on Eisenhower Lock, since it has the poorest
concrete conditions. To determine the strongest ground motions. a
geological-seismological investigation will be conducted to
provide the peak values of acceleration, velocity, and duration
for comparison of earthquake ground shaking between both sites.
Time histories (accelerograms) and corresponding response spectra
will be provided to represent site-specific cyclic shaking as it
would be felt at the structure experiencing the strongest
disturbance.




Once the most critical structure is determined, it yill be
analyzed considering three loading conditions in conjunction with
an operating basis earthquake (OBE). The three load cases are:
normal operation with upper pool in the chamber; normal operation
with lower pool in the chamber; and the maintenance condition
with the chamber fully dewatered. Two different typical lock-
wall monoliths will be analyzed using two-dimensional (2-D)
finite element procedures with a response spectra from the OBE.
These analyses will consider the 2-D dynamic behavior of the
structure, hydrodynamic response of the water in the 1ogk, apd
the dynamic lateral earth pressures. The active dynamic soil
pressures will be computed using the Mononobe-Oakbe equation, and
the passive pressures will be computed from either a Coulomb or
log spiral analysis. The foundation of the lock will be
considered rigid. Static stresses from Phase II will be used
with the dynamic stresses in order to determine the total state
of stress within the structures.

These analyses will provide a preliminary structural
evaluation of this structure for a seismic event of the site. If
the total state of stress is within the allowable limits of the
material, no further seismic stress analyses will be necessary.
However, if these analyses indicate that cracking is 1likely, a
seismic analysis using a time-history acceleration record and a
nonlinear concrete model should be considered. Such an analysis
is beyond the scope of work for this study and would require
additional funds.

Mr. Mosher will be the WES point of contact for the study.
He will also be the principal investigator for the static
analysis. Dr. Hall will be the principal investigator for the
seismic analysis. Dr. Krinitzsky will be responsible for
conducting the geological-seismological investigation. Dr. Denson
will be responsible for overseeing WES personnel performing the
logging and inspection of core at the site and directing the
concrete testing program.

4. SCHEDULE SUMMARY

The following is a summary of the schedule for the
completion of the structural evaluation.

TASK START DATE COMPLETE DATE
Notice to Proceed =  ====- 1/29/90
Initial Site Visit 2/20/90 2/22/90
Prepare Detailed Scope of Work 2/22/90 4/9/90
Field Investigation 5/1/90 10/15/90
Static Analysis 5/1/90 4/15/91
Seismic Analysis 5/1/90 4/15/91




TASK START DATE COMPLETE DATE

Draft Report 4/1/91 5/15/91
Review Period 5/15/91 6/15/91
Final Report 5/15/91 7/15/91

5. FINAL REPORT

The Buffalo District will be responsible for preparing the
final report. The report will summarize all work which took
place during the evaluation and review recommendations relating
to future maintenance of the locks. The reports generated by WES
will be appendices to the main report. The report will be
created in draft format for technical review by OCE, NCD, WES,
and Buffalo District personnel. Review comments will be
addressed and when required will be incorporated into the final
report. Following a short Corps review, the final document will
be forwarded to SLSDC.

6. SUMMARY OF COSTS

Following is a summary of costs necessary to conduct the
study:

Drilling, sampling, borehole camera work,

and other misc. field work (Mobile District) $116,000
Site engineer/geologist (WES) 30,000
Laboratory testing program (WES) 40,000
Static analysis (WES) 165,000
Seismic analysis (WES) 152,000
Project management (Buffalo District) 24,000
Final report and coordination (Buffalo District) 34,000
OCE technical assistance 3,000
NCD technical assistance 6,000

TOTAL STUDY COST $570,000
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Hole No. N-53

SHEET |
DRILLNG LOG  [™=> PSTHIATN EISENHOWER LOCK |-
1. PROJECT 0. SZE AD TYPE OF @Y 7 ¥4 INCH
EVALUATION OF EISENHOWER AND SNELL LOCKS [11 oATUM FOR ELEVATION SHOWN Taw o WSU
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[] » © 9 [ ]
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3 4| 2.5 - 4.9.6000 CONCRETE -
3+ .« | SOUNDS DULL WHEN HIT, -
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3~ 6.9 =
J -
244 * v| 7.4'- 8.9'cooD concreTE 7.4'- 8.9
I - | ENTRP. AR 1mm - 5 mm 1PC. 2.0 o
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PROJECT INSTALLATION SEET 4
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ENG FORMIB36-A PREVIOUS EDTIONS ARE OBSQLETE. FROVECT HOLE MO
s EISENHOWER '90 L N-53




- WES

for INFORMATION TECHNOLOGY LABORATORY

waphics by VISUM. PRODUCTS SECTION - iTL

AMOW0SY SYS 2

ELEVATION TOP OF HOLE
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EVALUATION OF EISENHOWER AND SNELL LOCKS EISENHOWER LOCK or 11_suexTs
X CORE | BOX OR REMARKS
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- K 2 -
3.0 95 =
00— -
5; o -
3. —
Jd::» C
oo 5. —
T e’ 2 =
T CONCRETE/ROCK INTERF ACE [
- NO BOND ~
{4 110.4' - 112.0' MSSING SDE -
m OF JT.: DOLOMITE V. HARD. —
717°] BLACK/GRAY V. FINE =
TJ77] LAMINATED o
17 [
—- 112.0 -
n— 112.0°' - 120.4' . =
LI/ . - 3 v . -
14 V. GO0D V. HARD, '5'2,;% '122:‘ -
BLACK/GRAY LAMINATED " 0.05' NS ol
M8 DOLO. INTRED. W/SHALE. e -
CLAY LAYER .03' 005 NS -
13—JZfZ] THICK AT 113.4' SHALE. 17 ol
7H74 LAYERS AT ALL BREAKS 0.05 NS -
.05' - 0.2' THICK. . -
I 4 11 -
~— w8 0.2 [~
e 0.05° MS -~
14— g —
m—— 0.2' CHIPS =
Z 28 -
— ALSO REC. 1.2 OF —
Ir— LEFT SIDE OF o
L) VERTICAL FX. AT o
13— 10.4' - 112.0' ol
77 C
77 o
A A E_
16 77 il
VA A :
vi o
—J w8 116.6 -
771 116.6' - 19.4° -
- MOTTLED DOLO. =
— CAL. BLEBS UP TO 4 cm -
- LONG, 3 mm THICK 29 -
— we 3
I w8 -
118 E

ENG FORMIBI6-A PREVIOUS EDMONS ARE OBSOLETE PrOECT [Mone o

we 7 EISENHOWER '90 N-53




- wes

for INFORMATION TECHNOLOGY LABORATORY

FrapiNce by  VISUAL PRODUCTS SECTION - ITL

RMOS037  SYS 2

L

ELEVATION TOP OF HOLE

ORILLING LOG (Cont Sheet) 251.5 USLS Hole No. N-53
PROJECT INSTALLATION SHEET 1t
EVALUATION OF EISENHOWER AND SNELL LOCKS EISENHOWER LOCK or 1 seeTs
eevanow | verrw | Leaoo CLASSFICATION OF WATENALS ’.':;.:’2'35 St e n.:".f.“.;"‘wh;’!
[ » ° o ] A L]
: y AR A
-7 -
— I -
— 7 p—
= / p—
ne——r-r nl
1 -
B 192 - near -
.__ SHALE BROKEN ol
- / o
120 / ol
? 120.4' - BOTTOM OF -
7] HOLE. DID NOT RECOVER |
- LAST 1.0' F_
B - BAREL WAS FULL. -
] - BROKE SAMPLE IN -
. HOLE AT SHALE BED/ |
] DOLOMITE INTERFACE |
n - DIFFICULT TIME o
e RETRIVING CORE. -
= FROM THIS HOLE, -
Z FROM WED 30 wWNe [
- TIL FINISH 4 JUNE. -
= -
= —
] _
3 3
3 -
= —
] =
< o
3 -
ENG FORMIB3B-A PREVIOUS EDITIONS ARE OBSOLETE. PROJECT ["‘“ o
- EISENHOWER '90 N-53

L




for I ORMATION T{OrNROCY LANORATORY - WES

M

VEUA MROOUCTS SECTION

@ pNes by

WOP0e: VS Y

L

Hole No, N-57
ATION SHEET Y
DRLLNG LOG  [™=* T T £ ISENHOWER LOCK o N _seeis
1. PROKECT 0. SZE MO TYPE OF & 7Yy _OIAMOND
EVALUATION OF EISENHOWER AND SNELL LOCKS [\ oaTuw FOR ELEVATION SHOWN T8N o WSU
2. LOCATION (Casrainaes or Shefery USLS - MSL
MONOLITH: N-57 LOCK STATION 506.00 2. MAMS ACTURERS DESIGNATION OF DAL
3. DRLLING AGENCY FALING 1500
MOBILE DISTRICT 13. TOTAL NO. OF OVER- : DISTURBED 1 UNDISTURBED
. nou.sbuo. [ a0 wartng 0| N-57 BURDEN SAMPLES TAKEN  © 0 0
ied . . TOTA. MABER CORE BOXES 30
9. NAME OF DRLLER
CARL MOON 15. ELEVATION GROUND WATER
6. DRECTION OF WOLE %. DATE MOLE ISTARTED 1COMPLETED
X) vertca. (0] mcunen DEG. FROM VERT. 3 JUNE 90 : 8 JUNE 90
17. ELEVATION TOP OF WORE  251.5'
7. THOXNESS Of OVERBURDEN 0 6. TOTAL CORE RECOVERY FOR BORNG
8. DEPTH DRILLED NTO ROCK 12 4 N SCRATURE OF sErCCIoR
9. TOTAL DEPTH OF MOLE 125.0 M.EILEEN GL YNN
ELEVATION | DEPTH | LEGEND CLASSFICATION OF MATERILS ’&%%‘v‘ ES’.‘.:.‘.’E' (Ortitng a.!‘ﬁ :nunt
D fethory (14 NO. we—wing e, N sgriicen)
. » c < . ) 9
2515 I " |oo- 30 0.0' - 0.8 -
3 M GOOD NEW CONCRETE, 100 1PC. 0.4 -
—] ENTRP. AR 1mm - 1cm DIA RUBBLE 0.4’ —
3/ / /] MOSTLY V.SMALL AR BUBS. C
- 0.4' - 0.8' MISSING ’ -
1= '« | BECAUSE IT WAS BEATEN - 0.8 - 3.0 —
3 . | BROKEN OUT OF CORE 1PC. 1.2 :
3 BARREL CATCHER. -
e I —
EL . 100 -
2—: —
- ¢ -
= ' -
o E_
3 o o
- M8 o
J —
b 4 1 3.0 47 3.0 - 5.4 -
J: *| COOD NEW CONCRETE, 1PC. 1§ o
.~ E
3 . C
4= 80 —
J « -
0 e =
3 me 47 o
Je 7| er- 20 o
53 | coop NEw CONCRETE, -
-] . 7| GOOD CONSOL. WHITE RXN. 5.4"- 7.7 -
=} v [ MTL.ON BREAK 4.7' REC. 2 PC. -
i AR ENTRP, 1'mm - 5 mm 1.8 —
3 DIA. AVG. 1mm 46 -
-— . —
s— . o
-1 -
3 v » :
— ws ? o
:4 o :
7— w8 [
34N larv-s2 7.0- .4 -
_-1\\/. GOOD CONCRETE, HAVING TROUBLE -
-T. PC. OF STEEL T-SHAPE AT LIFTING SAMPLE L—_
q . (7.2- AR 1mm - 2 mm OIA 1ST. TRY REC. 0Q.7' C
a— 2 ND. TRY 0.5 o
1 we 8.2 | our E_
n o
- . -
o 3 M =
— 4 —
7] 3 -
- - -
= =
2415 | 10 i - F
PROKECT HOLE NO.
E':g :ORIHBJG PREVIOUS EDITIONS ART OBSOLETE. EISENHOWER '90 ' N-S7

-

-




P DNes by VEUA PRODUCTS SECTION - ML fer SFORMATION TECHNOLOGY LABORATORY

MWODOS3  3vS 2

L

[ELEVATION TOP OF MOLE
DRILLING LOG (Cont Sheet) 215.% Hole No. N-57
PROJECT NSTALLATION EET 2
EVALUATION OF EISENHOWER AND SNELL LOCKS EISENHOWER LOCK or 11 _SHEETS |
x core | sox on REMARXS
TION OF MATERALS 3
ELEVATION | DEPTH | LEGEND G-W'C*u A WA RECOV- | SM Oriing A\-.-:; s, ducth of
o » [] [ [ ! )
. M8 -
Y| 82- 7y 94.0'- 1.y -
[, + | GOOD CONCRETE, 4 PC. 2.0 I~
o , .. | WELL CONSOLIDATED S.r -
3 7. .| 6000 AGG. OIST. 3 0.r CHPS o
W— | ENTRP. AR 1mm - 5 mm Ly —
1. 7| DIA. NOT ABUNDANT, 0.3 :
- »| OCC. LG. BUB 2 cm LONG. 9.2 -
J w8 n.8 =
12 _: R 2 :_
IJ . o
3 Low -
g, - [
- e -
: . ’ » :
13— . =
:"‘ > :
- . -
- v . N -
e -
e L N4 4 o
S S -
w—' —
: v :
&y =
— v ol
~ ‘> -
b LA -
LR .
:l " v ‘. :
3. -
= =
4 we. 15.8 -
— -
¥ BOTTOM 0.3 —
g WAS BEATEN OUT -
= . OF CORE BARREL, C
b DON'T TEST 15.9'- 17.3 |
-7 -
17-3 wmB ¥ ol
. M8 -
= 71 17.3- 26.00 17.3' - 26.0' C
b GOOD CONCRETE, 3 PC. 4.2 o
~1 +] ENTRP, AR ¢ MOSTLY SMALL. S5 1.4 -
B8— . |1mm -2 mm, occ. 3.0 ol
3 lem - 2 cm DIA -
3 -
— .-—
- - -
dJy » -
19 — —
J > o
- _D =
- 100 —
31 w8 19.9 -
e S -
2315 20— » [—
3. -
] v [
— -
> N
3 .. -
n—. ", 6 —
4 . . o
: v :
—] MB. ol
T [ [~
-~ v -
22 [
PROJECT

ENG FORMIB36-A previous [OMONS AN OBSOLETE.

we N

EISENHOWER '90

'nou )
N-57

-




Gotes by VEUAL PRODUCTS SECTION - ITL  ter BEORMATION TECHNOLOGY LABORATORY - WES

AOBOB4 BV 2

ELEVATION TOP OF HOLE
ORILLING LOG (Cont Sheet) 215.5 Hole No. N-57
PROJECT NSTALLATION SMEET 3
EVALUATION OF EISENHOWER AND SNELL LOCKS EISENHOWER LOCK or 11 _swets
X CORE | BOX OR REMMKXS
a ICA oF TERALS .
LEvATION | perTH | LEcewo ASSF m‘g‘ﬂ“ u:tg::v saec Drtag dem, =srw o drh of
[] » (] L] ° ¢ L]
pu [
j T :
- ¥ b
8 e —
m L -
- w ) :_
25-:'.--ﬁ — MB AT V. LG. BOWDER -
3 | 230 - 260 -
T | LG. ENTRP. AR 6 -
.. | MORE FREQ. -
b I o
2‘_5 o " :-
i 4 L. =
:, v . -
s MR =
Jma 24.8 o
59 - o
1% -
: v -
ERN :
1L -
- B -
J me C
26—~
3 - ,]260- 358 26.0 - 35.%' =
I | GOOD CONCRETE, 2 PC. 10 o
— ¥, | GOOD CONSOLIDATION. 8.5 —
3. :
- 7 ’ -
-— v -
27 ~- — BREAK AT LG. BOULDER 7 —
4 v | POSBLE LFT LINE ? -
_;' M earon o
. il
u R o
284 . -
- . o
I . -
% IS .
e R -
I -
294 ° —
4 wme - 29.3 o
= ENTRP. AR 'mwm - 5 mm -
- +] OCC. ELONGATED BuBS -
2215 | 30— . | AT 28.€ .
3 100 o
= -
— -
J - o
qe » -
31— -
3 3 C
—.'b . -
3 . ol
- . a :
v
32 j . o
3- 8
. o h -
3 w8 s
a»d. ", =
w— -
- v . o
J., o
: v » :
e g
. PROJXCY IMOLE NO.
EN.E' ;ORMIBJG A PREVIOUS EDITIONS ARE OBSOLLTE. EISENHOWER ‘90 ' N-57

L -

_




raphica by  VISUAL PRODUCTS SECTION - ITL  for DN ORMATION TECHNOLOOY LABORATORY - wesS

AMON0ES  3YS &

ELEVATION TOP OF HOLE
DRILLING LOG (Cont Shest) 251.5 Hole No. N-57
PROJECT l:mwmu s€cT 4
EISENHOWER LOCK OF 1] _SMEETS
X _CORE | BOX OR REMARKS
arvanon | oeems | LEce mmmn OF NATERALS ReCov- suungu mgmm}v
- » o [ 1 Q
—— = 34.1 »
:D. .., :
3 v -
3] wea E—
:’..m -
3 |35.5'-45.5' GOGD CONCRETE. — -
T} 4" -] AGG. MOSTLY SMALL 1cm- 35.5'-45.5 =
3 v {4 cm AVE.2 ¢cm ENTRP. AR 5 PC. 2.50' -
363" limm-1em AVE. NOT 9 3.00' —
-7 ] ABUNDANT. 2.60' -
<. 1.30 [
> - 0.60' —
= 10.00* o
Ly =
& -
3J -
:»'_'j:.. -
ot . »
38 __L‘,E: 38.0 =
i -
B -
> v -
-4 e . -
3.7 =
ns | 40— .y ull
o 00 | 10 E
e -
—_‘s_‘_'..'_ —
Jwe . =
. | B' < -
3 -
- [
> ] E
42—:‘4.‘ ¢ —
. NB 42,3 C
3 F
3., -
43—-_ AR [
i: :
P NB 9 ol
E ,::_1 : -
“r o 1 -
:P':_"A' . C
b —
~ LIFT? -
45—_' ‘ ! p—
-+ -
-1 M8 [
™SI
= O 45.5'-55.0" -
46 - . -
F 8- . PROECT MOLE NQ.
9:2 7‘O!DMBS A PREVIOUS EDITIONS MRE DBSOLETE EISENHOWER 90 I N-57

L

L




Sewphice by VEUAL PNCOUCTS SECTION - Mt for IFORMATION TECHNOLOGY LABORATORY - wrS

Y8 &

L

ELEVATION TOP OF MOLE

DRILLING LOG (Cont Shesd) | 5515

PROJECT —rmwmu SEET 5
EISENHOWER LOCK or 11 sexTs
REMARKS
aranou| com |ucwoo | cemcpag s (RS |TEE | oyl
L] » o < L] hd 9
R ¥ -
J, -, | 45.5'-52.8' GOOD CONCRETE. 45.5'-55.0" E
3.7 ] ENTRP. AR Ymm-1cm 2 PC. 4.50'
— .- | THROUGHOUT. 5.00' —
= :
a1 -
3 I -
= Y =
3o 12 o
48> - -
_:_"."-'j'f'_ ] E
e RS —
] ol
ju LIS =
= ,'.‘:'f o ol
qv -
4 uFt. 50.0
201.5' | 50—~ BREAK AT 50.0'tS PLANAR =
< %2 | BUT A UTTLE ROUGH. 50.0'- -
J,. ..+ 52.8'- MINOR DEGRADATION -
3 7., | AROUND AGG. NOT SEEN [
4 %1 ABOVE OR BELOW. -
-.’4 .".
St —
= =
-1 D ‘-v‘ -
- 100 —
- a o C
52— .. -
b -
ju SRR 13 o
= L —
-4 NB -
:-»IJ 52.8'-55.0' GOOD CONCRETE, -
53— :* ]ENTRP. AR 1m-3 mm DIA —
s .. | THROUGHOUT. -
-S.. - =
- e —
o -
54— ‘ = —
d ] 54.8 -
~r~g] 54.8-55.0' BROKEN AND
55— BEATEN OUT OF BARREL. 55.0'-65.0' ol
3 LF 77| 55.0-65.0' GOOD CONCRETE. 3 PC. 6.40' -
1 - |ENTRP. AR tmm-1cm DIA 1.80' -
—J*. -~ |0CC. 2 em IRREG. BUB. 170’ =
J: BOTTOM OF RUN was |
3 BEATEN W/HANMER TO |
56— . LOOSEN. DO NOT TEST |
54 63.5'-65.0'. -
~ e “ -
. a
57— e E-
s S -
- e [
I .
s "
PROECT MOLE NC.
NG FORMIBIE-A rmevius comavs e cmsaurre. EISENHOWER '90 ' N-57




wephics by VISUAL PRODUCTS SECTION - IT.  fer AFORMATION TECHNOLOGY LABORATORY - wES

AORDET  SYY 4

ENG FORMIB36-A saEvVioUs EDIONS ARE OBSOLETE.
we n

L

EISENHOWER 'Q0

TO® HOLE
ORLLING LOG (Cont Sheat) [*0ve ™ * Hole No. N-57
PROJECT rcm.umu oerT 6
EISENHOWER LOCK of 11 siexvs
x_core | Box_OR RELARKS
TION TERALS 3
aEvAnoN | oer™H | LEGBD WMU* :ggv sa%u m::;-mt
- [ [ 4 . 4 9
3 -
o RN —
~.COLD 58.8 -
Jm 58.8'-61.4' LESS ABUNDANT -
59— ~ "4 ENTRP. AR 1mm-2 mm, —
3¢ occ.1em DIA -
ms | w03 i 3
-4 —
~
I 15 =
-‘.D i -
Juer -
R 100
— JT?
:.i, v -E-
62— 0" ] -
oo u
- - [
63—_' ERR E_
3. v8 3 63.3 =
= -
= -
I [
64— NB ¥ -
o o
3. —
653 8 4 u
- e 65.0'-75.0' GOQD CONCRETE. -
... | ENTRP. AR 1mm-5 mm DIA 65.0'-75.0" -
i ESPURRE 0CC.1em DIA, COOD 5 PC. 2.80 -
3 *" | CONSOLIDATION. 6 2.20' -
3 1.20' -
= R 2.00' -
66— " 1.50° o
= 0.30' CHPS -
L 5
3 :."c_ N -
bn [ -
67— .. —
e -
= 100 -
J w8 67.8 o
58—:., it
3 - [
Je o
ER 3
69— - 7 —
- B .. o
-S4 L -
- . -
= —
181.5' | 70 JLFT? o
PROECT lm NO.

N-57

L




eptcs by VIBUA. PRODUCTS SECTION - L for OFORMATION TECHNOLOOY LABORATORY - WES

s &

DRILLING LOG (Cont Sheet |“5vs ' = "o Hole No, _N-57
PROJECT rclwmu SEET 7
EISENHOWER LOCK or 1 serrs |
REMARKS
mevno| wom oo | csmmcgpuus RGBT emytitians
L] » ] L] 4 [ ]
:i"':'A k =
= AR -
3. -
N us" 71.2 =
72_:5v .-—
3. .:.
= RO 100 -
= A -
- . e -
- pr
73—1 18 C
DO NOT TEST C
73.2-75.0' -
74 —
74.7°-75.0' BROKEN 75.0 -
75— ¥ 17| 75:0'-85.0' GOOD CONCRETE. =
4" ""|ENTRP. AR 1mm-5 mm THRU 75.0'-85.0' o
3, Jour, occ. 2 em LONG 4.20' o
= .. ] RREG. BUB. 4204 C
= T 1.20° =
763, 940 —
b 10.00" C
3.« C
3 . -
77%4’:'_‘ : -
-— . .A'
= 19 E
3 =
78—_: . ‘ . -
:
= AR -
m IR 100 -
-4 -
.‘b. ' ’ P
o =
- - -
__ib. .. .
p o
3.« -
161.5' 30—_-_.;'_"- v ':
J47. ;] TWO PARALLEL VERTICAL -
1 | crRacks 80.0'-81.8'. ol
=) 20 -
- p~
g -
—1‘ ! :
=31 :_
—— P e
82 = et
PROJECT HOLE M0.
PREVIOUS EDIMONS OBSOLETE.
m_g ;‘omtau-A " EISENHOWER '§0 | N-57

L




Faphics by WVISUAL PRODUCTS SECTION - ITL  fer ONFORMATION TECHNOLOGY LABORATORY

VS 4

TOP OF
DRLLNG LOG (Cont Sheet [ 5o7s ™ ™ ™™ Hole No, _ N-57
PROJKECT rsuu.mnn ST 8
EISENHOWER LOCK or 11 sueErs |
TION OF MATENALS X O“_ 20X OR ROMRICS
ELEVATION | 0P [ LEG00 Y ™ i sl B Loy 5o
- » [ (] . 4 [ ]
| e2.3-82.7 rouno crouTED -
— 82| HOLE. BROWN CEMENT. V. -
3., ] SANDY ONLY ON ONE SIDE. o
83— e =l
S =
-4. MB b~
4= -
:.,'_‘..'- | nf
34-':'_{1';‘.- CRACK AT a4.lo' -
5;...: STEEL BAR 1.5 cm DIA. ONE F
— wB { SIDE ONLY .
I =
ps_JLFT? -
J . ] 85.0'-95.0' GOOD CONCRETE.
3", | GOOD CONSOLIDATION ENTRP. 85.0'-95.0° -
_3:-."") AR 1mm-3 mm DIA. OCC. 1.90' =
.-+ ] 1-2 em LONG IRREG. BUB. 21 5.90' 2
Je 1.00! C
= ARSL 0.40' CHP =
86—« 0.30' CHP -
34 0.40' -
i P 0.10' CHP o
=V -
87— 4§ —
—E}fj.i -
= R -
= S -
94 .. -
— e —
30 -
_i ..V =
89— .
= AL 3
= s
- <l.' .
o0 100 BOTTOM BEATEN ouT |-
I OF CARE BARREL. =
. . DO NOT TEST LAST -
1515 | 90 = 22 OF RUN. -
—',".‘ N p—
. =
- S s
91— .- -
. -
3 - -
g -
4 - -._' -
J -4 o
92 —§s . - f—
:f '_‘:. :
b X
I DR =
3 w8 | -
- :
931- . —
3 -
94 T C
FORM18368-A PREVIOUS EDITIONS ARE ORSOLETE. PROKECT HOLE MO.
NG Jormaas EISENHOWER '90 ! N-57




waphice by VISUA PRODUCTS SECTION - M. fer INFORMATION TECHNOLOGY LABORATORY - WES

e 4

ELEVATION TOP OF HOLE

DRILLING LOG (Cont Sheet) | pats

PROJECT Tumou
EISENHOWER LOCK of 11 siexTs
X CORE | BOX OR REMARKS
CLAS! -
ELEVATION | DEFTH | LEGBO TS Al prios Ao o
[ » 3 ) [ p 9
- NB o
=) =
= A -
= =
95 -8 -
3, | 95.0'-103.0' GOOD CONCRETE. ) ) C
3-.:* ] GOOD CONSOLIDATION, GOOD 95.0'-105.0 -
_:].». + | AGG. DIST. ENTRP. AR 23 | 4 pc. 7.00" -
-4 {1 tmm-5 mm DIA, OCC. 1cm 1.80 -
3 e ] oA 0.80' o
o5 v 0.40' -
E . ! E
= DY —
3 97.0 -
s YY) ll
973:| miNor DEGRADATION -
J...7] AROUND AGG. 101.5'-103.0'. -
s . -
-1 L) .. e
- -
98— -
o7 -
= RY -
s YRS 24 -
Je -
115 (100 . —
= -
3 -
. [
om— -
hn T C
-« —
02—}~ BREAK AT LG BOULDER 102.0' "
""Dv e :
:."‘:'1 . =
w3 -
3 103.0'~105.0' POOR CONCRETE. o
LG. VOIDS. STRONG. —
4 - 25 3
Jdog -
I C
ws—:_-g,-'- 105.0'-105.4' POOR CONCRETE. -
JE2Q| sTrowG, BUT LG. voiDs. 105.0°-115.0" C
..-p 2 PC. -
= A POKER CHP BROKEN -
T a
FORM PREVIOUS EDITIONS ARE OBSOLETE. PROLCT HOLE Mo,
aer o EISENHOWER '90 ! N-57

e

-




Fephics by  VESUAL PRODUCTS SECTION - ITL  fer FORMATION TEQHNGLOOY LABORATORY - weS

RORO0 SYS 4

ELEVATION TOP OF HOLE

DRILLING LOG (Cont Shest) [ 5515

PROJECT Fmrm S€ET 10
EISENHUWER LOCK Lr 11_steeTs
BLEVATON | oEPTH | LEcp WMM k%%ﬁ %fn am::mr ':md
. » [ o 4 9
vy 105.0'-115.0' o
%3 105.7'-112.8' GOOD CONCRETE. 2 PC. 3.70' -
GOOD CONSOLIDATION ENTRP. " t70 —
- g AR 2 mm-5 mm DIA. OCC. CHPS 1.60' -
1 Tem DIA AR LESS ABUNDANT ! -
107" AT M.0-112.6', —
3 -
3 -
108—:1'" 2
3 26 L_-'
109—: —
— =
1311 110—3 : -
= 100 -
mA- -
e ] m.3 -
n2 . —
jj:. I‘:. -
3= -
13 —
= 27 C
L] 12.6'-113.3' GOOD DOLOMITE. ”
—T\~4 HARD. GRAY. o
13.3'-115.0' POOR ROCK. -
114 — DOLOMITE INTERBEDED -
Te==L] W/SHALE. EVERY 0.1 TO 0.4". -
~Z] MOSTLY BROKEN - SOME -
—{—Z] POKER CHP RECOVERY. il
5 , 115.0 =
$:=7] | NOT ONE PC. INTACT . .
=] [ n3.3-ns.0. 115.0°-125.0 .
T 16 PC. ==
o 2 VERTICAL BREAK -
A 7. AT 115.3'-116.2' -
16— 115.0'-115.3' SHALE WEAK. -
F—7{ BLACK POKER CHP 115.3'- o
_F—Z 17.7 DOLOMTE V. HARD. =
- 28 -
” -
7 -
" 2=l 117.1-119.0' DOLOMITE [
7] WTERBED W/SHALE BEDS AND E
] STRINGERS. ol
18 -
ENG FORMIB36-A pacvious tDmoNs ARe OBSOLETE. PROJECT e wo.
R T

EISENHOWER '9Q0

N-57




gewphce by VRUAL PRODUCTS SECTION - ML fer AFORMATION TECHNOLOGY LABORATORY - WES

s 4

ELEVANION TOP OF HOLE
DRILLING LOG (Cont Shast) | 2515 Hole No.  N-57
PROXECT rcm.umu serr N
EISENHOWER LOCK of 11 SHEETS
X CORE | BOX OR REDWRKS
Brvanon | oermh | LEGEND CLASSIFICATION OF MATENALS v:ac.t;v- s%u m::-'r -.cuult
3 » - [ - 1 9
y4
.z -
I (V:} -
F
119 —pmii{’ 119.0'-125.0' DOLOMITE =
V. HARD LT. GRAY (DRY) :
BLACK WET. OCC. SHALE -
+L—] STRINGER « BEDS. -
L -
7 -
120 - —
V4 —
L -
ey NS -
5 - -
G &K -
7 NB 29 -
121 NB —
- -
100
= =
V4 -
j NE -
122—J==5 MB F
NB -
- A -
- L -
L y 4 -
et A —
L A -
TLI 122.8 -
123—fas M8 o
-\ - “B -
- = “a E-_
X2 £ F
124—FFE 30 C
s “a b
L 4 :
v [
P Y A 4 -
TI [
125 4—+Z- N8B 125.0 BOTTOM OF HOLE. :
3 -
126 —
3 -
1273 C
p -
128 3 -t
129 -
3 C
130 -

ENG FORMIB36G-A mevious EDITIONS ARE OBSOLETE.
waR T

PROECT

EISENHOWER '90




- WES

for NFORMATION TECHNOLOGY LABORATORY

RMOSHO24  SY3 3.2 qraphice By VISUAL PROOUCTS SECTION - (TL

r Hole No. S-17

SHEET |
ORILLING LOG  [*= PSTALATON £ISENHOWER LOCK or 11 ssects
1. PROJCT 0. S AD TYPE OF T § INCH DIAMOND
EVALUATION OF EISENHOWER AND SNELL LOCKS [ DaTim FOR ELEVATION SHOWN T80
2. LOCATION (Cuereinates or Shaften) US LAKE SURVEY (USLS) 251 5'
MONOLITH S-17 LOCK STATION 192.50 12. MANUFACTURER'S DESIGNATION OF DRIL
FALING 1500
MOBILE DisTRICT 13. TOTAL NO. OF OVER- { DISTURBED 1UNDISTURBED
4. HOLE NO. (A sfowm on drewirg i | BURDEN SAWPLES TAKEN | 0 Y
= Flie ramier) [ S-17 . TOTAL NUMBER CORE BOXES 30
5. NAE OF DRLLER
CARL MOON 15. ELEVATION GROUND WATER
6. DRECTION OF HOLE . GATE HOLE | STARTED { COMPLETED
00 VERTCAL [ NeLNED DEC. FROW VERT. - 14 MAY 90 : 19 MAY S0
i 17. ELEVATION TOP OF HOLE  251.5
7. THOESS OF OVERBURDEN O . TOTAL CORE RECOVERY FOR BORING
8. DEPTH DRLLED WTO Rock 13,2 . SGNATURE OF INSPECTOR
9. TOTAL DEPTH OF HOLE - 122.8' ! ELEEN GLYN
x_cors | BOX OR REMARKS
ELEVATION | DEPTH | LEGEND RASF'C"'ONE OoF “_ATM “‘5‘,“’,"‘ SM':LE (Ort¥ing n;:{;h-.m,r
L] » [] [ (] A
2515 3.7 .| 0.0'- 2.5'GooD CONCRETE ORILL TME = 20 MN.  F
.. | NB V. WEATHERED SURFACE HYD. PRES = 300 o
— ¥ | W/RON STANING. + ENTRAIN RUN 1 —
M AR 1mm DIA. 0 cc. ENTRP. 0.0'- 2.5 -
3| AR THRU OUT NB HAS .
1—] ¢ | ENTRAN BUB = 1mm DIA an
;-T - | THRU ouT 100 -
—'\l&a -
=) -
-1 . L J 1 p—
- -
2-—-1MM§\_..J o
b B E_
3 ‘. -
3 "¢ | 2.5'- 5.0'GOOD CONCRETE DRILL TIME = 20 MIN. o
- -'“"af AGG. EVEN DIST. HYD. PRES = 300 o
3-: 2 RUN 2 —
3., | 2.5 - 3.5 LARGER ENTRP. AR 2.5'- 5.0 -
- 7 +] 05 em -2 cm LONG ol
= NE -
A 100 |38 -
4= " | 3.5 - 5.0'ENTRP. AR ol
T v | LESS FREQ. (3-5 mm DIA) -
3 -
— . -l
:b ‘. :
3. ‘ -
:’ h 5.0' - 7.2' GOOD CONCRETE DRILL TIME = 20 MIN. E
. " | HARD. AR ENTRP, 2 | HYD.PRES = 300 ..
. .« ({mm-1cm) M8 AT LG. AGG. RUN 3 —
3 * 5.0'- 7.2' =
b -
2455 | 66— MB 100 -
-~ e -
3° i
3 -
- < -
= - 7.2 [~
"¢ | 7.2~ 9.7'GOOD CONCRETE DRILL TIME = 20 MIN. -
- . HARD. AR ENTRP. HYD. PRES = 300 [
3. | + ENTRAN. ALONG MB., RUN 4 -
- o BREAK AT BOULDER. + WH. 17.2'- 9.7 =
8 CRUST MTL. ON BRK. —
- v p—
~4. .
— . 100 E
1. 3 -
1 w8 -
9—3 'y L:__
3 . o
-3 -
2415 | 103 o | SEE NEXT SHEET (23
ENG FORMIB3B srevious EDTIONS ARE OSOLETE. PROECT [HoLe wo.
AR 71 EISENHOWER LOCK S-17

L

L




for INFORMATION TECHNOLOGY LABORATORY

gaphice by WISUAL PRODUCTS SECTION - ITL

RWOT023  SYS 2

L

ELEVATION TOP OF HOLE

EN.E :ORMIBSG-A PREVIOUS COFTIONS ARE OBSOLETE.

EISENHOWER LOCK

DRILLING LOG (Cont Sheet) 251.5 USLS Hole No. S-17
PROJECT INSTALLATION SHEET 2
EVALUATION OF EISENHOWER AND SNELL LOCKS EISENHOWER LOCK or 11 swerrs |
X _CORE | BOX OR REMARKS
CLASSF -
ELEVATION | OEPTH | LEGEND ICATION OF MATENALS fecov SAPLE m‘“_m‘d
L] » 3 ¢ o A 9
T - *]9.7- 14.7°GOOD CONCRETE HYD. PRES = 300 -
J -+ |ENTRP. AR = 1cm OIA DRIL ACTION :SMOOTH [
. .| THRU ouT 1LG. BUB 1PC. RECOVERED =
3 ] AT 0.7°¢2 cm ODEEP X 3 5.0' -
T .. ]2 cm LONG X 1cm WIDE) 100 RUN 5 -
L HENEN 9.7'- 4.7 —
P AN
= -
I.° =
FME_! ENTRAN AR = 1-3 mm DA .7 =
v - »| THRU OUT AGG. GOOD DISTR. o
12—: . _',' . —
- . -
J e o
3.8 -
B— . > =l
3 - =
-+ -
3 o
14": PR 4 -
= T -
3 :
— Lo .
:‘ i ME . -
o
4 ., -] 4.7 - 18.7" COOD CONCRETE 14.7' - 24.3 C
15, " | ABUNDANT ENTRP. AR = RUN 6 —
- 7| 1:.2 cm DIA BREAK AT AGG =
T - *] NOT ACROSS AGG. -
g . -
J . -
T =
e I 16.2 -
JTT77] ENTRAN AR % 1-2 mm DIA .
S S =
3 v o
J .« E
3 =
T . =
-t .'.' p
wd T 100 =
- v —
T . -
I o
= . 5 =
48 .
<.+ .]18.7'- 24.3 GOOD CONCRETE -
8= " | LESS ENTRP. AR —
J .- _
I o
= SR —
3 .- -
207 - ° ol
J = -
3 - o
I 20.7 E’
v,

737, -
E RS g
e R -
o e -

224
PROJECT




for INFORMATION TECHNOLOGY LABORATORY - WES

- L

Qrophics by VISUAL PRODUCTS SECTION

AMOSH026  SYS 2

L

Hole No. S-17

DRILLING LOG [V

PSTALATON £|SENHOWER LOCK

1. PROJECT
EVALUATION OF EISENHOWER AND SNELL LQCKS

0. SZE AD TYPE OF 8T § INCH DIAMOND

T Sers

2. LOCATION (Cavvinates or Starion)
MONOLITH: $-17 LOCK STATION 192.50

. DATUM FOR ELEVATION SHOWN TAW o MSU
US LAKE SURVEY (USLS) 251.5'

> ONOBILE DISTRICT

2. MANUJFACTURER'S DESICNATION OF DRILL
FALING 1500

4. HOLE NO. (As sicun an growfng e |
o e remder) o ; S-17

13. TOTAL NO. OF OVER-

~ {ISTURBED
BURDEN SAMPLES TAKEN 1

UNDISTURBED

0

. NAME OF DRLLER
CARL. _MOON

. TOTAL NUMBER CORE BOXES 30

. ELEVATION GROUND WATER

6. DIRECTION OF HOLE

O vERTICAL [] NCLNED DEG. FROM VERT.

CONPLETED
19 MAY S0

7. THCKNESS OF OVERBURDEN 0

17. ELEVATION TOP OF HOLE  251.5

. TOTAL CORE RECOVERY FOR BORING

8. DEPTH DRLLED NTO ROCK

13.2'

9. TOTAL DEPTH OF HOLE

122.8'

ELEVATION

DEPTH { LEGEND

CLASSFICATION OF MATERIALS
{Dnscription)

(]

X CORE
RECOV-
ERY

“
1.
wowerr  PTIMUAY 90 |
7
..
.

. SIGNATURE OF INSPECTOR
M.EREEN GLYN

80X OR
SAWPLE
NO,

L4

REMARKS
(Orfiing Nam, wars loss, depth of
wattaring. efo. I signiticort)
)

v

N
[

lllll.J._l.llllxl..L‘Llll-_Al.ll

v

N
»

N N
N (3.}
vllllll_llllllll{lll 11

v_
F 4EE
bS] .

~N
~

llllll llll_lllllllll
4

f
4

N
[+ ]

N
©o

Illiivllllljlllllllll
e

[V
o

R

u
o bbb
.

32

24.3' - 27.4' GOOD CONCRETE
HARD, ENTRAN AR 1mm DIA,
ENTRP. AR =3 mm DIA-

2 cm LONG LARGE VOID AT
25.7', POSSIBLE COLD JT.
AT 25.2'NO COLOR CHANGE
JUST A THIN WHITE LINE,
COULD BE A HARRLINE CRACK.

27.4' - 34.3'

ENTRP. AR 5 mm -
Tem DA,

ENTRAN AR = 1- 2 mm

CRACK AT 31.5'

llllIrllIlrrTlll]l]TI

2541

30

29.4

DRILL TIME = 45 MIN.
HYD. PRESS 300

RUN 7

24.3' - 34.3

1PC. 3.1

ll'lll_llllIIIIIIITTT_'TIIIIIIIITT]TIIIIIITI'llIr‘[llllIlfllIlllT]lIIII1IIIII

ENG FORMIB3E Previous EDITIONS ARE OBSOLETE.

MAR 71

PROECT

EISENHOWER 1L.OCK

Fm.z NO.

S-17

-

-




for NFORMATION TECHNOLOGY LABORATORY - WES

ST

Fphice by VISUM PRODUCTS SECTION

MWOSG2T  SYS 2

L

DRILLING LOG (Cont Shest)

ELEVATION TOP OF HOLE

251.5

USLS

Hole No. S-17

PROJECY

INSTALLATION

SEET 4

MAR 71

EISENHOWER LOCK

EVALUATION OF EISENHOWER AND SNELL LOCKS EISENHOWER LOCK or 11_greers |
¥ CORE | BOX OR REMARKS
aevanon | oermi | LEco@ M”'Cfﬂw OF MATENALS l!cc,:gv- SAMPLE mz ﬁ-z; '-'m:'
- » - L3 ® 4 9

0 R -
= -
37 N
34 33.1 -
— v . ad

> -
-<1.v. " -
37 -
34— 7 - —
qv = -
CRUMBLY AT 34.3' - 34.8' DRILL TIME 15 MIN. [

| CORE INTACT EXCEPT FOR 2 PC. 3.1 -

-'| SIDE WEDGE. 7.0 -

1 34.8' - 37.¥ RUN 8 -

GOOD CONCRETE 9 | 34.3- 3723 -

170 [~

37.3 -

= ., ]37.3- «0.0r ORLL TME 50 MIN. —
3 - | GOGDB CONCRETE 4 PC. 2.6 -

-4 * {AR 1mm - tcm DIA 2.8 -

— . Y -
38— -, 31 ol
7 o 0.4 -
3 . RUN ¢ =
fin SN 37.3' - 46.2' ul
I . -
3 7. -
—-" v. 100 :_

i SR -
I -
40— o
3 . E
. o

L u
o -
3 . —
. : -

- v -
2—p—" -
; B S
E =

3 =

ENG FORM1B38-A PrEVIOUS £DITIONS ARE OBSOLETE. PRrOLCT ]uou: no

5-17




for BFORMATION TZCHNOLOGY LABOKATORY - WES

B (8

graphics by VISUAL PROOUCTS SECTION

RMOSHO28  SYS 2

ELEVATION TOP OF HOLE
DRILLING LOG (Cont s""”f 251.5 USLS Hole No. S-17
PROJECT INSTALLATION SHEET 5§
EVALUATION OF EISENHOWER AND SNELL LOCKS EISENHOWER LOCK of_11_swETs
aonou| oo |usmo | asregzunas | R (RET| omp e
e » L] d - 4 9
T.m8* 42.3 =
P :
I, il
. M8 . -
_-.\/: b—
= MB - C
43— —
v -
:v_ e =
37 ol
= -
- " '. . -
= A -
44-:. ', : -
3 v, -
. ol
b =
45—."_:- o b E—-
= PR -
e MR -
-+ s -
~ MB- -
21 BREAK ALONG LG. AGG. 458 =
-_— " -
461" g -
e C
g ] 46.2' - 49.8'GOOD CONCRETE DRILL TIME 50 MIN. -
3., 102 -10 cm DIA [
= " 4| AR ENTRP. BUBS SEEN =
4., -] TO BE LOCATED ADJACENT -
47, 7 1 70 AcG. —
ard v p—
It u
o E
- L
b -
— -
=+ C
4. -
w7y —
J -
T ol
2 MB =
s0—]. "] 49.8'- 52.7' AR ENTRP. BUB =
3 7 .] SEEM TO BE DEEPER * icm -
<. "] INTO CORE. W/ 1cm DIA -
— .'. ) :_—
:7 N a
i S =
T, =
51— v [
b L R -
- MB - [
b g S -
g -
3 . -
s2— - * ull
pu (Y =
3 . s
— —
L s
53— v | 52.7'- 55.2' GOOD CONCRETE ult
T - "] LESS ENTRP. AR EXCEPT -
1 "+ | ONE LG. BUB AT 54.7'. -
—~J- + ] 2.5" LONG 1cm DEEP =l
3 -
54 4 v -
ENG FORMIB3B-A PREVIOUS EDITIONS ARE 0BSOLETE. PROJCT HOLE NO.
wh 7 EISENHOWER LOCK [ §-17

L




- wEs

for INFORMATION TECHNOLOGY LABORATORY

Fophica by VISUAL PRODUCTS SECTION - ITL

AMON02e 3YS 2

ELEVATION TOP OF HOLE
DRILLING LOG (Cont Shesh 251.5 uUsLS Hole No. S-17
PROJECT INSTALLATION SHEET 6
EVALUATION OF EISENHOWER AND SNELL LOCKS EISENHOWER LOCK oF 11 sweETs |
BLEVATION | 0EPTH | LEGDO M’“M"m E;.%vug W mﬁhm’
[] » [ d o 4 9
= SR -
J. - -
-4 '. . .' e
T . =
. L » -
e p—
55— w8 —
T v "{552- 559,3 LG eues -
3, - v} 15 em DIAX tcm DEEP a
3 MB o
56—. ol
v {559 - 59.8 14 | DRILL TIME 70 MIN. n
3", - | GOOD CONCRETE 3 PC. 3.9 -
= . %] AR ENTRP. 1cm DIA 2.4 ~
3. 3.5 -
b 33 C
57—:; e —
oo -
I A ol
+ b -
58— -
AL 58.4 -
4 ol
- K2 ) -
I . »
s9— '~ -l
— v e
o S -
= —
1 w8 C
60— -, | 59.8'- 62.2' AR ENTRP. il
q AVG. 0.5 cm DA -
. -
- v P
_-.'.y.'. e [
3:- 15 C
T AN F—
J - o
-y L - -
— L . —
o o
J 0w -
37, 7| 62.2' - 63.7'LeSS ENTRP. C
7.7 {AR Umm ~ 5 mm DIA) [
I3 . -
— » p—
63— M8 63.1 -
D
J . v E
3 =
<4 ] 63.7' - 65.7' MORE ENTRP. -
3 .| AR.AVG.0.5 cm 2 LG.BUBS o
64— - 7115 ecm LONG —
— . -
:‘ v :
= ] —
J - o
65— . o
-ty [ ] -
31 ,',' . =
g -
1 we -
e a—y =
- -
€66 4 * o
ENG FORMIB36-A PREVIOUS EDITIONS ARE 0BSOLETE. FroecT e wo.
wa 7 EISENHOWER '90 5-17

L _




- WES

for GFORUATION TECHNOLOGY LABORATORY

Faphice by  VISUAL PRODUCTS SECTION - IT(,

RMOSHOIC  SYS 2

L

ELEVATION TOP OF MHOLE
DRILLING LOG (Cont Sheet) 251.5 USLS Hole No. S-17
PROJECT INSTALLATION SHEET 7
EVALUATION OF EISENHOWER AND_SNELL LOCKS EISENHOWER LOCK of 11 _swerrs |
X CORE | BOX OR REMARKS
ELEVATION | 0EPTH | LEGD® CLASSIFICATION OF MATERALS g&gv- SAMPLE mm MM"
. [ . [ - d o 4 9
T *65.7'- 69.6'GO0OD CONCRETE DRILL TIME o
J° » | AR ENTRP. AVG. 2 mm DIA REC. 5 PC. '-'
—.* - | THRU OUT. SOME LG. AT 3.9 —
‘v - T1em DIA 1.5' =
= R 2.8' o
67—9. 0.8' —
—ﬂ_i o 0.7' =
T e’ 67.5 | RUN: C
—+~r— 65.7'- 75.6' —
i T C
.. - - -
68—3" LA =
m R o
3 @ | resar s8.7° -
69— 7 » —
T -
Je @ =
—. mMB- il
T 7 -
R C
70— v, —
o .- -
= —
- '. -
R -
71— @MB| remar 7100 —
-y -
3 -7 4] 71.1- 74.0'GOOD CONCRETE -
_a J. "] AR ENTRP. AVE 2 - 5 mm il
4 {on E
V'] 7.9 -
~ C
J - E
——— " h P
3. Y —
3 -
3= s -
J C
4. -
v v, p—
Tve | REBAR AT 739 8 -
74T o] 73.8' - 75.6'GOOD CONCRETE -
4", | LESS AR ENTRP. EXCEPT 1 —
Je x| LG. BUB AT 75.3' = -
..} 1.5 em LONG -
-<. M8 C_
b
- »' . =
= PO E
= ™8 75.6 ult
I
7 ©. | 75.8' - PC. OF REBAR 75.6'~ 85.6' =
76— . 2.3 -
3 . 0.2' CHIPS -
n R 16’ ot
ia | v 1.45 E_
= 3.5 n
= 19 0.8' o
77_' v :_
3 7. -
—_ -
78 i o
ENG FORMIBIB-A rREVIOUS EDIONS ARE OBSOLETE. PROECY 'm NO.
we 7 EISENHOWER 'Q0 S-17

L




- WES

for NFORMATION TECHNOLOGY LABORATORY

Feprics by VISUM PRODUCTS SECTION - ITL

MODOI SYS 2

L

ELEVATION TOP OF MOLE

AR T

EISENHOWER 'S0

ORILLING LOG (Cont Shest) 251.5 USLS Hole No. S-17
PROJECT NSTALLATION SEET 8
EVALUATION OF EISENHOWER AND SNELL LOCKS EISENHOWER_LOCK of 11_swerts
REMARKS
arvnou| cony oo | csmmm i | R | S It
] » - 4 - L4 9
[ N -
TRy | CHIP AT 77.9 MISSING CHIPS AT [
J', " 78.2'- 79.7'GOOD CONCRETE 78.¢ AND 84.7° <
J@ @] ReBAR AT 78.7'RUSTED w F
I, o
%9 . =
Jv - »] AR ENTRP. 2 - 3 mm DA -
3. ABUND. AT 79.2'- 79.7' -
— -' " :
v 7 ] 79.7' - B1.15°GOOD CONCRETE C
80— & | PC. OF AGG. (4 N) -
4° .. | AR ENTRP. W/ RCT MTL. AT -
3 .7 .| BREAK POSSIBLY WEATHERED. -
—1 +.°{ REBAR AT BO.¥ —
— v _"'. :
g1 oo -
Y] =
47 .. ;| 81.15' - 84.6' GOOD CONCRETE -
—+ 7| LESS AR ENTRP. 3 mm DIA —
= 20 -
v [
827, =
= =
- .". . o
T . 88.5 o
83— g C
J——1 REBAR AT 83.2' -
T . *| CRACK N AGG.NEAR REBAR o
—l:‘1 v‘ ‘ E_.
= 83.2 =
1", -
843, v . —
-— » -
= N =
= A -
=l ,m". 84.7' - B5.6' GOOD CONCRETE DO NOT USE LAST PC. [
85—, - | INC. IN AR ENTRP. THROUGH- FOR TESTING =
3 . ]outT 18UB AT 1em DA (WAS BEATEN ouT oF [
= A 21 | CORE BARREL) -
4 7 .| 85.6 - 91.6'coop concreTE DRILL TINE = 70 MN. |
3. "] AR ENTRP.1em DA « -
55‘21".‘:.- 1ecm DEEP -1 -
= o
3.' e -
87.0 C
87— e -
J. » | 87.0'- 91.6'C00D CONCRETE 85.6' - 95.7 C
- » | AR ENTRP. AVE. -3 mm 100 —
1 °* -|0OCC. 1cm DA 4 PC. 6.00 —
3., | AR BUB ADJ. TO AGG. 2.25' o
4 1.10' -
ss— - ° 0.40' —
J - 0.15' -
- =
3 7. -
b 22 C
89—_'. f. —
1 w8 o
— . ol
3. -
90 4 ~
ENG FORMIB36-A mREVIOUS EDITONS ARE OBSOLETE. PROECT [roue w0

S-17




for BFORMATION TECHNOLOGY LABORATORY

raphics by VISUML PRODUCTS SECTION - iTL

MIOS032 3YS 2

L

ELEVATION TOP OF MOLE

DRILLING LOG (Cont Shest) 251.5 USLS Hole No. S-17
PROJECT INSTALLATION s#€LT 9§
EVALUATION OF EISENHOWER AND SNELL LOCKS EISENHOWER LOCK oF 11 _srEETs
ELEVATION | oePTH | LECEN® mmmmu'or WATERALS k;q%f 2&’&";" mm—unf
] » ° d a 1 9
B S
. -
i S 22 -
Ev ' .b' -
— ™8 91.6 —
J. v | 916'- 94.95'GooD CONCRETE =
92" ° =] AR ENTRP. 91.6'- 92.0' -
3, " Jtem DA -
1 -
= 100 —
- ‘w -
I -
93—" ' ". v —
3 v ”
:b ' 23 -
i FRN -
94— v | AR ENTRP g3.6'- 94.5 —
q-."1-2 cm DA -
v
3 M8 -
q-* ] 94.95 - 95.1' BROKEN a2
= B ) -
95 <7 95.1 ul
3 * .| 95.- 99.7/GOOD CONCRETE 95.1 - 105.2' -
< * | ENTRP. AR THROUGH OUT -
1, { AvG. DIA tem 3
~ - 'b :
96—_ Vv —
~ - »’ » :
—. =
- -
3~ J =
977 s 3
= .- ol
I 100 -
~ v -
g8 . ¥. - wll
m B =
:v o :
‘5 M . : -
. s
99— - C
3. . -
3 - -
e 99.7 —
10—+ '+ 99.7'- 101.8'GOOD CONCRETE -
1 « | 0cc. LG. AR BUBS -
:' _ 1- 3 em LONG o
= 7. =
3 - -
g - a
k= SIS —
J- - -
— —
3 ™8 -
1024 v -
ENG FORMIB3B-A PREVIOUS EOITIONS ARE OBSOLETE. PROJECY ]m L
we 7 EISENHOWER '90 S-17




for DFORMATION TECHMNOLOGY LABORATORY - WES

"

Paphize by VISUAL PROOUCTS SECTION -

OSN3 3YS 2

L

DRILLING LOG (Cont Sheet) [

VATION TOP OF HOLE

2515 USLS Hole No. S-17
PROJECT INSTALLATION SEET 10
EVALUATION OF EISENHOWER AND SNELL LOCKS EISENHOWER LOCK oF 11 sETS
x CORE | BOX OR REMARKS
CLEVANION | 0EPTH | LEGEND W'CADVWIO' MATERALS zgv- sun.z -.;—; —.M'I
- » [3 ['] o ® 9
3., .| 018- 05y -
3 GOOD CONCRETE ENTRP. AR -
e B 4 0.5 cm DIA -
J me -
-
0" ."* -
:' _’~ t:
3w 103.8 F
104_§'A ' v 100 E_
. Y -
e SR =
ST CHIPS AT 104.6'- 104.8 =
‘°5’3 Ve —
3, v 1052 - 108 105.2° - 115.4' F
I . .] 600D CONCRETE 6 PC. 5.5' -
37 "] SOUNDS DRUMMY, LOOKS 0.2' CHPS -
3., /| MORE POROUS THAN ABOVE 26 0.7 -
106" Y- | HIGH CONCENTRATION OF 1.7 -
:k-;-. { ENTRP. AR 3 mm - 0.4 =
4 »| 2 em LONG 0.3' CHIPS -
.. | AvG. 3 mm DA 0.55' —
SR DRILL Ton'a!’s' 80 MIN =
07— . * - il
Ee s o
3. E
e REE 96.6 —
v
:L’ d 108.0 -
L= ' —
- R =
= IR o
., » =
= =
1093, - » —
3. -
—JBoND F
N/ | 109.6' ROCK / CONCRETE 27 -
7] CONTACT, GOOD BOND -
1o —Z{ V. STRONG ROCK. DK GRAY —
7 DOLOMITE TO n5.4' -
L4 o
3 Ji E‘
el Ul ) -
111 —L54 CRACK AT CONTACT ol
ZZ] N ROCK, PROBABLY MECH. -
y A 4 -
v m.6 -
7J11 E
12 Tzi —
Z I -
Z -
L 1 -
ya p—
11 L :
ANV A -
M3 ——rtr -
— w —
7 "
CHPS AND DISCS o
14 13.7° - 4.0 -
ENG FORMIB36-A revious [0 OBSOLETE. PROECT HOLE %O
w7 TN e EISENHOWER '90 s 5-17




tor NFORMATION TECHNOLOGY LABORATORY - WES

-m

VISUNL PRODUCTS SECTION

@ aphice by

MMOB0I4  SYS 2

L

DRILLING LOG (Cont Shest)

ELEVATION TOP OF WOLL
251.5

USLS

Hole No. S-17

PROJECT

EVALUAT|

ELEVATION

DEPTH | LEGOND

ION OF EISENHOWER AND SNELL LOCKS

INSTALLATION

EISENHOWER L

CLASSIFICATION OF MATENALS
{Dnserigiien}

X_CORE
RECOV-
(2,44

80X OR
SAMPLE

4

REMARK'S
o, watyr s, it of
it Aoy Gt i
9

Imr ]
OCK or_ 11 sexts |

1141

ELONGATED HOLES
AT 114.2'

1
[

15 Ly

WEATHERED JT., 114.9'

115.4' - 118.2'

GOOD HARD, BLACK / GRAY

LAMINATED DOLOMITE

16—

1
[
—

VERTICAL JT. AT 116.2'

"7

i
[
]

i

!Ill!lllll

1ms

1

CLAY / SHALE STRINGER

18.2' - 120.0' GOOD HARD
DOLO. MOTTLED DK + LT.

| GRAY, CALCITE BLEBS

UP TO 4 cm LONG

CLAY / SHALE STRINGER

12

21

L
]

] 120.0' - 122.8' GOOD HARD,

GRAY DOLOMITE SHALE BEDS
UP TO 0.2' THICK AT 120.4'

STYOLITE

POSSIBLE JT.

28

116.2

100

29

120.4

BOTTOM OF HOLE

llllllllllllllllllllllIllllllTl

III]]ITIYI]'IIIlllllllfirllllll Tl'llll'llllIllIIIIITIIIIIII1IITIITﬂIIIll]lrlllII!III_III‘TIIIIIIIIITTIII III]ITIIITIII

ENG FORMIB3S-A rrevious EDITIONS ARE OBSOLETE.

uAR Tt

PROJECT

EISENHOWER '90

HOLE NO.
I S-17




FWohce by VISUA PROOUCTS SECTION - ML for MFORMATION TECHNOLOGY (ABORATORY

NMORD3S SYS 4

[_ Hole No. S-19 _]
VISION NS TALLATION SHEET 1
ORLLING LOG [ T2 s
SIZE AND TYPE OF BIT 7-3/4" DIAMOND
EVALUATION OF EISENHOWER AND SNELL LocK'sl,t e R BT S 7
2. LOCATION Kuwrinaies & Shefen) MSL-USGL
275.00'-7.825' FROM LOCK CHAMBER S AAE T RERS DS O DL
3. DRULNG AENCY ¢ O E  MOBILE DISTRICT DIAMOND
3. TOTAL NO. OF OVER- t DISTURBED [OSTRED )
4 HOLE NO. Us sioum @0 ety 0 | g BURDEN SAWPLES TAKEN | 0 !
huad . M. TOTA. NABER CORE BOXES 30
5. NAE OF DRLLER 0o MOON B. ELEVATION GROUND WATER
e I T
- 17. ELEVATION TOP OF HOLE 251.5'
L2 ;vmm‘:ua:nom'mm 12% FTETES 8. TOTAL CORE RECOVERY FOR BORNG 128.7' z
8 o .0'-110.7'-18.3" ) cTom .
9. TOTAL DEPTH OF HOLE  129.0' - SOUTURE of WePe M. EILEEN GLYNN
ELEVATION | DEPTH | LECEND CLASSFICATION OF MATERIALS E% s'?.’b&‘ S, warer koss. derh of
I B e vl il I el
v, T =
251.%' 3. .- 0.0'-2.5'~ GOOD CONCRETE. DRILL TIME == 20 MIN. |-
d. - J AVE. SIZE AGG. 2.5 em LONG. 1PC.INTACT 2.5' o
= . { AR ENTRP. 1mm-5 mm DIA PRESS = 275 PS) —
3 7| ™HRu our. -
= -
- o —
3w 100 F
hu C
250.0* 3. —
J:w]17-2.5' - AGG. SIZE AVE. F
2- - | NCREASES TO 3 IN. [
3. " -
. - 1 -
3. > { 2.5'-5.0' - GOOD CONCRETE. DRILL TIME = 20 MN. |
4--., | NR ENTRP. 3 mm-1cm LONG, PRESS = 275 PSI1PC. [T
30} | MORE ABUNDANT AT 4.5'-5.0', 2.5'INTACT —
- ‘_';1 AVE. AGG 3 IN. DIA. -
3 -
I 100 [
. -,‘7 AVE. AGG. 2 cm DA 4.5'-5.0'- —
:r “ .- | SOUNDS DRUMMY I~
- " _'. 4 t
5—_1——7 -
;v ]5.0-7.2 - GOOD CONCRETE. DRILL TIME == 20 MIN, o
- . . AR ENTRP.3 mm-2 cm LONG 1PC. 2.2 -
. - J AGG.DIST IS LG. 100-150 em -
47 | W/SNALLER 12 cm DIA -
55!, " =l
-S4 N 100 :
. . -
24500 — —
: v "' o . :
=30 -
e - ¥ 7.2'-4.7'- GOOD CONCRETE. DRILL. TIME = 20 MIN. -
—| v | AR ENTRP. 3 mm-1cm DIA, 2 1PC. 2.5 —
3 | | AGG. GOOD DIST., ENTRAN. AR -
T " J1mm DA =
s~ i
e -
3 . -
—3- 100 —
4 e -
j'. . -
9—_1 o -
1 ;
3. 3
w4 - SEE SHEET 2 =
ENC FORMIB36 MrEVIOUS COTONS ARE ONSOLETE PROECT [Hece wo.

MR T EISENHOWER '90 S-19

L -




- WES

for INFORMATION TECHNOLOGY LABORATORY

Im

graphice by VISUAL PRODUCTS SECTION -

RMOSHOIS S5YS ¢

L

ELEVATION TOP OF HOLE
DRILLING LOG (Cont Sh..()l 251.5 USGLS Hole No. S-19
PROJECT s TALLATION SEEY 2
EISENHOWER LOCK oF 12 sHEETS
BEVATION | DEPTH | LEGEND msrmfmnrmus ké%?f %f’“ Ortiing &zmjﬂ
[ » L) d 3 4 Q
J. ] 9.7-14.4'GooD CcONCRETE. 3 PC. 4.70° F
3. « ] ENTRP, AR 2 mm-2 cm DIA, 3.60' -
3 . | ENTRAN AR = 1 mm 1.80" —
o - ¥ | THROUGHOUT. ABUNDANT LG. DRILL TME ~ -
-t v » =
47 - | ENTRP. AR AT 12.7'-14.0', AGG DRILL ACTION: SMOOTH
"= :» ] HAS GOOD DIST. na
I . -
2350 | 7 ] —
- . ,' —d
3 -
12— 3 i
: : _' . 3 :
- - . -
- v -
s L IR -
3 s -
-4 [
134 . =
o L R -
1 - =
= -
v N -
g or -
3 M8 J MB AT BOULDER 14.4 -
= 100 & n
—] " = 14.4'-18.0' GOOD CONCRETE. —
3, | ABUNDANT AR ENTRP. 2 mm »
3+ ¥ DIA-3 em LONG, AVE.5 mm o
15 ] DA —
i -
= ol
3 -
6. & -
q . » =
i o
230.0° e A il
3Jv 4 C
- . . .' -
7=, .
: v: ’ ke :
J e -
i | _ ol
3 . -
—l. . . =
.. 3 g | MB AT BOULDER -
T ] 18.0'-19.8' GOOD CONCRETE. —
;J '.J SMALLER AGG. AVE. 3-4 cm —
* ] LONG, ENTRAN AR = 1mm -
4 - * | DIA,ENTRP AR LESS —
T Mg | ABUNDANT = 2 mm DIA 8.9 -
e ¥ Toman . -
191 - -
3 -
b -
—] v: - C_
I v -
s ] 19.8'-21." GOOD CONCRETE. , -
20, " J ABUNDANT ENTRP. AR 1-5 mm S PC. 130 -
-4 .| DA, AVE. AGG. 2 ecm DIA 140" -
3 . | OCC.LG. AGG. 10 cm an -
= . 0.80 ol
d¢ » 5 BROKEN 0.60' -
J . AT BO o 0.20° -
2}__5. mMB | MB BOULDE :_
o -
225.0 e v E"
- '_ -
22037 | 21.v-26.BEXITE SHEET W -
ENG FORMIB36-A PREVIOUS EDITIONS ARE OBSOLETE. PROECT ["‘u no.
MR

EISENHOWER 'S0

S-19

L




for BFORMATION TECHNOLOGY LADORATORY - WES

<M

Faphics By VISUNL PRODUCTS SECTION

AMOD037  3vs o

L

ELEVATION TOP OF MOLE
ORILLING LOG (Cont Shﬁlt)l 251.5 USGLS Mols No. S-18
PROJECT INSTALLATION SHEET 3
EISENHOWER LOCK or 12 siexTs
ELEVATION | DEPTH | LEGEND mwnrmnm&s ’l‘t;o‘%ﬁ gg:ug&. Dty Aom, v lose. gt of
[ » [] - a < h 9
J7 - 121.1-26.8'GOOD CONCIETE. -
J,- - 7 |ENTRP. AR 2 mm-1.5 cm DIA =
—{" - "= | MORE ABUNDANT AT 24.5'- —
2. MB 126.8, AGG. HAS GOOD DISTR. 22.8 -
e -
23—, - ——
e MR :
ERn 3
R —
PN 2 =
= A N :
24— . -
-‘ . ) e
g4 .- L
= —
N 6 o
=
3. -
—l" . " -
pu L -
e B S [
4 " 100 -
264" -
3. s
220.0° —4 . ol
-{"MB_{ MB AT BOULDER 26.8 -
4 v | 26.8'-28.8' GOOD CONCRETE. n
2734 | ENTRP.AR 2 mm-1cm DIA, —
J+ - {AGG.V.SMALL +LG. -
=g . ol
-‘. L N -
J, n
Jov -
28—, ol
migY:R -
—\- -
= D
1. NB - _E__
29-‘-% 29.0'-29.6' BROKEN —
3 CONCRETE. 7 -
' BEATEN OUT OT CORE BARREL. ~
— MB: -
v -
3] 29.6'-29.8' GOOD CONCRETE.
1« - {29.8'-33.5' GOOD CONCRETE. ol
30 " lic HOLE AT 308 (2.5 cm 7 pC. 279 C
3 ]sQ.) ABUNDANT ENTRP. AR 3.20 -
., - "{1cm AVE.DIA ENTRAN AR 1.00 il
J 2" |tmm DIA, POSSBLE COLD 0.75 ~
F~~4aT 308 0.35 -
31— M8 311 0.30 —
m DRILL TIME = 28 MIN. ~
215.0' 3 . il
47 -
4 v -
247 100 —
3 . ~
1. 5
- a -
T —
7 T .7 32.5'-34.2' GOOD CONCRETE. -
o ENTRP. AR 2 mm-1cm DIA 8 -
b i S E‘
3 v -
— e
e » —
I~ -
34 4
. PROJECY MOLE MO.
El;lﬁ :0RM1836 A PREVIOUS EDITIONS ARE OBSOLETE. EISENHOWER ‘90 [ S-19




- WES

for INFORMATION TECHNOLOGY LABORATORY

raphcs by VISUAL PRODUCTS SECTION - 110

AUOSHO3S SYS 4

ELEVATION TOP OFf HOLE
DRILLING LOG (Cont Shest) 251.5 USGLS Hole No. S-19
PROJECT INSTALLATION SHEEY 4
EISENHOWER LOCK or 12 suerrs |
ELEVATION | DEPTH | LEGEND msncfmnrm&s &é%ﬁz g?ég&“ ortng a;;-::; A-snn;f
L] L] L] d * 4 9
- N L h
3" MB AT BOULDER F
37 ]34.2-37.4' GOOD CONCRETE. -
L 7 | ABUNDANT ENTRAP. AR 2 mm- —
4 v 15 mm AVE.3 mm 8 -
v o
35— "W -
n R =
J w8~ 35.4 -
EN -
3. o
36— . —
j e —
200 | .7, —
37-31 . ' i 100 —
0 I -
1 M8+! Me AT BOULDER -
T+ |37.4'-39.8' COOD CONCRETE. 9 —
Zv " Y| ENTRP. AR LESS ABUNDANT- -
38— |5 mm DA MAX. -
A ug
3.eMB & | C
== MB THROUGH AGG. -
—, % | AGG. GOOD DIST ag
j, . v . | =
v 9 -
397 M3ad v THROUGH AGG. =
pu SR 2 I -
TsM8.4 wa THROUGH AGG. -
3. > ]39.2-39.8' BEATEN OUT OF 39.8 -
"] END OF CORE BARREL o -
40—1v - 'd 39.8-43.0 GOOD CONCRETE : —
J + {ENTRP.AR 2 mm-5 mm ORILL TIME C
3. | THRU OUT. AGG. GOOD DIST. 39.8'-49.3 o
-, .7 6 PC. 3.20' —
b DA 3.40' C
3 ...f.. 1.40' "
a— . 0.90" —
v oY 0.40' =
s R CHIPS -
205.0' —. M 0.20' —
pa -j o
42— v 10 —
— v -
T o =
g . il
I 3
431288 wg AT BOULDER 100 =
7] 7] 43.0-46.4' GOOD CONCRETE. -
T "J SAME AS ABOVE -
g —
J . -
- . -
wd. 7, =
jh' ‘. 444 o
~. T E
1 =
45—‘_'. ". —
d. . -
4 n -
= —
— ’ v ’ o
P -
6 17 ]
FO 18 6'A SOLETE. PROJECT HOLE NO.
ENG FURM1B36-A prrvious omons ahe oesoLete EISENHOWER '90 ! s-19

L




Sephcs by  VISUAL PRODUCTS SECTION - ITL  fer IFFORMATION TECHNOLOOY LABORATORY - WES

MOBOIS 3YS 4

L

ELEVATION TOP OF HOLE
DRILLING LOG (Cont Sheet) 251.5 USGLS Hole No. S-19
PROJECT INSTALLATION SHEET 5
EISENHOWER LOCK of 12 swETs
REMARKS
novrou| oo | e | eswEgmg s |REE R emp ey
[] » . o [ 4 <
R | 3
. 3~~~ BREAK AT BOULDER W/AR E
200.0 3 .« | ENTRAN BUBBLES BROKE
;- | 46.4'-49.4' GOOD CONCRETE.
47— .. ? | (SAME AS ABOVE)
AR 1 =
4. -
—S. .-
— e -
3 :m8 9 100 C
] BREAK AT BOULDER -
48—_ ‘. ‘_ : :—
- -
I A :
e -
F-¥23 BREAK AT BOWDER 8.7 -
- 1 -
— w ) e
49— &5~ BREAK AT BOULDER s
~ Y- 7] 49.1-49.2' BROKEN -
—F. v | 49.4'-54.4' GOOD CONCRETE. 49.4'-54.4' -
J ;- ;| ABUNDANT AR ENTRP, (2 mm- 2 PC. 3.00' 2
-4 115 cm DIA) AVE.4 mm AR 2.00 -
50—} -, | ABUNDANT AT 49.4'-50.0' -
Ja -
--_-:bv : 12 -
51‘5‘.;-‘..-‘.‘ E-—
= 3 ' . -
w50 | i, —
3 100 -
52— . —
: 4 - :
4 ™ 7 52.4 -
53—3: v —
I- o’ =
= —
m N -
430 —
—J 7| 54.4'-62.9' GOOD CONCRETE. P il
3. |ENTRP. AR 3 mm-1em DA 44629 -
3.0 | AT 54.4'-60.1, MORE 3 PC. 2.90' C
55— "«" .| ABUNDANT AT 60.1-62.9' 3 2.80' =t
J - | GOOD CONSOLIDATION THRU 2.80 -
g 7 lour. -
- " -
nd .'.v -
S6— -7 [
g« -
:b.'-." :
190.0' - —
57— v —
q:mB 57.3 C
'__'_i" v L__
i R -
58 - e .
PROJECT HOLE NO.
=A PREVIOUS EDITIONS OBSOLETE.
ENG FORM1B36-A e EISENHOWER '90 ! S-19

|

-




for MFORMATION TECHNOLOGY LABORATORY

waphics by VISUAL PRODUCTS SECTION - (TL

MIOSHDAD  3YS 4

L

ELEVATION TOP OF MOLE
DRILLING LOG (Cont Sheet) 251.5 USGLS Hole No. S-19
PROJECT INSTALLATION SHEET 6
EISENHOWER LOCK of 12 sHEETS
ORE | BOX OR REMARKS
ELEVATION | DEPTH | LEGEND uﬂ'nf% MATERALS :z:?gv suuau m‘:v’ m‘d
a » o 4 L hd Q
Je (SEE SHEET 5) -
J. -
59— ... . —
3. :
m C
3.0 14 —
e ) -
60— “B-;] —
3 100 o
o E
e I =
61— . :_
J - [
v -
* NB -
185.0 j : §1.5 —
3 - -
- Y =
62— .- ., —
— " .‘ M -
- -, v P
M D ol
3. -
] R -
63—, - | 62.9'-71.' GOOD CONCRETE. 62.9-72.9 il
3...",| GOOD CONSOLDATION THRU DRILLED 10.0° -
.. -7 OUT GOOD AGG. DISTR., ENTRP BUT LEFT 18" -
« .
— ;7| AR 2 mm DIA 12 cm 5 | N THE HOLE. —
47| long - irreg. DRILL TIME 45 MIN. =
J. -
64— "wp™ [
. o
- =
65— . —
- e -
- =
- 'A' B b
— M8l 65.9-68.0 65.6 —
3~ 66.9'-68.0' ENTRP. AR MORE : -
= * " +| ABUNDANT o
66— -
= DT [
3. =
3 .- =
180.0' — —
3, m8 7 83 -
BE ap =
= R =
- "‘ o -
- - " 16 —
3. -
68—+ —
= DR -
3. C
89— R -
J. -
3 e -
3, MB_ 69.5 -
= R .
- " N .
— - 'A A ]
704 . -
RM1836-A erevious £ £ OBSOLETE. PROECT HOLE NO.
ENG FORMIB36-A pmos 4 EISENHOWER '90 ! s-19

-




- wES

P hics by VESUAL PRODUCTS SECTION - ITL  for IMFORMATION TECHNOLOOY LABORATORY

MO D041 SYS ¢

ELEVATION YOP OF MHOLE
DRILLING LOG (Cont Shest) 251.5 USGLS Hole No. S-19
PROJECT INSTALLAION SHEET 7
EISENHOWER LOCK of 12 swerts
X _CORE | BOX OR REMARKS
CLASSIFICATION OF MATERIALS N
ELEVATION | DEPTH | LECEND D o E&OVV Shulg.LE M;z hﬂrm‘d
a » L3 d [ hd 9
1 - T -
3. (SEE SHEET 6) o
I . -
J e -
71— w8 —
37,7 ] 71.v-78.8' GOOD CONCRETE. =
3 .| GOOD CONSOLIDATION, AR -
175.0° ~—* -+ | ENTRP. 2 mm-7 mm DIA —
J . ] OCC. LG. + RREG. 2 em o
q ¢ | LonG. -
= A 17 3
= RR -
3 - a3
m B =
733 % b 72.9'-79.9' n
i R 5 PC. 3.10' -
— e 3.40' il
1. 1.40' -
= ) 0.60' =
— .30' + CHIPS nil
74""“84 74.2 0.30'+ CH ~
pu [ -
E ‘ ~
75" - —
a- . =
s LR —
J o« E
7, o
3 126 —
165.0" =N - 18 [
79« -
: b:. v :
— B ull
Jd ¢ -
:b» - —
78— - [
- ¢ =
i -
3 LT, -
1 MB | 78.8-79.9 GOOD CONCRETE. 79.0 -
79—~ A LITTLE SOFTER, NORE —
. POROUS HOLDS WATER a
4 | LONGER, CEMENT COLOR IS -
s .+ | BROWNISH GRAY W/SMALLER —
] AGG., ENTRP. AR 2 mm-1cm -
soJ |
3 . | 79.9'-89.9' —
4, | 79.0-79.9' BEATEN ouT C
4 ' | oF CORE BARREL [
== S '9 :
81—~ | 79.9'-82.0' GOOD CONCRETE. —
4. .| SAE As 79.0'-79.9'. BROWN- -
' 3 GRAY HIGHER CONTENT OF o
160.0 ] , | SMALL AGG. 1mm-2.5 mm IN —
94 ! | CEMENT LOOKS WEAKER, o
82 4* ~+ | POROUS POOR CONSOLIDAT!ON -
ENG FORMIB36B-A Peevious £OMONS ARE OBSOLETE. PROECT roce wo.
we EISENHOWER '90 S-19

L

_




- WES

waphice by VISUA. PRODUCTS SECTION - ITL  for S ORMATION TECHNOLOGY LABORATORY

RMOSHO4E  SYS 4

L

ELEVATION TOP OF HOLE
DRILLING LOG (Cont Shest)| o515 ysGLS Hole No. S-19
PROJECT l.au.uma SHEET B
EISENHOWER LOCK OF SHEETS
X _CORE | BOX OR REMARKS
aEevanion | oepm | LEcE0 CLASSIFICATION OF MATENIALS Eg&v- s;:‘gl_g o i #,:':-’r :"’"'"f'
L] » o d L] 4 9
.. U -
J-. .- | 82.0' GOOD CONCRETE. =
J -« | DARK GRAY SEEMS HARDER -
=, .- | GOOD CONSOLIDATION, E
=7 T | ENTRP. AR 2 mm-5 mm DA =
a1 . i -
4 —
83-;"?8' MB AT BOULDERS 831 -
=i —
Is v -
84— —
b B ..
- LY -
3 M8 ! C
<] M8 AT BOULDERS -
Joa ! -
e PO 84 -
3 20 3
347 or UFT LNE, coaTED o
86—, ", | W/WHITE MATL. —
- 185.9'-88.6' GOOD CEMENT, -
155.0' —J-:* - JCOLOR LITTLE BIT LIGHTER il
3= THAN ABOVE + MORE POROUS o
o .- {ENTRP. AR 2 mm-5 mm DIA —
87— 'e’ | CEMENT MATRIX HAS A HIGH ol
., | CONTENT OF V. SMALL PC. -
977 | oF AGG. =
— LEFT 1.6' IN HOLE —
3> me -
88— —
J e 88.3 =
5] 88.3'-98.7 GOOD CONCRETE. =
—" us | SAME AS ABOVE, SOUNDS —
34 DRUMMY, ENTRP. AR V. SMALL o
3. |1mm-4 mm AVE.2 mm. -
89—* 7. | SOME IRREGULAR BUES. —
I =
—ii..'.v‘ —
(R4 n
e IR -
- 4.
8073, 89.9'-98.1 —
3. 21 | 6 PC.0.40" Z
M 5.30' -
= 2.20' -
37 1.50' -
91— o 0.35' -l
= 0.25' o
_.D B J —
150.0" = —
3. =
V- I 92.0 -
92—_",!8’" 122 =
- 4 :
; . ' e -
3 =
g3—s v -
g 22 =
J C
gs 1 MB . o
FORM1838-A €or oBsaLETE. ProECT HOLE NO.
ENG Fo FREVIS fomans see ‘ EISENHOWER '90 ] S-19




Wephics by  VISUA PRODUCTS SECTION - ITL  fer BFORMATION TECHNOLOGY LABORATORY - WES

RIOWO4) 9YS 4

L

ELEVATION TOP OF HOLE
ORILLING LOG (Cont Shest)| 5515 yscLsS Hole No.  S-19
PROJECT INSTALLATION SHEET @
EISENHOWER LOCK | of 12 swErs |
X CORE | BOX OR REMARKS
CLASSF| OF MATENALS -
FLEVATION | 0€PTH [ (o0 e e -3 it Ly 4o
4 » * 4 ] 4 9
LT 1 o
= LI SEE SHEET 8 =
. ::'4_ N E:—
I =
954 0, —
= -
3 -
- -
b e -
7 ve_ 96.2 -
wso | 3 =
. = -
.':'4_ B C
i NB -
98— MB 4 =
= 23 =
471 98.3-101.6' GOOD CONCRETE. \ . -
=3¢ | LT. GRAY CEMENT. SAME AS 98.3'-108.2 —
b .« | ABOVE.V.HOLEY (ALMOST 6 PC. 3.30' -
99— i« "' | HONEYCOMB PATTERN). ENTRP. 2.50' -
-2 -] AR 1mm-1cm DIA. ABUNDANT 0.90' o
1 MB_| SMALL BUB 1-3 mm. 1.60' -
- v 0.50' -
- 110" I—
. e -
100~ —
J M8 100.4 =
= . =l
o RPN o
Joe -
01—, ul
woo | 4 me —
] 101.6'-108.2' GOOD CONCRETE. =
J-. -7 [SAME As ABOVE. EXCEPT MORE C
102-3 "'« JENTRP. AR AT 101.6-103.8". ol
3 . 100 -
s IR -
S 24 F
103 C
Je C
I . -
RN .
10435 -~ ll
= —
3 we 4 E
AL 1 105.0 o
3* =
= -
3 p_. v :
106 -
PROKECT Im )

ENG FORMIB38-A prEVIOUS COTONS ARE 0BSOLETE.
we

EISENHOWER 'S0




- WES

for BMFORMATION TECHNOLOUY LABORATORY

gaphice by  VISUAL PRODUCTS SECTION - ITL

RMOBO44  SYS &

L

ELEVATION TOP OF MOLE
DRILLING LOG (Cont Shaet) 251.5 USGLS Hole No. S-19
PROJECT INSTALLATION seer 10
EISENHOWER LOCK or _12_swerrs |
CLASSIFICATION OF MATERIALS ZE%%E gollxl’lo.g (Drtiirg Kaw, waler koss, st o
ELEVATION | DEPTH | LEGEND (Dnscriptiory ERY NO. e g, . I aioririoaw)
L] » ] . 1
Jia s
wso | —4 w8 -
107-3.% | voo AT 106.8' w8 em oA 25 —
Il w vl :
—? '.".'c_ Ll —
3 -
1083 I —
7] 108.2'-110.7* GOOD CONCRETE. - - -
177 | LT. GRAY CEMENT AS ABOVE. 108.2'-115.2 =
~1'¢" ] W/CONSIDERABLY LESS ENTRP. 6 PC. 2.50° =
3 ]AR 2 mm-1cm DA 0.0 o
09— - ot -
- 0.20' o
F 1.20° -
no—p . -
q e 26 o
| CONCRETE/ROCK CONTACT -
77} V. SMOOTH BREAK/JT? NO -
M ——t——1 BOND. —
- 100 -
130.0° *TA:‘B? 11.6' CHPS —
7—7] 110.7'-115.2' BLACK GRAY -
12 - 7 (WET) DOLOMITE INTERBED .
3 W/LT. GRAY WEAK CLAY AT .
T:‘BZ 113.8', 114.0'+115'C" 1-3 mm n2.4 -
THICK. -
y A -
77 -
13 7 —
7 C
L’ -l
F weZ n
E'r‘!'_ ==7] DOLOMITE V. HARD, V. DENSE o
14— yg7! UNFORM. IN STRUCTUIRE. —
7 27 o
L y4 :-—
y 4 C
7T -
15—y —
va MB -
L 7
15.2'-17.0' 115.2'-120.0" =
T 7] SAME AS ABOVE ° —
— 5 PC. -
16— l 4 =
3 \ N\ -
12500 | \ \ -
j\\\ \ A :

ENG FORM1I838-A pREVIOUS EDITIONS ARE OBSOLETE.

MR 7

PROJECT

EISENHOWER 'S80

lnou NO.

S-19




- wes

wephice by  VISUAL PROOUCTS SECTION - [TL  tor DNFORMATION TECHNOLOGY LABORATORY

RUOD43 SV 4

L

ELEVATION TOP OF HOLE
DRILLING LOG (Cont Shest) 251.5 USGLS Hole No. S-19
PROJECT l-alu.mou €T 1
EISENHOWER LOCK Of 12 SHEETS
ELEVATION { DEPTH | LEGEND MS'“M“M ké%? ﬁs»fn?zn mm lose. dectt of
o » o dq - 4 L]
y A 4 :
7T C
17 [
3L uB A o
17.0 ol
w 117.0'-120.0' COLOR CHANGE "
TO MOTTLED DK. AND LT. o
DOLOMITE W/NUMEROUS LT. -
GRAY CLAY THIN LANINAE -
‘Ziﬂ 1mm THICK. -
118 — e’ 100 -
J -
28 [_
= A
s o
o
1937 ol
I =
3Z N -
120.0" - -
Z C
120 L 1L2co g‘ﬁg gs'&oeiomre 1200 -
LA BLACK (WET) CALCITE BLEBS 120.0'-129.0° -
Z_Z} THRU OUT, INTERBED W/WEAK 12 PC. 1.60' C
—Z=Z] BLACK SHALE 4-8 cm THICK. 0.30' -
TE==d DOLO. V. HARD V. DENSE. 0.s¢' -
121z STYOLITES COMMON. 0.10' -
5 0.10' —
- 0.10' MSSING -
E 1.60' -
T 0.30' —
3%e 0.50' -
12277 0.60' -
— 29 0.90' _
A 4 :
S —
L MB I_-'
123 123.0'-123.1 MISSING. -
F=Y -l
I -
Z =
P e =
L [
124 98 il
77T =
us.0 I we 124.7 -
T we =
125—p===3] 125.05'-129.0' DOLOMITE —
3 V. HARD V. DENSE, BLACK -
77| WHEN WET, LITTLE TO NO -
771 SHALE. —
77 -
126 VA —
T -
30 =
I =
77 -
127 7 C
77 o
mefV:¥s -
Z —
AR A :
128 4L~ o
FORM1836-A EDIMONS ARE OBSOLETE. PROECT HOLE NO
D:g 7 oS EISENHOWER ‘90 ! 5-19




Fwhica by VISUAL PRODUCTS SECTION - TL  fer INFORKATION TECHNGLOGY LABORATORY - WIS

sS4

L

ELEVATION TOP OF HOLE
DRILLING LOG (Cont 5""”[ 251.5 USGLS Hole No.  S-19
PROJECT ALLATION SHEET 12
EISENHOWER LOCK of 12 suxTS
X CORE | BOX OR REMARKS
CLASSIFICATION OF MATERIALS -
BLEVATION | DEPTH | LEGEND IDasorigtiary m&v S“NG.LE mm-.mld
L » o L)
~ ] pd 9 —
mo SEE PREVIOUS SHEET. :—
129 BOTTOM OF HOLE. =
o o
— =
] -
-:1 o
3 =
7 -
= =
3 -
3 =
n -
e -
- —
= =
7 -
ENG FORM1838-A Pacvious EDTIONS ARE OBSOLETE. PROECT [rowe wo.
il EISENHOWER '90 S-19

L




- wes

INFORMATION TECHNOLOGY LABORATORY

tor

VISUM. PRODUCTS SECTION - IT_

Qraphica by

AWOSHOSA  3YS 2

Hole No. SS-18 |
DvISION INSTALLATION SHEET 1
DRILLNG LOG | EISENHOWER LOCK ” 4 s
1. PROJCT 0. SIZE AND TYPE OF BIT 7% 0D
EVALUATION OF EISENHOWER AND SNELL LOCKS [7 pATUM FOR ELEVATION SHOWN AW o MSU
2. LOCATION (Cuoreinees o Shefton) MSL - USGL 251.5'
MONOLITH: SS-18 LOCK STATION 226.00 Q. MANUFACTURER'S DESICNATION OF DRILL
3. DRILUNG AGENCY FALING 1500
MOBLE DISTRICT 5. TOTAL NO. OF OVER- *OISTURBED TUNDIS TURBED
4. HOLE NO. (s sicwn o drowfry M1 | 5S-18 BURDEN SAWPLES T : :
il i W. TOTAL NUMBER CORE BOXES O
5. NAE OF DALLER
CARL _NOON . BLEVATION GROUNO WATER
6. DRECTION OF HOLE 6. DATE HOLE ISTARTED 1 COMPLETED
00 VERTICAL (] NCLNED DEG. FROM VERT. . 9 JUNE 90 : 11 JUNE 90
17. ELEVATION TOP OF HOLE  251.5
7. THOOESS OF OVERBUROEN O . TOTAL CORE RECOVERY FOR BORMG  35.8 x
8. DEPTH DRLLED NTO ROCK 0 = SOUTIRE OF sePECTOR
9. TOTAL DEPTH OF HOLE 15 8 M.ELEEN GLYN
ELEVATION | DEPTH | LECEND CLASSFICATION OF MATERIALS ::%%E s'%&‘ Driiing Wew, water kass. depth of
. . . m.-:.nw u.tv r:o mu'r aioreTicen)
:’. ‘ {1 0.0'- 0.7' GOOD CONCRETE 0.0'- 0.7 -
3.m8- 7 1PC. 0.5 -
3 . 0.7'- 3.0' GOOD CONCRETE 0.7'- 3.0 E
d1 LITTLE TO NO ENTRP. AR 1PC. 2.5 -
1—] < | / GOOD CONSOLIDATION —
:D - E
s -
3 ." 1ns o
2= 1 —
1° o
-+ . -
ER :
3 - ™8 -
3 | 3.0- 5.3 GOOD CONCRETE. 3.0'- 5.3 o
o HARD, GOOD CONSOLIDATION, 1PC. 2.3 -
—3 '+ | ENTRP. AR 1mm - 3mm —
- 0OCC. 7 mm DIA -
- L]
1 we 4.2 E_
T 100 ~
3 o
:P Y :
s -
d we "
] BROKE ACROSS AGG. o
— ) 5.3'- 7.9° GOOD CONCRETE. 53-7¢9 —
=3 HARD, GOOD CONSOLIDATION 1PC. 2.6 C
4 . | ENTRP. AR 1mm - 2 mm -
6 s DIA. —
3. :
3 - 2 -
-1 100 -
3 . C
- L
= - [
g - g
—-P "v‘ L—
I we -
83 « | 7.9- 9.7 COOD CONCRETE. 7.9' - 10.4' -
J. 7 | t SAME AS ABOVE ) 1PC. 1.8 -
- w8 8.7 —
9_: « 45 t:_
3 . .
= 3 -
- LIFT -
103 ? -
ENG FORMIB38 Previous EDTIONS aRE OSSOLETE. PROKCT Tnou: wo

MAR 7%

ﬁ.—‘—

EISENHOWER R '90

SS-18

-




for NFORMATION TECHNOLOGY LABORATORY - wES

- M

WISUAL PRODUCTS SECTION

Faphice by

AMOSHOSS  SYS 2

ELEVATION TOP OF HOLE

llIlllllI_LlJlllllll_lll
]

DRILLING LOG (Cont Shest) 251.5 Hole No. SS-18
SROJECT INSTALLATION SHEET 2
EVALUATION OF EISENHOWER AND SNELL LOCKS EISENHOWER _LOCK of 4 siexTs
esviron | womi | iscne | asscgog s | REE IS oy e
L] » [ d [ 4 9
F . *] 0.7 - 19.6' GOOD CONCRETE .
3, * | GOOD CONSOLIDATION -
—~{." | 7 ENTRP. AR 1mm - 10.4'- 19.7° -
T -7/] 3 mm DIA NOT ABUNDANT. 2 PC. 5.3 =
3 v *locc. 1em DA 4.6 -
H— v .- ) C
3 - 3 =
-+ L
B I i
=R s
b R -
—l. F . -
12 .‘- : -
—IF'A - —
<4 e -
T M- 12.5 =
—pr———— [
3. -
-. . -
.. -
LT SR —
I .. -
—-l-. > :-
— v 4 —
I ne C
1‘ - "' B :_
o =
_" Avj. :‘
- —
o -
3 UFT. 15.0 -
15—~ BREAK IS RELATIVELY -
I ? | PLAnER. 107 -
:v B :
4 7.
= -
3, | STEEL AT. 15.8' C
16— ", |8 cm LONGC, 2 WIOE —
3., -
= 7. ol
- . -
1A SR =
I - 5 -
—— e '_—
= S a
18— MB- -
Y -
-+ » -
i B —
1 -
-+ o
w— . -
Jr =
3 :
. 19.7 -
"l 19.7' - 25.8' GooD CONCRETE. 19.7' - 25.8' C
20 "] GOOD CONSOLIDATION 1PC. 6.2 —
% | UTTLE ENTRP. AR -
—
ol
o
-
-
[

21 AR
.
L
23
Bl FORMIBIE-A rmevius comors e cssaucte T ESENOWER R 50 | “ss-18

L




for BFORMATION TECMNOLOOY LABORATORY - WES

-

waphice by VISUAL PRODUCTS SECTION

OO0  SYS 2

L

ECEVATION TOP OF HOLE
DRILLING LOC (Cont Shest) 251.5 Hole No. $5-18
PROVECT ISTALATION SEET
EVALUATION OF EISENHOWER AND SNELL LOCKS EISENHOWER LOCK or_4  srts
X CORE | BOX OR REMARKS
SIF TERALS .
ELEVATION | DEPTH | LEGEND A e 0 a3 it ey 4l
L) » * . o [ 4 9
T =
-
= SN -
— L - » P
23— v - L
v, -
= I o
3 we . -
] -l
= N 100 -
243, —
- . ’ -
T we - -
——
J -
25—:1:-: ' D —
s A -
_a. v -
3 ™ -
26—~ -*- | 25.8'- 34.7°GOOD CONCRETE. 7 | 258- 358 u
1~ :' AS ABOVE. 16 -
:.._ . 2.90 -
-7, 43 —
- 0.7' -
= 0.4 -
27—_1'.—_. o' 0.1 —
1w 27.4 0.0 -
= =
EL‘ v BOTTOM OF RUN =
8- WAS BEATEN ull
1 7 OUT OF CORE BARREL |-
4. =
1 - -
2w 7 —
I . =
= . it
F 8 =
1. 3
4 - | cRACK 7 OR LFT ? -
4 % | NO EASILY (DENTIFIABLE a
3 | WEATHERING, NO STAINING. -
L. -
31%__‘? v —
4 -
1w 3.9 o
32—_1 o [
o - -
- t
= -
= 2
q v 9 -
33 I~ -
< '. -
= F
= C
34 4 - s
ENG FORMIB36-A Pevious COIMONS ARE 0RSOLETE. PROKCY e wo.
we 7 EISENHOWE R '90 SS-18




- wes

for NFORMATION TECHNOLOGY LABORATORY

rophics by VISUAL PRODUCTS SECTION - JTL

MOROS1 SYS 2

L

DRILLING LOG (Cont Sheet)

[:uvmou TOP OF MOLE

251.5

PROJCT

EVALUATION OF EISENHOWER AND SNELL LOCKS

INSTALLATION

EISENHOWER

ELEVATION

DEPTH

LEGEND

CLASSIFICATION OF MATENALS
{Ousorighient

2 _CORE
RECOV-
ERY

BOX OR
SAPLE

N

L7
Fy

Gt
(7.}

4‘ Lj_llll llll.!l_JJLLl!lll

SEE PREVIOUS SHEET

35.8' BOTTOM

(7] [ W
@ ~ (-3

17
©o

lllI_Lllllllll[llllIllllLllllljllllllllllllllllIlllllllllllllllllllllllllj_lllllllllllllllll

]_lTl‘lllllll"“”"ﬁlllllIT‘ITTT‘llll‘IIIT‘IIIITTIII‘lllr‘_l'lT1‘IITT_WII]‘IIII—PIII‘IIIl‘l Il‘IIII‘IIII‘IIII‘YIIl‘llll

ENG FORM1B38-A PREVIOUS EDITIONS ARE OBSOLETE.
we 7

PROJECT

EISENHOWER R 'G0 s5-18




for NFORMATION TECHNOLOGY LABORATORY - WES

- TL

Waphics by VISUAL PRODUCTS SECTION

MOD082 SYS 2

L

Hole No. SS-19
SHEET |
DRLLING LOG  [™=* PETALATN ESENHOWER LOCK * 4 sers
1._PROJEC) 0. SIZ MO TYPE OF BT 774" OIAMON
EVALUA| OGN OF EISENHOWER AND SNELL LOCKS 1 oaTim FOR ELEVATION SHOWN 7oV w MSU
2. LOCATION Kuweinges o Shefien) MSL_ - USLS
MONOLITH: SS-19 LOCK STATION 275.00 2. MANUFACTURER'S DESIGNATION OF ORILL
3. DIILLING AGENCY FALING 1500
“&GLE DISTRICT 13. TOTA. NO. OF OVER- I DISTURBED © TUNDISTURBED
4. HOLE_NO. (As shoun on druirg | SS-19 BURDEN SAMPLES TAKEN | o 0
o~ ' - . TOTAL NMBER CORE BOXES §
S. NAME OF DRLLER
CARL MOON 15. ELEVATION GROUND WATER
8. DRECTION OF HOLE AT {STARTED I COMPLETED
0 vERTIcAL [ mcLen bec. FROM VERT. o o 1 W JUNE 90 | 12 JUNE 90
17. ELEVATION TOP OF HOLE  251.5
7. THOOESS OF OVERBURDEN () =, TOTA GORE RECOVERY FoR Do 35.0 "
8. DEPTH DRLLED NTO ROCK 0 = SOUTIE O NSPECTOR
9. TOTAL DEPTH OF HOLE 35.0' M.ELEEN GLYN
CLASSFICATION OF MATEMALS RSOV | 2u0n by
ELEVATION pc:m LECEND i .“ A l:g‘)rv sn"'gu Mu\-’?umt
L] L) 9
J.77 | 0.0'- 2.5' GOOD CONCRETE. 0.0'- 2.5' -
TJ..-v. - | SOME ENTRP. AR 1mm - 2 PC. 2.2 -
. | 3 mm DA 0.2' —
:‘; ' ‘| GOOD CONSOLIDATION C
1-: . . L.
3. 100 =
= RPN : E—
3. BOTTOM BEATEN ouT |
23 g OF CORE BARREL -
J mM8 C
]
- 4| 2.4'- 4.4' GOOD CONCRETE. 1 | 24-50 —
o« 7| SAME AS ABOVE 1PC.  2.0' -
3—:L;' . —
I . o
3.
3. . 80 -
=N ‘,A C
pp= —
3w o
4 « | 4.4- 6.9 GOOD CONCRETE. -
T . SAME AS ABOVE 4.9 -
s 7
3 v 5.0'- 7.5 .
+H o 2 PC. 1.8 "
el 0.5 -
-1 4
EN 3
5—: - E.
3 w8 -
e e p—
— -
-~ 120 -
n V- =
-
7= =~ | 6.9'- 9.4' GOOD CONCRETE. 2 —
-1 SAME AS ABOVE -
3 - -
3 :
J° 7.5'- 9.4 -
J.. ¥ -
B— o —
. v :
3 . o
s I [~
3 - 120 =
9 . -
gy ] 9.4 -
I -
4., S.4'- 191 —
10 -
ENG FORMIB3E PREVIOUS EDTIONS ARE ORSOLETE. PROECT HOLE HO.
NAR 71 EISENHOWER '90 ‘ $S-19

-

L




- wES

for BFORMATION TECANOLOGY {ABORATORY

-

Sophics by  WSUA. PROOUCTS SECTION

AMOR083 SYS 2

L

ELE ToP
DRLLING LOG (Cont snuul T O 15 Hole No. SS-19
PROKCT BSTALLATION SHEET 2
| EVALUATION OF EISENHOWER AND SNELL LOCKS EISENHOWER LOCK or 4 sierrs |
eevanow | oerni | oo CLASSIFICATION OF MATENALS Recov- | Stk i ooy Xk o
L] » [ [ ° h 9
T %] 9.4'- 19.¥ GOOD CONCRETE, 3 PC. 4.6 -
J " | ENTRP. AR 1mm - 3mm 3.7 -
—3." [ DA GOOD CONSOL.+ GOOD 14 -
J -] BONDING W/ AGG. 9.7' -
- v ? -
n - ve =
3 3
I.° -
- -
3 -
2.7 3 —
B33 T —
i DR -
= SRS -
= S -
J w8 . =
14—}~ BREAK AT LG. BOULDER. —
pOb
o -
= - =
- .‘,‘A. ‘ -l
T 100 C
s . —
3+ ", | ELONGATED PC. STEEL. -
1 /.| 8 cm Lonc. -
5. C
:
16— M8 -
J ‘1 o
1 - * -
i R C
= =
- -
-1 M F
=1 BREAK AT LG. BOULDER -
18 = ‘- C_
EE -
=\ =
el § - - —
= -
—y B
19— M,
J¢—— BREAK AT LG. BOULDER
3 . | 19.¥-~ 26.r GOOD CONCRETE. 19.1 - 26.0' -
1 - {ENTRP. AR 1mm - 3 mm -
3* ~’] oA occ. RREG. BUBS a
J . ] tcc LONG. o
20 —F . *| AR MORE ABUNDANT THAN -
- ., | ABOVE. GODD CONsOL. 5 -
— . ". [
- s 100 o
2 v, —
I =
L v . P
F F
229 -+ s
ENG FORMIBIB-A PREVIOUS EDITONS ARE OBSOLETE. pRoECT HOLE Mo
we 7 EISENHOWER '90 i SS-19




ORLLING LOG (Cont Sheety [*£"™™ 7% & "5 Hole No. S5-19
PROJECT INSTALLATION SHEET
EVALUATION OF EISENHOWER AND SNELL LOCKS EISENHOWER L OCK or 4 swerrs |
aoou| oo | e | csemmgmg s \REE (T empeiemy
[ » [ e . 4 9
s SR -
- e -
- . '_. :
LY 3
= o
- v " ol
3.+ -
24—-:;_..'. : -
3 . -
= -
25— s -
T -
Js - C
- ’ . -
s BN 6 -
3 - o
26—.7: .
3 26.1' - 35.0' GOOD CONCRETE. 26.1' - 35.0' -
e .J ENTR®, AR tmm - 5 mm 2PC. 70 ol
. »| DIA NOT ABUNDANT. 2.0" n
I .| GOOD CONSOLIDATION, V. -
27_-. '. Hmo :_
m R NO EVIDENCE -
= S OF A CRACK -
I O 26.1 - 35.0' -
v -
28— <“'B- : —
4 I PO 28.3 -
\ - e, - p—
. -—t » -
5 I o
3 291!- e -
8 J s -
: ERE -
g 3w -
i 30—~ BROKE WHEN BROUGHT -
H .+ | OUT OF BARREL. PROBABLY -
s 3 | ATET OT. F Anyway. 7 o
— . p—
2 3 .- > t
3 -.v . —
3 3 7 C
8 7 3 3
w 3 4 b
; 3 - =
3 . o
; . o
. I s o
=+ —
. 3 }/ BREAK AT LG. BOULDER. "
E B, -
I 8 =
= - —
n -
- -
3‘ — L -
PROJECY lncu nO

ENG FORMIB36-A prvious €0Mons Mt COSOLETE, -
uG FoRM fomons e t EISENHOWER '90 SS-19

L _l




for SFORMATION TECHNOLOGY LABORATORY - WES

ST

raphice by VISUAL PROOUCTS SECTION

MOSO8S  SYS 2

L

DRILLING LOG (Cont Sheet)

ELEVATION TOP DF HOLE

251.5 Hole No. S$S-19
PROJECT INSTALATION SHEET 4
EVALUATION OF EISENHOWER AND SNELL LOCKS EISENHOWER LOCK OF 4 SHETS
x _core | Box or REMARKS
CLASSIFICAY s -
ELEVATION | DEPTH | LEGEND LION_OF MATENAL n:quv sn&z wm'z m::; dows. dectt of
3 » L] L [ 1 ]
-..'_ i . —
3 .- -
g 8 —
= N -
B ’ 35.0' BOTTOM
35 - MB .
] -
= [
] :
= -
— =
E :
3 -
3 o
3 o
_3 -
_ -
3 -
-
ENG FORMIB36-A PREVIOUS EDITONS ARE OBSOLETE. PROJECT ]"‘“ No.
WAR Tt

EfSENHOWER 'S0

SS-19




tor IFORMATION TEQMLOCY LABORATORY - WES

-

VISUM. PRODICTS SECTION

@ aptics by

AOPOIS SYS 2

L

Hole No.  SN-N56
7 1
DRLLNG LOG ™™ NSTALATON  SNELL LOCK 7 werts
\. PROECT 0. SZE MO TYPE OF BT
EVALUATION OF EISENHOWER AND SNELL LOCKS [ DaTuw FOR ELEVATION SHOWN (TaW o ¥SU
2. LOCATION fCmreinoes o Shaverd MSL - USLS 2035
MONQLITH: SN-NS6 LOCK STATION 462.00 12. WMANUFACTURERS DESICMATION OF DRILL
3. DRLLING AGENCY FALING 1500
“6BILE mSTR'cT 1). TOTAL NO. OF OVER- DesY (] + UNDIS TURBED
4. HOLE_NO. fAs shown on @rewing e | BURDEN SAMPLES TAKIN 19 JUN 90
o e L SN-N56 . TOTA. NMABKR CORL BOXES 18
> "’é‘m{ %%RN 15, ELEVATION GROUND WATER
6. ORECTION OF MOLE . DATE MOLE "STARTED T COMPLETED
X) vErncAL ) scLneD DEG. FRON VERT. i 19 JUNE 90 : 21JUNE 90
17. ELEVATION TOP Of MOLE 20%"
7. THCKNESS OF OVERBURDEN O . TOTAL CORE RECOVERY FOR BORNG  73.9 ]
8. DEPTH DRLLED INTO ROCX 0 W, SIGRATURE OF INSPECTOR
8. TOTAL DEPTH OF HOLE 73.9" M.EILEEN Q.YNN
ELEVATION | DEPTH | LEGEND CLASSFICATON O, MATERALS xm(%%:v!- wsn:guog (Orting mf':-? -su.m't
o » ° a . L (]
3 " ] 0.0'- 2.6 GOOD CONCRETE. PULL o
J - ENTRP. AR ABUNDANT 0.0° - 2.6 -
—.- . | imm - 2 mm DIA OCC. 1PC. 2.6 —
3.« | 5 mm - 1cm DIA IRREG. C
- PITTED TEXTURE THRU OUT. E_
1-: ‘. -
3 -
g —
:{ . -
2. 1 —
=5 -
-4 - =
M8 =
BREAK AT BOULDER
3 «. 2.6'- 4.7 GOOD CONCRETE. PULL 2 [
P I ENTRP. AR 1mm - 3 mm 2.6'- 5.0 ot
=4 ¢ ABUNDANT. OCC. 5 mm - 2 PC. 1.7 -
n . 2 cm IRREG. LONG BuSS. 0.4' C
I 2.2 o
3 - LOSS 0.3 -
d . C
& — - —
J we 4.3 o
v -
- « -
- we -
J. | 4.7 - 9.6' GOOD CONCRETE, E
= ABUNDANT. -
- 7| ENTRP. AR 1mm - 2 mm PULL 3 -
=4 0OCC. 4 mm DA, 5.0~ 7.v C
‘3 ‘e | HARD, sOLID. 1PC. 2.4 —
3 . REC. 2.4’ -
6— . Loss 0.0 —
4, GAN  0.0' :
- ’ 2 -
-4 L] -
d. . o
n . -
7 M8 =
= PLANAR BREAK. -
J . PULL 4 -
4.° 7.r- 9.6 -
3. 2 PC. 1Y
1 0% 3
8. REC. 2.4’ —
i I LOSS O.v -
3. GAIN 0.0° o
—] M8 8.7 —
1 — BREAK AT LG.BOULDER -
- -
g—q“’ L] ;-_
_:P‘ -M8 ull
T - o
10
ENG FORMIBIB PREVIOUS EDITIONS ARE OBSOLETE. PROLCT 1’“‘ wo.

WA 7

EISENHOWER ‘90

SN-N56

.|




for INFORMATION TECHNOLOGY LABORATORY - WES

-

waophice by VISUAL PRODUCTS SECTION

MIOSHOES SYS 2

L

DRILLING LOG (Cont Shest)

ELEVATION TOP OF HOLE

251.5

_Hole No. SS-19

ENG FORM1IB3S-A previous EDITIONS ARE 0RSOLETE.
wR 7

EISENHOWER 'S0

PROJECT INSTALLATION SHEET 4
EVALUATION OF EISENHOWER AND SNELL LOCKS EISENHOWER LOCK ofF 4 SHEETS
X_CORE | BOX OR ROWRKS
ELEVATION | DEPTH | LEGEND CLASSFICATION OF MATENALS RECOV- | SAMPLE Sag, var aus, ot of
(Dascrighen ERY %“' P~ D)
[ ] » 3 4 * A 9
S -
4 .- -
4. . -l
-, ' 8 -
q " -
-1 ™8~ 35.0' BOTTOM -
35—

3 -
3 -
= —
— e
- P
hn -
— ol
- -t
-] -
- -
- e
- —
- o
- -
- e
— -
-1 ol
— -
: g
-3 =
3 -
- —
— —_—
- -
— -
- -
- o
3 -
-1 e
—] -
- -
- e
- e
— C
- -
— o
- u
- ol
= =

PROJECT ]m NO

SS-19

L




¢ Wien by VSUAL MROOUCTS SECTION - ITL  for AFORMATION TECHNOLOGCY LABORATORY

AOS07e 3YS 2

[

ELEVATION TOP OF HOLE
ORLLING LOG (Cont Sheet) 205 Hole No.SN-N56
PROKCT INSTALLATION SHEETY 2
EVALUATION OF EISENHOWER AND SNELL LOCKS SNELL LOCK or 7 seers
CLASSFICATION OF WATERIALS LeSonE | BOX Oa REMMS
ELEVATION | DEPYH | LEGEND 0@2”"“": n[c&v sn.su mnh:s -.cm'd
L] [ [ ] (] [] L] [
T *| 9.6'- 19.6' GOOD CONCRETE, 9.9'- 19.6' o
" " | ABUNDANT. ENTRP. AR 1 mm 2 PC. 2.6 o
=" ,]|-2mm DA OCC. 5 mm 5.r —
T .| oA RecaTveLy smooTH 2.y -
> Y ;| TEXTURE GOOD CONSOL, REC. 100 -
"3 - | HaRD. LOSs  0.0' o
3 GAN 0.0 =
- v 3 -
J DS [
= -
‘2j_ LIFT —
< — PLANAR BREAK -
- L . :
_: ’ L4 ' —
4 M8 12.9 E
B—p 9.6" —
3 - 2.6’ C
g 2.2 F
—ty "' [ -
3. - -
- —
m -
3.. N i :
= R ol
- ‘> -
3. -
53 E
4. .~ 4 -
:1' B 2 -
= =
m
= a
®— il
- o
d - -
fn 8 . -l
J o
4 -
- ? ol
J urr 17.3 C
= — PLANAR BREAK o
g ol
— » e
3. o
3 - -
18: M8 o
..F' R =
— 4 -
—iv : :—
q .. -
- L4 o
19— M8 E_
s i -
ol
5
4 .+ | 19.6- 27.3 GOOD CONCRETE. 19.6' - 29.¥ 9
20 *| HARD, GOOD CONSOL. 4 PC. 2% E_
:F v | ABUNDANT SMALL ENTRP. 3.y :
1 .- AR. V- 2 mm DIA. OCC. 1.8 L
= .| 3 mm DA - 1em RREG. REC.  7.7° -
3 LOSS 2.0¢ -
q we CAN  0.0' -
21 — - t—
-—t -
- . e =
= . ot
1 me ' 2.7 -
22 ’ -
ENG FORMIBIS-A mEVIOUS EDITIONS ARE OBSOLETE. PROJECT ,"°'~'- no.
e 7 EISENHOWER '90 SN-N56

L




o SFORUATION TEOAIOLOGY LABORATONY

gesties by VEUA MRODUCTS SECTOM - 1L

NOPOTY SYS 3

ELEVATION TOP OF MOLE
ORILLING LOG (Cont Sheet) 205 Hole No.SN-N56
PROECT NSTALLATION SHEET 3
EVALUATION OF EISENHOWER AND SNELL LOCXS SNELL LOCK of 7 SETS
ELEVATION | DEPTH | LEGEND CLASSFICATION OF WATERIALS :tocgf .osuxn.og an:-ﬁ ioss, s o
(Dusrigthery ERY NO. g oc. ¥ slgWinent)
(] » (] (] [ 4 s
- M8 [
= R s
.
b -
23— « ; —
- " o
-+ C
e B v u_—
i B 6 F
>3 -
24— . C
— '. ' -
d .- C
——' ‘ '. :-
- v ! -
25—% S C
—j? — PLANAR BREAK 255 o
3 '. E
> ' v o
- F
- ‘» -
bu O 2N o
3 ... C
27-5' MB . —
e o
. v '} 27.3 - 37.0° GOOD CONCRETE, 9 37.0 -
3 - . | HARD. GOOD CONSOL, REL. 27.3 :
4 - 7| SMOOTH TXT. ENTRP. AR. 9.7 =
28— * |1mm DIA OCC. 2 - 5 mm ot
- | DA »
. -
- v -
:- R :_
o o
I C
29— —
g . -
— M 29.6 ol
I o
- v 29.3 - 37.00 [
=T .. 1PC. 5.7 -
g » REC. 3.7' .
— . GAN 2.0 [
J, - Loss 0.0’ -
n—o -
d » F
—‘l -
- - s -
1. -
- =
20 ° _
q me F
e W, L
= F
33— . -
3. - .
- . -
_-+ " L
- Aw 3.7 -
- -
34 M =
ENG FORMI836-A PREvioUs COMONS ARE OBSOLETE. proLCT e 0.
i EISENHOWER '80 SN-NS6

L

-




- WES

for INFORMATION TECHNOLOGY LABORATORY

Pophice by VISUAL PRODUCTS SECTION - (TL

RUOB078  SYS 2

L

ELEVATION TOP OF HOLE
DRILLING LOG (Cont Shest) 205 No.SN-N
PROJECT INSTALLATION SHEET 4
EVALUATION OF EISENHOWER AND SNELL LOCKS SNELL LOCK or_7 swexrs |
X CORE | BOX OR REMARKS
aevanon | oeem | eceo CLASSFICATION OF MATENALS Recov- | saur Drtny sen e e s of
4 » L] 4 * 4 L]
. v -
: e :
P B 2R -
—dr e -
= =
35— me —
3~ -
I . E_
£ . :
¥ —
37 -
"] 37.0'- 44.7' GOOD CONCRETE, 37.0'- 45.8' -
J:»:-’| GOOD CONSOL, ENTRP. AR 2PC. ¥ [~
M8 | 1-3 mm DIA, SOME RREG, 37.7 4.4 —
~~~ 4 mm - 2.5 cm LONG, - 0.¥ CHPS -
3, | REL. SMOOTH TXT. 0.02' -
8 REC. 8.0' -
Fo. Loss 0.8 -
.. GAN  0.0' -
S -
39— ") -
3.0 o
,_j 4 -. -?‘ ‘V -
3 L 10 E
w0 . -
I8 8.0 -
_:.V\. 88 -
3.
= T -
41 3. . il
J-+ -
q.m8 4.7 -
= .
a2 . ~—
1 - -
3. =
I il
3 . N
3 w8 -
43—~ -
_3 NN Y o
- b L . -
—-_- . v | b
3 -
3 . "
e n -
J- N
E LARGE VOIDS AT 44.7" 3
- — BREAK AT VOIDS -~
45— — LIFT ? -
= -
— . b
—
J.+ 3] 450 - 54.5 E_
'6 jw ( SEE NEXT SHEET )
ENG FORM1B36-A previous €0 ,0NS ARE OBSOLETE. pROECT Jrous wo.
we 7 EISENHOWER '90 SN-NS6

L




S ITL ter SFORMATION TECOHNOLOGY LABORATORY - WES

@apies by VEBUA FRODUCTS SECTION

WODOTE SYS 2

ELEVATION TOP OF HOLE
DRILLING LOG (Cont Sheet) 205 Hole No.SN-N%6
PROECT PSTALLATION TR
EVALUATION OF EISENHOWER AND SNELL LOCKS SNELL LOCK of 7 sects
WATERALS 2 coRE | BOx oR REMARXS
ELEVATION | DEPTW | LEGEMD QW'C‘?'“‘U’ ‘tf&' i umvun-.-:-; lnss. agrt of
o » [] [l o [] []
J 7 .| 45.0'- 54.5° GOOD CONCRETE, 45.8' - 54.5 C
d.- GOOD CONSOL, HARD. AR 2 PC. 6.4 C
=1 .+ | ENTRP. ABUNDANT 1mm DIA r —
g . | TRUOUT 2 mm -1cm REc. 9y -
j ~ | FREQ., REL. SMOOTH TXT. LOSS 0.0° C
pEan= N GAN 0.8 =
3 -
= -
=1 [ -
o TR o
p— -
pade= IER 12 =
3 .- C
e PR C_
3 - . =
49— ’ - [
- . b
e - o
= =
37 -
3 so. 50.0 o
50—] —
— v =
= T -
—-' R -
o ERE —
3. o
51— -7 ol
: v :
-— v e
3, -
= B -
a R o
s2— .~ .
3 e C
: v 13 b
— . :_
3 o
J C
53—- v -
3 w8 o
i 7 Ny -
= IS [—
1 -
54 — IS -
3 -
3 54.% o
- v | 54.5 - 64.7 GOOD CONCRETE, 54.5 - 64,1 -
aJ . HARD, GOOD CONSOL. 4 PC. 120 ~
55— |, ENTRP. AR 1- 3 mm DIA 3.9 [—
q  »| AMITTED TXT. THRU OUT. 3.3 [
:.’ SOME 5 mm - 1em IRREG. 1.4 -
- REC. 9.4 —
T Loss 0.2 -
-+ GAN  0.0' -
3 v 14 E
- A\ -
e -
T » o
7+ 7, o
- R —
3 w8 o
it —
de 5 o
sed ° -
NG FORM1836-A OBSOLETE. PROLECT HOLE MO.
E" 7’OR 18 PREVIOUS COITIONS ARE (314 EISENHOWER ‘90 ] SN-NS6

-

-




Papies by VEUA PRODUCTS SECTION - ITL  for 86 ORMATION TECMNOLOGY LABONATORY

NOBNE 3VY 3

(I

ELEVATION TOP OF MOLE

PROECT INSTALLATION SHEET 6
EVALUATION OF EISENAOWER AND SNELL LOCKS SNELL LOCK or 7 swrrs
X CORE | BOX OR REMMXS
ELEVATION | DEPTM | LEGEND &Wcm WATERALS "g?ﬂ" su's.( Oring l—::; mf
o » 9 - [ ] ' -2
- " .
3 . RY :
..
va". -
Ef;\n 58.7 «
59—, - ° —
3 wB. C
-~ e -
v -
3 -
Js o
60— - ol
— v :
n SR o
i -
3" 15 =
= E
- -
(] ?; . -
I, -
s R ol
3' o o
62— -
Y -
iv. B ] o
O w8 62.6 [
I BOTTOM 2.0' -
317, BEATEN OUT OF BARREL. [
63— mg . o
I -
3. 3
I - 64.7 o
64— ., | 63.9°- 73.9' COOD CONCRETE, 64.1 - 73.9' —
- v| ABUNDANT ENTRP. AR 3Pc. 32 -
d AR 1mm -3 mm DIA 5.9 o
T *|FREQ. ¢ mm - 1cm IRREG. % 0.9 -
o . » | BUB. PITTED TEXTURE, SOME 0.0 -
3*  \] MINOR DEGRADATION AROUND ) o
653 -+ | acG. —
n . C
. T
1 - -
66— .- ot
P . C
67— M8 67.1 .
T~
7. -
3 -
3. o
T 3
s
L .
= ., -
+ .
ot . o
T =
::\/\1 -
3 3
— M ad
d. o -
709 " F
ENG FORMIB36-A PREVIOUS COTIONS ARE OBSOLETE. PROLCT l’“[ ho.
we 7 EISENHOWER ‘90 SN-N56




——-_——-_—————-—PE—--——--—_-—-—-r

—-—-—--——-——.——-—-—»»bpnn-hp_-n—hh____P__—____—h\rt—_-.»—...-—....—-.~——»h

!

Hole No.SN-N56

INSTALLATION

ST 7

of 7 SHELTS

SN-N56

EISENHOWER 'S0

ELEVATION TOP OF WOLE
DRILLING LOG (Cont Sheet) 208.0°

PROJECT

" u -
: i
i :
&
5
o2 : ®
= ' 5
m M5 g
i
5
-1
vml »
g
y
d

LEGEn
o

)

» . s
s OAW
IS .

|

_.._“..w%........%..

EVALUATION OF EISENHOWER AND SNELL LOCKS

s

L .
-ﬁq—-.-—..——-

~

SN ST Y
___—--_-_-__-__——-_
[N -

~

~

——--ddq-___-A-—-ﬂdqﬂq-__—-_______—__44--——-__.—-_4—_-_——__-—--—--—_uu-
-

~

CLEVATION | OEPTH

MR 7t

S - ANDLYNOBYY ASOWMDIL NLYRNO S % W - NOIEE SiON00NE WNBA 4e sopdd

T $AS 100S0M

ENG FORMIB36-A parvious EDITIONS ARE OBSOLETE.




for WNFORMATION TECHNOLOGY LABORATORY - WES

ST

Qraphice by VISUAL PRODUCTS SECTION

RMOSHOSS  SYS 2

L

Hole No. SN-S15
SHEET  {
DRLLING LOG  [™S™ ST SNELL LOCK or 9 sierrs
1. PROJECT . SIZE AD TYPE OF AIT
EVALUATION OF EISENHOWER ANO SNELL LOCKS [n AT FOR ELEVATION SHOWN TOv o &5U
2. LOCATION Nxuretnaes or Shetory MSL - USLS 205
MONOLITH: SN-S15 LOCK STATION 319.00 12. MANUFACTURER'S DESICNATION OF DRXLL
3. DRILLING ACENCY FALING 1500
MOBLE DISTRICT 13. TOTA, NO.OF OVER- 1 DISTURBED | UNDISTURBED
. mmno. mrmmmm ! SN-S15 BURDEN SAMPLES TAKEN ' [+]
haad . 4. TOTAL NUMBER CORE BOXES 24
5. NAME OF ORLLER
CARL MOON . ELEVATION GROUND WATER
6. DRECTION OF HOLE ~ 1STARTED | COMPLETED
00 VERTICA. () NCLNED vec. Frow veRT. | oot PO .13 JUNE SO : 18 JUNE 90
17. ELEVATION TOP OF MOLE 205
7. THOGESS OF OVERBURDEN 0 . TOTA CORE RECOVERY FOR BORWG 104 z
8. DEPTH DRLLED NTO ROCK 7.2 ™ SOVATURE o WePECTOR
9. TOTA. DEPTH OF HOLE 106.2" M.EILEEN GLYNN
TERALS x_core | mox om REMARKS
ELEVATION oc:m LEGEND CLASSFICATION Or MA nzg;v smuy_z oriving »;:‘?um)d
q L] [ 9
3.7 ] 0.0'- 2.5' GOOD CONCRETE. PULL 1 =
v - | GOOD CONSOLIDATION 0.0 - 2.5 o
- ENTRP. AR tmm - 2 mm REC. 2.5 —
-+ v | DIA OCC. 1cm DA LtosS o -
= ERERE 1PC. 2.5 C
1=« . —
3. 13 JUNE 1030 HRS -
b SN [
. oy
u S 100 -
2/ —
:]'; T2 N
L = v 1 -
~ 4 1] 2.5'- 5.0' GOOD CONCRETE. PULL 2 -
1 - . .| GOOD CONSOLIDATION 14 JUNE 90 1600 HRS [
3—1 ¢ | ENTRP. AR fmm - 3 mm 2PC. 20 —
3o Q.5 =
- 4 -
= . —
3 o : -
o =
= S =
-~ .M 4.5 L
- e —
1. REC. 2.5 C
R LOSS 0.0 -
S5—prar~— - LIFT ? L
1 ' 5.0'- 6.4' GOOD CONCRETE. 50 - 7.5 -
.- PULL 3 F_
.. 2 PC. 14 -
jL - 1.¢ -
3. =
- - o
: Ty 6.4'- 7.5' RUBBLE 1.1LENGTH OF REBAR. —
IJ. BROKE OUT PC. OF REBAR. E
7_—1. /. THREW 1.1 AWAY, -
- ’ 2 -
. C
.7 | 7.5'- 9.9' GOOD CONCRETE, PULL 4 -
.. ¥ | ABUNDANT. AR ENTRP. 7.5 - 9.9 o
8— e fmm -3 mm DIA GOOD —
3 -« | CONSOLIDATION, HARD. -
=R =
= R 100 o
g—: - ol
3. :
- -
q:* 9.9
o E
ENG FORMIB36 PREVIOUS EDITIONS ARE OBSOLETE. PROECT [ wo.
ua 71 EISENHOWER '80 SN-S15

-




for IFORMATION TECHNOLOGY LABORATORY - wES

-

wephics by VISUAL PROOUCTS SECTION

AMDS08? 3YS$ 2

L

DRILLING LOG (Cont Sheet) E"‘"”‘ T 05 Hole No. SN-S15
PROJECT INSTALLATION ST 2
EVALUATION OF EISENHOWER ANO SNELL LOCKS - SNELL LOCK oF 9 SHEETS
2 core | Box oR REMARKS
ELEVATION | OEPTH | LEGEND mumumu zﬂcgv- sw: m;u;n-m 4
o » 3 4 [ 4 L]
I . % 9.9'- 19.4' GOOD CONCRETE, 9.9'- 19.6' -
' ¥} ABUNDANT. ENTRP. AR 1mm 2pPC. 7% -
—.",’| - 3 mm DA OCC. IRREG. 2.4 —
4 -] BUB 1-2 ecm LONG. COLOR REC. 9.5 [~
= 7 -] UNFORM THRU OUT. (GREY) LOSS O.t -
N~ —
P A -
3 e -
-$.Y. - -
E 3
:P, . -
2=z, 3 {PuLs —
[ -
S i ull
J:: -
4. -7 -
- v N -
B > —
J s . -
= -
J, o~ -
“—" —
- v : -
e RN =
—-." ‘h'.‘ . :_
I me™ 14.8 -
I -
15 1' A :—
Er'_ SRS -
i EREER -
- . -
- . ol
1 . -
3 - .
— '. ’ ’ S
3. -
J -
73 v * 3
I~ | BREAK AT LG. BOULDER [~
- .| WHTE RXN. MATL. ON BREAK. [~
18- ~MB" ll
<~ BREAK AT LG. BOULDER -
I . | WHITE RXN. MATL. ON BREAK. -
g, - =
J M8 . -
I -
19— v -
> . 19.3 [~
._.:__, . 19.3' - 29.2 19.6' - 29.2 -
3. - -1 GOOD CONCRETE, HARD. 3 PC. 5.5 -
1. v | GOOD CONSOLIDATION, 2.6 o
20— . *| ABUNDANT ENTRP. AR 1.8 o
J = }1mm -3 mm DIA 9.9 "
4. . | tLESS ABUNDANT 19.3' - .
— . ] 22.4) PULL 6 -
3 - 5 REC. 9.9 I
3 7 LOSS  0.0' F
v t
nH 7, GAN 0.3 —
3 . -
4., -
- w8 E
22 - -
ENG FORMIB38-A PrEVIOUS EDITIONS ARE 0BSOLETE. PROECT HOLE MO.
wa 7 EISENHOWER 'S0 ] SN-S15




for INFORMATION TECHNOLOGY LABORATORY - WES

- 4T

waphics by VISUAL PRODUCTS SECTION

MOSH0SS SYS 2

L

[ELEVATION TOP OF MHOLE
DRILLING LOG (Cont Sheet) 205 Hole No. SN-S15
PROJCT WSTALLATION SHEET 3
EVALUATION OF EISENHOWER AND SNELL LOCKS SNELL LOCK or 9 sierrs
ELEVATION | DEPTH | LEGEND CLASSIFICATION OF MATERALS Eé%? 22.:%&" ey '-a-.m‘d
L] » [ d . 4 <
bs IR -
3. =
<, .- :_
=S S -
d e -
I 7 F
23— - 5 =
= R =
N -
-1.v
s R =
3 m8 - 23.9 =
M -
43,7 —
4. -
3. -
J'ne . -
253 T =
b AL -
B wll
+ .} -
I -
P R 6 S
3 .
:« "v_' - -
4.7 —
3 o
7y -
d w8 -
J— =
w— .. -'A '. ——
: .'4' v.‘_-', :
28—Fmer] 280 =
17 s
T v -
—. .} -
3o -
S -
29'5-1 q -
37 ]292- 3se 292 - 38.8 -
—J.. " :] GOOD CONCRETE, 2 PC. 3.2 -
3| MINOR DEGRADATION ARGUND 6.4' -
T+ | AGG. SHALLOW PITTED o6 ~
30— .| TEXTURE THROUGHOUT, -
3" | ENTRP. AR 1mm - 3 mm 7 -
3 » -] ABUNDANT, oOCC.LCM -
= S , REC.  9.6' =
T | RREG. BUB. PUL 7 -
- v 'A :
- Yo -l
IJv . -
= ":' 100 =
N 2
3 ™8 324 -
= — BREAK IS PLANAR. "
=S o
= g
R 3
= .
—-v -
> A -
34 4 o
EN..& FORMIB36-A PREVIOUS EIMONS ARE 0BSOLETE. proLCT [P wo.
n

EISENHOWER '90

SN-S15

L




1Tl b OFQRMATION TECHNOLOGY LABORATORY

Papies by VEUA PRODUCTS SECTION

OB VS 2

L

ELEVATION TOP OF MOLE
DRILLING LOG (Cont Shest) 205 Hole No.SN-S15
PROKECT NSTALLATION SEET 4
EVALUATION OF EISEN’IO*ERLD SNELL LOCKS SNELL LOCK of SHEETS
ELEVATION | DEPTH | LEGEND CLASSFICATION OF WATERALS ﬁ%%'v!. g%‘o: tDrinng ..'!‘ﬁ :.uunt
(Oascr tetery tRY N0 waeig, we. ¥ algrif i)
o » [ 9 - ¢ .
> ‘e :
b VY -
-:. . v :.
Ev v? -
35— v —
d - C
L
I s :
35-:. -7 . o
-t v -
— - . -
1 ve .
[ e F
5 ~MB 36.9 =
31— -
3 M8 -
e S F
:. " » -
3 S
38" E
d- C
_. R -
-, HOLE =
- 'm8 o
Fho~A{ BREAC AT LG. BOULDER E
39—_" v 38.8' - 42.8 38.8' - 48.3 =
T . | c00D CONCRETE, MINOR 9 | Rrec. 1PC. 8.8 o
3 ]| DEGRADATION AROUND AGG. LOSS 0.7 -
- . ENTRP. AR 1mm - 3 mm GAN 0.0 —
4, -]9cc. 5 mm DA o
a1 RELATIVELY SNOOTH -
40— | TEXTURE. —~
J . PULL 8 C
3 - o
—— » :_
J .~ o
: v o -
41 - - p—
3 me 41.3 -
- » o
42— » .
4 - -
I -
— :—
J- -
- . -
PP LN BT Y Y X -
4+ , | GOOD CONCRETE, A LITTLE -
-4 MORE DEGRAD. AROUND AGG. =
., . | ™Han aBovE, PTTED © ol
3 TEXTURE. ENTRP. AR -
- v 1 - 3 mm 9
-4 N =
44 - —
-~ M8 [
T~ LIFT 7 44.8' - 47.6 L
— v, -
3 - -
1 . -
‘5 -y - » L—
3 . -
=, C_
[ M8 45.9 -
46 -
ENGC FORMIB3G-A AREvious (OTONS ARE OBSOLETE. PROECT MOLE NO.
e 7 EISENHOWER '90 T SN-S15

-




- WS

pahies by VEBUAN PROOUCTS SECTION - iTL tor NFORMATION TECHNOLOGY LABORATORY

MOBBIC Y 2

L

ELEVATION TOP OF MOLE
PROLECT NSTALLATION SMEET S5
EVALUATION OF EISENHOWER AND SNELL LOCKS SNELL LOCK o sEETs
X CORE | BOX OR REMARKS
ELEVATION | DEPTM | LECEND &W‘Clﬂmcf MATERALS u::t':gv- su.s: mnn-::-lv’ ovs, ot of
[ » c . [ k4 (]
e SRS -
I .. -
e -
—AF " t
3 - -
47— v e
3. - -
= - »| LG. VOIDS AT 47.5'» -
TJo® |2 cm DA ol
—A-'.- BREAK AT BOULDER [
3 ] 416 - ass -
48— 7 | GOOD CONCRETE, MINOR [—
37 . | DEGRADATION AROUND AGG. 1 "
3 - ENTRP, AR 1mm - 3 mm o
— DA, 48.3 - 56.6" —
] PULL 9 E
b R 4 -
48—% s —
hu IO o
-1 - -
T < 496 - 510 REC.  8.0° C
3N | Poor concrete, GAN 0.7 -
50— - ., ‘| LG. VOIOS UPTO 10 em LOSS 1.0° —
:' LONG. CORE NOT INTACT -
JLel] 50.4' - 50.7' 504 -
5‘ -.-' E
51— * ] Sl |2 PC. 2.9 -
3 4] 51.r- 556 31 o
- , | GOOD CONCRETE, ol
e | RELATIVELY SMOOTH o
- * "] TEXTURE. ENTRP. AR. [
52— <+ [1mm - 3 mm OA E
=59 -
I . v -
3. o
53‘—:}' B -
3. 12 -
s PROBABLY ONLY C
pn A RECOVERED 7.5'? E‘
b 1Y . » -~
S4— v - =
3 - u
3 mMB. -
J s :_
= o
55— . , 7| 550 - 556 55.2 —
. RREG ENTRP. AR -
3. AROUND AGG. -
— D » e
I , , o
-L v '} 55.6'- 52.8 -
56 — »| GOOD CONCRETE, -
-« | MINOR DEGRADATION AROUND -
3. AGG. ENTRP. AR o
= v, 1mm -3 mm DA 3 -l
q - 56.6' - 64.6' [
57— 2 pPC. 2.2 ol
-t » 5 2. -
- . : -
J - REC. 7.a -
— . GAN [
5. MB c s , LOSS -
.V AT 57.8 -
58 LC. VOO PULL 10 -
ENG FORM IB36-A MEVIOUS EDTIONS ME OBSOLETE. PROLCT et .
MaR 71 EISENHOWER °90 SN-S515

L




CoMes by VEUA MOOUCTS SECTION - iTL  ter BFORMATION TCCHMOLOGY LABORATORY

MOS0 VS 2

DRILLING LOG (Cont Sheet?

ELEVATION TOP OF HOLE

205 Hole No. SN-S15
PROJKECT INSTALLATION SHEET §
EVALUATION OF EISENHOWER AND SNELL LOCKS SNELL LOCK of 9 sneeTs
CLASSFICATION OF MATEMRALS Pl BBy REwAS
ELEVATION | DEPTM | LEGEND tOnscrigtien 't:cnovv SA.S.LI (Ortiing ﬁ-m-tml(
) » [] [} [ 1 9
T % s7.8- 63 C
3, " | GOOD CONCRETE, MINOR -
1~ . | DEGRADATION AROUND AGG, —
- o] ENTRP, AR 1mm - 3 mm -
I V| DA C
59-: v 3 _'._
- v -
- > b
- . ., -. P~
— . L 4 e
: K 2N R :
i R 59.9 =
60— . . [
-1", ad
— s D -
= DA E
— ' _—
3 wme o
:M — UFY ? :
61— " »] 60.8'- 63.1 —
47,7 | SLIGHTLY SMOOTHER -
J 7| Texture C
ENT 3
- e :
621" wg - " —
g C
3 s o
-— ..'; ’ —
Jv =
63— -
- 63.7 - 72.1 o
—J . | GOOD CONCRETE, =l
- - ENTRP, AR 1mm - 2 mm -
4 * |OCC. 3 mm -1cm DA o
64— ~ | GOOD CONSOLIDATION ol
Jd we 64.4 o
-l e -
q .- 64.6'- 72.1 -
] J o
65— PULL 1N [
T 3 PC. AT -
9. % | 63.r- 64.v AND 3 C
—*  *| es5.8' - 67.8", HiGH 0.8' —
1 * | CONTENT OF SMALL AGG. -
¢ *| 3 mm T0 1em LONG. REC. 9.8 -
66— s - LOSS 0.0’ —
- 15 GAN 2.3 E
- . -
- .. MEASURED DEPTH OF -
T HOLE 72.r DOES NOT [
J. CORRELLATE W/ AMT. o
67— v OF CORE. —
= Mg 72.9°, PROBABLY -
I MEASURED PULLS o
- 8+ 9 LONG. —
J . o
68— * 68.1 -
3 o
- - -
s A -
= .
i C_
o 7, 6 -
E3 g
-, i ol
3 C
A4 -
70 - . -
ENG FORMIBI8-A PRIVIOUS EDITIONS ARE OBSOLLTE. prOKCT I"‘“ o
RN

L

EISENHOWER ‘90

SN-S15




for WFORMATION TEQHNOLOCY LABORAIORY - WES

(L3

VISUAL PROOUCTS SECTION -

TN by

VOB SYS 2

L

ELEVATION TOP OF MOLE
DRILLING LOG (Cont Sheet) 205 Hole No. SN-S15
PROJECT WSTALLATION SHEEY 7
EVALUATION OF EISENHOWER AND SNELL LOCKS SNELL _LOCK or 9 sweers
revaton | oertk | Lecto amumnnus :::t':‘%:v‘ %og (Drimny n:;-:.: :um’l
L] » [ ] & » 1 L]
:n_ ’, C
I .- o
- v e
¢\ | LG. BOULDER 8 IN. LONG —
~ +| AT 70.% o
e . 3
F~— o
I, ° E_
— B
= C
72— 721 il
3 % r2r- s 72.1 - 81.0° -
—. -, | GOOD CONCRETE, HARD. PULL 12 ==
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SOIL-STRUCT: Finite Element Computer Program
for Soil-Structure Interaction Analysis

SOILSTRUCT, is a general purpose finite element program for two-dimensional,
plane strain analysis of soil-structure interaction and soil-inclusion interaction
problems. It calculates displacements and stresses due to incremental construction
and/or load application and is capable of modeling nonlinear stress-strain material
behavior. The simulation of incremental construction may include embankment
construction or backfilling, the placement of layer(s) of a reinforcement material during
backfilling or embankment construction, dewatering, excavation, installation of a strut
or tie-back anchor excavation support system, removal of the same system and the
placement of concrete or other construction materials. The incremental loading
simulation may consist of the application of concentrated loads, boundary pressures
or loads due to temperature changes in non-soil materials.

The initial version of SOILSTRUCT was developed by Professors G. W. Clough
and J. M. Duncan for use in the analysis of Port Allen and Old River U-frame locks,
Clough and Duncan (1969). This version of the program reflects modifications made
in conjunction with a number of projects at WES to expand the capabilities of the
finite elements constitutive models, load vector formulation algorithms, the size of
problem which may be analyzed, and the transfer of input, output, restart and plot
data files by means of disc storage.

FINITE ELEMENTS EMPLOYED

Three types of finite elements are used to represent the behavior of different
materials, (1) a two-dimensional continum element, (2) an interface element, and (3)
a one-dimensional bar element.

A two-dimensional, subparametric, quadrilateral element (QMS5) is used to
represent the soil and most structural materials. Structural supports, such as the
struts or tieback components of an excavation support system, are typically modeled
as a spring support using bar elements. However, two-dimensional elements have
been used to model these supports. The geometry of this element, developed by
Doherty, Wilson, and Tayior (1969), is defined by four external nodes, while the
displacement functions include an internal fifth node. To improve fiexural response,
a constant shear strain, calculated at the location of the internal fifth node, is imposed
throughout the element. The QM5 element can be allowed to degrade to a triangular
element by letting two adjacent nodes of the quadrilateral coincide.
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The Goodman, Taylor, and Breeke (1969) interface element is used to allow for
relative movement between different materials, such as between a soil backfill and a
support wall. This element is defined by four nodes, with each of the two pairs of
nodes having the same coordinates; thus, this type of element has no thickness.

One-dimensional, two node bar or spring elements are used to model the
behavior of a variety of structural systems. This includes the modeling of structural
supports such as braces or tiebacks or the modeling of reinforcement placed within
a soil backfill.

MATERIAL STRESS-STRAIN BEHAVIOR

Several modes of stress-strain behavior are utilized to represent the response
of soil, construction materials and the interface region between different materials.

The constitutive relationship used for all two-dimensional elements is Hooke’s
law. SOILSTRUCT uses an incremental, equivalent linear method of analysis to model
nonlinear material behavior. In this type of analysis, the incremental changes in
stresses are related to the incremental strains through a linear relationship. This
relationship is defined for each structural element by two engineering constants, the
Youngs moduli and the Poisson’s ratio. For the soil elements either the Youngs
moduli and Poisson’s ratio, or the Youngs moduli and bulk moduli may be specified.

Non-Linear Stress-Strain Response of Soil

A plane strain, isotropic drained or undrained stress-strain soil model is
incorporated within SOILSTRUCT. The program uses a nonlinear, stress-dependent
hyperbolic curve to represent the relationship between stress and strains developing
during primary loading of the soil (Figure 1a) and a linear stress-strain response during
unloading or reloading of the soil (Figure 1b). The unload-reload stress-strain response
is applicable when the current stress state is less than that which has been applied
previously; otherwise, the primary loading stress-strain is appropriate. Laboratory
testing and interpretation procedures for determining the parameters used to define
the soil model are described in Duncan, Byrne, Wong, and Mabry (1978). A brief
review of the hyperbolic model is given below.

The nonlinear soil response to ioading is modeled by performing a series of
analyses in which each load is applied incrementally, with the total change in stress
computed at the center of each soil element being equal to the sum of the incremental
changes in stress over all the load steps. In general, the greater the curvature of the
stress-strain relationship or the larger the magnitude of the applied load, the greater
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the number of load steps required to accurately model the nonlinear soil response.
This may be achieved in two ways using SOILSTRUCT; either the total load is applied
using a greater number of incremental loadings, or during the course of each load case
analysis the load vector may be applied in series of increments using the substep

option.

Application of each loading in the finite element analysis results in a change in
stress within each of the soil elements. In addition to the change in stress, there is
a corresponding change in stiffness. Since each incremental analysis is performed
assuming equivalent iinear element response, SOILSTRUCT updates the value of the
elastic moduli assigned to each soil element so as to reflect the magnitude of the
current stress state within the element. To account for the change in stiffness that
occurs during the application of a load increment, each incremental load calculation
may be repeated using the iteration option. When the iteration option is invoked, the
load vector is reapplied with a revised value for the element stiffness. The value
assigned for the stiffness of the soil element reflects the average of the stress state
developed at the end of the previous load case, or substep, and that which develops
during the current iteration. However, when only one iteration is specified, the
modulus values are calculated using the stresses developed at the end of the previous
the load increment. Upon completion of the last iteration for each load case or
substep, the arrays tabulating the values of the total nodal point displacements and
total element stresses are updated with the computed incremental values.

Primary Loading - Youngs Moduli

Prior to each analysis a tangent Youngs moduli, E,, is assigned to each soil
element. The stress-dependent value of E, is computed using the relationship

E, = E(1-RSL)

where
E; = the initial Youngs moduli
R, = the failure ratio
SL = the stress level

The initial Youngs moduli, E, is equal to
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E = KP (=2
‘— CP

K = the modulus number
n = the modulus exponent
P, = Atmospheric Pressure

0, = minor principal stress

The proportion of mobilized shear strength for each soil element is reflected in
the value of the stress level, SL. SL is equal to the current deviator stress, (g, - 93),

divided by the deviator stress at failure, (o, - o,)f, denoted by the subscript f.

SL = (0,-99
where (0,-0y),
g, = major principal stress

The value of SL ranges from a value equal to zero, to a value equal to unity. SL equal
to zero indicates an isotropic stress state, while SL equal to unity corresponds to the
complete mobilization of shear resistance within the soil element.

The version of SOILSTRUCT used in this study allows for two procedures for
defining the deviator stress at failure; the original Duncan formulation, Duncan and
Chang (1970), and a procedure developed by Peters(1988). In the original Duncan
formulation as shown in Figure 2a, the values of the minor principal stress at failure
is set equal to the current minor principal stress. The deviator stress at failure is given
by

2c cosd +20,sind
1-sin¢

(0,-0y =

where

c = cohesion intercept
¢ = angle of internal friction

0




In the Peters formulation shown in Figure 2b, the value for the deviator stress at
failure is defined based upon the assumption that the average value of the major and
minor principal stresses at failure is equal to the average value of the current major
and minor principal stresses.

(6,-0,) = 2c cosdp+(0,+0,)sind

The difference between these two procedures may be expressed in terms of the
resulting vector curves as shown in Figure 2. Vector curves are loci of points
describing the state of stress on planes on which failure eventually occurs. The
resulting vector curves in the Duncan formulation are to the right; reflecting the
assumption that failure is a result of an increase in major principal stress. In contrast,
the vector curves to the left in the Peters formulation are attributed to a coincident
increase in major principal stress and decrease in the minor principal stress. In

general, the Duncan formulation results in larger values of (0,-0y), and therefore
smaller values of SL than the Peters formulation. The Peters formulation was

developed for undrained loading where oi+o; is the constant consolidation stress
determined for the initial stress state.

The failure ratio, R,, relates the ultimate deviator stress, (o,-0,),,, to the
deviator stress at failure , (0, - g,),.

(0,-03), = R{0,-03),

The ultimate deviator stress is the asymptote to the stress-strain hyperbola, as shown
in Figure 1a. The value of R, is always less than unity and varies from 0.5 to 0.9 for
most soils.

Unload-Reload Stress-Strain Behavior
During unloading or reloading when the current deviator stress is less than that

which has been applied during previous loadings, a stress dependent, linear response
is assumed, as shown in Figure 1b. In this case, the value of E,, is computed using
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E = K P (23
ur I’ﬂP

where
K, = the unload-reload modulus number

Poisson’s Ratio

The second elastic parameter used to define the material behavior of soil is

either the Poisson’s ratio, v, or the bulk moduli, B. This version of SOILSTRUCT
allows either parameter to be used. When using Poisson’s ratio two values are
specified; a constant value which is applicable for all states of stress prior to failure,
SL < 1, and the value of Poisson’s ratio applicable when the shear strength of the soil
is fully mobilized, SL = 1.

The hyperbolic model is designed so that as the soil approaches failure the
0.5. The variation in v is accomplished by computing the shear modulus with E, and
v, and bulk modulus with E; and v, . This variation in v amounts to

_}_( 1-b
2 l+1b
2

)

where

(E,)(l—Zv,)
-E 1+v,

b

Therefore, v = v, when E, = E, butincreases toward 0.5 as E, becomes small, near
failure.

Interface Response

Interface elements are used to allow for relative movement between different
material regions, such as between a soil backfill and a support wall. These elements
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are defined by four nodes, each node having two degrees of freedom and each of th_e
two pairs of nodes share the same coordinates. The interface element, therefore, is
of finite length but zero thickness.

The properties of interface elements are defined by an interface normal
stiffness, k,, and an interface shear stiffness, k,. These values of stiffness relate the

average relative displacements normal to the interface element,A,, and average
relative shear displacements, A,, to the corresponding normal stress, o,, and shear
stress, T, by the equations

a, = k.4,
and
T = k’A,

The units of k, and k, are force per cubic length.

The value of k, is set equal to 1 X 10® within the program. This value for k,
ensures that the normal relative displacement of the interface element is insignificant
when English units (ft, Ibs) or S| units (m, KN) are used. If other units are used, the
value of the normal stiffness may need to be changed to a higher value.

Two types of interface shear response are modeled, a bilinear shear stress-
displacement relationship shown in Figure 3a, and a hyperbolic shear stress-
displacement relationship shown in Figure 3b. In the bilinear model, the value

assigned to k, is a constant so long as the average shear stress, t, along the interface
is less than the shear strength. If the shear strength of the interface element is fully

mobilized, which occurs when t is equal to t,, then k, is set equal to zero. When the
normal stress, o,, is greater than or equal to zero, the value of T, is given by the
relationship

T, = ¢;+0,tand
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where

¢, = cohesion intercept
8 = angle of internal friction along the interface

and is shown in Figure 3a. When o, is less than zero, T, is computed using

&
t,= O (—
f n o,

where
o, = tensile strength

Direct shear test results on soil-to-concrete interfaces and soil-to-steel
interfaces by Potyondy (1961), Clough and Duncan (1969) and Peterson, Kulhawy,
Nucci, and Wasil (1976) have shown that the value is proportional to the angle of
internal friction of the soil. The value of the constant of proportionality is dependent
upon both the type of soil and the type of material comprising the surface of the
structure.

The direct shear tests performed by Clough and Duncan (1969) and Peterson,
Kuthawy, Nucci, and Wasil (1976) have shown that for some materials, such as sand-
to-concrete interfaces, the interface response during shear is nonlinear and dependent
upon the normal stress. A nonlinear, stress-dependent hyperbolic curve is used to
represent the relationship between shear stress and average relative shear
displacement developing during primary loading of the interface (Figure 3a) and a
linear shear stress-relative displacement response during unloading or reloading of the
interface. The stress-dependent value of k,, is computed using the relationship

k, = k,(1-R, SLY

where

k,, = the initial interface shear stiffness
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R; = the failure ratio
SL, = the stress level

The initial interface shear stiffness, k,,, is equal to

k= Ky (o2
st le P

a

K; = the interface modulus number

Y,, = unit weight of water

n;, = the interface modulus exponent

o, = normal stress

P, = Atmospheric Pressure

The proportion of mobilized shear strength for each interface element is
reflected in the value of the stress level, SL;. SL; is equal to the current shear stress,
t, divided by the shear stress at failure, T

SL, = =
T

T, is computed using the equation above. SL, ranges in value between zero and one.

The failure ratio, Ry, relates the ultimate shear stress, t,, to the shear stress
at failure.

T = Ryt

The ultimate shear stress is the asymptote to the shear stress-relative shear
displacement hyperbola, as shown in Figure 4b. Direct shear tests on sand-to-
concrete interfaces by Peterson, Kulhawy, Nucci, and Wasil (1976) have shown the
value of R, typically ranges in value from 0.3 to 1.0.

The relationship between the average normal stress along the interface and the
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tensile strength is shown in Figure 4b. The value of k, is a constant value equal to
1 X 10® when o, is greater than or equal to o,. If o, is less than o,, then k, is set

equal to zero, assuring that additional tensile stresses do not accrue upon subsequent
loadings. This procedure allows for separation to occur between two adjacent regions
of the mesh along interface elements during the course of an incremental analysis.
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b. Linear unloading-reloading stress-strain relationship

Figure 1. Hyperbolic model for stress-strain behavior
(after Duncan, Byrne, Wong, and Mabry 1978)
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Figure 2. Two procedures used to define deviator stress
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a. Bilinear stress-strain model representing interface behavior
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b. Hyperbolic representation of the variation of shear stress wuth relative
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kg = initial interface shear stiffness)
Figure 3. Bilinear and hyperbolic models for interface shear stress-relative shear
displacement behavior afier Clough and Duncan (1969)
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APPENDIX D: REANALYSIS OF TRIAXIAL TESTS
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SUBJECT: “’{1’4 . L': L, c ‘fjuqm ertrs '!coupurso 8Y: DATE: FILE NO.

iCHECKED BY: OATE: SHEET NO.

SUW/*O—(A

Test Re¢ h = Rl
84-6-25 | ML 2,52 0.¢7 223 33,7 | 200
B4-6-2M , ML 0.2 2,27 /222 38.8 | 1740

gt-b-2s5 | sM 0.4 0.40 <77 40.4 1o

adyuiasd 7 2,30 2,155 210

Bé-L-oM | SM 2.2 0. LF 777 4.7 | 1540
g4-5-22, cvL 0,7 % 2,19 /7 25,2 | 225
34-5-2m 2L 0.2 0.67F 721 29, 6| /300
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APPENDIX E: RESULTS FOR SOUTH CHAMBER WALL AT EISENHOWER LOCK
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APPENDIX F: RESULTS FOR NORTH CHAMBER WALL AT SNELL LOCK
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APPENDIX G: PETROGRAPHIC EXAMINATION RESULTS




U.S. Army Engineer Eisenhower & Snell Locks

Watervays Experiment Station October 20, 1991
3909 Halls Ferry Road G. Sam Wong
Vicksburg, Mississippi 39180-6199

1. Cores from both Eisenhower and Snell Locks were taken for evaluation and
examination. Portions of two cores from Eisenhower and one from Snell were selected
for petrographic examination. When constructed in the mid 50's the two structure have
been subjected to similar environmental conditions but severe deterioration was
noticed in the concrete of Eisenhower Lock and was investigated by WES and reported
by Buck in 1967, "Investigation of Concrete in Eisenhower and Snell Locks, St.
Lawrence Seaway", TR No. 6-784. The current investigation also compares the concrete
from the two structure.

Samples
2. Identifying data for the samples are shown below:

Description

N-53-26-46 Eisenhower North side of lock, Boring No. 53, Box
26, specimen #46, core run 104.8-108.6
ft, just above bedrock, 3610 psi

§-17-7-14 Eisenhower South side of lock Boring No. 17, Box 7,
specimen #14, core run 25.1-29.4 ft,
upper portion of lock, 5980 psi

SN-§-15-1-50 Snell South side of lock, Boring No. 15, Box
1, core #50, core run 0-4.5 ft, upper
portion of lock, 7420 psi

est cedure

3. The as-received pieces of core were examined and subsamples were cut
longitudinally and surface ground prior to examination.

a. Pleces were examined using a setereomicroscope.

b. Air content was determined using automatic image analysis system. The air
voids in the sample were enhanced using a mixture of TiO, and grease to fill
the voids. :

Results and Discussion
4. Inspection of the three pieces of concrete indicated the following:

a. All pieces of core were similar in appearance. The maximum aggregate size
was 3 in., 1.5 in., and 6 in. for samples N-53-26-46, S-17-7-14, and SN-S-15-
1-50 respectively.

b. All of the broken surfaces appeared to represent fresh fractures. The
breaks tended to go around the larger coarse aggregates and through the
smaller coarse aggregates. Examination of freshly broken surfaces made during
the examination also indicated similar features.

WES FORM 1115-E
Rev May 1990




c. The concrete was air-entrained. The air content for the samples examined
ranged from 2.3 to 2.8 percent. Figures 1, 2, and 3 shows good distribution
of air voids in the paste portion. Figure No. 2 indicated some tendency for
air voids to be near the aggregate/paste interface of some coarse aggregate
particles. Because of the relative small area of sampling for the air content
determination, the low air content of the concrete is not believed to be of
any significance. Previous average air contents reported by Buck were near
3.5 percent for the two lock structures.

d. The concrete contains crushed dolomite coarse aggregates and crushed
dolomite fine aggregates. Reaction rims were not found in any of the
aggregate particles. No other deleterious reactions were observed in any of
the pieces of cores examined.

e. Use of phenolphthalein indicator to enhance the paste portion for image
analysis indicated no carbonation of the paste as the entire paste portion of
the concrete turned a reddish color.

Summary

5. Examination of two pieces of cores from Eisenhower Lock and comparison with
concrete from Snell Lock indicated that concrete from both structures are similar and
free from damaging cement-aggregate reactions and other deleterious reaction. The
concrete from the two structures are similar.
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