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ABSTRACT 

The U. S. Department of Energy’s (DOE) Savannah River Site (SRS), situated in &en, Barnwell, and 
Mendale Counties, South Carolina, was constructed in the early 1950’s as a direct result of the Cold 
War. The plant was built primarily to produce nuclear material for use in weapons production. The 
production of these materials resulted in the need for large quantities of cooling water. A series of 
canals, dikes and dams were constructed to provide the conveyance systems and reservoirs for this 
cooling water. Although the reactors have not been in operation since 1988, the mhng water system 
of canals, ponds and reservoirs remains and continues to be maintained. This paper presents a brief 
overview of the history of the construction of the dams and dikes for the cooling water systems within 
the Savannah River Site. Special attention is given to the use of asphaltic concrete to line the banks of 
dikes and the upstream slopes of dams, to prevent erosion and possible W d a m  failure. This 
asphaltic concrete has been in place for over 30 years and has been subject4 to extreme changes in 
water temperature and flow conditions. The use of asphaltic concrete, along with its maintenance and 
repair, as well as the effects of time in this capacity are addressed by the paper. Itis obvious ability in 
preventing a potential dam/djke failure with subsequent release of heated water and environmental 
damage and loss of production was successll. Although the use of asphaltic concrete is not readily 
used for the stabilization of the upstream slopes of dams, this paper will increase awareness of this 
potential usage for asphaltic concrete for future projects. The benefits and drawbacks to the use of the 
material will be discussed based on the extensive experience at the Savannah River Site. 

INTRODUCTION AND BACKGROUND OF THE SAVANNAH l U W R  SITE 

The Savannah River Site (SRS) occupies an area of approximately 300 square miles in southwestern 
South Carolina, 25 miles southeast of Augusta, Georgia, and 20 miles south of &en, South Carolina 
(Figure 1). Construction of the SRS began in 195 1 at its present location in men, Barnwell and 
Allendale counties of South Carolina. The site borders the Savannah River for approximately 17 
miles. 

I 

The SRS is owned by the U.S. Department of Energy (DOE). Management and operating services are 
provided by the Westinghouse Savannah River Company (WSRC). The SRS has historically 
produced plutonium, tritium, and other special nuclear materials for national defense, nuclear materials 



for the space program and for medical, industrial, and research efforts. The site possesses five nuclear 
production reactor areas, two chemical separations areas, waste processing, storage and disposal 
fhcilities, and support fkcilities. 

In 1950, at the request of President Harry Truman, the Du Pont Company was asked to undertake the 
design, construction and operation of SRS, based on the company’s technical experience in the building 
of the W o r d  facility in Washington state during World War II. The Du Pont Company agreed to 
undertake the project with the understanding that the company would derive no fee or profit for it’s 
involvement, but rather that it would be done as a public service in support of the defense of the nation. 

Construction of plant facilities began on February 1,1951. Six thousand people from the towns of, 
Ellenton and Dunbarton, dong with four other small villages, were relocated to accommodate the SRS 
site construction. 

Peak construction employment totaled 38,500 in 1952. At that time, the SRS consumed one-third of 
the country’s concrete and one-half of the stainless steel supply. Operations began with the start-up of 
the heavy water extraction plant on October 3,1952, and crit idty-or the beginning of operations-in 
the iirst production reactor was achieved on December 28,1953. Construction of the basic plant was 
completed in 1956. 

During October 1987, following years of safe operation, Du Pont announced that it would not renew 
the contract to operate the SRS. The operations contract was awarded by the Department of Energy to 
the Westinghouse Company’. 

DAM AND DIKE CONSTRUCTION ON THE SAVANNAH RIVER SITE 

Special radioactive materials such as plutonium and tritium are produced by bombarding targets with 
neutrons. Heat generated by the fission process must be removed from the reactors. Heavy water is 
circulated past the fuel elements, through external heat exchangers, and back into the reactor. The 
heavy water that flows through the tubes in the heat exchangers is cooled by river water, which flows 
simultaneously around the tubes. The heated river water, which never comes into contact with the 
heavy water moderator, is returned to the Savannah River. To provide appropriate cooling of the 
heated water, two large embankment dams, PAR Pond and Steel Creek Dams, have been constructed to 
create cooling reservoirs. In addition a series of canals, dikes and Smaller precooling ponds have been 
constructed to direct water flow from the various reactors to the large cooling reservoirs. A reactor can 
require cooling water flow rates up to 200,000 gpm. The temperature of the discharged cooling water 
can be in excess of 180°F when it leaves the reactor’s heat exchanges. Due to these extreme 
conditions, special care had to be taken to ensure the integrity of the canal system. In an innovative 
approach, asphaltic concrete pavement has been used to protect certain sections of the caual system 
from erosion of the cooling water flows. 

. .  

. 
Electrical power and process~steam are generated on the SRS by several coal powered boilers. Ash 
generated by the burning of coal is disposed in numerous containment basins formed by several miles 
of earthen dikes. Also associated with the power generation process is the use of seven impoundments 
that serve as rainfall detention fkcilities for coal storage areas. 



The dam and dikes associated with nuclear material and power generation were constructed in 
conjunction with the building of the SRS facility. Because the ar& was a farmin2! community prior to 
the construction of SRS, there were numerous small existing impoundments existing on site prior to 
195 1. Two of these have been incorporated into the fire protection plan for the site and four others 
were preserved for ecological studies. Table 1 presents a list of 22 dams and dikes maintained by 
WSRC on the SRS. 

CANAL SYSTEMS FOR SITE REACTORS 

There are five reactors on the SRS (See Figure 1). Presently all are in various stages of shutdown. 
When operating, L reactor discharged to Steel Creek until the construction of LLake impounded by the 
construction of Steel Creek Dam. Cooling water discharged from the reactor through a system of short 
canals. The canal system for conducting the effluent cooling water fiom P and R reactors to PAR 
Pond is signiscantly longer and required a more detailed engineered approach. The P canal system 
consists of about 4-1/4 miles of canals and 2 small impoundments. The Iarger impoundment covers 
about 60 acres. The R canal system consists of about 3-1/2 miles of canals and two impoundments, 
approximately 7-1/2 and 260 acres in size, respectively. Figure 2 shows the location of the canal 
systems with respect to P and R reactors and PAR Pond. 

DAM AND DIKE MAINTENANCE 

Maintenance involved with 22 dams and dikes is challenging. Prior to 1990, maintenan ce funds for the 
dams were contained within the site beautification budget. Increased awareness of dam safety issues in 
the'early 1990s prompted the creation of a dam safety program to improve the o v e d  safety ofthe 
embankments. An important aspect of the safety program was d e  implementation of the Federal 
Guidelines for Dam Safety and utilization of the experience provided by personnel with the Federal 
Energy Regulatory Commission (FERC). FERC personnel began dam inspections as part of the dam 
safety program. In addition, the expertise of the U.S. Army Corps of Engineers, GEI Consultants, Inc., 
Bechtel, Inc., and Law Engineering, Inc. was utilized in thensolution of dam safety concerns that were 
discovered since 1990. -Many issues have been addressed as indicated by the following partial list 
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Establish monitoring schedules, both visual and instnunentation. 
Develop and implement a regular maintenance schedule. 
Removal of brush to enhance visual inspection. 
Cleaning of toe drains to facilitate the discharge of seepage flows. 
Grassing of downstream slopes. 
Erosion repair. 
Install subsurface cutoff drains to enhanwthe control of seepage flows at Steel Creek Dam. 
Construction improvements to the primary spillway outlet works and installation of additional 
subsurfkce drains at PAR Pond Dam 
Dam break d y s e s  and inundation studies. 
Development and implementation of emergency action plans for all high hazard dams. 

DAM SAFETY AWARENESS 

Dams and dikes on the SRS range in height from 5 to 90 feet. Failure, even for the smaller dams, 
could have s i m c a n t  consequences. Both PAR Pond and Steel Creeks Dams are considered high 
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hazard dams. Major highways and rail lines are located below both dams while residential structures 
exist below PAR Pond. In addition, both reservoirs associated with these two dams contain very low 
leveli of radioactive contamination. While contamination in the Savannah River as a result of a dam 
failure or improper operation would not exceed drinking water standards, the negative publicity and 
perception would be substantial. Failure of dikes associated with the ash basins could jeopardize or 
impair power generation and could cause environmental damage. 

During the past four years, the awareness of dam saf'ety has increased and plant personnel have 
achieved a greater understanding of the consequences of dam/dike failure. The numerous inspections, 
investigations, monitoring and maintenance activities initiated with the creation of the dam saf'ety 
program revealed both short comings and innovations in the original design and construction. An 
innovation of particular interest was the use of asphaltic concrete pavement for the protection of 

+ upstream slopes of the precooling pond dams and canal dikes. 

SITE USE OF ASPHALTIC CONCRETE ON DAMS AND DIKES 

Further investigation into past history of the design and construction of the P and R canal and dam 
systems indicated that asphaltic concrete was used for two primary purposes. Asphaltic concrete was 
used on the upstream f%ces of the precooling pond earthen embankments for wave action protection and 
erosion from cooling water flowing laterally along the dam. In addition, aspllaltic concrete was used 
along certain sections of the canals and dikes for remediation of existing erosion and future erosion 
control from cooling waterdowing down the canals. Cooling water effluent flows from a reactor could 
be as high as 200,000 gallons per minutes and have a temperature of 180OF. Figure 3, a cross-section 
of a precooling pond embankment, shows how asphaltic concrete-was incorporated into the original 
design. When used on the precopling pond embanlanents, a 6-inch square welded wire mesh was 
staked down on the slope to provide support for the asphaltic concrete.. The original riprap placed in 
the canal for erosion protection was displaced by the high flows from the reactors. Asphaltic concrete 
pavement was used as an expedient alternative to the use of riprap. Typically, when asphaltic concrete 
was placed in the canals, wire mesh was not used. 

The asphaltic concrete placed in the canals without the wire mesh has been displaced by erosion fiom 
the cooling water flows. The asphaltic concrete had a longer lifethan the original riprap but could not 
withstand the extreme conditions caused by high temperatures and high flows of cooling water. The 
importance of wire mesh for the durability of asphaltic concrete cannot be underestimated. 

Although the asphaltic concrk pavement placed on the cooling pond embankments presently shows 
. the effects of distress due to &e and historically severe operating conditions, it continues to progde 
the necessary level of protection intended by the original design and remediation. The present observed 
condition of the pavement is remarkable considering 35 years of little or no maintenance. 

A laboratory analysis of the existing asphaltic concrete has been performed on selected samples 
obtained from the canal dike and precooling pond dam. Results of these analyses with a comparison to 
current AASHTO and South Carolina Department of Transportation specifications are presented in 
Table 2. 

Visual examination of the existing asphaltic concrete pavement revealed the following observations: 
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Creep does not appear tp have been a problem. 
No significant slippage of the pavement was noted along the slope. 
Although cracking was extensive, it does not appear to be severe. 

0 

0 

0 

Cracking pattern appears to follow the anchored locations of the wire mesh. 
There appears to be no deterioration of the wire mesh. 
No alligator cracking was observed. 

0 Pavement apparently kept underlying soil in place as evidenced by no depressions or dropouts. 
' 0  Deterioration is more extensive below the operating water level. 

POTENTIAL USES FOR ASPHALTIC CONCRETE IN DAMS 

The use of asphalt in hydraulic structures was reviewed by James L. Sherard3 of Woodward-clyde- 
Sherard and Associates in a 1961 American Society of Civil Engineers (ASCE) presentation. Mr. 
Sherard suggested several circumstances that fhvored the use of asphaltic concrete in dams and dikes 
as given below: 

No Impervious Soil Available. Asphaltid concrete can be used where impervious soils for a clay 
core are not available. 
Economy With Hard Rock Foundation. Asphaltic concrete can be used as an impervious 
upstream membrane to limit the use of fine grain soils within an impervious core ?ne. 
Where Wave Protection is Costly. Asphaltic concrete in certain situations may be more 
economical that rock riprap. 
Danger of Embankment Cracking. The use of a flexible impervious membrane on the upstream 
slope essentially eliminates danger of failure caused by excessive seepage through embankment 
cracks. 
Limited Construction Time in Bad Weather, A dam consisting of pervious soil or rock with a 
manufhctured impervious upstream membrane can be constructed faster in wet weather than a 
traditional impervious soil embankment. 
Expensive Appurtenant Structures. Dams utilizing asphaltic concrete can potentially be built 
with steeper slopes, consequently narrower base widths, reducing the cost of outlet works. 

The use of asphaltic concrete at the SRS was used primarily for wave protection and erosion control. 
In addition, this method was probably used due to the fast paced nature of all construction activities at 
the site. The construction was performed at the height of the Cold War and savings in days was 
considered significant. 

ADVANTAGES/DISADVANTAGES OF ASPHALTIC CONCRETE USE IN DAMS 

From the investigation of the use of asphaltic concrete at the SRS, many advantages and disadvantages 
for its application for dams and dikes have been determined. These advantages and disadvantages are 
listed below: 

Advantages 
0 Detection of depressions. The use of asphaltic concrete facilitates the early detection of dropouts 

and erosion of underlying soils. Early detection is more difficult with riprap. 
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Prevents damaging animal burrowing. Asphaltic concrete provides a barrier that is difficult for 
animals to penetrate. If penetration would occur, it would be easily 'detected. 
Improved weed controL The requirement for herbicide use is'greatly diminished when compared 
with the use of riprap. 
Low initial cost. In areas where there is not a nearby source of riprap, asphaltic concrete can be 
very cost effective. 
Installed with regular highway paving equipment. No special equipment or training is necessary 
for instabtion and can be rapidly placed. 
Impervious. Asphaltic concrete can provide a relatively impermeable water banier when fhe- 
grained soils are not readily available for embankment construction, 
Enhanced channel hydraulics. Due to its nature, the asphaltic pavement will have a lower 
Manning's number than riprap which will increase the flow efficiency of channels and canals. 

Disadvantages ' 

0 

0 

0 

0 

Aesthetics. The use of asphalt detracts ftom the natural beauty of a lake. In our opinion this 
appears to be the major disadvantage and currently limits this particular use of asphaltic concrete 
to industrial sites. 
Long term maintenance costs. Periodic treatment for cracks or additional overlays may be 
needed during the design life of the dam. 
Lack of extensive experience in the U.S. Although asphaltic concrete has been used for road 
construction for over 100 years, the use of asphalt on dams and dikes in the United States has not 
been widespread. Therefore, there is a Iack of long-term experience €tom whichb draw. 
Loss of volatiles to the environment. Asphaltic pavement contains volatile hydrocarbons that are 
lost to the environment over time. This is a potential form of pollution. 

CONCLUSIONS 
1 .  

Based on our observed conditions at the SRS and our literature search, we offer the following 
conclusions for the hture use of aspwtic concrete in the construction of dams and dikes: 

Rapid construction. Asphaltic concrete pavement can be constructed on a fast track basis with 
conventional highway paving equipment, 
Serviceability. This type of slope protection will provide a high degree of serviceability based on 
the 30 years of minimal maintenance at the SRS. 
Cost effective. Asphaltic concrete is capable of providing a cost effective means for prevention of 
wave action damage and'soil erosion of upstream slopes of dams and dikes. 
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DAMlRESERVOIR NAME 
PARPOND 
POND c (PARPOND) 
POND B (R-CANAL) 
POND 2 (P-CANAL) 
POND 5 (2) (P-CANAL) 
STEEL CREEK 
D-AREA ASH BASIN 
H-AREA ASH BASIN 
K-AREA-ASH BASIN 
P-AREA ASH BASIN 
H-AREA COAL PILE RUNOFF BASIN 
D-AREA COAL PILE RUNOFF BASIN 
A-AREA COAL PILE RUNOFF BASIN 
K-AREA COAL PILE RUNOFF BASIN 
P-AREA COAL PILE RUNOFF BASIN 
OLD FIRE POND 

, NEWFIREPOND 1 

SKINFACE 
STEED POND 
UPPER TWIN LAKES 
LOWERTWINLAKES 

Table 1. SRS Dams 

' SIEVE ANALYSIS 
~~ 

314 
112 
318 
4 
8 
16 
30 ' 

50 
100 
200 

FUNCTION HEIGHT Cft) 
COOLING 
COOLING 
COOLING 
COOLING 
COOLING 
COOLING 
ASH CONTAWMENT 
ASH CONTAEWENT 
ASH CONTAZNMENT 
ASH CONTAlNMENT 
RAINFALL RUNOFF 
MINFALLRUNOFF , 

RAINFALL RUNOFF 
RAINFALL RUNOFF 
W A L L  RUNOFF 
ECOLOGIAL RESEARCH 
ECOLOGIAL RESEARCH 

ECOLOGIAL RESEARCH 
ECOLOGIAL RESEARCH 
ECOLOGIAL RESEARCH 

ECOLOGIAL RESEARCH - 

PERCENT PASSING 
SAMPLE A SAMPLE B SAMPLE C 

100 
99.0 

' 94.6 
71.3 
55.7 
39.6 
29.3 
19.9 
11'.5 . 
6.0 

Table 2. AsphaItic Concrete Sieve AnaIysis 

100 
100 
98.0 
77.7 
59.5 
39.4 
28.3 
19.2 
11.2 
6.2 

100 
100 
94.7 
73.4 
57.6 
40.6 
30.7 
21.6 
12.9 
6.0 , 

66 
47 
45 
23 
30' 
90 
20 
14 
8 / 

10 
7 
7 
4 
6 
7 
12 
23 
8 .  
15 
20 
12 
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2 ,  SEAIAS OF WELDED VilRE REHFORCINC ARC TO BE TIED AT 6 INCHES 
% ON CENTER ALONG HI3RlL"ONTkL SE4tds. 

TIES ARE REQUIRCO ALONG SLOPING SEnhcS 
<~ . 

3.' SLOPE F$OlECTIOi4 MA7 TO 8E ANCHORED TQ StOFE W I T H  2,'-0" 
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