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1.0 Introduction 

The Cumberland Fossil Plant (CUF) is located in Stewart County, Tennessee, 

and began commercial operation in 1972 (Figure 1.0). 

Tennessee Valley Authority‘s newest fossil (coal-burning) steam electric 

generating plant. 

This is the 

Under current operating conditions, the plant burns approximately seven 

million tons of coal annually. By-products from the combustion of coal 

are fly ash, approximately 428,000 tons annually, and bottom ash, 

approximately 115,000 tons annuall?. 

The current ash disposal area consists of a 245 acre pond complex into 

which fly ash and bottom ash are sluiced hydraulically. 

large pond which has filled with ash has had internal dikes raised so 

that ash from the active portion of the pond could be dredged into the 

diked areas. 

active pond which is now only about 70 acres. 

limitations associated with the outer dikes, no further dike raising is 

planned. 

Part of the 

This process has effectively extended the life of the 

Because of structural 
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Some seepage along the toe of the active ash pond area dikes has occurred 

and TVA has chosen to remediate the seeps by lowering the water level in 

the active pond and pressure grouting. 

program has been evaluated.and it has been determined that the pond level 

The success of the grouting 

can be raised to elevation 384 msl to provide additional storage capacity 

through October 1994 without further corrective action. If the full 

design capacity of the pond can be utilized, the plant will have ash 

storage capacity in the existing pond complex to last through the year 

1996 based on historic ash production. 

Based on historical load and projected ash production rates (Figure 2.0), 

a study was initially undertaken to identify feasible alternatives for 

- 

marketing, utilization and disposal of ash by-products. As a result of 

the Clean Air Act Amendments of 1990, TVA now also proposes to reduce 

SO The two most 

viable options to achieve this reduction are a switch to low-sulfur coal 

emissions at CUF to 1.2 lb/106 Btu or less in 1995. 
2 

(Eastern or Powder River Basin (PRB] coal) or the installation of flue 

gas desulfurization (FGD), also called scrubbers. Switching to PRB coal 

or use of FGD will significantly influence planning for ash capacity. 

These options are discussed in detail in another environmental assessment 

document entitled SO Compliance, Cumberland Fossil Plant, June 1991. -2 

The EA on SO Compliance concludes that FGD will result in more 

environmental impacts than low-sulfur coal. The additional impacts are 

primarily due to the generation of FGD by-product material which must be 

managed and associated impacts. The SO compliance EA also concludes 

2 

2 

. , 
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that neither FGD or low-sulfur coal use constitute a major federal action 

significantly affecting the quality of the human environment. The 

analysis done for this EA confirms that conclusion. Scrubbers are 

currently being proposed as the compliance strategy for CUF. Scrubbers 

would not begin to continuously generate by-product materials until 1995 

at the earliest. Regardless of the SO compliance strategy chosen for 

CUF, continuous operation of the plant requires that capacity for ash 

2 

must be planned for in the same timeframe. This assessment therefore 

considers and plans for handling both ash and FGD material in the event 

that scrubbers are constructed. The implications for by-product 

management of switching to low-sulfur coal will also be considered in 

this assessment. 

- 

1.1 Fly Ash Generation and By-product Characteristics 

Under current operating conditions, CUF is projected to continue 

producing approximately 428,000 tons of fly ash per year. A s  discussed 

earlier, this material is currently handled by being sluiced to the 

70 acre active area of the ash pond where it settles out. The discharge 

from this pond goes to the plant stilling pond before discharging to the 
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Cumberland River through NPDES Permit TN 0005789 outfall 001 (see 

Figure 3.0). Periodic dredging of ash into cells constructed on inactive 

portions of the ash pond have allowed continued sluicing into the active 

portion of the pond without developing any additional offsite ash storage 

areas. However, after 1996, all available ash storage capacity for wet 

ash will be filled in this area and new capacity must be provided. 

The fly ash currently generated at CUF meets or exceeds the quality 

criteria necessary to successfully market the material in the ready-mix 

concrete industry and for most other uses and is classified as a "Class F" 

fly ash. However, the current method of wet handling precludes marketing 

for most uses. This is discussed in much greater detail in the report 

entitled "Cumberland Steam Plant Long Range Utilization and Disposal 

Plans for Combustion By-Products" (reference 1). Toxicity testing of the 

fly ash by the recent TCLP testing procedure also indicates that the ash 

is nonhazardous (Table 1.0). Use of this material consistent with 

current state of Tennessee regulations related to fly ash and bottom ash 

(Rule 1200-1-7-.02(l)(c)l.(ii)) and with TVA's Environmental Assessment 

for Coal Combustion By-product Marketing/Utilization (reference 2) 

therefore will not result in any significant impacts to groundwater, 

surface water or other environmental media. 
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. TABLE 1.0 

Comparison of Western Kentucky and PRB Coal Ash 

Toxicity Characteristic Leaching Procedure (TLCP) 

TCLP Results (mu/l) 

W. KY 
Bottom 

Parameter Ash1 

As CO.05 
Ba 0.38 
Cd CO.01 
Cr CO.01 
Pb cO.05 
Hg ~0.0005 
Se ~0.01 
Ag CO.01 

W. KY 

-- Ash1 

c0.21 - 
0.21 

<O. 06 
1.03 

<O. 05 
<O. 0005 
eo. 10 
co.01 

Fly 
PRB 

Ash2 

COO. 005 

COO. 03 
<oo. 02 
COO. 1 
COO.  0008 
00.018 

<oo. 1 

Fly 
-- 

29 

PRB 
Bottom 
-- Ash2 

<O. 005 
0.25 

<O. 03 
eo. 02 
eo.1 
<O. 0008 
<O. 005 
co.01 

Analysis 

Regulatory 
Limit 
(mull) 

5.0 
100.0 
1.0 
5.0 
5.0 
0.2 
1.0 
5.0 

1. Average for six samples collected at Cumberland during 
a 5-day period. 

2. Based on one sample of PRB coal ash. 
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A switch to eastern low-sulfur coal would not result in any significant 

changes in ash production rates or ash characteristics (chemical and 

toxicity). 

If SO emissions at CUF are reduced by converting to burning PRB coal, 

some changes in ash handling and ash characteristics will likely result. 

2 

Since PRB coal contains less ash than coal currently being burned at CUF 

(approximately 5-6 percent versus 8.6 percent in current coal supplies), 

less ash would be produced per ton of coal burned. However, PRB coal 

also has a lower BTU value and more would have to be burned to maintain 

current electric generation levels, thus total ash production would be 
- 

expected to remain about the same as current levels. The fly ash 

resulting from PRB coal would have a greater market potential than ash 

currently being generated. PRB coal ash has a higher calcium content and 

would be classified as a "Class C" ash which is more desirable as a 

concrete additive. Because of the cementitious properties of Class C fly 

ash it would be difficult to handle the material by wet sluicing. This 

would increase the likelihood for conversion to dry fly ash handling if 

this option is chosen. Conversion to dry fly ash handling also enhances 

marketability of the by-product because it is collected in a physical 

state which is readily loaded for transport either by truck or by train, 

and reduces the amount of land required for development since more ash 

can be stacked per acre of land than can be ponded. 

. ".. 
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Representative data on the chemical characteristics of PRB coal ash from 

other utilities currently burning PRB coal are in Table 1.0. These data 

indicate that PRB coal ash is also nonhazardous and thus the same 

requirements for utilization would apply. 

1.2 Bottom Ash Generation and By-product Characteristics 

If there are no operational changes at CUF, bottom ash production is 

projected to continue to be approximately 115,000 tons per year. Bottom 

ash is currently handled by sluicing to a portion of the active ash pond 

area. 

plant is codisposed in this waste stream. The presence of pyritic 

material in the bottom ash makes the bottom ash undesirable for many 

market applications (reference 1). However, if a market were pursued for 

bottom ash from CUF, separation of the pyritic material could be achieved 

with plant system modifications. 

Pyrite reject material from the coal crushing operation at the 

Data on the chemical characteristics, including TCLP analyses for CUF 

bottom ash are included on Table 1.0. Because CUF bottom ash is 

nonhazardous and nontoxic, utilization of this material consistent with 

state regulations and TVA's EA on by-product marketing/utilization 

(reference 2) can be pursued without risk of any significant adverse 

environmental impacts on groundwater, surface water or other 
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environmental media. Bottom ash generated from combustion of eastern 

low-sulfur coal would be essentially identical to bottom ash currently 

generated at CUF. 

Based on comparisons of PRB coal fly ash analyses and analyses of 

existing fly ash at CUF, bottom ash generated from combustion of PRB coal 

would be similar in chemical and physical characteristics to bottom ash 

currently being produced at CUF, and it is anticipated that the quantity 

produced on an annual basis would not differ significantly from current 

production levels. 

this compliance strategy is selectsd, and sampling will be done in order 

to confirm the ash characterization. 

Test burns of PRB coal will be conducted at CUF if 

Since bottom ash tends to be coarser and heavier than fly ash, bottom ash 

can be reclaimed from the pond with dragline equipment. If new areas are 

developed for fly ash storage, bottom ash could continue to be handled in 

a portion of the existing ash pond. The material would periodically be 

draglined out of the pond and stacked around the perimeter of the pond. 

Bottom ash could also be handled by collection in dewatering bins and dry 

stacked or marketed. 

1.3 FGD Sludge Generation and By-product Characteristics 

Installation of scrubbers for meeting SO reduction at CUF will result 

in production of a new by-product, FGD gypsum. Due to the size of the 

units at CUF, scrubbers will produce approximately 1.2 million cubic 

yards of FGD gypsum on an annual basis. 

2 
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Scrubbers remove SO from the flue gases in steam electric plants by 

injecting a slurry of pulverized limestone (CaCO ) mixed with water 

as a fine mist. The CaCO reacts with the SO to form calcium 

sulfite (CaSO ) which is forced-oxidized and converted to calcium 

2 

3 

3 2 

3 

sulfate, or gypsum (CaSO ) .  Carbon dioxide is released as a gas during 

the process. Since limestone is not chemically pure, small amounts of 

4 

other compounds are also present in the FGD gypsum, primarily chlorides 

and some partially reacted CaC03 in the form of calcium sulfite, as well 

as trace amounts of some metals such as iron, potassium, magnesium, 

sodium and silica in the form of silicates. Representative chemical data 

and toxicity data on FGD gypsum from other TVA facilities is included in 

Table 2.0. 

FGD gypsum is chemically the same as gypsum which occurs naturally and is 

mined in many parts of the world for a number of commercial applications. 

In this country the primary use of gypsum is in the wallboard industry. 

The feasibility of utilizing the material produced at CUF for commercial 

applications is discussed in reference 1. Because of the large quantity 

of material which will be produced at CUF if scrubbers are installed, and 

due to the location of CUF, a high-volume commercial market is not 

readily available for this material. However, marketing and utilization 

of scrubber sludge has been assessed in TVA's EA on by-product 

marketing/utilization (reference 2), and so long as the material is 

utilized in a manner consistent with that document, no significant 
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TABLE 2.0 

\ 

Chemical and TCLP Data on FGD Gypsum 

Par ad i se Widows Creek 

Parameter mu/l ma/l 
Scrubber/Sludge Scrubber/Sludge 

Arsenic 
Selenium 
Cadmium 
Lead 
Chromium 
Barium 
Silver 
Mercury 

11.0 
4.0 
8.4 

c1.0 
6.0 
10.0 

<0.2 
<lo. 0 

C1.0 
3.0 
10.0 
1.0 
4.0 
17.0 

<lo. 0 
c0.2 

Typical Chemical Analysis 

Widows Creek Par ad i se 
Elements/Parameter Scrubber/Sludqe Scrubber/Sludae 

Calcium Sulfate 
Calcium Carbonate 
Magnesium Carbonate 
Fly Ash 
PH 

57-74% 
6-11% 
2-3% 

15-31% 
6-8 

80-85% 
5-8% 
1-5% 
8-10% 
6-8 
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groundwater, surface water or other environmental impacts will occur. If 

scrubbers are installed at CUF, retrofit equipment can be installed to 

process up to 10 percent of the gypsum to produce a material which will 

meet industry specifications for wallboard. The material could be 

utilized for wallboard production if a market were developed in the 

future. 

2.0 Alternatives Considered for By-product Storage 

Providing fly ash storage capacity is the most critical need since CUF 

will run out of storage capacity in 1996. SO reduction would probably 

not change the fly ash handling mode or result in production of a new 

waste stream if eastern low-sulfur coal is burned. However, because 

SO reduction employing PRB coal or scrubbers will either change the 

fly ash handling mode or result in production of a new waste stream, this 

environmental assessment evaluates environmentally and economically sound 

alternatives which can accommodate either scenario. The environmental 

effects associated with handling the by-products of current coals and 

eastern low-sulfur coals are similar and are therefore not discussed in 

this section as a separate option. 

- 

2 

2 

Since the results of market surveys presented in reference 1 did not 

indicate any strong market opportunities for any of the by-products from 

CUF, by-product marketing is not a major consideration in selecting the 

alternatives considered. However, marketing will be pursued in the 

future if opportunities develop. This leads to consideration of three 
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basic alternatives for by-product handling: if scrubbers are chosen, the 

by-product materials will be 1) wet FGD gypsum stacking, wet bottom ash 

and wet fly ash or 2) wet FGD gypsum stacking, wet bottom ash and dry fly 

ash; if PRB coal is chosen, the by-product materials will be 3 )  dry fly 

ash and no FGD gypsum stacking. Switching to eastern low-sulfur coal 

would not impact current waste disposal operations at CUF and is not 

considered critical path for the purpose of this document. No action is 

not considered a viable alternative for consideration in this document 

since the plant would not be able to continue operation if no provisions 

are made for waste disposal. Since bottom ash handling is a relatively 

small-volume stream, its handling considerations are not critical to the 
- 

decisionmaking and is not discussed in detail. From an environmental 

standpoint, bottom ash does not present any management needs over and 

above those considered for fly ash and FGD gypsum. 

Once the by-product handling mode is defined, the life of the storage 

facility must be considered and enough capacity must be provided to meet 

the desired storage life. In general, TVA plans by-product storage 

facilities for a 20-year life. Because of the expense of permitting and 

developing such facilities and because of the long lead time required to 

site and permit them, a long life is desirable to help spread out the 

cost recovery for the facility. In this case, 20 years of f l y  ash 

generation will require approximately 10 million cubic yards of capacity 

and 20 years of scrubber sludge generation will require about 24 million 

cubic yards of storage capacity. 
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2.1 Alternative 1--Wet FGD Gypsum Stacking, and Wet Fly Ash Handling 

A number of different methods for handling these materials in a wet state 

are discussed in detail in"reference 1. From an operational and economic 

standpoint, the most feasible method currently available for handling of 

wet FGD gypsum is by the rim ditch stacking method. In rim ditch 

stacking, a facility is developed which usually consists of three or more 

cells. The cells are diked impoundments into which the FGD gypsum is 

sluiced for settling and clarification of process water before the water 

is recirculated into the process loop or discharged. Two cells are used 

alternately for dewatering of gypsum, and one cell is used for water 

clarification. During the initial stages, gypsum is allowed to 

accumulate in the first cell until a sufficient quantity is available to 

develop a series of ditches. The first cell is then dewatered so that 

ditches can be developed and material is sluiced into the second cell. 

Sluicing continues to alternate between these two cells as material is 

alternately deposited and ditches are raised. In this manner a stack 

gradually develops. The ultimate height of the stack is dependant on the 

size of the original footprint of the area developed, subsurface 

conditions, and the side slopes of the stack. Generally, side slopes of 

3 horizontal to 1 vertical (3:l) are maintained to ensure stability. In 

order to provide capacity for the desired 20-year life at CUF the area 

needed for development is approximately 132 acres. This would allow for 

development of three cells, 3:l side slopes on the stacked material and 

an ultimate height of 165 feet. 

. . ._ . . . .- ,- 
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I n  o r d e r  t o  c o n t i n u e  t o  handle  f l y  a s h  w e t  a t  CUF, t h e  most economica l ly  

and o p e r a t i o n a l l y  f e a s i b l e  o p t i o n  i s  t o  reclaim material from e x i s t i n g  o r  

new dredge  cells  w i t h i n  t h e  i n a c t i v e  a s h  pond area and h a u l  t h e  r ec l a imed  

material t o  a new area where it would b e  s t acked .  T h i s  would r e q u i r e  no 

changes i n  t6e b a s i c  o p e r a t i o n a l  p r o c e s s e s  a t  CUF. F l y  a s h  would 

c o n t i n u e  t o  b e  s l u i c e d  i n t o  t h e  a c t i v e  p o r t i o n  o f  t h e  a s h  pond, and t h i s  

area would p e r i o d i c a l l y  be  dredged us ing  a f l o a t i n g  h y d r a u l i c  d redge  t o  

move material i n t o  dredge  ce l l s  where t h e  m a t e r i a l  would dewater by 

g r a v i t y  d r a i n a g e  u n t i l  d r y  enough t o  handle  w i t h  conven t iona l  

earth-moving equipment.  The s t a c k i n g  a r e a  would be  d iked  t o  c o n t r o l  

erosion and r u n o f f ,  and would r e q u i r e  a s ed imen ta t ion  b a s i n  f o r  runof f  
- 

water. Depending on t h e  l o c a t i o n  o f  t h i s  new a r e a ,  t h e  sed imen ta t ion  

b a s i n  cou ld  e i t h e r  be  pumped back t o  t h e  e x i s t i n g  a s h  pond f o r  u l t i m a t e  

d i s c h a r g e  o f  t h e  w a t e r  o r  t h e  d i s c h a r g e  could  be  p e r m i t t e d  s e p a r a t e l y .  

An o f f s i t e  s t a c k i n g  area of  approximate ly  125  acres would be r e q u i r e d  t o  

accommodate t h e  d e s i r e d  20-year l i f e  of  t h i s  f a c i l i t y .  

Comingling of w e t  f l y  a s h  and w e t  FGD gypsum has  a l s o  been cons ide red ,  

b u t  w h i l e  o n l y  one s t o r a g e  f a c i l i t y  would be  developed f o r  such  an  

o p e r a t i o n ,  comingl ing would e l i m i n a t e  any p o s s i b i l i t y  o f  r e c l a i m i n g  

e i t h e r  material i n  t h e  f u t u r e  i f  marke ts  d i d  deve lop  f o r  t h e s e  materials. 
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2.2 Alternative 2--Wet FGD Gypsum and Dry Fly Ash Handling 

This alternative would require the same amount of acreage for FGD gypsum 

as presented in Alternative 1. Conversion to dry ash handling would 

necessitate major equipment and operational changes to the ash handling 

system at CUF. A detailed discussion of these changes is presented in 

section 5.0 of reference 1. 

There are several advantages associated with conversion to dry fly ash 

collection at CUF. Although the initial capital cost of conversion is 

high, it would allow CUF to take acvantage of the market opportunities 

that do exist for fly ash utilization in the vicinity of CUF which would 

offset a portion of the cost. CUF consistently produces fly ash with low 

carbon content and excellent fineness which is desirable in ready mix 

concrete. A market for up to 50,000 tons per year of fly ash is 

projected for CUF in the ready mix market and another 125,000 tons per 

year for light weight aggregate in concrete block manufacturing if dry 

fly ash collection is installed. Sale of material would not only 

generate revenue but would also reduce the amount of material which is 

landfilled. 

.”: --- 
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Even if marketing could not be achieved, dry fly ash collection would 

allow fly ash to be transported directly to the stacking area, 

eliminating the messy and time-consuming step of dredging, dewatering and 

reclaiming material out of dredge cells. Dredge cells also have greater 

potential for groundwater impacts. Studies of dry ash stacking 

facilities at other TVA facilities (references 3, 4 and 5) indicate that 

if developed properly, dry fly ash stacks generate little or no leachate 

and have very little potential for contamination of groundwater 

resources. In order to provide capacity for the desired 20-year life at 

CUF, the area needed for development is approximately 95 acres. This 

would allow for development of a stack with 3:l side slopes and an 

ultimate height of 210 feet. 

- 

2.3 Alternative 3--PRB Coal, Dry Fly Ash Collection 

Although ash resulting from combustion of PRB coal for SO reduction 

could be handled with the existing wet system if some equipment and 

operational changes were made, because of the highly cementitious 

properties of PRB coal ash, this material is usually handled dry. When 

handled wet, this material tends to plug piping, especially in the event 

of an emergency shutdown, which can lead to costly repairs. It probably 

would not be feasible to dredge PRB ash from the pond once it had 

settled, because it could set like cement in the pond bottom. 

2 
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Dry collection of PRB coal ash would be handled in the same manner as 

that described in Alternative 2, but PRB coal ash would be much easier 

to market because of its enhanced pozzolonic characteristics. Since 

scrubbers would not be needed if PRB coal is burned, only ash storage 

would need to be provided. Therefore, a total of only 125 acres of 

storage would need to be developed for by-product disposal. 

3.0 Preferred Alternabive 

- 
The preferred alternative to ensure that facilities are planned for all 

by-products which will potentially be generated at CUF is to plan 

facilities to handle wet FGD gypsum and dry fly ash. If scrubbers are 

installed at CUF, scrubber material would be handled in a wet rim ditch 

stack. However, regardless of whether scrubbers or low-sulfur coal are 

used for SO compliance, conversion to dry fly ash handling is 

preferred. This has several advantages over retaining the existing wet 

mode of ash handling. 

2 

Conversion to dry fly ash collection will allow the flexibility to handle 

ash from PRB coal in the most economical manner if this compliance 

strategy is selected. Whether or not PRB coal is burned, dry fly ash 

collection will facilitate movement of material into markets, offsite 
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stacking areas or placement of material in limited onsite areas (such as 

on inactive areas of the ash pond). Studies at other TVA sites where dry 

fly ash collection has been installed also demonstrate that dry fly ash 

stacking has less potential fbr groundwater impacts than do other ash 

management strategies. 

A number of different sites were evaluated for their suitability as waste 

disposal areas. These sites are discussed in detail in reference 1 and 

are addressed is the next section. From both an economic and an 

environmental perspective the preferred site for development of the dry 

ash stacking facility and the FGD >im ditch stacking area is to develop 

these facilities on inactive portions of the ash pond complex. A 

conceptual plan showing the layout of these facilities is illustrated in 

Figure 4.0 .  

4.0 Environmental Evaluation 

4.1 Sites Considered 

A number of potential sites were investigated both on and off the plant 

reservation to assess their suitability for development as FGD gypsum and 

ash storage facilities (Figures 5.0 and 6.0). A more complete discussion 

of each of these sites is presented in reference 1. A table summarizing 

the acreage and storage capacity for each of the ten offsite areas 

considered is presented in Table 3.0. In addition to these areas, 

development of inactive portions of the ash pond were also considered. 
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Of the new potential offsite storage areas identified, all but two were 

ruled out for in-depth consideration because they either lacked adequate 

storage capacity to accommodate by-product storage for the required 20 

years of generation, were characterized by wetland habitat and thus would 

be difficult to develop or permit, were too far from the plant to allow 

for economical movement of material to the site or were unsuitable or 

undesirable for a combination of these and other reasons. The two 

offsite areas which were deemed potentially suitable for development are 

sites 8 and 10. The existing ash pond complex was also judged to be 

potentially suitable for development of stacking areas. - 

In order to more fully assess the suitability of sites 8 and 10 from an 

engineering and environmental standpoint, LAW Engineering was contracted 

to conduct onsite explorations of both sites to develop information on 

the general nature of subsurface soil, rock and groundwater conditions in 

the site areas. The reports of these investigations are included in 



TABLE 3.0 

Y 

D isposa 1 
Site 
Locat ion 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10A 
10B 
1oc 
10D 
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Acres 

Offsite Storage Areas Considered 

111 
3 4  

114 
2 1  
38 
6 1  
29  

234 
339 
124 

35 
55 
4 0  

Storage 
capacity 
Cubic Yards 

11,538,796 
1,442,979 

21,203,958 
1,165,595 
2,000,000** 
2,629,737** 
2,290,722 

10,642,466 
8,385 , 4 5 1  

14,874,358 
2,886,815 
5,580,808 
1,593,648 

Distance 
From 
Plant 
(Road Miles) 

6.0 
5.6 
4.8 
3.5 
1.14 
0.49 
0.85 
0.85 
2.75 
4.3 
4.6 
4.8  
5.2 

Waste 
Stream 
Potential 

**Obtained from TVA Civil Engineering Report 

1. Scrubber Sludge/Gypsum 
2.  Fly Ash 
3. Poorly Suited for Disposal 

Note: Assumption Used In Calculating Site Storage Capacities 
Cnute quad sheets were used for all volume calculations. 

n 

n 

Low elevations were filled to the maximum elevation of the 
site with mounding allowed in appropriate areas. 

An approximate 2 0 0 '  buffer zone was allowed for all 
perennial surface waters and property boundaries. This 
allowance accounts €or buffers to water, sedimentation 
ponds as well as for other drainage features that will 
utilize land area other than fill material. 

Top cap 2-3% slope for drainage for final fill was not 
included in volume calculations. 



-32- 

Appendix I and I1 of this document. Surveys were also conducted on each 

site to assess the presence of threatened and endangered species, 

wetlands and floodplains, archaeological and cultural resources, prime 

farmland and other site characteristics which must be considered from an 

environmental perspective. More complete discussion of these 

considerations for each site are discussed in the sections that follow. 

In considering development of facilities on inactive portions of the ash 

pond complex, many of the issues which are of concern for offsite areas 

or so-called "greenfield" sites do-not apply. Since this area has been 

used for many years as an ash storage facility, there are no threatened 

or endangered species present, archaeological or cultural resources, or 

prime farm lands. Therefore, the engineering aspects of development on 

the ash pond complex involving dike stability, required clearances below 

high voltage transmission lines which cross the site, and potential 

changes in the characteristics of surface water discharges are the types 

of issues which must be considered for this site. The sections which 

follow discuss the environmental consequences of developing sites 8, 10, 

and the inactive area of the ash pond €or the preferred alternative. 
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4.2 Water Resources 

4 . 2 . 1  Wetlands and Floodplains 

Although parts of the ash pond complex may at one time have been within 

the 100-year floodplain, all portions of the area are now isolated from 

the floodplain by virtue Of diking around the area. 

within this area. 

No wetlands exist 

All of Site 8 is outside of the 100-year floodplain area. Three small 

springs exist within the site as well as one or two small farm ponds; 

however, there are no significant wetlands on this site. 
- 

Site 10 is also well outside of the 100-year floodplain area and there 

are no perennial springs or streams on the site. One small farm pond 

exists on the site, but does not contain any wetlands. 

Based on this information there would be no significant impacts to 

wetlands or to floodplains due to development of any of the three sites 

considered, which is consistent with the requirements of Floodplain 

Management Executive Order Nos. 11988 and 11990. 

4.2.2 Surface Water Resources 

Construction activities associated with development on any of the sites 

considered have the potential of impacting surface water bodies due to 

erosion and sedimentation. Best management erosion and sedimentation 

controls would be used to minimize these impacts. 
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No significant surface water resources exist on any of the three sites 

considered. Site 10 contains no perennial surface water features other 

than a small manmade farm pond which was formed by diking to retain 

rainfall runoff within a smali draw on a portion of the property. 

The farm ponds on Site 8 appear to occur in natural depressions on the 

site which are probably indicative of sinkhole activity. At least one of 

the springs which originate on Site 8 was observed to disappear into the 

ground in several locations and reappear at some distance further down 

the swale which also is indicative of fractures and developed Karst 

features (Appendix I). 
- 

The ash pond complex itself, including inactive portions, is considered a 

waste water treatment facility and is regulated under Tennessee NPDES 

Permit No. 0005789 which discharges to the Cumberland River through 

outfall 001. Conversion to dry ash collection would result in 

elimination of approximately 20 million gallons per day of fly ash and 

bottom ash sluice water of the total 27 million gallons which is 

currently routed to the pond. 

for numerous other low volume waste streams which receive cotreatment in 

the ash pond. These low volume waste streams involve flows of 

approximately 2 million gallons per day and include boiler blow down, air 

preheater washes, deionizer regeneration, coal pile runoff and metal 

cleaning wastes. 

water for cotreatment of these waste streams and ultimate effects on the 

ability of the ash pond discharge to meet NPDES permit requirements, a 

preliminary study was conducted to simulate chemical changes in the ash 

This ash sluice water provides treatment 

In order to assess the effects of loss of ash sluice 
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pond under these conditions. The results of this study is presented in 

Appendix 111. Further modeling studies will be conducted to assist in the 

design of chemical treatment systems and to support permitting for the 

liquid waste streams at CUB if conversion to dry ash collection is pursued. 

Development of an FGD rim ditch on Site 8 or on the inactive portions of 

the ash pond complex would be designed to allow for recycling of all 

liquid wastewater back into the process water loop. However, the facility 

would be operated open loop unless required to operate closed loop in the 

future. Although closed loop operation could have environmental benefits 

by reducing the total discharge volume, compliance with the applicable 

NPDES permit limits for open loop is expected to adequately protect the 

environment. 

Under open loop operation the facility would discharge approximately 

7500 gallons per minute of decant liquid from the stack. This discharge 

would be routed through the existing NPDES permitted outfall for the ash 

pond discharge. However, if a rim ditch were developed on Site 10, it 

might be desirable to permit a discharge from Site 10 directly to the 

Cumberland River rather than pumping back to CUF. 

from Site 10 were necessary, it would have to be in compliance with all 

applicable state water quality criteria, and would have to be permitted 

through NPDES. 

treatment, treatment would have to be provided. However, experience with 

other scrubber facilities at TVA's Widows Creek and Paradise Fossil Plants 

indicate that the supernatant could probably be discharged without treatment. 

If a permitted discharge 

If the supernatant did not meet these requirements without 
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Development of a dry ash stacking facility on any of the three sites will 

also require development of a runoff pond to control runoff from working 

surfaces of the ash stack.-, The runoff pond will allow any eroded ash to 

settle out so that it is not discharged with accumulated rainfall. If 

the ash stack is developed either on Site 8 or on inactive portions of 

the ash pond complex the runoff pond would probably be routed into the 

remaining active 

on Site 10 would 

that site. This 

from the FGD rim 

portion of the ash pond. 

probably require discharge directly to the river from 

waste stream could also be comingled with the discharge 

ditch stack so that only one permitted discharge would 

Development of the ash stack 

- 
be necessary. Based on knowledge of runoff from other ash stacking 

facilities, this discharge is expected to meet any applicable NPDES 

discharge requirements without treatment. 

4.2.3 Aquatic Ecology 

Since there are no significant surface water features on either Site 8 

or 10 (only small springs are present on Site 8) there would be no 

significant impacts to aquatic ecology on the sites themselves due to 

development. Development of either site might; however, result in NPDES 

permitted discharges to the Cumberland River. However, these discharges 

would have to meet effluent limitations prior to discharge. Therefore, 

it is not anticipated that these discharges would result in any 

significant impacts to aquatic ecology. Ongoing studies of effluent 

toxicity are being conducted at CUF and will continue as a condition of 

the NPDES permit for the facility. Based on results to date, indications 
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are that the source of limited toxicity occurring is due largely to fly 

ash sluice water. The conversion to dry fly ash should minimize these 

impacts. 

Stacking of ash and scrubber sludge on the inactive portions of the ash 

pond complex will not result in any additional impacts to aquatic ecology 

since any discharges will be through the existing permitted discharge 

point and will continue to meet all applicable discharge requirements. 

The three springs which occur on Site 8 have the potential to contain 

aquatic resources which would be impacted if site development utilized 

the site as a whole. However, current Tennessee Division of Solid Waste 

Management (DSWM) regulations (Rule 1200-1-7-.04(3)(a)4, Buffer Zone 

Standards for Siting New Landfills) require facilities to be located, 

designed, constructed, operated, and maintained such that the fill areas 

are, at a minimum, 200 feet from the normal boundaries of springs, 

streams, lakes and other bodies of water (except . . . wet weather 
conveyance . . . ) .  Although waiver provisions do exist to allow for 

alternate siting standards, according to DSWM personnel, the DSWM would 

be very unlikely to grant a waiver from this requirement. In order to 

develop Site 8 with adequate buffer zones around all three springs, the 

total area which could be developed within the 230 acre site would be 

reduced to two areas of 55 and 65 acres, respectively, with a total 

storage volume for only approximately eight years of scrubber and ash 

production. This significant reduction in area makes other sites more 

attractive for the proposed development. 
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4.2.4 Hydrogeologic Resources 

The hydrogeologic conditions of Sites 8 and 10 are discussed in detail in 

Appendix I and 11. Cumberland Fossil Plant is located near the center of 

the Wells Creek Formation, a roughly circular structure approximately two 

miles in diameter. This unique geologic setting is characterized by 

exposed Knox Dolomite and bedrock of the Stones River Group within the 

central portion of the structure. 

recent sedimentary strata are exposed in parallel bands. The outermost 

and uppermost of these include the Fort Payne formation and the St. Louis 

Limestone which are the dominant surface strata in this part of 

Tennessee. The rock within the central portion of the feature are highly 

fractured in a random pattern to a depth of several thousand feet. 

Beyond the central portion of the structure, a radial and longitudinal 

fracture pattern has been mapped extending several miles in all 

directions. Although there is some conjecture about the origin of this 

feature, it appears that it most likely developed as the result of the 

impact of a meteor. Site geology specific to CUF is also discussed in 

reference 6, an application of the DRASTIC model to sites in the vicinity 

of the plant. 

Around the periphery, a series of more 

- 

Although the ash pond complex at CUF is located within the center of 

the Wells Creek Formation, the pond has not experienced any sinkhole 

development or evidence of discontinuity in the pond bottom. The ash 
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d e p o s i t s  w i t h i n  i n a c t i v e  p o r t i o n s  of  t h e  pond are many f e e t  t h i c k  and 

s t a c k i n g  f a c i l i t i e s  f o r  d r y  a s h  and FGD r i m  d i t c h  s t a c k i n g  can  b e  

developed on t o p  o f  t h e s e  d e p o s i t s  w i thou t  any s i g n i f i c a n t  r i s k  t o  

groundwater  r e s o u r c e s .  S i n c e  t h e  a s h  pond i t s e l f  w i l l  e v e n t u a l l y  need t o  

b e  c l o s e d  and r ec l a imed  i n  t h e  f u t u r e ,  s t a c k i n g  of  t h e  a s h  and  sc rubbe r  

s l u d g e  on t o p  o f  t h i s  f a c i l i t y  can also s e r v e  as a means o f  c l o s i n g  o u t  

i n a c t i v e  p o r t i o n s  o f  t h e  e x i s t i n g  pond complex. A s  t h e s e  s t a c k s  are 

r a i s e d ,  t h e i r  s l o p e s  w i l l  be  contoured ,  d r e s s e d  w i t h  a t  least  two f e e t  o f  

e a r t h e n  cove r  and r e v e g e t a t e d .  S t u d i e s  a t  o t h e r  TVA sites i n d i c a t e  t h a t  

t h e  d r y  s t a c k e d  a s h  material w i l l  r educe  r a i n f a l l  i n f i l t r a t i o n  and can - 

e f f e c t i v e l y  lower t h e  h y d r a u l i c  g r a d i e n t  benea th  t h e  s t a c k  t o  s e r v e  a s  

t h e  cove r  material f o r  c l o s u r e  o f  i n a c t i v e  a s h  ponds ( r e f e r e n c e s  7 and 8 ) .  

The FGD s t a c k  w i l l  b e  a w e t  s t a c k  and t h e r e f o r e  w i l l  remain e s s e n t i a l l y  

s a t u r a t e d  i n  t h e  lower p o r t i o n s  o f  t h e  s t a c k .  T h i s  s t a c k i n g  area w i l l  b e  

engineered t o  i n c l u d e  d e s i g n  f e a t u r e s  t h a t  may b e  r e q u i r e d ,  such  as an  

u n d e r d r a i n  system, l i n e r s ,  and /o r  a g e o l o g i c  b u f f e r  t o  c o n t r o l  l e a c h a t e  

m i g r a t i o n  or  f o r  s t a c k  s t a b i l i t y .  

Due t o  t h e  geology o f  S i t e  8 it is l i k e l y  t h a t  development o f  f a c i l i t i e s  

i n  t h i s  a r e a  would r e q u i r e  l i n e r s  and l e a c h a t e  c o l l e c t i o n  sys tems i n  

a d d i t i o n  t o  a minimum o f  t h r e e  f e e t  of g e o l o g i c  b u f f e r .  

o n s i t e  b o r i n g s  i n d i c a t e  t h a t  so i l s  a r e  ve ry  sha l low a t  t h i s  s i te  and 

Unfo r tuna te ly ,  
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development would require excavation of approximately 2.2 million cubic 

yards of rock on the 65 acre area and 3.74 million cubic yards on the 

55-acre area, including over-excavation of at least three feet to to 

allow for construction of the'geologic buffer. Borrow material from 

another location would have to be brought to the site in order to 

construct diking and the geologic buffer. 

require the filling or treatment of fractures, cavities and seams with 

grouting and/or dental concrete, or other suitable material for 

The Tennessee DSWM could also 

development 

which exist 

development 

of the site for waste disposal. 

due to geologic conditions at Site 8, the cost of site 

is very difficult to estimate. However, conservative 

Because of the uncertainties 

- 

economic analyses indicate that development of the limited areas within 

this site that can be permitted for waste disposal (due to the location 

of the springs and the required buffer zones for springs) do not make 

development of this site economically feasible at the present time. If 

development of Site 8 is proposed, an offsite borrow area would need to 

be identified and the impacts of its use further assessed. 

Site 10 is located just outside of the Wells Creek Formation and site 

investigations indicate that soil overburden within the area range from 

approximately 24 feet to in excess of 60 feet. Cuts 30 to 40 feet deep 

can be made in the higher elevations of the property. The site contains 
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enough suitable acreage to develop for both ash stacking and FGD rim 

ditch stacking €or the desired 20-year storage life. Both facilities 

could probably be developed on the site with geologic buffers alone and 

no liners or leachate collection due to the depth of the onsite soils. 

However, if the DSWM required liners or leachate collection, these 

additional measures would be incorporated into the design of the scrubber 

facility. 

4.3 Terrestrial Ecology 

- 

Development of the inactive portions of the ash pond complex will not 

affect any terrestrial habitats since the area is essentially void of 

any terrestrial life. 

Site 10 vegetation generally consists of deciduous hardwood trees 

dominated by oaks with occasional evergreens, primarily cedars. There is 

evidence of past logging activities at the site. Scattered cleared areas 

are generally grass covered and are used for grazing (Appendix IV). 

No unique or critical habitats appear to be present on the site. 

Site 8 is characterized by scattered clumps of deciduous hardwood trees 

and cedars, but most of the site has been cleared and is devoted to 

pasture for livestock. 
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No unique or critical habitats exist on the site. Development on any of 

the three sites would not result in losses of any important terrestrial 

habitat. 

4.4  Threatened and Endangered Species 

Surveys of Sites 8 and 10 did not reveal the occurrence of any federally 

or state listed threatened or endangered plant or animal species 

(Appendix IV). The inactive ash pond complex likewise does not support 

habitat suitable for or used by any threatened or endangered species due 

to its long use for ash storage. Therefore, development of any of the 
- 

sites considered would not result in impacts to threatened or endangered 

species. 

4.5 Archaeological and Cultural Resources 

No significant archaeological or cultural resources are present on either 

Site 8 or on the inactive portions of the ash pond. A small log house 

exists near the center of the Site 10 area but is not a unique structure. 

This building could easily be moved to a new site if its preservation 

were necessary. There would therefore be no loss of significant 

archaeological or cultural resources resulting from development of any 

of the three areas under consideration. 
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4.6  Air Quality 

Construction of FGD by-product facilities on any of the sites under 

consideration will result in temporary fugitive dust emissions from 

clearing and/or grading during site preparation. Gasoline and 

diesel-fueled equipment and vehicles used in construction would emit 

minor amounts of combustion pollutants, such as particulate matter (PM), 

carbon monoxide (CO), and nitrogen oxides (NOx). Fugitive dust and 

equipment emissions will vary daily depending on the level of 

construction activity, specific operations, soil type, and meteorological 

conditions. These air quality impacts will be minimized in accordance 

with normal construction best management practices (BMP). 

- 

If tree trimmings and other vegetative debris cleared from the site are 

disposed of by open burning, additional small amounts of PM and CO will 

be released. Any open burning will be conducted in accordance with 

applicable State and local regulations. 

Air quality impacts from material conveyed via pipelines are expected to 

be minimal. Material will be hydraulically conveyed to the new FGD pond 

by pipe. Thus any air emissions from transport will be negligible. All 

material will be handled and ponded wet, so fugitive dust emissions from 

such operations will be minimal. When the gypsum stack reaches its 
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capacity, the material will be covered with at least two feet of suitable 

soil and revegetated. With proper BMP measures, FGD wet gypsum stack 

operations should not significantly impact air quality. 

Construction of the dry fly ash stack area will similarly result in 

temporary fugitive dust and equipment emissions from clearing and/or 

grading. The open-burning restrictions cited above will also apply. 

A i r  quality impacts from the dry-stacking operation are potentially greater 

than for the FGD wet gypsum stack operation. Dry ash will be pneumatically 

transferred from the power plant ta surge bins and storage silos. The ash 

w i l l  be separated from the transfer air by integral cyclone/bag filter 

collectors. Bag filters are generally considered to be state-of-the-art 

control devices and will reduce emissions to a very low level. 

There will be a potential increase in particulate emissions associated 

with the conversion of the wet fly ash sluicing and ponding system to a 

dry fly ash pneumatic conveying system which includes new storage silos, 

a combined ash fill area and the trucking of the fly ash to this disposal 

area. It is anticipated that this increase in dust emissions would be 

completely offset by emissions reductions in the existing coal handling 

and storage facilities, and therefore, a Prevention of Significant 

Deterioration of Air Quality (PSD) permit would not be required. If 

required, the PSD permitting process could take up to two years to complete. 

Preliminary calculations have been performed which show that the new 

emissions from the fly ash handling and disposal system can be completely 
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o f f s e t  by t h e  i n s t a l l a t i o n  of  baghouse c o l l e c t o r s  on t h e  e x i s t i n g  c o a l  

h a n d l i n g  and s t o r a g e  f a c i l i t i e s  a t  CUF. 

Unloading from t h e  s i los  t o  h a u l  t r u c k s  w i l l  i n v o l v e  pugmil l - type 

c o n d i t i o n e r  un loade r s .  

a s h  and water t o  produce a moi s t  p roduc t  s u i t a b l e  f o r  t r a n s p o r t  i n  h a u l  

t r u c k s .  Cond i t ioned  f l y  a s h  w i l l  be t r a n s p o r t e d  from s t o r a g e  s i l o  t o  

s t a c k ,  t h e n  p l a c e d ,  and compacted u s i n g  fue l -bu rn ing  equipment.  I n  o r d e r  

t o  minimize  d u s t i n g ,  exposed a s h  s u r f a c e s  w i l l  be  h e l d  t o  t h e  minimum 

f e a s i b l e  t o  s u p p o r t  s t a c k i n g  o p e r a t i o n s .  

b e i n g  compacted w i l l  r ange  from 18 t o  a maximum 20 p e r c e n t  m o i s t u r e  by 

weight .  Because of  t h e  m o i s t u r e  c o n t e n t  and compaction of  t h e  a s h ,  

d u s t i n g  shou ld  b e  h e l d  t o  minimum. Water equipment w i l l  be used  as 

n e c e s s a r y  t o  f u r t h e r  minimize d u s t i n g  of  h a u l  r o a d s  and exposed a s h  

s u r f  aces. 

Cond i t ion ing  w i l l  r educe  d u s t  emissions by mixing 

The m o i s t u r e  c o n t e n t  o f  t h e  a s h  - 

C l o s u r e  o f  t h e  d r y  a s h  s t a c k  w i l l  i n c l u d e  a minimum of  24  i n c h e s  of  s o i l  

cove r  and v e g e t a t i o n  t o  p r e v e n t  a i r  q u a l i t y  impacts  r e s u l t i n g  from wind 

e r o s i o n  of t h e  ground s u r f a c e .  

d r y  f l y  a s h  s t a c k i n g  o p e r a t i o n s  should n o t  s i g n i f i c a n t l y  impact a i r  

q u a l i t y .  

f o r  d r y  f l y  a s h  s t a c k i n g  and t h e  material were t r a n s p o r t e d  t o  t h e  s i te  

u s i n g  t r u c k s ,  minor  amounts of  combustion p o l l u t a n t s  would c o n t i n u e  t o  be 

e m i t t e d  from t h e s e  v e h i c l e s  f o r  t h e  l i f e  of  t h e  f a c i l i t y .  However, by 

comparison, development o f  t h e s e  f a c i l i t i e s  on e i t h e r  S i t e  8 o r  on t h e  

e x i s t i n g  a s h  pond complex would r e s u l t  i n  fewer a i r  impacts .  

With p r o p e r  o p e r a t i o n  and maintenance,  

I n  a d d i t i o n  t o  t h e s e  minor  impacts, i f  S i te  10 w e r e  developed 

- - - -  , i:, 
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4.7 Socioeconomic Impacts 

Operation of both the dry ash.stack and the FGD rim ditch will probably 

result in a minimal number of additional jobs at CUF, probably no more 

than five new employees since these facilities do not require onsite 

personnel for more than one normal eight hour daily shift. Therefore, 

there will not be any significant increase in traffic, housing or 

services as a result of these additional employees. 

Development of Site 8 would result-in the relocation of one family 

residence, but because of its close proximity to CUF and to a nearby 

county industrial park development it is likely that future development 

of this property for commercial, industrial or manufacturing usage would 

occur with or without this project. The proximity of the site to the 

plant and industrial park and the associated visual impacts of these 

areas would probably make Site 8 undesirable for residential development, 

parks or other facilities where aesthetics are important. 

Site 10 is more suitable for development in a number of diverse ways, as 

housing, parkland, business or industrial, but, because of the topography 

of the site and the availability of other undeveloped sites in the county 

more suitable for development, it is likely that the site will remain as 

woodland and pasture in the foreseeable future if the site is not 

utilized for CUF by-product storage. Only three or four residences would 
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be affected as a result of development of this site, and one short 

segment of paved county road and several dirt roads leading to these 

residences would be permanently closed for development. However, because 

of the location of this site over four miles from CUF and the necessity 

to construct pipelines and/or haul roads to transport material to the 

site, development of this site could disrupt the residents of Cumberland 

City which lies directly between CUF and Site 10. 

Development of facilities on the existing ash pond complex would 

therefore result in the least impact on the community. 

4.8  Other Impacts 

The development of FGD and/or dry ash stacking facilities on any of the 

sites considered are not expected to have significant impacts on prime 

farmland or to significantly increase noise levels. The development of 

Site 10 could have minor impacts on transportation patterns in the area 

depending on routing of sluicing lines and pump stations to the site. 

Transportation would not be impacted by development of Site 8 or the 

existing ash pond complex. Visual impacts of stack development would 

be greatest on Sites 8 and 10, but will be minimized by covering and 

revegetating the side slopes as the stacks are developed. 
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Although Site 10 is suitable for development of these facilities, its 

location over four miles from the plant site present difficulties in 

moving the material to the site. FGD material would be sluiced through a 

pipeline, and dry ash would be transported by truck or pneumatically 

conveyed through a pipeline. Construction o f  the pipelines or haul roads 

would involve acquisition of rights-of-way to the site and additional 

operational and maintenance costs. The high operational and maintenance 

costs associated with the pipelines, haul roads and operating a facility 

more than four miles from the plant reservation make this site less 

desirable from an economic and operational standpoint than a site closer 

to the CUF. 
- 

5.0 Probable Unavoidable Environmental Consequences 

Based on assessments of potential impacts to each environmental medium 

considered, there does not appear to be any significant environmental 

impacts that can not be avoided with proper design and construction of 

the proposed sites in accordance with TVA's own internal requirements and 

additional requirements which will be imposed through Tennessee's DSWM in 

order to permit the proposed facilities. 
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6.0 Conclusions 

Development of the proposed dry fly ash stacking facility and FGD rim 

ditch stack on inactive portions of the existing ash pond complex at CUF 

in accordance with Tennessee DSWM and NPDES requirements will result in 

fewer environmental impacts than would development on either of the other 

two sites considered. In addition, development on the existing ash pond 

complex can be achieved more economically than development on either 

Site 8 or Site 10. Sites 8 and 10 were ruled from further consideration 

based primarily on these factors even though it is possible that they 

could be developed without significant environmental impacts if required 

for future projects. 

It is concluded that the most economically desirable option is the 

preferred option (use of FGD, conversion to dry fly ash collection, and 

stacking of both wastes within the existing ash pond complex). Although 

the environmental impacts of utilizing low-sulfur coal are less than with 

FGD, the impacts are being minimized and would not be a major federal 

action significantly affecting the quality of the human environment and 

therefore the preparation of an environmental impact statement is not 

required. 

7 .0  Permits Required 

Development of the dry fly ash stacking facility and the FGD rim ditch 

stack will require solid waste disposal permits from the Tennessee 
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D i v i s i o n  o f  S o l i d  Waste Management. Because of  t h e  p rox imi ty  o f  t h e  t w o  

f a c i l i t i e s  proposed on t h e  i n a c t i v e  a r e a s  o f  t h e  e x i s t i n g  a s h  pond, it 

may be  p o s s i b l e  t o  pe rmi t  b o t h  f a c i l i t i e s  i n  one pe rmi t  or  as two 

d i s t i n c t  f a c i l i t i e s .  

M o d i f i c a t i o n s  t o  t h e  e x i s t i n g  NPDES pe rmi t  w i l l  need t o  b e  submi t t ed  t o  

account  f o r  changes i n  t h e  q u a l i t y  and q u a n t i t y  o f  water d i s c h a r g e s  from 

CUF. Modi f i ca t ion  t o  t h e  a s h  pond complex w i l l  a lso r e q u i r e  a w a s t e  

water t r e a t m e n t  f a c i l i t y  c o n s t r u c t i o n  approva l  from t h e  s t a t e .  

S i n c e  t h e  o n l y  a i r  q u a l i t y  i m p a c t s - w i l l  be  minimal and o f  a temporary  

n a t u r e  d u r i n g  c o n s t r u c t i o n  it is n o t  a n t i c i p a t e d  t h a t  any change i n  

e x i s t i n g  a i r  p e r m i t s  f o r  CUF w i l l  be r e q u i r e d .  However, a c o n s t r u c t i o n  

pe rmi t  from t h e  Tennessee A i r  P o l l u t i o n  Con t ro l  Devis ion  w i l l  b e  r e q u i r e d  

f o r  t h e  d r y  a s h  hand l ing  and d i s p o s a l  system. 
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1.0 INTRODUCTION 

The Tennessee Valley Authority is currently seeking a site for future waste disposal needs 
for its CumberIand Fossil Fuel Plant located near Curnberland City, Tennessee. Under 
consideration in this study is a 230 acre parcel of land located to the east of the plant (see 
Figure 1). Although plans are preliminary at this time, it is expected that the site will be 
developed to handle fly ash and SO, scrubber sludge. The purpose of this preliminary study 
was to conduct research on the proposed site, perform a limited subsurface exploration and 
provide some direction relative to further site study, if warranted. At the time this study was 
authorized, the Tennessee Valley Authority neither owned the property, nor held an option 
on it. As a result, we were granted acces: only to the northern two thirds of the site. 

It should be noted that this report is based largely on the work of others. Sources of data 
and descriptions of geologic features, while not always specifically referenced in the text, are 
listed and acknowledged in the Bibliography. 

2.0 SCOPE OF THE STUDY 

The purpose of this study was to generally define the geologic/hydrogeologic setting of the 
site for use in evaluating the suitability of the site relative to the Tennessee Department of 
Health and Environment regulations and for use in preliminary design studies. The scope 
of the evaluation has included the following activities: 

2.0.1 Map and Literature Search: Geologic and topographic maps of the area were 
examined for evidence of fracture zones, sinkholes, other karstic features and areal drainage 
patterns. Available literature concerning the area including state reports, soil surveys, 
ground-water level data, etc., were also collected and reviewed. 

2.03 Accessible portions of the site were visited by a LAW 
hydrogeologist and geotechnical personnel for the purpose of observing surface conditions 
and planning for subsequent soil test borings and observation well (piezometer) installations. 
The reconnaissance included a search for sinks, springs, rock outcrops, and other 
characteristics of geologic or hydrogeologic significance. 

Site Reconnaissance: 

2.0.3 Geolechnical Exploration/Piezometer Installation: Six soil test borings were advanced 
to bedrock refusal at locations within the authorized portion of the site (see Figure 1). 
Locations were selected to represent the typical geologic and ground-water conditions over 
the site. SoiI sampling included both undisturbed (Shelby Tube) samples for natural 
hydraulic conductivity determinations and bulk (composite) samples for standard Proctor 
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compaction tests, recompacted hydraulic conductivity tests and soil classification. The 
borings were extended so that each hole penetrated into the saturated zone (i.e., below the 
water table). 

Bedrock materials were cored in each boring to permit an evaluation of its composition and 
continuity. Piezometers were installed in each borehole to permit the measurement of 
stabilized water levels beneath the site. 

Test boring records indicating the classification of the soil overburden and the nature of the 
bedrock are presented in the Appendix. n e  soil and rock samples retrieved were examined 
and field logs were prepared by a registered geologist at the time the borings were drilled. 
The finished logs represent our interpretation of conditions based upon the field 
classifications and upon the results of laboratory tests. 

3.0 GENERAL SITE INFORMATION 

3.1 SITE LOCATION 

The proposed disposal site site is located in Stewart County, Tennessee, approximateIy 1/3 
mile southwest of Cumberland City and 1/2 mile southeast of the Cumberland Fossil Fuel 
Plant. The site is roughly rectangular in shape with dimensions of approximately 3,000 feet 
in the east-west direction and 5500 feet in the north-south direction. It is bounded to the 
west by a Seaboard Coastline Railroad spur line, to the east by State Route 149 and by 
undcvcloped land to the north and south. 

3.2 GENERAL SITE DESCRIPTION 

The subject site is predominantly occupied by open pasture and isolated wooded areas. A 
limited number of structures and residences are also located within the parcels comprising 
the site. Topographically, the site is located on the western flank of a north-south trending 
ridgeline dissected by swales which drain in north-south and east-west directions. Three 
springs were identified in the field and on the USGS quadrangle sheet for the area. One 
begins in the north central portion of the parcel and flows to the north. A second begins 
near the center of the parcel and flows in a northwesterly direction. This spring was 
observed to dissapear into the ground in several locations and reappear at some distance 
further down the swale. The largest spring was noted within the southern portion of the site 
flowing from east to west near the southern boundary. 

Throughout the parcel, a number of surface depressions were noted which are interpreted 
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to be associated with karst activity. Although most of these depressions wer.e observed to 
be less than 50 feet across, a large feature 400 to 500 feet in diameter was noted on the 
USGS quadrangle sheet within the southern portion of the site. As this was located in a 
wooded area in a portion of the site not made accessible to us during this phase of study, 
no on-site observations of this feature were made. 

4.1 GENERAL 

4.0 GEOLOGY 

The proposed site lies at the periphery of a large geologic feature known as the Wells Creek 
Structure. The Wells Creek Structure is roughly circular in shape with a diameter of 
approximately 2 miles. Within the central portion of the structure, Knox Dolomite and 
bedrock of the Stones River Group are exposed. Around the periphery, a series of more 
recent sedimentary strata are exposed in parallel bands. The outer-most and upper-most 
of these include the Fort Payne Formation and the St. Louis Limestone which are the 
dominant surface strata in this part of Tennessee. The rock within the central portion of 
the feature are highly fractured in a random pattern to a depth of several thousand feet. 
Beyond the central portion of the structure, a radial and longitudinal fracture pattern has 
been mapped extending several miles in all directions. Although there is some disagreement 
among several experts, it appears that the structure most likely developed as the result of 
the impact of a meteor. 

4 2  SUBSURFACE CONDITIONS 

The borings conducted within the accessible portions of the site initially encountered a 
relatively thin layer of soil overburden material composed of a soft to hard silty clay with 
fragments of weathered limestone, shale and chert. Hydraulic conductivity tests conducted 
011 undisturbed and remolded samples of the overburden soil resulting in the following 
results: 

Borinp Number Depth Ranpe 

B- 1 
B-1 
B-3 
B-4 
B-4 
B-6 

0' - 14' 
2' - 4' 
2' - 4' 
0' - 20' 
2' - 4' 
2' - 4' 

Samule "be 

Remolded 
Undisturbed 
Undisturbed 
Remolded 
Undisturbed 
Undisturbed 

Hydraulic Conductivitv 

8.3 x 10' cm/sec 
4.1 x lod  cm/sec 
8.3 x lo4  cm/sec 
3.8 x 10' cm/sec 
1.0 x cm/sec 
1.4 x cm/sec 
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may be noted, the hydraulic conductivity of remolded samples was typically found to be 
considerably lower than that of undisturbed materials. Copies of all laboratory data are 
attached in the Appendix. 

Refusal to the drilling augers was encountered at depths ranging from 5.7 feet in boring B-5 
to 23.5 feet in boring B-4, The refilsal material was cored in each of the boreholes to 
identify its composition and continuity. The cores retrieved generally consisted of light to 
modcrately weathered interbedded limestone and shale. Bedding planes were found to dip 
at angles of 45 degrees to 90 degrees from the horizontal. Slots and soil filled joints were 
penetrated within the bedrock in several of the boreholes. Based upon our observation of 
the composition of the cores and upon onr review of geologic maps, we interpret that the 
majority of the site is underlain by rock of the Stones River Group and the Hermitage 
Formation of Ordivician age. Geologic mapping also indicates the presence the Osgood 
Formation, Brassfield Limestone and other undifferentiated rock of Silurian age. A fault 
trending in a north-south direction within the site limits is indicated near the eastern 
boundary of the property. A geologic map of the site area is presented as Figure 2 in the 
Appendix. Cross sections representing site and regional subsurface conditions are presented 
on Figures 3 and 4. 

4.3 GROUND WATER 

Ground water was measured in the boreholes at the time of drilling and after an extended 
stabilization period. In general, the near surface ground-water patterns appear to be a 
subdued replica of the surface topography. Water typically lies at depths of 10 to 25 feet 
below the ground surface. Springs occur where the ground-water level approaches the 
ground surface elevation. Although our preliminary exploration was not of sufficient scope 
to accurately define hydrogeologic patterns, it is believed that the ground-water system at 
the site is made up of a composite two media system. Ground-water flow in this system will 
be primarily by way of the interconnected pores within the low permeabilty overburden 
medium. In addition, the underlying fractured bedrock is part of the system. Flow within 
the bedrock will be in a downgradient direction towards the areas intersected by the ground 
surface and discharging as springs, or if the flow volume is high enough, as streams. 
Fracture orientations and concentrations will dictate flow directions and gradients within this 
part of the system on a more localized scale. 
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5.0 EVALUATION 

A number of factors are of consequence in the siting of a disposal facility. Of particuIar 
importance are: 

o Major topographic characteristics which influence the degree of grading necessary for 
development. 

o The thickness and character of overburden materials which have an impact on the 
type of equipment necessary for site grading, the availability of fill soils for dike 
construction, and the presence of natural geologic buffers necessary for the protection 
of ground water. 

o Bedrock conditions underlying the site which can affect structural stability and 
ground-water flow directions. 

o The depth to the water table and the presence of springs which influence grading 
depths and buffer zones. 

During the course of our study, information was gathered relative to each of these factors 
to aid in the evaluation of the site for its projected purpose. The following sections present 
a summary of our evaluation of these factors relative to the subject site. 

5.1 FOUNDATION CONDITIONS 

Based upon our observations of the site, published data, and the result of borings conducted 
as part of this study, it appears that the bedrock underlying this site has been subjected to 
significant thrusting in the past as the result of the impact of a meteor or other subsurface 
phenomenon. As a result, the rock is moderately fractured and faulted and bedding planes 
dip toward the east at angles of 45 to 90 degrees. The orientation of bedding planes and 
the composition of the exposed material has apparently promoted solutioning of the 
liniestone segments of the bedrock. Soil filled voids, slots and seams were found in two of 
the borings conducted. Additionally, numerous small to large surface depressions were 
noted throughout the site. Waste disposal facilities constructed within this site will need to 
be designed to consider the possibility of localized subsidence associated with subsurface 
erosion, and compression/deformation of weak soils and rock. 

5.2 TOPOGRAPHY/GRADING CONSIDERATIONS 

The site is dominated by a north-south trending ridgeline dissected by swales. Some of 

I ,  - . ,  .. 
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these swales support springs. In accordance with TDHE regulations, a buffer.of at least 200 
feet must be maintained between the waste impoundment facility and any perennial spring. 

Plans for development of this site are preliminary at this time. However, conceptual designs 
involve significant excavation of the ridge and placement of fill along the lower, western 
portion of the parcel. Based upon the thickness of the overburden soil and the presence of 
shallowrock, it is anticipated that a grading plan which contemplates cuts in excess of 10 
feet will need to consider the excavation of shale and limestone bedrock. .As the bedrock 
is characterized by slots and open seams, the bedrock surface cannot be considered a 
geologic buffer under TDHE regulations. To provide the proper buffer, the rock would 
need to be overexcavated to a depth of at  least 3 feet. Depending upon the presence of 
open voids, cavities, and seams, treatment of the surface of the bedrock will likely be 
necessary. This may involve the filling of voids with dental concrete or other suitable 
material. Further treatment of underlying voids may be required depending upon their size 
and effect on structural support capability. Following proper preparation of the rock 
surface, a minimurn 3 feet of fill having a permeability of 1 x 10' cm/sec would be 
necessary. 

An alternative to the above would involve raising the level of the waste impoundment 
structures to minimize the requirements for excavation. Treatment of voids and slots could 
still be required with this plan if they presented a significant risk of structural instability or 
groundwater contamination. Such treatment would likely involve some form of grouting. 
The overburden soil within this site was found to have a significant range in hydraulic 
conductivities. In general, it appears that the soil does not meet TDHE criteria for a 
geologic buffer in its current condition. As a result, it may be necessary to excavate and 
recompact the upper 3 feet of soil as part of the construction process. 

As the soil overburden layer is relatively thin within this site, it is likely that off-site borrow 
material would be necessary for either of these two options. 

5 3  ADDITIONAL STUDY 

This preliminary study was intended to characterize the general subsurface conditions across 
the proposed site. Due to the variability in rock type across the site, fracture patterns 
associated with the Wells Creek Structure, and karstic features, extensive additional 
subsurface exploration would be required prior to proceeding with design and construction. 
The most important issues which would need to be addressed include: 

o The characteristics of near-surface and deep groundwater flow. 
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o The extent of bedrock fracturing, solution activity and the potential for future local 
and general ground subsidence. 

o The availability of off-site soil borrow material. 

ir 

. .  6.0 SUMMARY 
6 

In summary, the subject site is characterized by a thin layer of overburden soil, underlain 
by fractured bedrock. Constraints to site development include buffer requirements adjacent 
to springs, limitations to excavation depths resulting from shallow bedrock, and limited 
availability of borrow materials for use in the construction of dikes and mass fills. 
Consideration must also be given to the potential for the development of sinkholes which 
appear to be prevalent within the site limits. 

f 
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(BORING NUhIllEK E-2 I 
DATE DRILLED April 9. 1991 I 
PROJECT NUMBER 563013302.01 I 

A LilV ENGISEERING i 

c:,: .SOIL TEST BORING RECORD .... . __._ . . . 
i . 1. . . .  . .. . 

PROJECT CUblBERLAYD FOSSIL P L A S T  j 
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DATE DRILLED April 10, 1991 I 
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I JSORISG NUMBER B-3 

i 
I PROJECT NUMBER 563014302.01 

PROJECT CUMBERLASD FOSSIL P L A S T  I 
PAGE 1 OF 1 
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j .... . _ .  : A  LAM' EN&?.TEHIKG 
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1 1  

- 
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LI G I IT -ro ai o n ERATELY WEATH EI: ED FINE 
GRt\ISEL) LIhIESTONE INTEKBEDDED WITH 
SIIAIX CORE FROM 14.0 FEET TO 34.0 FEET 
EXTENSIVELY WEATHERED SHALE FROM 
28.5 I'EE'I' TO 29.0 FEET (BEDDING 45 
DEGREES) 

--- 
KI!MAKKS: 
AS-WIL'I' PIEZOXIETER DESCRIPTION: 
35.25 FT. OF I I / ? "  PVC PIPE. SCREENED 

~\'l'rIl AUGER CXTTISGS. 
iN'rm\'Ai, 29.0 IT. TO 34.0 FT. BACKFILLED 

8 3-n i 

i r 

I 

P ' I  
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AUGER REFUSAL A T  13.5 FEET 
CORED TO 18.5 FEET NO RECOVERY 
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DATE I)RILI,EI) April 10. 1991 
I'KOJECT NtiRlIiER 563013402.01 
PROJECT . . CUMBERLAYD FOSSILPLAYT 
PAGE 1 OF Z 1 I 
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CO;’\ISC; TERhl lSATED A T  66.5 FEEr 
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! I3ORING NUhll5ER B-4 

i DATE DRILLED April I O .  1991 
I PROJECT NJ:\IHER 563013402.01 

I’ROJ ECT CUMBERLAYD FOSSIL PI-AST : 
PAGE 2 OF 2 -- /J 
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COXISG TERMINATED AT 25.6 FEET 
75.8 i 
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r\UG El< REFUSAL AT S.5 FEET 

REMAKKS: 
AS-BUI LT PI FL0S.I ETER DESCR 1 PTlONt . 

- .  ~- 
30.6s FT. OF 1 I / ? "  PVC PII'E.-SCREENED 
II\'TER\'AL 23.0 IT. TO 28.0 FT. BACKFILLED 
\l'ITIi ALiGEl: CUTTIHGS. 
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HOKING KURIBER B-6 
DATE DKILLED April 1 I ,  1991 
PROJECT XUhIHER 563014402.01 
I'KOJ ECT CUMBERLAKD FOSSIL PLAXT , I 

PACE 1 OF 1 ! 

I 

2 

. .  
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a=-- - -  -- 
1 - - - - -  - - LA\V ESVIRONhlENTAL, INC. - 300 CHASTAIH C U R  BLVD, SUITE 315 

KEHNESAbL,GEORCIA 30144 
&04-&25-7879 

01040 
8-1 

LAB NO. 

HYDRAULIC  CONDUCTIV ITY 

I 
I I I 

CLIENT-. L== C?iqi,werina, Inc. JOB NO. 41-10101 DATE April 30, 1991 

TESTE0 BY Jm HJ MO PAGE 4 396 Plasters Avenue 

- Atlanta, Georqia 30324 PROJECT Cumberland Citq Fossil Plant 

CLIENT JOB NO. /P. 0.  tl 56301442.01 TEST METHOD Corps o f  Engrs EMlli0-2-1906. 

6 

(D 
I 
Q 
1 
X 
1 
Y 

SAMPLE IDENTIFICATION UO 
128-4 .  1 



- -  
I - 300 CHASTAIH CHTR BLVD, SUITE 315 - 

I - - '= . KEHNESAW,GEORGlA 30124 = 404-225-7a79 

HYDRAULIC C O N D U C T I V I T Y  

CLIENT Law Engineerins, Inc. JOE NO. 4i-ieiei DATE Maq 6, 1991 

TESTED BY PAGE -1 - 396 Plasters Avenue Jfl ..- -.-.-._--- 
- Atlanta, Georqia 30324 PROJECT Cumberland Citq Fossil Plant 

CLIENT JOE NO. /P. 0 . G  56301442.01 TEST METHOD Corps Of Engrs EM1118-2-1906. 

0 

N 
e 

8 

1 
0 .  a i  0.1 1 

PORE VOLUMES O F  EFFLUENT 
I I I I I 1 

LaE NO. 

ZamPLE IDENTIFICATION 

--- ~ 

- - ---- 
FECEIPT DATE 

PERCENT C . -- 

ti fORfiULIC CONDUCT1 



1 

L -- - -  - - - - -- - 300 CHASTAIN CNTR BLVD, SUITE 315 . ? KENNESAU,GEORGIA 30144 

LA\\.' ES\'IRONhlENTAL, INC. 
I - 
-. - LO&-425-7079 I - 

HYDRAULIC CONDUCTIVITY 
CLIENT-LaW -Enqineeri?g, Inc. JOB NO. 41-10101 DATE April 30, 1991 

396 Plasters Avenue TESTED BY JM HJ MO PAGE s 
Atlanta, Georqia 30324 PROJECT Cumberland Citii Fossil Plant 

CLIENT JOB NO./P.O.# 56301442*01 TEST METHOD Corps o f  Engrs EMl110-2-1986. 

0.61 

SAMPLE IDENTIFICATION 

PERCENT - COMPACT 

ONE PORE UOLUME 

. ,,. - - . 



--- e- - - LA\\* EN\'lRONRIEKTAl,, INC. -- -- - 300 CHASTAIN CNTR BLVD, SUITE 315 
T KENNESAU,GEORCIA 3 o i u  = 404-425-7a79 

HYDRAULIC CONDUCTIVITY 

CLIENT Law Enqineerinq, Inc. JOB NO. 4i-ieiei DATE April 38, 1991 

TESTED BY JM HJ HO PAGE 6 396 Plasters Auenue -- 
-- Atlanta, Georqia 30324 PROJECT Cumberland Citu Fossil Plant 

CLIEtJT JOE NO. /P. 0. tl 56381442.01 TEST METHOD Corps o f  Engrs E~llle-2-1se6. 

I -  

PORE VOLUMES OF EFFLUENT 

F.!? !G!L -- .__-__- eie42 
E-4 

SAMPLE IOEIJTIFICATION UO 
2'-4' 

I 



-- - -  - -  .I 
" 
- - LA\\' EN\'IKONhlEi'ETAL. INC. 
I - - 300 CHASTAIW CWTR BLVD, SUITE 315 

7 KEHNESAU,GEORGIA 30144 - - 404-425-7879 - 
HYDRAULIC CONDUCTIVITY 
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1 1 w  0.1 
PORE VOLUMES OF EFFLUENT 

SAMPLE IDENTIFICATION 

RECEIPT D 

TEST COMP 
______-- 



I 

HYDRAULIC CONDUCTIVITY 

C L I E N T L a w  E n q i n e e r i n q .  Inc. JOB NO. 41-10101 DATE A p r i l  30, 1991 

-- 396 - -_.-. Plasters . A v e n u e  TESTEO BY JM HJ MO PAGE 7 

--- Otlanta, -.--- G e o r q L a  30324 PROJECT C u m b e r l a n d  C i t u  F o s s i l  Plant 

CLIENT JGB NO./P. 0 .  G 56301442.81 T E S T  METHOD C o r p s  O f  Engrs EM1110-2-1906.  

SAISPLE I D E t 4 T I F I C A T I O N  

.Old€ PORE UOLUME ( C C )  03 I ! 
HYDRAULIC CONDUCTIVITY (CM/SEC CP 20 C )  1 . 4 E - 0 7  



i 

L 

- - = = = LAW' ENVIRONMENTAL, INC. - -= 300 CHASTAIN CNTR BLVD, SUITE 315 . 7 KENNESAW, GEORGIA 30144 - 4a-425-7a79 " - 

I SAND 

P A R T I C L E  SIZE DISTRIBUTION 
& PHYSICAL PROPERTIES 

GRAVEL 

CLIENT Law EpgAneering, Inc. JOB NO. 41-10101 DATE April 23, 1991 

396 Plasters Avenue LAB NO. 01040 PAGE 7 

Atlanta, Georgia 3 0 3 2 4  PROJECT Cumberland City Fossil Plant 
CLIENT JOB NO./P.O.(f 5 6 3 0 1 4 4 2 . 0 1  SAMPLE ID B-1UO 2 ' - 4 '  

U.S.STANDARD SIEVE SIZES 

SAND 

~ 

EFFECTIVE SIZE (mm) 

COEFFICIENT OF UNIFORMITY 
COEFFICIENT OF CURVATURE 
LIQUID LIMIT 

(MILLIIIETERS~ ~~ 

3 " I 75 I - - 
I 

DRY DENSITY (PCF) 1 0 5 . 9  

3/8" REMARKS: TABULATED SPECIFIC GRAVITY 

140.4 100.0 ARE COMPUTER VALUES HYDRAULIC CONDUCTIVITY 
.-- ~ ___ - 

INTERPOLATED FROM ( c m / s e c  - 20C) - 
TEST PROCEDURES: ASTM 0 4 2 2 .  

-. . . -. . . - -. . . - - 
A LINEAR DATA F 
PLOTTED VALUES 
gl5-MgRg F\CCIJRAl 

No. 1 0  - 
140.20 - -- rE 

97.2 FOR TUE W.B>Y mm 
I 

PARTICLE DIAMETER. - N0.40 0 . 4 2 5  - I I .AW ENVIRONMENTAL. I N r  

7 w- . 
-1. L Y  Y .  .-.. ..- ..- , 

No.60 ! 0.250 196.5 

--- ' IO .  100  0 . 1 5 0  1 95.9 I r i r i  A ! !  



-- 

ai=-- -- 
I -  - I E = 
I - - 300 CHASTAIW CNTR BLVD, SUITE 315 
w = . KENNESAU, GEORGIA 30144 

LAW ENVIRONMENTAL, INC. - 
- 404-425-7879 - 

PARTICLE SIZE DISTRIBUTION 
& PHYSICAL PROPERTIES 

S L I E I ~ T  taw CngirieeCing,-  I?G-&-- _ _ _ _  JOB NO. 41-10101 DATE-Agril 23, 1991 

396 Plasters Avenue LAB NO. 01031 - PAGE 1 
_.I -- 
----. Atlanta, Georgia 30324 PROJECT Cumberland Citt I Fossi l  Plant 

CLIENT JOB NO. /P.O. # 56301442.82 SAMPLE ID B-lS-3 5 ’  

U. S. STANDARD SIEVE SIZES 

I I 
I 

SILT t CLAY GRAVEL SAND COBBLES 
COARSE I FINE I CO. I MEDIUM I FINE 

U. S. ST~NOARO SIEVE SIZE PERCENT HYDROMETER 

SIEVE SIZE PRRTICLE 
DIAMETER 

PASSING 

I (MILLIMETERS 
5IEUE NO. (MILLIMETERS) 

--- 

BE MORE ACCURFITE 
FOR THE 0.050 mm 
PARTICLE DIAMETER. 

POROSITY ( % I  
EFFECTIVE SIZE (mm) 
COEFFICIENT OF UNIFORMITY 
COEFFICIENT OF CURVATURE 
LIQUID LIHIT 
PLASTIC LIMIT 
PLASTICITY INDEX 
CLASSIFICATION 0 

WATER CONTENT (%) 

DRY DENSITY (PCF) -.- 
SPECIFIC GRAVITY -.- 
HYDRAULIC CONDUCTIVITY 

( c m / s e c  - 20C) 
TEST PROCE0URES:ASTM 0422. 



--E = = LA\\' EN\'IRONI\IENTAL, INC. 

KENNESAU, GEORGIA 30144 '=. - 4 04 - 425 - 7879 

-- 
I I I - - 300 CHASTAIN CIITR BLVD, SUITE 315 

P A R T I C L E  S I Z E  D I . S T R I B U T I O N  
i~ PHYSICAL PROPERTIES 

C L I E N T L a w  Enqineerinq, Inc. JOB NO. 41-10101 DATE April 23,  1991 

396 Plasters Avenue - LAB NO. 01032 PAGE 2 

Atlanta, Georgia 3 0 3 2 4  PROJECT Cumberland Citq Fossil Plant 

CLIENT JOB NO. /P. 0. t 5 6 3 0 1 4 4 2 . 0 1  SAMPLE ID B-2s- i  7 '  

U. S. STANDARD SIEVE SIZES 

PARTICLE EFFECTIVE SIZE (mm) n DIAMETER COEFFICIENT OF UNIFORMITY- 
I SIEVE SIZE I 

(MILLIMETERS) COEFFICIENT OF CURVATURE 
'IEVE No. (MILLIMETERS) 

0.050 LIQUID LIMIT 
a -  RPO PLASTIC LIMIT 

3 " 75 

2 " 50  

1-1/2" 37.5 
- -  
- - - 

25 100. 0 - -- 1 " - 

- -  --- 
PLASTICITY INDEX 
CLASSIFICATION 0 

0.005 

0.082 

.----I-.- 3/4" 19 0.001 WATER CONTENT <%) 

DRY DENSITY (PCF) 
-- 

1/2" ~ 12.5 

- I ! IPARTICLE DIAMETER. I -- 
I -  INC. = = . -- No.60 8 .258 57.9 

NO. 108 0.150 57. 0 

No.200 0 .  0 7 5  56.1 

__ 
=r -- - W L W - - 

TESTED BY: JM HJ MO 



a=-- -- 
e - L A W  EN\'IHONAlENTAL. INC. 

L. - 300 CHASTAIH CNTR ELM), SUITE 315 
.. '2 --;;YjORGIA 301U 

3 " 
2 " 

1-1/2" 
I " 

3/4" 

1/2" 
3/8" 
No. a 
tJo.10 __ 
tJa. 20 

-- - tJo. a0 

- -- 
----.. 
-- -- 
----. 
---___ 
- 

--__ 
No.68 - 
No. 108 

- 
- ---.-__ 

No.200 -- - ----.- 

PARTICLE SIZE DISTRIBUTION 
& PHYSICAL PROPERTIES 

75 90.4 e. e50 
50 73. I 0.020 

- 37.5 52.3 0 .  005 

25 38.5 0 .  002 

19 0 .  001 
12. s 
9.5 REMARKS: TABULATED 

- 
HYOROMETER VALUES 

4.7s ARE COMPUTER 
INTERPOLATED FROM 

2.00 . A  LINEAR DATA PLOT 
PLOTTED VALUES MAY 

0.850 BE MORE ACCURATE 
leO.O FOR THE 0.050 mm 0.425 

0 .250  99.8 REMARKS: Blockg 

0. 150 99.6 

-PARTICLE DIAMETER. 

-sample condition. 

0 . 0 7 5  99. a _ . _ _ . _ ~ -  
TESTED BY:JM HJ MO 

CLIENT- Law Engineerino, Inc. JOB NO. 41-10101 DATE April 23, 1991 

396 Plasters Avenue LAB NO. 01041 PAGE 8 

--- Atlanta, Georgia 30324 PROJECT Cumberland City Fossil Plant 

CLIENT JOB NO. /P. 0. # 56301442.01 SAMPLE ID B-3UD 2l-4'  

U.S.STANDARD SIEVE SIZES 

3" 2" 1" 314" 3/8" #4 #lo #20 #ZO #60 #IO0 #200 
- 0 0  0 

90 10 

80 20 ; 
B 
H 

7 0  30  

> 
68 4 8  m 

a 

a 

W 
5 0  u) a 50 

4 0  60 0" 
+ 
0 
U 

30 7 0  5 
20 8 0  g 
18 90 

0 100 
10 1 0.1 0. 01 0.001 

PARTfCLE SIZE IN MILLIMETERS 

I SILT f CLAY GRAVEL SAND 
1 -_ -- COARSE 1 FINE I CO. I MEDIUM I FINE 

SIEVE SIZE 
(MILLIMETERS) MILLIMETERS 

POROSITY (%> 

EFFECTIVE SIZE Cmm) 

COEFFICIENT OF UNIFORMITY 
COEFFICIENT OF CURVATURE 
LIQUID LIHIT 
PLASTIC LIMIT 
PLASTICITY INDEX 
CLASSIFICATION 0 

~ 

WATER CONTENT <%) 20.9 
DRY DENSITY (PCF) 105.0 
SPECIFIC GRAVITY 
HYDRAULIC CONDUCTIVITY 
<cm/sec - 20C) 

TEST PR0CEDURES:ASTM 0422. 



I -- --  -- 
I - - -  - - LA\\' ENVIKONAIENTAL, INC. - - .I 300 CHASTAIN CNTR BLVD, SUITE 315 
w 7 KENNESAU, GEORGIA 30144 
- .  e 404-425-7a79 

2 " 

1 - 1 /2 " --- 
-..- 1" _-- 

3/4" 
1/2" 
3/8" -- 

PARTIC.LE SIZE DISTRIBUTION 
& PHYSICAL PROPERTIES 

5 0  0 .  020 

37.5 0.005 
25 e. 002 
19 e. 001 

12.5 
9. s REMARKS: TABULATED 

HYDROMETER VALUES 

CLIENT Law Enqineering, Inc. JOB NO. 41-10101 DATE April 23, 1991 

396 Plasters Avenue LAB NO. 01033 PAGE 3 

Atlanta, Georgia 30324 PROJECT Cumberland City Fossil Plant 

CLIENT JOB NO./P.O.S 56301042.81 SAMPLE ID 8-35-2 10' 
~~ ~~~ 

U.S.STANDARD SIEVE SIZES 

1 

I- 
f 
0 

w 
3 
* 
U 
rK 
tJ z 
H 
U 

H 

w' 
0 
U 
W 
R 

GRAVEL I SAND I I SILT L CLAY 
, COARSE 1 FINE I CO. I MEDIUM I FINE I. 

SIEVE SIZE PARTICLE 
DIAMETER 

100.0 ARE COMPUTER No.4 1 4.;; 1 1 
No. 20 0.850 99-8 BE MORE ACCURATE 

INTERPOLATED FROM 

PLOTTED VALUES MAY 
NO. io 99-9 A LINEAR DATA PLOT ..---- -_ -- 

0.425 
0.250 

No. 100 0.150 98.9 
rt0.200 0.075 97.1 

POROSITY (%) 

EFFECTIVE SIZE (mm) 
COEFFICIENT OF UNIFORMITY 
COEFFICIENT OF CURVATURE 
LIQUID LIMIT 
PLASTIC LIMIT 
PLASTICITY INDEX 
CLASSIFICATION 0 

WATER CONTENT ( % )  

DRY DENSITY (PCF) 
SPECIFIC GRAVITY 
HYDRAULIC CONDUCTIVITY 
<cm/sec - 20C) - 

TEST PR0CEDURES:ASTM 0422. 



- -= -= L A W  EN\'IHONMENTAL, INC. 
i- 
.II. tl 300 CHASTAIN C N l R  E L M ,  SUITE 315 
I, - 

I XENNESAU. GEORGIA 30144 - - ' 404-425-7879 

P A R T I C L E  SIZE DISTRIBUTION 
& P H Y S I C A L  PROPERTIES 

CLIENTLaw EnQinrarinp, Inc. JOB NO. 41-10101 DATE April 23, 1991 

396 Plartars Awemuff LAB NO. 01042 PAGE 9 

-- Atlanta, Georgia 30324 PROJECT Cumberland Citti Fornil Plant 

CLIENT Jon NO./P.O.# 56301442.01 SAMPLE ID E-4UD 2'-4' 

U. S. STANDARD SIEVE SIZES 

3" 211 1" 3/4" 3/8" #4 #lo #20 #40 #60 #lo0 #200 
L O O  0 

90 10 

t 8 0  2 0  $ 
I 

H 
7 0  30 : 

3 > 
b; 60 40 

IY 
ct W 
u 5 0  5 0  Cn z ct 
H a 

0 
40 60 o L 

k I- 

a 20 8 8  ; 
30 7 0  $ 

IL 0 
l w  (2: 

10 9 8  

0 100 
100 10 1 0.1 0.01 0.001 

PARTICLE SIZE IN MILLIMETERS 
GRAVEL SAND I 

1 COBBLES SILT t CLAY 
!--. COARSE 1 FINE 1 CO. I MEDIUM 1 FINE 

POROSITY (%) 

EFFECTIVE SIZE (mm) 

COEFFICIENT OF CURVATURE 
LIQUID LIMIT 
PLASTIC LIMIT 
PLASTICITY INDEX 
CLASSIFICQTION 0 

WATER CONTENT C%) 26.5 
DRY DENSITY CPCF) 98.4 

SIEL'E NO. COEFFICIENT OF UNIFORMITY 

9.5 REMARKS: TABULATED SPECIFIC GRAVITY 
HYDROMETER UQLUES 3/8" 

HYDRAULIC CONDUCTIVITY 

TEST PROCEDURES: ASTM D422. 
JLWIEIJ FROM (cm/scc - 2 0 C )  
!R .._. ""T~,'~~~. 



A 
-.IL -- --  -- 
I - I - - - LAW EKYIHONhlENTAL, INC. 

. KENHESAW, GEORGIA 30144 
- 300 CHASTAlN CNTR BLVD, SUITE 315 - - . 404-425-7879 - 

GRAVEL 

PARTICLE SIZE DISTRIBUTION 

. SAND 

& PHYSICAL PROPERTIES 

U.S.STANDGR0 SIEVE SIZE PERCENT 

SIEVE SIZE 
(MILLIMETERS) SIEVE NO. 

3 75 

5 0  2 " 
.- 

- -- - 
1-1/29* 37.5 --- -._. .- I--- ----I -- 

25 

3/4" 19 
-. 1" -- - 

CLIENT Law Engineering, Inc. 
396 Plasters Avenue 

Atlanta, Georgia 30324 
-- 

CLIENT JOE NO./P.0.8 56301442.01 

HYDROMETER 

PARTICLE 
DIAMETER 

(MILLIMETERS 
0 .  050 
e. 020 

0 . 0 0 5  

e .  002 

0 .  001 

JOB NO. 41-10101 DATE April 23, 1991 

LAB NO. 01034 PAGE 4 

PROJECT Cumberland Citu Fossil Plant 

SAhPLE ID . B-4s-4 20' 

1/2" 

3/0" 

12.5 I 
9.5 100.0 REMARKS: TCIEULATED 

HYDROMETER VALUES 
No.4 . 
No.10 - 
tlu.20 _ _  

-I_ No. 40 

I_ No. 60 - 
No. 109 
No. 200 

4.75 96.9 ARE COMPUTER - INTERPOLATED FROM 
- __ 2.00 94-1  A LINEAR DATA PLOT 

PLOTTED VALUES MAY 
0 . 8 5 0  BE MORE ACCURATE 

89.5 FOR THE 0.050 mm 
0.425 PARTICLE DIAMETER- 
0.250 60.1 

8.150 87.1 
0.075 85.8 

-I--_ 

TESTED BY: JM HJ MO 

POROSITY ( % I  
EFFECTIVE SIZE Cmm) 

COEFFICIENT OF UNIFORMITY 
COEFFICIENT OF CURVATURE 
LIQUID LIMIT 
PLASTIC LIMIT 
PLASTICITY INDEX ---______ 
.CLASSIFICATION 0 

WATER CONTENT (%)  

DRY DENSITY (PCF) 
SPECIFIC GRAVITY - 
HYDRAULIC CONDUCTIVITY 

( c m / s e c  - 2 0 C )  

TEST PR0CEDURES:ASTM 0422. 



. 
as-- -- - -  - - L A N '  ENVIRONMENTAL, INC. = - -- - - - 300 C H A S T A I N  CNTR BLVD, SUITE 315 - * 7 .  KENNESAIJ, GEORGIA 30144 

404-425-7879 

~. 4"l.U 1 
! C;lJLjtiLES i-. --_ I COARSE 1 FINE I CO. I MEDIUM I FINE 

P A R T I C L E  SIZE DISTRIBUTION 
& P H Y S I C A L  PROPERTIES. 

SILT b CLAY 

.S.STfiNDARD SIEVE SIZE 

S I E E  SIZE 

CLIEtlT_La_w_.Engineerinq, Inc. JOB NO. 41-10101 DATE April 23, 1991 
PAGE 5 -- 396 .- -- Plasters Cuenue LAB NO. 01035 

--- Atlanta, -- --__ Georgia 30324 PROJECT Cumberland City Fossil Plant 

CLIENT JGB NO./P. 0. t 5630144Z.01 SAMPLE ID B-5s-1 5 '  

U.S*STANDARD SIEVE SIZES 

PERCENT HYDROMETER POROSITY ( x )  
PARTICLE EFFECTIVE SIZE (mm) 

I::-- I GRAUEL I I 1 I PARTICLE SIZE IN MILLIMETERS 
= A k i n  

31EUE NO. (NILLIMETERS DIAMETER COEFFICIENT OF UNIFORMITY 

- . --.- -- - 75 -- 7 
Y 
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June 12, 1991 

Mr. J. Steven Baugh 
Tennessee Valley Authority 
2N 83A Blue Ridge Place 
1101 Market Street 
Chattanooga, Tennessee 37402-2801 

Subject: Report of Preliminary Hydrogeological Assessment 
Proposed Disposal Site 
Cumberland Fossil Fuel Plant 
Site No. 10 
Montgomery County, Tennessee 
Law Project Number 417.91199.04 (Nashville) 
Law Project Number 563.01442.01 (Atlanta) 

Dear Mr. Baugh: 

A s  authorized, Law Engineering has conducted a preliminary 
hydrogeological assessment of the subject site. The purpose of 
this assessment was to define the general nature of subsurface 
soil, rock and ground water conditions in the site area for use 
in site selection and planning a number of waste disposal 
facilities. This report presents a brief review our 
understanding of the project, a description of site topography 
and subsurface conditions, and an evaluation of those conditions 
relative to applicable requirements for the proposed facilities. 

We appreciate the opportunity to complete this study for you. If 
you have any questions regarding this report, or if we can be of 
further assistance, please feel free to contact us at your 
convenience. 

Sincerely, 

LAW ENGINEERING, NC- 

A1 Principal wfl#P.E., ed L. Geote Futre nical Engineer P.G. 

James W. Niehoff, P.E. 
Principal Engineer 

ALF/JWN/dlm (env/719904.06) 

445 M E ~ R K E X V E  1 N A s H v I L C E T N - ~ ~ ~ ~  1 
P.O. BOX 111299 - NASHVILLE. TN 37222-1299 

615/832-0513 - FACSIMILE. 615/832-0983 
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1.0 INTRODUCTION 

The Tennessee Valley Authority is currently seeking a site for 
future waste disposal needs for its Cumberland Fossil.Fue1 Plant 
located near Cumberland City, Tennessee. Under consideration in 
this study is an approximate 450 acre parcel of land, designated 
as Site Number 10. Site Number 10 is located approximately 4 
miles east of the plant, as indicated on Figure 1. Although 
plans are preliminary at this time, it is expected that the site 
will be developed to handle fly ash and sulfur dioxide scrubber 
sludge. 

The purpose of this preliminary study was to conduct a 
reconnaissance on the proposed site, perform a limited subsurface 
exploration and provide recommendations relative to further site 
study, if warranted. 

2.0 SCOPE OF STUDY 

The purpose of this study was to generally define the site 
geologiclhydrogeologic setting for use in evaluating the 
suitability relative to the Tennessee Department of Conservation 
Division of Solid Waste Management (DSWM) regulations and for use 
in preliminary design studies. The scope of the study included 
the following activities:. 

2.1 MAP AND LITERATURE SEARCH 

Geologic and topographic maps of the area were examined for 
evidence of fracture zones, bedrock geology, sinkholes and other 
karstic features, and areal drainage patterns. Available 
literature concerning the area, including state reports, soil 
surveys, ground water level data, water well surveys etc., were 
also collected and reviewed, 

2.2 SITE RECONNAISSANCE 

Accessible portions of the site were visited by LAW 
hydrogeological and geotechnical personnel for the purpose of 
observing surface conditions and planning for subsequent soil 
test borings and observation well (piezometer) installations. 
The reconnaissance included a search for sinks, springs, rock 
outcrops, and other characteristics of geologic or hydrogeologic 
significance. 

2.3 GEOTECHNICAL EXPLORATION/PIEZOMETER INSTALLATION 

Nine soil test borings were advanced to bedrock refusal or 
predetermined termination depths at locations within the site 
(see Figure 1). Locations were selected in an attempt to define 
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the typical geologic and ground water conditions over the site. 
The test borings included the following: 

.. 1. Soil sampling which included both undisturbed (Shelby Tube) 
samples for natural hydraulic conductivity determinations 
and bulk (composite) samples for standard Proctor compaction 
tests, recompacted hydraulic conductivity tests and soil 
classification. 

2 .  Bedrock materials cored at three boring locations to permit 

3 .  Piezometers installed in five of the boreholes to permit the 
measurement of stabilized water levels beneath the site. 

an evaluation of its composition and continuity. 

4 .  Each of the boreholes/wells was grouted with Portland cement 

Test boring records indicating the classification of the soil 
overburden and the nature of the bedrock are presented in the 
Appendix. The soil and rock samples retrieved were examined and 
field logs were prepared by a registered geologist at the time 
the borings were drilled. The finished logs represent our 
interpretation of the subsurface conditions based upon the field 
classifications and upon the results of laboratory tests on 
selected field samples. 

- approximately 7 days after completion. 
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3.0 GENERAL SITE INFORMATION 

3.1 SITE LOCATION 

The proposed disposal site is located in Montgomery County, 
Tennessee, approximately 3 miles southeast of Cumberland City and 
4 miles southeast of the Cumberland Fossil Fuel Plant. The site 
is roughly rectangular in shape with dimensions of approximately 
4,000 feet in the east-west direction and 5,500 feet in the 
north-south direction. It is bounded by undeveloped land on all 
sides. 

3.2 GENERAL SITE DESCRIPTION 

Our geologist/engineer, Mr. Alfred L. Futrell, Jr., conducted a 
field reconnaissance during the drilling phase of this project. 
The field observations were used to identify key land forms, 
surface drainage patterns, and to site locations for the soil 
test borings. 

Based upon our review of available topographic information and 
our observations, the site is dominated by a north-south trending 

,) ridge line. This ridge line extends approximately through the 
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center of the site. Avai-lable published geologic data indicates 
the topographic features in this region of Tennessee are a result 
of erosion of a former plateau, to form numerous ridges and 
intervening valleys. The site topography appears to be 
consistent with the published data and we believe represents an 
erosional remnant of a former plateau. Apparently, this plateau 
was eroded, particularly on the east side, by Yellow Creek and 
its tributaries and to a lesser extent on the west side. Maximum 
site relief is on the order of approximately 150 to 200 feet 
between the ridge line, and the base of intermittent streams on 
both the east and west sides of the site. Slopes are generally 
on the order of about 3 or 4 horizontal to one vertical, but are 
occasionally steeper, particularly near the southeast site 
corner. 

Site vegetation generally consists of deciduous hardwood trees, 
particularly dominated by oaks with occasional evergreens 
dominated by cedars. Evidence of past logging activities was 
noted near the east and southeast site areas. At the time of our 
reconnaissance, some active logging was occurring near the east 
central site area. Scattered cleared areas were primarily 
located near the northwest site area. These areas were generally 
grass covered and appeared to be used for cattle graz'ing. 

- 

A paved road (Sexton Road) traverses the central and western 
portions of the site. Sexton Road loops through the site from 
the west-central site boundary to the south-central site 
boundary. Structures along Sexton Road include an occupied 
residence near the central portion of the site and a vacant 
residence near the west-central site area. Several out 
buildings, such as barns, were also noted around each residence. 

Site drainage appeared to be directed both eastward and westward 
from the ridge to intermittent streams which flow off site to 
Yellow Creek. These stream beds were dry at the time of our 
reconnaissance. It should be noted that this study was conducted 
one to two days after significant rainfall. 

A man-made pond was observed near the west-central site area. 
This pond was created by a dike on the west end, and had several 
feet of standing water. The pond appeared to be fed by surface 
runoff rather than an actively flowing spring or stream. 

No obvious sinkholes, or other natural depressions were observed. 
A single large depressed area was noted near the west central 
site area. This area is mapped as being an iron mine which was 
aceive approximately 140 years ago. 
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4.0 GEOLOGY 

4.1 GENERAL 

The proposed site lies at the extreme periphery of a large 
geologic feature known as the Wells Creek Structure. The Wells 
Creek Structure is roughly circular in shape with a diameter of 
approximately 2 miles. Beyond the central portions of the 
structure, a radial and longitudinal fracture pattern has been 
mapped extending several miles in all directions. The nearest of 
these faults is mapped as terminating near the western site 
boundary. 

The outer-most and upper-most strata of the Basin Structure 
include the Warsaw Limestone ahd the St. Louis Limestone. These 
are the dominant near-surface strata beneath Site 10, based on a 
review of the Tennessee Division of Geology, Needmore Quadrangle 
Map. 

The Warsaw is typically a highly jointed or fractured, blueish 
gray, granular limestone with interbedded shale, capped with a 
layer of calcareous sandstone. The overlying St. Louis is 
typically a light olive to dark gray, very fixie to medium 
grained, medium to thick bedded, fossiliferous limestone 
containing numerous chert-stringers and nodules. Both formations 
weather in-place to form a relatively thick layer of residual 
soil which can range from 80 or more feet thick to less than 20 
feet thick. The soil is typically a yellow to reddish-brown clay 
with abundant chert. 

It is not uncommon for relatively thick zones of chert (i.e., 1 
to 3 feet thick) to be located within the clayey soil overburden 
formed by the two rock units described above. In general, this 
chert is progressively less weathered and more dense with 
increasing depth below the ground surface. A s  a result, the 
soil/rock interface can be very irregular, and is often difficult 
to delineate based on limited soil test drilling. Solution 
weathering along vertical joints and bedding planes in the rock 
may exacerbate the irregular soil/rock profile. 

4.2 SUBSURFACE CONDITIONS 

Subsurface conditions were explored by drilling a total of nine 
soil test borings within the site at the approximate locations 
indicated on Figure 1. The test boring locations were estimated 
by our engineer who paced distances al.ong Sexton Road from known 
topographic landmarks. 

Soil was sampled and tested for consistency by means of standard 
penetration tests conducted in general accordance with ASTM 1586. 
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Soil samples were visuall'y examined in the field by a geologist, 
and logs indicating soil type and consistency were prepared. 

In general, the soil overburden within the site area was found to 
range from approximately 24 feet to in excess of 60 feet. Soil 
overburden thickness generally appeared to be deeper in areas of 
higher surface elevation, particularly along the ridge line where 
the overburden ranged from 4 2  feet to in excess of 60 feet. 
Borings B-107 and B-109 were drilled in lower site areas adjacent 
to intermittent stream beds (wet weather conveyances) and 
encountered soil overburden thicknesses ranging from 24 to 43 
feet . 
The soil overburden generally consisted of residual soils. These 
residual soils were generally stiff to very stiff, tan to 
reddish-brown, lean to fat clay with abundant chert gravel. In 
some instances, the chert gravel was predominant, and the soil 
was classified as a clayey chert gravel. 

Hydraulic conductivity tests were conducted on undisturbed and 
remolded samples of the overburden soil. The data obtained is 
summarized below: 

Boring . Depth Sample Hydraulic 
_ -  

Conductivity Number Range Type ................................................................ 
B-101 0-30 ft. Remolded 1.4 x cm/sec 
B-104 3.5-4.5 ft. Undisturbed 2.0 x cm/sec 
B-105 0-15 ft. Remolded 9.8 x cm/sec 
B-107 11-13 ft. Undisturbed 1.1 x cm/sec 
B-108 0-10 ft. Remolded 7.5 x cm/sec 

The hydraulic conductivity of the remolded samples was typically 
found to be considerably lower than that of undisturbed 
materials. Copies of all laboratory data are included in the 
Appendix. 

Refusal materials were explored in Borings B-105, B-107 and B- 
108. Refusal materials were sampled by rock coring techniques to 
characterize their composition and continuity. Refusal consisted 
of limestone bedrock. This bedrock was generally a moderately 
hard, medium gray siliceous (cherty) limestone. The rock quality 
was fair to good at most of the boring locations. This limestone 
material is interpreted to represent the St. Louis Limestone 
Formation of the Mississippian Age. 
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4 . 3  GROUND WATER 

Borings B-101, B-102, B-103, B-104, and B-105 were fitted with a 
slotted PVC pipe for measurement of stabilized ground water 
levels. Additionally, Borings B-106, B-107, B-108, and B-109 
were left open to permit post-drilling ground water measurements. 
In general, borings which were drilled by hollow stem auger 
methods were dry at the time of our drilling activities. Several 
of the borings were drilled using a wash drilling process which 
utilized drilling water. High water levels were initially 
measured in these boreholes. However, the water dropped over a 
period of several days. We interpret these water levels to be a 
result of drilling water introduced to the borehole. We also 
note, that in several of the bkeholes, circulation of the drill 
water was lost, apparently through openings in the bedrock. 

5 . 0  EVALUATION 

A number of factors are of consequence in the siting of a 
disposal facility. Of particular importance are: 

0 Major topographic characteristics which influence the degree 
of grading necessary for development. 

0 The thickness and character of overburden materials which 
have an impact on the type of equipment necessary for site 
grading, the availability of fill soils for dike 
construction and cover, and the presence of natural geologic 
buffers necessary for the protection of ground water. 

Bedrock conditions underlying the site which can affect 
structural stability and ground water flow directions. 

0 The depth to the water table and the presence of springs 
which influence grading depths and buffer zones. 

During the course of our study, information was gathered relative 
to each of these factors to aid in the evaluation of the site for 
its projected purpose. Based on our review of these features, we 
believe the proposed site generally appears to be suitable for 
development of a disposal facility. Site development will 
require a site acceptability permit to be issued by the DSWM. 
Favorable characteristics of the site include the relatively low 
permeability of the soils encountered, the thick soil overburden 
that is present and the relatively deep depth to ground water. 
The following paragraphs present a summary of the information 
obtained. 
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5.1 HYDROGEOLOGIC CONSIDERATIONS 

Based on the available data, and our previous experience with 
similar geologic conditions, we believe the first ground water 
aquifer at this site will typically be discontinuous perched 
water zones near the soil/rock interface or possibly within 
dense, chert gravel layers. Typically, flow gradients for this 
aquifer mirror the surface topography. We anticipate that run- 
off will be high and infiltration will be relatively low due to 
the hilly surface topography present at the site, resulting in 
relatively low yields for this aquifer. 

This first aquifer is typically not suited as a potable water 
source, most often due to its low yield. A review of Tennessee 
Division of Water Supply records for the Needmore quadrangle 
indicates domestic water supply wells in the area have aquifer 
depths ranging from 130 to 300 feet, and yields of 1 to 2 gallons 
per minute. 

5.2 TOPOGRAPHYjGRADING CONSIDERATIONS 

We understand that a "hollow fill" type design will be used for 
waste disposal trenches at this site. In general, we believe 
that cuts 30 to 4 0  feet deep can be made in the higher elevations 
of the property. Cuts in excess of these depths may encounter 
discontinuous perched water zones or significant quantities of 
hard chert gravel that may be difficult to excavate. Cutedepths 
should be limited to about 15 feet or less in the lower site 
elevations to protect wet weather springs, which while n o t  
observed, are likely seasonable present, and to allow proper 
surface drainage. 

According to a DSWM letter to TVA, dated January 31, 1991, "the 
liner and geologic buffer required will be 3 feet in tota 
thickness with a maximum hydraulic conductivity of 1 x 10- 
cm/sec". Based on preliminary laboratory test data, we believe 
that the on-site soils, particularly when remolded should meet or 
exceed these values. We do note, however, that in some locations 
the in-place soil does not meet these requirements, and that 
construction of a recompacted liner would be required. 

i 

5.3 ADDITIONAL STUDY 

This preliminary study was intended to characterize the general 
subsurface conditions across the proposed site. Additional 
subsurface exploration would be required prior to proceeding with 
design and construction. The most important issues which would 
need to be addressed include: 
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The characteristics of near-surface and deep ground water 
flow. 

Additional soil borings and permeability' testing 
accomplished to confirm preliminary findings. 

A more detailed survey of local water supplied, including 
interviews with local residents concerning springs and 
supply wells. 
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SOURCE: T E N N E S S E E  DIVISION OF QEOLOQY 
OEOLOOIC YAP 
NCEDYORE OUADRANOLC 
DATED 1088 

I 

SI. Louis Limestone 

U j r l r r  part i i  linivatunc. li~lit.gruy to dnrk brownish. 
y y ,  very tine. to medium. .rained thin- to medium. 

e d d d .  fossiliferous. localty 0oli;ic. Distiiiguishrd 
froin lower part of St. Louu by yielding. u w n  
weathering. "cunnonball?c" of concentric. spherical. 
nicdium.fray chert. wa!nui. to p a  fruit.size, in a 
rubble o angular fragments and %ocks of dense 
chert. Near the top bumpy ovoidal masu.s of 
mottled brown and cream chert are prominent. 
Large colonies of the coral "Lithomolion ' are corn. 
mnn in middle part. Thickness about 120 feet. 

Lower purt w calcarenite, medium to dark brownsh. 
grgy. fine. to medium-grained, poorly s o r t d .  very 
thin. to medium-bedded. fetid odor, foss,iliferous. 
Distinguished from underlying W a n n w  Limestone 
by brownish color, ,fetid odor, the presence of the 
coral "Ltthorfrotton, and the resence of blocks and 
masses of rounded and b a n d e l  porous chert. Thtck- 
ne- about 60 feet. 

I !  

W a r s a w  Limestone 

Calcarenire, light. to d a r k - p a  , line to coarse 
with a white to light.gray c h k y  matrix me%%% 
very thick-bedded. crossbedded. fossil:fragmental: 
some oolitic beds near top of formation: contains 
be+ of brownifh.gray to yellowish-brown. silty, fine- 

amed dolomite. Gradational with Fort  Pa ne be- 
g w  and with st. Louis above. T w o  beds of &tone. 
containing very line-pained quartz sand, u e  prcsent 
near the middle and top of the formation. Formation 
weathers to angular l a m  and blocks of c o a r r l y  
porous anular, foasfierolu chert. Thickness 100 . 

I lo 140' El. . ..-_ 

L 

SITE GEOLOGY 
SCALE: NONE APPROVED B Y :  DRAWN B Y  D.E.H. 

DATE : 6-12-01 REVISED 

CUMBERLAND FOAL P L A ~ T  
CUMBERLAND CITY. TENNESSEE 

~~ 

@b X 11 PAlNlLD O N  NO l W O H  CtLARPRlNT 



STRATUM 
ELEV. DEPTH 

0.0 
II. I 
- 

32.0 

VISUAL SOIL DESCRIPTION 

- 
Very stiff, tan, FAT to LEAN CLAY with abundant 
rlicrt grnvrl 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Very stiff to hard, LEAN to FAT CLAY, with 
abundant chert gravel, grading to clayey chert 
gravel. 

,D - Sample depth (Ft.) 
SIC - Sample recovery (In.) ' K - Soil Symbols 

N - Penetration (Dlows/Ft.) 

SR K N CR RQD REMARKS 

Set 1 1/2-inch PVC observatioi 
well to 60.0 feet, 
hand-slotted screen. lower 10 

TEST BORING RECORD 

BORING NUMBER B-101 
DATE DRILLED April 1 1 ,  1991 
PROJECT NUMBER 563.01442.01 
PROJECT CUMBERLAND FOSSIL PLANT 
PAGE I OF 2 

LAW ENGINEERING 
Loss of Water 

- 



STR ATU hi 
ELEV. DEPTH VISUAL SOIL DESCRIPTION 

7 

60.5 
30RING TERMINATED AT 60.5 FEET 

Sample depth (Ft.) 

N - Penetration (Blows/Ft.) 
- Core Recovery (percent) 

SYMBOLS: 
Pey;dard Pen. 

Undisturbed 

g Water level. 
= time of drilling 
Y. Water level 

I I C Caved depth of boring 
ioo I uo 1~ Rock Core 

4 Loss of Water 

D S R K  N 

- - 
14 

12 

19 

26 

R HQD REMARKS 

-? a 

3 

TEST UOI1ING HECORD 

%ORING NUMBER B-101 
DATE DRILLED 
PROJECT NUMBER 563.01442.01 
P 110 J ECT 
PACE 2 OF 2 

April I I ,  1991 

CUMBERLAND FOSSIL PLAKT 

1 A LAW ENGINEERING 



STRATUM 
ELEV. DEPTH VISUAL SOIL DESCRIPTION D SR K N CR RQD REMARKS 

0.0 - 

15.0 

25.0 

45.0 

llard to very hard brown LEAN CLAY with 
abiindant chert gravel 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Very stiff reddish brown LEAN CLAY with black 
mineral oxide staining 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stiff to very stiff tan LEAN CLAY with abundant 
chert gravel, grading to clayey chert gravel 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Firm, reddish-brown, FAT CLAY, with trace of chert 
gravel 

I 100 

- Core Recovery (percent) 

Undisturbed 

P time of drilling 
Water level 

C Caved depth of boring 
ock Core 

4 Loss of Water 

Set 1 1/2-inch PVC observatioi 
well to 60.0 feet, 
hand-slotted screen, lower 10 

4/23/91 

TEST BORING RECORD 
I 

(BORING NUMBER B-  102 
IIDATE DIZILLED April 22, 1991 

PROJECT NUMBER 563.0 1442.0 1 
PROJECT CUMBERLAND FOSSIL PLANT 
,PAGE I OF 2 . 

A LAW ENGINEERING I, 



I 
STRATUM 

ELEV. DEPTH VISUAL SOIL DESCRIPTION 

L 

! 

60.5 
BORING TERMINATED A T  60.5 FEET 

Sample depth (Ft.) 
- Sample recovery (In.) 

- Penetration (I)lows/Ft.) 
R - Core Recovery (percent) 

D SR K N CR RQD REMARKS 

4/30/91 

TEST BOWING KECOKD 

DATE DRILLED April 22. 1991 
PROJECT NUhlBEll563.01342.01 
PROJECT C U M B E R L A N D  FOSSIL PLANT 

C Caved depth of boring 

Rock Core A LA\\’ ENCINEEKING 
4 Loss of Water 



STRATUM 
ELEV. DEPTII 

0.0 

2.0 

- 

35.0 

VISUAL SOIL DESCRIPTION 

Soft, brown. LEAN CLAY with m e k  fragments 
(FILL) 
Very stiff, reddish-brown to tan LEAN CLAY with 
:ilnindnnt chwt gravel 

- _ - - - - - - - - - - - - - - - - - - - - - - - - ~  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Firm to stiff, reddish-brown to tan FAT CLAY with 
weathered and porous chert gravel 

N - Penetration (Ulows/Ft.) 

U S K K  N KbMAAKS 

Recovery (percent) 
- Rock Quality Designation (I-:.: TEST BORING RECORD SYMBOLS: 

BORING NUMBER B-103 
DATE DRlLLED April 22, 1991 
PROJECT NUMBER 563.01442.0 I 

PAGE I OF 2 
CUMBERLAND FOSSIL PLANT 

A LAW ENGlNEERlNG 
Loss of Water 



STRATUM 
ELEV. DEPTH VISUAL SOIL DESCRIPTION 

r \ D  - Sample depth (Ft.) 
SR - Sample recovery ( I n . )  

. K - Sod Symbols n 'b.N - Penetration (Blows/Ft.) 

D SR K N CR RQD REMARKS 

' 5 0 / 0  

- ,  

Fezdard Pen. 

llndiaturbed 
Sample 

n Water level, 
time of drilling 
Watcr level 

C Caved depth of boring 
1 

A LAW ENGINEERING 4 Loss of Water 

TEST UOllING HECOKD 

D A T E  DRILLED April 27, 1991 
PROJECT NUhlBER 563.01442.01 
PROJECT C U M l l E R L A N D  FOSSIL PLANT 
P A G E  2 OF 2 



I 

! 

STRATUM 
ELEV. DEPTH 

0.0 
U.2 
7 

25.0 

VISUAL SOIL DESCRIPTION 

. . . . . . . . . . . . . . . . . . . . . . . .  
Stiff to very stiff, reddish-brown to tan, FAT CLAY, 
with abundant chert gravel. grading to clayey chert 
gravel. 

.,N - Penetration (Blowa/Ft.) 

SYMBOLS: 
Standard Pen. 
Test 

time of drilling 
Water level 

C Caved depth of boring 

4 Loss of Water 

KLMAKKY 

Set 1 1/2-inch PVC observation 
well to  57.5 feet, 

hand-slotted screen, lower 10 

I TEST BOIIINC RECORD 

fBORING NUMBER B-104 
DATE DRILLED April 23, 1991 
PROJECT NUMBER 563.01442.01 
PROJECT CUMBERLAND FOSSIL PLANT 
PACE 1 OF 2 

1 

A LAW ENCINEEHING 



STRATUM 
ELEV. DEPTH 

-1 1EST BORING KECOKD SYMIIOIS: 

C U M B E R L A N D  FOSSIL P L A N T  
C Caved depth of boring 

LAW ENGINEERING 4 LOSS of Water 

60.5 

VISUAL SOIL DESCRIPTION 

BORING TERMINATED AT 6U.S FEET 

,D - Sample depth (Ft.) 
SR - Sample recovery (In.) ‘IT- Soil Symbols I p.?. - Penetration (Blows/Ft.)  

r i  

100 

D 

- 
SR K N CR RQD REMARKS 

. =  - - - -  



STRATUM 
ELEV. DEPTH VISUAL SOIL DESCRIPTION D SR K N C R  RQD REMARKS 

0.0 
0.7 
- 

25.0 

42.0 - 
SAMPLER REFUSAL AT 42.0 
BEGIN CORING 
Muderately hard, light gray fossiliferous to  
crystnlline. slightly porous limestone with chert 
bands 

D - Sample depth (Ft.) \ 

5 

10 

- 

- S a i q ~ l e  recovery (In.) 

- Penetration (Blows/Ft.) 
ore Recovery (percent) 
QD - Rock Quality Designation 

SYMBOLS: 

C Caved depth of boring 
Rock Core 

4 Loss of Water 

F t d a r d  Pen. 

Undisturbed 

Water  level, 
tirne.of drilling 

Y Water  level 

W sample 

- 

I 
- - 

T E S T  BORINC KECORD 1 
D A T E  DRILLED April 23. 1991 
PROJECT NUhlBEH 563.01442.01 
PROJECT CUMBERLAND FOSSIL PLANT 



S'~Rhl't1ht 
ELEV. DEY'L'II VISUAL SOIL DESCI1IPTION L) SR K N CI1 RQD REMARKS 

- 

62.0 
CORING TERMINATED at (iZ.0 FEET 

N - Penetration (Blows/Ft.) 
CR - Core Recovery (percent) 

RQD - Rock Quality Designation 
SYMBOLS: a Fe;:dard Pen. 

Undisturbed PB Sample n Water level. 
= time of drilling 
Y Water level 

C Caved depth of boring 
100 80 M R o c k  Core I- 4 LOSY of Water 

Cavity from 53.7 to 54.7 
Cavity from 55.6 to 5a.6 
Cavity below 62.0 

TEST BORING RECORD 

/BORING NUMBER B-I05 
DATE DRILLED April 23, 1991 
PROJECT NUMBER 563.01442.01 
PROJECT 
P A C E  2 OF 2 

C U M B E R L A N D  FOSSIL PLAK'T J -- L 

A LAW ENClNEEHlKG 



i 

STRAT[IM 
ELEV. DEPTH 

0.0 
U.9 
2.0 

- 

15.0 

43.4 

- 

VISUAL SOIL D.ESCRII'TION 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stiff to very stiff reddish-brown FAT CLAY with 
chert gravel 

. .. - 
I<I.:FUSAL AT 13.4 FEET 
BORING TERMINATED 

,D - Sample depth (Ft.) 

5 

10 

- 

N - Penetration (Dlows/Ft.) 
CR - Core Recovery (percent) 

RQD - Rock Quality Designation 
SYMUOLS: 
+&ml Pen. 

Undisturbed E sample 
Water level. X time or drillirig .x Water level 

c Caved depth or boring 
100 80 W R o c k  Core I- 4 Loss of Water 

SR K N CR RQD REMARKS 

I -7 TEST UOHINC RECORD 

DATE DRILLED April 24. 1991 
I'ROJIXT NUhIIlEI1563.01442.0 1 
P II 0 J ECT CUMBERLAND FOSSlL PLANT 

A LAW ENGINEERING 



-. 

.- 

STRATUM 
ELEV. DEPTII VISUAL SOIL DESCRIPTION 

0.0 
u.3 
7 

10.5 

23.5 

43.: 

- 

SOIL . ~ ~ ~ _ ~ ~ ~ ~ ~ ~ _ ~ ~ ~ _ _ _ _ _ _ - - - - ~  
FGm to  soft brown clayey SILT i o  LEAN CLAY with 
iome chert gravel ---- A A i r  . 

_ - - - - - - - - - -  
Firm, reddish-brown 

- 

ILEFUSAL AT 23.5 FEET 
BEGIN CORING 
Moderately hard, medium to light gray, limestone, 
fossiliferous below 29.5 feet. 
Fractured. with chert bands from 33.5 to 35.0 feet. 

COILING TERMINATED AT 43.5 FEET 

p ; l e : ; p t h  (Ft.) 
Si t  - Sample recovery (In.) 

,K - Soil Symbols 
h N - Peiietrstiori (Rlows/Ft.) 

D '=R K N CR RQD REMARKS 

92 

9: 

101 

7 

: 
5 5/7/91 

I 

i 

ns - r  DORING KECOKD 

BORING NURIBER 13- IO7 
DATE DRILLED April 25,  1991 
1'110JECT NURIBER 563.01442.01 

PAGE I OF I 

W R o c k  Core A LAW ENGINEERING 
4 Loss of Water > 

PllOJECT CU M 13 E R LA N D FOSS I L P L .A N T  Water level 

.- C Caved depth of boring - 



STRATUM 
ELEV. DEPTH VISUAL SOIL DESCRIPTION 

0.0 
0.3 
2.0 

- 

50.0 

msorr. grown; iE13 2cA-y; r-.- --- - - - - - - - - - 
-“.S:.’3Er.’..+i;S - - -- . . . . . . . . . . . . . . . . . . . . . . . . . .  

Hard t o  stiff, reddish-brown to t an  FAT CLAY, with 
Ibundant  chert gravel, grading to clayey chert gnvel  

ILEFUSAL A T  50.5 
BIZGIN CORING 
Moderately Iiard, medium to  dark gray. fine grained 
to coarsely crystalline limestone with stylolites 

D - Sample depth (Ft.) r 
5 

10 

i 
.,. 

+It - Sample recovery (In.) 

- Prnetratiori (L)lows/Ft.) 
Cli  - Cora Recovery (percent) 

D S K K N  

TEST B O R I N G  KECOKD I ._- ---.- 

RQD - Rock Quality Dcaigiiation 
SY M 1101.5: 
?;y;tl:trd I ’ m .  .- -- 

DATE D R I L L E D  Apri l  25.  1991 
PROJECT N U M B E R  563.0 1442.0 1 
1’ H 0 J E C T  

Undisturbed 5 Sample 
Water levei, 
time of drilling 
Water level CUMBERLAND FOSSlL PLANT 

C Caved deptli of boring 

LAW E N G I N E E R I N G  
4 Loss of Water 



.. 

STRATIJM 
ELEV. DEPTH VISUAL SOIL DESCRIPTION 

70.5 

. 
tlirouglioiit healed vertical fracture f rom 59.0 t o  63.1 
feet 

CORING TERMINATED AT 70.5 FEET 

D SR K :R RQD REMARKS 

7 
1 TEST UOHING RECORD 
-- 

D A T E  D R I L L E D  April 75, 1991 i 
PROJECT N UR1 UE Il 563 .O I442 .O 1 i 
P I <  0 J ECT C U M I I E K L A N D  FOSSlL P L A N T  i 
I'AGE 2 OF 2 I - -. . - 

Undisturhetl 

W a t e r  level Z t i m e  of driliirig 

W a t e r  Iev1.1 

C Caved deptli o f  h r i i i g  

. _. 



STRATUM 
ELEV. DEPTH 

T ; l ; . d e p t t i  (Ft.) 
SI1 - Sairiplr recovery (In.) 

.. I< - Soil Symbols 
',, N - Penetration (Blows/Ft.) 

0.0 
11.8 
- 

15.0 

29A 

43.! 

- 

VISUAL SOIL DESCRIPTION 

_ _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ - _ _ - - _ - - - -  
Stiff to firm brown LEAN CLAY wi th  chert gravel 
arid coarse sand. 

- 
ILEFUSAL A T  43.5 
BORING TERMINATED 

i 

I 
I s  
I lo 

L 
I5 

SYhmOLS: 

C Caved depth of boring 

D SR K N CR RQD REMARKS 

*Weight of rods caused rod drol 
from 39.0 to 43.5 feet 

-7 
IEST BORING RECORD 

DATE DRILLED April 30, 1991 
PROJECT NUMBER 563.01442.01 
PROJECT CUMBERLAND FOSSIL P L A N T  

A LAW ENGINEERING 



-- 
I -  -- -- - I I - - - LAW ENVIRONMENTAL, INC. - 
. 7 KENHESAW, GEORGIA 30144 

- 300 CHASTAIN CNTR BLVD, SUITE 315 - - 404-425-7879 - 
.'C-OMPACTIQN .TEST . ~ .._. _ _  

_ .  
CLIENT Law Enqineering. Inc. ' JOB NO. 41-10101 DATE April 22, lSJl 

396 Plasters Avenue LA6 NO. 01039 PAGE 3 

Atlanta, Georgia 30324 BORING NO. 6-101 

CLIENT JOB NO. /P. 0. # 56301442.01 SAMPLE NO. Bag 

PROJECT Cumberland Citu Fossil Plant DEPTH 0'-30' 

LOCATION SOIL DESCRIPTION Tan Sandy,Clayeq S i l t  w/sorne G r u l .  

METHOO OF TEST ASTM 06984 TESTED BY JM HJ NO 

MAXIMUM DENSITY <PCF) 106.1 OPTIMUM MOISTURE CONTENT (%)  17.8 

I- 
O 
0 
U 

0 

3 
0 
[L 
W 

U 
rn 

a 
in 
3 z 
3 
3 
1 
I - 
E 
5 
u 
3 
t 
H 
z 
3 
t 
[L 
0 

-I 

0 5 10 15 20 25 30 35 
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WATER CONTENT - PER CENT OF DRY WEIGHT 
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I O 0  

90 

B O  

7 0  

6 0  

5 0  

4 0  

30 

20 

IO 

0 

I S A N D  I F I N E S  G R A V E L  
C O B B L E S  2: 

C O A R S E  F I N E  C O A R S E  M E D I U M  FINE S I L T  S I Z E S  C L A Y  S I Z E S  
b 

U. S. STANDARD SIEVE SIZES 

10 20 40 60 100 200 3" 2" 

J A T  WC 

2 2 . 1  

1 0 0  10 

- DESC R l PTl  ON O R  C L ASS1 F I C A TI  ON L L  PL  PI 

64 2 3 4 1  Reddish-brown c l a y  K i t h  c h e r t  Law E n g i neeri n g 
Testing Company 

1 Grain Size Distribution 

1 .o 0.1 

GRAIN SIZE IN MILLIMETERS 

0.01 0.001 

I 04 



J I I I  -- -- - - -  ,~ 
- - LAW ENVIRONMENTAL, INC. - KEHNESAU,CEORCIA 30144 

-. 
I) - I 300 CHASTAIN C H l R  BLVD, SUITE 315 

404-425-7am 

HYDRAULIC  C O N D U C T I V I T Y  

CLIENT Law Engineerinq. Inc. JOE NO. 4i-ieiei DATE Ma4 6, 1991 

TESTED BY PAGE 3 --- 396 Plasters Avenue JH HJ NO 

ktlanta, Georqia 30324 PROJECT Cumberland Citu Fossil Plant 
CLIENT JOE NO./P.O. 8 56301442.01 TEST METHOD Corps O f  Engrr EM1118-2-1906. 
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4 
X 
4 
Y 

PORE VOLUMES OF EFFLUENT 
I I 

SkPlPLE IDENTIFICATION 

.- .--___. 
RECEIPT DATE 

TEST COMPLETIOPJ 

.---- SAIIPLE ---_-__ TYPE 

IblITIAL WATER CO 

-.- ----_- 
----.-- 

---- ---- - 
@r UNIT WEIGHT ~ P C F )  
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HYDRAULIC CONDUCTIVITY 

Job Number: 140 1000904 
Job Name: Cumtierland City Landt'iII 
Date: 5-20-0 1 

Boring Number: 

Sample Type: 

Sample Depth ([I.): 

Initial Water Content (%): 

Wet Unit  Weight (pcf): 

Dry l l n i r  Weisht (pcf): 

B- IO4 

UD 

3.5 - 4.5 

09.4 

N/.A 

2.0 x 10 " CIII/Sc'C 

, 



HYDRAULIC CONDUCTIVITY 

Job c’uintxr: 14hlUU0904 
Job Name: Cumberland City Landfill 
Date: 5-20-9 1 

Boring Number: 

Sample Type: 

Sample Depth (ft.): 

initial Water Content (TU): 

Wet I.ini t 1Vcigh t ( pet): 

Dry (!nit Weight (pcf): 

C o m p x t i o n  (%): 

Hydraulic Conductivity (cm/scc. Q 20 C) 

.) 

B- 105 

BAG 

0 -  15 

22.8 

122.4 

99.7 

04.1 To 

9.8 x l o 4  



HY Dlbl  ULI C CONDUCTIVITY 

Job Ftiinber: 140 1000904 
Job Same: Cumbc.rl;inti City Landfill 
Date: 5-20-9 1 

Boring Number: 

Sample Type: 

Sample Deprh (ft.): 

Initial Water Content (‘33): 

Wet Unit Weight (pcf): 

Dry I I n i t  We-igiit (pcf): 

Comp:tctiori ($4:): 

B- I07 

U D  

I 1  - 1-3 

22.5 

123.5. 

100.0 

N !A 

1.1 s IO -’ cni/sc‘c 



HYUIL4ULIC CONDUCTIVITY 

Job Yiiiiibcr: 140 1000004 
Job Same: Cumberland City Landfill 
Date: 5-20-9 1 

BaririS Nunher :  

Sample Type: 

Sample Depth (ft.): 

Initial Water Content (%): 

,I Wet Unit Weight (pcf): 

Dry Ilnit Weight (pct'): 

Compaction (%): 

Hydrnulic Condiictivity (cnl/sec. @ 20 C )  

i .  . _. 

B- 108 

BAG 

0 -  10 

23.2 

117.3. 

95.2 

94.3% 

7.5 s IO cm/sec 



Appendix 111 

- 

Cuniberland Fossil P l a n t  

Rentoval o f  Ash S l u i c e  Waters From Ash Pond 

Deteriiiiriation of P o t e n t i a l  Impact on Ash Pond Eff luerit  

-3 8- 
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I. INTRODUCTION . 

The planned addition of.scrubbers at Cumberland Fossil Plant 
(CUF) reqiiires evaluation .of dry ash handling. Proposed 
operational changes include: (a) dry stacking fly ash; (b) wet 
sluicing bottom ash to a dewatering tank and reusing the sluice 
water; (c) continuing to combine the low-volume wastewaters in a 
diked-off section of the existing bottom ash pond; (d) continuing 
to discharge Air Preheater Cleaning Wastes to a diked-off section 
of the ash pond for treatment; and (e) installing scrubber 
system. The proposed plant layout for these changes is shown in 
Figure 1. 

It was stated that the scrubber system would be closed-loop and 
have no discharge. This report is based on that assumption. 
However, an 8-inch rainfall event such as CUF has experienced in 
the past could generate 25 to 30 million gallons (MG) of runoff 
just from the 145 acre gypsum stacking area shown in Figure 1. 
Some provision should be made for handling this large volume of 
potentially alkaline wastewater. 

The Development Document for Effluent Limitations Guidelines and 
Standards for the Steam-Electric Category allows for ash pond 
treatment for low-volume wastewaters (LVW). The theory behind 
this treatment method is that the physical/chemical nature of the 
ash pond environment will treat those wastes as well as 
conventional treatment methods.' The alkaline ash ponds at CUF 
have provided the treatment processes (neutralization, 
sedimentation, skimming, alkaline precipitation, and adsorption 
on ash) that effectively treat the LVW. All of the LVW now 
receive some degree of cotreatment in the ash pond prior to 
discharge with the ash sluice water. 

) 

When the ash sluice waters are segregated from the LVW, NPDES 
regulations may require that each LVW stream be treated 
separately prior to discharge. Therefore, two alternatives were 
evaluated. The first alternative was segregation of LVW from the 
fly and bottom ashes except for inclusion of fly ash dry stack 
runoff with the LVW. With this alternative each waste stream may 
require treatment to meet NPDES effluent limitations. Even if 
NPDES regulations allow combining the LVW for treatment without 
ash sluice water, the combined LVW may require additional 
treatment to meet NPDES effluent-limitations. 

kVW Table 1 lists the normal NPDES effluent limitations for 
including chemical cleaning wastes and coal pile runoff . In 
addition, the pH of LVW and metal cleaning waste discharges shall 
.be within the range of 6.0 to 9.0. The current ash pond effluent 
limitations are: pH minimum = 6.0 units, oil & grease = 15/20 
mg/L average, and total suspended solids (TSS) = 30 mg/L average. 
The parameters which may be difficult to meet in the future are 
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p~ and TSS. CUF has also had some problems with chronic toxicity 
in the final ash pond effluent. The cause of the toxicity is 
unknown at this time and is being investigated by TVA and EPA. 
The potent-iai -hiipacts of *'the proposed changes on acute or chronic 
toxicities of any discharges were not evaluated in this study. 

The second alternative was combining all of the LVW with the 
bottom ash sluice water and recycling all of the wastewater for 
use in the bottom ash handling system. 
to be very similar to current operations from a regulatory 
viewpoint. However, the proposed systems shown in Figure 1 may 
not provide adequate treatment to meet NPDES limitations for 
discharge of the combined wastewater because of the greatly 
increased hydraulic loading. This would not be a problem if the 
quantities of water consumed by the bottom ash handling system 
equal or exceed the quantity of LVW. This may be feasible based 
on daily average flows. 
precipitation and generate large volumes in a short time. 

This alternative appears 

However, some LVW flows are dependent on 

Little flow or characterization data exists for these LVW at CUF. 
Therefore, Water Resources was asked on July 15, 1991 to evaluate 
the probable impact of the proposed changes on the surface water 
quality at CUF,  emphasizing compliance with the NPDES permit 
limitations for the ash/low-volume wastes pond. The requested 
completion date was August 1, 1991. The short time frame for 
this project mandates that limited sampling be done. Therefore, 
historical data or assumptions about normal operations will be 
used when actual monitoring data does not exist. 
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11. EXISTING CONDITIONS 

A. Plant Layout .. 

The existing plant layout is shown in Figure 2 .  Currently 
fly ash and bottom ash are each sluiced directly to their 
respective ponds. The fly ash pond then discharge2 into the 
bottom ash sluice pond at approximately the point indicated 
by the arrow on Figure 2 .  The coalyard pond, boiler 
cleaning waste (BCW) pond, and air preheater cleaning waste 
(APCW) each discharge to the trench on the perimeter of the 
fly ash dredge area. This trench discharges by gravity to 
the present fly ash pond except when the discharge pipes are 
closed. The station sump discharge and demineralizer 
regenerant LVW are discharged directly to the bottom ash 
sluice pond at the same point as the ash sluice water 
without prior treatment. Pyrites and other coal reject 
materials are currently landfilled on site. 

The following LVW are discharged to the coalyard pond before 
being discharged to the fly ash pond: coalyard runoff, 
barge unloader sump discharge, coal transfer station sump 
discharge, car wash, south yard drainage, water treatment 
plant wastes, and roof drainage. 

Actual capacities of individual treatment or storage units 
were not available. Available information about each unit 
is as follows: 

1. Coalyard Runoff Pond - Visual estimation of the 
capacity of the coalyard runoff pond is 7 MG at a 
depth of 6 feet. The coalyard drainage pond has 3 
pumps each with a capacity of 3 . 6  MGD. These 
pumps are float-activated. If one pump does not 
prevent the water level in the pond from 
continuing to rise, the second, and then the third 
pump is activated. Thus during normal operations 
the discharge flow is 3 . 6  MGD but during a very 
heavy rainfall the discharge flow could be as high 
as 10.8 MGD. The capacity of all three pumps 
could handle the runoff from a 4 . 5  to 5 inch 
rainfall event, but not that of the historical 
maximum 8 inch rainfall. 

2 .  Metal Cleaning Waste Pond - Estimation of the 
boiler cleaning waste pond is 3 MG at a depth of 7 
feet. Currently only the chemical Boiler Cleaning 
Waste (BCW) is discharged into this pond for 
treatment. 
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3 .  

4 .  

5 .  

Station Sump Discharge - Pumps are float- 
controlled. The size of the sump and the pump 
capacities were not determined during this study. 

Demineralizer Regenerant Sump - Pumps are float- 
controlled. The size of the sump and the pump 
capacities were not determined during this study. 
The discharge flow from this sump into the-bottom 
ash pond was approximately 1 gallon per second or 
3,000 to 4,000 gallons per hour. 

Bottom Ash Pond - This pond now receives 
approximately 26 MGD each of bottom ash sluice 
water and the discharge of approximately 26 MGD 
from the fly ash pond. This pond then discharges 
into the stilling pool where the final discharge 
(NPDES No. 001) to the condenser cooling water 
channel is located. - 

B. Low-Volume Wastes (LVW) 

1. Station Sump Discharge 
Discharge is intermittent but frequent enough that the 
flow of 1.298 million gallons per day (MGD) from the 
NPDES permit application may be assumed to be fairly 
constant on a daily basis. Primary constituents of 
concern are believed to be oil and grease and suspended 
solids. 

2. Demineralizer Regenerant Sump Discharge 
Discharge is intermittent. The demineralizer 
regenerant (DI) LVW are first directed to the 
demineralizer regenerant sump. If the plant does not 
need any condensate makeup water, the demineralizers 
will receive little use and will not be regenerated as 
often. There are three different demineralizer 
regenerant cycles. 

a. ' The Cochrane system has 8 trains which are 
regenerated on an average of two per week. 
Each Cochrane regeneration cycle creates 
approximately 40,000 gallons of wastewater at 
flows ranging from 30 to 210 gallons per 
minute (GPM) over an 8 to 10 hour period. 
During this cycle the wastewater ranges in 
quality from condensate rinses to several 
thousand gallons of 4 percent sodium 
hydroxide, 4 percent sulfuric acid, and 0.5 
percent ammonium hydroxide. 
The LAD1 cation/anion system has 3 trains and 
an average of one train is regenerated every 
11-17 hours. This cycle creates over 26,000 
gallons of wastewater ranging from 100 to 400 

b. 
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I GPM over a 3 hour period. During this cycle 
the wastewater ranges in quality from 
condensate rinses to several thousand gallons 
of 4.percent sodium hydroxide and 1.5 to 6 
percent: sulfuric acid. The acid and caustic 
phases are normally done simultaneously so 
some neutralization probably occurs in the DI 
sump. 

an average of one train per week and 
generates approximately 7,000 gallons of 
wastewater over 3 hour period ranging from 15 
to 90 GPM over a 3 hour period. During this 
cycle the wastewater ranges in quality from 
condensate rinses to approximately 280 
gallons of sodium hydroxide and sulfuric 
acid. The acid and caustic phases are 
normally done simultaneously so some 
neutralization probably occurs in the DI 
sump. 

vary significantly from day to day depending 
on how many and which systems are being 
regenerated. However, the daily average flow 
of 0.147 MGD from the NPDES permit 
application is probably fairly close over 
periods of a week or more. The acid storage 
tank also drains to this sump if there is a 
spill or leak. Primary constituents of 
concern are believed to be acids, alkalies, 
and ammonia. 

c. The LAD1 mixed-bed system is regenerated on 

d. Therefore, the combined DI discharge will 

3 .  Coalyard Runoff 
Quantity and quality are dependant on precipitation. 
Flow will range from zero to over 4 MGD. It is 
directed to the coalyard runoff pond primarily for 
solids removal and possible neutralization by other 
LVW. Primary constituents of concern are acidity, 
suspended solids, and metals. 

4 .  South Yard Drainage and Roof Drainage 
Quantity and quality are dependant on precipitation. 
Flow will range from zero to over 14 MGD. Quality 
should be similar to that of the precipitation with the 
addition of solids picked up from the surfaces by the 
runoff. It is directed to the coalyard runoff pond. 
Primary constituent of concern is suspended solids. 

5. Barge Unloader Sump Discharge, Coal Transfer 

The two coal transfer sumps are float-controlled. The 
discharge is primarily daily washdown with raw river 

Station Sump Discharge, and Car Wash 
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. ,,j water. Discharge is intermittent but frequent enough 
that the flow of 0.062 MGD from the NPDES permit 
application may be assumed to be daily and fairly 
constant. The"car wash is only raw. .ri=.;rr% zstzr.--- 1-1 1 
three are directed to the coalyard runoff pond by way 
of the coalyard drainage ditch. Primary constituent of 
concern is suspended solids. 

6 .  Water Treatment Plant Wastes 
Backwash is normally automatic and is based on pressure 
drop across the filter. Backwash is discharged to a 
sump with pumps which are float-controlled. Discharge 
is intermittent but the flow may be assumed to be daily 
and fairly constant. The discharge is to the coalyard 
runoff pond. Primary constituents of concern are 
suspended solids and aluminum. 

7. Metal Cleaning Wastes 
a. Boiler Cleaning Wastes (BCW) occur 

approximately once each 5 years and are 
directed to the dedicated treatment pond. 
There the BCW is treated with sodium 
hydroxide to remove the metals in the waste. 
When the iron and copper concentrations in 
the waste are less than 1.0 mg/L the BCW is 
pumped to the trench which circles the dredge 
pond and discharges to the fly ash pond. 
Because this waste stream is treated before 
discharge from the metal cleaning waste pond, 
its impact is assumed to be negligible on the 
other LVW. 

b. Air Preheater Cleaning Wastes (APCW) occur 
approximately once each 3 months. The total 
volume of APCW is 11 to 2 2  million gallons 
(MG) over a 30 to 72 hour period. The first 
2 to 4 MG is aci ic and high in metals as 
shown in Table 2 .  The remainder of the APCW 
is similar to river water but exceeds the 
NPDES limitation of 1.0 mg/L of iron. All 
the APCW are discharged with fly ash sluice 
water directly to the trench which circles 
the dredge pond. The mixture is retained f o r  
15 days, sampled and then discharged to the 
fly ash pond when the iron and copper 
concentrations in the waste are less than 1.0 
mg/L. Primary constituents of concern are 
suspended solids and metals. 

s' 
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C. Flows 

The estimated average'and maxim& daily flows of the LVW are 
summarized in Tahle 3 .  The current average LVW flows 
without the future dry ash disposal area runoff total 
approximately 2 MGD. The flows for the car wash, filter 
plant backwash, and boiler cleaning waste are unknown. 
However, it is assumed that their flows are insignificant in 
comparison to the other LVW such as the DI waste and the 
station sump. The current total ash pond discharge is 
approximately 54  MGD. If it is assumed that the bottom ash 
sluice and the fly ash sluice are approximately equal, then 
each averages 26 MGD. 
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111. Proposed Conditions 

A. Plant Layout 

As stated in the Introduction proposed operational changes 
include: (a) dry stacking fly ash; (b) wet sluicing bottom 
ash to a dewatering tank and reusing the sluice water; (c) 
continuing to combine the low-volume wastewaters in .a 
diked-off section of the existing bottom ash pond; (d) 
continuing to discharge Air Preheater Cleaning Wastes to a 
diked-off section of the ash pond for treatment; and (e) 
installing scrubber system. The proposed plant layout for 
these changes is shown in Figure 1. 

It was stated that the scrubber system would be closed-loop 
and have no discharge. 

B .  Low-Volume Wastes 

If feasible the plant does not want to change the way LVW 
are currently handled. Therefore, all LVW would have 
approximately the same quantity and quality and follow 
similar flow paths to the current ones. The primary change 
would be redirection of the station sump and DI sump 
discharges directly to the proposed Emergency Sluicing Area. 

- 

This Emergency Sluicing Area (ESA) is intended to provide 
the capability to wet sluice ash during emergency shutdown 
of a unit. It is also intended under the proposed course of 
action to serve as a LVW treatment pond. If this area is 
assumed to be 10 acres by approximately 5 feet deep, it will 
contain approximately 16.3 MG. 

The Coalyard Pond, BCW Pond, and APCW discharges would all 
continue to be directed to the same trench around the new 
Wet Gypsum Stacking Area. They would then discharge to a 
channel around the new ash disposal area near the perimeter 
dike and flow into the ESA. Runoff from the new ash 
disposal area would also enter the ESA. The final discharge 
of the combined LVW and fly ash stack runoff would be 
through the stilling pool by way of the existing final ash 
pond discharge weirs. 

Dry fly ash stack runoff is assumed to have the same 
chemical characteristics as the existing fly ash sluice pond 
discharge. Its flows are assumed to be directly related to 
precipitation with 100 percent runoff from the 125 acre 
area. The scrubber system is assumed to be closed-loop with 
no discharge. 

Cont.inuing to handle APCW in this fashion will require that 
the capability to periodically wet sluice fly ash with the 
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APCW must be retained. Otherwise, the 1986 demonstration is 
no longer applicable and the APCW must be treated to meet 
NPDES limitations. 

The second altefriafive is that the bottom ash sluice water 
would also be directed to the ESA for chemical 
neutralization of the LVW. Under this alternative the LVW 
would be recycled with the bottom ash sluice water. The 
final discharge would be reduced to a blowdown stream or a 
discharge during heavy rainfall events. 

C. F1 ows 

Because no operational changes are planned for the LVW other 
than routing them to the ESA, the flows listed in Table 3 
will be unchanged. If the bottom ash sluice is combined 
with the LVW in the ESA, the combined flows during a 2" 
rainfall increase t o  39 MGD. With an 8" rainfall the flows 
into the ESA increase to 47 MGD without the bottom ash 
sluice and 73 MGD with the bottom ash. 

11 



h .' 
IV. METHODS 

A. Field Sampling" . 

Limited samples were collected on July 18-19, 1991, from the 
ash ponds and each of the low-volume waste streams 
currently discharged to the ash ponds. LVW samples.were 
collected from: filter plant backwash sump, barge unloading ' 

sump, transfer station B sump, station sump, coalyard runoff 
pond, and demineralizer regenerant (DI) sump. Grab samples 
were taken from the respective sumps and ponds for all LvW 
except for the DI waste. 

A composite of the demineralizer regenerant sump discharge 
was collected at the end of the pipe to the bottom ash pond 
sluice channel on July 19. The Cochrane system and one of 
the LAD1 trains were regenerated on July 19. The samples 
were collected at times to-coincide approximately with the 
discharge of the strong chemical regenerant solutions (acid, 
caustic, ammonia) to the DI sump. The final composite 
sample consisted of equal volumes of 3 caustic and 3 acidic 
sampl es. 

Samples were not collected of the all the influent streams 
to the coalyard runoff pond. These include: undiluted 
coalyard runoff, south yard drainage, and roof drains. 
These LVW and untreated boiler chemical cleaning waste and 
APCW were not sampled because they were not available during 
the sampling period. 

Samples were also collected of the fly ash pond effluent, 
bottom ash pond influent, and the final ash pond effluent. 

Samples were analyzed for pH, conductivity, temperature, and 
salinity with a calibrated Hydrolab H20. Alkalinity and 
acidity, where measured, were titrated in the field. 
Analyses for: total suspended solids, oil & grease, total 
dissolved solids, sulfate, ammonia, and total metals were 
done by the Environmental Chemistry Laboratory. The total 
metals include the following: aluminum, arsenic, barium, 
boron, cadmium, calcium, chromium, copper, iron, lead, 
magnesium, manganese, nickel, selenium, sodium, and zinc. 
The DI composite was analyzed for ammonia and sodium because 
the Cochrane system regeneration includes ammonium hydroxide 
and sodium hydroxide phases. 

B. Mixing Major LVW 

In order to evaluate the effects of the proposed changes in 
ash waste disposal on final effluent quality, portions of 
different waste streams were mixed in proportions to 
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simulate four possible scenarios. Of all the L V W s ,  only the 
Station Sump ( S S )  and Demineralizer Regenerant (DI) are 
routinely discharged directly to 'the ash pond. Portions of 
these wastes were used in all four mixtures. The metal 
cleaning wastes are di-scharged periodically and since they 
were not available at the time of sampling, they were 
excluded from this portion of the study. All the remaining 
LVWs flow into the coalyard runoff (CYR) pond before being 
discharged. Since the discharge pumps are float-activated, 
there may or may not be a discharge on any given day. 
Therefore, two of the mixtures reflect the zero-flow 
discharge while two mixtures reflect discharge with one pump 
operating at its 3.6 MGD capacity. 
been determined if the bottom ash sluice water (BA) will be 
mixed with the other wastes prior to recirculation, bottom 
ash water, collected directly from a sluice line, was used 
in two mixtures. The four mixtures were thus comprised as 
f 01 lows: 
CUF-13 SS + DI - 
CUF-14 SS + DI t CYR 
CUF-15 SS + DI + BA 
CUF-16 SS + DI + CYR t BA 

Since it has not yet 

The relative proportion of each waste used in each mixture 
was determined from their expected flows. This is 
summarized in Table 4. Equilibrium pH, alkalinity and 
acidity were determined for each mixture in the 
Environmental Engineering Unit Operations Laboratory ( E U O L )  
while the Environmental Chemistry Lab analyzed for the same 
suite of parameters as those listed in the Field Sampling 
section above. 

C. Computer Modeling - MINTEQ 

Equilibrium concentrations of selected parameters in these 
four waste mixtures were modeled with the chemical 
speciation code MINTEQA24. One objective was to determine 
if the effluent water quality of the different mixtures 
would be within NPDES permit limitations. Another objective 
was to compare the results with the lab data obtained from 
the actual sample mixtures. 

Before these four mixtures could be modeled on the computer, 
equilibrium concentrations of selected constituents of each 
waste stream needed to be determined. Total metals and 
sulfate concentrations were obtained from laboratory 
analyses, where available. Total carbonate concentrations 
were calculated from alkalinity values (after ammonia 
concentrations were subtracted). Details on the derivation 
on these inputs to the model are in the Appendix. 
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Three additional mixtures were modeled (but not made in the 
lab) with MINTEQ according to the.same procedure in order to 
simulate other likely waste discharge scenarios. MIX A 

pond after a 2-inch storm event in 24 hours mixing with the 
SS and DI wastes and an increased volume in CYR waste. It 
is assumed that the first flush from the coal pile after a 
storm event will create a runoff much stronger than.the CYR 
sample obtained on July 18. Because no coal pile runoff 
data are available from Cumberland, average data from 
Colbert Fossil Plant's coal pile runoff collected in 
1976-776 (Table 5) were used in M I X  B and MIX C. MIX B was 
otherwise the same as MIX A; bottom ash waste was included 
in MIX C. The relative proportion of each waste used in 
each mixture is summarized in Table 4 .  

-.-...- ..- . - accounts for a discharge from the fly ash dry stack runoff---- .>.-.: 
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V. Results and Discussion 

d. Lcw-Volume Wastes 

The raw data from the sampling done on July 18 and 19 are 
contained in Appendix 1. 
source of potential noncompliance with NPDES limitations is 
the DI because of the concentrated acids and caustics in 
this waste stream. The other expected problem waste stream 
was the coalyard runoff. The maximum flows expected during 
heavy rainfall events may also result in difficulty meeting 
the TSS limitations. 

The data indicate that-the primary 

1. DI 

The DI regeneration procedures described earlier result 
in several thousand gallons of concentrated acids and 
bases being discharged with essentially no treatment at 
this time. Based on the limited sampling done for this 
study it appears that the bases are stronger than the 
acids because the pH of the DI composite was very high. 
The remainder of this report assumes that the DI 
composite was representative of the average DI 
discharge. However, to truly evaluate the DI waste 
intensive sampling over a week's time of each backwash, 
rinse, etc. would be necessary. Another alternative 
would be to work with the manufacturers of each DI 
system to determine what the normal waste 
characteristics and required treatment may be. 

2 .  Coalyard Runoff 

The quality of the water in the coalyard runoff pond 
was relatively neutral. This may be due to the lack of 
recent rainfall which probably resulted in the contents 
of the coalyard runoff pond consisting primarily of the 
neutral LVW such as the coal transfer sump discharges 
and the filter plant backwash. The mixtures made in 
the EUOL and some computer models used the coalyard 
pond data. However, for a more conservative 
representation of conditions during rainfall events M I X  
B and MIX C use data from undiluted coalyard runoff at 
Colbert Fossil Plant as discussed in the Methods 
section. These data are contained in Table 5 and show 
that coalyard run0 f may be a significant source of 
acidity and metals. f 
This study could not determine the change in coalyard 
runoff characteristics with rainfall events of various 
sizes. We believe that coalyard runoff may show a 
"first flush" effect where the initial runoff after a 
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B. 

dry period is more concentrated than at the end. The 
intensity and size, of this concentrated “first flush” 
would be dependent on several factors including: the 
antecedent rainfall, .the size and iztezsity- of the 
current rainfall, ‘and the storage capacity and geometry 
of the coalyard stack. To determine the actual 
coalyard runoff characteristics at CUF would require 
intensive sampling during several rainfall events of 
varying sizes. Our conservative assumption was that 
all of the coalyard runoff would be similar in chemical 
characteristics to the data obtained from Colbert. The 
mean rainfall event for the Colbert data was 
approximately 2 inches. 

3. Metal Cleaning Wastes 

Untreated BCW and APCW were not available to be 
sampled. However, NPDES regulations require that these 
wastes be treated to meet iron and copper 
concentrations of 1.0 mg/L before mixing with any other 
waste stream unless an equivalent treatment 
demonstration is completed. Therefore the assumption 
was made that these two wastes will be treated before 
they combine with the other LVW and thus will have 
little if any impact on the compliance of the final 
effluent. If the plant does not choose to retain the 
capability to wet sluice fly ash with the APCW, then 
this waste may require some other type of chemical 
neutralization. 

Computer Generated Data 

Because some significant LVW streams could not be sampled 
computer modeling of the most probable mixtures w a s  done to 
predict the characteristics of the combined wastes. The 
equilibrium pH and alkalinity of each mixture determined at 
the time the mixtures were made (Field), by Environmental 
Chemistry Lab, and predicted by MINTEQ are summarized in 
Table 4 .  Predicted acidities for MIX B and MIX C are also 
included (formulas are in the Appendix). 
Note that MINTEQ in effect, treated these as closed systems. 
In order to reflect an open system, atmospheric CO, needs to 
be set in equilibrium with the water. 

Equilibrium concentrations of seven other parameters 
predicted by the model are compared with the Lab analyses of 
the mixtures in Table 6. 

The DI waste water was the most difficult to model due to 
its high ionic strength (0.5 vs 0.01 for the other waste 
streams) and high ammonia concentration (390 mg/l). 
However, the assumed sodium concentration of 3700 mg/l 
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proved to be very close to the observed amount of 3500 mg/l. 
Sodium levels of the other waste streams were not measured, 
but the predicted concentrations ‘of the mixtures were within 
a reasonable margin..of error of the observed levels. 

For each mixture modeled with MINTEQ, runs were made where 
solids were prevented from precipitating and where solids 
were allowed to precipitate. The primary parameter of 
interest is the equilibrium pH, NOT the specific solids 
which may or may not fall out of the system. The model was 
not calibrated for the speciation of solids likely to 
precipitate. Some of the solids which were allowed to form 
might not be kinetically possible (their formation rates are 
too slow) for the conditions at CUF. Therefore, the pH 
predicted for cases when precipit tion was allowed represent 
an “extreme case” analysis for pH. ? 

Alkalinity and pH are the two most important parameters in 
this exercise. Alkalinity- is a measure of the buffer 
capacity while pH is the primary factor influencing 
dissolution or precipitation of metals. Alkalinities and 
pHs measured soon after mixing had the least time to 
equilibrate. Therefore, field values of these parameters 
were expected to most likely represent the model runs 
without solids precipitating. The mixtures sent to the Lab 
for analysis had more time to react. Therefore, the Lab 
results were expected to be closest to the model predictions 
with solids precipitating. As seen in Table 4, these 
results are confirmed in samples CUF-13 and CUF-14, but are 
less apparent in CUF-15 and CUF-16. Note that the latter 
samples had more time to react before testing. When CUF-14 
was tested three days after mixing, its pH and alkalinity 
approached the values observed by Environmental Chemistry 
Laboratory and predicted by MINTEQ with solids precipitating 
(these values are in parentheses in Table 4). Also, if 
MINTEQ predicted more calcite to precipitate than would 
normally occur, the carbonate in calcite would not be 
included in the alkalinity calculations. 

Sulfate levels are important indicators of water quality. 
The secondary drinking water standard for sulfate is 250 
mg/l. The observed sulfate concentrations compared very 
favorably with those predicted by MINTEQ. 

Sulfate and sodium concentrations do not appear to be 
affected by solids precipitating, while calcium and 
magnesium appear to be affected only in the mixture that had 
a pH greater than 9.5 (Table 6). The observed levels of 
calcium and magnesium were closer to those in the runs 
without solids than with solids precipitating. 
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T h e  data support.the importance of the high-volume bottom 
ash sluice water in neutralizing the other waste streams. 
Wit.hout bottom ash waste, equilibrium pH may range from as 
high as 10 to as low as 4. During percock-s-f 4-i+-tl-c ,or no 
rainfall, pHs tend to be in the 8 to 10 range. The first 
flush from the coalyard runoff after a large rainfall 
(>1"/24 hours) can be expected to depress the final pH to as 
low as 4 even when mixed with a larger volume of high pH 
wastes from fly ash runoff and DI waste. 

C. Flows 

Because no operational changes are planned for the LVW other 
than routing them to the ESA, the flows listed in Table 3 
will be unchanged. The 13 MGD resulting from a 2" rainfall 
would only have a 30 hour retention time in a 16.3 MG pond 
even with perfect plug flow. 
result in significantly shorter retention times and possible 
TSS concentrations greater-than 30 mg/L. If the bottom ash 
sluice is combined with the LVW in the ESA, the combined 
flows during a 2" rainfall increase to 39 MGD and a 
retention time of only 10 hours. With an 8" rainfall the 
flows into the ESA increase to 47 MGD without the bottom ash 
sluice and 73 MGD with the bottom ash. These heavier 
rainfalls will increase the hydraulic loading on the ESA and 
cause probable TSS concentrations greater than the 30 mg/L 
limitation. 

Any short-circuiting would 
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VI. CONCLUSIONS 

A .  

B .  

C. 

D. 

E. 

The limited sampling did not adequately characterize 
the variations with time of the coalyard runoff and the 
DI waste streams. Additional data would be needed if 
individual treatment systems are required. 

If the LVW are discharged untreated to the ESA without 
the bottom ash sluice, the strength of the coalyard 
runoff and the DI waste streams together with their 
intermittent nature will make pH values less than 6.0 
and greater than 9.0 units likely on an intermittent 
basis. Large rainfall events may also result in TSS 
concentrations greater than 30 mg/L. 

If the LVW are discharged untreated to the ESA with the 
bottom ash sluice, the effluent pH values should 
normally be between 6.0 and 9.0 units. However, heavy 
rainfalls may still result in pH violations and the 
additional hydraulic loading will probably result in 
TSS concentrations greater than 30 mg/L. 

If the combined LVW and bottom ash sluice can be 
recycled with little or no discharge, the required 
quality will primarily be determined by the needs of 
the recycling system not by regulatory limitations. 

It may be operationally difficult to wet sluice fly ash 
with the APCW 4 times each year. Therefore, an 
alternative treatment scheme should be evaluated. 
These could include: in-line neutralization, 
directing the first 2 - 4  MG to the BCW pond for 
treatment, or demonstrating that only time and aeration 
in the trench are required to remove the iron and 
copper. 
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VII. RECOMMENDATIONS 

.- A. Conduct long-term flow measurements to bett-o,r-.-.B-f~~~i~c- - 
to actual flows under varying conditions. 

E. Conduct intensive sampling of the coalyard runoff and 
the DI waste streams to determine how their chemical 
characteristics vary with time and rainfall. 

C. Evaluate the chemical and hydraulic characteristics of 
combined LVW, including APCW, and bottom ash sluice to 
determine if it is feasible to recycle 100 percent of 
the combined waste streams. 

D. If LVW cannot be recycled with the bottom ash, evaluate 
alternative LVW treatment systems. Examples are: 

1. 

2.  

3 .  

Direct all ofthe LVW including the DI and the 
station sump into the coalyard runoff pond for 
mixing and chemical neutralization when 
necessary. Reroute the coalyard runoff pond 
discharge directly to the ESA.  

Evaluate the feasibility of storing some of 
the alkaline LVW, such as the DI, in the Metal 
Cleaning Pond to use as needed to neutralize 
the acidic LVW. This could reduce the cost of 
treatment chemicals. 

Evaluate alternative treatment schemes for the 
APCW, including: in-line neutralization, 
directing the first 2 - 4  MG to the BCW pond for 
treatment, or demonstrating that only time and 
aeration are required to remove the iron and 
copper. 

20 



VIII. REFERENCES. 

1. Development Document for Effluent Limitations Guidelines and 
Standards and Pretreatment Standards for the Steam Electric 
Point Source Category, United States Environmental 
Protection Agency, EPA-440/1-82/029, November 1982. 

2 .  Manual for Management of Low-Volume Wastes from Fossil-Fuel- 
Fired Power Plants, Electric Power Research Institute, EPRI 
CS-5281, July 1987. 

3 .  "Air Preheater Cleaning Wastes - In-situ Demonstration of 
Equivalent Treatment in Cumberland Fossil Plant Ash Pond", 
TVA Water Quality Branch, June 1986. 

4 .  Allison, J. D., D. S .  Brown, and K. J. Novo-Gradac. 
"MINTEQA2/PRODEFA2, A Geochemical Assessment Model for 
Environmental Systems: Version 3.0 User's Manual." 
Environmental Research Laboratory, Athens, Georgia, 1990. 

5. Snoeyink, V. L. and D. Jenkins. Environmental Chemistry, 
John Wiley & Sons, New York, 1980. 

6. Cox, D. B., T-Y. J. Chu, and R. J. Ruane. "Characterization 
of Coal Pile Drainage." U. S. Environmental Protection 
Agency, Washington, D. C. EPA-600/7-79-051. 1979. 

7. "Groundwater and Leachate Quality". July 1991, Tennessee 
Valley Authority Water Quality Department input to John 
Sevier Groundwater Assessment. Memorandum from C. E. Bohac 
to J. M. Boggs, "John Sevier Groundwater Assessment". July 
10, 1991. 

21 



TABLES 

-22- 



Table 1 

BAT EFFLUENT LIMITATIONS 

(mg/L 1 

- 
Average 

o f  D a i l y  
Val ues 

Maximum f o r  30 
f o r  Any Consecutive 

Parameter 1 Day Days 

TS S 100.0 30.0 
O i l  and grease 20.0 15.0 
Copper NA NA 
I r o n  NA NA 

NA - Not appl icab le .  

Chem i ca 1 - 
Average 

o f  D a i l y  
Values 

Maximum f o r  30 
f o r  Any Consecutive 
L I 2 u - a  
100.0 30.0 
20.0 15 .O 
1 ,o 1 ,o 
1 .o 1 .o 

Maximum 
f o r  Any 
Tlme 

50 
NA 
NA 
NA 

Source: R e f e r e n c e  2 
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'L. 

Table 3 

"4 
1.' 

Estimated Daily Low-Volume Waste Flows 

WASTE STREAM 
-Relatively Constant Sources 

Barge Unloader Sump 

Station Sump 
Car Wash 
Demineralizer Regenerants 
Filter Plant Backwash 

and Transfer Station B 

Subtotal 

-Sources Dependant on Precipitation* 
Coal Pile Runoff (20 ac.) 
Roof Drains (5,2 ac.) 
South Yard Drainage (62 ac.) 

Subtotal 
I 

h) ul 
I -Proposed New Source 

Dry Ash Disposal Area (125 ac.) 

Approximate Totals 

* 

-Infrequent Sources 
Air Preheater Cleaning Waste** 
Boiler Cleaning Waste 

* *  

Average 
Flow, MGD 

0.062 
1.298 
unknown 
0.147 
unknown 
1.507 

0.086 
0.022 
0.261 
0.369 

0.530 

2.4 

10 
unknown 

2" Rain Maximum 
Flow, MGD Flow, MGD 

0.062 
1.298 
unknown 
0.147 
unknown 
1.507 

1.086 
0.282 
3.368 
4.736 

6.78 

13.0 

0.062 
1.298 
unknown 
0.147 
unknown 
1.507 

4.3 
1.1 - 13.5 

18.9 

27 

47 

These flows are primarily based on precipitation and an assumption of 100 p3rcent 
runoff. The average flows are based on 57  inches of precipitation per y e a r  divided by 
365 days per year. The 2"  and 8" Rainfall flows are based on those rainfalls in 24 
hours. 

The APCW discharge is 11 to 22 MG over a 30 to 70 hour period per cleaning with 4 
cleanings per year. Because fly ash sluice water must be coponded with the APCW, the 
total volume per cleaning is probably 35 to 70 MG. The average daily flow of 10 MGD 
is based on the rate of APCW discharged during the 1986 in-situ study. 



Table 4 .  Cumberland Fossil Plant * 

Equilibrium pH and A l k a l i n i t y  of Various waste stream mixtures. 

Field Lab Minteq Model 
Mixture Waste Parameter w/o sol ids  w/solids 

Streams ( a )  

CUF-13 .9 SS + .1 DI PH 9.88 9.7 10.05 9 -77 
a l k .  (mg/L CaC03) 440 310 323 220 

CUF-14 2 6  SS + .03 DI pH 9.4 (8. l ) (b)  9.0 9.3 7.8 
+ .71 CYR alk.  154 (85) 88 153 92 

- 
CUF-15 .05 SS + .005 DI pH 9 .O 9 .O 8 .O 7.9 

+ .95 BA alk. 95 90 90 85 

CUF-16 .04 SS + .005 01 pH 
t .12 CYR t.84 EA alk.  

MIXA .l SS + .01 DI PH 
t .4 CYR t .5 FLY alk.  

MIXB .1 SS + -01 DI pH 
t . 4  COLCYR alk.  
t .5 FLY acd. (mg/L CaC03) 

MIXC .03 SS + .004 DI pH 
+ .15 COLCYR t alk.  
. t S  8A t .17 FLY acd. 

8 -84 8.8 8.1 7.85 
98 90 93 87 

8.93 
6 

5.64 4.03 
17 0 

192 213 

6.5 6.3 
58 47 

132 143 

( a )  Wast Stream Key (Assumed Flows, MGD): 
SS = Station sump (1.3): DI = Demineralizer regenerant ( .15); 
CYR = Coalyard runoff (3 .6 ,  i n  HIXA-5.4); COLCYR = Colbert coalyard runoff (5 .4) ;  
BA = Bottom ash s luice (26);  FLY = F l y  ash dry stack runoff (6.8). 

( h )  Values i n  ( ) 3 days la ter .  
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Table - 5 . Colbert Coalpile Runoff 
Water Quality Data 

3 
Y 
3 4 

A c i d i t  ,&I 
3 cu Zn C r  Hn 5102 Fe 

(mn/L) (mR/L) (W/L) (W/L) (W/L) (mil/L) 

11- 3-76 3.1 1600 3003 19 2900 900 180 470 3.2 28 3.20 3.0 co.011 
340 2.5 45 0.23 2.0 0.005 
480 10.0 1 0.46 3.7 0.006 

11-27-76 2.6 1300 3000 120 h o w  3100 38 

12-16-76 2.6 1300 3400 260 2 5 0  3900 260 390 3.7 45 0.28 2.1 0.010 

(crCO3y Conductivity c1 so4 D. Sol. s. 901. 6% (W/L) (*OS/cn (=i(/L) (W/L) (=p/L) (W/L) %t e 

.I 
,;! 
$ 
$! 

2 

12- 2-76 2.6 2100 4500 wc 3300 5000 130 

12-22-76 2.5 860 3000 170 2100 2900 270 280 2.b 32 0.10 1.1 C 0.005 
12-28-76 2.6 1003 3lW 170 1900 a00 250 320 3.0 38 0.10 1.2 C 0.005 ;i 
3- 2 - n  2.5 920 3300 190 2200 3 300 690 300 3.2 27 0.07 1.3 C 0.005 

”! 3- 7-77 2.6 700 2700 120 18 00 2303 280 23 1.8 23 0.09 1.2 C0.005 9 3-14-77 2.5 1200 2600 1 5  1900 270 460 270 2.3 40 0.14 1.8! C 0.005 
2.4 2500 w 660 62 00 8200 72 590 12.0 45 0.26 3.7 C 0.005 

4100 5lm 420 480 4.6 41 0.12 2.8 C 0.005 
0.12 5;1 0.009. 

lr- 6-n 2.3 5 
:t lr-26-77 4800 2200 3 0  

6-21-77 2.4 1503 6000 470 3700 6300 340 Y O  5.0 

N M C. 1 mte (W/L) (W/L) (mn/L ) 

4 U- 3-76 56 0.40 210 
0.28 230 
0.46 W’ 

?j U-27-76 39 
4 12-16-76 60 0. Y 3 ~ 0  

12-22-76 22 0.24 2% B 
12-28-76 34 0.26 230 13 

3- 2-77 39 0.15 YO 
3- 7-n 26 0.20 U O  
3-14-77 38 0.40 llro 
4- 6-77 20 0.U 430 
lr-26.77 92 0.43 720 

2 6-21-77 0.40 520 

U- 2-76 50 

1 

- 

46 c 0.01 
c 0.01 
co.01 

38 
81 
89 c 0.c: 
45 c 0.c1 
50 c 0.01 

51 c 0.01 
31 c 0.c1 
22 co.01 

1 3 G  c 0.01 
78 c 0.01 

123 c 0.01 

0.003 
0 . w 2  
0.0032 

c o.ock3 
O.P:5 

o.oti0 
o.bc14 
O.CCO5 
O.CCl9  
0. oc30 
0.W25 

Ba 
(mn/L) 

c 0.1 
c 0.1 
c 0.1 
c 0.1 
c 0.1 
c 0.1 

c 0.1 
c 0.1 
c 0.1 

0.5 
c 0.1 

A. 
(W/L) 

0. dr6 
o.ol8 
0.006 

O.Ol5 

0.027 
0.014 
0.03 
0.ou 

- 

0.019 

Cd ’ 
(DU/L) 

c 0.001 
c 0.001 

0.003 
0.002 
0.002 
0.003 

0.001 
0.001 

c 0.001 
<0.001 
< 0.00). 
c 0.001 

c 0.001 c1.0 
c 0.001 c 1.0 
c 0.001 c1.0 

c 1.0 
c 0.001 c1 .0  

c 1.0 

.) 

0.001 c1.0 
0.002 c 1.0 
0.006 c1.0 
0.001 c 1.0 

c 0.001 c 1.0 
c 0.001 c1.0 

Ba w Rainfall 
(w/L) (mil/ L: (a) 

co.01 0.3 3.25 
co.01 0.3 8.28 
co.01 co.1 4.24 

c 0.1 1.47 
0.03 C O . l  2.69 

co.01 co.1 2.18 

co.01 CO.1 1.85 
co.01 C O J l  9.42 
c 0.01 6*Y 

0.02 0.3 8.9 
0.01 O.’+ 5.16 

- 

c 0.01 
c 

Source: Reference 6 



SAMPLE 

I 
h) 
m 

I 

Parameter 

Total Suspended Solids 
Total Oissolved Solids 
Su I fa te i n  Water 
Total A ika l in f ty  
Arsenic, Total i n  Water 
Barium, Total i n  Water 
Boron, Total i n  Water 
Chranium, Total i n  Water 
Lead, Total i n  Water 
Nickel, Total i n  Water 
Selenium, Total i n  Water 
Zinc, Total i n  Water 
Aluminum, Total i n  Water 
Iron, Total i n  Water 
Manganese, Total i n  Water 
Copper, Total I n  Water 
Calcium, Total i n  Water 
Magnesium, Total i n  Water 
Cabnium, Total I n  Water 
Ca and Mg Hardness Calc 
Amnonia Nitrogen 
sodium 
pH Value 

a. as cam3 

I 

Tabla 6. Cumberland Fossil Plant 
Waste Stream Mixtures 

Equilibrium Concentrations - MINTEQ Predictions 
wi th  and without sol ids preciptat ing compared with Environmental Chemistry Lab analyses 

CUF-13 
MINTEQ I LAB 

JithoutIWith I 
Sol Ids lSol ids! 

1 I 
I 
I 220 

I 
I1200 

I 
I 

I 1 2  
I 30 I 

I 
I I 13 
I I 1 1  
I I 25 
I I 12 
I l m  

I I 110 

38 I I I 38 

707 1 707 I 720 
323 1 220 I 310 

I <50 

752 I 14 I 300 
1761 I <I ll6W 

238 I 55 I 520 

6 I <I I 6.9 
I I 0.6 
I 1 123 

419 I 419 I 370 
I 1 44 

10.0 I 9.8 I 9.7 

CUF- I 4  I CUF- I 5  I CUF- I6 
MINTEQ I LA6 I MINTEQ I LAB I MlNTEQ I LAB 

W i thou- 
Sol Ids 

35 3 
I53 

218 
515 

71 
78 
9 

I75 
9.3 

Jl th 1 I WlthoutlWlth 1 I WithoutlWith I 
I Solids lSol lds l  I Solids ISol ids l  
1-1-1 I I- I 

I 
I 18 
I 210 

117 j 117 i 100 
93  I 87 I 9O 

I I <I 
I 1 70 
I I 260 
I 1 3  
I I <I 
I 1 3  

1 2  
I <io 

I 
I 

I 1 5 0  

7 I 7 1 .  I O  
I 
1 
1 I 2.1 

8.1 I 7.9 I 8.8 

1873 I <I I 0.1 
4179 I <I I IO00 

20 I 20 I 5.6 
4 6  I 41 I 45 

I 410 
I 135 

6 7  I 67 1 22 

Mix A 
MiNTEQ I MlNTEQl MINTEO 
With 1 With I With 
Solids 1 Solids1 Solids 

I Mix B I Mix C --- 

-1-1- 
I I 
I I 
I I 

377 I 478 I 220 

I I 
$ 1  I 

I I 
’ I  I 

I I 
I I 
I I 
I I 

I I 

6 1  ‘ 0 1  47 

2 I 1135 I <I 
<I 1 ’ <I I <I 

24 I 24 I 15 
85 I 143 I 75 
6 1  7 1  7 

I I 
I I 
I 1 

70 I 42 I 46 
8.9 I 4.0 I 6.3 
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Derivation of Inputs to MINTEQ Model 

The total carbonate concentrations were determined by the 
following formulas: 

where, 
and 
where, Ki and K2 are dissociation constants for farbonic acid 
with values of 1E-6.3 and 1E-10.3, respectively. 

Q! = { ( [ H - t l l K )  + 1 + (K/[H+l)}-' . 
a? = { ( [ H + l L / & )  + 1 + t[H+I/K2)1-' 

All concentrations are in moles per liter except alkalinity 
which is in equivalents per liter. With the pH fixed, 
MINTEQ determined the total hydrogen concentration in each 
of the four waste streams. (Lab results from the sample 
obtained from the bottom ash pond channel were used for the 
bottom ash (BA) waste stream in the modeling exercises even 
though bottom ash sluice hater collected directly from a 
sluice line was used to make mixtures CUF-15 and CUF-16.) 
Sodium concentrations were assumed in order to balance the 
ionic charges in each sample because the laboratory results 
were not available at the time of modeling. 

The equilibrium concentrations from these runs were used to 
calculate the initial concentrations for the mixtures 
according to the same proportions in Table 4 .  These values 
were run in MINTEQ once without allowing solids to 
precipitate and once with allowing solids to precipitate. 

The alkalinities and acidities predicted by MINTEQ were 
calculated as follows: 

Total alkalinity (eq/l) = CT,cc3(cz! -+ 2a?) + 01CT,hT2 + [OH-] - 
[€I+]; 
Total acidity (eq/l) = CT,co3(a! + 2 9 )  t [ H + ]  - [OH-], 
where, 
(moles/l) and 

Environmental Chemistry Laboratory (moles/l)'. 

CT,a3 = equilibrium concentration predicted by MINTEQ 

= ammonia nitrogen concentration determined by CT,Kl 



u m b ~ r l 3 n o  F o s s i l  P lan t  
+ e c i a l  Study Field Data 

a te  Lab IO Time Sa!ini!v Temp. 5 Cond 
Hvdrc lab  

c s t  ppt OC mmhos/cm 

F i e l d  Eng. 

mg1L CaCO 8.3 10.5 
PH f i l k .  A c i d i t y  A c i d i t y  Dh' 

5.U. 
Sample 

F l y  ash pond e f f .  
Barge Sump 
I n t a k e  (Raw) 
F i l t e r  P l a n t  Backwash 
Coa lyard  Runof f  - Sur face  

F i n a l  Ash Pond E f f .  
Bottom Ash Pond Channel (BAPC) 
T rans fe r  S t a t i o n  B 
S t a t i o n  Sump 
S t a t i o n  Sump Oup. 
0 1  colnp. 
DI N H ~  
Cochran 4% c a u s t i c  

app. 100 m from s l u i c e  d i scha rge  

Bottom ash 

" - Bottom (6.5 f t )  
" - 3 f t  

I 

'118191 CUF-1 
CUF-2 
CUF-3 
CUF-4 
CUF-5 

11:06 

14:20 
1 4 :  24 
14:28 
16:06 
10:52 

0.7 31 1.279 10.61 10.9 
7.1 
7.4 
7.2 

210 
76 
0 1  
81 

0 
8 

10 
6 

0 
94 
90 
06 

0.4 
0.5 
0.4 
0.3 
0.1 

31.5 
26.5 
30.3 
32.1 
34.1 

0.726 
0.907 
0.730 
0.559 
0.230 

7.93 
6.07 
7.90 
9.00 
7.10 

7.0 100 10 120 
9.1 76 0 52 
7.7 86 10 85 
7.0 92 5 85 
7.5 80 6 92 
7.5 01  5 90 

11.5 2740 0 0 

used i n  composi te 

CUF-6 
CUF-7 ~ 

CUF-8 
CUF-9 
CUF-10 

'119191 CUF-11 
CUF-12 
D I  Waste 

BAPC 

15 : 00 
14:08 

9:OO 27.6 35.5 42.800 
9:09 40.1 36.8 59.800 
9:19 0.4 35 0.046 

9:40 0.1 34.8 0.249 
10:26 0.1 34.0 0.269 
10: 57 43.1 36 63.800 
11:11 0.7 35.3 1.370 
11 : 17 10.8 35.7 18.300 
11:26 0.4 35.4 0.730 
11:35 7.5 33.0 13.100 
11:4S 0.2 36.2 0.494 
14:OB 1.9 35.4 3.450 
14:18 0.2 35.8 0.390 
14:45 27.1 30.2 42.100 
14 : 50 0.2 34.5 0.440 

9:40 - 10:53 no 01 d ischarge 

15:oo 24 41.7 37.600 

11.73 

11.95 
11.98 
11.11 

0.11 
8.07 

11.94 
11.23 

2.36 
6.92 
2.06 
6.22 
0.90 
7 .?O 
1.80 
4.50 
1.90 

S l u i c e  
BAPC 
0 1  Waste 
BAPC 
01 Waste 
BAPC 
0 1  Waste 
BAPC 
01 Waste 
BAPC 
01 Waste 
BAPC 
0 1  Waste 

0.3 00 0 163 

used i n  composi te 

used i n  composi te 

used i n  composi te 

used i n  composi te 

Cochran - 0.5% ammonia, LAD1 - a c i d  and c a u s t i c  

Cochran - r i n s e  and backwash 

Cochran - 4% a c i d  
p 
1 

used i n  composi te 

'/23/91 Waste Siream H i x t u r e s  
Waste stream S ta t  i o n  

Sump 
Assumed f l ow  (HGD) 1.3 

01  Comp 
Waste 

0.15 

Coal ya rd  
Runoff 

013.6 

Bottom ash 
S l u i c e  

26 

m l  PH 
T o t a l  Assumed T o t a l  

A l k .  Flow (HGO)  R a t i o  ( M G O )  M i x t u r e  R a t i o  

0.9 
0.26 
0 . 0 5  
0.04 

R a t i o  m l  R a t i o  m l  R a t i o  m l  

CUF-13 
CUF-14 
CUF-15 
CUF-16 

1000 
520 
100 

O S  

0. I 
0.03 
0.005 
0.005 

200 0 
60 0.71 
10 0 
10 0.12 

0 0 0 
1420 0 0 

0 0.95 1090 
230 0.04 1675 

9.00 
9.39 
9.00 
0.04 

440 
150 

95 
98 

1.45 
5.05 

27.45 
31.05 

1 
1 

1.005 
1.005 



Lab Sainp 1 e Ntimber. 9 I . i t Z ; . ? . Q 5  _. Froject 

Salnp 1 E comment 5 :COMEEELAND FOSSIL 
Samp 1 e t ype/mat ri x :W/\TER - ASH P O N D  
S a m p l e  ccrl l e r t  @cl b y  : C H A R L I E  XCENTYRE 
Sample collection dete :3157!8 

L e a d e r  : C a r m e n  L K e a n e  

PLANT CUF- 1 
Fly Ash Effluent  

Sample l o g i n  date 
Samp 1 e ciccounf numbet- 

. 8 ?  071 9 
: 4 2 7 3 - 7 6 7 0 0 0 - 1  

Sample received b y  lab : 9 1 0 ? 1 3  

00530 
70300 
00945 
0 1 ! 05 
0 1  002 
0 1  007 
01 OZE 
01 027 
00316 
01 034 
O i  0 4 2  
01 c 4 5  
G 1 O F ; i  
00927 
0 1  055 
0 1 0t.7 
61 137 
0 I c 9 2  
46570 

N o n - F i l t e r a b l e  R e s i d u e  
F i l t e r a b l e  R e s i d u e  
S u l f a t e  i n  Wzter - 
Aluminum, T o t a l  i n  Water 
A r S e n i c ,  T o t a l  i n  Water 
E a r i u m ,  T o t a l  i n  Uater 
Boron, T o t a l  i n  U a t e r  
Cadmium.. T o t a l  i n  Water 
C a l c i u m ,  T o t a l  i n  Water 
Chromium, T o t a l  i n  Water 

? Y = : , ,  T e t a l .  i n  Cl’ater 

!Iitgt-,esiuri, T o t  in Water 
, ,.:i-~+s.nese, T o t  i 13 U a t  er 
k i s l - e l .  T o t a l  in Wzter 
. ? . ~ : < . I - # I U I ~ ~ ,  T o t a l  i n  Water 
L i t - c C ,  T o ~ z !  in ; later 
Ca en-? MQ ~ ! ? r d r , ? s s  C a l c .  

r‘ - . p p e r . ,  -. T c : G ~  irr Watey 

Le38-2: T G T . 3 1  ln g j t e r  

u 

- .  

2 
940. 
460. 
7200. 
3 .  
310. 
11000. 
( 0 . 1  
2 3 0 .  
160. 
< 10. 
40. 
i 1 .  
3 . !  
6.0 
< 1 .  
19.  
( 1 0 .  
5.3 7 



Sainp 1 e conlinent s : CUNBERLAND FOSSIL PLANT CUF-2 
Sample t y p e / m a t r i x  :WATER - ASH POND 
Samp 1 e co 1 1 e c t e d  by :CHARLIE MCENTYRE 
S;ainple c o l l e c t i o n  d a t e  : S 1 0 7 1 S  
S a m p i e  l o g i n  d a t e  . 9 1 07 19 S a m p l e  r e c e i v e d  by lab : 3 1 0 7 1 3  
S a m p l e  E I C C C ~ U I - I ~  number  ' : 4273-767000-1 

Barge Sump 

N c n - F i l t e r a b l e  R e s i d u e  
F i l t e r a b l e  R e s i d u e  
O i l  a n d  Grease i n  Wafer 
Sulfate in Water 
Alumincm,  To ta l  i n  Water 
Arsenic, T o t a l  i n  Water 
Barium, T o t a l  In Weter 
P u r c n ,  Total i n  Water 
Cadiiliuw, T o t a l  i n  Water 
Calciuin, T o t a l  i n  U a t e r  
C b r < ; i r a i t i z i .  T. j t ; l  i n  Water 
~ o p p e r ,  T o t s 1  i n  U : a t e r  
! r o i s ,  i c , ta l  i n  W a t e r  
L e a d ,  ' r c - ta l  i n  i l a i e r  
Plagnes ium,  T o t  i n  Water 
M s n g s n e r c ,  T o t  I F  W a t e r  
rJic.1-e;. T.>ts: in U a t e r  
~ . Y ~ G - ~ L L ~ I : I ,  T c t a ' ,  i r t  ! la ter  
L 1 n c  I T o t  31. in ilat er. 
p.z snd M g  l iar .drle~r C a l c .  

- 

5300. 
480. 
< 5 .  
360. 
1 8 0 0 0 .  
15. 
2 8 0 .  
870. 
4.9 
1 2 0 .  
73. 
3 0  
42'000 
6 3 .  
1 0 .  
450 
1 1 0 .  
1 6 .  
G O O .  
34 1 



. L a b  Sample Number .91;'13807 3: P r o j e c t  L e a d e r  :Carmen L .  Keane 

Sainp 1 e cominent 5 : CUMtiERLAND FOSSIL PLANT CUF-3 
Samp 1 e t ype i ina t  r i x :WATER - ASH F O N D  
Sample  c c i l e c t e d  by . C H A R L I E  MCEPJTYRE 
Sample  c o l l e c t i o i - :  alate :31!1718 
Sample  l o g i n  d a t e  - 9 1 9 7 1 ' 3  Sample  r e c e i v e d  b:; l a b  : 9 1 0 7 1 3  
Sample  3 c c 0 u n t  number- :1273-707000-1 

Raw Intake 

00530 
70300 
00556 
0 0 9 4 5  
0 1  1 0 5  
01 002 
0 1  007 
01 0 2 2  
01  oe7 
0 0 9 1 6  
0; O f 4  
0 1 0 4 2  
0 1 0 4 5  
0 1  os1 
0 0 3 2 7  
0 1 I! 5.5. 
0 1 rJE.7 
r l i  1 3 7  
0: I.,?: 

4657ij 

N o n - F i l t e r a b l e  R e s i d u e  
F i i t e r a b l e  R e s i d u e  
O i l  a n d  Grease i n  Water 
S u l f a r e  i n  Water 
Aluminum, T o t a l  i n  Water 
A r s e n i c ,  T o t a l  i n  Water 
B a r i u m ,  T o t a l  i n  Water 
E o r o n ,  T o t a l  i n  Water 
Cadmium, T o t a l  i n  Water 
CsLcium, T o t a l  i n  Water 
Chrciniuin. T o t a l  i n  Water  
C c p p e r ,  T o t a l  i n  Water  
Ii-cr,, T o t a l  i n  Wate r  
~ e 2 1 2 ,  T s t a l  in Water 
Magnes i  t;!n T o ?  i t i  Water 
Maiicj3nece.. T o t  i n  Water  
" i c k s l . .  T c t a l  i n  Water 
S e : e n i u m ,  T o t a l  i n  Water 
7:rlc. T c t a l  ir, LJater 
Ca s a d  PIC; H a r d n e s s  Ca lc .  

17. 
1 3 0 .  
( 5 .  
33. 
250. 
.: 1 .  
3 0 .  
.( 50. 
0 . 2  
30. 
< 1  
( 1 0 .  
35G. 
1 .  
5 . 3  
9 3 .  

( 1 .  
( 1 0 .  
9 3 .  

-. c .  

mg/L 
mg/L 
mg/L 
mg/L 
ug/L 
ug/L 
ug/L 
ug/L 
uq/L 
mgfL 
u g ,-* L 
I_( g #' L 
u g i L  
Uq/L 

ug/L 
CI g / L 
CI g i' i 
ug/L 
m g i i  CaC03 

mgiL 



L i t :  San,p?e Nua~er-':91/138OE -. . Project Leader :Carmen L Keane 

:CUMBERLAND FOSSIL PLANT CUF-4 

F i l t e r  Plant Backwash 

Samp 1.; cornrrtertt 5 
Sainp 1 P t ype i inat  r i x :WATER - ASH POND 
Salnple ccj l lectrd by :CHARLIE MCENTYRE 
S a m p l e  .zoilec:ion date : 9 1 0 7 1 8  
Sample i g g l n  d a t e  : 9 1 0 7 1 9  Sample received b y  lab . 9 1 0 7 1 9  
Sample account number :4i?73-767000-1 

Non-Filterable Residue 
Filterable Re5idue 
Oil and Grease in Wat-er 
Sulfate in Water 
Aluminum, Total in Water 
Arsenic, Total in Water 
Barium, Total in Water 
Bopon, Total in Water 
Cadmium, Total in Water 
Calcium, Total in Uater 
C : k r o i k i I . i m ,  i o t a !  in Water 
COP;T.ET..  Total in W a ~ e r  
f i o r r ,  T o t a l  in Watai- 
L e a d ,  Tctal in U a t e r  
Msgnesium, Tor in Water 
;l;sngane.;e, Tot i n  Dater 
N L c P E I ,  T o r a l  in Uater 
Y c ! ~ i : ? i i i n ,  TGtal in Water 
Z i i i r ,  T o t a l  i i l  Uater 
fa ~ ; - i c l  MQ ti,;rdness C a l c .  

- 

5 2 0 .  
1 2 0 .  
c 5. 
34 .  
43000 
7. 
1 1 0  
9 0 .  
O . G  
3 1 .  
1 4  
EO. 
130Fr) 
4 'I. 
6 . 8 
1 s c o .  
21 
E 
7 0 .  
I 0 5 .  

L 



Non-Filterable R e s i d u e  
F i l t e r a b i e  R e s i d u e  
O i l  a n d  Grease i n  Water 
S u l f a t e  in Water 
Aluminum, T o t a l  i n  Water 
A r s e n i c ,  T o t a l  i n  Wate r  
Baricm, T o t a l  in Water 
Cci-01-1, T o t a l  i n  Water 
Cadmium, T o t a l  i n  Water 
Calcium, T o t a l  i n  Water 
!;hr\?mium, T o t a i  i n  U a t e r  
C o p p e r ,  T o t a l  in Water  
I rcqn ,  T o ~ a l  i n  Water  
Lead, ?ora! i n  Water 
Magnecicw,  T o t  i n  Wate r  
P l s n a a n p s e ,  T o t  ir, Water 
Nickel. f o ~ ~ l  i n  U a t e r  
Selenium., Tstal in Liater 
Z i n c ,  Torsi in L J S T ~ V  
c-3 an2 M i j  i-!iIcrdness C b l C  

4 
480. 
< 5. 
200. 
< S O .  
< 1 .  
30. 
1 5 0 0 .  
0.4 
94. 
< 1  
: 1 0 .  
< 1 0 .  
1 .  
1 0 .  
57. 

< 1 .  
< 1 0 .  
276 

3 L .  



..- L a b  fa inole  Nuwber : 3 1 / 1 3 8 i O  -. P r o j e c t  L e a d e r  : C a r m e n  L Keane . -.-- ---.---- 

Sanp 1 s cOnrnent 5 : C U M E E R L A N D  FOSSIL PLANT CUF-6 
5;smp 1 e 7 ypei’ITdt r i Y :WATER - ASH F O N D  

. CHARLIE MCENTYRE 
Final Ash Pond Effluknt 

N o f i - F i l t e r a b l e  R e s i d u e  3 
F i l t e r a b l e  Residue 400. 
Sultste i n  Water 220. 
Aluminum, Tctal i n  Water 2400. 
A r s e n i c ,  T o t a l  i n  U a t e r  i t  
B a r i u m ,  T o t a l  i n  Water 1 0 0 .  
B o r o n t  T o t a l  i n  Uater  4 7 0 0 .  
Cadmium, T o t a l  i n  Water 0 . 1  
C a l c i u m ,  T o t a l  i n  Water E G .  
Chromicm,  T o t a l  i n  Water 5 3 .  
!:copper, T o t a l  i n  Water : ? C  
I r c i n ,  T r , t a I  i n  W a t e r  efi . 
Lead,  T o t a l  i n  b!ater. ( 1 .  
KaSne=ium, 1st i n  Lister 3 . ( 
M z n ~ a n e s e ,  T a t  i r t  L J G t s r  l i  
Nickel., T o t a l  i n  Water s .  
Selenium, T o t a l  i n  W a t e r  I f .  
Z i r , c ,  T o t a l  i n  LJ3rer < 1 0 .  
Ca a:-,c! !!g liardi-rec+ Calc z z o .  

- 

- -  



Lab Sample NsrnbeT ' 9 1 / 1 3 8 1 1  ., P r o j e c ?  L e a d e r  :Carmen L'. Keane 

Samp ? e cornmen t 5 . CUMBERLAND FOSSIL PLANT CUF-7 
Samp 1 e t ype/;nat r i x :WATER - ASH P O N D  
Sample  r o L l c c r e d  bv : CHARLIE ' M C E N T Y R E  Bottom Ash Pond Channel 
.Sample c o l l e c r  ion d a t e  . 9 1 0 7 1 8  
Samplz l o g i n  d a t e  : 9 1 0 7 1 9  Sample  r e c e i v e d  b y  l a b  :S10719 
.SampI e a c c o u n t  number : 4 2 7 3 - 7 6 7 0 0 0 - 1  

0 0 5 3 0  
70300 
00556 
08345 
0; 1 0 5  
0 1  002 
0 1  0 0 7  
G i  GEE 
0 1  027 
0 0 9 1 6  
I) ? [! 3 4 
0 1 9 4 2  
0 1  
9 ! 0 5 i  
0 0 3 2 7  
0 ! 0 5 5  
C ?  Q67 
G i  747 
0 1  G?i? 
46570 

1 

Non-F i 1 t era b 1 e R e s  i d u e  
F i  1 t e r - a b l e  R e s i d u e  
O i l  a n d  Grease i n  Wafer 
S u l f a t e  i n  Water 
Aluminum, T o t a l  i n  Water 
A r s e n i c ,  T o t a l  i n  Uater  
J3ariu:n: T o t a l  i n  Water 
B o r o n ,  T O K Z ~  i n  Liater 
Cadmium, T o t a l  i n  Water 
C a i c i u m ,  T o t a l  i n  W a t e r  
ChFciitium. Tcta:  i n  W a t e r  
C o p p e r ,  T o t a l  i n  Water 
I r o r : ,  T o t a l  i n  Wzter 
L s a d ,  T o t a l  i n  Water 
IYagciesium, T o t  i n  Wate r  
Meiiqanesse, Tot  i n  'Water 
Nickel. T o t a l  i n  Water 
S e l e n f u i n ,  T o t a l  in Water  
Z i n c ,  T o t a l  in Wazer  
C E ~  and  M g  H a r d n e s s  C a l c  

1 7 0 .  
1 7 0 .  
< 5. 
7 0 .  
2 2 0 0 .  

90 
1 0 0 .  
< 0 . 1  
3 3 .  
4. 
1 0 .  
4 9 9 0 .  
( 5 .  

6.2 
1 3 G .  
6 .  
<: 1 . 
c o  
1 2 3  

r) c. 

r) 



Lab Sample  Number : 9 1 / 1 3 8 1 3  .. 

Samp 1 e camment s : CUMBERL.AND FOSSIL PLANT CUF-9 
Sample t y p e / m a t r i x  :WATER - A S H  POND 
Sdlnpft? C O l  l e c t e d  b y  .CHARLIE MCENTYRE - Station sump 
S a m p l e  c.ol: t-ction d s t e  : 9 1 0 7 1 8  
S J I T I ~ ~ O  l o r ; i n  date . 9 1 0 7 1 9  S a m p l e  r e c e i v e d  by :ab . C ; I C ? l C ;  
Sainpl e a c c o u n t  number  : 4273-767000-1 
L a b o r a t o r y  c o r n m ~ . n t ~  : L A R G E  PRESENCE OF O I L  

N o n - F i l t e r a b l e  R e s i d u e  
F i l t e r a b l e  R e s i d u e  - 
O i l  a n d  Grease i n  Water 
S u l f a t e  i n  Water 
Aluminum, T o t a l  i n  W a t e r  
A r s e n i c ,  T o t a l  in Water 
B a r i u m ,  T o t a l  in W a t e r  
P.orcn ,  T o t a l  i n  Water 
Cadmium, T o t a l  i n  W a t e r  
: 3 i ? c i b : , .  T o t a l  i n  U a t e r  
!:\ii*o!nium, T o t a l  i n  Water 
~ o p p e r ,  T a r s 1  i n  W a t e r  
I r o n ,  i o t a l  i n  U a t e r  
L e a d ,  T o t a l  i r t  Water 
Magncsiu!n.  7 o t  i n  CJater 
Msr;gan.ec;e, T o t  j n U z t t  e r  
l i l ickel,  ? o r a l  i r l  W a t e r  
. ~ e l ~ n i l J l r l .  T c , t a ?  i n  Warer 
Z i i i c ,  T ~ t i l  in Water  
Ca and Mg Hardness Calc  

- 

I 

1 3 0 .  
9 0 .  
1 8 0 0 0 .  
78. 
1 0 0 0 .  
< 1 .  
50. 
G O .  
1 . G  
3 4 .  
7 .  
1 1 0 .  
i 70G. 
48. 
4 9  
2 1 G .  
6 .  
3 1 .  
1 4 0  
1 0 5 .  

- 



Lab Sample-Number : 9 ‘ 1 / 1 3 9 7 1  .. Project Leader :Carmen L. Keane 

.Sample IO Infcrmaticn :CUF-9 OILY LAYER Station Sump 
Samp I e coirlinent s : CLIMBERLAND FOSSIL PLANT 
Ssmp 1 e t ypel’mz t r i x :WATER - ASti POND 
Sample  collecled by :CHARLIE MCENTYRE 
Sample coliecricn date : 9 1 0 7 1 8  
Sample login date : 9 1 0 7 2 2  Sample received by lab : 9 1 0 7 1 3  
Sample acc3unt number . 4 2 7 3 - 7 6 7 0 0 0 - 1  
Laboratory roiitinent 5 : 1 gOlL SEP FROM WATdANALYZ 

0 1  1 0 8  
0 1  0 0 3  
0 1  0 0 8  
0 1  023 
0 I 02.9 
0 0 9 1 7  
01  029 
0 1  0 4 3  

0 1  @5-E 
0 0 9 2 4  
0 1 05.3 
0 1 96% 
0 1 1 4 8 
0 1 0 3 3  

1 c 1 1 7 c  

Aluminum, Total in Sed 
Arsenic, T o t  in Sediment 
Barium, T o t  in Sediment 
Boron, Total in Sediment 
Cadmium, Tot in Sediment 
Calcium, T a t  in Sediment 
Chromium, Total in Sed 
Copper, Tot in Sediment 
Iroi-., T c . t a l  in Sediment 
Lead, Toial in Sediment 
Mag!?scium, 3 o r a I  in Sed 
tlzir.ganese .. T o t  a1 i i i  Sed 
N l c k e i ,  T o t  in Sediment 
S e l e n i u m ,  Tctal in Sed 
Zinc, T o t a l  in Sediment 

56. 
< 2.5 
( 0 . 2 5  
18.  
{ 0 . 1 2  
18. 

3 . 2  

59. 
3 . 2  
18.  
G - 2  
4 . 2  
( 2 . 5  
5.5 

7 

4 . 8  



Lab GarI?~~-.i.(clm~r.-:.gl / 1  381 4 -. P r o j e c t  L e a d e r  :Carmen L .  Keane 

Sanp 1 E comments :CUMBERLAND FOSSIL PLANT CUF- 10 
Sainp 1 e t ype/rrrat r i x :WATER - A S H  POND 
Sanp! c c o l 1  ected b y  :CHARLIE MCENTYRE Station Sump Dup. 
Sample ~ c i l l e c t i o n  d a t e  :910715 
Sample l o g i n  d a t e  : 91 071 9 S a m p l e  r e c e i v e d  by l a b  . ? 1 0 7 : 9  
Sample a c c o u n t  number : 4973-767000-1 
L a b o r a t o r y  coininents : L A R G E  PRESENCE OF O I L  

N o n - F i l t e r a b l e  R e s i d u e  
F i l t e r a b l e  R e s i d u e  - 
@ i l  and Grease in Water 
S u l f a t e  i n  Water 
Aluminum, T o t a l  i n  Water 
A r s e n i c ,  T o t a l  i n  Water 
Bar ium,  T o t a l  i n  Water 
E c r o n ,  T o t a l  i n  Water 
Cadmium, T o t a l  i n  Water 
Cal+::i.;m. Tctal i n  U a t e r  
Ct;r:ifiit-t:t. T o t a l  i n  Water 
C o p p e r .  T!:.tzl i n  Water 
iron, ? o t s l  i n  U a t e r  
Leed,  Tc!tal in Water 
Hagi-:esiuin, ’rot  i n  Water  
r.i=+riganPSe, Tot i n  Water 
r: :ckel,  T o t a l  i n  Water 
!+.eiyr?jgir$, T o t a l  i n  Water  
Z i n c ,  T o t z i  i n  e a t e r  
it; s n d  Mg !-?;*i-driess Cal c. 

43. 
2 3 0 .  * 

1 5 0 0 .  
27. 
5 0 0 .  
< 1 .  
40. 
50. 
0 . G  
3 0 .  
< 1 .  
40. 
880. 
26. 
4 . 5  
1 9 0 .  
4 .  

4 c .  
95 

‘> 
L. 



Sample ID Information 
Sainp 1 e coinnents 
Sample t ype/mat ri x 
Sample  collected by  
Sample collection date 
Sample login date 
Samp 1 e accounf  number 
Laboratory comments 

Station Sump Dup. : CL'F-10 OILY LAYER 
:CUMBERLAND FOSSIL PLANT 
:UATER - ASH POND 
:CHARLIE MCENTYRE 
: 91 G718 
: 91 0722 Sample received b y  lab . 9 1 0 7 1 3  
:4273-767500-1 
:lgOIL SEP FROM WATdANALYZ 

0 1  1 0 8  
0 1  0 0 3  
o r  008 
0 1  023 
0 1  9 2 8  
0 0 3 1 7  
0 1  029 
0 1  9 4 3  
0 : ? 7 i r  
r) I 0 5 2  
3 0 9 2 4  
0 1  053 
0 1 O G o  
0 1  145 
0 1 0 9 3  

Aluminum, Total in Sed 
Arsenic, Tot in Sediment 
Bsrium, Tot in Sediment 
Boron, Total in Sediment 
Cadmium, Tax in Sediment 
Calcium, T a r  ir. Sediment 
Chromium, Total in Sed 
Copper, Tot  in Sediment 
1 ron, T o t  .? 1 i n S e d i  meat 
Lead, T o T a !  in Sediment 
fiagnesivm. !'otal i r :  Sed 
Manganese, 'Total i n  Sed 
Nick.i.1. Tot in Sediment 
Selenium, Total in Sed 
Z i n c ,  T o t a l  in .Sediment 

73. 
< 2 . 5  
< 0.25 
14 .  
0.38 
70. 
4 .2  
2.8 
1 4  
3 . E 
1 3 .  
6.2 
5.5 
< 2.5 
2 . 2  

- 



Lab Sample  Number :91/13S'rS-."" --**e . Fi-o j@ct  L e a d e r  :Carmen L .  Keane 

Sample  comments  : CVMBERLAND FOSSIL P L A N T  CUF- 1 1 
Sample  t y p e / m a t r i x  .UATER - ASH POND 
Sample  c o l l e c t e d  by :CHARLIE MCENTYRE 
S a i n p l ~  c o l l ~ c t i o n  d a t e  :?1i3718 
Samp 1 e 1 o g  1 t i  d a t e  . 91 071 9 Sample  r e c e i v e d  by !ab - 9 1 G 7 1 9  
Sample  a c c o u n t  number :4273-767000-1  
L a b o r a t o r y  comments  :.STRONG A M M O N I A  ODOR 

DI Compos-ite 

Non-Fi l t e r s b l e  R e s i d u e  
F i l t e r a b l e  R e s i d u e  
O i l  a n d  Grease i n  U a t e r  
S u l f a t e  i n  Water 
Aluminum, T o t a l  i n  Water 
A r s e n i c ,  T o t a l  i n  Water 
Saricis .  T o t a l  i n  Water 
Boron, T c t a l  i n  Wate r  
Cadmiun,, T o t a l  i n  Water 
Calcium, T o t a l  ~ r ,  Warer 
Ctlvoin I cifi Tot 2 1 i I )  Wat er 
C o p p e r ,  T o + a l  i r i  Water 
Irirrr ,  T c r a I  i n  Water 
L e a d ,  T o r a l  i n  Water 
Msgnes ium,  Tot i n  Water 
: ? a n g s n e s r ,  Tot i n  U a t e r  
N i c C - e I .  T r ) t : i  i n  Water 
Se 1 r n  I u t a .  Tor a 1 i t i  U a t  er 
Z i n c ,  T e t s !  i n  Uater  

A:!!irri2rii 2 N i t r o g e n  
5 O d i s l i t ;  T o t 2 1  i n  Water 

- 

CS a n d  t?g E S P ~ C S S S  C a l c .  

pH V 3 1 L I E  

370. 
1 1 0 0 0 .  
< 5. 
6 6 0 0 .  
7 6 0 .  
( 1 .  
1 1 0 .  
1 1 0 .  
1 . 2  
3 5 

3 .o. 
1 7 0 C .  
G O O 0  
( 1 .  
li. 
250. 
250 
2 4 0  
4 0 .  
3 o it 
390 
3 9 0  f: . 
12 1 

L. 



Lab Sample Number :91/13SIG P r o j e c t  Leader  :Carmsr! L .  Keane 

Sample comments :CUMBERLAND FOSSIL PLANT CUF- 12 
Sample t y p e / m a t r i x  :WATER - ASH POND 
Sample collected b y  :CHARLIE MCENTYRE 
Sample c o ! l e c t i o n  d a t e  .?lo718 
Sample l o g i n  d a t e  :?I0719 Sample r e c e i v e d  b y  iab :910719 
Sample a c c o u n t  number :4273-767000-1 

DI Ammonia Wash 

0 0 G l O  Aminon i a N i t r o g e n  

i 

1 2 0  mg;L 



- Lab  E a e p l c  Number :?!i141 OZ -. P r o j e c t  L e a d e r  : Carmen I- .- K - e ~ , ; s e - =  - - 

S a m p l e  I D  I n F o r m a t i o n  : C i J F - 1 3  COMPOSITE 
Samp 1 e cotninent s : C U M B E R L A N D  FOSSIL PLANT 
Sa inp le  t b(peimatr i x  . W A T E R  - A S H  POND 
.Sam~p 1 e c o  1 1  ect  erf by :CHARLIE MCENTYRE 
S a m p l e  c o l l e c t i o n  dare :?lo718 
S a m p l e  l o g i n  d a t e  : 91 0 7 2 3  S a m p l e  r e c e i v e d  by l a b  :9107i9 
S a m p l e  a c c c u n t  number : 4273-767900-1 

Nun-F i 1 t era b 1 e Res i d u e  
F i l r e r a b l e  Residue - 
S u l f a t e  i n  Water 
l o t a l  A l k a l i n i t y  
Arsenic, T o t a l  i n  Water 
Bar-iuin,  T o t a l  in Water 
B o r o n ,  T o t a l  i n  U a t e r .  
Chroinium, T o z a l  i n  Water 
Lead,  T o t a l  i n  Water 
hiicke:,  ? . J t % l  !n Water 
S e l e n i u m ,  T c t a l  r n  l . J a t e r  
Z i n c ,  T n t a l  i n  bJater 
. % l u r , i n u m ,  T o t a l  i n  Water 
Iron, Tural in Water 
!1a; ;ganese,  T o t  i n  Water 
Copper, T o f a 1  in U s t e ; .  
C a l c i u m .  T o t a l  in Uater  
zsa?neciutn, T o t  i n  Water 
Cabii11:~ril. ? o r a l  in Uate i -  
::a an.2 Mg Hsrdness  Cajc 
.4 11, m c. n i a 
' : . . ; d i ~ i ; ; ,  T s : s l  i n  Water 
:;. t.: L .:, : ._. r? 
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Lab Samp1.e Number : 9 1 / 1 4 1 0 3  .. P r o j e c t  L e a d e r  :Carmen L .  Keane 

Sample  I D  f n f c r n t a t i o n  :CUF-14 COKPOSITE 
.Sample comments  : C U M B E R L A N D  FOSSIL PLANT 
Sanp  1 e ? ype./!itat r i w .WATER - ASH P O N D  
Sample  ccl l e c l t e d  by :CHARLIE MCENTYRE 
Sample  collection d a t e  - 9 1 0 7 1 8  
Sample  l o g i n  d a t e  : 9 1 0 7 2 3  Sample  r e c e i v e d  by l a b  - 9 1 0 7 1 3  
Sample  a c c o u n t  number : 4273-767000-1 

Non-Fi l t e r a b l e  R e s i d u e  1 0 0 .  
F i l t e r a b l e  R e s i d u e  - 6 4 0 .  
S u l f a t e  i n  Water 3 3 0 .  
T o t a l  A l k a l i n i t y  8.3 
Arsenic,  T o t s 1  i n  Water < 1 .  
Barium, Tota l  i n  Water 3 0 .  
S o r o n ,  T o t a l  i n  U a t e r  9 4 0 .  
Chrcmicrm, T o t a l  i n  Water 2 .  
L e a d .  T o t a l  i n  Water c 
ri ickel ,  ;c~c71 i n  Warer  
Se!enium.  Tcta! i n  Z a t e r  5. 
~ i r t c ,  T o t a l  i n  Wate r  
Aluminum, T o t a l  i n  Water 161). 
I r o n ,  i o t a 1  i n  Wate r  920. 
t??snganese,  Tot  i n  Water 13.  
Copper, T o t a l  i n  Water 1 6 0 .  
C a l c i t . t i i 1 ,  T o r a l  i n  Water 87. 
3agnE.c i i - i ln,  Tot  i n Waf Er 8 7  
C a r ! m i u i s ,  T o t a l  i i -I  Water  < 0 . 1  
Ca and MCJ Hardness  Calc. 253. 
I+ar;con i a rJj : rogeri 13 .  
! ~ O ~ : U I T I ,  T o t a l  i n  Water 1 4 0  

c\ 

1 0 .  
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- .  

pti :'aIGe 9 . 0  



Lab Sainp I E Number : 9 1 / 14 1 04 P r o j e c t  L e a d e r  :Carmen L .  Keane 

.Sample I D  J n f u r i n a t i o n  : C U F - 1 5  COMPOSITE 
Samp 1 e colnmerrt 5 : CUMBERLAND FOSSIL PLANT 
Sample  t y p e , ' m s t r i u  .UI\TER - ASH P O N D  
.Sample c o l l e c t e d  by :CHARLIE MCENTYRE 
Sample c c ) l l e ( : t i o n  d a t e  :?1@718 
.Sample login d e r e  .9 1 0723 Sample  received b y  iab : 31 671 9 
Sample a c c o u n t  number :4273-7G7000rl 
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Lab .Sample Number : 9 1 / 1 4 1 0 5  .. P r o j e c t  L e a d e r  : Carmen L. Keane 

.Sample I D  I n f o r m a t i o n  :CUF-16 COMPOSITE 
Sainp 1 e comments  : CUMBERLAND F O S S I L  FLANT 
Ss1i1p 1 o t ypeimat r I x .UATER - ASH POF:D 
5aIDple Col l e c l ~ r f  by :CHARLIE MCENTYRE 
Sample  c o l l e c t i o n  d a t e  : 9 1 0 7 1 8  
S a m p l e  l o g j n  d a t e  : 91 0723 S a m p l e  r e c e i v e d  by l a b  .?IO713 
Sainp!e Gccount  number : 4273-767000-1 

Non-Fi l t e r a b l e  R e s i d u e  I 8 . 
Fi lrera -h le  R e s i d u e  - 2 1 0 .  
S u l f a t e  i n  Water 1 0 0 .  
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.I\rsenic, Total in Water < 1 .  
Bar ium,  T o t a l  ir, Uater 7 0 .  
P a r c n ,  T o t a l  i n  Water ZGO. 
Chromium, Total i n  Water  3 .  
L e a d ,  T o t a l  i n  Water c I .  

. - . = ' , - > r i : ~ i m .  Tcral in LJatnr 2 .  
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9G -r 

'Total in Water 3 
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Mr. .Jim Niehoff 
Law I3igiiiccring 
396 1'l:isters Avenue 
Atlmta, Georgia 30324 

Dear Mr. Niehoff: 

Subject: Wetland Determination and Protected Species Survey 
Tennessee Valley Authority 
Montgoniery County, Tennessee 
Law Environmental Project No. 55-1551 

I,aw Environmental is pleased to submit this report to Law Engineering regarding the 
jurisc!ictional wetland determination and preliminary protected species survey conducted on 
thc proposed scrubber sludge facility site near Cumberland City, Tennessee. This report 
clocurncnts the rnethodoloa used to determine the extent of jurisdictional wetlands and 
10 assess potential habitat for protected species, and the subsequent results of oiir 
i iivcst iga 1 ions. 

I t  is o i i r  understanding that Law Engineering was contracted by Tennessee Valley Authority 
(*IVA) 10 conduct preliminary work on site suitability for a proposed scrubber sludge facility 
site i i i  Moritgomery County, Tennessee. The subject site consists of approximately 350 
acres located south of Tennessee Highway 149 and west of Yeliow Creek. 

Mr. Iiarwell E. Coale, Ecologist and Mr. Haynes E. Currie, Botanist, with Law 
Environrneiital, visited the subject site on 28 and 29 March 1991 to determine the  extent 
of jurisdictional wetlands, and identify potential protected species habitat. 

Juristlic!ion:rl Wcllands 

Juristlictiorial wetlands are defined by 33 CFR Part 328.3(b) and are protected by Section 
403 o f  the Clean Water Act (33 USC 1344), which is administered and enforced by the 



Mr. Jim Niehoff 
11 April 1991 
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U.S. Army Corps of Engineers (USACE). Data obtained during the site visit was 
supplemented by evaluations of the U.S. Geological Survey (USGS) 7.5 minute quadrangle 
Needmorc, Tennessee topographic map, US. Department of Agncul ture (USDA) Soil 
Conservation Service (SCS) Montgomery, County soil survey maps, and NHAP false-color 
infrared aerial photography prepared by the USGS, EROS Data Center. 

Wetlands depicted by these resources were evaluated in the field using the Routine On- 
site Determination Method described as defined in the Federal Manual for Identifying and 
Delineating Jurisdictional Wetlands’. This multi-parameter approach requires positive 
evidence o f  three criteria. 

Hydrophytic vege ta t ion 
Hydric soil 
Wetland hydrology 

Areas exhibiting evidence of all three of the above criteria were classified as jurisdictional 
wet lands. 

Protected Species 

Protccted qecies are plants and animals classified as endangered or threatened by [he U.S. 
Fish and Wildlife Service (USFWS), the Tennessee Department of Conservation and 
Environment, or the Tennessee Wildlife Resources Agency- Species classified as 
endangered or threatened are protected as specified in the Federal Endangered Species Act 
of 1973 (IO USC 1531 to 1543). the Tennessee Rare Plant Protection and Conservation Act 
of lOS5, mid the Tennessee Non-game and Endangered or Threatened Wildlife Species 
Co11serviltioI1 Act of 1974. 

An in-house literature and background review was conducted for protected spccies 
potenti;illy occurring in Montgomery and adjacent Tennessee counties. This literature 
search included the review of Endangered and Threatened Species of the Southeast United 
States’, arid personal communications with the TVA Regional Heritage Program. 

Following rhis literature review, ;I site reconnaissance was conducted to locate areas that 

:Fedcr:il Iriteragency Committee for Wetland Delineation. 1989, Federal Manual for 
Ideritifying ; t i i d  Delineating Jurisdictional Wetlands. U.S. Army Corps of Ensineers, U.S. 
Environmciit;~I Protection Agency, U.S. Fish and Wildlife Service, and USDA Soil 
Conservation Service, Washington, D.C. Cooperative Technical publication. 77 pp. plus 
:Ippendices. 

‘US. Fish and Wildlife Service. 1989. Endangered and Threatened Species of the 
Southeastern United States. Region 4, Atlanta, Georgia. 
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mav provide potential habitat for protected plant and animal species. 
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RES U I IfS 

Jurisdicticmal Wetlands 

he r i s  on [lie 350-acre site subject to Section 404 jurisdiction were identified in the field 
and consisted primarily of intermittent streams. The approximate locations of jurisdictional 
streams are depicted in Figure 1. Although intermittent streams were the only areas 
otiscrved to be subject to Section 404 jurisdiction, there may be limited jurisdictional 
wetland areas associated with these streams in some places that were not detected during 
the preliminary pedestrian survey. Stream and wetland boundaries should be delineated 
in  the field and verified by the USACE, Nashville District to determine the exact extent of 
Section 404 jurisdictional areas on the project, site prior to final planning and site 
d eve I o prne n t . 

Prot cc t cd Specks 

P 1;111 t s 

1 Maiiy of t h e  north-facing slopes on the project site support mature eastern deciduous 
forests. l’lie dominant tree species observed in these sites were American beech (Fagis 
gr(imlifolicl), sugar maple (Acer saccfzanmt ), ye1 low-popla r (Liriodendron fulip$ert2), w h i t e oak 
(QiicrcLis c~lhn), Northern red oak (Quercus mbra), and hickories (Carya spp.). Common 
understory trees include hop-hornbeam (Ostrya virgihimza), sounvood (Oqdendnm 
cirl)orz.~irii), and redbud (Cerci. candcmk). A common shrub species observed in these 
habitats was spicebush (Lindera benzoin). The observed herbaceous layer was abundant and 
highly diverse. Common herbaceous plants identifiable in early spring were prairie trillium 
(iriilliitriz rmuvaazm), pennywort (Obolaria virginica), hound’s tongue (Cynoglossuin spp.), 
sedges (Curex spp.), toothwort (Dentaria spp.), May-apple (Podoplzyllri~?~ pelrarrim), 
Solotiion’s seal (Polygonatwit spp.), meadow m e  (Tlralictmm thalictroicies), creepins phlox 
(P1ilo.c stolonreiff), chickweed (Stellaria iiredia), agrimony (Apmonia spp.), and doll’s eye 
(:lcltlcm p ( I~- / l y j lod~ l )~  

Two htate-threatencd plant species, golden seal (Hydrastis canademis) and Wyandote beauty 
(S)wtrmlrtl lzispihlr) are known to occur near the subject site. North-facing mixed-mesic 
hardwood forest occurs on the site and provides potential habitat for these two plant species 
(Figtire 1). Neither of these piant species would have been detectable during the onsite 
visit 2s-29 blarch 1991; however, both species are readily detectable during their flowering 
periods during early May. A follow-up site visit during this time is recommended to check 
for the presence of these species. 

,i The TVA Regional Heritage Program indicated the presence of two federally-listed animals, 
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the gray bat (Myofis grisescens) and the Indiana bat -(Mvotk sudd&) in the area near the 
project site. These species generally are associated with cave habitat; however, no caves 
were observed during the on-site pedestrian survey. Therefore, development of the project 
site is not expected to negatively impact these two species. 

RECOMMENDATIONS 

Jurisdictional wetland boundaries should be field delineated and followed by a boundary 
verification by the USACE. After USACE verification, arrangements should be made to 
have a metes-and-bounds survey conducted on the wetland boundaries to accurately 
determine Section 404 permitting requirements. 

A follow up protected species survey should be conducted in early May to determine the 
presence of  the two threatened plant species mentioned above. 

If you Iiave, any questions regarding this report, please do not hesitate contacting Mr. 
[ h w e l l  1'3. Coale III  or Dr. Richard W. Whiteside at (404) 421-3400. 

Sincerely, 

% L h L b  
Hanvell E. Code I11 

Richard W. Whiteside, Ph.D. 
Principal khvironinental Scientist 

HEC/RWW 
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5 July 1991 

Mr. Jim Nichoff 
Law Engineering 
396 Plasters Avenue 
Atlanta, Georgia 30324 

Dear Mr. Nichoff: 

Subject: Follow-up Protected Plant Survey 
Tennessee Valley Authority 
Montgomery County, Tennessee 
Law Environmental Project No. 55-1551 

Law Environrnenta is pleased to submit this report to Law Engineering regarding the 
follow-up protected plant survey conducted on the proposed scrubber sludge facility site near 
Cumberland City, Tennessee. 

During our preliminary protected species survey, as reported on 11 April 1991, potential 
habitat was found on the project site for two plant species, golden seal (Hydrastis cartadensk) 
and Wyandote beauty (Synandra hispidula). These species are listed as threatened by the 
State of Tennessee. As neither of these species was detectable during our 28 and 29 March 
199 1 survey, we recommended a follow-up survey be conducted later in the season to better 
determine whether these species are present within the project boundaries. 

At your request, Mr. Haynes E. Currie, Project Botanist, revisited the site on 1 July 1991 
to conduct a pedestrian survey for these two plant species. No individuals of either of these 
two species were detected on the proposed project site during this follow-up visit. 
Thcrcfore, we do not expect that this project will impact either of these two species or any 
othcr federal or state protected species. 
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Law Environmental appreciates ihe opportunity to conduct this most important work for 
Law Engineering. If you have any questions concerning this follow-up survey, please 
contact Mr. Haynes E. Currie or Dr. Richard W. Whiteside at (404) 421-3400. 

Haynes E. Currie 
Project Botanist 

~. - 

Richard W. Whiteside, Ph.D. 
Principal Environmental Scientist 

HEC:R WW/bjp 
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