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W. S. Gardner and Associates
Conguitants in Geo-Engingering

September 8, 1995
951931

Buckeye Lake Association
P.O. Box 952
Buckeye Lake, OH 43008

Attention: Mr., Wayne Radcliff

Re: INTERIM REPORT
BUCKEYE LAKE DAM

Gentlemen:

Pursuant to your request, I have made on in-depth review of the Dodson-Linblom Associates
(DLA) reports concerning the stability of the Buckeye Lake Dam. Based on the DLA report
and independent analyses, it is my opinion that there is a significant risk of failure, should
the earth dam be raised to accommodate the probable maximum flood (PMF). Further, I
believe the pool elevation should not significantly exceed elevation 892, pending the results
of the ongoing stability analyses.

With regard to dam stability, it should also be appreciated that the DLA study has
apparently not considered the added risk of seismic occurrences. In assessing dam stability,
this risk is recognized by the USA Corps of Engineers and other federal and state agencies.
To address the seismic impact on earth dams, pseudo static stability analyses are generally
conducted although more rigorous techniques are available. Consequently, pseudo static
analyses should have been provided for the Buckeye Lake Dam,

In my opinion, the most likely failure mechanisms of the dam consist of internal piping
through the sandy and silty seams encountered at the base and within the embankment, as
well as progressive sliding or slumping of the downstream slope of the dam. Although only
temporary pool increases to accommodate the PMF are proposed, there likely remains a
substantial risk of failure. In this regard, storage durations at or near elevation 897 can be
much more substantial than the 24 hours considered to pass the PMF. For example, a
storm closely following the PMF would prolong the impoundment. Piping can also occur
quite rapidly, particularly with the smaller widths of the embankments.

We hope to have the results of the stability analyses, including the effects of seismicity, by

the end of the week. Assuming that an in-depth review of the hydrology need not be
conducted at this time, I will try to provide the final report on the dam stability by the week
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of September 18th, Please call me if there are any questions concerning this Interim
Report.

Very truly yours,
W.5. GARDNER AND ASSOCIATES

WS Gardbmars

Williams S. Gardner, P.E.






W. S. Gardner and Associates
Consultants in Geo—-Engineering

September 29, 1995
9531031

Buckeye Lake Association

P.O. Box 952

Buckeye Lake, OH 43008

Attention: Mr. Wayne Radcliff

Gentlemen:

Enclosed are two copies of the final report for the Buckeye Lake Dam. As indicated, the
dam hydrology had only a cursory overview. Should a detailed study be beneficial, we
would be pleased to conduct such a study.

Should there be any questions concerning this report, please call at your convenience. We
appreciate the opportunity to have worked with you and trust that our work will influence

the State to provide a truly stable dam.

Very truly yours,

W.S. GARDNER AND ASSOCIATES

WS Gardney

William S. Gardner, P.E.

Enclosures

221 West Germantown Pike ® Plymouth Meeting, PA 19462 ¢ 610-825-6900 ¢ Fax: 610-825-8570
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BUCKEYE LAKE DAM
REVIEW OF EMBANKMENT STABILITY

INTRODUCTION

The purpose of this report is to review the safety of Buckeye Lake Dam based on the
Dodson-Linbloom Associates’ (DLA) reports dated August 7, 1987 and independent
analysis. Specifically, this study has emphasized investigation into the potential rigks of
raising current pool levels to accommodate the Probable Maximum Flood (PMF). A
cursory examination of the hydrology of the dam has also been made, pending the need for
more detailed studics. The abbreviated interim rcport dated September 8, 1995 is
superseded by thig report,

1. OVERVIEW OF DAM AND SPILLWAY

It is understood that the Buckeye Lake Dam had its beginnings in 1825 as a reservoir to
teed water to the Ohio and Erde Canals, The impoundient was constructed of unconpacted
earth and was completed in 1832. The earth dam is used for public recreation, is four miles
long, and is currently rated by the State of Ohio as a Class I dam. Ata pool elevation of
892, the dam impounds 2,700 acres and the maximum height of the embankment is about
15 ft. A U-shaped concrete gravity weir structure, constructed in 1992, has a crest length
of 460 ft. at elevation 891.75. It is also understood that an additional spillway has been
constructed with an automatic gate to regulate flow. Shoreline sheet piling has also been
constructed in front of the old masonry shoreline. Additional sheets were also driven at
other locations.

It is understood that the cutrent spillway system is capable of passing a flood equivalent to
50 percent of the Probable Maximum Flood. To accommodate 100 percent of the PMF,
the Ohio Department of Natural Resources (ODNR) plans to raise the dam to elevation
896.5 by constructing a parapet around the dam, It is further understood that to pass the
PMEF it will be necessary to maintain a temporary water surface as high as 896.5.

95)031 / Buckeye Lake Dam
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2. EMBANKMENT SOILS

As part of the dam investigation in 1986, ten test borings were made and soil samples were
recovered. Subsequently, soil classifications, laboratory testing and characterization of the
soil properties were conducted at three locations along the four-mile long dam. The cross
sections through the embankment were numbered 2, 3 and 4 and are enclosed herein as
Figures 1 through 3, after DLA. Embankment materials were reported to be a
"homogeneous” fill and were transported to the dam site by mule-drawn wagons.
Additional embankment materials were provided in 1832 after failure of the dam on initial
filling. These materials consisted of "coarse stone” and were used to help repair the breach.
The embankment materials, based on the current borings, indicate the embankment soils to
be predominantly of clayey silt with varying amounts of sand, gravel and organic inclusions.
The foundation materials are thought to have been a post-glacial bog underlain by lacustrine
deposits of laminated clayey silts interbedded with sand and sandy gravel layers.

In general, the embankment heights encountered by the exploration ranged from 7 to 10 ft.
although at one location the embankment was found to be only 3 ft. high. Of the ten
borings drilled, six contained sand or silt seams. A tabulation of the depth of the seams
below the crest is included in Table 1. Note that one of the sand layers (0.9 ft. thick) was
found in the embankment and another was encountered at the base of the embankment. The
remaining sand or silt seams recorded (up to 20 ft.) ranged from depths of 11.5to 15.6 ft.
below the dam crest.

In summary, sand and/or silt partings and seams were encountered in the embankment and
foundation of the dam, primarily at Cross Sections 2 and 3. In addition, Boring 2A of
Cross Section 3 reported significant seepage through the sand seams within the embankment.
In Cross Section 4, water seepage was encountered in all of the borings at various depths
with the exception of Boring 4A. The seepage was encountered in the foundation soils
below the embankment soils at a depth of 6.2 ft. below the dam crest. It is also noted that

the current phreatic surface is lower than the summer average.

3. EARTH DAM FAILURE

There are a number of potential failure modes of earth dams. However, those relevant to
the Buckeye Lake Dam can be identified as follows:

95J031 / Buckeye Lake Dam
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(1)  Erosion due to overtopping of the dam crest.

(2)  Instability of the dam slopes due to high phreatic surfaces, seismicity and
poorly constructed embankments.

(3) Internal piping due to high phreatic surfaces and soils that are susceptible to
erosion.

Other potential risks of failure which are less likely to occur include decomposition of trees
within the embankment, earthquake induced liquefaction and burrowing animals.

Internal piping in a dam occurs when there is a high phreatic surface, no protective filters,

and soils which are susceptible to erosion. Based on Sherard, et al (1963), susceptible soil
types consist of sand (SP), silty sand (SM), and sandy silt (ML). The piping mechanism
starts by seepage concentrations which create erosion and cause a progreséive soil loss.
This is followed by tunneling through the embankment, eventually causing a dam breach.
The lack of protective filters, seepage within and below the uncompacted embankment
materials, and increasing seepage rates pose a significant piping hazard. In this regard, it
has been reported that small increases in the pool elevation siéniﬁcantly accelerate seepage
rates and that temporary pool levels may be as high as 896.5. These concerns, when taken
together, indicate that piping is a significant hazard unless pool elevations do not
significantly exceed about elevation 892.

The down-stream slope of the dam is also a significant hazard when there is a high phreatic
surface together with a poorly compacted embankment. Slope failures typically occur by
a down-stream slide, the slide mass having a wedge or circular configuration. Failure may
occur by a single slide or by progressive sliding on over-steepened slide scarps. However,
the occurrence of an earthquake in the vicinity of the dam site has by far the largest risk of
failure.

4. FACTORS OF SAFETY

The minimum factors of safety as provided by the USA Corps of Engineers are enclosed
in Table 2. The relevant safety factor for dams such as Buckeye Lake Dam is 1.5 for

95J031 / Buckeye Lake Dam
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steady seepage with a maximum or partial pool. For seismic conditions, the factor of safety
is 1.0 for a conventional stability analysis. More rigorous methods of evaluating seismic
stability, including pseudo-static analyses, are provided in Sections 5 and 7. Considering
the conditions of the 170-year old Buckeye Lake Dam and the down-stream risk,
conventional safety factors much less than 1.5 would not be prudent for steady state seepage

conditions.
S. SLOPE STABILITY ANALYSIS

Excluding seismic risk, the safety factors against instability of the dam slopes were
investigated by independent slope stability analysis, assuming circular slide configurations.

Both the Modified Bishop and Janbu computer programs, implemented by STABL 5, were ;

used with the same input parameters as DLA. The results of this study are summarized in
Table 3 and include the results of DLA’s STABL 2 study. The earlier STABL 2 software
was used with the Janbu option. By comparison, the STABL 2 and STABL 5 results are
not identical but the differences are not great. It is noted that the Janbu option often
provides smaller safety factors than the more frequently used Modified Bishop program.
The Janbu program is most often employed for noncircular slide planes. .

Based on the STABL 5 slope stability programs, Figure 4 provides safety factors as a
function of the pool elevations of the dam. Thus, safety factors for a variety of pool
elevations can be determined for both the Modified Bishop and Janbu slope stability

analyses.

Based on the results of the independent stability analyses, it is concluded that the DLA study
has been reasonably conservative in predicting safety factors for the Buckeye Lake Dam.
The most significant findings are the low safety factors found in Cross Section 2, whereas
the safety factors of Cross Sections 3 and 4 have significantly larger safety factors. As
shown in Table 3, the safety factor is marginal with a pool at and above elevation 895.
This is indicated by a safety factor of essentially 1.0. In addition, there are other factors
that further increase the risk of failure. These include seismicity effects and the probability
that there will be less stable embankment zones within the dam which have not been

investigated.

95J031 / Ruckeye Lake Dam
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6. SEISMIC CONSIDERATIONS

Seismic occurrence relatively near Buckeye Lake significantly reduces the stability of the
earth dam. In this regard, two concentrations of earthquakes are evident in Ohio. Based
on the Earthquake History of the United States (1970), the largest of these is located in the
northwestern part of the State near the town of Sidney. The largest shock in this area was
recorded as an MM VII-VIII (7.5) earthquake, the largest of the historical record. The
other concentration of earthquakes is in southeastern Ohio and are most active in the vicinity
of Meigs County and its environs. The largest earthquake in this area occurred in 1926 at
Zanesville which is about 21 miles from the Buckeye Lake Dam. This earthquake had an
intensity of MM VI-VII (6.5).

Conservatively assuming an earthquake similar to the Zanesville shock, the maximum
horizontal acceleration near the dam site is 0.10 g, where g is the acceleration due to
gravity. Seismic risk studies have been conducted throughout the U.S. b)} a number of
investigators. In this regard, Algermissen and Perkins (1976) provide contours of horizontal
acceleration for a return period of 500 years (see Figure 5). Using the risk level for the
_ State of Ohio, the maximum horizontal acceleration near the site is interpreted as 0.06 g.

%, YIELD ACCELERATION AND DISPLACEMENT

To evaluate the effect of seismicity in the dam vicinity, pseudo-static analyses were
conducted to investigate the yield accelerations of the embankment, i.e. the acceleration
required to produce a safety factor of 1.0. The yield accelerations, (k) plotted are shown
by Figures 6 and 7. With one exception, these analyses have been conducted using the
Modified Bishop program. The yield acceleration for the elevation 895 pool was also
calculated, using the Janbu slope stability analysis for comparison with the Modified Bishop
analysis. As indicated, the yield accelerations range from 0.015 g to 0.138 g which
correspond to pool elevations of 897 and 892, respectively. It is noted that the yield
acceleration at elevation 892 (0.138 g) is greater than the maximum acceleration for
southeastern Ohio (0.06 g) and, therefore, does not fail. This is consistent with the
calculated Safety Factor of 1.46.

'The Modified Mercalli (MM) scale is based on assessment of the earthquake damage. The
Mercalli scale we: modified in 1931

951031 / Buckeye Lake Dam
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Earth dams subject to seismicity may cause significant horizontal displacements of the
embankment which may lead to a dam breach. The amount of displacement depends on the
yield acceleration (k,) and the maximum horizontal acceleration (A,,,) of the earthquake.
Following Hynes and Franklin (1984), the data required for the displacement analysis is the
maximum horizontal acceleration (0.10 g) and the yield accelerations calculated previously.
The displacement relationship, given by Figure 8, conservatively utilizes the mean + o of
the curve. The results of the displacement calculations are included in Table 4. As
anticipated, the largest permanent embankment displacement is 34 cm which will likely fail
the dam when the pool elevation is 896.5. A 21 cm displacement of the embankment with
the pool at 895 would also likely be sufficient to fail the dam. With the pool at an elevation
of 892, the embankment is stable and there is no displacement during the maximum

earthquake.
8. CONCLUSIONS AND RECOMMENDATIONS

. Based on review of the DLA report, observations at the dam site, and independent analysis,
it is clear that Buckeye Lake Dam has some serious defects other than the extreme age of
the dam. These deficiencies include: (1) a current inability to accommodate the PMF; (2)
a leaky, uncompacted embankment; and (3) a potential instability of dam slopes if pool
elevations significantly exceed about 892. At significantly higher pool elevations than 892,
instability of the embankment is likely. In addition, seismic occurrences have the potential
to induce rapid failures by large embankment displacements and/or progressive sliding
downstream of the order predicted in Table 4.

In summary, analysis of Buckeye Lake Dam indicates that the embankment is unsafe at pool
elevations much above 892. At this elevation, the factor of safety against failure is
essentially 1.5 which meets conventional safety standards, and is strongly recommended.
It is also prudent to provide the dam a freeboard of at least 3 ft. (to elevation 895) and is
also a recommended safety provision. The plan by ODNR to construct a parapet wall
around the dam to accommodate the PMF is unsafe as a temporary raise in the pool
elevation to 896.5 would most likely induce an embankment failure. Consequently, it is
recommended that the PMF be accommodated by other means, such as adding an additional

spillway.

15J031 / Buckeye Lake Dam
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The recommendations of DLA concerning a staged removal over time of selected trees
implanted in the embankment appear to be a reasonable procedure. Further, the width of
the embankment may be deficient at some locations and should be investigated and
remediated if verified.

951031 / Buckeye Lake Dan:
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TABLE 1

SUMMARY OF BORINGS CONTAINING SANDS AND SILTS'

Embankment Sand Inclusions
Boring No. Depth .
(ft) Depth (ft) Thickness (ft)
1 7.0 16.5 & 17.7 partings & seams
19.9 & 20.2 partings & seams
2 9.1 - —_
2A 10.3 6.5 0.3
8.1 0.9
3 10.8 10.8 seams
4 9.0 15.6 seams
4A 7.2 — —
5 10.0 — —
6 4.0 11.5 partings?
7 3.0 13.5 & 15.0 partings or seams
8 9.6 — —

'Depths not to exceed 20 ft.

28ilt inclusions
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W. S. Gardner and Associates
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TABLE 3
SLOPE STABILITY ANALYSES

FACTOR OF SAFETY
POOL ELEVATION
0 DLA WSGA
CROSS SECTION NO. 2
892 [1.35] (1.46) [1.39]
895 [1.03] (1.14) [1.07]
897 — (1.05) —
897 [1.10]* (1.17) [1.13]
CROSS SECTION NO. 3
892 [1.82] . (1.68)
895 [1.68] (1.58)
897 [1.60] (1.54) [1.77]
CROSS SECTION NO. 4 _
892 [1.79] (1.55)
895 [1.57] ' (1.36)
897 [1.29] (1.73) [1.39]

* Includes tail-water to elevation 890

() Computer programs by Bishop and Morganstern, "Stability Coefficients of Earth
Slopes,* Geotechnique, Vol. 10, 1960.

[ 1] Janbu, "Slope Stability Computations," Embankment Dam Engineering, 1973, John
Wiley and Sons, NY.
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TABLE 4 — EMBANKMENT DISPLACEMENT ESTIMATES

Pool k, k, k,/k, Displacement
Elev. @ & (cm)

897 0.015 0.10 0.15 34

895 0.023* 0.10 0.23 19

895 0.046 0.10 0.46 6.5

892 0.138 0.10 >1 —

*k, derived for Janbu analysis
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September 29, 1995
957031

Buckeye Lake Association
P.O. Box 952
Buckeye Lake, OH 43008
Attention: Mr. Wayne Radcliff
Gentlemen:
Enclosed are two copies of the final report for the Buckeye Lake Dam. As indicated, the
dam hydrology had only a cursory overview. Should a detailed study be beneficial, we
would be pleased to conduct such a study.
Should there be any questions concerning this report, please call at your convenience. We
appreciate the opportunity to have worked with you and trust that our work will influence
the State to provide a truly stable dam.
Very truly yours,
W.S. GARDNER AND ASSOCIATES

WS Gardney

William S. Gardner, P.E.

Enclosures

221 West Germantown Pike e Plymouth Meeting, PA 19462 e 610-825-6900 ¢ Fax: 610-825-8570
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August 28, 1995

The Honorable Nancy Chiles Dix
State House

Columbus, Ohio 43266-0604

Dear Senator Dix,

I am a _H{drologist living in Columbus for the past 30
years with ‘& career spanning 40 years of professional

effort. wWhile I am not involved in any local projects, ae
&n interested citizen I follow most of what the siate does
tn my ares of expertise. Recently I have become quite

concerned over some intended foolish activity by ODNR
regarding 3uckeye Lake.

Various reports ( have read indicate that they plan to
raise the dam enough to protect down stream citizens from
a potential rainfall of 23 inches in 6 hours and
concurrenzly cut down 500 large trees to insure that they
are neve:r osiowr down creating holes behind the dam.

Both of these ideas are absurd by any reasonable
hydrologic standards and would be deemed so by any
professional hydrologiset not being paid by the stzte.

The record rainfall in Ohio is less than 11 inchas in 24
hours. Tc desiga a structure for a rainfall twice as
great in one quarter of the time is ridicu;ous by any
standard of good engineering practice. Certainly the dam
1s old arc can use some shoring up and a good on going
maintenancs program but lets not spend 10 million of stats
dollars <o foolishly. 1In fact if and when the dam were to
De raisel the prescribed 2.5 feet I guarantee you the
total cust will far exceed the 10 million ‘current
estimate.

The 8pil! way built to preserve the dam onl{ a few years
4go can currently handle any rainfall that las ever been
experienced in this area of Ohlo. The citizens of this
state caa not afford to protect them selves from
infinites:mal risks when there are &o many mori: worthy
causes for public funds.

The cutting down of 500 large trees is »qually absurd.
The odds on these trees blowing down in a storm and
causing damage tc the dam is remote considering that it
has not hadpened in the long history of the dam. However

2704 Sawbiry Baut oo e Columbus, Ol a 432354580 ¢ Phone (614) 792-0005 = L“A(Oldi7Vl'”“Qp
ALG-28-1995 16:56 6147920006 564 P.o1



if the trees are cut down and the roots not removed as isg
the currcntcflan you can count on the roots rotting and
creating voids into which water can channel and weaken the
dam trus creating exactly the situation CONR wants to
o e would cold gy ERFSNARIA nATAAN N1 M0 nAg
WLiLL udLuré Dy Cutting down b arge trees in hope of
avoiding a wind storm problem. The unforeseen side
effects of such an action are always worse rthan the
scenar:.o feared to begin with,

I have no idea what motives ODNR would have to plan such a
costly ard foclish activity but I believe vou would get
the same reactior from any experienced local hydrologist.
In case you doubt me I have listed a nunber of local
experte rone of whom have I discussed this issue with.
Give them a call and ask them about 23 inches of rain in 6
hours, o- pulling out 500 mature trees from a earthen dam
and see what they say. They will probably think you were
kidding, =znd that some one put you up to making prank
call.

Since you do not know me I have included a brief and not

8o brief biographical sketch and a review of ﬂg most
recent boox, RATINNAL READINGS ON ENVIRONMENTAL CONCERNS.

Sincerely,

Jay Lehr, Ph.D.,
Senior Scientist

OTHER HYDROLOGISTS

Truman Bennett Herb Eagon
Bennett & Wiiliamu EAGON & Assoc
882-9122 888-~5760
Larry Graves John French
Geraghty & Miller dero Groug
764~ 313 800-887-9923
Neil Drobny

ERM

538-1700

AUG-28-1995 16:56 6147920096

P.g2






W. S. Gardner and Associates
Consultants in Geo—-Engineenng

WILLIAM S. GARDNER program/project management
geotechnical engineering
civil engineering
research and development

EDUCATION

Columbia University: M.S., Civil Engineering (Geotechnical Engineering)
University of Pennsylvania: B.S., Civil Engineering

University of Michigan: Post Graduate Engineering Studies

Drexel Institute of Technology: Post Graduate Engineering Studies

REGISTRATION

Professional Engineer: Pennsylvania and New Jersey

PROFESSIONAL HISTORY

W.S. Gardner and Associates, President, 1992; Woodward-Clyde Consultants, Chairman
of the Board, 1988-1990; Principal and Executive Vice President - Practice, 1975-1991;
Woodward-Gardner Associates, President, 1970-1975; Principal and Executive Vice
President, Philadelphia, Pennsylvania, office, 1959-1970; Greer Engineering Associates,
Senior Project Engineer, 1956-1959; U.S. Army Corps of Engineers, North Pacific
Division, Soil and Foundation Engineer, 1953-1955.

REPRESENTATIVE EXPERIENCE

With over 38 years of applied geotechnical and civil engineering practice, Mr. Gardner has
been directly concerned with a great variety of projects throughout the United States and
abroad. During this time he has directed hundreds of geotechnical studies concerned with
the design and construction of power plants, dams, water supply systems, infrastructure
remediation, air and ground transportation systems, industrial and commercial facilities,
major buildings, rock and earth slopes, embankments, and offshore facilities.

Specifically, Mr. Gardner has been responsible for geotechnical investigations, design, and
construction activities on several fossil and nuclear power plant projects in the U.S. and
abroad. Typical projects include: Crystal River Nuclear Power Station, Unit 3 (Florida),
James H. Campbell Power Plant (Michigan), Perry and Erie Nuclear Power Plants (Ohio),
Virgil C. Summer Nuclear Power Station (South Carolina), Mazandaran Thermal Power
Station (Iran), and the Songgong Nuclear Power Plant (Korea). Examples of his experience
in the geotechnical aspects of transportation and offshore systems include the City of
Philadelphia subway extension, New Jersey Tumnpike widening (general soil consultant),
steel mill and port facilities (Los Truchas, Mexico), offshore petroleum production facilities
(Gulf of Cadiz, Spain), the North Rankin Gas Platform (Australia) and long-span highway
bridges crossing the Mississippi and the Delaware Rivers.

His work in water and waste impoundment structures involve both investigation and design
assignments. Representative projects involving design and construction include geotechnical
design for a major landfill, three seismic-safety rated earth dams (V.C. Summer Nuclear

WSGA - 2/93
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WILLIAM S. GARDNER page 2

Power Station), a rock-fill water supply dam (Tegucigalpa, Honduras) and a major tailing
dam (Schuichang, China). Mr. Gardner was also responsible for the safety assessment of
over 70 dams during the Federal Phase I Dam Safety Program.

Mr. Gardner has received recognition for his work in deep foundations, is a co-author of
the books, Drilled Pier Foundations and Drilled Pier Construction, and under the auspices
of the ASCE, has chaired the development of standards for pile foundations. In this regard,
he has been responsible for the design and remediation of numerous building foundations
and related facilities including high-rise structures and structures located in potentially
hazardous terrains.

AFFILIATIONS

American Society of Civil Engineers

Pennsylvania Society of Professional Engineers

International Society of Soil Mechanics and Foundation Engineering
Consulting Engineers Council

REPRESENTATIVE PUBLICATIONS
Subsidence at bridge approaches. Public Works Magazine, November, 1960.

Stress-strain behavior of granular soils in one-dimension compression. ASCE Preprint
No. 325, Structural Engineers Conference, Miami, Florida, 1966.

Construction in Appalachian shales. =~ West Virginia University Conference on
Engineering in Appalachian Shales, June 1969.

Grading, drainage and erosion control ordinance. Prince Georges County, Maryland,
1970.

Analysis of load-bearing fills over soft subsoils (with J.K. Mitchell). Journal of SM &
FE, ASCE, Vol. 97, SM-11, November 1971.

Drilled pier foundations (with R.J. Woodward and D.M. Greer). McGraw-Hill Book
Company, 1972.

Considerations in the design of drilled piers. Proc. Analysis and Design of Building
Foundations, Envo Publishing Company, 1976.

Soil property characterization in geotechnical engineering practice. Woodward
Lecture, Woodward-Clyde Consultants, San Francisco, California, 1977.

WSGA - 2/93
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WILLIAM S. GARDNER page 3

Post cyclic loading behavior of soft clays (with R.D. Singh and R. Dobry). Second
International Conference on Microzonation, San Francisco, California, December 1978.

Characterization of dynamic properties of Gulf of Alaska clays (with R. D. Singh).
Presented at ASCE Convention at Boston, Massachusetts, April 1979.

Study to investigate the effects of skin friction on the performance of drilled shafts
in cohesive soils. U.S. Army Waterways Experiment Station, Contract No. DACA 39-
80-C-0001.

The suitcase cone system (with S.V. Nathan). Cone Penetration Testing and
Experience, Proc. of the Geotechnical Engineering Div., ASCE National Convention at
St. Louis, Missouri, Oct. 1981.

Geotechnical Engineering. Ch. 7.0, Standard Handbook for Civil Engineers, Third
Edition, F.S. Merritt, Editor, McGraw-Hill Book Company, 1982,

The proposed ASCE standard on pile foundations (with M.T. Davisson, F.M. Fuller,
and F.Y. Yokel). Presented at ASCE Convention in Atlanta, Georgia, May 14-18, 1984.

Pile design for highway bridges, current practice--an overview. Proceedings of the
National Bridge Conference, Pittsburgh, PA, 1983.

Construction of drilled pier foundations (with D. M. Greer). John Wiley & Sons, 1986.

Design of drilled piers in the Atlantic Piedmont. Proceedings of Foundations and
Excavations in Decomposed Rock of the Piedmont Province, GT Div., ASCE, Atlantic
City Conference, April 28, 1987.

Interaction of geology, construction practice and foundation design (theme lecture).
Proceedings of the Foundation Engineering Congress, ASCE, Evanston, IL, 1989,

Present to future design considerations of deep foundations. Proceedings of 16th Annual
Members Conference, Deep Foundations Institute, Chicago, IL, 1991.

AWARDS AND APPOINTMENTS

Middlebrooks Award, ASCE (1972).

Woodward Lecture (1977).

Geotechnical Engineer of the Year, Philadelphia Section, ASCE (1988).
Geotechnical Board - Member, National Research Council (1991-93).

WSGA - 2/93
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EXAMPLES OF REPRESENTATIVE DAM PROJECTS
CONDUCTED BY WSGA STAFF

V.C. Summer Dams; Fairfield County, South Carolina
South Carolina Electric and Gas Company

Eighty- and one hundred twenty-ft. high earth dams were designed for a nuclear
power plant. The dams were designed for the maximum probable earthquake within
the seismotectonic province containing the site. The construction of the dams’
embankments were supervised and the specifications verified.

Tegucigalpa Dam; Honduras, C.A.
Rockfill Dam for Water Supply for the City of Tegucigalpa

A 170-ft. rock fill dam was designed and the embankment construction supervised.
Fracture zones were grouted to stop excessive water flows.

Schuichang Dam; Hobei Province, Peoples Republic of China
Tailings Dam for Iron Ore Processing

The proposed tailings dam was designed to accommodate a height of 350 ft. in a
high seismic zone. Special design studies were conducted to determine the Design
Basis Earthquake of 0.30 g.

Trout Run Dam; Boyertown, Pennsylvania
Boyertown Water Supply Dam

The 104-ft. earth dam was inspected as a result of seepage on the dam face and loss
of water beneath the dam and around its abutments. A detailed assessment of the
dam was conducted and recommendations made to remediate the dam.

National Dam Inspection Program
" U.S. Corps of Engineers, Baltimore District

More than 50 safety inspections have been made under the direction of W.S.
Gardner. These studies, conducted for the U.S. Corps of Engineers, provide dam
safety analyses including recommendations for dam remediations, where appropriate.






Background Information on E3' Senior Scientist

Jay Lehr received the nation's first Ph.D. in Ground Water
Hydrology from the University of Arizona in 1962. This
followed a degree in Geological Engineering from Princeton
University, a brief stint with the U.S. Geological Survey
and several years with the U.S Navy's Civil Engineering
Corps. After graduate school he taught at the University
of Arizona and The Ohio State University before becoming
Executive Director of the National Ground Water
Association and The Association of Ground Water Scientists
and Engineers for 25 years. Dr. Lehr served as Editor of
the Journal of Ground Water for 27 years, Co-editor of
Ground Water Monitorihg Review for 11 years and Editor of
the Water Well Journal for 24 years.

Dr. Lehr has published 10 books on ground water hydrology
and more than 350 journal articles. He has testified
before Congress on more than three dozen occasions,
consulted with nearly every agency of the federal
government as well as many foreign countries on every
continent.

Lehr 1is an outspoken proponent of sane environmental
regulation that does not overly distort problems to the
economic detriment of society. His newest book on this
subject Rational Readings on Environmental Concerns was
published in 1992 by Van Nostrand Reinhold and is now in

its third printing.

Lehr is also well known for his athletic prowess having
completed the Hawaiian Ironman Triathlon Championship in
Kona 9 consecutive years. He has 950 skydives to his
credit, and plays defense on a top amateur ice hockey team
in Columbus, Ohio. His recent book on fitness, entitled
Fit, Firm and 50 has been well received.

Lehr is the founder of Environmental Education
Enterprises, which is now a Times Mirror company, where he
serves as Senior Scientist.
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Nancy Chiles Dix

State Senator
31st District

Senate Buildiag
Columbus, QMo 43215
814/466-58348

September 11, 1995

Donald C. Anderson, Director
Department of Natural Resources
Fountain Square

Columbus, Ohio 43224-1387

Dear Director Anderson:

RN o ol rLus

Committeas:

EnerQy. Naturat Resources and Environment
Vica Chalrman

Financ.al Ingututions, Insyrance and Commaice

~ignways and Transpontanan

AQriculture

| am writing this to you in order to requast an immediate, temporary delay in the
Buckeye Lake Dam Project Phase lll because of new information from legitimate and
qualified sources which has surfaced. We all seem to agree that Buckeye Lake needs
a Phase Il project, but there is heated disagreement about the extent of the work

required.

First is a concern about a potential 23 inches of rainfall in six hours. Local
meteorologist Jym Ganahl and Dr. Jay Lehr, a nationally recognized hydrologist, have
teld me that this amount of rain is not probable nor possible. The 23 inch rainfall in

six hour assumption needs to be more fully explored.

Second, Pennsylvania geo-engineer, Dr. W.S. Gardner, who was engaged by Buckeye
Lake area people, disagrees with the plan of elevating the steel wall. He claims that
elevating the steel wall will cause more danger of piping instead of ensuring the
project's safety. Dr. Gardner has also expressed concerns with dam stability in view
of seismic occurrence possibility. A detailed report is expected from him in the next

two weeks.

Third, the tree removal - a point of emotional frustration among many lake residents -
has been disputed by ODNR's Division of Forestry which has disagreed with the plan.
Additionally, experts from Dawes Arboratum and qualified hydrologists also dispute the
tree removal portion of the Phase Il plan. In fact, when some members of your staff
told me that previous reports of Phase Il did not include removing the trees because
of COST - NOT SAFETY - | realized that the tree removal issue is one which should

Kent M. Scarrett
Legisiative Aida

Lynda L. Nessley
Secretary

Serving: Fairfield, Hocking, Licking, Perry and Athens (part) Counties

-




be aired completely. The proposed construction will kill most of the trees and there is
much dispute over this causing or preventing dam failure.

Fourth, there is considerable misunderstanding, indeed misinformation, about the
reasons for the project in the first place. For example, the spillway is for a Class If
dam, yet Buckeye Lake should be a Class I. There is a reference to the dam as
being unsafe; yet the Dodson Lindblom report in 1988 states the dam is safe. There
is a reference to the Ohio Dam Safety Act, yet concerned citizens cannot locate the
Qhio Dam Safety Act. There are other examples. The point being, Buckeye Lake
area people cannot verify the information they have been given by the Department.

Director Anderson, | know your Department has attempted to create a project that will
ensure the safety for all in the Buckeye Lake region. Not withstanding, the Phase Il
project as currently construed is gither misunderstood or possibly over designed. But
in any event, an immediate and temporary delay would allow time to review it and
perhaps modify it with alternatives more acceptable and more cost efficient and
equally as safe.

The rebirth of Jonathan Creek in Perry Counly as a flood spillway is an alternative
many think might work well. | have personally talked to Licking County
Commissioners who do NOT want more water. | have talked with Perry County
Commissioners who do want more water in the northern part of Perry County. | have
talked to landowners along Jonathan Creek who are supportive if the creek were
cleaned out and straightened. | have discussed this with U.S. Senator Mike DeWine
and Congressman Bob Ney and they are committed to help in getting Federal
assistance. | hope this option will be explored in more detail.

Again, in view of all of the information which developed, | respectfully request a
postponement of the current Phase lll project.

| believe mare research is needed and a full airing of the Phase Ill status is required
to bring greater understanding of all of the issues. | pledge {0 help in this with the
goal of a solution that will ensure safety lo everyone in the Buckeye Lake region.
Thank you,

Nanc iles Dix

NCD/In
enclosures (Dr. Lahr letter & resume, Dr. Gardner letter & resume)

TOTAL PLEZ






By JEFF BRUMLEY
Advocate Reporter

________ COLUMBUS — An geo-engineer’s

the Buckeye Lake dam contain “a sig-

nificant risk of failure” has prompted

_State Sen. Nancy Chiles Dix, R-He-

“bron, to ask for a elay
- inthe project.

“I'm asking ODNR
to revisit the is-
sue. . .before we head
on down the path and

' spend alot of money,”
Dix told The Advocate
Thursday, i

‘Ina Sept. 11 letter to
Donald Anderson, di-
rector of the Ohio De- |x
partment of Natural P
Resources, Dix asked the a
“immediate, temporary delay in the
Buckeye Lake Dam Project PKase II1
because of new information from legit-
imate and qualified sources that has
surfaced.” :

One of those sources is Williams S.
Gardner, a Pennsylvania-based geo-en-
gineer.-who was hired last month b the
Save the Lake Committee in Buc eye
Lake to study ODNR’s plans. He will
release a full report Sept. 18.

Gardner issued a preliminary report
Sept. 8 stating his opinion the planned
modifications are prone #to a signifi-
cant risk of failure” if the dam is raised
to accommodate maximum flood con-
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| plans is their failure to accoultf for“the
M | .. added risk of seismic occurrences,”

'| - Gardner wrote. '

.. Dix cited Gardner’s concerns in her
- letter to ODNR. i
- “What [ have asked them to do is
postpone the bidding process, and let's
take a look at the project in its.en-
tirety,” Dix said.

The agency has not responded to the
letter.

“I feel we really need to commu-
nicate with Sen. Dix, but first we need
a little time in the department to dis-
sajd Michele Willis,
chief of ODNR’s Diwlcion of Watar Che

fitioning checks to see It his

‘Mystery Foun.-
he Fall Home and Garden show at the Indlan
e Home and Garden show will run through n
B N : cuss the letter,

opinion that planned modifications to

= dam pPOjeet
put on hold

Lawmaker asks state
to rethink modifications

B ALTERNATIVE PLAN/1B

said the response must be coordinatec
between the director’s office and the
divisions of engineering, parks and
recreation and water.

The senator’s action comes as amidst
increasing opposition and vocal crit-
icism of the dam improvements pro-
,Lect, which ODNR predicts will cost

etween §4.5 million and $6.5 million.

The loudest voice has been that of
the Save the Lake Committee, a group
of Buckeye Lake area residents op-
posed to several aspects of the plan, es-
pecially its call for the removal of trees
and docks to facilitate construction.
The group has argued that the state's
plans will make the dam more unsafe
and will not alleviate flooding along
the South Fork of the Licking River.

Last month the committee hired
Gardner to study the Phase III plans,
which deem the dam unsafe and in
need of improvements that include the
raising of the north and west walls of
the dam more than 20 inches in some
places to increase storage capacity.

And criticism is surfacing elsewhere.

A Columbus hydrologist, sent a letter
to Dix calling Phase III “absurd by an
reasonable hydrologic standards. , . .”

In her letter, Dix adds that ODNR's
Division of Forestry disagrees with the
plan‘and she criticizes the agency for
the “considerable misunderstanding,

deed misinformation, about the rea-

« . Another weakness'i"mthg"?' t _‘"W_és%ns for.the project in the first place.”

" - Dix said engineering concerns and
the numerous phone calls and letters
she receives for and against the project
warrant reevaluating Phase II1.

“We are all in agreement that we
need to do some more work on Buck-
eye Lake to insure safety,” Dix said.

“I am hoping ODNR is willing” to
delay the project to study alternatives
“that satisfy everyone’s concerns.”

Willis said she could not determine if
ODNR will agree to Dix's request.

“We’re more than willing to meet
with the engineer. . .to explain what
our design criteria are and answer any

s o A
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