


W T D  IJSE XFT THE VICI13ITY OF TITI? A??LLXF07SIT;: SITE -- - -- 

rni Lh2is appendix i s  supportive of Section I.?, su3section 7 ,  

1n.nd Use ~rh ich  contains addi t ional  discusssion o:? land uses i n  the ---.-.--"&-* 

v ic in i t y  of t h e  Rellefonte s i t e .  

Figure .I?-1 i s  an annota,ted topographic land use map, a,nd f igure  

A-2 i s  an a e r i a l  photo of about t h e  same area.  Land. use data  For Jackson 

c701mty has been presented s ince  t h e  sren sho%m i n  the f igures  i s  ,?enerally 

re-nrcnentative of t h e  whole county. According t o  t'r;e 1967 Conservation 

'Jeeds Inventory of  t h e  t o t a l  land area of 719,000 acres ,  about 53 per- 

cent (443,000 acres )  of Jackson County was fores ted;  32 percent (237,000 

acres)  was i n  ag r i cu l t u r a l  use  (cronland, pasture and range, and o ther )  

and 1.4 percent (10,000 acres )  urban and developed.  he remainder i s  

composed of land i n  Federal ownership ~tnd small Land areas covered by 

tratkr . ) For comparison, t he  Top of .A.labama r7cp;ional. Council of Govern- 

ment s (TARCOG) area  (~ imes tone ,  '.qadi son, Jackson, rlarshall , and ?e?Calb 

~ o u n t i e s )  wno 44 percent fores ted,  L6 percent agr icu l tu ra l ,  and 6 ner- 

cent urban and b u i l t  up ( " ~ g r i c u l t u r a l  Opport~mit ies  i n  t h e  TRRCQG Area, '' 

TvA). (~emainder  i s  Federal land and small va te r  areas . )  Th.us, rT~ckson 

County w a s  more forested,  l e s s  agr icul tura l . ,  ~tnd l e s s  urban than t h i s  

l a rger  a rea  of which it i s  s par t .  



A more detailed discussion of individual land uses at the 

general area Level follows. 

1. Urbanized areas - Scottsboro, about 6 miles. 
west-southwest of the site, is the nearest and most important emerging 

center with a 1970 population of 9,324. Hollywood is the town nearest 

the sits with a 1970 population of 301. Recent annedations, which 

resulted in the city limits shown, increases the population to an esti- 

mated 4365 (~reliminary Draft - "Sketch DevePopmant Plan - Town of Hollywood, 
Alabama," TARCOG). Other communities in the valley include Stevenson 

(1970 population - 2,390) and Bridgeport (1970 population - 2,908) . 
West of Scottsboro, on the Cumberland Plateau, are, 

Woodville (1970 population - 322) and Paint Rock (1970 population - 226) . 
"I Cr 

East of Scottsboro, on Sand Mountain, are Section (1970 population - 7021, 
. 

Dutton (1970 population - b23), Pi sgah (1970 population - 519), and ' I 

Rainsvif le (1970 population - 2,099) . 
Most of these communities have boundaries far exceeding 

the actual developed area. Thus, they are in a posi.t;ion to accommodate 

additional development and, if they choose, to control it through an 

active planning progrem. 

2. Industrial areas - The two most important indus- 
tries in the area are located near Scottsboro. These are Revere Copper 

and Brass Corporation and Goodyear Tire and Rubber Company. Revere is 

on s 1,000-acre peninsula about 11 miles southwest of the site on the 

right bank of the Guntersville Reservoir. It employs approximately 

1,100 people, but additional facilities are under construction which 

would bring the employment to 1,600. Goodyear now employs 200 people, 



but tentat ive expansion plans indicate an eventual, employment level  of , ,  

about 1,000. In addition, TVA1s Widows Creek Steam Plant is  about 1 5  

miles northeast of the s i t e  with about 500 employees. 

3. Forested land - In large measure, forested land 

is associated with e i ther  topographic or drainage features. On the ' .  ' 

Cumberland Plateau t o  the north and west of the site, the steep noun- 

trainoue t e r ra in  has helped keep the land i n  forest  production. To the' 

south and east  of the  s i t e ,  the  escarpment reaching from Guntersville. 

Reservoir t o  Smd Mountain is predominantly i n  forest.  However, on 

' the  re la t ive ly  flat 8and Mountain with s o i l s  suitable for  agriculture, 

much of the forest has been cleared except in  the natural stream banks. . 

4. Agriculture and open land - This category of : 

land use is  a mixture of cultivated, pastured, and unused land. Most ' 

of the  cultivated land is located on Sand Mountain while the predominant 

w e  of agricul tural  land on Cumberland Plateau and i n  the valley i s  for, ' .  
. 5 

pasture. 

5. S i t e  land use - Figure 'A-3 is s topographic map 

of the  s i t e  vicinity.  Land use of the s i t e  and the  immediate vicini ty 

is predominantly agriculture with some forested areas along the reservoir. 

Most of the  land on the  s i t e  was in  pasture while about 65 percent of 

the  surrounding agricul tural  land was cultivated based on photo inter-  

pretation of a 1971 aerial. photogsaph. The photograph is reproduced as. 

figure A-4. 

A number of significant cul tural  features are  also 

shown on figure A-4 which help reveal the  character of the  s i t e  and ' 

surrounding area. They are  discussed as  features of Old Town Bellefonte, 



the s i t e ,  and the surrotinding area. Tfieae are shown i n  figures A-5 : -.- 

, , 

through A-7, respective*. 

( 1 ) ~  Old Town Bellefonte - Figure A-4 ( 
, > 

shows the  location of the  Old Town Bellefonte with respect t o  the pro- 

posed site, Figure A-5 shows low and groundilevel shots of the whole' > 

area and individual structures. Thestructures have not been inhabited 

fo r  a long ti-, nor has there been any apparent e f for t  toward maintatding 

them* 

(2) Features of the s i t e  - Figure A-6 

show the  items located OD the s i t e .  They include an old chapel, three 

fr-e dwellings, and two old family cemeteries. 

An old chapel, known as Shipps Chapel, 

(item No. 8, figure A-6) has been most recently used as  a residence. ~' 

C 

Based on i t s  structural  condition, it is clearly i n  a s t a t e  of disrepair ~ 

- 
and has not been occupied fq r  some time. 

Items No. 7', 9, LO, and 11 of figure A-6 

show former dwellings located on the s i t e .  A t  one time, they were sui t-  ' ~. 

- A  . ' *  

able fo r  occupation, Znrt lack of maintenance and changing housing stan- 

darde find them no longer acceptable abodes. None of them were occupied 

a t  the  time acquisition proceedings began, 

Two old family cemeteries are  Located . 
, . 

' 1  . 

within the bounds of the  property being acquired by the project. Both : . -  

are inactive with no evidence of upkeep or interments in  several decades. 

The most recent tombstone inscription fourid in  the Finnell Cemetery is 
* 

1872. Field estimates place the number of -graves i n  Shipp and Finnell: c 

, . 
Cemeteries a t  four and six,  respectively. 



The Finnel l  Cemetery (item No. 12, f igure  

A-6) i s  located i n  a pasture with no fence protecting it. It has 

obviously been used a s  pastureland. A t  l e a s t  two monments i n  t h i s  

cemetery a r e  broken. 

The Shipps Cemetery (item No. 13, f igure  

A-6) is  surrounded, except f o r  an entranceway, by a rock w a l l  and located 

within lands t h a t  have been pastured. Cat t le  have grazed the  cemetery 

area. A t  l e a s t  one monument i s  broken and the  en t i r e  cemetery i s  

overgrown with weeds. 

Under these conditions a substant ia l ly  

la rger  number of graves than indicated by the  i n i t i a l  count could ex i s t  

i n  each cemetery. However, it is impossible t o  make an exact determination 

without disturbing the  cemetery areas. 

( 3 )  Surrounding area - Items of i n t e r e s t  

surrounding the  s i t e  a r e  indtcated on f igure  A-7. Two exceptions t o  

t he  generally rural development surrounding the  plant s i t e  a r e  t he  Town 

Creek Subdivision and Baker Sand and Gravel Company's loading f a c i l i t y ,  

both of which a r e  adjacent t o  t he  s i t e .  Farther away, near Hollywood, 

i s  a new technical-vocational school. Otherwise, the  farmhouse and 

i so la ted  s to re  a r e  generally typ ica l  cu l tura l  features  of the  s i t e  

v ic in i ty .  

 hi subdivision is  across t he  Town Creek 

embayment and is noted on f igure  A-4. Pictures  of the types of struc- 

t u re s  contained i n  t h e  subdivision a r e  i n  f igure  A-7. They range from 

a mobile home found along the  entrance road t o  small cabins t o  small 

"A-frames." This i s  a second-home developanent and is populated mostly 



on weekends and during summer vacations. The structures are not 

generally planned for year-round residency. 

Baker Sand and Gravel loading facility 

is on the small peninsula adjacen-t to the southwestern corner of the 

site and noted as item 1.6 on figure A-4. - A  picture of this activity 

is on figure A-7. This facility is operated by only a.small number of 

employees. 

Item 15 on figure A-4 is the new Jackson 

County Technical School which opened in September 1972. The present 

enrollment is about 500 with 250 attending classes in the morning and 

250 in the afternoon. Thi students are transported from the eight city 

and county high schools in Jackson County. 

Figure A-8 indicates the projected maJor 

plant facilities, tentative highway and rail access connections, and 

approximate transmission line connections. Details of the impacts of 

these features of modified land use are discussed in sections 2.7, 2.9, 

and 2 .2 ,  respectively. 
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Fish 

The fishery resource of" Gmtersville Reservoir has been sur- 

veyed i n  1971 and 1972. The 1971 s ey. consisted of three cove-rstenone 

samples i n  each of four weas  of the reservoir. Areas were defined as  

follows: Area I, TRM 349.4 t o  350.8; Area XI, 361.0 t o  364.1; 

Area 111, 'i%M 372.8 t o  382.3; Area IV, 388.6 t o  397.6. Area fV, 

which includes the  BellefoPaLe s i t e ,  i s  %he area of principal in teres t  

i n  t h i s  discussion. ~~mp&3-b8 de ta i l s  m e  available i n  a report (~heddan, 

1972) from which data were extracted f o r  presentationhere.' A second 

survey, specif ical ly designed t o  evalPPaee the  fishery resource i n  the  

near vihcinity of the  Bellefonte s i t e  and emp1sying several types of 

sampling gear, wets perfomed i n  June 1972. SasmpPing stat ions and gear 

employed i n  the v ic in i ty  of the  s i t e  (1971 and 1972) are shown i n  figure 

B1-1 . 
The two surveys yielded 50 species among 27 genera belonging 

t o  1 4  f amilihes of f i sh   able B1-1) . For purposes of simplified pre- 

sentation of data and general discussion, t h e e  conventions were adopted: 

(1) species were grouped in to  the  s i x  most common and important fslmilies 

and the  remainder assigned t o  ep seventh (other) category; (2) aP1 f i sh  

exceeding 1 year of age were combined as  adults except (3)  species of 

genera commonly referred t o  a s  forage species, e.g.; Botropis, Fundulus, 

Percina, were combined i n  the  youngaf-the-year (YOY) category. 

Of the s i x  families, the  Clupeidae represent important, pri-  

marily planktivoroue andl herbivorous forage species, the  Centrarchidae 



and Percichthyidae represent  predatory omnfvorous or piscivorous spor t  

species ,  aad t h e  letalearidae, Catostomidae, and Scianidae represent  

important omnivorous or piscivorous "rough" o r  commercial species.  

I n  3.971, Area P I 1  dominated numerical and biomass standing 

s tocks  of  a d u l t  f i s h  ( f i g u r e s  Bl-2 and ~ 1 - 3 ) ,  t h e  dominance being p r i -  

merrily due t o  t h e  Clupeidae. Standing stocks of spor t  species  were 

lowest i n  Areas I1 and I11 and highest  i n  Areas I and I V .  Area I V  

yielded t h e  highest  percentage of spor t  s tanding stocks and t h e  lowest 

percentage of clupeid standing stocks.  

Area I1 dominated standing stocks of young-of-the-year (YoY) 

f i s h ;  Area I V  ranked second t o  Area I1 i n  standing stocks of spor t  

species  and first i n  percentage of spor t  s tanding stocks.  

Standing s tocks  of white crappie ( a l l  ages) decreased down- 

stream from Area I V  through Area I, while standing stocks of YOY fsesh- 

water drum and channel c a t f i s h  increased. Largest s tanding stocks of 

b l u e g i l l s  and largemouth bass were noted i n  Areas I V  and 11, l a r g e s t  

s tanding s tocks  of redear  sunf ish  were noted i n  Areas I V  and I, and 

l a r g e s t  s tanding s tocks  of longear sunf ish  were found i n  Areas I1 and I. 

Sheddan (1972) compared t h e  r e s u l t s  of t h i s  survey with t h e  

most recent  surveys perfomed on four  o ther  lower main stream TVA reser-  

v o i r s  ( ~ h i e k m a u g a ,  Wheeler, Pickwick, and ~ e n t u c k y )  and concluded t h a t  

Guntersvi l le  ranks f i rs t  i n  numerical s tanding stocks of harves table  

spor t  species  and four th  i n  commercial species.  

Resul ts  of t h e  1972 cove surveys a r e  presented i n  f i g u r e s  BI-4 

and Bl-5. The main stream cove, TRM 392, was a l s o  sampled as p a r t  of 

t h e  Area I V  survey i n  1971 and i s  included f o r  comparative purposes. 



The 1972 survey confirms the observations of 1971 regarding the relative 

importance of sport species in Area IV. 

The main stream cove (TRM 392) yielded greater standing stock& 

of adult fish than did the embayments with one exception. The large 

biomass~contributed by catostomids in Town Creek is due to entrapment 

in the sample cove of a large school of adult smalhouth buffalo. Town 

Creek contained fewer fish than did Mud Creek, but these were of larger 

size. 

The main stream cove contained more numbers, but significantly 

less biomass, of young fish than did the embayments. Town Creek con- 

tained the greatest numbers and biomass of young centrarchids in 1972. 

An analysis by species of the standing stocks of the three 

coves is presented in Table 131-2, B1-3, and ~1-4. The category of 

species, i.e., game, rough, forage, are those commonly used in the 

southeastern IJnited States. Size categories, i .e., young, intermediate, 

adult, are arbitrary classifications. In general, the intermediate 

category is applied only to game and rough species and includes those 

fish o'r a species older than 1 year but which are not usually harvested 

by anglers or commercial fishermen. 

Tables B1-5 through 131-8 present data obtained by electrofishing 

and gill netting concurrent with the stand in^ stock estimates. Tables 

131-5, and 131-10 present. results of horizontal meter-net tows for larval 

and young fish. All tows were made,after sunset and were of $-minute 

duration using a l-m diameter net. Three samples each were taken at 

the following locations: 

1. Main channel (TRM 393) - Shoreline-surface 

2. Main channel (TRM 333) - Channel-surface 



3. Main channel (TRM 393) - Channel-Sm depth 
4. Secondary channel (TRM 393) - Channel-surface 
5. Secondary channel (TRM 393) - Channel-5m depth 
6 .  Mud Creek embayment - Channel-surface 

Bighest concentrations of.larval and young fish were noted 

in shallower waters, i.e., Mud Creek embayment and shoreline-surface 

tows in the reservoir proper. Shad (~orosoma spp.) and freshwater drum 

(Aplodinotus) dominated the main stream; shad and Lepomis> spp. dominated 

the embayment sample. The secondary channel (that adjacent to the plant 

site) yielded higher concentrations of fish and eggs than did the main 

channel. These differences may be associated with production arising 

'fropn the Crow Creek, Mud Creek, and Town Creek embayments. ToCCreek 

was not sampled owing to navigktional uncertainties at night, but based 

on the other results of the 1972 survey, larval fish samples from Town 

Creek would be expected to be roughly comparable to those of Mud Creek 

in numbers, with some variation in species concentration. 

Shoreline-surface samples taken here are 'not directly com- 

parable to those taken in Wheeler Reservoir and reported previously 

(TvA, 1972,).2 Most of' the main stream shoreline area supports dense 

growths of Myriophyllum sp. and rendered meter-net sampling impossible 

in the strictly littoral. zone. Observations made of these areas at 

sunset indicated that large numbers of fish either inhabit -the vegetation 

or utilize it as a feeding area, where young fish and nmcroinvertebr&tes 

serve as the prey. 

A short-term creel census was perfoqed in the vicinity of 

the proposed site; results &e summarized in Tables B1-11 through BI-14. 



A survey of commercial fish landings from Guntersville Reservoir was 

performed in 1971 and appears as Table B1-15. Results of both the 

sport and commercial surveys are considered ~epresentative descriptions 

of the fishery resource of Guntersville Reservoir and of the lower main 

stream reservoirs .of the TVA system. 

1. Creel census report - Guntersville Res,e~voir - 
April 16 thraugh July 1, 1972 - 

(1) Int~roductio~ - An 11-week assessment 
of the sport fishing effort was made in two embayments in the vicinity 

of the proposed site. The selected survey areas (figure ~1-1) were in 

the Town Creek, TRM 393, and Raccoon Creek, TRM 396, embapents having 

surface areas of 260 and 230 acres, respectively. 

Data was collected between mid-April and 

July 1972. The survey was adjudged to begin at the peak of the spring 

fishing season. 

(2) Methods - Since only one count could 
be made in each area in an 8-hour workday, the sample use count method 

was used to determine estimates of total fishing pressure and total 

catch. One 2-hour count period was assigned for each embayment for each 

day of a 5-day workweek. Fisherman interviews were conducted both before 

and after use counts. 

For each week in the survey period 5 

sample days and a fisherman-use count time (2-hour periods) for each 

of these days were systematically drawn. Nonuniform values based on 

knowledge of the fishery and the random selection process, were assigned 



Lo each possible sample period, each day of the  week, and time of day 

(a.m. o r  p.m.) kn which the  use counts were made. 

These values were then used t o  estimate 

t he  t o t a l  pressure f o r  the  5 days selected i n  a week by: 

where 

Fd = estimated t o t a l  angler hours fo r  t he  day 

C = Fisherman count f o r  t h e  day 

Pt = probabi l i ty  of use count time 

P probabi l i ty  of period of day (a.m. o r  p.m. ) 
P 

Estimates of f ishing pressure f o r  t h e  

week were calculated by: 

where 

Fw = estimated t o t a l  angler hours f o r  5 days i n  a week 

Pd = probabi l i ty  of fisherman use on the  selected count day 

The estimated t o t a l  c.atch was determined 

by the  product of the  weekly estimated t o t a l  pressure (angler hours) 

and the  mean da i ly  catch r a t e  (catch per hour). 

The estimated t o t a l  weight of each species 

harvested was the  average weight of t h a t  f i s h  i n  a l l  c ree l s  times the  

estimated t o t a l  catch of the  species. 

The average expenditure per t r i p  was cal-  

culated from data col lected f'rom a 10 percent sample of a l l  interviews. 



(3) Results - 
(a) Fishing pressure - Esti- 

hated total fishing effort in the two gurvey areas over an 11-week 

period was 9,222 hours. The Town Creek exabayment survey showed 4,860 

hours fished and 1,043 trips, and the Raccoon Creek survey 4,362 hours 

in 1,136 trips (Table B1-11). Length of completed trips were 4.7 and 

3.8 hours, respectively. Other fisherman-use characteristics were 

similar in both areas  able B1-12). Fishing success averaged 70 per- 

cent; average party size was 2.2 persons. 

(b) Catch - The survey results, 
shoved the catch compositiori in each cove to  be very similar. The two 

areas combined, 198 hectares, yielded an estimated 12,310 fish weighi ng 

2,829 kg. Catch per trip was 5.4 fish weighing 1.3 kg. 

Seven species of fish were 

identified in the creel Prom each area. White crappie was the dominant 

species, making up 53 percent of the catch by number and 52 and 57 per- 

cent ' by weight ( ~ables B1-13 and ~1-14) . Bluegill, redear sunfish , and 
1Wgemouth bass combined with white crappie made up more than 95 percent 

of the catch. 

In spite of the relatively 

short survey period, the rate statistics presented should aptly describe 

the spring fishery. 
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TAXONOMIC LIST OF FISH SPECZS C"GLL;ECT%D - .-- -- 
reJ GUNTERSVIIZIIS FG3SEEVO3.3, 1971 AMD 1972* 

-"--- 

Family Upisosteidae 

Spotted gar - Lepisosteus oculatus 
Longnose gar  - - I;. osseus 
Shortnose gar - - L. platostomus 

hwf in  - Amia ca.lva -- 

Skip jack herring - Alosa chrysochloris -- 
Gizzard shad - Dorsonia cepedianum 
Threodfin shad - D. wetenense 

Family Cmrinidae - 

Goldfish - Carassius auratus 
c:iq - ~ y p r K c Z i o  
Golden shiner - Noteraigonus crysoleucas 
Dnerald Shiner - Notropis atherinoides 
Whitetail shiner - N. aalacturus - -  
Spotfin shiner - N. - - spilopterus 
Bluntnose minnow - Pimephetles notarux 
tkthead minnow - ~.-nromelas 

FRmily Catostomidne -- 

Quillbaclr - Carpiodes cy-prinus 
Smallmouth buffalo - Ictiobus b u b ~ l u s  
Bigmouth buffalo - I. cyprinellus 
13ln.ck buffalo - I. Kiger - -  
Spotted sucker - Minytrema me1.anop.s 
Golden redhorse - Moxostoma erythrurum 

Pami Ly I c t  a l u r i d ~ e  

Blue ca t f i sh  - Ictalurus .fircstus 
Black bullhead - I. melas - -  
Yellow bullhead - - I. notatus 
Channel ca t f i sh  - I. punctatus - 
$'lnthead ca t f i sh  - Pylodictis o l ivar i s  

*Nomenclature t h a t  of American Fisheries Society Spec. Pub. No. 6, 
3rd ed. , 1970. 



TAXOROE~4IC LIST OF FISET SPECIES COLLECTED 
IF! GVNTERSVXLLE RBSEWOIR, 3-971 and 1972* 

(continued ) 

~i('amily Cyprinodont idae 

13lnckstripe topminnow - IiZrPldulus notatus 
Black spotted topminnow - - F. olivaceus 

Ihmily Poeciliidae - 
Nosquitofish - Gambusia a f f i n i s  

. i l ' : m i Q  Atherinidae -.- - 

i3roolr s i lverside - hbides thes  sicculus 

Family Percichthyidae - 
White bass - Morone chrysaps --- 
Yellaw bass - M. . -- mississippiensis 

Fd-ly Centrarchidne 

Green sunfish 
Pumpkinseed - 
Warmouth - L. 
~ r a n g e s ~ o t t ~ d  
?31uenil1 - I;. 

- Lepomis cyanellus 
I;. gibbosus - -- 
gulosus 
sunfish - L. humilis 
mac roc hirug 

I iede~r sunfish - - I,. ~ c r o l o p h u s  
Smallmouth bass - Microptenas dolomieui 
S ~ o t t e d  bass - M. ~ u n c t u l a t u s  
Grgemouth bass-- h. - salmoides 
White crappie - Pomoxis smula.r is  
B l ~ c k  crappie - - P. nigromaeulatus 

B..mily Percidae 

Fantail  dar te r  - Etheostoma. f label lare  
Redline da r t e r  - E. mfilineatm 
Logperch - Percina caprodes 
Sauger - Stizostedion canadens~ 

Family Sciaenfdae - 
h?reshwater drum - Aplodinotus grunniens 

F~imily Cott idae 

Rynded sculpin - Cottus carolinae 
--. -.-. -- ------ -, 

.~Nomenclaturc t h a t  of American Fisheries Society Spec. Pub. Eo. 6, 
3rd ed., 1970. 



Table B1-2 

Species Adult 
Wt.(kgT 

Young -0 f -year Xntemediate 
NO. - w%.(@) BO - . w t .  (kg) 

Yellow bass 33.0 
Green sunfish - 
Wamouth 1.1 
Bluegill 421.3 
Longear - 
Hedear 44.7 
Largemouth bass 290.4 
White crappie 19.1 
Sauger 

Total 8tg-X 

Spotted gar - 
Longnose gar 12.8 
Skipjack herring - 
SmaUouCh buffaka - 
Spotted sucker - 
Black bullhead - 
Yellow bullhead 36.2 
Charxielcatfish 2.1 
D r w n  102.1 

Total 153 2 

Gizzard shad 268.1 
Goldfish - 
Golden shiner - 
l3nernl.d shiner - 
Fathead minnows - 
Mosquitofish - 
Orangespotted 

sunfish 1.1 
Total 26i3.2 

A 1 1  Fish 1,232 , 0 

.t = - l e s s  than 0.1 kilogram 



Table B1-3 

DISTRXBUTION mR l - E C T m  BY SPECIES, TOWN CREEK, 
GUNTERSVIW;E RESERVOIR, JUVE 1972 

Species Intermediate Adult 

- W t  . (kg ) No. wt.(kg) - 

Yellow bass - - 
Green sunfish - - 
Warmouth - - 
ljluegill 916.1 3.9 
Redear 165.5 1.1 
Largemouth bass 350.6 .4 
White crappie 27.6 t 
Blmk crappie - 

Total Ip33-x 32 

Spotted gar - - 
Carp - - 
Smallmouth buffalo - - 
Bigmouth buffalo - - 
Yel low bullhead 100.0 .1 
Channel ca t f i sh  - - 
D r u m  

Total 

Forage 

Gizzard shad 
Goldf'i sh 
Goldenshiner 
&@rald shiner 
Fathead minnow 
Mosquitof i s h  
Brook s i lverside 
Orangespotted 

sunfish 
Total 

t = less than 0.1 kilogram 



DISTRIBUTION PER HECTAa BY SPECIES2 TRM 392, 

Species Young -0 P-year Int emediat  e Adult 
No. - W t .  (kgl No. - Wt . (kg1 No. - ~ t . ( k g )  

White bass 
Yellow bass 
Green sunfish 
Warmouth 
Bluegill  
Redear 
Largemouth bass 
White crappie 
Sauger 

Total 

Rough 

Spotted gar  5.6 
Bowfin - 
Skip jack 4.6 
Carp 9 
Quillbac k - 
Smallmouth buffalo 1.8 
Spotted sucker - 
Black bullhead 983.3 
Yelluw bullhead - 
Channel ca t f i sh  - 
D r u m  

Total 9% 

Gizzard shad 1.8 
ThreQdfin shad 13.9 
Golden shiner - 
Eherald shiner - 
%%thead minnuw - 
Mosquitofish - 
Orangespotted 

sunfish - 
Logperch 

Total 57 
All Nsh 1,624.8 l * 9  1,459.6 64.6 2,324.3 250.4 

t = l e s s  than 0.1 kilogram 



m Creek R i v e r  C2mwel 

M- 
Catch Percent Catch 

m. - pr: hour 
Cat& 

No. - per hozrr. of catch 

I?kkte bass 
Y e U m  brass 
Green suxrffsh 
Bluegill .  
Longem 
Redam 
Spotted bass 
Jkrg-t h bass 

S2bllger 
T O W  

Spotted gar 

b m a o  
Spotted sucker 
Y e l l a w  b u l l h a  
C-l catfish 
Drum 

To4s.l 

Brook silverside 
Logperch 

Total 

All Fish 



w t  per 
No. per W t . ,  NeL -Ni&t  

Specias No. - Be%-Niahi; 

White bass 2 0.1 0.5 t 
YaZlaw bass 1 .1 .2 t 
W # 3 3 ~ m u t h  3 .2 5 t 
~h. legi3l  15 1.0 1*6 .L 
Redear 18 1.2 2.4 .2 
Lasgermouth bass 4 b 3 1.4 .1 

Rough and J?o~r%b 

Spotted gar 
Longnose gas 
Shortnose gw 
Skipjack herring 
GizzaY.8 shad 
casp 
U a d k  
i3-a b ~ f ~ ~  
Spotted' su&m 
Black b-ead 
YeUm billhead 
Chaunel caWfloh 
FLathead catf Ash 
Dmmr 

Total 

A l l  Fish 

Percent of Catch 
No. 
1111(- 

' %%. - 



Table BB-7 

FISH CATCH WITH G I L L  NET3 (19 NET-MGW) , T W  CXIZEK, 
G W N T E R ~  RESEFWOJR, JUNE 1972 

W t .  per 
No. per W t . ,  Net -Night 

Species - No, Net-Right kg kg 
Percent of Catch 

No, - W% . - 
Game - 
White bass 2 0.1 0 -7 t 
Yellas bass - - - - 
Wmi~o~th 6 .4 *7 t 
Bluegill 4 .3 5 t 
Redew 16 1.1 2 ,O .1 
Letrgmmth bass - - - - 
mike  c r a n i e  -2 .6 

To-Lal 37 2.5 
RcnxC;h and Forage 

Spotked gar 
L0n~l;nose f;fW 
Shortnose g m  
Skip jack her rbg  
Gizzard slzad 
C m  
QuiU-b aclr 
S-outh buffalo 
Spotted sucl~er 
BlaCSi bullhead 
Y ellmr b t u e a d  
Chamel catf ish 
Flathead catfish 
D m  

T o t a l  

AU, Fish 



Table ~ 1 - 8  

w t .  per 
Net-Might Percent of Catch 

No. kg - w t  * - No. per 
net -night 

w t . ,  
kg Species No. - 

Game - 
White bass 
Yellow bass 
w m m t h  
BluegU 
Redear 
Largamzth bass 
White crappie 

T o t e d  

Rough and Forage 

Spotted gm 
Longnose $ax 
Shortnose gaz 
Skipjack herring 
Gizzasd shad 
@ayp 
QuJJtrback 
S-th buffalo 
Spotted sucker 
Black b W e d  
YeUm bullhead 
Channel catfish 
Flathead catfish 
D m  

T o t a a  

A l l  Fish 

t = less than 0.1 kiloman 



TOTAL CATCH BY SPECIES, LARVAL FISH 
GUNTERSVILEE RESERVOIR, JUNE 21, 1972 

Sample Location (See Text) 

Total Volume, M 3* 

Mean Volume, M 
3 

371.5 374.3 368.3 399.4 379.5 377.1 

Species 

Dorsoma spp 406 7 

D. cepedianum 18 

D. petenense 2 

Lepomis spp 

Pomoxis sp 

I. furcatus 

Aplodinotus grunniens 723 

Cypr inus carpio 7 

Notropis sgp 122 

Unidentified fish 

Total Fish 4977 

Number/100 m 
3 

446.6 

Eggs/100 m3 1.0 

*Triplicate samples each station 



CATCH/ 100 m3, LARVAL FISH, GUNTERSVIELE RESERVOIR 
JUNE 21, 1972 - FIGURES IN PARENTHESES INDICATE W G E  

Sample Location 

1 

Shad - Non-Shad Total catch 



Table B1-11 

WEEKS,Y TRIP AND I'ISHJXG-XIOUR ESTU.&TES P3OI\II TWO EMDlMEMTS ---.-----.-----..-----.- ---- 
ON GUPaTEMVILLE mSERVOIII - APRIL ~~--$JLY 1, 1 3 r - ' -  
.-------,.------------ -.--- -- 

?Jeolr - Town Creek --.--.- ---- ,.--" -.-- Raccoan Creek 
-..-<--- 

Trips 
_Li_ Hours Fished !GGs .--- Hours ir'ished --...----- 

4/3-6-4/22 

S/23-4/23 

14/30- 516 

5/7 - 5/13 
5/14- 5/20 

5/21-5/27 

5/23-6/3 

6/4-6/10 

6 /~ -6 /1 -7  

G/18-6/24 

6/25 -7/x 

Total  



USE-IU.Z?I: CNRIUCTERISTICS AND E X ~ I ' I 1 ' J ~ S  OF FISKEmN --.----..-- --- ----. .-- 
I.ra TWO G'CNTERSVILU RESERVOIR ~~s ....- -- .-- - - -----...- -. 

Pcrcent successful trips 

Lcngth completed t r i p  (hours ) 

Average party size 

T r i p s  per acre (weelay average) 

Expenditures per t ri:p 

-----.- Embetpent --.-----..- 
Town Creek -- I3accoon --- Creek - 

71.0 70.0 

4.7 3.8  

2.2 2.1 

0 37 0.45 

$6 69 $7.13 



BL-22 

Table B1-13 

E S T m T w C H  BY SPECIES, WEIGHT, AND NJMEER FISH CAUGHT PER HOUR 
130M TOWN C g E K  FXBAYMfDIT - APRIL L6-JULY 1, 1972 - 

Total Total Average Number Estimated Estimated 
Species Number Weight Weight Per Total Total 

kg  kg IEour Number Weight 

m i t e  crappie 740 170.2 0.23 0.68 3,304 766.1 

Nedear sunfish 176 21.7 0.12 0.16 777 95.5 

Largemouth bass 145 66.9 0.46 0.13 631 290.1 

White bass 9 2.6 0.29 0.01 48 13 9 

Black crappie ' 7 2 , l  0.29 0.07 37 10.9 

Yellow bass 1 0.23 T r  . 5 P 
0.2 - -- 1.2 

Tot a1 1,402 300.8 6,308 1,348.9 



CAUGHT PER HOUR PROM RACCOON CREEK mfkmN'B: - APRPL 16-JULY 1, 1972 

Total  Avg . Number Estimated 
Total  Weight Weight Par Total  

Species Number a($ kg hour Number 

White crappie 775 185.2 0.24 8.73 3,184 

Bluegi l l  3 20 36.2 0.11 0.30 1,308 

Largemouth Bass 18 3  100.4 0.55 0.17 741 

Redear sunfish 151 19.4 0.13 0.14 6 10 

White bass 20 5.3 0.26 0.02 87 

Channel c a t f i s h  5 6.6 1.32 0.01 43 

Black crappie 2 - 0.7 - 0 . 3 4  (0.01 - 2 2 

Estimated 
To taP 

Weight 

Total  1,456 353.8 5,995 1,479.8 



Species 

Catfish 

COMMERCIAL PISHEW SURVEY - 1971 
GUMTERSVIELE RESERVOIR* 

Total Kilograms 
Total Kilograms Caught to Dealers 

Buffalo 315,700 315,400 

Carp 97,400 71,000 

Drum 24,200 22,500 

Spoonbill 

Otherst* 

Total 

*Source: Pisheries and Waterfowl Resources Branch, TVA. Data correlated 
with Regional Off i ce ,  National Marine Fisheries Survey, NOAA . 

**Includes quillback, sucker, gizzard shad, and turt les* 



SAMPLES: 

P Gill Nets 

Seine Hauls 

@ Meter Netting 



Roman Numeral s refer t o  areas d e f i  ned 
i n  the text. YOY = Young o f  t he  Year. 
Adul ts  = Juven i les  and Adul ts .  

GUNTERSVILLE RESERVOIR 





fN x 100) 
1- 

7 

t ex t .  YOY = Young o f  the Year. Adults = 
Juveniles and Adults. MC = Mud Creek, 
PC = Town Creek. 392a = TRF4 392, sampled 
in 1972. 392b same cove sampled i n  1971 VICINITY OF THE 



Roman Numerals r e f e r  t o  areas d e f i n e d  i n  t h e  
t e x t .  YOY = Young o f  t h e  Year. Adu l t s  = 
Juven i l es  and Adu l ts .  MC = Mud Creek. 
TC = Town Creek. 392a = TRM 392, sampled 
i n  197'2. 392b = same cove sampled i n  1971 VICINITY OF THE BELLEFONTE SITE, 



Appendix B2 

TERRESTRIAL AND AMPHIBIOUS FAUNA 

1, Introduction - There is a paucity of scientif- 
ically documented information concerning the terrestrial and amphibious 

fauna of either the Bellefonte site area or of the Jackson County, 

Alabama, area.. As is the case throughout much of the Tennessee Valley, 

lists of species on a county-by-county basis are not available. Counties 

having large metropolitan areas and communities where colleges or uni- 

versities are located are more likely to have been inventoried by 

botanists, zoologists, and ecologists. 

Time limitations preclude an intensive terrestrial 

fauna3 assessment of the plant site; however, a compilation of species 

lists was accomplished from review of literature based on study of the 

entire state and areas near the proposed site that are physiographically 

and ecologically similar. Lists of mammals and birds found in Wheeler 

National Wildlife Refuge and expected to be found in northeastern 

Alabama are listed with annotations. Herptiles expected to frequent 

the area are listed and discussed by Dr. Bob Mount of Auburn University. 

Due to the location of this plant site relat,ive to state and Federal 

waterfowl areas, a separate section dealing with waterfowl is included. 

Much of it is based on the North Alabama Land Use Study accomplished by 

TVA Division of Forestry, Fisheries, and Wildlife Developheat by Klein, 

et al., with specific waterfowl inputs by J. H. Burbank, TVA Waterfowl 

Biologist. 



The proximity of the  plant s i te  t o  Wheeler National 

Wildlife Refuge affords t h e  oportunity t o  generalize on the  fauna of 

t he  area based on species lists compiled on the  refuge. It cannot be 

categorically assumed t h a t  any species known at Wheeler Refuge w i l l  

occur 30 miles up the  Valley on the  plant site. Some species l i s t e d ,  

especially ce r t a in  b i rds ,  a r e  not l i k e l y  t o  be seen i n  northekstern 

Alabama, but t h e i r  d i s t r ibu t iona l  limits encompass t he  plant s i t e  area 

and they therefore  a r e  included. Those t h a t  have been seen i n  t he  area 

and l i k e l y  t o  nest  there  a r e  annotated. 

No lists of insec ts  o r  microfauna a re  available. 

2. Endangered species - After carefu l  review of 

fauna suspected t o  inhabit  o r  migrate through the  Bellefonte s i te and 

those animals whose d i s t r ibu t iona l  limits encompass the  s i t e ,  it was 

found t h a t  several  species l i s t e d  by the  Department of t he  In t e r io r  

Office of  Rare and Endangered Species as threatened with ext inct ion 

could conceivably be found i n  t h e  area at  cer ta in  times during the  year. 

The Southern. Bald Eagle ( ~ a l i a e e t u s  leucocephalus leucocephalus ) is  

commonly seen on Watts Ear and Chickaaauga Lakes upstream from Gunters- 

v i l l e ,  and these b i rds  are occa$ionally seen at Wheeler National Wildlife 

Refiige. The American Peregrine Falcon (Falco pereminus arrotum)' and 

Red-cockaded Woodpecker (Dendrocopos borea l i s )  have been seen on Wheeler 

refuge. These two species are rare .  Bachman's Warb5er 

(~ermivora  bachmanii) and Kirtland ' s Warbler ( ~ e n d r o i c a  k i r t l a n d i i  ) 

could' conceivably migrate through t h e  area,  but ne i ther  have been 

recorded at t h e  Wheeler refuge. The Indiana Bat (Myotis soda l i s ) ,  

another endangered species,  is a cave.dwelLer and would be unlikely i n  



the area. No known caves are located on the plant site. Rare and 

endangered species are listed in Table B2-1. 

3. Mammals - A qualitative assessment of Bellefonte 
site nmmal populations was made based on a comprehensive vegetative 

analysis of the area, knowledge of past area land use practice?, review 

of a list of m d s  found on Wheeler National Wildlife Refuge, and 

Burt's A Field Guide to the Mammals. Species known to occur at Wheeler 

refuge and those whose distributional limits include the plant site area 

are listed in Table B2-2. 

Of larger mammals, the White-tailed Deer (~docoileus 

virginianus) is an important resident and is abundant based on browse 

sign and random pellet group counts. The majority of the 640 acres of 

wooded area has been subjected to cutting during the past few years, 

creating a lush growth of hardwood sprouts, herbaceous plants, and shrubs, 

thus producing an ideal habitat situation for deer. Opening of forested 

areas through cutting has doubtless benefited myriad other species of 

mammals such as the Gray Fox (urocyon cinereoargenteus) , Raccoon (Procyon 

lotor), Woodchuck (~armota monax) , Red Fox (~ulpes fulva) , Opossum - 
(Didelphis virginiana) , and Cottontail Rabbit (~ylvilaws floridanus 1. 

Gray Squirrel (Sciurus carolinensis) appears to be present in good 

numbers even though forested areas have been heavily cut. 

About 530 acres of the Bellefonte site are now in an 

"open" stage either as pasture or early successional old fields. The 

ragweed type and to a lesser extent broom sedge-lespedeza provide rabbits 

with a fairly favorable food and cover situation and should improve as 

the plant association naturally changes from annuals to perennials. 



Populations of small mammals on t h e  Bellefonte s i t e  

a re  probably high, both i n  wooded. and open areas ,  with such s p c i e s  as 

Shor t t a i l  Shrew (Blarina brevicauda) , Pine Vole ( P i t m s  pinetorum), 

Golden Mouse i~eromyscus mtaltalli ) , and Eastern Wood R a t  (Neotoma 

f lor idana)  being common residents.  Several species of ba t s ,  namely 

Gray Myotis (Myoti s .  p i s e s c e n s  ) , . Red B a t  ( ~ a s i u r u s  boreal is  ) , and Eastern 

P i p i s t r e l  (P ip i s t r e l l u s  subflovus) a r e  common t o  Wheeler Refuge and 

probably frequent the  plant s i t e  environs. Muskrat ( ~ n d a t r a  zibethica) , 

Mink (Mustela vison) - , and an occasional River O t t e r  ( ~ u t r a  canadensis 

frequent the  l i t t o r a l  areas,  Muskrat being the  most numerous and the  

Otter extremely rare .  The var ie ty  of hab i ta t  niches within t he  several  

open and forested types provides a wide range of food and habi ta t  

s i tua t ions  for  a diverse and abundant mammalian fauna. 

4. Birds - The l i s t  of b i rds  given i n  Table B2-3 - 
is  a composite l i s t i n g  of species which l i k e l y  nest and winter i n  t he  

Bellefonte area  and those t h a t  migrate through Jackson County. Some 

dominant year-round residents include the  Crow (Corvus brachyrhynchos) , 

Blue Jay ( ~ y a n o c i t t a  c r i s t a t a )  , Cardinal (~ichmondena cardinal is  1, Red- 

t a i l e d  Hawk (Buteo Jamaicensis), Sparrow Hawk ( ~ a l c o  sparverius),  Mourning 

Dove ( ~ e n a i d u r a  macrowra) , Screech O w l  (0tus a s i o ) ,  Belted Kingfisher 
7- 

( ~ e g a c e r y l e  alcyon) , Pileated Woodpecker pi end roc opus p i lea tus  ) , Downy 

Woodpecker al end roc opus pubescens ) , Tufted Titmouse (Parus bicolor)  , 

Star l ing  (sturnus. vu laar i s ) ,  and Field  Sparrow (Spizella pus i l l a ) .  The 

var ie ty  of wooded and open areas and extensive edge c rea te  favorable 

habi ta ts  f o r  a wide var ie ty  of avian species. 



5 .  Waterfowl - The principal wintering grounds for 
migrant waterfowl in north Alabama are on Guntersville and Wheeler Lakes, 

and the bulk of wintering geese and ducks use the state and Federal 

waterfowl and wildlife management areas where food is plentiful and 

they are afforded some measure of protection. ~ G h l y  one-third of 

Alabamaf s antering ducks and over 95 percent of the state's total win- 

tering Canada Gooare (3ranta canadensis) population are found on the 

area f'rom Guntersville to the upper end of Pickwick Lake. 

The Wood Duck ( ~ i x  sponsa) is the only duck that 

nests in significant numbers in the state of Alabama. Black Ducks (~nas 

rubripes ) and Mallards (bas platyrhynchos platyrhynchos ) are conspicuously 

present in the region during the breeding season, and both species suc- 

cessfully nest albeit in considerably less numbers than the wood duck; 

however, the potential for increasing nesting populations for these two 

. ~ 

species exists; Canada geese are present in the region only during the . 

winter months. Free-flying Canadas that nest and spend the entire year 

- on reservoirs such as Guntersville and Wheeler may become a reality in 

the near future as TVA continues its resident Canada goose program 

throughout the Valley. Seventy-five percent of ducks wintering in'north 

Alabruns are "puddle ducks ," namely, mallards, black ducks, wood ducks, 

teal, and gadwall. Shallow bays, mud flats, sloughs, wooded bottom 

lands, and conterminous farming lands both on refuges and private areas 

provide for a fairly attractive habitat situation on these reservoirs. 

Public management and refuge areas comprise about 

34 percent of 'the total TVB land and water acreage in north Alabama. 

Table ~2-4 lists major waterfowl.areas on Pickwick, Wheeler, and 



Guntersville Lakes, the i r  size,  and governfng agency. These areas are  

,'.leased from TVA with the single exception of Wheeler Refuge which is 

completely controlled by the Bureau of Sport Fisheries and Wildlife. 

The Bellefonte plant s i t e  is  located l e s s  than 1/2 

m i l e  from the  Sta te  of Alabama Mud Creek waterfowl area which inhludes 

over 8,000 acres of land and water. Mud Creek affords sportsmen some 

23,000 man-days of recreational ac t iv i ty  annually, 1,200 of which are  

waterfowl and over 3,000 upland game, The other areas on Guntersville 

and Wheeler.az-e heavily used by both hunter and nonhunter a l ike  as  shown 

i n   able B2-5. 

Town Creek embapent of Guntersville Lake borders 

the  northern periphery of the  peninsula on which the  s i t e  i s  located 

while a ser ies  o r  narrow, l inear  islands border the  area on the south ' 

side. Up-to-date assessment of year-round waterfowl use of the  pzant 

s i t e  environs i s  not possible because of time limitations. Several 

waterfowl f loa t  counts have been conducted around the  peninsula from ; 

,Town Creek embayment bridge t o  a point on the main channel side of the 
. 

area about 1 / 4  mile upstream from the  old fer ry  crossing. These f loa t  

t r i p s  have revealed that wood ducks .are nesting successfully on o r  near 

the peninsula, but f ive  f loa t  t r i p s  in  May and June of 1972 and again 

i n  l a t e  August and September indicate tha t  the immediate area i s  not a 

sign4ficant wood duck nursery. Li t tora l  area associated vegetation 

appears t o  afford birds f a i r l y  good brood habitat ,  but there is a paucity 

of large t r ees  (>14 inches d.b.h.), thus suggesting that nesting habitat  

may be a limiting factor. 'Additional .studies w i l l  be needed, however, 

before conclusive data can be gathered and conclusions drawn regarding 



the  complete waterfowl resource of t he  area. Emergent, submersed 

and f loa t ing  aquatic macrophytes a r e  discussed elsewhere i n  

t h i s  survey, and a p&ial l is t  is  a l so  included i n  Table B2-6. 

Presence of these plants  insofar  as  waterfowl a r e  concerned i s  

important par t icu la r ly  i n  view of t he  value of many of these 

species as waterfowl food plants.  Aquatic plant l i f e  can provide 

escape and loaf ing cover as well  as  a d i rec t  source of food and 

a l so  increase numbers of aquatic invertebrates which are an 

important waterfowl dietary item. 1 

6. The r e p t i l e s  A d  amphibians of Jackson 

County, Alabama - a summary of current knowledge - Jackson County, 

Alabama fn  t h e  northeastern corner of t he  s t a t e ,  l i e s  wholly within 

the  Tennessee River drainage. The topography var ies  from nearly 

f l a t  t o  mountainous and the  s o i l  from heavy clay t o  sandy loam. 

The Tennessee River flows through the  county from near t he  north- 

eastern corner t o  t he  southwestern corner and i s  the  county's 

dominant feature. Sand Mountain, t he  uppermost element of the  

Appalachian Ridge and Valley Province i n  Alabama, pa ra l l e l s  the  ' 

r i ve r  on t h e  southeast and r i s e s  ra ther  abruptly from t h e  r i v e r  

valley. I n  t he  northern portion of the  county, t h e  valley 

in t e rd ig i t a t e s  with broad f ingers  of t he  Cumberland Plateau. 

There a r e  no published accounts dealing 

spec i f ica l ly  with t h e  r e p t i l e s  and amphibians of Jackson County. 

An account by Penn (1940),provided an annotated P i s t  of spscies 



and subspecies col lected i n  Mentone, DeKalb County, and v ic in i ty ,  

and t h i s  was used for,many years as a source of reference t o  the  

herpetology of northeastern Alabama. Witbin recent years, f i e l d  crews 

from Auburn University have made a number of t r i p s  t o  Jackson 

County f o r  t h e  purpose of making comprehensive col lect ions  of r e p t i l e s  

and-amphibians. Most of t he  specimens obtained have been placed' 

i n  t he  Auburn University Museurn, These col lect ions  together with 

some made i n  nearby areas and some i n  other  museums, provide the  

bas i s  f o r  t h i s  report .  The report  is  i n  the  form of an annotated 

checklist .  Li terature  c i t a t i ons  on individual forms a re  included 

where appropriate. 

Following is  a summary l i s t i n g  of t he  forms, an indi- 

cation of t h e i r  current s t a t u s  i n  t he  county, and the  probable e f f ec t s  

of various environmental modifications on t h e i r  r e l a t i v e  abundance. 

A t o t a l  of 81 species,  representing 20 families,  are thought t o  occur 

i n  Jackson County. 

Amphibians - Class Amphibia 

Frogs and Toads - Order Anura 

Spadefoot Toads - Family Pelobatidae 

Eastern Spadefoot Toad - Scaphiopus holbrooki 

Not recorded from Jackson County but almost cer ta in ly  present. 

Breeds i n  flooded depressions of a temporary nature folloxing heavy 

rains .  Seldom seen except at night during wet weather. Nearest recorded 

loca l i t y :  0.5 m i .  N of  Ider ,  DeKalb County. 



Toads - Family Bufonidae 

American Toad - Bufo americanus americanus 

Fair ly cornman throughout, breeding during l a t e  winter and 

early spring, mostly i n  wet-weather pools and ponds. Not often seen 

during months of June through January. 

Fowler's Toad - Bufo wodhousei fowleri 

Abundant throughout, breeding from April through July in  

streams , lakes, and ponds. Hybridizes occa;sionally with Bufo tm@riCanus. 

Treefrogs - Family Hylidae 

Northern Cricket Frog - Acris crepitans crepitans . '  

Common throughout where pemnanent water occurs. Breeds over 

a long period i n  a variety of habitats,  ranging from small ponds t o  

large stresms. 

Northern Spring Peeper - Hyla crucifer crucifer 

Comon throughout, but breeding only i n  l a t e  winter and sprihg. 
. 1" 

Seldom seen a t  other times. Breeding habitats usually consist of 

transient pool8 and ponds formed by heavy rains. 

Mountain Chorus Frog - Pseudacris brachyphona 

Although not recorded from Jackson County, t h i s  species almost 

certainly occurs there. Breeds i n  upland situations in  temporary accumula- 

t ion% of water during winter, Seldom seen except a t  the breeding sites'. 

Upland Chorus Frog - Pseudacris t r i s e r i a t a  feriarium 

Common throughout, breeding during winter and early spring i n  

shallow, flooded ditcheg and depressions. Seldom seen during s m e r  

months. 



Gray Treefrog - H'J& versfcolor (or g. chxysocelis) 

Abundant throughout, breeding during spring and Bummer in 

tmporary or semi-permanent ponds and pools, The cornman "treefrog" of 

Jackson County. 

Barking Treefrog - Hyla gratiosa 
This speoies is chiefly Coastal Plain in affinity, but it has 

been reported on several occasions in upland provinces, as far north as 

Kentucky. In Alabamaa s specimen from the vicinity of Ider, on Sand 

Mountain in DeKalb County, indicates the possibility of its occurrence 

in Jackson County also. This species breeds in permanent and semi- 

permanent ponds, preferably shallow ones. 

Narrow-mouthed Toads - Family MicrohyZidae 
Eastern Narrow-mouthed Toad - Gastrophryae carolinensis 

Abundant throughout, brsedirig during warm, rainy weather in 

flooded fields, roadside ditches, and ponds, and around the heavily 

vegetated margins of lakes. Secretive and seldom seen abro* except ; 

during breeding. 

True Frogs - Family Ranidae 
Bullfrog - Rana catesbeiana 

Common thraugfrout the county in places where streams and 

permanent bodies of nater provide suitable. habitat. 

Green Frog - Rana clslnitans melanotw 
Comraon tkroughouf, Iahabits stresms, sloughs, and ponds with: 

tree-lined margins. 



Leopard Frog - Rana Pipiens sphenocephala (X zipiens?) 
Leopard frogs occur in Jackson County, but the few specimens 

examined do not permit precise subspecific allocation of the population. 

Leopard frogs breed in a variety of. permanent and semi-permanent aquatic 

habitats. 

Pickerel Frog - Rana palustris 
Fairly common throughout. Breeds in woodland pools, quiet 

areas in small streams, and occasionally in other aquatic situations. 

Salamanders - Order Caudata 
Giant Salamanders - Family Cryptobranchidae 

Hellbender - Cry-ptobranchus alle~aniensis alleganiensis 
Thi s large aquatic salamander, declining throughout its range, 

has not been recorded from Jackson County in recent years, but its 

presence is likely. Optimal habitats are clean, free-flowing streams 

with large rocks or underwater crevices to provide hiding and nesting 

sites. Channelization and impoundment of streams are almost certainly 

detrimental to hellbenders and in some cases may eliminate them entirely. 

The ecology and status of this remarkable animal are now under investiga- 

tion by Dr. Max Nickerson, Milwaukee Public Museum. 

Waterdogs - Family Necturidae 
Mudpuppy - Necturus maculosus maculosus 

Occurs in the Tennessee River and several of its tributaries 

in Jackson County. Usually collected by fishing at night. Channeliza- 

tion and "snagging" are detrimental to this animal, as are most forms 

of water pollution. 



Newts - Family Salmandridae 

Red-spotted Newt - Notopthalmus viridescens viridescens . 

Records a r e  lacking, but t h i s  form i s  almost cer ta in ly  present 

i n  t he  county. Woodland pools and ponds, especially those without f i sh ,  

a r e  t he  most favorable habi ta ts ,  but some other aquatic environments, 

such as streams, may support newt populations. 

Mole Salamanders - Fanily Ambystomatidae 

Members of t h i s  family breed almost al together i n  temporary 

pools and ponds t h a t  f i l l  during winter and spring ra ins .  Alterations 

which drain o r  f i l l  such places a r e  extremely detrimental t o  these ani- 

m a l s  and e n t i r e  populations can be eliminated by depriving them of t h e i r  

breeding s i t e s .  They cannot breed i n  ponds stocked with predatory f i sh .  

Spotted Salamander - Ambystoma maculatum 

Locally common where breeding s i t e s  a r e  avai lable  nearby. 

It i s  a woodland species. 

Small-mouthed Salamander - Ambystoma texanum 

Occurs i n  t he  Tennessee Valley eastward a t  l e a s t  t o  Marshall 

County. It i s  not recorded from Jackson County, but it can eas i ly  

escape detection because of i t s  secret ive nature. It should be considered 

psoblematfcal. 

Marbled Salamander - Ambystoma opacum 

Inhabits wooded floodplains and i s  loca l ly  common i n  t he  county. 

Eastern Tiger Salamander - Ambystoma tigrinwn tigrinum 

A secret ive,  burrowing form, seldom encountered except a t  the  

breeding sites. Although there  a r e  no records from ~ a c k s o n  County, its 



presence is a virtual certainty. Tolerates land-clearing better than 

most other members of its genus. 

Woodland Salamanders - Family Plethodontidae, 
Norther Dusky Salamander - pesmognathus fuscus fuscus 

Common throughout the county along small shaded walercourses, 

springs, and seepage areas. Probably the most common salamander in 

Jackson County. 

Appalachian Seal Salamander - Desmoanathus monticola 
monticola 

A form inhabiting the margins of small, rocky streams, this 

salamander occurs locally in Jackson County, Records from north of the 

Tennessee River are confined to a few small tributaries of the Paint 

Rock River near the Tennessee-Alabama boundary. 

Blue Ridge Mountain Salamander - pesmognathus ochrophaeus 
( "2. ocoeel' ) 

Initially reported in Alabama from near Higdon in Jackson County 

by Valentine (1961), this species has now been recorded from several 

other Sand Mountain localities by Folkerts (1968). This form is restricted 

to shaded, wet cliff faces, especially near waterfalls. 

Zigzag Salamander - Plethodon dorsalis dorsalis 
A shll, completely terrestrial salamander of 'the shaded forest 

floor, this form is common throughout most of the county where suitable 

habitat permits its existence. Land-clearing and tree harvesting by 

clear-cutting are thought to be detrimental to this salamander. 



Slimy Salamander - Plethodon glutinosus 
Comon throughout the county, where it lives in forested areas. 

Capable of surviving in drier habitats than most salamanders of 

Alabama. Does not need water to breed. 

Spring Salamander - arinophilus porphyriticus porphYritieus 
Local 5n Jackson County below the Tennessee River. Inhabits 

springs and small brooks in moist woods. Likely to be found near the 

edge of Sand Mountain in the vicinity of waterfalls. 

I1 Tennessee Cave salamander" - Gyrinophilus palleucus ssp. 
This aquatic salamander is known in Alabama from a few caves 

north of the Tennessee River, including McFarlandts Cave, Lim Rock Blowing 

Cave, Jessee Elliot Cave, Blowing Cave, and Saltpeter Cave in Jackson 

County. The last two are the lower and upper entrances respectively of 

a cave system in the base of Cave Mountain on the edge of North Sauty 

Creek. The Jackson County specimens are intergrades between the subspecies 

G. 2. palleucus and g. 2. necturoides  randon on, 1966). This salamander - 
listed in Rare and Endangered Vertebrates of Alabama (1972). 

Northern Red Salamander - Pseudotriton ruber ruber 
Comon in most of the moist, forested habitats in Jackson 

County. Breeds in springs and small streams. 

Green Salamander - Aneides aeneus 
An i.nhabitant of moist cliff faces and rock exposures, this 

salamander spends most of its daylight hours secreted in narrow crevices. 

Exposing its habitats to full sunlight for long periods of the day by 

cutting the sheltering trees is detrimental to this species. A completely 



terrestrial species, the cliff salamander nests in rock crevices or, less 

frequently, in rotting trees. It is locally common in Jackson County. 

Long-tailed Salamander - Eurycea longicauda longicauda 
A species usually associated with damp woodlands in the vicinity 

of creeks and springs, which'apparently serve as breeding sites. Locally 

common in Jackson County. 

Cave Salamander - Eurycea lucifuga 
Inhabits damp, rocky woodlands, where it is most common in the 

vicinity of caves, bluffs, and coves. Locally common in Jackson County. 

Two-lined Salamander - Eurycea bislineata ssp. 
A common salamander in Jackson County, where it may be found 

around small streams, springs, and seepages in forested areas. The sub- 

specific allocation of the Jackson County populations, as well as most 

others in Alabama, must await.a taxonomic reconsideration of the species 

complex. 

Four-toed Salamander - Hemidactylium scutatum 
Not recorded from Jackson County but may occur there. An 

elusive species, it is found around boggy areas and woodland pools. It 

is not known to be abundant anywhere in Alabama. 

Reptiles - Class Reptilia 
Turtles - Order Testudinata 

Snapping Turtles - Family Chelydridae 
Alligator Snapping Turtle - Macroclemys temmincki 

Occurs infrequently in streams in the Tennessee River system 



but has not been reported in Jackson County. Its occurrence in the 

county is questionable. 

Snapping Turtle - Chelydra serpentina 
Common in Jackson County, where it occurs in a variety of 

permanently aquatic habitats. 

Mud and Musk Turtles - Family Kinosternidae 
Common Musk Turtle (stinkpot) - Sternothaerus- odoratus 

A common turtle in Jackson County, occurring in ponds, lakes, 

and sluggish strews. 

Stripe-necked Musk Turtle - Sternothsterus minor peltifer 
This predominantly stream-dwelling turtle is uncommon in Jackson 

County. 

Eastern Mud Turtle - Kinosternon subrubrum subrubrum 
A fairly common resident of the county, this turtle inhabits 

ponds, lakes, and swamps. It is seldom found'in streams. 

Common Turtles - Family Tsstudinidae 
Eastern Box Turtle - Terrapene carolina carolina 

A common terrestrial turtle in Jackson County, preferring wooded 

or partially wooded habitats. 

Map Turtle - Graptemys ~eographica 
A stream-dwelling species, the map turtle may be found in the 

Tennessee River and some of its tributaries in Jackson County. The 

adult females feed almost exclusively on molluscs. 



Ouachita False Map Turtle - Grapternys pseudogeographica 
oauchitensis 

Common,in Jackson County, but confined to the Tennessee River. 

Painted Turtle - Chrysemys picta dorsalis X marginata , . 

. . 
! 

Common in the Tennessee River and in some of the ponds and 

backwater lakes in Jackson County. As is indicates by the scientific 

name, the Jackson County populations are intergradient between two 

subspecies. 

Pond Slider - Pseudemys script& ssp. 
Common in the Tennessee River and in many other permanently 

aquatic habitats in Jackson County. The populations of the area have 

been placed in the subspecies g. 5. troosti, but Davidson (1971) has 

recently questioned the validity of that subspecies. 

River Cooter - Pseudemys concinna concinna 
Fairly common in the Tennessee River in Jackson County. Not 

known to occur in other, streams within the county. 

Softshell Turtles - Family Trionychidae 
Midland Smooth Softshell - Trionp muticus muticus 

Occurs in Jackson County in the Tennessee River where it is 

fairly connnon. 

Eastern Spiny Softshell - Trionyx spiniferus spiniferus 
Infrequent in the Tennessee River and possibly other streams 

in Jackson County. 



Snakes and Lizards - Order Squamata 
Iguanid Lizards - Family Iquanidae 

Green Anole - Anolis carolinensis carolinensis 
Uncomon in Jackson County below the Tennessee River, rare 

above the river. Mostly arboreal, feeds on a variety of insects. 

Iiortheri Fence Lizard - Sceloporus undulatus hyacinthinus 
Common in forested areas and modlots throughout the county. 

Whiptail Lizards - Family Teidae 
Six-lined Racerunner - Cnemidophorus sexlineatus sexlineatus 

Common in the county, where it frequents open areas such as 

field roads, roadside right of ways, and weedy waste places. 

Lateral-fold Lizards - Family Anguidae 
Eastern Slender Glass Lizard - Ophisaurus attenuakus 

longicaudus 

Infrequent in the county. Occurs in a variety of habitats but 

most likely to be found in weedy forest-edge habitat and waste places. 

Skinks - Family Scincidae 
Ground Skink - Scinella laterale 

Common in forest communities throughout the county. A ground- 

dwelling species. 

Five-lined Skink - 'Eumeces fasciatus 
The most abundant "blue-tailed lizard" in Jackson County, 

this ski& is found chiefly in forested areas end along,waterco~ses. 



Broad-headed Skink - Emeces laticeps 
Uncommon in the county, this skink tends to be arboreal and 

inhabits forested areas with large trees and those which have cavities. 

Land-clearing, conversion of hardwood forests to pine, and removal of 

"wolf trees" and den trees from timber stands are particularly detri- 

mental to this species. 

Southeastern Five-lined Skink - Eumeces inexpectatus 
A "Blue-tailed lizard" of ridge tops and dry mods. Infrequent 

in most of Jackson County. 

Common Snakes - Family Colubridae . 

Eastern Smooth Earth Snake - Virginia valeriae valeriae 
Although not reported from Jackson County, this small, forest- 

floor snake is thought to occur there. 

Northern Red-bellied Snake - Storeria occipitomaculata 
occipitomaculata 

Occurs infrequently in Jackson County, where it inhabits forestea 

areas and waste places and hides under rocks, logs, and piles of debris. 

Brown Snake - Storeria dekayi dekayi X wrightorum 
A common snake in Jackson County, this species is found in a 

variety of habitats, including open forests, forest-edges, and waste 

places. It also occurs in residential areas in cities and towns, and 

is capable of maintaining itself in vacant lots, weedy lawns, and parks. 

Midland Water Snake - Natrix sipedon plewralis 
Common in most kinds of permanently aquatic habitats in Jackson 

County. Usually termed "water moccasin" by residents. 



Yellow-bellied Water Snake - Natrix erythrogastz 
f lavigast er 

Infrequent in Jackson County, this snake occurs in streams 

and around the margins of lakes and ponds, especially if they are tree- 

lined. 

Queen Snake - Regina ( =~atrix) septemvittatq 

Common in the Tennessee River and most other streams in Jackson 

County. Feeds almost exclusively on crawfish and requires overhanging 

vegetation. 

Eastern Garter Snake - Thannophis sirtalis sirtalis 
Abundant in Jackson County, where it occurs in most kinds of 

terrestrial habitats. Especially favored are forest-edges, stream-edges, 

and waste places. 

Eastern Ribbon Snake - Thamnophis sauritis sauritis 
Relatively common in Jackson County, this semi-aquatic form 

is found most frequently in the vicinity of water. Stream-edge habitat 

is favored, along with marshy places and the weedy or brushy margins 

of ponds and lakes. 

Eastern Hog-nosed Snake - Heterodon platyrhinos 
Relatively common in the county, this snake prefers open mods, 

fields, and waste places. Feeds almost exclusively on toads. Called 

"spreading-adder" by local residents. 

Ring-necked Snake - Diadophis punctatus ssp. 
One of the most common snakes in Jackson County, this species 

is found in forested areas, forest-edges, and waste places. It hfdes 



beneath rocks, logs, and p i l e s  of debris. The Jackson County popula- 

t i ons  a r e  derived from an intermixture of three subspecies - ~ u n c t a t u s , ,  , .  

edwardsi, and stictoaenys. , , 

- 7 Worm Snake - Carphophis ambenus ssp. 

This worm snake i s  common i n  t he  county and is usually found 8 < 

hiding under logs ,  rocks, and p i l e s  of  debris i n  forested areas. The 

populations above the  Tennessee River i n  Jackson County a r e  predominantly . .. 

, 6 .  =. amoenus i n  genetic const i tut ion,  those below mostly c. &. helenae. - 
Northern Black Racer - Coluber constr ic tor  constr ic tor  

Cornman i n  the  county i n  waste places, o ld  f i e ld s ,  open fores t s ,  

and forest-edge habitat .  

Eastern Coachwhip - Masticophis flauelluni f lage l luq  

Not recorded from Jackson County but thought t o  be present i n  

small numbers below t h e  Tennessee River. This snake has not been found 

above the  Tennessee River i n  Alabama. Favored habi ta t s  a r e  dry, open 

woods and broken t e r r a in ,  especial ly  where the  s o i l  is sandy. 

Rough Green Snake - Opheodrys aestivus. 

Common i n  Jackson County, where it occurs i n  a var ie ty  of 

habitats.  Especially favored a r e  heavily vegetated margins of streams 

and lakes. 

Northern Pine Snake - Pituophis melanoleucas melanoleucas 

This l m g e  snake, r a r e  throughout much o f  i ts  range, p e r s i s t s  

i n  considerable numbers on Sand Mountain and on t h e  Cwnberland Plateau, 

of Jackson County. 



Rat Snake - Elaphe obsoleta obsoleta 'x  spi loides  

Common i n  the  county around waste places, old-house sites, and 

i n  other habi ta t s  where s m a l l  rodents a r e  lfkezy t o  abound. Most ter- 

r e s t r i a l  hab i ta t s  with a t  l e a s t  some cover can support r a t  snake 

populations. 

Corn Snake - Elaphe gut ta ta  p t t a t a  

Relatively common i n  Jackson County, t h i s  l a rge ly  nocturnal 

species is most l i k e l y  t o  be found i n  s reas  where small rodents a r e  

abundant. Abandoned farm land o f f e r s  optimal habi ta t .  

Northern Scar le t  Snake - Cemophora coccinea copei 

Infrequent i n  Jackson County above the  Tennessee River, re la -  

t i v e l y  common below t h e  r iver .  This secret ive snake is seldom encountered 

except a t  night. 

Scar le t  Kingsnake - Lam~ropel t is  triangu3.m elapsoides 

Not recorded from Jackson County but thought t o  occur there  i n  

small numbers. A small, secret ive snake, it is mostly noctural i n  habi ts ,  

Milk Snake - Lampropeltis triangulum triangulum X g s p i l a  

Milk snakes have been col lected i n  Jackson County from both 

s ides  of t h e  Tennessee River but a r e  uncommon i n  t he  area. The Jackson 

County milk snakes apparently prefer  dry habi ta t s  with rock outcrops, 

such as the  tops of the  b luf fs  overlooking the  Tennessee River. The 

population is  intergradient between the  eastern milk snake and red milk 

snake, a s  is  indicated by the  s c i e n t i f i c  name applied. The red milk 

snake i s  l i s t e d  i n  Rare and Endangered ,Vertebrates of Alabama (1972). 

The subspecific s t a t u s  of the  Jackson County population had not been 

determined a t  t he  time the  l ist  was prepared. 



Mole Snake - Lampropeltis calligaster rhombomaculata 
Although records of this secretive species from Jackson County 

are lacking, it is thought to occur there. It is a nocturnal, burrowing 

form, usually found in forested or broken terrain. 

Black Kingsnake - Lampropeltis getulus niger 
Common throughout the county where there is sufficient cover 

to permit the development of populations of small rodents and other small 

reptiles. Old house places, abandoned farms, and dmp woods are favored 

habitats. 

Southeastern Crowned Snake - Tantilla coronata coronata 
Common on the tops of ridges and other dry, forested habitats 

in Jackson County. Usually found under rocks or in rotting pine logs. 

Pit Vipers - Family Viperidae, Subfamily Crotalinae 
Northern Copperhead - Agkistrodon contortrix mokeson 

Common in forested areas and broken farmland throughout the 

county. The populations below the Tennessee River show some influence 

from the southern copperhead, 5. 2. contostrix. 

Eastern Cottonmouth - Agkistros piscivorus ~iscivorus 
Not recorded from Jackson County but thought to be present in 

small numbers in some of the low, swampy habitats in the Tennessee Valley 

portion. Nearest authenticated records are from DeKalb and Limestone 

Counties. 

Carolina Pigmy Rattlesnake - Sistrurus miliarius miliarius 
Not recorded from Jackson County but thought to be present in 

small numbers in some of the upland portions above and below the Tennessee 

River. 
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Table B2-1 

Bare and Endangered Vertebrates of Jackson Countya 

.. Species 

Southeastern Shrew 
Southeas tern Myotis 
Hoary Bat 
Indiana Myotis 
Sharpshinned Hawk 
Cooper Hawk 
Golden Eagle 
Bald Eagle 
@prey 
Peregrine Falcon 
Bewick's Wren 
Ruffed Grouse 
Red Milk Snake 
Tennessee Cave Salamander 

a. From Rare and Endangered Vertebrates of Alabama, Alabama Department of Conserva- 
= tion and Natural Resources, Div. of Game and Fish, June 1972. 
.. 

b. Rare-1: A rare  species o r  subspecies that, although not presently threatened with 
extinction, is in such small numbers that i t  may be endangered if its environment 
worsens. 

Rare-2: A species or  subspecies that may be quite abundant where i t  occurs, but is 
known in only a few localities or  in a restricted habitat within Alabama. 

Endangered: An y species o r  subspecies occurring in Alabama threatened with 
extinction through (a) the destruction, drastic modification, o r  severe curtailment of 
its habitat; (b) its over-utilization for commercial or  sporting purposes; (c) the 
effect on it of disease o r  predation; o r  (d) other natural or  man-made factors affecting 
its continued existence . 



Table 132-2 

MAMMALS LIJXELY TO BE mum ON THE mDFOWE NUCLEAR PW SIT+ AND 
THOSE WITH RANGES ENCOMPASSING THE JACKSON COUNTY AREA 

Common Name S c i e n t i f i c  Name 

Vi rg in ia  Opossum* 
Eastern Mole* 
Least Shrew* 
S h o r t t a i l  Shrew* 
Southeastern Shrew 
Small Short-Tailed Shrew 
Smokey Shrew 
Keen Myotis 
L i t t l e  Brown M o t i s  
Indiana Myotis 6 
Southeastern Ba t  
G r ~ y  M.yotis* 
Even i.ng Bat* 
E m t e r n  P i p i s t r e l *  
B i g  Brown Bat* 
Red Bat* 
Hoary Bat 
Si lver-%ired  Bat* 
Eastern Big-Eared B a t  
Raccoon* 
Lon ta i l  Weasel* 
Ri.ver Otter* 
Shor t t a i l .  Weasel 
Mink* 
River Ot te r  
Spotted Skunlr* 
S t r iped  Skunk* 
Red. Fox* 
Coyote* 
Gray Fox* 
Bobcat * 
Woodchuck* 
Eastern Chipmunk* 
Eastern Gray Squir re l*  
gas te rn  Fox Squir re l*  
Southern Flying Squir re l*  
Beaver* 
Eastern Harvest Mouse* 
White-Footed %use* 
Gol.den bbuse* 
Deer Mouse* 
Cotton &use* 
Rice Rat* 
W-i.spitl. Cottonrat* 
Eastern bToodrat* 
Southern Bog Lemming 
0'r.dTi.eld Mouse 

Didelphis v i rg in iana  
Scalopus aquat i cus  
Cryptot i s  parva - 
.Blarina brevicauda 
Sorex l o n g i r o s t r i s  
Cryptot i s  parva 
Sorex fumeus 
Myotis keeni. 
Myotis Zuci.hgus 
Myotis sod.alis 
Myotis a u s t r o r i p a r i u s  
Mvotis a r i sescens  
V Y  

Nycticeius hurneralis . 
P i p i s t r e l l u s  subflovus 
3btes icus  fuscus 
Lasiurus b o r e a l i s  
Lasiurus cinereus 
Lasionycteris  noctivagans 
Corynorhinus macrotis  
Proeyon l o t o r  
l4ustel.a f r e n a t a  
Lutra canadensis 
Mustela erminea 
Mustela vison 
Lutra canadensis 
Spilogale putorj-us 
Mephitis mephitis 
Vulpes f i l v a  
Canis l a t r a n s  
Urocyon cinereoargenteus 
Lynx ruf'us 
lkrmota monax 
Tamias s t r i a t u s  
Sciurus ca ro l inens i s  
Sciurus n iger  
Glaucomys volans 
Castor canadensis 
Reithrodontomys humulis 
Peromyscus Leucopus 
F'eromyscus n u t t a l l i  
Peromyscus maniculatu s 
Peromyscus go ssypinu s 
Oryzomys p a l u s t r i s  
Sigmodon hispidus  
Neotoma f lo r idann  
Synaptomys cooperi 
Peromyscus pol-ionotus 
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Table 32-2 ( continued) 

Common Name Scient i f ic  Name 

I Pra i r ie  Vole* 
Pine Vole* 
Muskrat* 
Norway Rat* 
Cotton R a t ,  
Black R a t  
House Mouse* 
Eastern Cottontail* 
Swamp Rabbit* 
White-Tailed Deer* 
Feral Domestic Dog 
Feral Domestic Cat 

Pedomys ochrogaster 
Pitymys einetorum 
Ondatra zibethlca 
Rattus norvegicus 
Sigmodon hispidus 
Rattus r a t t u s  -- 

musculus 
Sylvilagus floridanus 
Sylvilgus aquaticus- 
Odocoileus virginianus 
Canis famil iar is  
Fe l i s  dornestica 

I. Species determination based on information taken from a Field Guide 
t o  the Mammals by Burt and Mammals of Wheeler National Wildlife Refuge, 
Bureau of Sport Fisheries and Wildlife. 

C 

2 .  Endangered species an l i s t e d  by USFWS, off ice  of Rare and Endangered 
Species. 

. 
%sterj.sk denotes those species found on Wheeler National Wildlife Ref'uge , 



Table I32-3 

A CKECnIIST OF BIRDS WIH)SE W G E S  INCLUDE 

THE l33LLEFONTE NITCLEAR PLANT SITE' 

- . * 

Common Name3 S S F W  Scient i f ic  Name 

Common Loon u u u  Gavia immer 
Horned Grebe u u Podiceps auri tus  
Pied-billed Grebe* c ' , r c u  Podilymbus podiceps 
White Pelican o 0 0  Pelecanus erythrorhynchos 
Rnhingn r r  Anhinga anhing? 

Dollbl-e-crested Cormorant r r Phalacrocorax auri tus  
Great Blue Heron c u c c  Rrdea herodias 
Green Heron* c c u  Butorides virescens 
Louisiana Heron r r Hydranassa t r ico lor  ru f i co l i s  
L i t t l e  Blue Heron c c Florida caerulea 

Common Egret c c u r  Casmerodius albus 
Snowy Egret u c Leucophoyx thuZa -- thula  
Cattle Egret c c u r  Bubulcus ibis 
Black-crowned Night Heron c c c u  Nycticorax nycticorax 
Yellow-crowned Night Heron* c c u  Nyctanassa violacea 

Least Bitter,n* u u r  Lxobrychus e x i l i s  
American Bit tern u u Botaums len t  igino sus 
Glossy lbis r Fleaadis chihi 
Wood Ib i s  o o Mycteria americana 
White % i s  0 0 0  l3udocimus albus 

Whistling Swan 0 0  o - Olor columbianus 
Canada Goose u u a a  Branta canadensis 
Snow Goose r c c  C&n hyperborea 
Brant r r Branta l e rn ic l a  
Blue Goose I r . c  c C h x  ~aerulescens  

Mallard* 
Black Duck* 
Gadwall 
Pintai.1, 
Clnnamon Teal 

Green-winged Teal, 
Bluehwinged Teal 
Amer lcan Widgeon 
Shoveler 
Wood Duck* 

Redhead , 

Ring-necked Duck 
Canvasback. 
Greater 'Scaup 
Lesser Scaup 

Common ~ o i d e n e ~ e  
Buff lehead 
Oldsquaw 
White-winged Scoter 
Common Scoter 

u u c c  
u u c c  
U C C  

r c c  
r r 

has platyrhynchos 
A A a  rubripes 
h a s  - strepera 
b a s  acuta 
A s n  cyanoptera cyanoptera 

has carolinensis 
Anas discors - 
Mareca americana 
Spatula clypeata 
Aix  sponsa 

Aythya amer icana 
Aythya co l l a r i s  
Aythya valisinerTa 
Aythya marila 
Aythya a f f i n i s ,  

Bucephala clangula 
Bucephala albeola 
Clanmla hyemalis 
Melanitta f'usca deglandi 
Oidemia n i ~ r a  



Tabf e B2-3 (continued) 

- - - - - 

Common Name 

- 

S S F W  

- - -  

S c i e n t i f i c  Name 

Turkey Vulture 
Black Vulture* 
Miss iss ippi  Kite 
Sharp-shinned. Hawk 
Cooper's Hawk* 

Red-tai led Hawk* 
Red-shouldered Hawk* 

U U U U  Cathartes nura 
u u u u  Coragyps a t r a t u s  
o o Ic t i -n ia  mis is ippiens is  
u u c c  Accipi ter  s t r i a t u s  
c o c c  Accipi ter  cooperii. 

u u c c  Buteo jamaicensis 
c c c c Buteo l i n e a t u s  

Broad-winged Hawk r u  Buteo p la typterus  
Rough-legged Hawk o But eo lagopus 
Golden Eagle r Aquila chrysaetos 

Bald J3agle2 
& r s h  Hawk 
Swainson's Hawk 
Osprey 
P c r e ~ r i n e  Falcon 

Pigeon Hawk 
Sparrow Hawk* 
Ringnecked Pheasant* 
Bobwhite* 
Turkey 

Sandh i l l  Crane 
Ki.ng Rail* 
Virgin ia  R a i l  
Sora 
Yellow R a i l  

Rnrp1.e Ga l l inu le  
Common Gal l inule  
h e r  ican Coot 
Semipalmated Plover 
Kil ldeer* 

Golden Plover 
Black-bell ied Pl..over 
Ruddy Turnstone 
Whimbrel 
h e r 3  can Woodcock* 

Common Snipe 
Up3.and Plover 
Spotted Sandpiper 
S o l i t a r y  Sandpiper 
Bai rd ' s  Sandpiper 

Wil le t  
Greater Yellowlegs 
Lesser Yellowlegs 
Pectora l  Sandpiper 
White-rumped Sandpiper 

r r r r  
u C C  

r 
r r r r 
r r r  

r u u  
C C C C  

u u u u  
C C C C  

r r r r  

0 o x  
c c u  
u r u  
U C 

r 

r r 
0 0 0 

C U C C  

C u 
C C C C  

U u 
U u 
r u 
r 0 

U U U U  

I k l i a e e t u s  leucocephalus 
Circus cyaneus 
Buteo swainsonii 
Pandion ha l i ae tus  
Falco peregrinus 

Falco columbaris 
Falco sparver ius  
Phasianus colchicus torquatus  
Colinus v i rg in ianus  
Meleagris gallopavo 

Grus canadensis 
Rallus elegans 
Ral lus  l imicola  
Prozana ca ro l ina  
Coturnicops noveboraeensis 

Porph.y-rula mart inica 
Gal-Idnula chloropins 

-- 

Ful ica  americana 
Charadr i u  s semipalmatu s 
Charadruis voei ferus  

P l u v i a l i  s dominica 
Squatarola scuatarola  
Arenaria i n t e r p r e s  
Numenius phaeopus 
Philohela minor 

Capella ga l l inago 
Bartrainla longicauda 
A c t i t i s  mucularia 
Tringa s o l i t a r i a  
E r o l i a  b a i r d i i  

Catoptrophoru s semipalmatu s 
Totanus melanoleucus 
Totanu s f lavipe  s 
E r o l i a  melanotos 
E r o l i a  f u s c i c o l l i s  
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Table B2-3 ( continued) 

Common Name S S F W  S c i e n t i f i c  Name 

Knot 
I,c?czs% Sandpiper 
ihrnl. i n 
Shor-L-billed Dowitcher 
Long-billed Dowitcher 

S-k i lt, S ~ n d p i p e r  
Rern$.palmated Sandpiper 
Wcstexn Sandpiper 
HLIPP-breasted Sandpiper 
l&-l.rhled Godwit 

::snderling 
h ~ e r  ican Avocet 
Northern Phalarope 
Wilson's Phalarope 
lierr-i.ng Gull  

1i.i.n~-'billed Gull  
Tjaughing Gul l  
Franklin ' s Gull  
Bonaparte ' s ' ~ u l l  
17orster ' s Tern 

Common Tern 
C:~spinn Tern 
S0o"c Tern 
Teast Tern 
Black Tern 

Rock Dovex- 
Mourning Dove* 
Ground Dove 
Yei.3.o~-billed Cuckoo* 
Black-billed Cuckoo 

B ~ r n  Owl*  
Screech Owl*  
Great Horned O w l  
Barred Owl.* 
Short -eared O w l  

Chuck-will,' s-Widow* 
Nhip-poor-will 
Common Nighthawk* 
Chimney Swift* 
Ruby-throated Hummingbird* 

'l3elted Kj.ne;f i sher*  
"Yellow-shafted Flicker* 
P i.Leated Woodpecker* 
Red-be]-lied Woodpecker* 
Red-headed Woodpecker* 

0 

c u c u  
u 

0 0 

X 0 

u u u  
u u u  

r 
u u 
u u c  

C C C C  

c c a c  
0 0 0 0 

c c u  
r r 

u u u u 
C C C C  

r r u u  
u u u u  
r r u  

C C U  

r r 
C C C 

C C C  

c c c  

u u u u  
c c c c  
u u u u  
C C C C  

c c u r  

C a l i d r i s  canutus 
Exolia m i n u t i l l a  
EroLia a lp ina  
Limnodromus g r i seus  
Limnodromus scolopaceus 

Micropalama himantopus 
Ereunetes p u s i l l u s  
Ereunetes mauri 
Tryngites s u b r u f i c o l l i s  
Limosa fedoa -- 
Crocethia aLba 
Recurvirostra americana 
Lobipe s lobatu s 
Steganopus t r i c o l o r  
Lams argenta tus  

Lams delawarensis 
Lams a t r i c i l l a s  
Larus pipixcan - 
Larus phi ladelphia  
Sterna  f o r s t e x i  

S terna  hirundo 
Hydroprogne caspia  
Sterna  fusca ta  
Sterna  a l b i f r o n s  
Chlidonias n iger  

Columba l i v i a  
Zenaidura macroura 
Co lumbi~a l l ina  passe r ina  
Coccyzus americanus 
Coccyzus erythropthalmus 

T y t o  - a l b a  
Otus a s i o  - 
Bubo v i rg in lanus  
S t r i x  v a r i a  
Asio flanvneus - 
Caprimulgus ca ro l inens i s  
Caprimulgus voci ferus  
Chordeiles minor 
Chaetura pe laglca  
Archilochus co lubr i s  

Megaceryle alcyon 
Colaptes aura tus  
~ r y o c o ~ u s  p i l e a t u s  
Centurus carol inus  
Melanerpes erythrocephalus 



Table B2-3 (continued) 

Common Name 

-- - 

S S F W  

- 

Scient i f ic  Name 

Yellow-bellied Sapsucker 
Hairy Woodpecker* 
Downy Woodpecker* 
Eastern Kingbird* 
Great -crested ~ l ~ c a t e h e r *  

Eastern Phoebe* 
Yellow-bellied Flycatcher 
Acadian Flycatcher 
T r a i l l t s  Flycatcher 
Least Flycatcher 

Eastern Wood Pewee* 
Olive-sided Flycatcher 
Vermilion Flycatcher 
Horned Lark* 
Tree Swallofi 

Bank Swallow 
Rough-winged Swal loe  
Barn Swallow* 
Cliff  Swallow 
Purple Martin* 

Blue Jay* 
Common Cro+ 
Carolina Chickadee* 
Tufted Titmouse* 
White-breasted Nuthatch 

Red-breasted Nuthatch ( e r r a t i c  ) 
Brown Creeper 
Rouse Wren 
Winter Wren 
Bewickts Wren 

Carolina Wren* 
Long-billed Marsh Wren 
Short-billed Marsh Wren 
Mockingbird* 
Catbird* 

Brown Thrasher* 
Robin* 
Wood Thrush* 
~ k r m t t  Thrush 
Swainson's Thrush 

Gray-cheeked Thrush 
Veery 
Exstern Bluebird* 
Blue-gray Gnatcatcher 
Golden-crowned Kinglet 

U c c  
C C C C 

c c c c  
C C C  

c c u  

c u c c  
r 

c c u  
0 .o 0 

u u 

c c u  
0 0 

r 
U U C C  

u U 

u u u 
a c a  
a c a  
u u 
C C &  

C C C C  

c c a a  
c c a a  
c c a a  
u u u  

r u u  
r r  

u u u  
U u 

r r c c  

C C C C  

u 
r U U  

C C C C  

c c c u  

c c c u  
U U C C  

C C C  

C C 

u u r  

u u r  
U r 
u u u r  
c r c  

Sphyrapicus var ius  
Dendroeopos vi l losus 
Dendrocopos pube scen s 
Tyrannus tyrannus 
Myiarchus c r in i tus  

Sayornis  hoeb be 
Empidonax f laviventr is  
Empidonax virescens 
Empidonax t r a i l l i i  

Contopus virens 
Nuttallornis boreal is  
Pyrocephalus rubinus 
Eremophila a lpes t r i s  
Iridoprocne bicolor 

Riparia r ipar ia  
Stelgidopteryx ru f i co l l i s  
Hirundo rus t ica  
Petrochelidon pyrrhonota 
Progne subis 

Cyanocitta c r i s t a t a  
Corvus brachyrhynchos 
Parus carolinensis 
Parus bicolor - 
S i t t a  carolinensis 

8 i t t a  canadensis 
Certhia familiar i s  
Donlodytes aedon 
TroglodNtes troglodytes 
Thryomanes bewickii 

Thryothorus Ludovicianus 
Telmatodytes pa lus t r i s  
Cistothorus platensis  
Mimus p o l y ~ l o t t ~ s  
Durnetella carolinensis 

Toxo st oma ru f'um 
Turdus migvatorius 
Ryloc ich la  
Hylocichla 
Hylocichla 

mustelina 
p t t a t a  
ustulat? 

Hylocichla minima 
Hylocichla f'uscescens 
S ia l i a  s i a l i s  
Polioptila caerulea 
ReguLus satrapa 



Table B2-3 (continued) 

Common Name S S F W  Scient i f ic  Name 

Rub,y-crowned Kinglet 
Water P ip i t  
Cedar Waxwing (er ra t ic  ) 
Loggerhead Shrike* 
Starling* 

White-eyed Vireo 
Yellow-throated V-lreo 
So3 i t a r y  Vireo 
Red-eyed Vireo* 
Philadelphia Vireo 

Warbling Vireo 
Blaclr-and-White Warbler 
Prothonotary Warbler* 
Swainson ' s Warbler (tower k i l l  ) 
Worm-eating Warbler 

Golden-winged Warbler 
Blue-winged Warbler 
Tennessee Warbler 
Orange-crowned Warbler 
NashvilleWarbler 

Parlx1.a Warbler 
Yel.10~ ~ a r 6 l e r  
Magnolia Warbler 
Cape May Warbler 
Black-throated Blue Warbler 

Myrtle Warbler 
Black-throated Green Warbler 
Cerulean Warbler 
BLackburnian Warbler 
Yellow-throated 'GJarbler 

Chestnut -sided Warbler 
Bay-breasted Warbler 
Blackpoll Warbler 
Pine Warbler 
Pra i r ie  Warbler 

Palm Warbler 
Ovenb i.rd 
Northern Waterthrush 
l~ouisitzna Waterthrush 
Kentucky Warbler 

Connecticut Warbler 
Mourning Warbler 
Ye1lowthros;t'n- 
Yellow-breasted Chat* 
Hooded iJasbler 

u C C  

U C C  

u U C  

u u u u  
c c a a  

c c u  
C C U  

u 
c c u  

r r 
C C C  

C u 
r r 
r r 

r r r  
C U C  

u u 
u u 
r 

r r 
u r 
u 
c u u u  
c u c  

C u 
C u 
c c r  
u c 
u u 

r 
r r  
c c 
C C 

c c u  

Regulus calendula 
Anthus spinoletta 
Bombycilla cedromm 
Lanius ludovicianus 
Sturnus vulgaris 

Vireo p i s e u s  
Vireo flavifrons 
Vireo so l i t a r ius  
Vireo olivaceus 
Vireo philadelphicus 

Vireo gilvus 
h i o t i l t a  var ia  
Protonotar i a  c i t r e a  
Limnothlypis swainsonii 
Helmitheros vermivorus 

Vermivora chrysoptera 
Vermivora pinus 
Vermivora peregrina 
Vermivora celata  
Vermivora ruf icapi l la  

Parula americana 
Dendroica petechia 
Dendroica magnolia 
gendroica t ig r ina  
Dendroica caemlescens 

Dendroica coronata 
Dendroica vkrens 
Dendroica cerulea 
Dendroica f'usca 
Dendroica dominica 

Dendroica pensylvanica 
Dendroica castanea 
Dendroica s t r i a t a  
Dendroica zinus 
Dendroica discolor 

Dendroica palmarum 
Seiurus aurocapillus 
Seiurus noveboracensis 
Seiurus motacilla 
Oporornis formosus 

Oporornis a g i l i s  
Oporornis philadelphia 
Geothlypis t r ichas  
I c t e r i a  virens 
Wilsonia c i t r i n a  



Table B2-3 ( continued) 

Common Name S S P W  Scien t i f i c  Name 

Wilson ' s FJarbl-er 
Canada Warbler 
American Redstart 
House Sparrow* 
Bobolink 

Eastern Meadowlark* 
Western Meadowlark 
Red-winged Blackbird* 
Orchard Oriole* 
Raltirnore Oriole 

Rusty Blackbird 
Brewer's Blackbird 
Common Grackle* 
Brown-headed Cowbird 
Scar le t  Tanager 

Summer Tanager* 
Cardinal* 
Rose-breasted Grosbeak 
Blue Grosbeak 
Indigo Bunting* 

Dickcissel 
Evening Grosbeak 
Purple Fi.nch 
Common Redpoll 
Pi.ne Siskin 

American Goldfinch* 
White-winged Crossbi l l  
Rufous-sided Towhee* 
Savannah Sparrow 
Grasshopper Sparrow* 

IleConte ' s Sparrow 
ZIenslow ' s Sparrow 
Sharp-tail-ed Sparrow 
Vesper Sparrow 
Ilark Sparrow 

Bachman's Sparrow 
Sl-ate-colored Junco 
Oregon Junco 
Tree Sparrow 
Chipping Sparrow 

Fie1.d Sparro+ 
mite-crowned Sparrow 
Whi.te -throated Sparrow 
Fox Sparrow 
Harris Sparrow 

r r 
r u 
a c u  
C C C C  

C U 

C C C C  

r 
c c a a  
C C 

r r 

u c a  
u u 

c c a a  
u u a a  
u r 

c c u  
C C C C  

u u 
u u U 

c c u  

c a c a  
r r 
C C C C  

U c c  
u c u r  

r r 
U C 8  

r 
0 0 

c u c c  

'idilsonia pus i l l a  
Wilsonia canadensis 
Setophaga r u t i c i l l a  
Passer domesticus 
Dolichonyx oryzivorus 

Sturnel la  magna 
Sturnel la  neglecta 
Agelaius phoeniceus 
fc te rus  spurius 
Ic terus  ~ a l b u l a  

Euphagus carolinus 
Euphagus cyanocepElalus 
Quiscalus quiscula 
Molothrus ater 
Piranga olivacea 

Piranga rubra 
Richmondena card ina l i s  
Pheucticus ludovicianus 
Guiraca caerulea 
Passerina cyanea 

Spiza americana 
Hesperiphona vespertina 
Carpodacus purpureus 
Rcanthis flammea 
Spinus pinus 

Spinus t r i s t i s  
Loxia leucopter 
Pipi lo  erythrophthalmus 
Passerculus sandwichensis 
x/Immodramus savannarum 

Passerherbulus caudacutus 
Pas serherbulus henslowi i 
Ammospiza caudacuta 
Pooecetes gramineus 
Chonde s t e  s grammacus 

Aimophila a e s t i v a l i s  
Junco hyemali s 
Junco oreganus 
Spizel la  arborea 
Spizel la  passerina 

Spizel la  p u s i l l a  
~ o n o t r i c h i a e u c o p h r y s  
Zonotrichia a l b i c o l l i s  
Passerel la  i l i a c a  
Zonotrichia querula 



Table B2-3 (continued) 

Common Name S S F W  Scient i f ic  Nmc 

Swamp Sparrow 
Song Sparrow 
i.,apl.and Long spur 

u c a  Melospiza georgiana 
u u c  Mklospiza melodia 

o Calcarius lapponicus 

I .  Zl:-st compj.l.ed using Birds of' Wheeler National Wildlife Refuge, USFGJS Refuge 
Leaflet 1.45-R4, 1969, and Alabama Birds by Lmhof. 

2. Classified as  a threatened species by USRqS Office of Rare and Endangered 
Species. 

*iii.rds nesting on Wheeler National Wildlife Refuge are denoted by a n  as ter isk.  

14%~ ch-May 
. J~lne-Ailgust 
1' September-November 
W December -February 

n. &b'~~ndant 
c Common 
u Uncommon 
o Occasionnl 
r Rare 



Table ~2-4 

- 

Area 

- - -. - . - - - - 

Lake 

- - - 

Land and Water 
Acreage Manager Owner 

Seven Mile Island--hunting  pickw wick 4,685 State  TVA 

Mal-lard-Fox Creek--hunting Wheeler 2,460 State  TVA 

Swan Creek--hunting wlheeler 6,242 State  TfTA 

. Wheeler NWR--refuge Wheeler 35,000 BSFW BSR? 

North Sauty Creek--ref'uge Guntersville 5,200 Sta te  TVA 

Mud Creek--hunting Gunter s v i l l e  8,193 State  .' TVA 

Crow Creek--refuge Guntersville 2,522 Sta te  TVA 

Crow Creek--hunting Guntersvflle 2,161 Sta te  TVA 
i '  

" Raccoon Creek--hunting Guntersville 7,080 State  !&A 

Totals State  " 

Totals Federal 

- - -  -- - 

Grand Total 73,533 

I. From North. Alabama Land Use Plan by Klein, e t  al, TVA Division of Forestry, 
Fi.sheries, and Wildlife Development. 



Table B2-5 

msm m L r c  USE, XGRT;I ALABAMA STAZ AJD FEDEBAL :.:.4mmi\~ ANUS ( ~-YEM A T ~ . G E  1$,;5-70:~ 

Duck Eh_lnting 350 10,100 2,050 700 600 100 200 300 - 14,400 40 360 

Goose ~ u n t i 1 - 1 ~ 3  - 19!@0 700 500 200 200 200 600 - - 4,300 70 60 

Upland Game 
Hunting 2,600 4,950 4,850 3,100 2,500 1,850 850 950 3,600 25,250 9 280 

Trapping I, 500 6,200 3,800 450 350 450 -a - - 12,750 9 140 
b 

Other Outdoo n: I 

Recreation 16,000 50,000 40,000 18,500 14,700 8,000 5,000 11,300 187,500 351,000 300 1,rr70 u 0: 

1. From North Alabama Lana Use Plan by KZein, e t  al ,  TVA Di?rision of Forestry,  Ftsheries, and l?i_7.d3.i-Se Developaent 

2. 1969-70 season only 

3. For t h a t  p a r t  ou t s ide  duck hunting season 

4. Fishing, a r t i f a c t  hunting, picn'cking, camping, birding,  e t c .  



Table ~ 2 - 6  

Par t i a l  l i s t  of aquatic racrsphfies near the proposed BeI.lefofite Nuclear Plant 
S i te ,  Guntersville ~eservoi r '  

Waterfowl* 
Scdent i f  i c  name 

Cover Food 
Comnaon name Growl;h form 

C V 

Potam6Eeton crisaus -"- - - - -  

Potamo gets n - 
Na.Jss minor -- 
Najas guadealugensis 
I_q 

Egeria densa -- 
Elodea camdensis - 
Heteranthera dubia - 
Cham sp. 
_L_ 

Eurasian watermilfoil 
Coontail 
Crispyleaf pondweed 
American pondweed 
Splnyleaf naiad 
Southern naiad 
Egeria 
Elodea 
Waterstaxgrass 
Muskgras s 

Submersed 
Submersed 
Submersed 
Submersed 
Submersed 
Submersed 
Submersed 
Submersed 
Submersed 
Submersed 

Sawrwue cernuus Lizardtai l  Emergent 
Alternanthera pkijioxeroides Alligatorweed Emergent, 

Floating Mat 
Nelumbo lu tea  

Polygonm pensylvaiicwn 
Echinodoms cordifolius 
Carex sp. 
_OI 

Cmerus pseudovegetus 
Cyperus sp. 
T ha Lat i fol ia  YP-- 
Cephalanthus occidentalis 

*Ranking: 1 := High 5 = L i t t l e  
2 = Good 6 = Unknown 
3 = Fair 7 = No known 
4 = Low 

- 

American lotus  Emergent, 
Floating Leaf 

Waterwillow weed 
Spikerush 
Midget spikerush 
Waterpurslane 
Woolgras s 
Sortstern bulrush 
Three-square 
Common bulrush 
Mar shmallow 
Giant cutgrass 
Tear-thumb 
Smartweed 
Smartweed 
Bur head 
Sedge 
Sedge 
Sedge 
Ca t t a i l  
But tonbal l  

Duckweed 
Giant duckweed 
Mosquito fern 

use 

Emergent 
Emergent; 
Emergent 
Emergent 
Emergent 
Emergent 
Emergent 
Emergent 
Emergent 
Emergent 
Emergent 
Emergent 
Emergent 
Emergent 
Emergent 
Emergent 
Emergent 
Emergent 

Floating 
Floating 
Floating 
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r ,  : +  ~ " ,," - .. .- - *,The cultditated Land includes.mostly f ie lds  of fescue 

Iteapede'za;, some' ,of' which have been gathered as h w .  i r r  1922.. The . 

t& ~dEll.~f$el& oonBiunititrs, broom sedge-lespedeza and ragweed, include 

sMal'. par-ke%s -of communities .in which -other -species such as" bitterweed 

cie:,c6reilp&s -jtlra;r 'be ~do~nant. Borne ,of khese -.enclaves may be separat;e 
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@paz%ng by cat;tLe. . . . . . - , , , ,  

" ,. .. . . : .,. ! .:- .... - .'Most of the  forest  larid has been heavily ~3iogged i n  ., 

the  &as%. -few years ,. .. The heavy logging, combined with the  mderate t o  . : 

heavy grazing thakhas  occurredx~in some strands; has been quite 



disruptive t o  the  community structure.  Opening up the  canopy has 

allowed more l i g h t  t o  f i l t e r  down t o  the  ground leve l  with the  r e su l t  

t h a t  average,total  ground cover percentsges a re  re la t ive ly  high. 

Similarly, the  high l eve l  of grazing has tended t o  keep the  shrub 

stratum percent cover comparatively low. In the table below are  .* ' 
4 

l i s t e d  the  average t o t a l  percent cov&s'PirP"the ground vegetation 

and shrub stratum i n  each of the  fores t  types and the  percent of 

sampled p lo ts  tha t  were logged i n  each type. 

Average Percent Average Percent Percent of Plots 
'&EE Ground Cover Shrub Cover Heavily Loiged 

Black Locust 77 10 75 

Elm-Ash-Soft Maple 73 10 67 

Oak-Hickory 46 
l7 . 

60 

oak-cum 45 7 o 

Mixed Conifers and 
Hardwoods 34 24 

With the  exception of the  oak-gum plo ts  which were 

not cut but which are  heayily grazed, there  seems t o  be a good relation- 

ship between percent logging and t o t a l  percent cover fo r  ground vegetat5on. 

There i s  a lso  an apparent inverse relationship between percent logging 

and percent shrub cover which a t  f i r s t  glance seems confl ic t ing since 

it m i R h t  be expected tha t  shrub cover would increase with the  opening 

up of the  canopy. A t  least three Sactors contribute t o  reducing the  

expected shrub cover level.  F i r s t  of all, logging is so  recent th4t  

shrubs f o r  the  most part have not had time t o  become established i n  the  

Stands. Secondly, the  logging operation i t s e l f  has opened up pathways 

t o  allow c a t t l e  easier  entrance i n t o  the  standa. 'Finally,  t h e  f a l l en  

brush makes ideal habi tat  f o r  wi ld l i fe  and encourages concentrations of 

deer which have been browsing heavily i n  the  area. 



A s  a whole, the  Bellefonte s i t e  contains an average 

growing stock of 870 cubic feet  of merchantable timber per acre and a 

sawtimber volume of 2,040 board fee t  per acre. (see Tables B3-1, 

B3-2, and B3-3 for  a summary, broken down by hardwoods, softwoods, 

species, and diameter c lass . )  These figures a re  below the  averages of 

950 cubic f ee t  and 2,670 board f ee t ,  respectively, for  Jackson County, 

1 Alabama and 900 cubic f ee t  and 3,230 board f ee t  f o r  the en t i r e  

Tennessee ~ i v e r  Valley. 2 

The vegetation on the  plant s i t e  i s  typical  of lime- 

stone valleys and h i l l s  throughout the  region. 3,4 

Following construction of the  nuclear plant,  the  

impact area w i l l  be resurveyed periodically t o  assess vegetational 

changes. Some vegetational change i s  inevitable from the normal process 

of succession. The vegetation surveys planned as  par t  of the  scheduled 

monitoring program are  expected t o  reveal any signif icant  vegetational 

changes. 

2. S i t e  Description - The proposed Bellefonte Nuclear 

Plant s i t e  is on a peninsula, a t  about TRM 392, bounded by Guntersville 

Reservoir t o  the east  and the  T a m  Creek embayment t o  the  w e s t  and north. 

The topography consists of r ive r  terrace and smell h i l l s .  The elevation 

ranges from 595 fee t  a t  mean reservoir l eve l  t o  approximately 800 feet .  

Approximately 58 percent of the  land i s  forested. The remaining 

portion has been used priinarily f o r  pasture and hay with fescue and 

lespedeza being the  main crops. 

Soils over the  Bellefonte s i t e  show a highly mosaic 

pattern and do not correlate  well with vegetation. Soils of the  r iver  

terraces belong t o  t h e  Etowah-Jefferson-Monogahela-Talbott association. 



These a re  for  the  most par t  Alf isols  and u l t i s o l s 5  (Red-Yellow Podzols 

i n  the  old Baldwin e t  al. classification, derived from lime- 

stone. Clay content i s  typ ica l ly  high. F e r t i l i t y  ranges f'rom low t o  

very hi& and is generally high where drainage is  adequate.. The 

cherty h i l l s  are covered by s o i l s  of the  Nler ton-Clarksvi l le -  

Greendale association. mese  s o i l s  a re  typical ly  Alf isols  and Ultisols  

derived from limestone. F e r t i l i t y  i s . 1 ~  and presently the  a o i l s  

support only forest .  

3. Field Procedures - A square grid was l a i d  over 

the stud.. area sa t h a t  c i rcu lar  1/5-acrq p lo ts  were located a t .  1,035- 

foot intervels .  Only p lo t s  f a l l i n g  i n  fores t  o r  abandoned f i e l d s  were 

used. Thus, over the  en t i r e  a rea  52 plots  were sampled. Forested p lo ts  

were permanently located so t h a t  the  exact location could be resurveyed 

a t  l a t e r  dates during the  monitoring prqgrsm. Old f l e l d . p l o t s  were not 

permanently marked; however, t h e i r  locations a re  noted by the  intersect ion 

of the  t ransec t  l ines .  Pole, sawtimber, and reproduction data were 

then collected. 8 

Four 1/100-acre subplots were located at t h e  cardinal 

points around the  periphery o r  each l/'j-acre plat .  In  each subplot,. 

a l l  t r e e  Stems between 1 and 5 inches DBH were recorded and c lass i f ied  as  

"understory." A l l  s m a l l  t r e e  species under 1 inch DBH and over 18 

inches t a l l  rrnd a l l  shrub species over 18 inches t a l l  were noted and 

c l a s s i f i ed  as  "shrub stratum." Percenk cover was rerarded fo r  each 

shrub stratum species according t o  the  following code: 

1 -- less than 5 percent 

2 -- 5 t 6  25 percent 

3 -- 26 t o  50 percent 

4 -- 51 t o  75 percent 



5 -- 76 t o  95 percent 

6 -- over 95 percent 

In addition, t he  general condition of the  dominarnt 

species col lect ively was noted with a sniall description given of any 

unusual o r  unhealthy patterns developing. 

Beginning a t  the four cardinal points and moving 

toward the  center of each p lo t ,  quadrats 10.75 fee t  long by 1 foot wide 

were established. In  these quadrats the  ground cover (including all 

t r e e  and shrub species l e s s  than 18 inches high) was recorded by . 

species and percent cover, and the  general condition of the  dominant 

species was noted (as  was done fo r  shrubs and small t r ees ) .  

A vegetation type was subjectively determined fo r  

each plot  i n  the  f i e ld .  

Data on so l ids  were obtained from a Soi l  Conservation 

Service survey'. 9 

4. Data Analysis - Plots  were grouped according t o  

the vegetation types established i n  the f ie ld .  Within each type, 

frequencies were established f o r  all species t o  estimate the  importance 

of t h e i r  occurrence i n  the  type. Data from all plo ts  i n  all types 

were then combined, and an importance value index was established 

for  dach species within each of the  four vegetation strata (i.e., 

t r ees ,  understory, shrub stratum, and ground cover). The importance 

value ( Iv )  was measured i n  three ways.  For the  t r ees :  

I V  = (Fielative Density + Relative Frequency + Relative Basal 

~ r e a )  1. 3 

where 

Relative Density = Number of t r ees  of a s ingle  species 
Total number of a l l  t r ees  



Relative Frequency = Number of occurrences of a s ingle  species x 100, 
Total number of occurrences of all species 

Relative Basal Area = Basal area of a s i n n l e  species 
Total basal  area Of all species 

For the  understory: 

N = Relative Density + Relative Frequency 
2 

For shrub stratum and ground cover: 

N = Relative Freauency + Relative Cover 
2 

where 

Relative Cover = Percent cover of a s ingle  species 
summed over all subplots o r  quadrats 
Sum of the  percent covers o f  all 
species i n  a l l  subplots o r  quadrats 

By dividing the  appropriate denominator Importance 

Values are assigned t o  a l inear  scale  ranging frma 0 t o  100. Since the  

sum of IVts of all  species within a par t icu lar  stratum t o t a l s  100, each 

Value can be viewed as a measure of the  re la t ive  percenkage of importance 

of t h a t  species i n  the  stratum. 

Tables B3-4 through B3-7 list all of the' species 

and t h e i r  importance values i n  the  order of the  values f o r  each of the  

four vegetation strata. These values w i l l  provide a simple index of 

change i n  species' composition between surveys. 

5. Commuuity Types - Each p lo t  was assigned a 

vegetation type i n  the  f ie ld .  The p lo ts  were then generalized t o  describe 

par t icu lar  community stands, and the  stands were l ined  out on a vegetation 

map of the  Bellefonte s i t e  (figure B3-1). In  nature, stand boundaries 

a re  generally diffuse o r  non-existent, and those shown on the  map should 

not be construed as hard, permanent, and exact. The map boundaries 



are merely attempts to compartmentalize and classify phenomena which 

are in reality continuously variable. 

In some of the community types described below, 

percent frequencies for trees are often lower than might be expected 

for typical stands within the type. The reason for the lower values is 

that extensive logging has eliminated the merchantable timber within 

the stands and thereby reduced species frequencies. 

(I) Elm-ash-soft maple - Twenty-nine 
percent of the forested plots were classified as elm-ash-soft maple. 

Winged elm, ash, and sweet gum were the remaining dominants in the 

heavily cut-over stands. These stands were found on all topographic 

sites within the Bellefonte region. Nine percent were in large 

sawtimber, 36 percent were in small sawtimber, 45 percent were in 

pole size stands, and 9 percent were classified as seedling and sapling 

stands. These figures reflect the fact that most of the forested land 

has been heavily logged. Species and frequencies of occurrence are 

listed in the table below. 

Percent 
Scientific Name Common Name Frequency 

Ulrnus sk. 

Fraxinus 2. 

Liquidambar styraciflua 

Lirodendron tulipifera 

Acer negundo 

A. rubrum 

Celtis occidentalis 

Robinia pseudoacacia 

Elm 

Ash 

Sweet Gum 

Yellow Popla* 

Box Elder 

Red Maple 

Hackberry 

Black Locust 



Gcientific Name Cenvnon Name 

a saccharum Sugar Maple 

Cercis canadensis Redbud 

Percent 
FFequency 

Carya z. Hickory 9 

Cledi ts ia  tr iacanthos Honey Locust 9 

Juniperus v i r ~ i n i a n a  Eastern Red Cedar 9 

Pinus taeda Loblolly Pine 9 

Quercus fa lca ta  Southern Red Oak 

. muehlenbergii Chinquapin Oak 

$. prinus Chestnut Oak 
\ 

9 

Salix a - Black Willow 9 

'Cilia - heterophylla Basswood 9 

The dominant understory t r e e s  - elm, ash 

and red maple - suggested tha t  the  stands were re la t ive ly  s tab le  and 

r e ~ e n e r s t i n g  themselves. Hickories, persimmon, elm, and hackberry were 

the more common shrub stratum species while grasses and assorted vines 

made up the bulk of t h e  ground cover. Listed below a r e  the  more common 

species i n  each of the  below-canopy s t r a t a ,  along with the  percent 

frequencies of each. 

Percent 
Sc ien t i f ic  Name Common Name Frequency 

Understory: 

Ulmus sz. Elm 46 

Fraxinus z. Ash 

A s  rubrum Red Maple 

Ulmus d a t a  -- Winged Elm 11 



Scient i f ic  Name 

Shrub Stratum: 

Carya sl. 

Dioswros virginiana 

Ulmus z. - 
Celt is  2. 

Ivdrannea arborescens 

Berchemia scsndens 

Smilax rotundifol ia  

rotundifol ia  

Ground Cover: 

Percent 
Common Pame Frequency 

Hickory 

Persimmon 

E l m  

Hackberry 

Wild Hydrangea 

Supplej ack 

Catbrier 

Muscadine 

Poaceae Grass 86 

Parthenocissus quinquefolia Virginia Creeper . 18 

Robinia pseudoacacia Black Locust 11 

Simlax rotundifol ia  Catbrier 11 

V i t i s  rotundifolia - Muscadine 11 

(2) Oak-Hickory - Twenty-six percent of t h e  

forested land w a s  c l a s s i f i ed  i n  the  oak-hickory type. These stands 

consisted of oaks and hickories with the  more common associates including 

sweet gum, black locust ,  and sugar maple. Stands were found on moderate 

t o  well drained s o i l s  on the high terraces  ar+d h i l l y  slopes. Twenty 

percent of t h e  stands were i n  large sawtimber, 30 percent were i n  saaU 

sawtimber, 40 percent were i n  pole s i z e  timber, and 10 percent were i n  the  

seedling and sapling stand s ize .  Listed below are  the fores t  t r e e  

species and t h e i r  frequencies of occurrence i n  t h e  oak-hickory plots .  



Percent 
Scientific Name Common Name Frequency 

Quercus muehlenberprii Chinquapin Oak 30 

9. shumardii Shumard Oak 

Liquidambar styraciflua Sweet Gum 

Carya a. Hickory 20 

Quercus velutina Black Oak 20 

Robinia pseudoacacia 

ricer saccham 

Fraxinus a. 
uercus a 
. coccinea 

Q. falcata var. pagodaefalia - 
g. prinus 

Q. stellata - 
Tilia - heterophylla 
Sassafras albidun 

Ulmus alata 

Carpinus caroliniana 

Cercis canadensis 
-7 

Gleditsia triacanthos 

Black Locust 

Sugar Maple 

Ash 

White Oak 

Scarlet Oak 

Cherrybark Oak 

Chestnut Oak 

Post Oak . 
Basswood 

Sassafras 

Winged Elm 

Blue Beech 

Redbud 

Honey Locust 

Ash, hickory, and elm were the most 

important understory species, with redbud, hickory, persimmon, and ash 

being the shrub stratum dominants. The ground cover was composed largely 

of assorted grasses, Virginia creeper, hackberry, and muscadine. The 

paucity o f  oaks in the lower strata suggested,that the stands may have been 



moving away from a dominant oak-hickory type. Percent frequencies 

for the more common lower stratal species are listed below. 

Percent 
Scientific Name Common Name Frequency 

Understory: 

Fraxinus Q. Ash 33 

Carya sp. KicIrorY 30 

Elm 23 

Dogvood 18 

Juniperus virniniana Eastern Red Cedar 15 

Ulmus data -- Winged Elm 15 

Shrub Stratum: 

Cercis canadensis Redbud 30 

Carya sp. Hickory 25 

Dioswros vireniana Persimmon 25 

Fraxinus x. Ash 23 

Robinia pseudoacacia Black Locust 20 

Ulms Alata Winged Elm 20 

rotundifolia Muscadine 18 

Ground Cover : 

Poaceae Grass 53 

Parthenocissus quinquefolia Virginia Creeper 50 

Celtis accidentalis Hackberry 33 

rotundifolia Muscadine 30 

Camwis radicans Tnnnpet Creeper 15 



Sc ien t i f i c  Name 

Sassafras albidum 

Percent 
Co~nrnon Flame Frequency 

Sassafras 13 

Phytolacca americana Poke 

Fraxinw 2. Ash 

( 3 )  Nixed Conifers and Hardwoods - 
Twenty-six percent of a l l  fo re s t  stands were grouped as  mixed conifers 

and hardwoods. These stands were found on w e l l  drained s o i l s  on all 

topographic s i t e s .  Some stands were dominated by red cedar, some by 

loblolLy o r  Virginia pine,  some by other  species.  The differences 

between p lo t s  were not s ign i f ican t ,  so for  the  purposes of t h i s  study 

they were combined in to  a s ingle  broad type. (Two, small, almost pure 

stands of pole s i z e  lob lo l ly  pine a r e  shown i n  f igure  B3-1. Since t h e  

stands a r e  small enough tha t  no p lo ts  were located i n  them, they a re  

not included as a separate type.)  

In  general, logging has been l e s s  intense 

i n  these mixed stands. Twenty percent were i n  la rge  ~awtimber and 60 

percent were i n  small timber, while only 2O'percent were pole s ize .  

The species found i n  t h e  p lo t s  and t h e i r  frequencies of occurrence 

are  l i s t e d  below. 

Percent 
Sc ien t i f ic  Name C o m n  Name Frequency 

Pinus v i r ~ i n i a n a  Virginia Pine 80 

P, echinata - Shortleaf Pine 50 

P. taeda - -  Loblolly Pine 50 

Juniperus virginiana Eastern Red Cedar 40 



Scientific Name Common Name 
Percent 
Frequency 

Liriodendron tulipifera 

Quercus nigra 

Carya SP. 

Fraxinus E. 
Ulmus sl. 

Cercis canadensis 

Maclura pomifera 

Prunus serotina 

Quercus coccinea 

9. falcata 

9. falcata Tar. panodaefolia 

9. muehlenber~ii - 
Q. stellata - 
Robinia pseudoacacia 

Ulmus alata -- 

- - 

Yellow Poplar 

Water Oak 

Hickory 

Ash 

Elm 

Redbud 

Osage Orange 

Black Cherry 

Scarlet Oak 

Southern Red Oak 

Cherrybark Oak 

Chinquapin Oak 

Post Oak 

Black Locust 

Winged Blm 

Elm, eastern red cedar, hickory, dogwood, 

and winged elm were the chief understory species. The shrub stratum was 

dominated by winged elm and redbud. Grasses and assorted vines were 

most prominant in the ground cover. 

The mixed conifers and hardwoods type is 

a temporary type of diverse origins. The makeup of the understory and 

shrub layers suggest that the bulk of the stands will probably change 

toward the elm-ash-soft maple type rather than the oak-hickory type. 

The more common species at each level in 

the community are listed below, along with their precent frequencies. 



Percent 
Scientific Name Common Name Frequency 

Understory: 

Ulmus s ~ .  

~uni~erus virginiana 

Carya sp. 

Cornus 9. 

Ulmus data -- 
Cercis canadensis 

Fraxinus z. 

Liquidambar styraci flua 

Quercus muehlenbergii 

Shrub Stratum: 

Ulmus alata 

Cercis canadensis 

Berchemia scandens 

Juniperus virginiana 

Celtis occidentalis 

Fraxinus SJ; 

Lonicera japonica 

Ground Cover : 

Poaceae 

Parthenocissus quinquefolia 

Berchemia scandens 

Lonicera japonica 

Cassia obtusifolia 

Elm 

Eastern Red Cedar 

Hickory 

Dogwood 

Winged Elm 

Redbud 

Ash 

Sweet Gum 

Chinquapin Oak 

Winged Elm 

Redbud. 

Supple3 ack 

Eastern Red Cedar 

Hackberry 

Dogwood 

Ash 

Japanese Honeysuckle 

Grass 

Virginia Creeper 

Supple3 ack 

Japanese Honeysuckle 

Si cklepod 



Scientific Name Common Name 

Celtis occidentalis Hackberry 

Anisostichus capreolata Cross Vine 

Prunus serotina Black Cherry 

Smilax glauca - -- Sawbrier 

Ulmus alata -- Winged Elm 

Percent 
Frequency 

( 4 )  Black Locust - Eleven percent of all 
wooded stands were classified as black locust. These were found on the 

lower slopes and terraces on well drained soils. Half of the stands 

were in pole size timber while the remaining half were split equally 

between small sawtimber and seedling-sapling stand sizes. The 

frequencies of the few tree species present are listed below. 

Scientific Name 

Robinia pseudoacacia 

Diospyros virginiana 

Celtis occidentalis 

Pinus taeda -- 
Prunus serotina 

Common Name 

Black Locust 

Percent 
Frequency 

Persimmon 50 

Hackberry 25 

Loblolly Pine 25 

Black Cherry 2 5 

The understory was dominated by elm and 

hackberry with redbud and black cherry playing lesser roles. Black 

locust was the most important shrub stratum species while grasses almost 

totally dominated the ground vegetation. Below are the more common 

understory, shrub stratum, and ground vegetation species listed in 

order of their frequencies. 



Percent 
Scientific Name Common Name Frequency 

Understory: 

Uhus x. Elm 38 

Celtis occidentalis - Hackberry 31 

Cercis canadensis - Redbud 19 

Prunus serotina Black Cherry 19 

Quercus velutina Black Oak 13 

Sassafras albidum Sassafras 13 

Shrub Stratum: 

Robinia psuedoacacia Black Locust 25 

Carya sg. Hickory 13 

lliospyros ~irginiana Persimmon 13 

Lonieera jawnica Japanese Honeysuckle 13 

Ground Cover: 

Foaceae Grass 100 

Campsis radicans Trumpet Creeper 19 

Poly~anum >x. Smartweed 19 

Celtis occidentalis Hackberry 13 

Lonicera Japonica Japanese I-Ioneysuckle 13 

Parthenocissus quinquefolia Virginia Creeper 13 

Rubus 2. .- Blackberry 13 

( 5 )  Oak-Gum - Eight percent 
of all sampled forest stands belonged to the oak-gum type. These stands 

were composed largely of cherrybark oak, water oak, and sweet gum. The 

stands were confined for the most part to bottom land sites on which 



ctrainage is poor. Two-thirds of the stands were classified as small 

sawtimber and one-third were pole size stands. Listed belov are the 

tree species and their percent frequencies. 

Percent 
Scientific Name Common Name Frequency 

Quercus falcata var. pagodaefolia Cherrybark Oak 100 

Q. & - Water Oak 67 

Liauidambar styraciflua Sweet Gum 67 

Quercus ehellos 

Carya SP. 

Celtis occidentalis 

Willow Oak 

Hickory 

Hackberry 

Fraxinus Q. Ash 33 

Juaans nigra Black Walnut 33 

Oaks, hackberry, and elm were 

typical understory dominants. Hickory and supplejack were characteristic 

shrub stratum species; while grasses, supplejack, and hackberry were most 

common in the ground vegetation. Species and frequencies in each stratum 

are listed below. 

Percent 
Scientific Name Common Name Frequency 

Understory: 

Quercus falcata 
var. pagodaefolia Cherrybark Oak 

9. Water Oak 25 

Celtis .- occidentalis Hackberry 25 

lllmus q. - Elm 25 



Scientific Name 

R h m u s  cssoliniana - 
Carpinus caroliniana 

Cercis canadensis 

Cornus z. 
Juniperus virginiana 

+rua rubra 

Ulmus data 

Viburnum pmifolium 

Shrub Stratum: 

Berchemia scandens 

;a= 9. 

Common Name 

Carolina hckthorn 

Blue Beech 

Redbud 

Dogwood 

Eastern Red Cedar 

Mulberry 

Winged Elm 

Black Haw 

Percent 
Frequency 

L 

25 

17 

17 

17 

17 

17 

1'7 

17 

25 Supplejack 

Hickory 25 

Smilax rotundifolia Catbrier 17 

Callicarpa americana French Mulberry 17 

Ground Cover: 

Poaceae Grass 92 

Berchemia scandens Supplejack 50 

Celtis occidentalis Hackberry 50 

Anisostichus capreolata Cross Vine 42 

Smilax bona-nox - Bullbrier 33 

Callicarpa americana French Mulberry 25 

Lonicera japonica Japanese Honeysuckle 25 

rotundifolia Muscadine 25 
" 

( 6 )  Broom Sedge-Lespedeza - 
Nine plots representing 32 percent of the open land were classified as 

broom sedge-lespedeza; Broom sedge, sericea lespedeza, and assorted 



other grasses dominated the communities. The average percent cover for 

all species was 94 percent. The more important species found in the 

snmple plots are listed below with their frequencies of occurrence. 

Scientific Name 

Leswdeza E. 
Andropogon vir~inicus 

Poaceae 

Vernonia altissima 

Coreopsis tripteris 

Solanum carolinense 

Kupatorum coelestinum 

Festuca 2. 

Rubus sp. 

Ambrosia artemisiifolia 

Eupatorum serotinlrm 

Houstonia 2. 

Common Name 

Lespedeza 

Broom Sedge 

Grass 

Ironweed 

Coreopsis 

Horse-nettle 

Mist f lower 

Fescue 

Blackberry 

Ragweed 

Thoroughwort 

Bluets 

Percent 
Frequency 

89 

81 

50 

31 

28 

22 

17 

17 

17 

17 

14 

11 
~~~ ~ ~ p - ~ - ~ ~ ~  - -  

(7) Ragweed - Eighteen percent 
of the open land was placed in the ragweed community type. Average 

percent cover for all species was 96 percent. Ragweed and grasses 

dominated the community. Below are listed the more colmnon species and 

their frequencies of occurrence. 

Percent 
Scientific Name C o m n  Name Frequency 

Poaceae Grass 90 

Ambrosia artemisiifolia Ragweed 85 



Scient i f ic  Name 

Helenium amarum 

Lespedeza s, 

Androm~on virginicus 

Cassia obtusifol ia  

Festuca 2. 

Solanum carolinense 

Vernonia alt issima 

Common Name 

Bitterweed 

Lespedeza 

Broom Sedge 

Sicklepod 

Fescue 

Horse-nettle 

Ironweed 

Percent 
Frequency 

6 .  Rare o r  Fadmered  Species - No plants 

found on the  proposed Bellefonte Nuclear Plant s i t e  a re  classed as rare  

or endangered.1° A l l  of t he  species noted are  f a i r l y  typical  of the  

region and have generally broad dis t r ibut ion patterns.  

7. G l a s s -  - The following definit ions 

a re  provided t o  define technical t e r m  as they are  used only herein. 

Basal Area: The t o t a l  cross-seCtional 

area of a l l  t r ees  of a gfven species measured at 4.5 f ee t  above ground, 

expressed on a cross-sectional area per uni t  area of land basis.  

Cover: The area occupied by a plant o r  

group of plants. Percent cover is determined by visually projecting 

the  t o t a l  area of a plant onto a horizontal plane surface (such as the 

ground) of fixed dimensions and then estimating what percentage of tha t  

plane is  occupied by the  a e r i a l  projection. 

DBH: The diameter of a tree measured at 

4.5 fee t  above ground level.  

Density: The number of stems of a 

part icular  species per unit area. 



Distribution: The range of area 

occupied by a part icular  species. 

Dominant: A plant species playing s 

mdor  ro le  i n  a community, determined by its re la t ive ly  high Cover 

o r  basal area. 
, 

Frequency: The number of p lo ts  o r  quadrats 

i n  which a species is found divided by the  t o t a l  number of plots  o r  

quadrats sampled. Percent frequency = frequency x 100. Thus frequency 

usually i s  re la t ive  only t o  the  p lo ts  within a type; i n  the  case of  

calculating the  importance value index, however, frequency refers  t o  

all plo ts  i n  all types. 

Ground cover: A l l  of t he  herbaceous plants 

and a l l  woody plants less than 18 inches high within a given area. 

Growing stock: The t o t a l  volume per acre 

of a l l  merchantable trees 3 inches DBH or  larger.  

Higher plants: Ferns, club mosses and 

flowering plants. 

Mercharitable timber: A l l  sound, 

conunercially valuable t rees .  In  the  study area t h i s  excludes blue 

beech and redbud. 

Shrub stratum: The t o t a l  of all Woody 

vines and shrubs over 18 inches high and all t r ees  over 18 inches 

high but l e s s  than one inch DBH within a given area. 

Stand size: A c lass i f ica t ion  system 

describing the  volume of all timber i n  an acre area around the  

sampling s i t e .  There a re  four classes:  

1. Large sawtimber - Stands of sawtimber 

t r ees  containing a minimum of 1,500 board fee t  volume per acre i n  



l iv ing  merchantable t r ees  with more than 50 percent of the  net board 

foot volume i n  t r ees  15 inches DBH o r  larger.  

2. Small sawtimber - Stands of sawtimber 

t r e e s  containing a minimum of 1,500 net board f ee t  per acre i n  l iv ing  

merchantable t r e e s  with $0 percent o r  l e s s  of the  board foot volume 

i n  large t r ees  15 inches DBH and up. 

3. Poletipber - Stands with l e s s  than 

1,500 board feet  per acre having a t  l e a s t  30 souad t r ees  5 inches 

DBH o r  larger  per acre, 

4. S e e d l i n ~ s  and saplinns - Stands with 

l e s s  than 1,500 board f ee t  o r  30 t r ees  5 inches D3H o r  la rger  per 

acre,  but  with at l e a s t  100 seedlings o r  aaplings per acre. 

Tree diameter class:  A c lassif icat ion 

system used i n  measuring the  wood volume i n  e i the r  cubic o r  board fee t  

of a par t icular  species. Each class  represents a 2-inch range i n  Dm. 

Thus, fo r  example, t he  12-inch diameter c lass  includes all t r ees  fram 

1 1 t o  12.99 inches DBH. 

Tree s i ze  class:  A c lass i f ica t ion  system 

used i n  measuring the  voXume i n  cubic f ee t  of wood of a par t icu lar  

species. There are two classes.  

1. Pole - Applies t o  a l l  hardwood species - 
f r o m  5 t o  10.99 inches Dm end a l l  softwoods Prom 5 t o  8.99 inches D M .  

2. Sawtimber - Applies t o  all hardwood 

species 11 inches o r  over i n  DBH and a l l  softwoods 9 inches o r  over i n  DBH. 

Type: An association of dominant plant 

species normally occurring together. 

Understory: A l l  t r e e s  from 1 t o  4.99 

inches DBH. 



Vegetation: The t o t a l i t y  of al l  

plants within a given area. 

Volume: The t o t a l  volume per acre of 

merchantable wood i n  all t r ees  measured i n  cubic fee t  for  t r ees  5 

inches DBH and la rger  o r  insboard f ee t  fo r  soft~?oods 9 inches DBH 

and larger  and hardwoods 11 inches DBH and larger .  

8. Nomenclature - Scient i f ic  

nomenclature throughout t h i s  report  f o r  t r ees  follows tha t  of  L i t t l e  

(19531~' and fo r  other plants t h a t  of Radford, Ahles, and Bell (1969) .12 
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Volume of i4erchantable Sswtimber by Species and Tree Diameter Expressed on a Boar? Feet ijer 
Acre Easis 

Epecies or Tree Diameter Class i n  Inches 
Species Group 10 12 14 16-Larger A l l  Di-ameters 

Lobloll- Pine 54  52 60 147 313 
Shortleaf Pine 21. 23 - - 44 
Virginia Pine 81 101 47 35 264 
Eastern Red Cedar 18 - 18 - 36 

~11 Softwoods 174 176 125 182 657 
Black Oalr - 23 10 - 33 
Cherrybark Oak - 13  24 16 53 
Shumard Oak - 9 13 - 22 
Southern Red Oak - 6 - - 6 
Scarlet Oak - 12 - - 12 
Water Oak - 7 22 30 59 
Chestnut Oak - - - 173 173 
Chinquapin Oak - 34 40 - 74 e 
Post Oak - - 13 17 30 & m 
White Oak - - - 102 102 P w 

m I 
Basswood - - - 40 40 N 

w u  
Black Gum - - 11 - 11 W 

Sweetym - 41 22 128 191 b 
Red Maple - 23 44 - 67 
Yellow Poplar - - 48 27 - - 75 
Box Elder 7 - - - - 7 
Black Willow 18 18 
Ash - 40 - - - 37 77 
Elm 6 - 6 
Hi-ckory - 35 42 - - - - 77 
Sugar Maple 135 135 
Hackberry - - 7 14 21 
Black Locust - 36 8 21 - - 

65 
gone: Thcust 6 15 21 
Sassafras - 5 - - .5 

All Hardwoods w 297 310 773 1,380 

A l l  Species 174 473 435 95 5 2,037 

Percent 9 ?3 21 47 

"xar3urood trees i n  this rlnss are pole tlnber. 



Volume of Xerchantable Trees by Species a d  Diaueter Vqressed on e Cubic Feet Per Acre h s i s  

Species o r  Tree Diameter C l a s s  i n  Inches 
Species Group 6 8 10 12 14 16-Larger All  Diameters 

LobloUy Pine - 7 17 12 12 25 73 - Shortleaf Pine 5 10 6 ' 6 - 27 
Virginia Pine 4 10 24 25 10 7 89 
Eastern Red Cedar 5 19 5 I - 4 - 33 
kl.1 S O ~ ~ W O Q ~ S  " i 4  46 52 43 26 32 213 

Black Oak 1 - - 8 3 - 12 
Cherrybark Oak 3 - 9 4 6 4 26 
Sllumard Oak 2 9 4 3 3 - 21 
Southern Red Oak - 0 3 2 - - - - 5 
Scarlet  Oak 1 2 4 4 11 
Water Oak 3 - - 2 5 7 17 
Chestnut Oak - 9 8 - - 35 - 52 
Chinquapin Oak 3 7 6 10 10 
Post oak - - - 36 

7 - - - - 3 - 3 13 
White Oak 17 17 
Basswood - - - - .. 8 8 
Black Gum - - - - 3 - 3 
Sweetgum 14 4 9 12 5 23 67 
Red Maple 3 4 18 7 13 - - - - 45 
Yellow Poplar 6 11 - 6 - 23 
Box Elder 3 2 10 2 17 
3lack Willow - 2 - - - 4 6 
Ash L2 23 4 13 - 8 60 
Black Cherry 5 3 - - - - 8 
Elm 32 11 6 - 2 - - 31 
tfickory 3 9 3 10 r~ - - - 36 
Sugar Maple 3 3 - - - 26 - 9 
Persiormon 1 5 6 
Black Walnut 1 - 7 - - - 8 .  
Winged Elm 2 3 - - - 5 
Hackberry, 4 I? 5 - 2 63 : 31 
Black Locust 4 9 25 . 10 2 56 
.Boney ~ o c u s t  - - - 2 - 4 6 
Osage Orange 1 - - - - - 1 . , 



Species or 
Species Group 5 8 10 12 14 16-Larger All Diameters 

Sassafras 

All Hardwoods 

All Species 

Percent 
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Table B3-3 

Volume of A 1 1  Merchantable Trees by Speciea and Tree Sjze Class 
ExpressedonaCubic Feet Per Acre Basis 

Species o r  
Species Group 

Tree Size Class 
Pole Sawtimber All Classes 

Loblolly Pine 
Shortleaf Pine 
Virginia Pine 
Eastern Red Cedar 

A l l  Softwoods 

Black Oak 
Cherrybark Oak 
Shumard Oak 
Southern Red Oak 
Scarlet, Oak 
Water Oak 
Chestnut Oak 
Chinquapin Oak 
Post Oak 
White Oak 
Ba#svood 
Black Gum 
Sweetgum 
Red Maple 
Yellow Poplar 
Box Elder 
Black Willow 
Ash 
Black Cherry 
Elm 
Hickory 
Sugar M$gle 
Persimmon 
Black Walnut 
Winged Elm 
Hackberry 
Black b c u s t  
Honey Locust 
Osage Orange 
Sassafras 

A l l  Hardwoods 

A l l  Species 

Percent 
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Table B3-4 

Tree Species Found in  the BeUefonte Nuclear Plant S i t e  Vegetation 
Survey, Arranged According.to Importance Value Index. 

. - 
Scient i f ic  Name 

~- p~ 

Liquidambar s tyracif lua 

Pinus . v i r ~ i n i a n a  - 
Fraxinus 2. 
Robinia pseudoacacia 

Pinus taeda 
7- 

Carya sg. 
Ulms sp. 

&ereus muehlenber~ii  

Acer rubrum -- 
Juniperus virginiana 

Quercus prinus 

&. Falcata var. pagodaefolia - 
Pinus echinata - 
Celt is  2. - 
b e r c u s  

Lirlodendron t u l i p i f e r a  

Acer saccharurn - 
fhercus shumardii 

~ c e ;  negundo - . ~ 

i CZuercus velutina - 
Cerci.s canadensis 

T i l i a  heterophylla - 
%ereus coccinea 

Prunus serotina 

b e r c u s  s t e l l a t a  

Q. aLba - - 
Gledi ts ia  tr icanthos . " Juplans nigra 

I 
k e r c u s  fa lca ta  

3 .  sylvatica 

Ulmua a l a t a  

Common Name 

Sweetgum 

Virginia Pine 

Ash 

Black Locust 

Loblolly Pine 

Hickory 

Elm 

Chinquapin Oak 

Red Maple 

Eastern' Red Cedar 

Chestnut Oak 

Cherrybark Oak 

Shortleaf Pine 

Hackberry 

Water Oak 

Yellow Poplar 

Sugar Maple 

Shumard Oak 

Box Elder 

Black Oak 

Redbud 

%sswood 

Scarlet  Oak 

Black Cherry 

Post Oak 

White Oak 

Honey Locust 

Black Walnut 

Southern Red Oak 

Black Gum 

Winged Elm 

Importance 
Value Index 

, " 

9.74 
7.90 * 

7.10 . 

6.53 

5 .a 
4.61 
4.47 
4.i3 
L o g  

3.79 

3-49 
3 h02 

2.81 

2.79 

2.73 >. . . 
2.70 

2-55 
,2.20 

* 2;12. * .  
1.71 

' 1.57 
1.40 

1-36 

1.34 

1.26 

1.19 

* 99 
.95 
.83 
.81 

075 
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Table B3-4, Contd. 

Scien t i f ic  Name Common Name 
Importance 
Value Index 

Diospyros v i r ~ i n i a n a  

Sal ix  - 
Sassafras albidum 

Quercus ;ehellos 

Carpinus c&rolinanan 

MacLura pornifera 

Persimmon .74 
Black Willow .54 - .  

?, . 
Sassaf'ras -43 

8 .  

Willow Oak .38 
Blue Beech .36 i 

.36 Osage Orange 
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Table B3-5 

Understory Species Found in  the BOlLefonte Nuclear Plant S i t e  Vegetation 
Survey, Arranged According t o  Importance Value Index. 

Sc ien t i f ic  Name 
Importance 

Common Name Value Index 

UlmuS sp. 

Cel t is  s. - 
fiaxinus 2. 
Juniperus virginiana 

Cavrya a& 

Ulmus a l a t a  -- 
Cornu s Plorida 

Cercis canadensis 

Liquidambar s tyrac i f lua  

Quercus prinus 

Aoer rubrum -- 
Quercus coccinea 

Carpinus caro l in ima 

Nyssa sylvatica 

Kalmia l a t i f o l i a  

Acer saccharum - 
Viburnum ~run i fo l ium 

Quercus muehlenbergii 

maqdifol ia  

NXUB rubra 

%ercus & 
Prunus serot ina - 
Quercus f a l ca t a  

0. n_igra - 
negundo 

Robinia pseudoacacia 

Diospyros virginiana 

Pinus echinata -- 
Quercus velutina 

Liriodendron t u l i p i f e r a  

Rhamnus caroliniana 

Gledi ts ia  tr iacanthos 

Elm 

Hackberry 

Ash 

Eastern Red Cedar 

Hickory 

Winged Elm 

Flowering Dogwood 

Redbud 

Sweet gum 

Chestnut Oak 

Red Maple 

Scarlet  Oak 

Blue Beech 

Black Gum 

Mountain Laurel 

Sugar Maple 

Black Haw 

Chinquapin Oak 

American Beech 

kfulberry 

White Oak 

Black Cherry 

Southern Red Oak 

Water Oak 

Box Elder 

Black Locust 

Persimmon 

Shortleaf Pine 

Black Oak 

Yellow Poplar 

Carolina Buckthorn 

Honey Locust 



Table ,B3-5, conta. 

^" 

Importance 
Sc ien t i f ic  Name Common Name Value Index - 

i@ercus fal-cata var. panodaefolia 

Dxydenrlrum asboreurn 

Quercus phellos 

(1. s t e l l a t a  - 
Sassafras albi.dum 

T i 1  in heterophylla - 
I l ex  decldua 
w 

I r i  nOera benzoin 

Pinus taeda -- 
P. C r ~ i n L a n a  - 

Cherrybark Oak 

Sourwood 

Willow oak 

Post Oak 

Sassafras 

Basswood 

Possum Haw 

Spicebush 

h b l o l l y  Pine 

Virginia Pine 
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Table B3-6 

Shrub Stratum Vegetation pound i n  t h e  Bellefonte Nuclear Plant  S i t e  
Vegetation Survey, Arranged According t o  Importance Value Index. 

-- Importance 
S c i e n t i f i c  Name Common Name Value Index 

Ulmus a l a t a  -- 
C e r c i . ~  canndensis - 
Lonicera .japonica 

Caryn sg. 

R u h s  2. - 
Diosp,yros v i rg in iana  

Robinia pseudoacacia 

Fraxlnus 3. 
Cornus a. 
Berchemia scandens . 
V i t i s  r o t u n d i f o l i a  - 
Juniperus v i rg in iana  

C e l t i s  2. 
Gassafras albidum 

Cnrpinus carol ini-ana 

U S  9. 

Qlercus vel-utina 

1jir iodendron t u l i p i f e r a  

Quercus coccinea 

Acer rubrum 

Smilax rotundj .fol ia  - 
Quercus 2rin11s 

Linrlcra benzoin 

Kal mia l a t i f o l i n  

Vsccini~im corymbosum 

Ampleopsis cordata  

C'mpcis radicans  

Lj quid:tmbar s t y r a c i f l u a  

Rhamnus carol in iann 

. & snccharum 

Prunus ~ e r o t  ina 

Fringed Elm 

Redbud 

Japanese Honeysuckle 

Hickory 

Blackberry 

Persimmon 

Black Locust 

Ash 

Dogwood 

supple j a i k  

f i scad ine  

Eastern Red Cedar 

Hackberry 

Sassafras  

Blue Beech 

Elm 

Black Oak 

Yellow Poplar 

S c a r l e t  Oak 

Red Maple 

Ca tb r i e r  

Chestnut Oak 

Spicebush 

Mountain Laurel  

Highbush Blueberry 

Heart leaf  Ampleopsis 

%urnpet Creeper 

Sweetgum 

Carolina Buckthorn 

Sugar Maple 

Black Cherry 
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Table B3-6, Contd. 

Importance 
3cient l f i .c  Name Common Name Value Index, 

Ctuercus imrehlenbergii 

Cal l icarpa  m e r i e a n a  

Smi.l:tx bona-nox 

Zlex decidua - 
Hydranirea q u e r c i f o l i a  

V i t i s  pal-mata - 
@ercus s t e l l a t a  

Acer neeundo - 
Kydrangea arhorescens 

Oxydendrum arboreum 

Rhus copall.lna - 
g r a n d i l o l i a  

Morus nibra 

Rtus radicans  - 
Bumelia lyc io ides  

Coccul.us ca ro l inus  

Nyssa s y l v a t i c a  - 
Slercus  f a l c a t a  

Aesculus octandra 

Alnus s e r r u l a t a  - 
Lk~onymous americanus 

Ostrya v i rg in iana  

Parthenocissus quinquefolia  

Pinus taeda  -- 
G-uercus a l b a  

Q. shumard J i - 
Rhododendon nudiflorum 

Galix a - 
Sambucus canndensis 

:;mil a x  g lauca  

Vaccinium arboreum 

Vi.burnum prunifolium 

Quercus phe l los  

Chinquapin Oak 

French Mulberry 

Bu l lb r i e r  

Possum Haw 

Oakleaf Hydrangea 

Red Grape 

Post Oak 

Box Elder 

Wild Hydrangea 

Sourwood 

Winged Sumac 

American Beech 

h l b e r r y  

Poison Ivy 

Southern Buckthorn 

Coralbeads 

Black Gum 

Southern Red Oak 

Buckeye 

Common Alder 

Strawberry Bush 

Ironwood 

Vi rg in ia  Creeper 

Loblolly Pine 

White Oak 

Shurnard Oak 

Pinxter-flower 

Black Willow 

Elder 

Sawbrier 

Sparkleberry 

Black Haw 

Willow O& 
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Table B3-7 

Ground Cover Vegetation Found Jn the P*?.l6?fonte Nuclear Plant S i t e  
Vegetation Survey, &ranged According t o  Importance Value Index. 

-- 
Importance 

SclentI f i c  Name Common Name 

Poaceae 

Lespedeza a. 
Andropogon virginicus 

Parthenocissus quinquefolia 

Lonicera Japonica 

Ambrosia a r temis i i fo l ia  

V i t i s  rotundi f o l i a  - 
Cel t i s  2. 

Ph,ytolacca americana 

Coreopsis t r i p t e r i s  

Berchemia scandens 

Cnmpsis radicans . 
Helenium amarum 

Rubus 2. - 
Vernonia al t  issima 

Festuca 2. 

Cercis canadensis - 
radicans 

Anisosti.chus capreolata 

Polyganum 3. 

Ul mus a l a t a  -- 
Smilax rotundifo1i.a 

I;. B;1.FLuca - 
Solanum carolinense 

Impatiens capensis 

Robinia pseudoacacia 

8. 
Desmodium 3. 
Prunus serot  ina 

Eupatorum serotinum - 
E. coelestl.num - 
Smilax bone-nox - 

Grass 

Lespedeza 

Broom Sedge 

Virginia Creeper 

Japanese Honeysuckle 

Ragweed 

&scadine 

Hackberry 

Poke 

Coreepsis 

Supple jack 

Trumpet Creeper 

Bitterweed 

Blackberry 

Ironweed. 

Fescue 

Redbud 

Poison Ivy 

Cross Vine 

Smartweed 

Winged Elm 

Catbrier 

Sawbrier 

Horse-nettle 

Jewel-weed 

Black Locust 

Beggar 's Lice 

Black Cherry 

Thoroughwort 

M i s t  flower 

Bullbrier 

32 50 

7.60 
6.27 

4.52 

3.53 

3.25 

2.32 

2.32 

1.56 
1.54 

I.. 50 

1.42 

1.. 34 
1.24 

1.24 

1.22 

1.08 

1.03 

1.02 

.92 
85 

.82 

.78 

-72 

.72 

69 
-69 
.65 
.64 
.62 

-58 
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Table B3-7, Contd. 

- 
Importance 

Scient i.fi c Name Common Name Value Index 

, - 
Fraxinus =. Ash 58 
Accr neellnrlo - Box Elder 
Cornus 3. Dogwood ,56 
Sassafras olbidum Sassafras ,- 52 

hcer rubrum -- Red Maple -52 
Diospyros virginiana Per s immos .50 

Cizrya 2. Hickory 647 
Asplenium platyneuron Black Spleenwort .46 
lfoustonia 2. Bluets .41 
Qrrercus s t e l l a t a  Post Oak .40 

T I ?  quidmubar s tyrac i f lua  Sweetgum 36 
False Mettle 36 Roehmeria cyl indr ica  

Sedum sp. -- Stone Crop ~ 3 4  
Cassia fasciculata  Partridge Pea ~ 3 4  
Dioscorea v i l l o sa  Wild Yam 30 

Sol.nnum americanum Deadly Nightshade .28 

17:rcchtites h ie rac i fo l ia  Fireweed .28 

:;olidngo Goldenrod ,26 

Chi maphila macul.ata - Pipsissewa .26 
Cocculus carolinus Coralbeads .26 

Polystj.chum acrostichoides Christmas Fern .26 

Qlercus muehlenbergii Chinquapin Oak .26 
(4. phcllos - Willow Oak .26 
Ampleopsis cordata Heartleaf Ampleopsis -24 

Galium sp. -- Bedstraw .24 

Iva annua -- Marsh Elder .24 

iEjblscus a. Hibiscus .24 

Corpinus caroliniana Blue Beech ;21 

14:uon.ymus americanus Strawberry Bush .20 

T~iriodendron t u l i a i f e r q  Yellow Poplar .20 

Philadelphis inodorus Mock-orange .20 

Qacrcus White Oak .20 

&. Chestnut Oak .20 







SEPTEMBER 1972 / Figure B3-1 

VEGETATION CQVER 
BELLEFONTE NUCLEAR PLANT SITE 



Also i n  July,  vertic&l qua l i ta t ive  zooplankton 

samples were collected by lowering a plankton ne t ,  1 /2  meter i n  diameter 

and equipped with a No. 20 net  (173 mesh per inch) ,  t o  the  bottom and 

ra i s ing  it t o  t h e  surface i n  a s ingle  haul. A l l  smtples were taken 

from midchannel. In  the  embayments horizontal  t o w  were made adjacent 

t o  watermilfoil beds. 

In  October preliminary quantitative zooplankton 

sanples were collected with a Van Dorn water sampler at the  same s ta t ions  

used i n  July. Duplicate samples composed of 7 l i t e r s  of water were 

collected at  the  surface, middle, and near t h e  bottom of t h e  ve r t i ca l  

water column. The zooplsnkters were concentrated by pouring the  water 

through a Wisconsin plankton net bucket, preserved with ethanol, and 

returned t o  t h e  laboratory for  ident i f ica t ion  and enumeration with the  

a id  of a compound microscope at 100X. Genera and species found are  

repcrted i n  Table Bk-5. Those occurring most frequently a re  indicated 

with aster isks .  

Concentrations of chlorophyll a pigment were deter- 

mined by f i l t e r i n g  collected water through 1.2mu Millipore membrane 

f i l t e r s ;  extracting the  pigment i n  a dark re f r igera tor  fo r  24 hours with 

a solution of 90 percent acetone, which dissolves t h e  f i l t e r  and i ts  

collected residue; and reading individual stock of pigment reported as 

chlorophyll 5 per un i t  of volume w a s  estimated (Table B4-6). A mean 

concentration was determined fo r  each depth. 



3. General observations - The bottom Of t he  reser- 

voir a t  Bellefonte near areas of proposed construction impact has a 

smooth gradient and the  channel banks slope gradaally t o  a depth of 

25 t o  30 feet  a t  nridchatmel. Tlie sediment i s  basically f ine,  dominated 

by very f ine  sand. L i t t l e  vo la t i l e  material is presmt--only 0.1 t o  

0.6 percent of t h e  weight was l o s t  by ashing the  samples a t  600'~. 

The resu l t s  of traee metal analyais of bottom sediments i n  the  v ic in i ty  

of the  Bellefonte s i te  are  sham i n  Table B4-7. 

The macroinvertebrate fauna of the  channel bottom 

and slopes is limited i n  diversi ty ,  but t h a t  of tKe shoreline, is land 

slopes, overbank mscroph!&e beds, and embayments w a s  diverse. Addi- 

t iona l  careful shoreline work w i l l  be necessary t o  docwent the  fauna 

more fully. The rooted maerophyte f lora  was surveyed t o  determine species 

and t o  map the  dis t r ibut ion of waternilfoil .  The p a r t i a l  l i S C  of f lo ra  

is shown i n  Table 1.2-17, i n  section 1.2, and a map i l l u s t r a t i n g  dis- 

t r ibut ion  of watern i l fo i l  is shown i n  figure B4-3. The macmphyte Pauna 

i n  a downstream watermilfoil bed surveyed i n  1969-70 i s  presented i n  

Table B4-8. 

Chrysophyta and Chlorophyta (diatoms and green algae) 

a re  the dominant phg.topl&nkters. The actual  abundance of various 

form is very unevenly dis t r ibuted within and between given water 

masses. These phytoplankters a re  preyed on by a diverse sooplanktoh 

assemblage. In  turn,  many of the  zooplankters a re  preyed on by 

other more active zooplenkters such as Chaoborus and Leptobra.  

Each s t ep  i n  the  trophic network increases the  diversi ty  of pathways. 

Additionally, many zooplankters and macroinvertebrates a re  associated 

with the  lagcrophyte beds. 



Present sample data would suggest that a limited 

topographic diversity and restricting sediment composition are reducing 

the diversity of macroinvertebrates in the Tennessee River near the 

proposed Bellefonte site. Macrophyte beds a d  shoreline development 

provide multilevel stratification and diverse habitats for shoreiine 

organisms, and samples reflect this diversity of physical habitat. 
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Table ~ 4 - 1  

SIEVE ANALYSIS AND PWCEKCAGE OF VOLATILE SOLIDS I N  THE BENTHIC SEXlLME3TS 

. COLLFCTED AT BELLElQNTE - AUGUST 1972 

Par t icu la te  Sizes  (percent) 
Very Fine Sand C w s e  S i l t  Meaim Silt Fine S i l t  Very Fine S i l t  Coarse Clay Medium Clay Organic 

S ta t ion  (1/8-l/i6 mm) (1/32 m) (1164 mu) (ill28 an) (11256 mm) (11512 m) (1/1024 mu) Content 
TRM Bank - - 

391.6, right 51-07 0.48 7.87 13.18 7.37 3.47 2.45 0.1 

392.0, r i g h t  62.85 6.18 6.32 7.90 4.08 1.24 2.62 0.2 





T a b l e  ~ 4 - 3  

PERCENT COMPOSITIOM OF SUMMER PWMPJAVETON W L F S  - BELLEFONTS S I T E  

F'HYT0PLANE;TOR COMPOSITIW (PWCENT) AT I N D I C h ~  DEPTH (M) 

TF@f 391.3 
Surf. 1 3 --- 



Table B4-4 

PREDOMCNAET GENFiRA OF PKYIFOPLANELTON THAT OCCURRED I N  THE EPILlMNION 

AT BELEPOX$E SITE (JULY 6, 1%)- 

Chrysophyta (Diatoms) Cyanophyta (Bluegreens) 

Ksterionella sp. 
Cocconeis sp. 
Cyclotella sp. 
Cymbella sp. 
Diatoma sp. 
Dinobryon sp. 
EUnotia sp. 
Fragilaria sp. 
Gyrosigma sp. 
Melosira sp. 
Navicula sp. 
Nitzschia sp. 
Rhizosolenia sp. 
Stephanodiscus sp. 
Synedra sp. 
Tabellaria sp. 

Chlorophyta (Greens) 

Ankistrodesms sp. 
Carteria sp. 
Chlmydomonas sp. 
Clitore3J.a sp. 
CosmariG sp. 
Dictyosphaer,ium sp. 
Eudorina sp. 
s i e ~ a  sp. 
Pandor ina sp . 
Ilediastrum sp. 

Euglenophyta (Euglenoids) 

Euglena sp. 
Phacus sp. 

Pyrrophyta (Browns)  

Ceratium sp. 
Cryptomonas sp. 
Glenodinium sp . 
Gymnodinium sp . 
Peridinium sp. 

- -- 
~ 0 t o c o c m s  sp. 
Scenedesms sp. 
Staurastrum sp. 
Tetraedron sp. 
Tetraspora sp. 



B4-11 

Table k4-5 

ZOOFTABKTON AT THE B&LEFOKCE STATIONS - JULY 6 AND OCTOBER 3, 1972 

Organisms 
TRM 391.3 TRM 392.3 

july October July October 

Synchaeta sp. 
Trichocera sp. 

Total 30 16 27 16 

*Zooplankters that  occurred most f'requently in the quantitative samples 
collected on October 3, 1972 



UIBTICAL CHLOROPHYU "a" E S T M T E  =OM S m  SXADES 

Bellefonte, July 6 ,  1972 

TRM,,39.*3 d m 3  ' ~ ~ ~ 3 9 2 . 3  
S q l e  Sample 
1 2 A x  1 2 - -  - -  A& 



Table &'-7 " 

Trace Metal Analyses of Bottom Sediments 

In Vicinity of the Bellefonte Nuclear Plant Site 

Metals Content of Sediment &/g) (dry weight) 
Stream* - Iron Manganese Copper Zinc Chromium Aluminum Nickel Silver Lead Mercury Barium Cadmium Beryllium - - 

Samples collected August 31, 1972 

*RB - right bank 
W - mid-channel 

. LB - l e f t  bank 



8 
d a . s R ?  

0 O O N  



F 6% 
B m o t  

? 
.a 

s?? 
m o m  







@ Sampling Stat ions  



TOPOGRAPHIC FEATURES OF 
GUNTERSVILLE RESERVOIR f N  THE 

VICINITY OF THE BELLEFONTE SITE 



Shaded Area i s  Eurasian WaternflfaSl 



Appendix C 

Ah' ARCXAEOLOGTCAL SURVEY OF THE 

BELLWbBTE KlWW PLAHT SITE 

By 

Carey B. O W e y  

. In Cooperation With 

The Tennessee Valley Authority 

September 6, 1972 



AN ARCHAEOMEICAt SURVZY OF l733 

BELLEFOXTE POWER PIAWE SITE 

At the request of the Tennessee Va;Lley Authority, an archaeo- 

logical survey was conducted to locate any aboriginal sites that might 

be disturbed bg the construction of the Bellefonte power plant. Field 

reconnaissance began on Augvst 22, 1972, and continued thK,ugh August 25, 

1972. All phases of this survey were directed by Mr. Carey B. OaWeY, 

Research Associate in Archaeology, Depqrtment of Anthropology, University 

of Alabama* He was assisted by anthropalogy students from the University 

of Alabama. 

1. Natural setting - The property proposed for the 
site of the Bellefonts power plant is located on a br& peninsula. 

isolated by the Tennessee River on the southeastern border and by T o m  

Crcek on the northwestern and northeastern boundaries. At one time, 

this peninsula compriseil a larger land msss, but the mJority of the 

associated flood plain was inundated by the eonstruction of Ountersvllle 

Dam. 

Soils of this area vary from a silty loam to a 

cherty clay. The latter usually overlies outcroppings of Bangor Lime- 

stone which caa be seen axposed in the nwaerous gullies of this region. 

This fomtion is responsible for the series of limestone hills that 

run parallel with the Tennessee River. Most of the terrain has been 

subjected to severe sheet erosion, leaving only the basic subsoils and 

associated bed rock formations. The climate is considered temperate, 

with hot humid surmers end Mild winter$. This environment is favorable 



for the growth of hardwood forests, intennixed with stands of loblolly 

and shortleaf pines (Swenson 1954 9. 

2. Previous archaeolo~ical research - During the 
19301e, a program of archaeological salvsge was conducted in the 

Guntersville Reservoir. At that time some 343 archaeological Sites 

were recorded in Jackson and Marahsll Counties. Forty-one of these 

sites were selected for excavation. These investigations revealed a 

generalized chronology. indicating extensive utilization by prehistoric 

Indians for several thousand years (Webb 1951). More recent archaeological 

research has been conducted in bftirsha2;1 and DeKalb Counties. Several 

bluff shelters in the Sand Mountain area have yielded information about 

the early inhabitants who occupied this region some 8,000 to 10,000 

years ago (Clayton 1965). 

3. The survey - The methods involved in this survey 
consisted of walking the proposed construction area and checking the 

numerous gullies, roadbeds, and other bare spots which afforded a break 

in the thick grass cover. Portions of the property which are marginal 

to the Guntersville Lake were examlned with the aid of a boat. Test 

pits vere excavated in the sites located in order to ascertain the 

mount and significance of the archaeological deposits. This method 

of surveying has been an accepted technique by the archaeological pro- 

fession for many years and results in valid conclusions with regard to 

the particular importance of a specific site. 

Five habitational areas were investigated, two of 

which vere recorded during the original Ountersville Basin Survey. 



(1) 1 J a  35 (Elevation 580'-600') - 
Reverification of a previously recorded s i t e  ( s i t e  Survey F i l e s ,  Mound 

Sta te  Monument, Mouadville, Alabama). A t  t he  time of t h i s  survey only 

a small marginal portion of t he  s i t e  remained above the  present lake 

level .  Sparse amounts of l i t h i c  n a t e r i a l  were col lected f romthe  

eroding shoreline. The lack of any appreciable cu l tu ra l  deposit would 

suggest t h a t  t he  major portion of t h i s  occupational area l i e s  well within 

t h e  exis t ing reservoir .  

( a )  Material analysis - 
1 limestone tempered plain  sherd 

4 p ro j ec t i l e  points broken unidentifiable 

i* s ide  end scraper 

1 spokeshave 

4 unidentifiable worked stone 

L core 

41 flakes 

6 decortication flakes 

18 u t i l i z e d  flakes 

8 u t i l i zed  decortication flakes 

2 b i f a c i a l  retouch flakes 

5 chunks 

fire cracked rocks present on s i t e  

b Cultural  a f f i l i a t i o n  - 
Archaic, Woodland. 



(2) 1 Ja 36 (Elevation 580'-600'3 - 
Reverification of a previously recorded site (site Survey Files, Mound 

State Monument, Moundville, Alabama). 1 Ja 36 is located an a natural 

levee immediately adjacent to the original bank of the Tennessee River 

and it8 confluence with a small unnamed inlet. Today, only a sxaa3.l seg- 

ment of this site remains in the form of sn enlongated island. Inunda- 

tion Of the majarity of the site precluded any intensive examination. 

(3)  1 Ja 300  levati ti on 600'-620') - This 
site is situated on a low knoll, overlooking the right bank of a d l  

uMkmsd inlet, approximately 300 feet northwest of 1 Ja 36. The results 

of 6 randomly spaced test pits reveal an occupational area of approri- 

mately 200 feet by 250 feet. A m r e  restricted shell concentration, 

about 50 feet in diamciter, is located in the central portion of the 

site. Recent logging operations have damaged approximately 10 percent 

of the mite, leaving about 90 percent relatively undisturbed. Depth Of 

the cultural deposit varies from 18 inches near the center and thinning 

to about 1 foot toward the site limits. Although this deposit is COB- 

paratively shallow, it is significant since the area has never been 

cultivated. 

(a) Material analysis - 
1 shell tempered plain sherd 

23 limestone tempered plain sherds 

3 limestone tempered brushed sherds 

9 projectile points: 5 stemmed; 2 pentagonal; 1 round base; 
1 triangular 

3 unidentifiable projectile point fragments 



1 spkeshave-scraper 

1 side-end scrtper 

1 core 

10 unidentifiable worked stbne 

3 biiacial retouch flakes 

128 flskes 

29 decortication flakes 

16 utilized flakes 

3 utilized decortication flakes 

19 chunks 

1 hamaer-abrader stone 

1 r-anvil atone 

a quantity of mussel shell and fire cracked rock mas present 
on the surface 

(b) C u l t ~ a l  affi1iatioA - 
Archaic, Woodland, Mississippian. 

(4) 1 Ja 301 (Elevation 640'-660t) - 
This site is aituated on a high knoll adjacent to 2 limestone hills, 

Slight ~ppounts of lithic debris are scsttered over an area of about 75 

feet by 100 feet. Test pits revealed sterile soil beneath a thin ploaone. 

(a) Material analysis - 
1 projectile point broken unidentifiable 

1 unidentifiable ~ r k e d  stone 

23 flakes 

4 decortication flakes 

Archaic. 



( 5 )  1 J a  302 (Elevation 5951-620') - 
This s i t e  i s  located i n  one of t h e  few areas of t h e  peninsula i n  which 

a process of s o i l  accumulation has occurred. The s i t e  area  is presently 

covered by an extensive growth of secondary vegetation. One t e s t  

revealed an 8-inch plowzone composed of a sandy loam s o i l  Which over- 

l i e s  a darker occupational flood deposit with a thickness of 1 8  inches. 

It i s  estimated t h a t  1 J a  302 encompasses an area of about 100 fee t  by 

150 fee t .  

(a )  Material analysis - 
3 limestone tempered plain sherds 

1 pro jec t i l e  point: 1 s ide  notched 

3 flakes 

1 decortication f lake 

12 f i r e  cracked rocks 

miscellaneous s h e l l  fragments 

(b)  Cultural  a f f i l i a t i o n  - 
Woodland. 

4. Summary and recommendations - 1 Ja 300 i s  the  

most important occupational area  recorded during t h i s  survey. An analysis 

of t h e  cu l tura l  material  indicates  t h a t  t h i s  s i t e  was occupied during 

the  Archaic, Woodland, and Mississippian cu l tu ra l  periods. The bulk 

of t he  deposit m a y  be a t t r ibu ted  t o  an extensive Woodland occupation. 

I n  order t o  appreciate t he  importance of 1 Ja 300, 

reference must be made t o  the  previous archaeological investigations 

of t he  Guntersville Reservoir. A t  t h a t  time several  maJor habi ta t ional  

areas were excavated which generally correspond t o  t he  cu l tu ra l  sequences 



represented at t h i s  s i t e .  However, archaeological methods involved i n  

these e a r l i e r  investigations were quite different  from those of today. 

The method of ve r t i ca l  s l ic ing  of archaeological deposits did not per- 

m i t  the close control of a r t i f ac tua l  matwial.  Today's techniques of 

horizontal s t r ipping of t u r n e r  leve ls  insures closer control' within 

an archaeological deposit. Also, these e a r l i e r  excavations were con- 

dueted p r io r  t o  the  discovery of the  radiocarbon method of absolute 

dating. It is because of t h i s  fac t  t ha t  only a re la t ive  chronology vB$ 

established f o r  t h i s  region. 

An extensive investigation of 1 J a  300 should yield 

an a p l e  amount of cu l tura l  a - k e r i a l  i n  association with the  necessary 

radiocarbon samples which ~ u L d  c l a r i f y  and enhance the  archaeological 

data currently available. In  addition, an excavation of this d e p s l t  

should give important inferences a s  t o  the horizontal dis t r ibut ion of 

specialized work areas within the s i t e  limits. In many cases the  larger  

habitations1 s i t e s  a re  too complex t o  i so la t e  these individual work 

areas. 

The analysis of the  l i t h i c  debris Prom 1 Ja 301 

suggests an intermittent campsite u t i l ized  during Archaic times. The 

s l igh t  mount of cu l tura l  material recovered and the  extensive mount 

of sheet erosion of t h i s  s i t e  suggests tha t  additional archaeological 

investigations would be unpror$uctive. 

Cultural material recovered from P J a  302 reveals 

a Woodland occupation of some duration. Limited excavations a re  recm- 

mended i n  order t o  correlate  t h i s  deposit with tha t  of 1 Ja 300. 



The property proposed for the Bellefonte power 

plant was never extensively utilized by the prehistoric Indian. The 

isolation of most of this area from an available watersource was probably 

the major contributing factor to this paucity of abcriginal sites. 

1 Ja 301 is the only site which may be considered as an inland occupa- 

tional area. Sites 1 Ja 300 and 1 Ja 302 represent riverine occupational 

area# which are positioned on the flood plain between the Tennessee . 
River and the adjacent limestone hills. This situation is also true 

for 1 Ja 35 and 1 Ja 36. 
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Appendix I) 

RADIOMGICAL MAJAYSIS FOR MSWRTATION 

OF S m m  FmL Am RADIOACTIVE wmm 

1. Normal shimuent - The direct external radiation 

dose from the normal shipment of irradiated fuel elements and radio- 

active waste has been estimated. 

Three cases are considered, These cases are: 

(1) the dose ra te  versus distance flom a stationary shipping container 

under normal conditions; (2)  the dose t o  an individual from the passing 

shipping container; eurd (3) the population dose due t o  the pessege of 

the shipping container (see figure D-1) . 
The dose rates end doses are estiplated by cansidering 

the source t o  be an isotropic point source located a t  the centerline 

of the shipping container. Under normal conditions the dose ra te  shall  

not exceed 10 mrem/h a t  6 feet f r a t h e  container surface. The source 

strength, I, produces 10 mrem/h a t  6 feet + Rc, where Rc is the con- 

tainer half thickness. The average gannna-ray energy is calculated t o  

be about 1 MeV. 

The Qse ra te  as  a function of distance iKmr the 

shipping container is calculated by 

DR = I e-w B(E, Z, , (1) 

r 2 

where 

I = source output, 

r = source t o  receptor distance, (ft), 



u = linear attenuation coefficient, (*-I), = 2.5 x f%-', 

B(E, 2, ur) = linear buildup factor for air and is giwn by 

1 + Kw, ( 2 )  

and uen is the linear energy-absorption coefficient. 

The results of the dose rate celclrlations for a stationary shipping 

container are shown in figure D-2. 

The total dose delivered to an individual at a 

given distance fKmD the centerline of the right of M;y by a passing 

shipping container pass* with a constant speed of 20 mi/h is cdculrtCed 
r)' 

where 

x = the distance along the shipying route, If%), 
v = the velocity, 

therefore, 

where 

1 = source output, 

r = (x2 + a2)l/*, (ft), 



d a the distance no& to the centerline of the container's 

line of travel at which a person is located, (*I, 

B(E, 2, ur) and u are as defined for equation 1. 

The dose to an individual at varying distances, d, f r om a passing ship- 

ping container is given below. 

Dose (mrem) 

The population dose within 112 mile of the route 

of travel is calculated by considering the integrated dose at 6 inter- 

vals between 100 and 2,640 feet from the right. of wsy centerline. The 

computation is based. on the assumption that 100 people per s q w e  mile 

are uniformly distributed along the route of travel. Atr actual popu- 

lation dose may be computed by multiplying the population dose based 

on 100 persons per s q w e  mile by the ratio of the actual population 

density to the assumed population density. Using these assumptions a 

population dose of 1.59 x man-rem/mi per shipment is calculated. 

In these calculational estimates, the attenuation 

due to maamade structures, trees, and other scetterers and/or absorbers 

is not considered. 

2. Transportation accident - The principd potential 
environmental effects from an accident involving irradiated fueL are 

those from direct radiation resulting from increased radiation levels 

rznd Prom gaseous releaee of noble gases and iodine. 



The d i rec t  external radiation dose r a t e  f rom 8 

transportation accident has been evaluated. Under accident conditions 

the  doae r a t e  sha l l  not exceed 1,000 wem/h a t  3 fee t  from t he  con- 

t a ine r  surface. The dose r a t e  i s  egtimated using equation31 and a 

souree str- which produces 1,000 mrem/h a t  3 fee t  + Rc. The 

resdts a re  shown i n  figure D-3. 

It i s  assumed t h a t  there  would be no gaseous releases 

without a substant ial  quantity of decay heat i n  t h e  shipping container 

plus the  addition of external heat such 8a from a fire. Thus, it is 

assumed t h a t  t h e  thermal currents surrounding the  container car ry  any 

released f i ss ion  gas@$ t o  s height of 10 meters before they are  dis- 

persed i n  t h e  environment. Doses t o  the  whole body, skin, and thyroid 

have bean calculated and a re  plot ted vs, distance i n  f i p r e  DA. These 

dose curves represent the  envelope of the  doses fo r  Pasquill  s t a b i l i t y  

conditions A through F with a wind speed of 1 m / s .  For a specif ic  

accident (with a wind speed of 1 m/s and fo r  one part icular  Pasquill  

s t a b i l i t y  condition) the  maximum doses would be equal t o  the  "plateau" 

doses shown i n  figure D-4, but the  "plateau"' doses would not prevail  

over the  en t i r e  range of distance between 50 and 1,300 fee t .  Far wind 

speeds i n  excess o f  1 lnls the  doses wauld be lower than shown i n  figure 

D-4 by a Pactar equal t o  the  reciprocal of t h e  vlnd speed. A s s d n g  a 

person stands $0 fee t  frornthe cask duxing the  en t i r e  8CCident, t he  

resul t ing whole-body dose is about 2 mrem, t he  skin dose i s  about 86 

mrem, and the  t'lnyroid dose is  about 5 ran. Assuming an average popula- 

t ion  density of 100 persons per square mile, the  whole body dose due 

t o  gaseous releases  is 0.07 man-rem, t h e  populatton &in dose is 2.5 



--re% and the iodine inhalation pornation dose i s  150 mn-rem. 

TVA considers the average population t o  be the most rea l i s t i c  number 

t o  use i n  analyzing transportation accidents because of tbe s m a l l  frac- 

t ion of the t o t a l  distance trave9ed in  high population density areas 

and because accidents i n  such areas generally occur a t  lower speeds 

and %herefore would be leas severe. 

Doses t o  a truck driver who remains near the truck 

during a transportation accident are about 2 mrm t o  the whole body, 

about 86 mrem t o  the skin, and about 5 ran t o  the  t w o i d .  The whole- 

b68y dose t o  the drlver due t o  direct radiation from the  shipping cask 

Can be estfmsted from figure D-3. 

consideration has been given t o  the radiological 

impact of the  shipment of t r i t i a t ed  water. The low-energy direct radia- 

t ion fram tritium W i l l  be shielded by the shipping container and wil l  

not be a source o r  radiation exgosure during normal transportation. 

Calculations hve  been performed for an accidental release of the entire 

contents of a 3,700-gallon container of t r i t i a t ed  water with a tritium 

concentration of 2.5 yCi/cc. A conservative upper l i m i t  for  the resulting 

radiation dose i s  computed by assuming that a l l  of the tritium nnapcrates 

in to  the atmosphere an8 is blown directly t o  an individual who remains 

at the snaxhum dose point for the entire period of release t o  the atmoa- 

phere. With these assumptions the lnsximurn whole-body doae i s  compute& 

t o  be 440 mrem, which i s  l ess  than the annual dose l imit  t o  an individual 

in the genreal public specified i n  10 CFR Par t  20. This dose &creases 

rapidly w i t h  distance, as shown i n  figure D-5, and a t  600 feet  is 23 

mrem. Figure D-5 has been prepared assuming Pasquill s tabi l i ty  condition 



F and a vlnd speed of 1 m/s .  For Pasquill s tabi l i ty  condition A through 

E and wind speeds of 1 =/E,  the  dose a t  50 feet *om the cask w i l l  be 

about the same as shown in figure D-5 (440 marem), but the doses a t  

downwind distances beyond 50 feet  would be lover than shown in  the 

figure. For wind speeds above 1 m / s ,  doses lllh~l be predicted by m u l t i -  

plying the doses calaulated for a wind speed of 1 m / s  by a factor equal 

t o  the reciprocal of the wind speed. If a uniform average poplilaaion 

density of 100 persons per square mile i s  asswded, the population dose 

within 50 miles is l e s s  than 0.3. ma-rea. 



Rai 1 road 

Highway 

B 
When Container i s  moving a t  20 mph: 

Maximum Indiv idua l  Exposure = 0.00029 nrem/tr ip 
Average fndlviduai  Exposure = 0.000016 mremltr ip 

2 * Assume 100 persons/mi f o r  spent fuel shipments and 
for rad ioact ive  waste shipnentf.  
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Figure D-5 
Whole Body Dose vs Distance f o r  

Release of 3,700 Gallons of 
Tr i t i a ted  Water b r i n g  
Transportation Accident 



Appendix E 

RELATION OF 10 CFR PART 71 ACCIDEIi!l' REQUIREMFSTS 

m ACTUAL SKIPPING ~ I R O ~  

1. Performance requirements of 1 0  CFR Section 

71.36 - The dcmestic transportation of radioactive materials is regu- 

lated a t  the Federal level by both the Atomic Energy Commission and the 

Department of Transportation. The primary aim of the regulations i s ,  

of course, t o  protect the public by rigorously restr ict ing the amount 

of radiation t o  which people are  exposed. The regulations given in  

10 CFi? Section 71.36 are written i n  terms of performance specification 

requiranents for hypothetical accident conditions. 

The following discussion i s  directed toward relating 

the  10 CFR Part 71 accident conditions t o  similar conditions which 

might be experienced as a result  of a transportation accident. 1 

It should be noted that there is a wide margin of 

safety in the container design i t s e l f .  The container i s  required t o  

withstand the  accident conditions imposed pursuant t o  10 CFR Part 71 

with only relatively minor damage t o  the container and no release of 

the contents except for a small amount of coolant ssd a small quantity 

of noble gases. For example, the  IF-300 shipping cask is designed t o  

absorb the t o t a l  effects of the impact with only minor deformation of 

the outer f ins  that have been provided for impact protection. No credit 

is taken for deformation of the outer s tee l  shell. Thus, because of 

the relative strength of the shell  as opposed t o  the impact energy- 

absorbing f ins,  there i s  a wide margin between the damage that  would 



be experienced by the cask in  absorbing the energy of the 3&foot free 

f a l l  and that  which woul6, be required t o  breach the container such that  

there could be a release of the radioactive contents. It i s  estimated + 

that  the amount of energy involved t o  sustain a significmt breach would 

be from five t o  ten times that which the  cask experience in  a 30-foot 

free f a l l .  

Thus, as pointed out below, it is unlikely that  the 

casks w i l l  experience conditions as severe as those imposed by the 1 0  
I 

CFR Part 71  requirements, and i n  any went, conditions far more severe 

than those would be required t o  result i n  a substantial breach of a 

container. As shown in the analysis below, the proposed t e s t s  are 

representative of conditions a t  least as severe as those which would 

be experienced by containers i n  transport. Further, since the t e s t s  . ' 

are required t o  be applied t o  the containers i n  sequence, the emulative 

severity of conditions t o  which the containers are subjected i n  all 

probability fsr exceeds that  t o  which the containers would ever be sub- 

jected as a result of an accident i n  the course of transportation. It 

is highly improbable that  a container would be eubtbjected t o  conditions 

as severe as even one of these conditions, l e t  alone a l l  three in the 

sequence provided for the tes t .  

(1) 30-foot free f a l l  - The shipping cask 

i s  required t o  withstand a 30-foot free fall onto an essentially unyielding 

surface. This requires that  a l l  the energy of the impact be absorbed 

by defomiation of the container. In addition, the container hpac t  

must be considered from all possible orientation6 t o  assure that the 

impact protection provided i s  adequate regardless of the orientation of 



t he  f a l l .  Based on previous degign experience, it i s  estimated tha t  a 

shipping cask w i l l  decelerate (s top)  on Impsft within s distance of 2 

t o  8 inches.* To provide a basis  f o r  Chis comparison it has been 

assumed that a shipping cask would decelerate campletely within 6 inches 

a f t e r  Impact with t h e  unyielding surface. Table E-1 shows a comparison 

of t h e  vsrious forces which would be generated by the  stopping of the  

shipping cask, an o v m e i g h t  truck, o r  an automobile t ravel ing at various 

speeds on s t r ik ing  an unyielding surface. 

A s  indicated i n  t h e  tab le ,  a 45,000-pound 

shipping cask t ravel ing at 30 milh, which i s  t h e  terminal velocity 

following a 30-foot f ree  fal l ,  would crea te  2,700,000 po:mds of force 

if stopped within a distance of 6 inches. A 130,000-pound cask, which 

is equivalent t o  t h e  IF-300, would generate about 7,800,000 pounds of 

force. A loaded truck, weighing 75,000 pounds and traveling at  60 milh, 

coming i n  contsct with the  unyielding surface is assumed t o  decelerate 

within 10 feet .  Under these conditions, t he  truck would generate a 

maximum of 900,000 pounds of force, o r  about one-third o f t h e  force 

t h a t  would be generated by the  45,000-pound cask a s  a r e su l t  of the  30- 

foot f ree  f a l l .  Likewise, a 5,000-pound automobile traveling at 80 mi/h 

h i t t i ng  an unyielding surface i$ assumed t o  s top i n  only 5 fee t ,  which 

would generate about 220,000 pounds of force. Thus, it is  seen t h a t  

typ ica l  objects which the  cask might encounter would generate sub- 

s t a n t i a l l y  l e s s  force than t h e  shipping cask because of the  re la t ive ly  

weaker sections of t h e i r  s t ructures  and the  greater distance required 

t o  decelerate those bodies. 



A second a res  of concern i s  t h e  shipptng 

cask colliding with statiollary objects such a s  bridge abutments, e tc .  

In  t h i s  regard, it should be noted that even heaviw loaded trucks con- 

t ac t ing  such stationary objects generally severely damage t h e  object 

and displace it by some me&surable mount. Therefore, these stationary 

obJects generally cennot be considered as unyielding surfaces f o r  the  

paposes of  assessing t h e  e f fec ts  of a shipping cask impact. AB W n -  

s t ra ted  i n  Table E-1, t he  force developed by t h e  shipping cask would 

be far greater than t h a t  developed by wen a loaded truck, and thus the  

displacement of the  "stationary objects" would be wen greater than t h a t  

encountered i n  a truck-type accident. Additionally, these impacts with 

the  shipping cask assume that t h e  shipping cask contacts t h e  surface 

with the  center of gravity d i rec t ly  behind the  point of impact and i n  

t h e  l i n e  of t r ave l  such that the  msximum force i s  exerted on the  cask. 

In  a l l  likelihood, s shipping cask contacting ~ u c h  surfaces would e t r ike  

a glancing blaw i n  which case the  energy required t o  be absorbed by the  

shipping cask would be gre&tly diminished over that which would result 

from a d i r ec t  impact. 

The required analysis of a 30-f00t drop 

onto an essent ia l ly  unyielding surface adequately provides fo r  force t o  

which a. cask might be subjected as a re su l t  of a transportation acci- 

dent. Therefore, as a r e su l t  of these conditions and the  ruggedness of 

the  cask, t he  poss ib i l i ty  of encountering a transportation accident of 

suff ic ient  s w e r i t y  t o  r e su l t  i n  rupture of the  container has an extremely 

low, i f  not incredible, probability. 

(2) 40-inch drop t e s t  - Fhe 40-inch punc- 

t u r e  t e s t  requires that t h e  cask be dropped from a height of 40 inches, 



with the center of gravity directly a b v e  the point of impact, onto a 

6-inch d i e t e r  pin of sufficient length t o  puncture tRe container but 

without allowing the puncture of even the outer shell  of the vessel. 

The formula for analysis of t h i s  condition was developed a t  O a k  Ridge 

2 National-Laboratories and other places based on extensive testing of 

s teel  and lead shipping containers. 

In regard t o  the relationship of t h i s  t e s t  

t o  the transportation environment, it was originally intended that the 

6-inch diameter pin would approximate that of the end of a r a i l  for r a i l  

transportation accidents. It should be noted that  the puncture so speci- 

fied would require that  the cask h i t  the pin exactly perpendicular t o  

the cask surface. Any deviation from this would result in a substantially 

reduced loading on the s i b  of the cask and enhance changes of deflection. 

Further, the  pin must be long enough t o  penetrate through the walls of 

the container, which would require daxlgge t o  the contents. In most 

cases th ia  would require that the pin be approximately 12 t o  18 inches 

i n  length. Xowwer, i f  the  pin is  much longer than thie ,  it becomes 

doubtful that  the column strength of the pin i s  sufficient t o  rupture 

the container without buckling of the proposed pin. 

It should be notea that  the containers 

are required t o  pass the puncture t e s t  w i t h o u t  rupture of wen the 

outer shell. As generally there is a heavy outer shell backed up by 

several inches of sMelding material followed by an inner s tee l  shell ,  

there is a wide margin between the damage that the container would 

sustain as a result of the required puncture t e s t  and that which xould 

be required t o  rupture the inner vessel such that there could be dispersal 











of reduced tolerance to diseases versus ozone~expsure which may have 

been made for humans. Most humans generally experience disconfort from 

ozone's unpleasant odor by the time concentratiohs approach 0.05 ppm. 
4 

Spectrograph operators who have experienced intermittent exposures of 

ozone concentrations in the range of 0.10 to 1.00 ppm over a 2-wek 

period complained of shortness of breath and continuous headaches. 
4 

The visual acuity of humans can be reduced by prolonged exposures of 

0.20 to 0.50 ppme3 Technical literature dealing with possible ozone- 

induced chromosome aberrations extrapolated from animal studies indicated 

that presently permitted ozone emsure would be expected to result in 

break frequencies that are orders of magnitude greater than those resulting 

from permitted radiation exposures .5 The recent "Cornunity Air Ctuality 

~uide,"' issued for ozone by the American Industrial Hygiene Association 

after consideration of the radiomimetic natyre oi ozone and the need 

for a realistic limit, recommended an upper concentration limit of 0.05 

ppm for not more than 1 to 2 hours per day to protect very sensitive 

plants, and an exposure limit of 0.1 ppm/h/d on the average during m y  

year if human health is not to be significantly impaired during a life- 

time of exposure. By projecting observed impacts f'rom experiment@ 

ozone exposures of Chinese hamsters, one observer estimates that even 

these levels could possibly produce about 1,270 times ldore lymphocyte 

chromosome breaks than the maxim permitted occupational radiation 

exposure. 5 

2. Natural ozone sources - Ozone is formed in 
nature by the dissociation action of solar ultraviolet radiation below 

2,450~ on the oxygen molecules present in the atmosphere. Peak 



natural-formed concentrations of ozone a s  high as  11 ppm or  more have 

been measured i n  t h e  stratosphere; however, chemical, photochemical, 

and ca t a ly t i c  reactions tend t o  destroy t h e  W o r  portion of t h e  ozone 

a t  pound l eve l s  where peak natural-formed concentrations would be 

expected t o  exceed 0.05 ppm oqly under r a r e  circumstances, i .e . ,  about 

1 percent of t h e  time.' Average ground-level concentrations of natural ly  

formed ozone is estimated t o  be about 0.01 ppm i n  the  United States.  4 

The actual  instantaneous values fo r  any specif ic  

location can vary from l e s s  than 0.01 ppm t o  over 0.05 ppm, depending 

on a l t i t ude ,  meteorological fac tors ,  geographical la t i tude ,  time of 

day, and time of year. Figure F-1 i l l u s t r a t e s  how ozone concentrations 

vary with a l t i t ude ;  h o m e r ,  v e r t i c a l  a i r  currents constemtly change 

the  dis t r ibut ion,  pat tern,  and magnitude of peak concentrations from 

those indicated. Similarly, f igures  F-2 and F-3 i l l u s t r a t e  the  magnitude 

of the  diurnal var ia t ions which can occur between daytime ozone leve ls  

produced by t h e  sun and nighttime leve ls  when ozone tends t o  dissociate  

t o  i t s  or ig ina l  oxygen form. The implications of figure F-2 w i l l  be 

discussed i n  greater d e t a i l  l a t e r  as  it r e l a t e s  t o  t h e  environmentally 

insignif icant  l eve l s  of ozone produced by transmission l ines .  Lightning 

is another natural  phenomenon which produces large instantaneous quan- 

t i t i e s  of extremely localized ozone; however, t h i s  accounts fo r  very 

l i t t l e  of the  t o t a l  ozone exis t ing i n  nature. 

3. Ozone generation by transmission f a c i l i t i e s  and 

other potent ia l  sources - Ozone may be generated by any corona o r  elec- 

t r i c a l  discharge i n  a i r o r  other oxygen medium. Quant i t ies  produced 

are  dependent on t h e  quantity of oxygen i n  t h e  energy envelope. Ozone 



may, therefore, be generated in undetermined quantities by motors, 

circuit brealters, electric welding torches, plasma sources, ultraviolet 

and fluorescent lamps, appliances, switches, transmission lines, or 

any other device which produces corona or electrical discharges. 

Corona discharges can increase as a result of 

abrasions, foreign particles or sharp points on electrical conductors 

and electric equipment, or incorrect design which produces excessively 

high potential gradients. However, the design and construction of TVA 

transmission facilities minimize corona discharges and arcing. TVA 

specifications require that transmission line hardware end electrical 

equipment for operation at 500,000 volts be factory tested to assure as 

near corona-free performance as possible up to maximum operating voltage 

levels. 

An extensxve field-test program of detection of 

ozone in the vicinity of 765-kV lines has recently been completed, and 

full details and conclusions were incorporated in papers submitted for 

presentation at the 1972 IEEE Summer Power Meeting, San Francisco, July 

1972.~'~ Tests were conducted by Battelle Memorial Institute at 20 

locations and under a variety of meteorological cbnditions, including 

several tests in which the instruments were placed as close as 6 meters 

downwind from the energized 765-kV conductors, at the canductor heiaht. 

Ozone, NOx, and corona-loss measurements were simulatneously conducted, 

wder contract to AEP, at the Westinghouse EHV Laboratory at Trafford 

to measure the rates of o%one and NOx production from full-scale con- 

ductor bundles which' could be operated at 765 k ~ . ~  Diffusion models 

developed from these tests agreed elosely with the actual transmission 



line measurements. No ozone contribution to the natural ozone levels 

was detected which could be attributed to the transmission lines. 

Under these tests sponsored by the nectric Research 

Council and jointly financed by the Edison Electric Institute and the 

Bonneville Power Administration, the General Electric Company 9,10,11,12 

is conducting transmission research in the 1,000-kV to 1,500-kV range. 

As a result of questions posed about the possible levels of ozone genera- 

tion from the UHV configurations, ozone uas monitored at the project. 

Figure F-2 shows ozone concentrations during the time the UHV test line 

was energized and deenergized over a 2-week period and graphically 

illustrates the following conclusions: 

From the results, it was evident that sunlight on a clear day 
is a more efficient producer of ozone than UHV lines, and any 
amounts created by the lines were so smsll that they wefq 
lost in the background produced by tHe sun's radiation. 

4. Conclusion - No significant adverse effects on 
vegetation, animals, or humans are expected to result from possible 

levels of ozone production attributable to transmission facilities for 

transmission voltages up to 765 kV. It is concluded that any level of 

ozone that can reasonably be expected to be generated by TVA's trans- 

mission facilities (500-kV maximum voltage), either resulting from 

n o d  transmission operation or following breaker or switching opera- 

tions for the periods and the levels that they could be expected to 

Persist, are environmentally inconsequential to humans, animals, or 

vegetation. 
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Appendix G 

OUTLINE OF ACCIDWT ANALYSES - 

1, Introduction - This appendix describes the 
evaluation of the environmental impact of postulated occurrences and 

accidents for the Bellefonte Nuclear Plant. This evaluation follows 

the guideline* given in the AEC document, "Scope of Applicants' Environ- 

mental Reports with Respect to Transporlfation, Transmission Liaes, and 

Accidents," issued on September 1, 1971, and the guidance provided by 

AEC for the consideration of accidents in Decenber 1971. As shown in 

Table G-1, the results of this evaluation demonstrate that the conse- 

quences of the postulated accidents and occurrences have no significant 

adverse environmental effects. 

The postulated events are divided into the nine ~ 

accident classes as shown in Table 2.3-1. The events analyzed in each 
1 

class are those identified in Reference 1. Assumptions not specified 

in Reference 1 hive been selected on the basis of using the most'realistic 

values consistent with the present state of knowledge. 

In the following pages, the individual events are 

described with emphasis on the routes of escape of activity to the 

environment, and the equiment and structures which contain the activity. 

Indications of the probable frequency or probability of occurrences of 

the postulated events are provided to the degree possible. ,,.Detailed 

descriptions of critical equipment and structures will be provided in 

the preliminary safety analysis report, which will also contain descrip- 

tions of very conservative analyses of many of these same events. 



Table G-2 through G-8 give the  f i s s ion  product inventories i n  various 

p l m t  components that were used in  the analysis. Tables G-9e through 

G-9g tabula te  t h e  pr incipal  assumptions and parameters used i n  t h e  

analysis of each event. The dispersion of gaseous releases  o f f s i t e  

Was based on t h e  assumptions discussed i n  section 10, below. 

2. Evaluation of Class 1 and 2 events - Class 1 

events a re  t r i v i a l  incidents involving small releases due t o  n o d  

operations. Class 2 events a re  small re leases  outside containment such , 

as valve leakage, s p i l l s ,  e tc .  The releases  from both Class 1 and Class 

2 events a r e  considered i n  t h e  evaluatiop of routlne releases. 

3. Analysis of Class 3 events - Class 3 events 

include releases  of radioact ivi ty  from the  waste disposal systems a s  a 

r e s u l t  of equipment malfunction o r  a single operator error.  The waste 

disposal system has been designed t o  co l lec t ,  &nitor ,  t r e a t ,  and dis- 

charge o r  package fo r  disposal l iquid,  sol id ,  and gaseous wastes. Opera- 

t ions  w i l l  be conducted i n  accordance with administrative procedures. 

Waste releases and shipments a re  made on a batch 

basis  which permits knowledge and control of anticipated releases  before 

any action is  undertaken t o  make the  actual  release.  For the  l iqu id  

and gaseous cases, the  actual  lielease is monitored by radiat ion detectors, 

and a permanent record of the ac t iv i ty  release is recorded. 

(1)  Liqaid radwaste - The bulk of the 

radioactive l iqu ids  discharged from the reactor coolant system are  pro- 

cessed and retained inside the plant by the makeup and purif icat ion 

system recycle t ra in .  This minimizes l iqu id  input t o  the waste disposal 

system which processes re la t ive ly  small q.uantities of generally low 



activity level wastes. The processed water from waste disposal, which 

contains relatively little radioactiVe material, is discharged through 

a monitored line into the waste discharge pipe. 

At least t w ~  valves must be manually 

opened to permit discharge of liquid from the waste disposal system. 

One of these valves is normally locked closed and the other is inter- 

locked wlth a flowmeter in the discharge pipe? so that it can be opened 

only if the flow rate exceeds 15,000 gallmin. A control valve w-ill trip 

closed on a high effluent radioactivity level signal. 

The system is controlled from a central 

panel in the auxiliary building. Malfunction of the system actuates an 

alarm in the auxiliary building and annunciates in the control room. 

All system equipent is located in or near the auxiliary building except 

for the reactor coolant drain tank and drain tank pumps and flood and 

equipent drain sump and pumps which are located in the containment 

building. 

Leakage of liquid radwaste from tanks is 

caught in sumps in the auxiliary building. Therefore, leakage or rupture 

of a radwaste tank does not lead to a significant release to the river. 

Gaseous activity from such a spill would be picked up by the auxiliary 

building ventilation system. 

For illustrative purposes, an unplanned 

release of 0.93 curie of radioactive material (equal to the entire 

expected yearly liquid releases) was assumed to ba released inadvertently 

to the river during conditions when the river dilution flow was 50 per- 

cent of the average flow. 



( 2 )  Solid radwaste - Because of the 
nature of solid radioactive wastes an4 specialized procedures and equip- 

ment provided for packaging and handling these wastes, significant acci- 

dental releases of rcLdioactiwity from solid wastes is considered 

extremely unlikely. 

i 3 )  Gaseous radwaste - Several postulated 
Class 3 accidents were analyzed, and a major leak in a gas waste holdup 

tank was found to yield the greatest potential for relea~e to the 

environment. Operating experience indicates that the activity stored 

in the pas holdup tank consists of the noble gases released from the 

primary coolant and only negligible quantities of the less volatile iso- 

topes. Any major leakage from these tanks would be processed through 

the filtration system in the auxiliary building ventilation systems to 

firther reduce any potential release of particulates and iodines. 

( 4 )  Evaluation - The potential for 
enviromentd effects from Class 3 events is based on releases from a 

9 

gaseous decay tank for gaseous releases and from a hypothctical liquid 

release. These releases are given in Tables 6-10, 13-11, and G-12. 

The inventory in the gaseous radwaste 

tank is based on the accident occurring to the tank immediately after 

the coolant had been degassed during a reactor shutdown. The average 

inventory in each of the two gaseous decay tanks will be much less than 

this. 

Leakage from the gaseous radwaste system 

might be expected to occur during the lifetime of the plant. Complete 

failure of a radwaste tank (gas or liquid) is not expected to occur 

during the lifetime of the plant. 



4. Analysis of Class 4 events - Class 4 accidents 
are events that release radioactivity into the primary coolant, including 

anomalous fuel failures as well as fuel failures which might result in 

an increased primary coolant activity which increases the activity of 

the fluids processed by the waste disposal system. 

The fuel rods consist of uranium dioxide ceramic 

pellets contained in slightly cold-worked Zircaloy-4 tubing which is 

plugged and seal-welded at the ends to encapsulate the fuel. The -nu- 

fecturing process is subject to an extensive quality assurance program 

which provides assurance that the resulting fuel rods satisfy the manu- 

facturing tolerances and design specifications. Excessive heating or 

pressurization of the fuel rods could possibly cause perforation of the 

fuel element cladding snd subsequent fission product release. Conse- 

quently, very conservative design margins ape used for the fuel to 

further reduce the possibility of fuel damage. 

Operating experience with Zircaloy cladding has 

demonstrated that the extent of anomalous fuel rod failures during normal 

operation will be less than 0.5 percent failed fuel* with administrative 

controls. Therefore, 0.5 percent failed fuel is an upper bound basis 

for evaluation of accidental releases. A failed fuel level of 0.25 

percent is used for routine releases since the releases occur over a 

long period of time. 

Without protective systems, fuel failures are also 

possible as a result of certain abnormal operating transients. However, 

the plant design incorporates a reactor protection system which limits 

the postulated transients so that the design limits for the fuel will 

*0.5 percent failed fuel is defined as small clad defects (holes) in 
fuel pins which produce 0.5 percent of the total core power. 



not be exceeded. As a result, the fuel will not be damaged, and no 

activity will be released to the primary coolant as a result of an 

abnormel operating transient. 

5. Analysis of Class 5 accidents - Class 5 accidents 
are events which result in the release of radioactive material to the 

environment via any secondary plant system, Primary protection against 

Class 5 accidents is afforded by coolant chemistry control and good 

steam generator design. The plant fluid systems are designed with an 

intermediate vater system between any radioactive fluid and any water 

that is continually discharged to the environment. For example, the 

component cooling water system cools all of the heat exchangers which 

contain primary coolant, and the component cooling water is in turn 

cooled by raw cooling water in a separate heat exchanger. Consequently, 

a highly unlikely simultaneous failure of two heat exchangers would be 

required in order for the primary coolant to reach the environment. 

As an added precaution, the component cooling water loop is contPnwusly 

monitored for radioactivity, providing timely indication of a leak into 

the component cooling water system from the primary system. 

The other source of possible radioactive release 

is a primary to secondary leak in a stem generator which transports 

the fission products, released by cladding failures, into the main steam 

system. Indication of the occurrence will be afforded by a radiation 

monitor in the effluent line of the vacuum pump Which monitors the 

activity Of the noncondensable gases leaving the main condenser. When 

a predetermined activity level is reached, the monitor actuates an alarm 

in the control room. 



The most important environmental consequence of 

this event is the release of noble gases and iodines which are removed 

from the main 'ondenser by the vacuum pump, and exhausted via a vent 

on the turbine building roof after passing through charcoal filters 

which remove most of the iodines. Releases due to steam generator tube 

leakage are included in the radioactive discharge section. 

A hypothetical release due to an offdesign transient 

has been analyzed using the assumptions specified in Reference 1. The 

releases for this event are given in Table G-13. 

The steam generator tube rupture accident is defined 

as a complete severence of one steam generator tube. The accident 

results in an increase in the contamination of the secondary (steam) 

system. 

The plant design incorporates the following features 

to protect the reactor during and following the postulated accident: 

1. The reactor will trip on a low pressurizer pressure signal, 

2. The safety injection signal is actuated by coincident low 

pressurizer pressure and level signals, and 

3 .  The safety injection signal actuatea the emergency feedwater 

system. 

Plant recovery can be achieved and normal shutdown 

initiated in 30 minutes. 

The rupture of a steam generator tube would allow 

fission products that might be in the primary coolant to contaminate 

the secondary coolant, leading to releases of activity to the environ- 

ment via the condenser offgas. The results of this postulated event 



are evaluated based on the release of 15 percent of the primary coolant 

to the secondary system. The secondary coolant activity before rupture 

of the tube is based on a primary to secondary leak rate of 20 gallons 

per day per unit. 

All noble gases and 0.1 percent of the iodines in 

the secondary system are assumed to be released to the environment. 

The releases for this event are given in Table G-14. 

The events analyzed in this class (of~design transient 

and steam-generator tube rupture) are not expected to occur during the 

lifetime of the plant; however, steam-generator tube leakage may occur 

for snort time periods during the plant lifetime, and therefore, it is 

included as part of the routine radioactive releases. 

6 .  Analysis of Class 6 events - Included in this 
class of accidents are fuel faflures (from any cause) that occur during 

refueling operations inside the primary containment. 

The reactor is refueled with equipment specially 

designed to handle the spent fuel underwater from the time it leaves 

the reactor vessel until it is placed in a cask for shipment from the 

site. Underwater transfer of spent fuel provides an effective radiation 

shield an& provides adequate cooling for the removal of decay heat. 

Boron added to the water as a neutron absorber ensures subcritical 

neutron multiplication during refueling. 

The various components of the fuel-handling equip- 

ment are designed for failsafe operation utilizing interlocks and limit 

switches designed to preclude any occurrences which might damage a fuel 

assembly. Administrative procedures will ensure that the Ategrity of 

the equipment is maintained. 



Detailed refueling instructions will be used to 

ensure a safe and orderly refueling. When fuel is being inserted, 

removed, or rearranged in the reactor core, licensed operators will be 

in the control room and on the refueling floor supervising the operations. 

Detailed descriptions of fuel-handling equipment 

will be given in the Bellefonte Nuclear Plant PSAR. 

Accidents involving spent fuel after it has left 

the transfer tube are discussed in the following section as part of the 

Class 7 accidents. 

In the event of an accident the containment ventila- 

tion systems will be isolated on high containment activity. This 

effectively precludes the release of significant amounts of fission 

products to the environment since: 

1. This accident is not accompanied by any containment pressure 

increase which could serve as a driving force for leakage. 

2. Any leakage that does occur can be treated by the emergency 

gas treatment system. 

Two events in this class are described by Reference 1. 

TVA has analyzed these events using the assumptions of Reference 1. It 

is assumed, however, that all activity released from the pool is exhausted 

to the purge exhaust filters where 99 percent of the iodines is removed. 

The releases for these events are given in Table G-15 and G-16. 

Fuel-handling accidents have occurred in the past 

with both new and irradiated fuel. However, none has resulted in a sub- 

stantial release of radioactivity to the environment. Therefore, while 

fuel element drops or other minor events may occur during the life of 

the plant, a fuel-handling accident leading to a significant release 



of activity from the fuel is not expected to occur during the lifetime 

of the plant or, in fact, during several plant lifetimes. 

7. Analysis of Class 7 accidents - Class 7 accidents 
are events initiated during refueling operations outside the primary 

containment or storage of spent fuel which result in &x release of radio- 

activity to the environment. 

The movement of the spent fuel is accomplished in 

accordance with strict administrative procedures to reduce the possi- 

bility of an accident to a minimal level. Precautions taken include: 

1. The fuel pool is designed to ensure that the stored fbel 

is submerged in xater and placed in a subcritical array 

at all times. 

2. The spent fuel pool water is cooled to remove decay heat 

and purified to r a v e  metallic ions which could cause 

corrosion of the fuel assemblies, and fission products 

which may leak into the water. 

3.  Safety features incorporated into the fuel-handling crane 

which preclude dropping of the fuel shipping cask. 

4. The spent fuel pool is nomlly ventilated with outside 

air at the rate of five volume changes per hour and main- 

tained at a slight negative pressure. The exhaust is 

routed via the auxiliary building exhaust vent system 

which contains radioactivity monitors and filter trains 

which are automatically aligned in the event of an acci- 

dent. These filters remove essentially all particulates 

and at least 99 percent of the iodines. 



The three events analyzed in this class are (1) 

fuel element drop, (2) heavy object dropped on fuel storage rack, and 

( 3 )  fuel cask drop accidents. The releases from the fuel element dron 

accident are based on the release of 1 percent of the fission product 

activity in 13 fuel pins (one row) after 7 days' decay time. The releases 

from the heavy object drop accident are based on the release of fuel 

pins (one fuel assembly) after 30 days' decay time. For both these 

events, 99.8 percent of the iodines is assumed to remain in the spent 

fuel pool water. 

The results of the fuel cask drop accident have 

been estimated assuming one fuel assembly is damaged releasing 1 percent 

of the contained noble gas activity inside the auxiliary building. In 

all three events, it is assumed that 99 percent of the iodines in the 

exhaust from the building is removed by charcoal filters. Because of 

the design of the fuel cask and cask-handling equipment, no significant 

releases of radioactivity to the environment are expected, and no fuel 

damage is likely from hypothetical cask drop. However, the results for 

damage to one assembly are presented for illustrative purposes. The 

number of assemblies carried in a cask depends on the specific cask 

design as well as the mode of transportation. The releases for these 

events are given in Tables G-17, G-18, and 0-19. 

With the exception discussed above, events in this 

class are expected to have the same probability as those discussed for 

Class 6. 

8. Class 8 accidents - Those accidents chosen as 
design basis accidents are included in Class 8. The postulated accidents 



considered in this class are: 

1. Loss-of-coolant accidents 

2. Control rod ejection accident 

3. Steamline rupture accidents 

These accidents have a very low pPobability of 

occurring; however, several. engineered safety features are incorporated 

in the plant design to minimize any significant radioactivity release 

associated, should any of the accidents occur. Each of the design basis 

accidents is discussed below. 

(1) Loss-of-coolant accident - A loss- 

of-coolant accident may result from a rupture of a reactor coolant 
' 

system (Rcs) component or of any line connected to that system up to 

the first closed valve which results in loss of coolant at a rate which 

exceeds the capability of the makeup system. 

The severity of the accident is a function 

of the primary coolant leakage rate and consequently the size of the 

pipe rupture. The most severe postulates accident is a result of the 

hypothetical "double-ended" rupture of the largest RCS pipe. 

The design of the plant will include 

several safety features designed to minimize the effects of a loss-of- 

coolant accident. These features include: 

1. A prestressed concrete primary containment structuie sur- 

rounded by a secondary containment structure to prevent 

the leakage of fission products (double containment). 

2.  The emergency core cooling system which provides core cool- 

ing following the accident to minimize fuel element failure. 



3. The emergency gas treatment system which filters the 

leakage from the primary containment before releasing 

it to the plant vent. 

If a postulated loss-of-coolant accident 

should occur, the RCS will rapidly depressurize. The reactor trip will ' 

actuate when the pressurizer low-pressure set point is reached. The 

emergency core cooling system is actuated by the pressurizer low-pressure 

or by the high-containment pressure signal. These counter-measures 

will limit the consequences of the accident in two ways: 

1. Reactor trip and berated water injection by the emergency 

core cooling system supplement void formation in causing 

rapid reduction of the nuclear power to a residual level 

corresponding to the fission product decay heat. 

2. Injection of borated water ensures sufficient flooding of 

the core to prevent excessive temperatures. 

For short-term core cooling, passive pro- 

tection is provided by two core flooding tanks pressurized with nitrogen 

which rapidly discharge their borated water to the RCS when the RCS 

pressure decreases below the tank pressure. In addition, borated 

cooling water is injected by high-head charging pumps and low-head 

safety injection pumps. 

For long-term core cooling, water spilled 

from the ruptured reactor coolant system and containment spray drainage 

are collected, cooled, and recirculated through the core. This recir- 

culated water is delivered by low-head pumps when the reactor system 

pressure is low. 



The decay heat generated in  the  core i s  

removed fo r  an indef ini te  period of time by t h i s  recirculat ion flow 

which i s  cooled by two residual heat exchangers. 

Fission products which a re  released from 

fa i led  fuel  as a r e s u l t  of a l o s s  of coolant a r e  released t o  the  primary 

coolant where some of the  iodines and most of the  par t iculate  f i s s ion  

products a r e  trapped. Of t h e  iodlne released t o  t h e  primary contain- 

ment, most i s  removed from tha containment atmosphere by the  contatnment 

sprays. 

Fission p r0du~ tS  leaking from the primary 

containment t o  the  annulus (region between primary containment &ad 

shield building) a r e  held up fo r  a long period of time. The release 

from t h i s  volume i s  through t h e  charcoal f i l t e r s  of the  emergency gas 

treatment system t o  atmosphere. The assumptions specified i n  Reference 1 

were,used t o  estimate releases. Fission products which leak t o  the  

auxi l iary building a re  exhausted t o  atmosphere through charcoal f i l t e r s .  

For t h i s  analysis,  10 percent of the  primary containment lehkage is 

aasumed t o  bypass the  annulus and go t o  the  auxi l iary building. It is 

expected t h a t  the  f i n a l  containment design w i l l  include provisions t o  

preclude any such bypass leakage. 

The releases estimated for  the  loss-of- 

coolant events specified i n  Reference 1 a r e  given in  Table G-20 and G-21. 

(2)  Control rod eject ion accident - The 

design 'basis reac t iv i ty  t rans ien t  is the  postulated eject ion of a control 

rod. Such an eJection could r e s u l t  from a complete rupture of a control 

Pod mechanism housing, 



If the postulated accident should occur, 

a power t rans ien t  would r e s u l t ,  causing: a reactor  scram; fue l  f a i l u re s  

may occur a s  a r e su l t  of t h i s  t ransient .  The f i s s ion  uroducts i n  the  

coolant a s  a r e su l t  of 0.5 percent f a i l ed  fue l  a r e  assumed exaelled 

from the  reactor vessel  through the  broken control  rod housing: i n to  

the primary containment. The airborne and gaseous f i s s ion  products may 

leak in to  the secondary containment (shield  building) a f t e r  which they 

a re  exhausted via  the  secondary containment c l e a n u ~  system where f i l t r a -  

t i on  reduces t h e  iodine concentration. As f a r  a s  ac t iv i ty  re leases  a r e  

concerned, t h i s  event i s  a small loss-of-coolant accident and is  analyzed 

according t o  t he  guidance in  Reference 1. The releases  for  t h i s  event 

m e  given i n  Table G-22. 

( 3 )  Ea4an steamline rupture accident - 
A rupture of a steamline would r e su l t  i n  an uncontrolled steam release 

from a steam generator. However, t h i s  only r e su l t s  i n  a s ignif icant  

radioactive material  re lease  when the reactor is beina ooerated with 

prjmary t o  secondary leak i n  a steam generator i n  conjunction with fue l  

f a i l u re s  (cladding perforations).  

The accident is i n i t i a t e d  by a postulated 

f a i l u re  in  t he  main steamline system outside the containment which could 

cause depressurization of the  steam generator i n  t ha t  loop. The follow in^ 

plant systems mitigate t he  consequences of a steam pipe rupture: 

1. Emergency core cooling act ivat ion from one of several  signals 

2. The overpower reactor t r i p s  

3. Heaundaat i so la t ion  of t h e  main feedwater l i ne s  

4. l ' r ip  of t he  fast-acting main steamline stop valves 



The analysis of a steamline rupture does 

not yield any core damage so that the radioactivity release will be a 

function of the secdndary system activity at the time of the accident. 

The initial secondary system activity is 

based on a primly to secondary leak rate of 20 gallons per dqT per 

unit. The guidance given in Reference 1 is followed in the analysis. 

However, the halogen reduction factor for releases from the primary 

system is taken to be 0.1 for small breaks and 0.5 for large breaks. 

The releases for these events are given in Tables G-23 and G-24. 

9. Evaluation of Class 9 accidents - Class 9 acci- 
dents are described as hypothetical sequences of successive failures 

which are more severe than those postulated as design-basis accidents 

whose results are summarized in safety analysis reports by applicants 

requesting construction permits and operating licenses from AEC for 

nuclear power plants. Although the consequences of Class 9 accidents 

could be severe, the probability of their occurrence is so small that 

their environmental risk is extremely low. 

These accidents would require the occurrence of 

multiple failures of the plant's engineered safety features with each 

failure even more severe than the postulated design-basis accidents, 

which have extremely low probabilities of occurrence. 

Conservative design; diverse and redundant physical 

barriers, protection systems, and engineered safety features; extensive 

quality assurance; and control of operations dictate such a probability 

of occurrence that the environmental risk associated with Class 9 acci- 

dents is negligible as compared to that of the other classes of accidents. 

10. Atnospheric dispersion conditions - TVA has a 

site meteorological investigations program under way at the Bellefonte 



site. IIowever, the evaluation of the site atmospheric conditions has been 

based on data collected at the 1,Jidows Creek Steam Plant (about 20 miles 

north-northeast of the site), the Seqwyah nuclear Plant (60 miles north- 

east of the site), and Watts Bar Nuclear Plant (05 miles northeast of 

the site). The evaluation predicts that the atmospheric dispersion con- 

ditions are similar to those at Sequoyah where there is a small but sig- 

nificant percentage of occurrence of low wind speeds concurrent with very 

stable atmospheric conditions. Although the small amount of onsite date 

unalyzed indicates that the actual conditions may be more favorable than 

predicted, TVA has used accident relative dispersion factors which are 10 

times higher than tIie values suggested by the proposed Annex to Appendix D, 

10 C F n  Part 50. 2 

Figure G-1 gives the dispersion values used as a 

fhction of distance for the time periods used in the analyses. For an 

explanation of these values see reference 1. Wind direction frequencies 

used in the analysis are given as baseline data in section 1.2. 

11. Population densities - The population exposures 
from each postulated event have been estimated using projected popula- 

tion information for the year 2020, The population distribution used 

is shown in section 1.2. Population doses are based on doses to persons 

residing within 50 miles of the plant site. 

12. Evaluation of environmental impact of postulated 

pccidents - The principal effect of accidents on the environment is the 
increased exposure to man which might result fromthe release of radioactive 

material. This exposure is summarized in Table G-1 for the principal 

accidents analyzed. This analysis of this information shows that no 

accident or class of accidents is environmentally significant. 
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TABLE G-2 

-_ Primary Coolant Activity (Based on 0.50 Percent Failed Fuel, p = 42 1bm/ft3) 

isotope Primary Coolant Activity (uCi/cc) 

0,664(+0) 

0.620(+0) 

0.364(+01 

0.117(+1) 

0.856(+0) 

0.192(+1) 

0.109(+3) 

0.310(+0) 

0.177(+1) 

*NEG 

0.143(+1) 

0.998(+0) 

0.174(+1) 

0.199(+0) 

0.848(+0) 



TABLE G -3 

Secondary Coolant. Inventory (Based on 0.50 Percent Fai led  Fuel and 
20 @&/unit Hot Primary-to-Secondary Steam Generator Leak Rate)  

Isotope Primary Equilibrium Coolant Inventory ( C i  ) 

*NED = Negligible 



TABLE G-li 

0.02 Percent* of  Core Fiss ion Product Inventory o f  IIalogens and Noble Gases 

Isotope 

Kr- 8 3m 

Kr-85m 

Kr-85 

Kr-87 

E-88 

Kr-69 

Xe-l3lm 

Xe-133 

Xe-13% 

Xe-135x1 

Xe-135 

Xe-137 

Xe-138 

1-131 

1-132 

1-133 

1-1 31, 

1-135 

0.02 Percent Core Inventory ( C i )  

0.312(+4) 

0.976(+4) 

0.259(+3) 

0.176(+5) 

0.21,1(+5) 

0.299(+5) 

0.195(+3) 

0.423(+5) 

0.104(+4) 

0.117(+5) 

0.403(+5) 

0.384(+5) 

0.358(+5) 

0.188(+5) 

0.285(+5) 

0.422(+5) 

0.495(+5) 

0.383(+5) 

*0.02 percent of  core inventory i s  u t i l i z e d  i n  off-design t r a n s i e n t  
accident  analys is .  

2 percent o f  core inventory is u t i l i z e d  i n  l a r g e  loss-of-coolant 
accident  ana lys i s .  



TABLE G-5 

Fission Prodilct Gap Inventory of Halogens and Noble Gases Contained i n  One 
Fuel Assembly 

1 Fuel Assy (Ci)  1 Fuel Assy (Ci)  
Isotope (100 Hrs Decay) (30 Days Decay) 

Kr-03m 

Kr-85m 

Kr-85 

Kr-87 

Kr-88 

Kr-89 

Ke- 1 31m 

Xe-133 

Xe-133m 

Xe-135m 

Xe-135 

Xe-137 

Xe-138 

1-131 

1-132 

1-133 

1-134 

1-135 

*NEE 

08 302(-3) 

0*327(+2) 

"MEG 

0.833(-7) 

'NEG 

0.382(+2) 

0.609(+4) 

0.73$(=2) 

* r n G  
0.503(+1) 

"NEG 

"NEG 

0.328(+4) 

0.900(-9) 

0,385(+3) 

'NEG 

0.322(+01 

*NEG 

"NEG 

0.3225(+2J 

*NEG 

WEG 

"NEG 

0.857(+1) 

0.205(+3) 

0.298(-1) 

"NEG 

"NEG 

"NEG 

"NEG 

0.356(+3) 

*NEG 

0.470(-6) 

"NEG 

9 E G  

Gap ac t iv i ty  i s  defined f o r  environmental statement accident analysis 
as  1 percent of t o t a l  pin ac t iv i ty .  

*NEG = Negligible 



TABLE G-6 

Isotope 

Noble Gas Gap Inventory of One Assembly 

Noble Gas Inventory - 1 Assy (Ci) 
(120 Days Decay) 

'NEG 

*NEG 

0.319(+2) 

"NEG 

'NEG 

'NEG 

0.471(-1) 

0.152(-2) 

*NEG 

'NEG 

*NEG 

'NEG 

'NEG 

*NEG - Negligible 



TABLE G 7  

Fission Protluct Gap Inventory of Halogens and Noble Gases Contained I n  
One Row of Fuel Pins 

Isotope 
Inventory of One Row of Pins (Ci) 

( 1  Week ~ e c a y )  

*NEG = Negligible 



TABLE G-8 

G a s  Decay Tenk Inventory ( ~ a s e d  on 0.50 Percent Fa i l ed  Fuel)  

Isotope Gas Decay Tank Inventory ( C i )  

"NEG = Negligible 



A c c i ~ l r n t  A s s l u i ~ & > t  i t > n s  U s i ~ i i  i l l  t ~ ~ L l t ~ r ' ~ ~ i i t  C ,  

Environmental. Statement Accident Analysis 

ACCIDENT 1 .0  Tr iv ia l  Incidents 

These incidents a r e  included and evaluated under routine re leases  i n  

accordance with p r o ~ s e d  Appendix I of 1 0  CFR Part 50. 

ACCIDENT 2.0 Small Release Outside Containment 

These releases include such things as  re leases  through steamline r e l i e f  

valves and small s p i l l s  and leaks of radioactive materials outside 

containment. These releases are  included and evaluated under routine 

re leases  i n  accordance with proposed Appendix I of 10 CFR Part  50. 

*The c lass i f ica t ion  of accidents i n  t h i s  and the Tollowing tables  of 
assumptions is  t h a t  of 10 CFR 50, Appendix D Annex. Note, however, 
t ha t  c lass i f ica t ions  4 . 0 ,  8.2(b), and 8.3(b) were not considered 
as they per ta in  only t o  boil ing water reactors .  Classification 5.1 
i s  a lso considered under routine re lease calculations.  Meteoroloery 
assumptions common t o  dl accidents a r e  discussed i n  Section M Of 
t h i s  appendix. 



TABLE G-9b 

Accident Assumptions Used In 
Bellefonte Environmental Statement Accident Analysis 

ACCIDENT 3.0 Radwaste System Failure 

3.1 Equipment leakage o r  malfunction 
(Includes operator e r ro r )  

( a )  Release of 25 percent of t he  average inventory of gases 
i n  a waste gas decay tank assuming operation with 0.5 
percent f a i l ed  fuel .  

(b )  The waste gas decay tank inventory given i n  Table G-8. 

3.2 Release of waste gas storage tank contents 

( a )  100 percent of the  average waste gas decay tank inventory 
(l'able G-8) i s  assumed t o  be released. 

3.3 Release of l i qu id  waste storage tank contents 

( a )  Hypothetical instantaneous release t o  t he  r i v e r  of t h e  
expected routine l i qu id  radwaste releases f o r  a n  e n t i r e  
year. 

(b) Low r i v e r  flow. 



TABLE G -9c 

Accident Assumptions Used In Bellefonte 
Environmental Statement Accident Analysis 

ACCIDENT 5.0 Fission Products t o  Primary and Secondary Systems 
(Pressurized Water Reactor) 

5.1 Fuel cladding defects and steam generator leaks 

Releases from these events a r e  included and evaluated under 
routine releases i n  accordance with proposed Appendix I 
of 10 CFR Part 50. 

5 .2  Off-design t rans ien ts  t h a t  induce fue l  f a i l u r e  above those 
expected and steam generator leak (such a s  flow blockage 
and f lux  maldistributions) 

( a )  0.02 percent of t he  core inventory of noble gases and 
0.02 percent of the  core inventory of halogens is  
assumed t o  be released in to  t he  reactor coolant (see 
Table G-4 ) . 

(b) Average inventory in  t he  primary system before the 
t rans ien t  is based on operation with 0,5 percent 
f a i l ed  fuel  (see Table G-2). 

( c )  Secondary system equilibrium radioact ivi ty  before 
t he  t rans ien t  i s  based on a 20 gal/day steam 
generator leak (see Table G - 3 ) .  

(d )  All noble gases and 0.01 percent of t he  halogens i n  
the s t e m  reaching the condenser a r e  assumed t o  be 
released by the  condenser a i r  e jector .  (Assumes a i r  
e jec tor  charcoal f i l t e r s  remove 90 percent of the  
iodines . ) 

( e l  The release i s  terminated a f t e r  one day. 

5.3 Steam generator tube rupture 

( a )  1 5  percent of the  average inventory of noble gases and 
halogens i n  the  primary coolant is assumed t o  be released 
in to  t he  secondary coolant. The average primary coolant 
ac t iv i ty  i s  based on 0.5 percent f a i l ed  fue l  (see Table G-2). 

(b )  Equilibrium radioact ivi ty  before rupture i s  based on 
a 20 gallon per  day steam generator leak (see Table G-3). 

( c )  All  noble gases end 0.1 percent of the  halogens i n  the  
steam reaching the  condenser i s  assumed t o  be released 
by the  condenser air  e jector .  



TABLE 6-9d 

Accident Assumptions Used In Bellefonte 
&vironment a1 Statement Accident Analysis 

ACCIDENT 6.0 Refueling Accidents 

6.1 Fuel bundle drop 

( a )  The gap a c t i v i t y  (noble gases and halogens) i n  one 
row of fue l  pins i s  assumed t o  be released in to  the 
water. (Gap ac t iv i ty  i s  1 percent of t o t a l  ac t iv i ty  
i n  a pin--see Table G-7) .  

(b )  One week decay time before t he  accident occurs i s  
assumed. 

( c )  Iodine decontamination factor  i n  water i s  500. 

(d)  Charcoal f i l t e r  efficiency f o r  iodines sha l l  be 
99 percent. 

(e )  100 percent of the  containment volume i s  assumed t o  
leak t o  the  atmosphere. 

6.2 Heavy object drop onto fue l  i n  core 

( a )  The gap ac t iv i ty  (noble gases and halogens) i n  one 
average fue l  assembly i s  assumed t o  be released in to  
the water. (Gap ac t iv i ty  sha l l  be 1 percent of t o t a l  
ac t iv i ty  in, a p in ) .  

(b) 100 hours of decay time before object i s  dropped 
i s  assumed. 

( c )  Iodine decontamination factor  i n  water i s  500. 

( d )  Charcoal f i l t e r  efficiency for  iodines i s  99 percent. 



Accident Assumptions Used In Bellefonte 
~nvironmental  Statement Accident Analysis 

ACCIDENT 7.0 Spent Fuel Handling Accident 

7.1 Fuel assembly drop i n  fue l  storage pool 

( a )  The gap ac t iv i ty  (noble gases and halogens) i n  one row 
of fue l  pins i s  assumed t o  be released in to  t he  water. 
(Gap ac t iv i ty  i s  1 percent of t o t a l  ac t iv i ty  i n  a pin) .  

( b )  One week decay time before accident occurs i s  assumed. 

( c )  Iodine decontamination fac tor  i n  water is assumed t o  
be 500, 

(d )  Charcoal f i l t e r  efficiency for  iodines is assumed t o  
be 99 percent. 

7.2 Heavy object  drop onto f i e 1  rack 

( a )  The gap ac t iv i ty  (noble gases and halogens) i n  one 
average fuel  assembly i s  assumed t o  be released into  
the water. (Gap a c t i v i t y  i s  1 percent of t o t a l  ac t iv i ty  
i n  a pin. 

( b )  30 d w s  decay time before the accident occurs i s  assumed. 

( c )  Iodine decontamination fac tor  i n  water i s  500. 

(d )  Charcoal f i l ter  efficiency f o r  iodines i s  99 percent. 

7.3 Fuel cask drop 

( a )  Noble gas gap ac t iv i ty  from one fie1 assembly (129 
day coolin@;) i s  assumed t o  be released. (Gap ac t iv i ty  
i s  1 percent of t o t a l  ac t iv i ty  i n  the  pins . )  



TABLE G-9f 

Accident Assumptions Used In Bellefonte 
Environmental Statement Accident Analysis 

ACCTDENT 8.0 Accident I n i t i a t i o n  Events Considered i n  Design Basis 
Evaluation i n  t h e  Safety Analysis Report 

8.1 bss-of-coolant accidents 
Small Pipe Break (6-in. o r  l e s s )  

( a )  Source term: the average radioact ivi ty  inventorjr i n  
the  primary coolant i s  used.  his inventory i s  based 
on operation with 0.5 percent f a i l ed  fuel. ) 

(b )  Charcoal f i l t e r  efficiency is assumed t o  be 99 percent. 

( c )  For t he  e f fec t s  of plateout;, sprays, decontamination 
fac tor  i n  pool, and core sprays a 0.2 reduction 
factor  i s  assumed. 

(d )  The primary containment leak r a t e  i s  assumed t o  be 0.2 
percentlday for  t he  f i r s t  day and 0.1 percent thereaf te r .  

( e l  The exhaust r a t e  from the secondary containment i s  
assumed t o  be 50 percentlday. 

Large Pipe Break 

( a )  Source t e rn :  The average radioact ivi ty  inventory i n  
the  primary coolant is used. (This inventory i s  
based on operation with 0.5 percent. f a i l e d  fue l . )  In  
addition a release in to  the coolant of 2 percent of 
the  core inventory of halogens and noble gases i s  assumed. 

(b) Charcoal f i l t e r  e f f ic ienc ies  (two f i l t e r s  i n  s e r i e s )  i s  
assumed t o  be 99 percent for  elemental iodine and 95 
percent for  organic iodines . 

( c )  For the  e f f ec t s  of plateout,  containment spray, core 
sprays a 0.2 reduction factor  i s  assumed. 

(d)  Consequences are  calculated by weighting the e f f ec t s  
i n  dif ferent  directions by the frequency the  wind 
blows i n  each direct ion.  

B.l(a) Break i n  instrument l i n e  from primary system tha t  penetrates 
the  containment. 

Not applicable t o  Bellefonte. 

8 .2(a)  Rod eJection accident (pressurized water reactor)  



Table G-9g 

Accident Assumptions Used i n  Bellefonte 
Environmental Statement Accident Analysis 

( a )  0.2 percent of t he  core inventory of noble gases and 
halogens a r e  assumed t o  be released in to  t h e  primary 
coolant plus t he  average inventory i n  t h e  primary 
coolant based on operation with 0.5 percent fa i led  
fue l .  

( b )  The containment assumptions are  t he  same as  those used 
i n  Class 8.1. 

8 .3(a)  Steamline breaks (pressurized water reactors  - outside 
containment ) 

Small break 

( a )  Primary coolant a c t i v i t y  i s  based on operation with 0.5 
percent f a i l ed  fuel .  The primary System contribution 
during the course of t he  accident i s  based on a 20 gal /  
day tube leak.  

(b )  During the  course of t he  accident, a halogen reduction 
fac tor  of 0.1 is  used. 

( c )  Secondary coolant system rad ioac t iv i ty  before t he  accident 
is  based on 20 gallons per day primeky-to-secondary leak.  

(d) Volume of one stegm generator i s  released t o  t he  atmos- 
phere with an iodine pa r t i t i on  factor  of 10. 

Large break 

(a) Primary coolant ac t iv i ty  i s  based on operation with 0.5 
percent fa i led  fuel .  The primary system contribution 
during the course of the  accident i s  based on a 20 gal/ 
day tube leak.  

(b )  A halogen reduction facf;or of 0.5 is applied t o  t he  
primary coolant source during the  course of the  accident. 

( c )  Secondary coolant system radioact ivi ty  before t he  accident 
i s  based on 20 gallons per day primary-to-secondary leak. 

(dl  Volume of one steam generator is  assumed t o  be released 
t o  the  atmosphere with an iodine pa r t i t i on  factor  of 10. 



TABLE G-10 

Isotope 

A C C I D E r n  3.1 
Radwaste System Equipmnt Leakage 

0-8 Kr. Release (Curies) 

1.87(-2) 

2.88L-2) 

2.41(-2) 

3.09(-3) 

7.46(-3) 

2.12(+1) 

1.03(+2) 

1.94(+1) 

5.80(+1) 

1.86(+2) 

W E G  

5.30(+1) 

1.40(+2) 

9.42(+3) 

5.56(+1) 

2.79(+2) 

*NEG 

*REG 

*NEG = Negligible 



TABLE G11 

Isotope 

1-131 

1-132 

1-133 

1-134 

1-135 

Kr-83m 

Kr-85m 

Kr-85 

Kr-87 

Kr-88 

Kr-89 

Xe-13lm 

Xe-133m 

Xe-133 

Xe-135m 

Xe-135 

Xe-137 

Xe-138 

ACCIDENT 3.2 

RELEASE OF WASTE U S  STORAGE TANR CONTENTS 

0-8 Hr. Release (Curies) 

7.47(-2) 

1.15 (-1) 

9.66(-2) , 

1.24(-2) .~ 
2.98(-2) . 
8.47(+1) 

4.13(+2) 

7.771+1) 

2.34(+2) 

7.43(+2) 

*NZG 

2.12 (+2) 

5.60(+2) 

3.77 (+4) 

2.22(+2) 

1.1l(+3) 

*NEG 

"NEG 

*NEG Negligible 



TABLE G-12 

Isotope 

1-129 

1-131 

1-132 

1-133 

1-134 

1-135 

H-3 

Cr-51 

Mu-54 

Pe-59 

Co-58 
- Co-60 

Br-84 

Rb-88 

Sr-89 

Sr-90 

Sr-91 

Sr-92 

Y-90 

Y-91 

Zr-95 

ACCIDENT 3.3 

RELEASE OF LIQUID WASTE STORAGE TANK CONTENTS 

Release (Curies) 

3.1(-8) 

1.1(-1) 

6.8(-7) 

3.0 (-2) 

1.9(-7) 

3.2(-5) 

2.8(+2) 

5. 8 (-4) 

9.7(-5) 

7.8(-5) 

4.5(-3) 

2.9(-3) 

1.2 (-8) 

7.9(-7) 

8.8 (-4) 

9.2(-5) 

2.7(-7) 

4.6(-9) 

8.2(-6) 

5.8(-4) 

5.9(-3) 

3.1(-2) 

l.O{-1) 

1.1(-1) 

4.9(-3) 

2.8(-1) 

2.3(-7) 

9.165) 

2.0(-4) 

2.5 (-4) 



TABLE G -13 

Isotope 

OFF-DESIGN TRANSIENTS THAT INDUCE FUEL FAILURE ABOVE 
EXPECTED AND ST- GENERATOR LEAKS 

Release (Curies) 
0-8 Hrs. 8-24 Hrs . 

*NEG = Negligible 



TABLE 6 1 4  

ACCIDENT 5.3 
STEAM GENERATOR TUBE RUPTURE 

0-8 Hrs. Release (Curies) 

*NEG = Negligible 



TABLE G-15 

Isotope 

ACCIDENT 6.1 
REFUELING ACCIDENT - FUEL BUNDLE DROP 

0-8 Hrs. Release (Curies) 

*NEG = Negligible 



TABLE G -16 

Isotope 

1-131 

1-132 

1-133 

1-134 

1-135 

Kr-83m 

Kr-85m 

Kr-85 

Kr-87 . 
Kr-88 - 
Kr-89 

. Xe-13lm 

Xe-133m 

Xe-133 

Xe-135m 

Xe-135 

Xe-137 

Xe-138 

ACCIDENT 6.2 
HEAVY OBJECT DROP ONTO WEL IN CORE 

0-8 Hrs. Release (Curies) 

6.56(-2) 

*NEG 

7.69(-3) 

*NEG 

6.43 (-6) 

*NEG 

3.02 (-4) 

3.27 (4-1) 

*NEG 

8.33 (-8) 

*rnG 

3.82(+1) 

7.36 (+I) 

6.10(+3) 

*NEG 

5.03(+0) 

*NEG 

*NEG 



TABLE 6 1 7  

Isotope 

1-131 

1-132 

1-133 

1-134 

1-135 

Kr-83m 

Kr-85m 

Kr-85 

Kr-87 

Kr-88 

Kr-89 

xe-131m 

Xe-133m 

Xe-133 

Xe-13510 

Xe-135 

Xe-137 

Xe-138 

ACCIDENT 7.1 
FUEL ASSEMBLY DROP IN FUEL STORAGE POOL 

0-8 HTS. Release (CurOea) 

*NEG Negligible 



Isotope 

ACCIDENT 7.2 
HEAVY OBJECT DROP ONTO FUEL RACK 

0-8 Hrs. Release (Curies) 

*NEG = Negligible 



TABLE GI9 

Isotope 

ACCIDENT 7.3 
Fuel Cask Drop 

&8 H r s .  Release (Curies) 

"NEG 

"NEG 

*NEG 

"NEG 

*NEB 

*NEG 

*NEG 

3.20(+1) 

*m 
*NEG 

*NEG 

*NEG 

4.70(-2) 

%G 

1.52(-3) 

*rnG 

*REG 

"NEG 

*NEG 



TABLE 6 2 0  

Isotope 

ACCTDENT 8.1 Small LOCA 
Loss of Coolant Accident 

Release (curies) 
0-8 Krs. 8-24 Hrs.  1-30 Days 

7.29(-5) 

6.32(-10); 

5.24(-6) ', 

+NEG 

1.55(-7) 

'BEG 

1.20(-6) 

6.50(+0) 

1.70(-8) 

1.51(-4) 

'rn 
4.14(-1) ' 

1.01(+0) , 

2.54(*0) ' 

*rnG 

5+03(-2) . 
WFTM; 

*NEG 

"NEG Negligible 



TABLE E-21 

Isotope 

ACCIDENT 8 .1  Large LOCA 
Loss of Coolant Accident 

Release (Curies ) 
0-8 Hrs. 8-24 Ars. 1-30 Days 

2455(-1) 

4.82(-6) ~ 

3.40(-2) ~ 

"'KEG 

1.90(-3) 

3.59(-3) . 
i 

4.70(+0) 

7.25(+2) 

2.20(-4) 

8.3I.C-1) 

* r n G  

2.52(+2) a 

2.36(+2) 

2.64(+4) .. 
"N'EG 

3.51(+2) ., 

*KEG 

*N'E6 



TABLE G22 

Isotope 

1-13 

1-132 

1-133 
1-134 

1-135 
&-a% 
Kr-85m 

Kr-85 

Kr-87 

Kr-88 

Kr-89 

Xe-13lm 

Xe-13% 

Xe-133 
Xe-135m 

Xe-135 

Xe-137 

Xe-138 

ACCIDENT 8 . 2 ~  
Rod Ejection Accident 

Release (Curies ) 
8-24 Hrs. 1-30 Dws 

4.33(-3) 8.39(-2) 
1.53(-4) 4.82(-7) 

6.01(-3) 3.41(-3) 

2.03(-6) *NEG 

2.11(-3) 1.90(-4) 

1.23(-1) 3.59(-4) 

5.23(+0) 4.81(-1) 
1.58(+0) 7.81(+1) 

1.341-1) 2.20(-5) 

3.98(+0) 8.31(-2) 

*NEG *NEG 

1.22(+0) 2.90(+1) 

4.97(+0) 2.45(+1) 

2.40(+2) 2.66(+3) 

*NEG *NEG 

7.35(+1) 3.05(+1) 
*NEG *NEG 

*NEG *NEG 

*NEG = Negligible 



TABLE G23 

ACCII)EDIT 8.3a 
Steamline. B r e a k  - Small B r e a k  

0-8 Hrs. Release (Curies) 

3.92(-6) 
1.86(-6) 

5.16(-6) 

4 . ?%(-7 

2.77(-6) 
*NEG 

* r n G  

"NEG 

*NEG 

r n G  

'NEG 

*m 
1.94(-9) 
3.44(-8) 

2.65(-6) 
I..88(-7) 
*NEG 

'rn 

*NEG = Negligible 



Table G-24 

Isotope 

1-131 
1-1 32 

1-133 
1-134 

1-135 
Kr-8% 
Kr-85m 
Kr-85 
fi-87 

K1.-88 
Kr-89 

Xe-13lm 
Xe-133 
Xe-133 
Xe-135m 
Xe-135 
Xe-137 
Xe-138 

ACCIDENT 8.3a 
Large S teml ine  Break 

0-8 Hrs. Release (Curies) 

1.96(-5) 
9.30(-61 
2.58(-5) 
2.39(-6) 

2.77(-5) 
"NEG 

*WEG 
"NEG 

*NEG 

*NEG 
WEG 

*NEG 

1.94(-9) 
3.44(-8) 
2.65(-6) 

1.88(-7) 
"NEG 

*NEG 

"NEG 5 Negligible 





Appendix H 

RADIOLOGICAL IMPACT OF LIQUID EFFLUENTS 

The calculation of radiation doses to organisms that are 

exposed in their normal environment is a difficult taslc. Because of 

the complexity of biological functions and the interrelationship 

betreen organisms and their environment, it is necessary to develop 

simplified dose models that can predict doses resulting from the more 

significant exposure pathways. While these models cannot predict the 

detailed variances of a system and while the results of an analysis 

cannot be applied equally to all members of a population, assumptions 

are chosen so that the radiation doses are consemative, i.e., over- 

estimated. Only the basic assumptions are given in this appendix along 

with a brief outline of the models and methods of calculation. Doses 

listed in Table H-2 are calculated for the radionriclides which are 

expected to be released during normal operation of the Bellefonte 

Nuclear Plant. 

Tritium doses are Considered separately and are based on a 

normalized release of 1 Ci per year. The tritium dose can be computed 

by mul.tiplying this normalized value by the annual tritium release in 

curies. 

Calculations of doses to humans include doses to bone, G.I. 

tract, thyroid, skin tissues, and the total body. Total body doses are 

calculated for organisms other than man. ~o~ulation' doses are estimated 



for  the year 2020 based on the current populations multiplied by 1.95. 

The factor  1.95 is the  increase projected for  a 125-county area i n  the 

Tennessee River bhsin. 

1. Doses t o  man from the  ingestion of water - 
Data l i s t e d  on Table H-1 f o r  public and indus t r ia l  water systems is 

used t o  calculate dose commitments from the  consumption of Tennessee 

River water. It i s  assumed tha t  the  plant effluent is mixed with one- 

ha l f  of the  r ive r  flow i n  the  &mile reach between the  nuclear plant 

s i t e  and the first water supply intake. Although natural water 

turbulence w i l l  continue t o  increase the  dispersion downstream, it is 

assumed tha t  half-dilution is maintained as far as Guntersville Dam 

past  which full-dilution i s  assumed. 

Dilution is  calculated using average annual, flow 

data for  the  Tennessee River as measured during 1899-1968. The average 

3 flow ranges from appro&mately 39,000 ft /s a t  the  nuclear plant s i t e  

3 t o  65,000 ft /s at the: mouth of the  r iver  near Paducah, Kentucky. 

Radioactive decay and the  buildup of daughter 

ac t iv i ty  a re  based on estimates of the  transport time using data fo r  

water veloci t ies  which vary between 0.1 and 3.5 ft/s.  No radioactive 

decay i s  considered between the  time of intake i n  a water system and the  

time of consumption. It is assumed t h a t  each individual consumes 

2,200 m l  of water per day ( the  average dai1;y adult  ingestion from all 

sources including drinking water, food, bot t led drinks, e tc . ) .  

Due t o  a lack of def ini t ive data, no credi t  i s  

taken for  removal of a c t i v i t y  from the  water through absorption on sol ids  



and sedimentation, by deposition in the biomass, or by processing 

within water treatment systems. 

Internal doses, DiJ, for the jth organ from the 

ithradionuclide are calculated using the relation 

D = (DCFliJ x Ii, 
ij 

(1) 
\ 

where 

(DCF)~~ = the dose commitment factor for the jth organ from the 

ith radionuclides for an average adult assuming that 

the dose can be accumulated over a 50-year interval, 

(mrem/uCi 1, 

= the of the ith radionuclide taken into the 
Ii 

body annually via ingestion, (pCi). 

The dose commitment factors are derived from data 

given in the references listed 1'273'4 and are  defined in units of 

(mrem/uC;) by the equation: 

3 51.2 x 10 fwi ci 

(DCF)~~ = - m A 
i5 

where 

51.2 xlo3 = 1.60 x lod a) (3.20 x 109 dis 
MeV uCi-day 

'wi j = fraction of the ith radionuclide taken into the body by 

ingestion that is retained in the jth organ, (dimensionless) ,, 

E 
i5 = effective energy absorbed in the jth organ per disintegration 

of the ith rsdionuClide including daughter products, 



A .  = the effective decay constant of the ith radionuclide 
I J  

th in the j organ, (day-l), 

T = integ;ation time, (18,250 days), 

th m = mass of the j organ, (g). J 
In the absence of a detailed knowledge regarding 

solubility characteristics of the radionuclides, the dose for the 

G.I. tract is overestimated using the assumption that none of the 

radionuclides is removed From the 0.1. tract by absorption. Estimates 

of the doses to bone, thyroid, and total body are based on Practional 
. 

. 2  
uptakes given by the International Commission on Radiological Protectiog. 

A detailed breakdown of the dose comitments at each public water Supply 

intake is shown in Tables H-2 and H-3. 

For comparison, dose commitments are also calculated 

for a hypothetical indiviaual whose entire yearly water supply is 

obtained Prom the plant discharge conduit prior to dilution in the 

Tennessee River. These estimates are upper limits based on a continuous' 

discharge flow rate of 30,000 GPM which corresponds to the minimum 

effluent flow rate. Average-annual concentrations of radionuclides in 

the liquid effluent can be estimated by dividing the releases by the 

annual discharge flow. 

Dose comml.tments for the annual intake of ground water 

are derived fromthe estimates of the doses at Tennessee River water 

supplies. It is assumed that the radioactivity concentration in ground 

water within 0.5 mile of the Tennessee River is 100 percent of that 

present in the river. A conservative estimate of the human population 



drinking ground water within 0.5 mile of the r iver  is 22,000 persons 

between Bellefonte and Paducah, Kentucky. The maximum p o p u t i o n  

dose commitment (thyroid) for an annual release of 0.93 C i  i n  the 

liquid effluent is 0.11 man-rem. This dose commitment, DC is P' 

obtained as fol low:  

where 

= population of county i, 

Ai = county area, (sq.mi. ) , 

Ai* = county area within 0.5 mile of the Tennessee River, (sq.mi. 1, 

Dei = individual thyroid dose Commitment calculated for  a public 

water supply i n  or  near county i, hem). 

Doses t o  humans froln ingestion of Tennessee River 

water affected by slug releases can be estimated using the data i n  

section A of Tables H-2 and II-3 provided: (1) the  distribution of 

act ivi ty i s  essentially the same as that  given i n  Table 2 ,&-6 

(2) the t o t a l  act ivi ty of the slug release is  known, and (3) the river 

velocities and dilution factors are not grossly different Prom the average 

values on which the routine dose estimates are based. A conservative 

estimate of the dosea t o  humans from a slug of radioactivity released 

during low-flow conditions can be obtained by multiplying the doses i n  

Table H-2 by: (1) the ra t io  of act ivi ty released t o  0.93 C i ,  and (2) by 



t h e  r a t i o  of' the  average flow r a t e  t o  the  acutEit flow rate .  For 
* 

example, a slug of 1.0 C i  a c t iv i ty  released during a 5j percent 

flow condition could r e su l t  i n  doses tha t  a re  higher than those i n  

Table 11-2 by the  factor 

F = 1.0 C i  x (Average Flow  ate) = 2.9 
0.93 C i  0.37 x (Average Flow  ate) 

2. Doses t o  man from the  consumption of f i sh  - 
Current estimates of Tennessee River annual f i s h  harvests a re  15.2 lb/acre 

5 6 
sport  f i s h  and 13.7 lb/acre edible commercial f i sh .  It is assumed 

t h a t  these r a t e s  w i l l  increase with the  population expansion, So tha t  

the  dose c a l c u l ~ t i o n s  a r e  based on harvests of 30-lb/acre sport  f i s h  

, and 27-lb/acre commercial f i s h  i n  the year 2020. The Tennessee River 

is segmented i n t o  10 reaches i n  order t o  f a c i l i t a t e  t h e  calculations 

of f i s h  harvests and radioact ivi ty  concentrations. For convenience, 

the  l i m i t s  defining t h e  reaches correspond t o  %he locations of Guntersville, 

Wheeler, Wilson, Pickwick Landing, and Kentucky Dams, and the Browns 

Ferry Nuclear Plant s i t e .  Additional points were selected t o  subdivide 

Guntersville and Kentucky reservoirs i n to  shorter reaches. The radio- 

a c t i v i t y  leve ls  i n  the  f i s h  fro@ each reach a r e  estimated by t h e  

product of an average ac t iv i ty  concentration i n  the  reach and a concen- 

t r a t i o n  factor  for  each radionuclide. 798 
Concentration factors  derived 

from references 7 and 8 are l i s t e d  i n  Table H-h. It i s  assumed tha t  

t h e  maximum annual consumption of' f i s h  by an individual is  45 lbs  . The 

population dose i s  calculated using t h e  assumption tha t  a l l  of the edible 

?Y 
A 5 percent flow r a t e  i s  t h a t  which i s  equaled o r  exceeded 95 Percent of 

the  time. This flow r a t e  is approximately 37 percent of the annual-average 
flow r a t e  based on dai ly  discharge data during 1960-1970 for  Nickajack, 
Guntersville, Wheeler, Pickwick Landing, and Kentucky Dams. 



fish harvested are consumed by humans. Radioactive decay is not 

considered between the time the fish is removed from the water and 

the time of consumption, and the entire mass of the fish is assumed 

to be eaten. 

Dose commitments are calculated with equations 

1 and 2 which are discussed for water ingestion in the previous 
\ -  

section, and the results are shown in Tables H-2 and H-3. 

Cdculations indicate that there woad be no 

significant radiological impact from human utilization of shellfish. 

Shellfish are not currently being harvested commercially in the 

Tennessee River, and consumption of shellfish by humans is assumed to 

be negligible. 

3. Doses to man due to water sports - Estimates 
of the doses from immersion in the Tennessee River are calculated for 

each radionuclide using the following relations. For the dose rate 

to the skin, 

- 3 Ri - 51.2 x 10 % mrem (3 )  

For the dose rate to the total body, 

Ri 
= 51.2 x lo3 E wem 

wi yi .day 

where 51.2 x lo3 = (see equation 11, 

c w i  = water concentration for the ith radionuclide, (vci/g), 

X .or (E6/2 + fi )i = average effective energy emitted by the i 
th 

Y 1 Y 

radionuclide per disintegration (M~V-remldis-red) . 
Dose rates for above-water activities such as 

boating are assumed to be given by equations 3 and 4 divided by 2. 



";he maximum individual doses f o r  a'uove-water use of t he  r i ve r  a r e  

estimated f o r  a commercial fisherman who is not a water sport enthusiast  

but who mimt he exposed for  300 days per year a t  5 hours per day. 

The m a x i m u m  individual doses f o r  in-water a c t i v i t i e s  a r e  estimated 

fo r  a person who swims  918 hours per year ( 6  hours per d~ for  the  

5 warm months) a t  a locat ion jus t  below the  Dellefonte s i t e .  I n  order 

t o  estimate t h e  maximum possible tritium dose t o  a stf imer,  continuous 

lmer s ion  f o r  5 months i n  t h e  Tennessee River ,just below t h e  Bellefonte 

s i t e  i s  assumed. 

In  ordor t o  estimate t h e  doses from shoreline 

hc t iv i t i e s ,  the  buildup of rad ioac t iv i ty  i n  sediments is considered. 

3ecause of t h e  complexity of t h e  dynamics associated with radionuclide 

C, 
t r a n s p r t  and deposition, a simplified dose model*' i s  used t o  estimate 

t he  accumulation of radionuclides i n  sediment. The dose contribution 

from a l l  of t he  radionuclides contained within t h e  top 2.5 cm of 

2 sediment is  considered. Assuming a mass of fro of surface, an 

effect ive surface contamination can be estimated using the  r e l a t i on  

where 

2 
S = "effective" surface contamination, ( p ~ i / m  1, 
i 

2 100 = constant, (1118 -day), 

'2 = m d i o l o ~ i c a l  ha l f - l i f e  of nuclide i, (aaysl ,  
i 

C,& = concentration of nuclide i i n  water adjacent t o  t he  

sediment, ( - p ~ i / l )  , 
" = shore width factor ,  equaling 1 f o r  maximum individual dose "f 

calcul.at,ions and 0.3 f o r  population dose calculations,  



-1 
'i = radiological  decay constant of nuclide I ,  (years ) ,  

t = length of time the  sediment i s  exposed t o  t he  contaminated 

water = 40 years. 

The dose r a t e s  t o  t h e  skin and t o t a l  body a re  

cnlculated usins  t h e  dose factors  l i s t e d  i n  reference 9. An individual 

adult  i s  assumed t o  be involved i n  shoreline a c t i v i t i e s  for  500 hours per 

year. In  calculat ing the  population dose, an average shoreline v i s i t  i s  

assumed t o  l a s t  5 hours. 

Water concentrations a r e  ccalculatecl for 10  reaches 

between the  nuclear plant s i t e  and Kentucky Dm ( T R J ~  22.1~). Doses t o  t he  

population a re  calculated usin6 estimates for  above-water, in-water, 

xnd shoreline v i s i t '  f o r  t h e  respective reaches based on current i" 
information p,iven i n  reference 10 multiplied by t h e  predicted population 

rrrowth factor  of 1.95. 

4. Doses t o  osp;anisms other than man - -4 compre- 

hensive analysis of t h e  radiat ion doses t o  species other than humans 

Trould require many man-years of e f for t  t h a t  could be jus t i f ied  only i f  

n significant mdiolo&ical  impact on a par t icu la r  species were 

mt ic ipa ted .  After consultation with professionals i n  t h e  health physics 

and radioecology f i e l d s ,  a decision was made by TVA t o  r e s t r i c t  the  

~ lnZyses  t o  those oreanisms l i v ing  on o r  near t he  Rellefonte s i t e  t h a t  

would most l i k e l y  receive the  greates t  doses. These include t e r r e s t r i a l  

vertebrates,  aquatic plants ,  aquatic invertebrates,  and f i sh .  

(1 )  Te r r e s t r i a l  vertebrates -- YLadio- 

ac t iv i ty  contained i n  nuclear plant l iqu id  eff luents  i s  concentrated 

i n  f i sh ,  invertebrates,  a.nd plants  by fac tors  t h a t  range from l e s s  than 

5 1 t o  zreater  than 10 depending on in te r re la ted  physical, chemical, 



an& l.)ioloeicnl Factors. " e r r e s t r i a l  vertebrates w i l l  receive a 

me ia t ion  dose from l i q u i d  eff luents  i f  t h e i r  food chain includes 

aquatic orflanisms that havc concentrated radionuclides. I n  general, 

aquatic plants  such as  Ereen algae concentrate t r ace  elcments t o  a. 

.:reator extent than do f i s h  and invertebrates .7 Therefore, in te rna l  

(lose estimztes have been made for  duclrs and muslcrats with t h e  con- 

servative assumption t h a t  t h e i r  d i e t  consis ts  en t i r e ly  of green algae 

from a l ed l  masses growing near t he  Bellefonte discharge. Equations 1 and 

Crom section 1 a r e  used for  estimating t h e  annual i n t e rna l  t o t a l  

body dose. It i s  assumed t h a t  t h e  duck o r  muskrat has a, mass m of 

1,000 r,, and e f fec t ive  radius of 10  cm, and consumes 333 g of green 

algae per (lay. T,onfi-lived rarlionuclides such as  Sr-90 can del iver  

s icnif icant  portions of t h e  t o t a l  dose commitment long after tlie time 

of i n ~ e s t i o n .  "'herefore, a period of 5 years rras chosen f o r  the  

integrat ion in te rva l  T.  In  t h e  absence of data specif ical ly  applicable 

t o  duclrs or  muskrats, ICRP data2 a re  used for  t he  f rac t iona l  uptake jn 

the  t o t a l  boiiy and f o r  t he  biological  ha l f - l i f e  of parent radionuclides. 

'"'lic use of h1m8.n h t a  for  t he  biological  half-lives is  considered 

+,o hc conservative because, i n  ~ e n e r a l ,  warn-bloofied vertebrates t h a t  

P, 
SLrc ~ v d l e r  than ]Tan exhibit  more rapid elimination r a t e s .  Equation 

W s  a combination of t h e  above assumptions with equati.ons I. and 2. 

= 1.2 x 1.0 
7 

i i i c i (1-exp(-xi?) )/Aim. m a 8  ( 5 )  

where 

? = water concentration, (PCI/G), .;ri 

= concentration f o r  aquatic plants ,  n i  

(dimensionless). 



" = 1,825 days 

m = 1,000 .g 

External doses a r e  estimated with 

equation using t h e  conservative assumption t h a t  t he  duck and muskrat 

nse kxposed continuously by flrll jmmersion i n  t he  trater. 

Estimates of t h e  doses t o  ducks and 

musPxats l i v ing  near t h e  Bellefonte rTucleRr Plant a r e  shown i n  Table 

11-5. 

(2)  A o u a t i c ~ m s ,  invertebrates,  and 

f i s h  - Vadionuclide a c t i v i t y  in te rna l ly  deposited i n  these oreanisms ..--- 

i s  estimated from t h e  concentration i n  t he  water i n  t he  Tennessee ?iver 

Just  below the l iqu id  effluent discharge, assuming mixing with one-half 

the  average r iver  flow, multiplied by the  applicable concentration 

factors .  7 y 8  Doses a r e  estimated for  organisms having e f fec t ive  r a d i i  

of 3 cm and 3n cm. Although estimates for both ~eomet r i e s  a r e  reported, 

an e r fec t ive  radius of 30 cm could represent organisms welghing up t o  

250 pounds. '!'his geometry probably r e s u l t s  i n  overestimates of t he  doses. 

Tn the  absence of a detai led knowledge of the  dynamic behavior of 

daughter products t ha t  a r e  produced from internally-deposited parents, 

the conservative assumption i s  made t h a t  a l l  daughter products are  

permmently bound i n  t he  organisms and every daq!iter i n  a decw 

clmin contributes e n e r a  a t  an equilibrium dis inteerat ion r a t e  fo r  each 

c l i s in t c~ ra t ion  of t he  parent. The annual doses ikon the  ith radio- 

n~rclfdc are  ca.lculn.ted. usin":the re la t ion :  



7 . = 51.P x 10" CPi ci x 365 mad 
L 

where 

Cfi = radioactivity concentration in the organism 

= C x Pi, (IJC~/~), wi 

C w i  = water concentration, (uc~/E), 

Fi = concentration factor, (dimensionless) 

Vxternal doses for organisms surrounded 

by water are calculated using equation 4. Aeniihic organisms such as 

nusnels, ~~orms, and fish eggs may receive higher external doses if 

significant radioactivity is associated with bottom sediments. Accurate 

prediction of the accmulation of activity in sediment requires .% 

detailed kno~rledge of a imber of pWsiochwica1 factors including ,, 

~nineralogy, particle size, exchangeable calcium in the sedimen*, channel 

geometry, water-flow patterns, and the chemical forms of the radio- 

compounds. ??any of these factors nust be obtained fron extensive fieid 

experiments. In the absence of detailed knowledge, the doses are cal- 

culnted using the following assumptions: 

a. Two-tenths of the activity in the liquid effluent is depositid 

uniformly in a sediment bed having dimensions of 10 cm x 100 rn x 

10 km. 

b. The radioactivity concentration in the sediment is calculated 

assminl: a buildup over the plant life of 35 years at a 

constant rate of deposition. 

c. Beta doses are based on a 4-n geometry and Ramma doses as sum in^ 

a 2- r geometry. 



"he doses cal.culnted usiny: these a~siunntions %re probably overestimated. 

neriodic surveil lance of t he  sedimnt  downstream from t h e  nuclear 

nlant w i l l  detect  a buildup of radionuclides i n  the sediment, should it 

occur. T f  a fixarlual buildup of radionuclides i n  t h e  sediment does 

occur, corrective action wlll be taken pr ior  t o  i t s  becoming a si$ni- 

f i c sn t  environmental hazard. 

Estimates of t he  doses t o  aquatic ~ l a n t s ,  

invertebrates,  and f i s h  l i v ing  near t h e  Rellefonte :Tuclear Plant ?.re 

~lmrrn i n  'Pn.'ble ".-6. 
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Table H-1 

TENNESSEE RIVER DRINKING WATER SUPPLY INTAKES 

DOWNSTREAN FROM THE BELLXFQWI2 NUCLEAR PLANT 

SyStem 

Bel lefonte  Nuclear P l an t  
Scottsboro 
Sand Mountain Water Authority 
Chr is t ian  Youth Camp 
Guntersv i l le  
N. E. Morgan Co. Water and F i r e  
Huntsvi l le  
Decatur 
U.S. Plywood - Champion Papers 
Wheeler Dam 
Reynolds Metals 
Muscle Shoals 
Wilson Dam 
Shef f i e l d  
Colbert Steam P lan t  
Cherokee 
Tri-County U t i l i t y  D i s t r i c t  
C l i f ton  
New Johnsonvil le  
Camden 
Foote Mineral 
Johnsonvil le  Steam P lan t  
Bass Bay Resort 
P a r i s  Landing S t a t e  Park 
Grand Rivers 

. Paducah 

Location 
( T W  

392.0 
385.8 
382.1 
368.2 
358.0 
334.4 
334.2 
306.0 
283.0 
274.9 
260.0 
259.6 
259.5 
254.3 
245.0 
239.3 
193.5 
158.0 
100.5 
100.4 
100,O 
100.0 

79.5 
66.3 
24.0 

0 .1  

Distance 
(Miles) 

0.0 
6.2 
9.9 

23.8 
34.0 
57.6 
57.8 
86.0 

109.0 
117.1 
132.0 
132.4 
132.5 
137.7 
147.0 
152.7 
198.5 
234.0 
291.5 
291.6 
292.0 
292.0 
312.5 
325.7 
368.0 
391.9 

Populations Served 
1970 2020 

0 0 
11,000 21,000 

8,200 16,000 
130 240 

6,600 13,000 
3,600 7,000 

150,000 290,000 
41,000 80,000 

500 1,000 
50 100 

5,000 10,000 
7,500 15,000 
2,500 4,900 

14,000 27,000 
350 680 

2,700 5,300 
1,700 3,200 
1,000 2,000 

950 1,900 
3,100 6,000 

170 320 
380 730 
120 230 
100 200 
640 1,200 

63,000 120,000 



Table K-2 

DOSES' TO BllMANS ??RON WATER CONTATRING A-~ LT WY33MICLIDES 

A. Ingest ion of Tennessee River waterC 

Location Bone G . I .  Tract  Thyroid Total  Body - 
Bellefonte S i t e  1.7 (-3) 2.1 (-3) 1 .5  (-2) 9.8 (-4) mrem 

( fo r  comparison) 
Scottsboro 1.7 (-3) 2.1 (-3) 1.4 (-2) 9.8 (-4) mrem 

3.6 (-2) 4.4 (-2) 3 .0  (-1) 2 .1  (-2) man-rem 
Sand Mountain Water 1.7 (-3) 2.0 (-3) 1.3 (-2) 9.7 (-4) mrem 

Authority 2.7 (-2) 3.3 (-2) 2.1 (-1) 1.6 (-2) man-rem 
Chr is t ian  Youth Camp 1.6 (-3) 2.0 (-3) 1.2 (-2) 9.6 (-4) mrem 

4.0 (-4) 4.8 (-4) 2.8 (-3) 2.3 (-4) man-rem 
Guntersv i l le  1.6 (-3) 1.9 (-3) 1.1 (-2) 9.3 (-4) mrem 

2.1 (-2) 2.4 (-2) 1 .4  (-1) 1.2 (-2) man-rem 
N. E. Morgan Co., Water and F i r e  7.6 (-4) 8.8 (-4) 4.5 (-3) 4.4 (-4) mem 

5 .3  (-3) 6.2 (-3) 3.2 (-2) 3.1 (-3) man-rem 
Huntsvi l le  7.6 (-4) 8.8 (-4) 4.5 (-3) 4.4 (-4) mrem 

2.2 (-1.1) 2.5 (-1) 1 . 3  (0) 1 . 3  (-1) man-rem 
Decatur 7.3 (-4) 8.5 (-4) 4.0 (-3) 4.3 (-4) m r e m  

5.9 (-2) 6.8 (-2) 3.2 (-1) 3.4 (-2) man-rem 
U.S. Plywood - Champion Papers 6.6 (-4) 7.5 (-4) 3.0 (-3) 3.8 (-4) mrem 

6.4 (-4) 7.3 (-4) 2.9 (-3) 3.7 (-4) man-rem 
Wheeler bam 6.5 (-4) 7.3 (-4) 2.5 (-3) 3.8 (-4) mrem 

6.3 (-5) 7.1 (-5) 2.4 (4) 3.7 (-5) man-rem 
Reynolds Metals 6.3 (-4) 7.0 (-4)  1.9 (-3) 3.7 (-4) mrem 

6 . 1  (-3) 6.8 (-3) 1.8 (-2) 3.6 (-3) man-rem 
Muscle Shoals 6.3 (-4) 7.0 (-4) 1.8 (-3) 3.7 (-4) mrem 

9.2 (-3) 1.0 (-2) 2.7 (-2) 5.3 (-3) man-rem 
Wilson Dam 6.3 (-4) 7.0 (-4) 1.8 (-3) 3.7 (-4) mrem' 

3.1 (-3) 3.4 (-3) 9.0 (-3) 1 .8  (-3) ma-rem 
Shef f i e l d  6 .3  (-4) 6.9 (-4) 1.8 (-3) 3.6 (4) mrem 

1.7 (-2) 1.9 (-2) 4.9 (-2) 9.9 (-3) man-rem 
Colbert Steam P lan t  6.2 (-4) 6.9 (-4) 1.8 (-3) 3.6 (-4). mrem 

4.3 (-4) 4.7 (-4) 1.2 (-3) 2.5 (-4) man-rem 
Cherokee 6.2 (-4) 6.9 (-4) 1 .7  (-3) 3.6 (-4) mrem 

3.3 (-3) 3.6 (-3) 9 .1  (-3) 1.9 (-3) man-rem 
Tri-County U t i l i t y  D i s t r i c t  5.9 (-4) 6.5 (-4) 1.3 (-3) 3.4 (-4) mrem 

1.9 (-3) 2.1 (-3) 4.2 (-3) 1.1 (-3) man-rem 
Cl i f ton  5.8 (-4) 6 .4  1-4) 1.2 (-3) 3.4 (-4) mrem 

1.1 (-3) 1.2 (-3) 2.4 (-3) 6.6 (-4) man-rem 

a. Estimates f o r  p a r t s  A, B ,  and C are i n t e r n a l  dgse commitments f o r  each annual i n t ake  
of r ad ioac t iv i ty .  Estimates f o r  p a r t  D a r e  ex te rna l  doses f o r  each annual exposure. 

b. Excluding t r i t i um.  
c .  Based on the est imated population i n  the year  2020. 
d. 1.7 x 



Table H-2 (Continued) 

New Johnsonvil le  

Camden 

Foote Mineral 

Johnsonvil le  Steam P lan t  

Bass Bay Resort 

P a r i s  Landing S t a t e  Park 

Grand Rivers 

Paducah 

Tota l  Population Dose 
@mmitments 

Bone - 
5.2 (-4) 
9.6 (-4) 
5.2 (-4) 
3.1 (-3) 
5.2 (-4) 
1.7 (-4) 
5.2 (-4) 
3.8 (-4) 
5.1 (-4) 
1 .2  (-4) 
5.0 (-4) 
9.8 (-5) 
5.0 (-4) 
6.2 (-4) 
4.9 (-4) 
6.0 (-2) 

4.7 (-1) 

G . I .  Tract  Tota l  Body 

3.0 (-4) mrem 
5.5 (-4) man-rem 
3.5 (-4) mrem 
1.8 (-3) man-rem 
3.0 (-4) mrem 
9.6 (-5) man-rem 
3.0 (-4) mrem 
2.2 (-4) man-rem 
3.0 (-4) mrem 
6.9 (-5) man-rem 
2.9 (-4) m r e m  
5.7 (-5) man-rem 
2.9 (-4) m r e m  
3.6 (-4) man-rem 
2.8 ( - 4 )  mrem 
3.5 (-2) man-rem 

2.8 (-1) man-rem 

B. Ingest ion of Nuclear P l an t  ~ f f l u e n t ~  P r io r  t o  Di lu t ion  i n  the  Tennessee River 

Indiv idual  Dose 
Commitments 4.9 (-1) 6.2 (-1) 4. S 2.9 (-1) mrem 

C. Eat ing Fish Taken from t he  Tennessee Wver  

Maximum Individual  Dose 1.9 (-2) 1.2 (-2) 1.9 (-2) 1 . 2  (-2) mrem 
Commimen t 

Population Dose 
C m i  tment 

6.1 4.1 4.9 3.9 man-rem 

D. Use of t he  Tennessee River f o r  Water Spor ts  

Abwe Water f T P ~  waterg Shorel ine h 

Skin - T o t a l  Body - Skin T d a l  Body - Skin To ta l  Bodr 

Maximum Indiv idual  2*6 (-5) 2.0 (-5) 6.6 (-5) 5.0 (-5) 3.0 (-2) 2.6 (-2)mrem 
Dose 

Population Dose 1.5 (-3) 1.1 (-31 5.6 (-4) 4.3 (-4) 9.9 (-1) 8.4 (-1)man- 
?em 

e .  A a s d n g  a continuous discharge of 30,000 GPM. 
f .  Boating and f i sh ipg ,  f o r  m l e .  
g. Swimming and wat+r sk i ing ,  f o r  example. 
h. Picnicking and bank fishing,  for example. 



Table H - 3  

A. Ingestion of Tennessee River waterc 

BelPefonte Nuclear Plant 
( for  comparison) 

Scottsboro 
Sand Mountain Water Authority 
Christ ian Youth Camp 
Guntersville 
N.  E. Morgan Co. Water and F i re  
Huntsville 
Decatur 
B.S. Plywood - Champion Papers 
Wheeler Dam 
Reynolds Metals 
Muscle Shoals 
Wilson Dam 
Sheffield 
CoEbert Steam Plant 
Cherokee 
Tri-County U t i l i t y  D i s t r i c t  
Clifton 
New Johnsonville 
Camden 
Foote Mineral 
Johnsonville Steam Plant 
Bass Bay Resort 
Paris Landing S ta te  Park 
Grand Rivers 
Paducah 

Population Total  

Individual 
fmreri) 

5.2 (-61d 

Population 
(man-rem) 

1.1 (-4) 
8.3 (-5) 
1.2 (-6) 
6.4 (-5) 
1.7 (-5) 
6.8 (-4) 
1.8 (-4) 
2.0 (-6) 
2.0 (-7) 
1.9 (-5) 
2.9 (-5) 
9.6 (-6) 
5.4 (-5) 
1.3 (-6) 
1.0 (-5) 
6.0 (-6) 
3.6 (-6) 
3.0 (-6) 
9.6 (-6) 
5.2 (-7) 
1.2 ( -6)  
3.8 (-7) 
3 .1  (-7) 
2.0 (-6) 
1.9 (-4) 

1,5 (-3) man-rem 

B. ingestion of Nuclear Plant ~ f f l u e n t ~  Pr ior  t o  Dilution i n  the Tennessee 
River - 

Individuai Dose Commitment 1.5 (-3) mrem 

C. Eatinn Fish T a w  f r m .  t he  .Teuneshe-River 

Maximum Individual Dose Gonrmitment 6.1 C-8) mrem 

Population Dose Commitment 2.1. (-5) man-rem 

a. Estimates a r e  in te rna l  dose commitments f o r  each annual intake of tritium 
5 -  Normalized to 1.0 C i  t o t a l  annual release 
c .  Based on the estimated population i n  the year 2020 
d .  5.2 x 10-= 
e .  Assuming a continuous discharge of 30,000 GPM 



H-l.9 

Table H-3 (Continued) 

D. Use of the. Tennessee River for Water Sports 
#. 

Individual 
(mrem) 

Maximum Individual ~ o s e ~  4.7 ( -6)  mrem 

Population Dose 7,3 (-4) man-rem 

< - 

- f. Assuming continuous h e r s i o n  for 5 months - 



Table H-4 

CONCENTRATION FACTORS FOR AQUATIC ORG&KLSMS 

Nuclide 

H-3 
C r - 5 1  
Mn-54 
Fe-59 
co-58 
Co-60 
Br-84 
Rb-88 
Sr-89 
Sr-90 
sr-91 
Sr-92 

Y-go 
Y-91 

22-95 
m-95 
Mo-99 
Ru-106 

1-129 
1-131 
1-132 
1-133 
1-134 
1-135 

Cs-134 
cs-136 
Cs-137 
CS-138 
~a-140 
La-140 
Ce-144 
Pr-144 

Half -Lif e Concentration Factors 
Fish - Invertebrates Plants 

a. W. H. Chapman, L. H. Fisher, and M. W. F-ratt, "Concentration Factors of Chemical 
Elements i n  Edible Aquatic Grganisms," Lawrence Livermore Laboratory Report, 
UCRL-50564 (1968). 

b. D. E. Reichle, P. B. Dunaway, and D. J. Nelson, "Turnover and Concentration of 
Radionuclides i n  Food Chains ," Nuclear Safety, 2, (1)  (~anuary-February, 1970). 

c.  Personal Communication D. J. Nelson, Oak Ridge National Laboratory, t o  W. B. Wilkie, 
1972 



Table H-5 

0.93 Ci Mixture 1.0 Ci Tritium 

Internal 1.6 (2) mrad 5 .1  (-5)b mrad 

External 2 . 4  (-4) mrad 0 

Total 1.6 (2) mrad 5 .1  (-5) mrad 

c - a.  Internal dose commitments for each annual intake and external doses 
from each annual emosure. 



Table N-6 

WSES TO AQUATIC ORGANISMS LIVING I N  THE TENNESSEE RIVER 

N E ~  THE BELLEFONTE NUCLEAR PLANT 

A. Doses from an Annual ,Release of a 0.93 C i  Radionuclide Mixturea 

Internal  
(mrad) Parternal 

3-cm 30-cm (mrad) 

Plants 3.6 8.5 6.3 (-4lb 

Invertebrates 1.6 3.5 6.3 (-4) suspended 
120 benthic 

Fish 0.1 0.3 6.3 (-41 

B. Doses from an Annual Release of 1.0 C i  T r i t i u m  

Plants ,  invertebrates,  1.1 (-5) mrad ( internal)  
and f i sh  

a. Excluding tritium 
b.  6.3 x lo-' * 

I 



Appendix I 

Fi4DIOLOOICAL IMPACT OF GASEOUS EFFLUENTS 

&timation o i  doses due t o  gaseous effluents from the Bellefonte 1 

I%ucleai Plant is an imiportant consideration ip assessing the d r o n -  
t 

meatal impac't of the plant. The methods of calculation and the results- 

presented i n  t h i s  appendix should provide a rea l i s t i c  estimate of the 

impact from radionuclides released i n  gaseous effluents duringnomal 

operation. %ere assumptions a r e  necessary in developing these methods 

of calculation, they are chosen t o  yield conservative results.  The 

following doses t o  humans are  calculated for the routine releases of 

radionuclides l i s t ed  i n  Table 1-1. 

1. External beta doses -- 

21 External gamma doses 

3. Thyroid doses due t o  inhalation o s  radioactive iodine 

4. Thyroid doses due t o  concentration of radioactive iodine 

i n  mi lk  

The doses and radioiodine concentrations which appear in 

Tables 1-3, 1-4, snd 1-9 are calculated assuming operation of two units 

for one year a t  f u l l  power with 0.25 percent failed fuel. Doses are 

calculated for  routine releases with a waste treatment system with 60- 

day holdup and for an al ternste system with cryogenic remgval. 

Radionuclides will  be released irom the Bellefonte Buclear 

Plant through vents located near the top of y i o u a  plant buildings. 

To cdcu la te  downwind, ground-level a i r  wncentrations of these redio- 

nuclides, a ground-level, wrll$le-spurce 8iapersion equation as describe& 

,' 



by  avids son"' i s  used (oqnsti.on 1); If, is assumed that the gaasaus 
i 

, effluent# are itbitially diluted the.turbulant wake downwin8 of the 
.. '. building. . .. , 

and 

where 

xkm; = average annual, gr,o~11d-level'co~cUrtratto11 ilf a redXonuclide ' 

3 i n  sector k a t  d is twce x,, ( C i / m  ). 

Q = release ra te  of a pa~ t i cn l a r  ~aaioaaclide, (Ci/s). 

f .m lraction of the release period during which the wind blows 
i j k  f - 

i p  direction k, with speed j, ant¶ atmospheric stabUity 

condition i, 

"aim = vert ical  standard dev i~ t ion  of tke plume for s t a b p i t y  

condition i a$ distance x,, (m), 

E z h  = w r t i c a l  sqtad&rd deviation of the plums (modified for the 

, effect  of building vahc dilution) for s tabi l i ty  condition i 

a* distanee Q (la), 

c a P p k m e t e r  which relates the cress-sectioml araa of t h e  

Nilding t o  the  size of a turbulent wake caused by the 

building, 
2 A m cross-sectional area of the reactor building, (la ), 

5 dmwina distance a% which the radionuclide conoentration is 

calculated, (la), 



uj  °f wind speed j, (m/sl* , 

0 = asctor d d t h ,  (radiansf, 

]r .I r&&$osctive decay constant for  a particular nuclide, (8-I). 

Equation 1 is used t o  predict the average annual, @dun&-level 
I 

concentratiott of the radionuclioies across a 22.5' (9 = 22.50 = 0.39 

radian). fn eqtaation 1, c i s  assumed t o  b@ 0.5 and A is asaumed t o  be 
2 2,450 m which is the  minimam cross-sectiwdl area of the reactor building. 

For these calculations Pasquill verticdl plume standard devia- 
1 tions we wed. Values for the joint laeteomlogical frequencies, iijk, 

in eqwtion 1 me  determined by methods discussed in Section 1.2.5, 

Cliaretology_,. In this section, the joint 

meteorological frequencies for the seven Pasquill s tabi l i ty  conditiom 

A through G rse presented as  a function of wind direction and $nd speed 

in  Table 1.2-6 through 1.2-12. The data w e  grouped for f ive wind speed 8 s  

ranges '(0-0.5, 0.6-3.4,'3.5-7.4. 7.5-12.4, 12.5 mi/h) and for 16 standard 

wind directions, , NBE, m, . . . BX, NIiW). 

The concentration of a radionuclide i n  sector k a t  distance 

xm for a release ra te  of 1 C i / s  is expressed a s  a dispersicn factor 

(xkm/Q). The mkximum value for the average annual dispersion factor 

a t  the isite boundary is-1.1 x s/m3, The maximroa value occurs i n  

the  BNE sector where the d i e t a c e  t o  t M  site boundary i s  950 meters. 

1. External beta doses - Beta doses'to individuals 

m e  coppputed using an immersi'on dose model.described by the equation: 



where 

gg =,external beta dose due t o  immersiom in a cloud, (mrem/yr), 

9 4.64 x 10 * a constant used in c&lcula$ing external beta dose, 

( Ci:;:~-~3 1 
% average beta energy of nuclide being considered, (ble~/dis) 

X * avdrage-annual, ground-level mdionuelide concentration as 

C i  calculated by equation 1, -? . 
m 

In t h i s  e e t i o n ,  a correction factor of 0.64 is  

included t o  account for cloud geometry, and a mrrection factor of 0.5 

is  influded,to account for self-shielding by the ho~lsn body. 

The x in equation 2 is the same as  xh i n  e q d i o n  

1. To compute the total  bet@ dose froin a mixtuze of radionuclides, 

equation 2 i s  applied Tor each nuclide an8 the resulting doses are summed. 

The average beta energies for the nuclides are calculated from informa- 

t i on  coritgined i n  reference 3 and are l i s t ed  i n  Table 1-1. 

In ccmputing the beta dose t o  the population *thin 

50 miles of the Bellefonte Nuclear Plant, the area is divided into 16 

directional eectors q d  10 cobcentric rings, i.e., 160 small area elements. 

A beta dose computed a t  the center of each element is multiplied by the 

number of pegple residing i n  that  element. A summation of these pro- 

ducts over all elements gives the t o t a l  popuLation dose d t h i n  50 miles 

of the plant. The projected population for the year 2020, as  l i s t ed  

i n  Table 1-2, is used in  calclilktlng population dose. 

The individual and popula%ion external beta d0Ses 

for  gaseous effluents are  reported i n  Table 1-3. 



2. External gamma doses - Gaanna doses to individuals 

are caslputed uslng an intktersion dose model described by the equation: 

D. Y = 7.21 X J O ~ B ~ X ,  "..,% . (3) 

where 

D external gslnma bose .due to immarsibn in a cloud, tnem/yr), 
, Y  < 
7.21 x. lo9 = a constant u&ed in calculatin$ external g- dose, 

( C i Z i Z - r n 3 )  - 
.r average gamma ewrgy of nuclide being considered, (~eV/dis), 

x ' average-annual, grgrpund-level radionuclide concentration as 

3 calculated by equation 1, tCi/m 1. 

In this equation, a correction factor of 0.5 is 

included to account for cloud geometry. 

The x in equation 3 is the same as Tk, in equation 

1. W&en several nuclides b e  released, the dose due to each nuclide 

is corhlputed a d  a sunrmetion is executed to obtain the total extefnal ' 

gamma dose. The average gsmma energies use in calculating external 
~ 

gamma dpaeg are computed from data contained in reference 3 end are 

listed in Table 1-1. 

The total"popu1stion gamma dose wlthin 50 miles of 

the Bellefonte Nuclear Plant is calculated using the method described 

for the population beta dose, The annual, individual and population 

external gamma doses for gaseous effluents are reported in Table 1-3. 

3. Thyroid doses due te iodine inhalation - Tbe 
equation used in calculating inhalation doses for routine releases of 

radioiodlne from the Bellefonte Nuclear Plant is: 
, r 



D = 8.76 x lo3 X(13R)(bCF), 

where 

,D thyroid dose cgnrmitted, (mrem comi t ted /yr ) ,  

8.76 x lo3 = hours pee year, 

x = aver-e-annual. ground-level radionuclide concentration as 

3 calculated by equation . . 1, (Cilrn , 
3' BR * breathing ra te ,  (rn j h ) ,  

DCF' do,se commitment Csctor fo r  iodine inh8lation (~Wcm/Ci inhaled). 

Maximum individual thyroid doses due t o  inteke of 

radioiodine a re  calculated fo r  a 1-year-old child i n  accordance with 

the  recornendations of the  ~ e d e r *  Radiation ~ounci l . '  Pol~ulatf on doses 

a re  calculated using adult  paranteters and t h e  same method described fo r  

calculating population beta doses. 

The breathing r a t e  assumed fo r  a 1-year-old chi ld  5 

3 '6, i s  0.29 m /h and f o r  .an adaL$. is 0.83 m3/h; The iodine# inWaBdon 

dose c o ~ t m e n t  f ~ c t o r s  fo r  the  1-year-old child and fo r  the  adult are , 

obtained from reference 7. 

Tkp ~ a l c u l a t e d  annual individual and population 

iodine inhalation doses fo r  gkseous eff luents  a re  reported i n  Table 1-4. 

4. Thyroid doses due t o  iodine ingestion - The 

equation used in calculating the  thyroid doses due t o  iodine ingestion 

through the  milk food chain i s :  

D.* 3.15 x.10' ( x ) ( ~ ~ ) ( M ) ( c R ) ( D c F )  (5) 

where 

D r: t w o i d  dose c d t t e d ,  (mrem committed/yr), 

7 3.15 * 1 0 -  = seconds par year, 



x 3 average-annual, ground-level radionuclide concentration as 

3 calculated by equation 1, (Ci/m ) , 
v = radioiodine deposition velocity, (m/s) , 
g 
);I = empirically determined value for concentration of radioiodine 

in milk per unit deposition rate, 

CR = milk consumption rate, (liter/day), 

DCF = dose commitment factor for iodine ingestion (mrem/Ci ingested). 

Only Iodine-131 and 133 are considered in calculating 

milk ingestion doses due to routine releases of radioiodine. Iodine-132, 

134, and 135 have short half-lives ((7 hours) and will have essentially 

disappeared due to decay before significant concentration in the milk 

The 1-year-old child is assumed to be the critical 

receptor in calculating the maximum dose to an individual drinking milk 

produced at the nearest dairy farm (11 miles SSW of the plant). Popula- 

tion doses to persons within 50 miles of the plant are calculated using 

adult parameters. The assumption is made that all milk produced within 

50 miles of the Bellefonte Nuclear Plant is consumed within this area, 

and cows are assumed to graze the pastures during the entire year. 

County milk production data 8s9v10'11 are used in computing milk ingestion 

assuming that the population dose increases in direct proportion to the 

increase in the population. 

The numerical values used for the parameters, v , 
& 

M, CR, and DCF are taken from references 7, 12, 13, 14, and 15. 

The indiv'idual and population milk ingestion doses 

are reported in Table 1-4. 



5 .  M a x i m u m  average-annual radioiodine concent~atibn - 
The maximum a v e r a g e - W l  radioiodine concentrations occur in the NNE 

sector at the site boundary (950 m). The maximum iodine cancentrations 

for routine gaseous releases are calculated using equation 1 and are 

reported in Table 1-5. 
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Table 1-1 

A'V3RZGIC W.2.IA RND BETA E?ERGI!3S %ED TO ESTDfATE, ECLERlSAZI DOSES 
FROM NCrCLDES RlSE&SED IN WEOUS ~ L ~ S  

Average Gamma Energy 
( ~ / r e ~ / ~ s )  

3.8 (-1) 
2.5 
6.7 (-1) 
2.4 
1.7 
9.0 (-3) 
1.5 (-1) 
2.0 (-3) 
1.5 
1.7 
3.9 
2.5 (-2) 
5.3 (-2) 

4.9 (-2) 
4.3 (-1) 
2.3 (-1) 
3.2 (-1) 
2.9 

Average Beta Energy 
(~ev/die ) 

2.0 (-1) 
5.0 (-1) 
4.4 (-1) 
5.2 (-1) 
3.3 (-1) 

0 

2.5 (-1) 
2.4 (-1) 

1.3 
3.9 (-1) 
1.7 
1.2 (-1) 
1.6 (-1) 
1.2 (-1) 

9.9 ( - 2 )  

3.3 (-1) 
1.7 
9.4 (-1) 



Directtan 
from Fla.?t 

ESE 
SE 

SSE: 
s 

SSW 
SW 

WSN 
W 

WNW 
m 

NNFT 

Population within Segnent 



Maximum Individual 
Gamma Dose a t  
S i t e  Boundary 

(mr em) 
Maximum Individual 

Beta Dose a t  
S i t e  Boundary 

(mrem) 
Total Population 

Gamma Dose 
- Within 50 miles 

(man-rem) 

Table 3-3 

ESTIMATED ANNUAL EXTERNAL GAMMA AND BETA WSES 

FROM NUCLIDES RELEASED IN GASEOUS EFFLUENTS~ 

Total Population 
Beta Dose 
Within 50 miles 

(man-rem) 

Total  Routine Releases 
Total  Routine ReiLeases Including Cryogenic o r  
Including 60-day Holdue AbsorPtion Remwal Svskem 

a. For operation of two un i t s  a t  f u l l  power with 0.25 percent f a i l ed  fuel .  
b. 5.6 x lo-'. 



1-14 

Table 1-4 

ESTIMATED ANNUAL TKYROID DOSE COMMITMEN!lY FROM RADIOIODINE 

RELEASED I N  GASEOUSEFFLUENTSa 

". 
Total Routine Releases 

Total Routine Releases Including Cr~rogextc or 
Including 60-day Holdup Absorption R-aJ . lyP%a~ 

Iodine Inhalation 

Maximum Individual 
Thyroid Dose 

a t  S i t e  Boundary 
(mr em) 

Total Population 
Thyroid Dose Within 

50 miles 
(man-rem) 

Iodine Ingestion v i a  Milk 

Maximum Individual 
Thyroid 1)ose a t  

Nearest Dairy Farm 
(mrem) 

Total Pooulation 
Thyroid Dose 

Within 50 miles 
(man-rem) 

a.  For oper t ion  of two uni t s  a t  f u l l  power with 0.25 percent fa i led  fuel .  
b. 1.7 x 10 3 



Table 1-5 

ESTIVATED M A X I m  ANNUAL IODINE CONCENTRATIONS 

FROM RELEASES IN GASEOUS E P F L ~ S ~  

Total  Routine Releases 
Total Routine Releases Including Cryogenic o r  
Including 60-day Holdup Absorption R e a l  System 

Maximum Annual Concen- 
t r a t i on  of 1-131, ~ C i / c c  

Maximum Annual Concen- 
t ra t ion  of 1-132, pCi/cc 

M a x i m u m  Annual Concen- 
t r a t i on  of 1-133, pCi/cc 

Maximum Annual Concen- - t r a t i on  of 1-134, ~ C i l c c  

Maximum Annual Cancen- 
_ t r a t i on  of 1-135, pCi/cc 

a.  For opera'@ of two units at f u l l  power with 0.25 percent failed fuel.  
b. 4.4 x 10- 



Appendix J 

CUIJ~~TIVE,?~IOLOOIC~~~ IWPAGT ON TM;: TE%%BSSX'E Yl3TR FROM THE OPERATXOB 

V F  TlrA ~ C L ~  PLANT$ P1:D OAK RLbGE IiATIONffi LABORATORY 

Assessments of the cumulative radiological impact f r om the 

operation of TVA nuclear plants and Oak Ridge National Laboratory are" 

based on estimated releases from Watts Bar, Sequoyah, and Bellefonte 

Nuclear Plahts and the measuretl releases f'romYOak ?idge National 

Laboratory durin~ '1969 through 1972. The analyses were made using 

the analytical models .'and assumptions described in P-ppendix IT, and 

the results are s.hot?n in ?able J-1. An aesmption was made that 

the '?ennessee 'md Clinch Rivers behave as pipelines transporting the 

sadianuclitles with no losses due to accumulations in the biomss and 

bottom sediments. Mass balance analyses conducted by Oak Ridge 

Xational, Labor&toryJ. indicated that this assumption is realistic for 

2r-3OV Ru-la6, and Co-60 which contribute the greater pordion of the ' 

doses to hwnans due to Oak Ridge releases. 



PEflT7EJCES FOR AP?R~IX J 
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1. Comprehensive 3eport o f  the Clinch Wver  stud^, USAEC Report 
9P*TG-&025, 1967. 

. 



Table J-I 

CUMULATIVE RADIOLOGICAL IMPACT ON THE TENNESSEE RIVER IN 2 0 2 ~ ~  AT BELLEFONTE NUCLEW PLANT 

TVA Nuclear Plants 
Watts Bar Scquoyah Bellefonte B~ Total 

Average Annual Radioactivityb Released 0.92 2.0 0.93 8.76 1.3(+1) Ci/yr 

Tritium Average Annual Radioactivity 
Released 2.8(+2)' 3.5(+2) 2.8(+2) 1.0(+4) 1.1(+4) Cilyr 

I. Average Annual Doses to Humans 

A. Ingestion of Tennessee River Water 

1. Water Supplies 

Scott sboro 
a. individual 
b. population 

Sand Mountain Water Authority 1.1(-1) 2.8(-1) 2.1(-1) 1.8(+1) 1.8(+1) man-remc 
Christian Youth Camp 1.4(-3) 3.8(-3) 2.9(-3) 2.7f-1) 2.8(-1) man-rem c 

Guntersville 6.9(-2) 1.9t-1) l.b(-1) c 1.4(+1) 1.4(+1) --rmc 
N.E. Morgan Co., Water and Fire 3.3(-2) 8.6(-2) 3.1(-2) 7.2 7.4 man-rem 
Huntsville 1.3 3.4 1.3 3.0(+2) 3.0(+2)rnan-remc 

d 2. Tennessee Valley Population 
Dose 8.8 2.4(+1) 2.4 1.3(+3) 1.3(+3) man-rem 

B. Eating Fish Taken from the Tennessee 
River 

1. Guntersville Lake Downstream from 
the Bellefonte Nuclear Plant Site 

a. maximum individual 2.0(-2Ie 3.7(-2)' 1.5d-2)~ 1.0 1.1 mrem 
b. population 5.~(-1)~ 2.1' l.le 2.6(+1) 3.0(+1) man-rem 

2. Tennessee Valley Population 
Dose 8.6 1.3(+1) 6.2 4.7(+2) 5.0(+2) man-reme 



Table J-1 (~ontlnued) 

TVA Nuclear Plants 
Watts B a r  Sequoyah Bellefonte Total - 

C. Use of the Tennessee River 
for Water Sports 

1. Guntersville Lake Below 
the  Bellefonte Nuclear 
Plant Site' 

a. above-water 4.1(-4) 
b. in-water 1.6(-4) 

d 2. Tennessee Valley Population 
Dose 

a. above-wabr 1.6(-3) 
b. in-water 5.82-4) 

11. Average Radionuclide .Concentration 
a t  Bellefonte Nuclear Plant $i/cc 

5.N-1) 7.3(-1) nutn remg 
4.3(-1) 4.5(-1) man re@ 

a. Asming  normal operation f u l l  time 
b. Excluding tritium 
c. Doses t o  thyroid t i ssue  for  TVA nuclear plants and doses t o  bone for ORNL 
d. Between Watts Bar Dam and Paducah, Kentucky 
e. Dose t o  bone t issue 
f.  iloses t o  G . I .  t rac t  t i ssue  
g. Doses t o  skin t issue ~- 
h. 2.8 x l o 2  
1, 1969-1972 average-annual release 



Appendix K 

RADIOLOGTCAL IMPACT OF EXTWNAL DOSE 

FROM BORATED WATW AND CONDEEISATE STORAGE TAIiICP; 

The direct gamma radiation dose rate at tho site boundary 

frm'three borated water storage tanks and two condensate storage tanks 

has been calculated. The assumptions used in performing these analyses 

are given below: 

1. The dose rate model considers the tanks to be cylindrical, - 

11 self-absorbing" volume sources surrounded by a thin steel , 

slab. 

2. The physical dimensions and volume of the tanks are: 

$orated water storage tank: 55'0" dia. x 40'0" high, . " 

650,000 gallons/tank; Condensate stopage tank: 51'3" dia. 

x 40'0" high, 600,000 gallons/tank. 

3. Each tank is completely filled with water, with an assumed 

3 density of 1.0 g/cm . 
b .  The isotopic distribution of the radioactivity in each tank 

is shown in Table K-1. The specific activity in the borated 

water storage tanks is 0.0012 vCi/ml and in the condensate 

storage tanks is 0.0034 uCi/ml. The total activity, exclusive 

of tritium, in each borated water storage tank is 2.82 Ci 

and in each condensate storage tank is 7.67 Ci. 

5. The isotopic mixture is considered uniformly distributed in 

the tank. 

6. Decay of the isotopes is not considered in the calculation. 



7. O n l y  those gamma rays of s ignif icant  energy ( M ~ v )  and 

in tens i ty  (nwnber per disintegration) a r e  included i n  t h e  

calculations.  

8. The average gamma energy fo r  the  mixture of isotopes given 

i n  Table K-1  is calculated t o  be 0.70 MeV fo r  the  barated 

w t e r  storage tank and 0.68 MeV f o r  t h e  condensate storage 

tank. 

9. The contribution f rom each nuclide t o  t h e  t o t a l  dose r a t e  

is weighted according t o  i t s  f ract ion of t h e  t o t a l  ac t iv i ty .  

10. The distance from the  tanks t o  the  nearest point on t h e  site 

boundary is used for  these calculations (991 meters for  t h e  

borated water storage tanks and 610 meters fo r  the  condensate 

storage tanks ) . 
11. Attenuation and buildup f o r  air and for  t h e  1/4" s t e e l  tank 

vall a r e  considered i n  t h e  calcrilations. Self-absorption 

and buildup due t o  t h e  water i n  the  tanks is a lso  considered. 

12. No credi t  for  the  air-earth interface absorption and sca t te r ing  

e f fec t  is taken i n  t h e  calculations.  

Using these assumptions, the  d i rec t  gamma dose r a t e  a t  t h e  

s i t e  boundary from ac t iv i ty  contained i n  each borated water storage tank 

is calculated t o  be 0.0001 mrem/yr. For each condensate water storage 

tank, t h e  d i r ec t  gamma dose r a t e  is  0.014 mrem/yr. The t o t a l  direct  

gamma dose r a t e  a t  the  r e s t r i c t ed  area boundary from the three  borated 

water storage tanks and the  tuo condensate storage tanks is calculated 

t o  be 0.028 mrem/yr. 



Table K-1 

Isotope 

ST-@ 
Y-91 

Zr-95 
Nb-95 
Nb-9% 
%-99 
Tc-9% 

1-131 
CS -134 
Cs-136 
CS -137 
Ba-137111 
Ba-140 
~a-140 
Ce-144 
Pr-144 
h -54  
CO-58 
cod0  
Fe-59 
cr-51 
Sr-go 
y-go 

ISOTOPIC DISTRIBUTION OF ACTIVITY, Dl EORILTEG W m R  AND 

CONDENSATE STORAGE TANKS& 

Tota l  

Borated Water 
Storage Tank 

Contents, ~u r i e j t ank  

Condensate 
Storage Tank Contents, 

~ur ie / tank 

2.81 (-2) 
2.78 (-2) 
8.14 (-3) 
9.55 (-3) 
1.72 (-4) 
3.17 (-3) 
3.03 (-4) 
7.13 (-2) 
5.29 (-1) 
1.66 (-2) 
6.25 
5.75 (-1) 
4.68 (-3) 
5 3 9  1-3' 
5.77 -3) 
3-77 (-3) 
3.71 (-4) 
6.81 (-3) 
1.50 (-2) 
7.57 (-5) 
3-38 (-4) 
9.50 (-3) 
9.50 (-2) 

7.67 

a. Exclusive of tritium. 



." Appendix L 

NONRADIOLOGXCAL ENVIROIiMENTAL MONITORING PROGRAM 

FOR THE B w O l J T E  NWCLEAX PLARP 

TXis appendix is an integrated nonradiological environmental 

monitoi-ing program for the assessment of terrestrial and aquatic 

impacts due to the construction and operation of the Bellefonte 

Nuclear Plant. It is a cooperative effort of the Division of 

Environmental Planning; the Division of Forestry, Fisheries, and 

Wildlife Developnent; and the Division of Water Control Planning. 

Basis for Wnitoring Progr,am - As part of the assessment 
of environmental impact, monitoring programs are necessesy to confirm 

I 

hypothesized impacts and to provide continuing surveillance of the 

envirorunent so that previously unknown impacts may be assessed. This' 

appendix outlines the nonradiological monitoring program mil. proposes 

to implement as part of the program for assessing the environmental 

impacts of the Bellefonte PTuclear Plant. Included in this discussion 

are rationale, sampling designs and procedures, the parameters that 

will be measured, and a general identification of the impacts that 

might be expected. 

Although further study may reveal that different or additional 

impacts may need to be considered, a number of hypothetical environmental 

impacts, which might be expected to result lrom construction and operation 

of nuclear power generating facilities, were identified as a basis upon 

which the nonPadiologica1 environmental monitoring program could be 

designed. The monitoring program will periodically be reviewed, and 

various elements may then be added to the program or deleted. Certain 



parameters cannot be measured because of imprecise analytical 

techniques or because of large inherent variation in samples obtained 

by conventional sampling techniques. In both cases, development of 

the proper procedures would involve large expenditures of effort 

and Punas with no assurances of u s e m  results. These decisions 

are documented in the text. 

The monitoring program is divided into three time periods: 

preconstruction, construction, and operation. Monitoring before 

construction begins will provide baseline information far the entire 

program, although in certain cases baseline hta may be collected 

during the construction period. 

. 1. Detailed Rationale - 
(1) Terrestrial Impacts - The non- 

radialogical terrestrial monitoring program for the Bellefonte 

Nuclear Plant is designed to evaluate the following hypotheses: 

1. Land use changes associated with construction and operation 

will result in changes or losses of wildlife, wildlife 

habitat, forested areas, hunting opportunity, and non- 

consumptive I'ecreational activities. 

2. Transmission line construction, operation, and maintenance 

will result in~changes or losses of wildlife, wildlife 

habitat, forested areas, hunting oppprtunity, and non- 

consumptive recreational activities. 

3. Operation of the facility may result in accumulations of 

toxic materials in plant and animal tissues or soil. 

4. Operation of the facility may alter moisture regimes of 

natural ecosystems. 



(a) donstruction Monitoring - 
Portions of hypothesis 1 pertaining to construction impacts will be 

tested by collecting and analyzing data from permanent plots located 

both on and adjacent to the 1,509-acre project site. Measurements will 

begin in the winter of 1973-74 before construction is started and 

will continue through construction until the plant begins operation. 

After the plant begins operation, monitoring will follow the same 

experimental design and sampling procedures subject to alterations 

that monitoring experience may indicate are necessary. 

Baseline studies were conducted 

on the site in August 1972. Fifty-two permanent vegetation plots were 

located in 8 different types of habitat, and the ecological parameters 

that describe the plant ecology of each site were evaluated. Data 

gathered from these plots along with information gathered from 

vertebrate census techniques will allow analysis before, during, and 

after construction. The nature of the plant and animal communities that 

may be disturbed, displaced, or destroyed will be identified as will 

the nature of the new cornunities that may be created by the construction 

impacts . 
Construction impacts will be 

treated as primary and secondary. Examples of primary impacts would 

be modification and alteration of habitat by blasting, drilling, 

excavating, and clearing. At Bellefonte, specific examples of direct 

impacts will be development of access corridors (roads, railroads, and 

transmission lines), clearing and excavation for all construction 



(intake and discharge areas, holding ponds, causeway, cooling 

towers, visitor center, and other buildings), noise and vibrations 

from construction equipaent, exhaust emissions, atmospheric 

particulates, fuel leaks and spills, mud, and activity of men 

and machines. Associated d t h  these direct impacts are secondcuy 

impacts such as increases in housing aevelopinents, trailer courts, 

resource commitments, recreation and use of recreation facilities' 

(camping, hunting, boating, hiking, etc. ) , and transportation of 
all types f automobile, truck, railroad, barge, -air). 

Monitoring for direct con- 

struction impacts on the site will concentrate on vegetation and 

vertebrate parameters. Direct anti secondary construction impacts that 

will occur regionally (other than on site) will be related to con- 

struction of power lines and other changes in land use. When power 

line corridors are developed, habitats will be altered and land cover 

will change. The major Impacts associsted with the power lines will 

be to deciduous and coniferous forest communities. LEwd area changes 

related to plant construction will involve the aeveloplnent of roads, 

trailer parks, houses, and recreation facilities and increased land 

use by the new work for~e coming into the area. Aerial photoeaphy 

will be used to document significant changes in land use on the site and in 

the vicinity. (Refer to page L-17). 

(b) Operational Monitoring - 
To evaluate each of the hypotheses two types of impacts must be 

considered: (1) possible moisture, chemical, and structural impacts 

associated with the cooling towers, and (2) changes in regional land 

use and land cover not related to possible impacts of cooling towers. 



Cooling towers may have 

an adverse impact on migratory birds. An ongoing monitoring program 

will be conducted once the cooling towers are constructed to determine 

if birds fly into the structures. 

Natural draft cooling towers 

release moist air with suspended water boplets that may appear as 

a visible white plume. Possible effects ol cooling tower plume releases 

are (1) changes in air and soil misture, (2) changes in plant growth, 

(3) damage to plants because of icing, (4) changes in incidence of 

disease or insect infestation, and (5) changes in the structure 

(diversity) of plant or vertebrate cornunities . 
Along with moisture, suspended 

. and aissolved particulate material will also be emitted over the land- 

scape within spray droplets (drift). Some believe dispersion of chemica3 

materials by this means to be of little consequence. Although impacts 

related to drift on the soil as w e l l  as plant and animal communities . 

may not be adverse and may in fact not be measurable, an attempt should 

be made to assess the possible impact. Preliminary studies have been 

proposed and some are under my to evaluate the impact of these effluents 

at operating facilities. Monitoring of moisture and chemical constituents 

will depend on the results of recent studies at Paradise Steam Plant, 

planned studies at Browns Ferry Nuclear Plant, and possible future 

studies at new cooling towers -that may be constructed before Bellefonte 

nuclear Plant begins operation. A general study plan for chemical 

constituents is provided that indicates the types and quantities of 

measurements that would be included if preliminary studies show impacts. 



(2) Aquatic Impacts - 
( a )  Construction Monitoring - ' 

Construction a c t i v i t i e s  may poten t ia l ly  present two main types of aquatic 

impacts: the  long-term commitments of acreages of water and substra te ,  

par t icu la r ly  embaymeruts ana overbank areas,  and the  short-term e f f ec t s  

of tu rb id i ty  and localized s i l t a t i o n .  

A t h i r d  category of possible 

impacts include accidental rele-ases o r  s p i l l s  of materials,  but no rou'ine 

monitoring for  these impacts i s  planned. I f  pesticides are  applied i n  t he  

reservoir  for  control  of Eurasian watermilfoil and mosquitoes during 'the 

construction period, a sampling program f o r  monitoring those pesticides. 

w i l l  be i n s t i t u t ed .  Designated areas on Guntersville Reservoir w i l l  be 

excluded from herbicidal  treatment as indicated i n  figure 1. I n  t h i s  

way, the impacts on aquatic macrophytes t ha t  might be caused by herbicides 

used during construction of t he  nuclear f a c i l i t y  caA be separated from 

those tha t  might be caused by the  program of pest control  i n  t he  reservoir  

and t h e i r  r e l a t i ve  significance assessed. A National Pollutant Discharke 

Elimination System (NPDES) permit which w i l l  be obtained from the Environ- 

mental Protection Agency (@A) w i l l  d i c t a t e  l imi t s  and monitoring requirements 

for  sani tary waste effluent.  

Acreages of aquatic habi ta t  l o s t  

owing t o  construction of intake and discharge s t ructures  and channels, 

causeways, and other e a r t h f i l l s  w i l l  be documented. Short-term e f f ec t s  

of tu rb id i ty  a r e  expected t o  cause changes i n  r a t e s  of phytoplankton and 

macrophyte productivity. Locdized s i l t a t i o n  i s  poten t ia l ly  a long-term 

phenomenon tha t  may affect  benthos. 





No f i sh  monitoring is planned 

fo r  t h e  construction phase because of the  dymnic nature of f i8h 

dis t r ibut ions and t h e  difPicul t ies  of separating construction e f fec t s  

from natural var iat ion i n  populations. 

(b) Operational Monitorinq - 
Operation of the  plant w i l l  result i n  four main categories of impact: 

heated water discharges, impingement of organisms on trash-collecting 

screens, entrainment of biota ,  and discharge of c h a i c a l e .  Most of the  

monitoring w i l l  be done i n  the  area very near the  plant,  where any impacts 

should be most pronounced. No reservoir-wide monitoring is contemplated. 

A monitoring program w i l l  show 

the  changes i n  the  dis t r ibut ions of 'biota i n  response t o  heated water. 

Certain species of f i s h  may be a t t rac ted  t o  heated water during winter 

o r  repelled during sumer.  Changes i n  nlwerical abundance6 of periphyton, 

mcrophybes, and benthic organisms are a lso  expected. Sampling w i l l  

be concentrated i n  t h e  overbank areas influenced by the  heated discharge. 

While other e f fec ts  of heated 

water can be hypothesized, these e f fec ts  would be l ees  obvious than changes 

i n  t h e  d i s t r i h t i o n  of biota.  Monitoring of these more subtle a f fec ts  

i s  not planned. 

While the  number of f i sh  

impinged on screens can be determined, the  significance of  t h i s  impact 

t o  t o t a l  f i s h  population& i n  t h e  reservoir i s  poorly known. It is 

evident that the  impact of impingement losses is re la ted  t o  both 

the  t o t a l  number of f i s h  i n  the  reservoir and the  r e l a t ive  abundance 

of each species. The t o t a l  number of f i s h  impinged w i l l  be compared 

t o  the  estimated figures on standing crop obtained from rotenone s a p l e s  

t o  estimate the  impact. 
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Numbers of l a r v a l  f i s h  entrained 

w i l l  be compared t o  the  estimated t o t a l  population i n  t h e  v i c in i ty  of t h e  

s i t e .  Of pa r t icu la r  importance are  comparisons by species of entrainment 

losses  versus the abundance of adults of t he  same species i n  t h e  reservoir .  

In  addition, local ized impacts on the species l i v ing  near t h e  plant w i l l  

be studied. 

Chemical discharges can be categorized 

as  substances added t o  water during various processes i n  the  nuclear plant 

and as  substances t h a t  were present i n  the  water as it was drawn from the  

reservoir  but t ha t  a r e  concentrated during use of t he  water i n  the  p lan t ,  

par t icu la r ly  i n  the  cooling towers. Chemicals might a l so  be added t o  water 

from decomposition of entrained organisms. 

Since EPA w i l l  probably require  a 

NPDES permit, eff luent  monitoring w i l l  be conducted by plant personnel. 

Should inplant monitoring of the  chemicals indicate  potent ia l  problems, 

reservoir  monitoring w i l l  be i n i t i a t ed .  

2. Sampling Design and Procedures - 
(1) Ter re s t r i a l  Monitoring - 

( a )  Construction - 
Vegetation - k s e l i n e  

information describing the f l o ra  of the  Bellefonte s i t e  was gathered i n  

September 1972. Fifty-two permanent p lo t s  were established on t h e  1,500- 

acre plant s i t e  area. A vegetation type map was prepared and types were 

located on a e r i a l  photographs. Eight vegetation types were ident i f ied.  

The purpose of t he  baseline study which began the  monitoring program was 

to :  (1 )  provide information on $ecies frequency, dis t r ibut ion,  density,  

percent cover, and vigor of higher plants  i n  the  area,  ( 2 )  determine the  

presence of any r a r e  o r  endangered plant species; and ( 3 )  provide baseline 



A square gr id was 

l a i d  over the  study area t o  es tab l i sh  c i rcu lar  1/5-acre plots  a t  

1,035-Toot intervals .  Plots f a l l i ng  i n  forest  o r  abandoned f i e lds  

were used. Forested p lo ts  were permesrently located so t h a t  t he  exact 

spot could be resurveyed at later dates during the  monitoring program. 

Old f i e l d  p lo ts  were not permanently marked; however, t h e i r  locations 

were noted by t h e  intersect ion of the  t r snsec t  l i n e s ,  Pole, sawbimber, 

and reproduction data were collected. Four 1/100-acre subplots were 

located a t  cardinal points around the  periphery of each 1/5-acre plot .  

In each subplot, all t r e e  stems between 1 and 5 inches diemeter breast  

height (DBH) were recorded and c la s s i f i ed  as "shrub stratum." Percent 

cover xas recorded f o r  each s h b  s t ra ta  species according t o  the  

following code : 

1 - l e s s  than 5 percent 
2 - 5 t o  25 percent 
3 - 26 t o  50 percent 
4 - 5 1 t o  75 percent 
5 - 76 t o  95 percent 
6 - over 95 percent 

In addition, t he  general condition of  dominant s p i e s  was noted 

collectively,  with a description given of any unusual or  uahealthy 

patterns dwelaping. 

Beginning at the  

4 csrdinal points and moving toward the  center of each p lo t ,  quadrats 

10.75 fee t  long by 1 foot wide were established. In these quadrats 

the  ground cover (including a l l  t r e e  and shrub species l e s s  than 18 

inches high) was recorded by species. and percent cover, and t h e  general 



condition of dominant species was noted (as  was done for  shrubs and 

small t r e e s ) .  A vegetation type was subjectively determined for  each 

p lo t  i n  the  f ie ld .  

Plots  were grouped 

according t o  Vegetation types established i n  the  f i e l d .  Within each 

type, frequencies were established fo r  a l l  species t o  estimate the  

importance of t h e i r  occurrence. Data from a l l  p lo ts  i n  a l l  types were 

then combined, and an importance value index was established fo r  each 

species within each of the  4 vegetation s t r a t a  ( i  .e., t r ees ,  understory, 

shrub stratum, and ground cover ) . 
Over one-half of the  

permanent plote established i n  1972 w i l l  be d i rec t ly  impacted by con- 

s t ruct ion ac t iv i t i e s .  Plots  located i n  d i rec t  impact zones w i l l  be measured 

once again pr ior  t o  construction ac t iv i ty ,  then remeasured dwing and 

after construction of t h e  plant.  As mentioned i n  a previous section, 

construction impacts on vegetation outside of the  direct  impact zone 

w i l l  be insignificant.  

Birds - Breeding b i rd  

surveys w i l l  be conducted beginning i n  l a t e  May 1974 i n  each vegetative 

type on and aajacent t o  the  d i rec t  impact zone areas. Permanent Pixed- 

dimension t ransects  200 yards by 50 yards w i l l  be l a i d  out and run each 

spring u n t i l  the  plant becomes operational. Species composition, diversi ty ,  

and r e l a t ive  density expressed i n  birds  per 100 acres w i l l  be the  

parameters measured. 



The surveys w i l l  be 

continued each spring u n t i l  t he  landscape becomes s tabi l ized.  A before 

snd a f t e r  compasisan of b i rd  response t o  nuclear plant construction is 

the objective of the  b i rd  survey work. Bird l i f e  on areas outside the  

d i rec t  impact zone area w i l l  not be s ignif icant ly affected. 

I n  addition t o  t e r r e s t r i a l  

surveys, ripaxian surveys conducted by boat a re  scheduled each spring. 

I n  spring 1973, wood duck and prothonotary warbler censusing was begun 

along a route encompassing the  e n t i r e  Delleforrte peninsula. These counts 

w i l l  be expanded i n  spring of 1974 t o  include great blue herons. The 

parameters measured a re  r e l a t ive  density of breeding birds  expressed i n  

pa i rs  or  individuals per uni t  area of specif ic  sections of shoreline. 

Part icular  emphasis w i l l  be given t o  the  areas  near the  proposed causeway 

and points of cooling water intake and discharge. Spring b i rd  counts 

w i l l  be conducted u n t i l  a f i e r  t he  plant becomes operational and dis turbed,  

habi tats  become stabi l ized.  

Mammals - The monitoring 

program t o  be used t o  assess construction impacts on m a l s  w i l l  be 

in i t i a t ed  i n  l a t e  f a l l  and wineer 1973-74. Changes i n  mammal abundance 

and dis t r ibut ion as well a s  species composition and species diversi ty  w i l l  

be the  parameters measured i n  the  d i rec t  impact zones. 

A grid of m a l l  mammal 

l i v e  t raps  w i l l  be u t i l i z e d i n  each of the  habitat  ty-pes within and adjacent 

t o  the  d i r ec t  iarpact area. Permanent trapping s tat ions w i l l  be established 

and 3 t r a p  periods, beginning i n  September and ending i n  November, w i l l  be 

ut i l ized.  Bach period w i l l  run 4-5 Ws with 3 men running 200 t o  300 



live traps per day. The trapping will be continued each winter as 

described above and will cease after the plant becomes operational 

and the new habitats become stabilized. 

Estimations of 

presence and relative abundance of white-tailed deer and other 

larger nmmals in the area of eirect impact will be made based on 

incidence of tracks, browse sign, scat, dens, and direct observation. 

Before and after comparisons will result from the m a m d  monitorin@;. , 

Transmission Lines - 
Prior to construction of the transmission line connections discussed 

under step If, an inventory of vegetation on specific test tracts along 

the right of way will be evaluated. The specific tracts to be used in 

this evaluation program will be determined at a later date. Following 

construction, during subsequent maintenance periods, regrowth rates will 

be recorded to determine the effectiveness of various right of way 

clearing methods including shear clearing treatment as it relates to 

line maintenance and envi'sonmental impacts. Concurrent studies will be 

performed also on other transmission line projects in the l'VA area to 

determine specific impacts to wildlife, understory development, and ecotonal 

influences. Results of these studies will be used to determine the speeific 

right of way clearing methods to be utilized by WA for the remainder of 

the Bellefonte Transmission Line connections (Steps I11 and IV). 

Other - Cmzterly inspec- - 
tion visits on and around the site by ecologists will serve to document the 

seriousness of secondary impacts. We do not anticipate that secondary 

impacts will. become a serious problem. If a major impact occurs, e.g., 



a large o i l  o r  chemical s p i l l ,  specif ic  followup evaluation w i l l  be 

immediately undertaken. The basic sampling methods and sampling 

per iodici ty  a r e  given i n  Table 1 and f igure  2. Definition of 

parameters is given i n  Table 2 .  

(b )  Opeeration - 
Dri f t  - W i n g  operation - 

chemical consti tuents i n  cooling water w i l l  be discharged as  d r i f t  along 

with water vapor. Normal consti tuents of water w i l l  be concentrated 

because of evaporation losses  and other chemical consti tuents may be 

present because they are  used during t h e  plant operation. Accumulation 

of chemical consti tuents on leaves and i n  s o i l  may increase t h e  uptake 

and may, i n  extreme cases, cause necrosis of leaf  t i s sue .  Chemical 

consti tuents may be retained i n  t h e  s o i l  o r  may be cycled by plants  

and animals on the  s i t e .  

So i l  and l i t t e r  samplerl 

w i l l  be obtained on each p lo t  once each year i n  August f o r  deteirmination 

of chemical oonsti tuents.  L i t t e r  samples w i l l  be a composite of t he  05 

and 02 horizon. Surface s o i l  samples 1 cm th ick  w i l l  be composited for  

t he  plot .  Subsoil samples from 10 cm depth ( 2  cm th ick)  w i l l  a lso  be 

obtained and composited. 

Vegetation saaples w i l l  

be obtained on each plot  during August of each year t o  determine chemical 

constituents. A t  each plot  locat ion individusls w i l l  be selected and 

marked for  sampling. Species t o  be selected include lob lo l ly  pine, broom 

sedge, ragweed, elm seedling, and Virginia creeper. Leaves obtained %fill 

be composited by p lo t s  and by species. 



TABLE 1 

COliSTRUCTIOB IMPACT ASSESS?XETFT SAXFLING SCIIEIB 

Group Parameters Sample Techniaue Schedule 

~egetat iona Relative density Permanent Once during pre- Evaluate before 
Relative basal area Fixed 1/5 acre operational phase, and after results 
Relative frequency Plots, 1/100 acre once during post- of nuclear plant 
Importance value Plots, square operational phase. constructLon 

Meter plots 

b Breeding Birds Species composition P e m e n t  Once per year every As above. 
Relative density Fixed 200 yd. x year until communities 
Species diversity 50 yd. transects stabilize after plant 

becomes operational. 

S m a l l  Mammalsc As for breeding birds Permanent As above. 
fixed grid 
live trapping 

As above. 

a. Vegetation parameters and their derivation are discussed in Quantitstive Plant Ecology 
by Greig-Smith (196b). 

b. Parameters for breeding birds have been discussed by Bond (1957) and techniques Used 
are discussed in Effect of Urbanization .and Type of Development on Bird Populations by 
Geis (1973). 

c. Mammal censusing techniques are discussed in Wildlife Investigational Techniques by 
Giles (1969). 
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Table 2 

DEFINITION OF PARAME1IIERS USED TO ASSESS COI(STRUCT1ON 'IMPACT9 

Vegetation--Importance Value (Iv)  was measured i n  three V s :  

For the  t rees ;  

I V  = (Relative Density + Relative P'requenay + Relative Basal k e a )  i. 3 

Where 

Number of t r ees  of a single species Relative Density = Total number of all t r e e s  

fJumber of occurrences of a s ingle  species 
Frequency Total number of occurrences of a l l  species 

Bmsl ares  of a s ingle  species 
Basal Area = yo$d tiasal a res  of C L ~  species 

For the  understory; 

I V  = Relative D e n ~ i t y  + Relative %equencx 
2 

For shrub stratum and ground cover; 

Relative Frequency + Relative Cover 
I V  = 2 

Where 

Percent c w e r  of a s ingle  species 
summed over a l l s u b p l o t s  o r  quadrats , Relative Cover = - Sum of the  percent covers of a l l  
species i n  a l l  subplots o r  quadrats 

By diviaing by the  appropriate denominator, Importance Values a re  assigned t o  
a l inear  scale ranging from 0 t o  100. Since the  sum of IV's of a l l  species 
within a par t icular  stratum t o t a l s  100, each Value can be viewed as  a measure 
of the  re la t ive  percentage of importance of tha t  species i n  the  stratum. 

Breeding Birds and Sinall Manrmsls; 

Species Composition - Simply a l i s t i n g  of all bi rds  found per habi tat  type. 
Relative Density - Expressed as number of birds per 100 acres of each 

habi tat  type. 
Specfes Diversity - Ratio between number of species and numbers 5f 

individuals. 



FIGURE 2 

, . SAMPLIW SCEBB - PRECOXSTBUCTIQN ABD 'CONSTRUCTION KONITORTNG 

MALYSISI 

SPRING 

INVESTIG ' NS 

0 INVESTIGATIONS 

0 B D J P M A M  J J A S O E I  D 

*Veget&tioa information not, collected ekch year. (see T & L ~  1) 



Individuals of (1 )  

seed-eating resident mammls; ( 2 )  insect-eating resident m&mmals; and 

( 3 )  forage-eating resident mammals w i l l  be collected for  determination 

of chemical consti tuents.  Samples w i l l  be obtained once each year i n  

autumn and w i l l  be obtainea i n  t h e  v i c in i ty  of the  cooling towers, on 

Poorhouse Mountain, Sand Mountain, and two locations i n  t he  NE and SW 

windrose. 

Materials t o  be sampled 

and number of samples t o  be obtained annually are  given i n  Table 3.  Soil 

and vegetation sampling w i l l  be attempted during r e l a t i ve ly  dry periods. 

Elevated Structures - 
Preliminary s tudies  t o  assess t he  impact of cooling towers and tall  stacks 

on migrating birds w i l l  be implemented a t  TVA's Paradise and Bull Run 

plants .  Results of these s tudies  and those conducted a t  other steam 

plants ,  such as  Davis-Besse on Lake Erie ,  w i l l  d i c t a t e  whether future  

TVA plants ,  such as Bellefonte, w i l l  be monitored for  t h i s  impact. 

Land Use Changes - As. 

a d i rec t  and indirect  r e su l t  of construction and opel'ation, some Land' 

cover changes are  l i k e l y  t o  occur i n  t he  general v i c in i ty  of t he  s i t e .  

While an extensive survey program could document a l l  land cover changes, 

no feasible  method i s  available for  r e l a t i qg  these changes t o  t he  project ,  

e i ther  d i rec t ly .or  indirect ly .  This i s  due t o  t he  dynamic economic and 

population growth the area i s  experiencing which would obscure t h e  r e l a t i ve ly  

small changes l i ke ly  t o  occur due t o  t he  project .  However, the  access 

ra i l road,  t he  two access roads, and t h e  possible use of t h e  peninsula 

t i p  for  recreation a l t e r  the  development po ten t ia l  of nearby lands t o  



Table 3 

Material 
Composite or 
Replicated Sample 

Litter Composite x 20 locations 

Surface soil Composite x 20 locations 

Subsoil Composite x 20 locations 

Hardwood leaves Composite x 10 locations 

Conifer needles Composite x 19 locetions 

Broom sedge Composite x 10 locations 

Ragweed Composite x 10 locations 

Kentucky 31 fescue Composite x 10 locations 

Virginia creeper Composite x 10 locations 

b w n  grass ? replicatisns x 40 locations 

Insectivorous small 
lmmal 3 replications x 5 locations 

Seed-eating small mammal 3 replications x 5 locations 

Forage-eating small 
ma.mmal 3 replications x 5 locations 

a. Tentative sampling schedules subject to modification depending upon 
variation. 



such an extent t ha t  changes around these developments could reasonably 

be a t t r ibu ted  t o  t he  project ,  These land use and cover changes w i l l  

be evaluated using a e r i a l  photography and/or ground checks i n  conjunction 

with assessment of onsi te  cover changes. 

(2)  Aquatic Monitoring - The monitoring 

program for  t he  Bellefonte Nuclear Plant w i l l  begin one year pr ior  t o  

t he  i n i t i a t i o n  of construction, S a p l i n g  w i l l  continue through 

construction gnd operational phases. The monitoring program w i l l  

be subjected t o  periodic review. 

( a )  Construction - The acreages 

of aquatic habi ta t  added o r  removed from the reservoir  w i l l  be documented. 

This w i l l  include s i l t e d  areas and other areas such as  discharge canals 

which no longer can be used by aquatic biota .  Those reservoir  areas 

removed from public use w i l l  a lso be inchded.  

S i l t a t i on  e f f e c t s  w i l l  be 

assessed by measuring t h e  composition and a rea l  extent of s i l t a t i o n  

and the  changes i n  t he  standing crops and species composition of 

benthic fauna. Following cessation of construction a c t i d t i e s ,  

repopulation of affected areas w i l l  a l so  be monitored. 

Water Quality - 
During construction, water qual i ty  parameters t o  be sampled quarterly 

a t  t he  s ta t ions  on t h e  Tennessee River are:  pH, temperature, dissolved 

oxygen, conductivity, colif irms, sol ids  (dissolved, suspended, and 

t o t a l ) ,  tu rb id i ty ,  nutr ients  (nitrogens and ~ h o s ~ h a t e s ] ,  and BOD. A l l  



samples will. be analyzed in accordance with "Recommended Methods for 

Water Data Acquisition," Federal Interagency Work Group on Designation 

of Standards for Water Data Acquisition. 

Station locations will 

include one upstream control, one near the intake/dischar$e structure 

site, and one downstreem station. All stations will be in the overbank 

area of the right descending bank for maximum effectiveness. It is 

possible that a shoreline station (control) will be establishes on 

Bellefonte Island should an upstream overbank control be adversely affected 

by run-off from Mud Creek. 

Periodic monitoring for 

direct construction effects will be conducted in creeks and sloughs that ' 

drain the construction area. These samples will be collected to coincide 

with surveys for biotic impact assessment, periods of heavy rainfall, 

and major changes in construction phases. Aerial color photographs will 

be taken as an aid to further assess the potential impact. 

Plankton - The impact 
of turbidity on phytoplankton will be assessed by measuring the reduction 

on photosynthetic activity due to shading and by measuring the areal extent 

of construction-induced turbidity. Samples will be taken in January or 

February and monthly from March through October. It is expected that 

turbidity effects will be reduced after the onset of plant operation. 

Macrophytes - m e  impact 

of turbidity on aquatic macrophyte standing crop will be monitored by 

alternate-month sampling at sites along the main river, in the overbank areas 



near t h e  construction s i t e ,  and i n  Town Creek (Table 4). Sampling wi l l  

be done a t  these locations before construction and at locations away 

from expected impact. Alternate-month sampling is  necessary because of 

t h e  known occurrence of two seasons of growth of Eurasian watermilfoil. ;. 

Comparable samples w i l l  be t&ken a t  different  depths a t  1/2-m contour .. 

intervals ,  Aquatic -=ophyte d is t r ibu t ion  changes w i l l  be moni4ored by . 

aerial photography and w i l l  be interpreted by comparison with t h e  

tu rb id i ty  plume (Table 4). 

Bentbs  - Ten ~ponar 

grab samples of aooben5hos and rep l ica te  samples of sediment w i l l  be taken 

randomly from one s t a t ion  above t h e  designated water intake area,  from . 
oae s t a t ion  approximately halfway between t h e  water intake and trie 

designated discharge area, and from one stadion 200 t o  300 yards below th{ 

discharge construction area and t h e  Town Creek area (Table 5). Zoobenthos 

population composition and dis t r ibut ion is  usually correlated with substrate  

type. Changes i n  sediment conposition resul t ing from construction w i l l  

induce changes i n  zoobenthos divers i ty .  

(b)  3 e r a t i o n  - 
The& F4onitoring - A 

detai led thermal monitoring program for  t h e  ~ e l l e f b n t e  Nuclear Plant 

w i l l  be available a t  the  operating l icense stage. 

Heated Water Impacts - 
Monitoring programs w l l l  be provided for ' the  major categories o f  aquatic 

l i f e .  



AQUATIC MACROPHYTE IIQACT ASSESSMTNT SAMPLING SCKEME 

Items 
Parameter Sampled Methodology Location Position Frequency 

Standing &uat i c  Q.lm harvest, F.iverbank, l /2n  depth Alternate 2 

Crop mcrophytes detkrmine ash- overbank, intervals  months 
free dry weighta Town Creek 

St anding Aquatic 0. l m  harvest, Riverbank, 1 depth Alternate 
2 

Crop macrophytes determine ash- overbank only months 
free dry weighta 

Distribution Aquatic Aerial Al.1 
macrophytes Photography 

b 
None Aquatic Chemical analysis Discharge 

macrophykes comparison with channel 
known responses 

Surface Annual 
view 

Purpose 

Turbidity 

Temperature 

Hhbitat l o s s ,  
tu rb id i ty ,  
temperature 

Herbicides, 7 
N 

nutr ients  w 

a. R. A. Stanley, E. Shackelford, D. Wade, and C. Warren. 1973. Effects of Season and Water Depth on 
Standing Crop of Ekrasian Watermilfoil. (Manuscript prepared by TVA for publication.) 

b. No direct  smpling of b io ta  planned due t o  extensive knowledge of interrelationships and because of 
improbability of environmental impact. 



%, - 0 
t7i 0)  w 
m e  
a, 
U C w 0 

a @  
h e 
.A C 

m 
"PI 4 4 '4 aJ 

p m  ' 
b 5 3 
g!i? 3 a &, !% 8 0 

w . P . r i + ,  
* P  r J *  

?i 0 
a,.&&%, k 



Benthic Fauna (Zoobenthos) 

The main o r  old r ive r  channel i n  the  v ic in i ty  of the  Bellefonte 

s i t e  is bedrock fo r  the  most par t  and affords only one substrate type. 

From 50 t o  60 percent of the  substrate on the  r ight  overbank is composed 

of very f ine  sand (118 t o  1/16 mm) while 0.4 t o  12 percent is composed 

of coarse silt (1132 mu). Fine sand i s  t he  only overbank benthic sediment 

with pa r t i c l e  s i ze  percentage i n  excess of 1 0  i n  all t e s t  semples. Therefore, 

fo r  a l l  p rac t ica l  purposes, there  i s  only one substrate type on the  overbank. 

Zoobenthos samples w i l l  be taken with a ponar sampler from random locations 

i n  the  two principal substrate types, overbank and main channel. Duncan's 

New Multiple-Range Test w i l l  be used t g  detect significant differences 

between s ta t ions  at the  5-percent level .  

Plr t i f ic ial  substrates 

Three a r t i f i c i a l  substrates w i l l  be placed a t  each sampling 

location selected a t  random fo r  each sampling date. Substrates w i l l  be 

placed on sampling dates m d  removed after approximtely 30 d w s '  

colonization. 

F'hytoplankton 

Duplicate samples of phytoplankton w i l l  be taken a t  the  

surface, 1-m, 3--m, and 5-m as shown i n  Table 5. Samples w i l l  be Collected 

with an 8- l i te r  Van Dorn sampler. Phytoplankton data w i l l  be analyzed 

with emphasis on determination of any signficant s h i f t s  i n  diatoms o r  

meen a lga l  dominance t o  bluegreen a lga l  dominance as a r e su l t  of plant 

operation. Such a shif't i n  dominance would be considered undesirable. 

Appropriate s t a t i s t i c a l  t e s t s  w i l l  be applied t o  the  data fo r  detecting 
1 4  

significant differences i f  they occur. Phytoplankton productivity (C 

studies w i l l  be conducted by repl icate  sampling (Table 5 ) .  



Zooplankton 

Identification of species common t o  th i s  section of the Tennessee 

Rgver and general quantitativereslilts,  such as abundance, w i l l  be used. 

Biomass determinations w i l l  also be used as a parameter. Species common 

t o  Guntersville Reservoir w i l l  also be selected for intensive stud;y. 

Periplryton 

Two se ts  of five plexiglass plates, each 6 m thick and 

having an exposed area of 1 .5  dm2, w i l l  be used as a r t i f i c i a l  substrata 

a t  each station. !I'hese plates w i l l  be exposed for about 2 weeks (14 t o  . 
17 days), since previous studies showed th i s  t o  be an optimum accrual '. 

time for periphyton in t h i s  area. 

The ra t io  of phytopiwent absorbency t o  t o t a l  organic matter 

is the a~tokrophic index; for example, 

0.212 (~hytopigment absorbency) = 4.0 (autotrophic index) 0.053 of ash-free dry weight) 

Shift of the autotrophic index toward heterotmphic proauction 

my be undesirable. This w i l l  be determined by analysis of variance and 

Duncan's Mew Multiple-Range Teat ko evaluate differences i n  the mean 

autotrophic indices between stations and between positions on the sampling 

rack a t tache .  Algal groups w i l l  also be identified. 

Slides f r o m  each rack w i l l  be used for taxonomic purposes. 

Data w i l l  be used t o  identify shlf ts  in the par ipwon community from a 

diatom or green predominance t o  a bluegreen dominance. Such a s h i n  would 

be considered undesirable. 

Macrophytes 

Alternate-month sampling of aquatic macrophytes w i l l  be used 

t o  evaluate interqction of season with temperature. Since meximum 

therxnal impact is expected a t  or near the surface, only a single contour 



elevation w i l l  be selected for  smpling. Monitoring locations w i l l  

include the  area of m a x i m  expectedtheruial impact and areas of no 

expected impact. 

Fish 

The changes i n  dis t r ibut ion of post-larval f i sh  Caused by 

heated water w i l l  be assessed by g i l l  net sampling and rotenone samples. 

Two areas, s i t ed  a s  close t o  t h e  discharge as possible, w i l l  be sampled 

annually i n  August or  September. The choice of these months i s  t o  show 

re l a t ive  abundance of young-f-the-year f i sh .  The experimental design 

is a before and after comparison of the  i n d i d d u d  species and s i ze  

classes within each area. 

G i l l  net samples w i l l  be collected a t  th ree  s tat ions located 

?TI ,shoreline areas  of the  reservoir.  One s ta t ion  w i l l  be located i n  an 

uninfluenced area of the  reservoir immediately above the  plant;  t he  other 

two i n  areas immediately below the  plant. Each sample w i l l  consist of 

ten,  100 x 8 f t . ,  1 4 2  inch bar mesh sinking g i l l  nets fished for four 

consecutive nights. Nets at each s t a t ion  w i l l  be se t  perpendicul~r  t o  

shore and i n  s i m i l a r  habi tats ,  i . e . ,  s i m i l a r  depths, bottom contours, 

e tc . ,  so that the  nets can be t rea ted  as repl icates .  Each net w i l l  be 

fished four consecutive nights which wi l l  provide f'urther replication. 

However, avoidance of the  nets by some species i s  expected, resul t ing 

in  decreasing catch per day through the  four-day period. 

During a calendar year g i l l  n& sampling w i l l  be conducted 

during four quarters where the  quarters a re  defined on the  basis  of water 

temperatures (OC. ) , a s  measured upstream from the  plant. The quarters 

are:  winter, less than 10° C .  ; spring, 15-la0 C. ; summer, at o r  above 

25O C . ;  and f a ,  1 5 - l B O  C. 



G i l l  net  analyses w i l l  be both upstream-downstream and pre- 

and post-operational. After i n i t i a t i o n  of plant operation, t h e  sample 

s i t e s  may be alwnged. I n  t h i s  case, ana ly t ica l  procedures w i l l  become 

upstream-downstream comparisons ent i re ly .  The dependent variable w i l l  

be the  number of each species caught, although numbers of cer ta in  super- 

populational groups (e.g. ,  game f i s h ,  shad, o r  sunfish) may be u t i l i zed .  

Impin~ement - The numbers 

of f i s h  impinged w i l l  be c o k t e d  periodically.  Periodically f i sher ies  

biologis ts  w i l l  ident i fy  all f i s h  and obtain length frequencies. 

Entrainment - 
Plankt oe 

Zooplankton w i l l  be sampled hourly for  24 hours a t  l ea s t  twice 

&ring periods of maximum abundance and/or maximum ambient temperature. 

Kinds, numbers, and biomass standing crop of zooplankton w i l l  be determined. 

Phytoplankton kinds, numbers, and chlorophyll a estimates of biomass standing 

crop w i l l  be sampled concurrently with zooplankton. 

Larval Fish 

The entrainment w i l l  be assessed by weekly sampling during the  

time period March 1 5  t o  August 1. Larval f i s h  w i l l  be sampled from three  

posit ions i n  a cross-section of t h e  reservoir ;  shoreline,  channel-surface, 

and channeldeep, where channel r e f e r s  t o  water flowing over the  former 

Tennessee River streambed and deep re fe rs  t o  samples taken at- depths of 

about 5 m. These three posit ions w i l l  be sampled a t  each of two s ta t ions :  

one above t h e  intake and one below the  diffusers .  A sample a t  a par t icu la r  

posit ion and s ta t ion  w i l l  consist  of two rep l ica te  meter-net tows of 5-minute 

duration. It i s  anticipated t h a t  aquatic vegetation m a y  hamper sampling i n  

shoreline areas and require dif ferent  sampling methods. 



Larval f i s h  sampling w i l l  a lso be conducted i n  t h e  intake after 

plant operations begin. These samples w i l l  be taken with stationary nets .  

Several entrainment mer imen t s  a re  being conducted a t  TVA's 

Browns Ferry and Sequoyah plants.  These experiments are  designed to:  

1. Evaluate the  densi t ies  of l a rva l  f i s h  a t  t h e  intake versus 

those i n  the  reservoir proper. 

2. Establish the  numbers and densi t ies  of l a rva l  f i s h  passing 

through t h e  plant versus those noted i n  t h e  reservoir.  

3. Evaluate t h e  efficacy of "skimmer w a l l s "  i n  reducing entrainment 

of l a rva l  f i sh .  

4. Document localized decreases i n  densi t ies  of l a r v a l  f i s h  

downstream from t h e  intake. 

The r e su l t s  of these s tudies  w i l l  exert a major influence on the 

planning of future  sampling and experimentation. 

Water h a l i t y  - Reservoir 

Monitorihg - Parameters w i l l  include, but not be l imited t o :  temperature, 

pH, conductivity, a lka l in i ty ,  so l ids ,  dissolved oxygen, >day 20' C.  BOD, 

COD, nitrogen ser ies  ( n i t r a t e ,  n i t r i t e ,  organic), and anrmonia, phosph0rUs 

(soluble and t o t a l ) ,  copper, nickel,  ziac,  chromium, and coliforms ( t o t a l  

and f eca l ) .  

Operational water qual i ty  

monitoring w i l l  be conducted on a quarterly basis  a t  a t  l e a s t  three reservoir 

s ta t ions .  



..' , 
, - .  .. . . . . .. -. ' . % 'x; 'd;F, - '% ,C ' h 

,, . -* f!*.,...< - 
... . , 

+2 
9 - .  ' . .  

a - ,' 
6-% ,d , '4 

TI.. ., 
- +A 

- < > . . . - , , . I - 
. , 3 

r? 
/ '  

r, /I 
77  

C ' A  ' 
.,- . ... - . .. 

L. ,, I 1 .  
. . ..' ; - 3  

Hollvwoc: I' .-. , 
- .  I 

/'- " ,:... , . .." ,. :.- /I' - .. 
, / .  

,~ 
,- I 

/ 
, -. CT c?"' 

-. ,. ; ,. - .:. L C  .. 
~ % I I  Creek . . .. , ,. -,. , . r ,'/ 

I I -- . . 2 . '  "C,,' . t l ) ( l i ~ ~ ~ ~ : ~ ~ ~ ~ ~  .~ . .,.. , ,, C 
. >' , (3 .-- 

I- . 
! y 6 ,o+ , I o I l ~ ~ w ~ , o c l  x' . (C" 

, , , 14 ,:/ ' , c .I . . 
.P.. ' S t ~ h d i v i ~ i o i ~  $' . (320 $ 

f .;5 .. (-) 
I' 

Fd ; -\ , 
.R b. , ~ - . ,," 18 

. ;  
/ ' . .  , 

i,' , ,  . 
\ > / ,..' 

,'.h' r 
,' . ', L , 2 j ,i' 

, % U, C 

( ' l ~ t 1 1 1 ~ I I . I ~ ~ ~ . ,  '~ \ , 
% ,  

' - . _ - 1  . .... 

' l  

,.,' 
d - 

- - 
, . 

%Y A& ., 

* ' 
, .. , 

- - - - I  "hotograpr~~ 5haClng The .+ 6 , 11 
.$. ,,.:.. - ,, ~eatuie; Of T lellefon'te , , ,..' \ d ., 3 , . .  r :.. _.,I ,nY .- . - 

, . . . . 'lu 
0, =?q \ . . , ;, .- . . ., 

, .> 8.-- . .,I*_. ,?.' : 
Nuclear 'Pbnt Sire.' P _,.- 

r' . ... .' , .. . . %\ ' <:: 
- 

I 
4 < '  7 , ,.' .,<<. ~ .. ..' , ,.. .. .- - .. . ,- n., - , '  J . . 

,. ".<... .: IC #,,,, c *." :, s i  . .,.,. "4 cale: 1:24.0( iodi .- 
n ' 

1. Mosaic o f  #ncI,artd 
2 :-',*- ' ~4 t 

. . . , @ ' ,  , 2 SAND 8 GRb 
pliotogrophy ~ . .  tgken ~ ~ ~ by x t  ,* 

. . /, 
... -h ...I -.. v .. I&?: '-.IOPERATIONI 

+ 2.  ~;iictos c i n c ~  n )grc !r ' D P 1n.,19; i 
o s  id6ntif;ckl in : A r 2, 

. . .. -L I - - ~p L 
LOO Fee 
3 

ed: Jc 

- 

. .- 
refer to 
A - 5 .  1 



No. 2 
Old Rrllrt,mtr Hotrl 

and Nrw Mohilc Hnmr 

No. I 
Old Hrllrtontc Stahlv 

Nt,. I 
At.ri.11 View 

Coninn~nilv 0 1  Rrllc4c>ntr 

No. 1 
Old Brllrfontr Hotel 

No. 5 
Old Rrllrfnntr Stnr,, 

1:lGLJRI: A-5 

Pliotogrnpli< of Str~tcturr\ in thr 
Old Brllcfr,ntr Cnmmt~nity 



No. h No. 8 No. If1 No. 12 
S l r ~ ~ r l u r c \  ( r ~ i  Plnnt Site Old Shipp Ch;~pel Structure on Plnnt Sile l i n n r l l  Ccmclery 

Nn. 7 No. 9 No. I I N,). 13 
Slrltcrllrc on Plarir Silc Slructure on Planl Sile Srructurer on Plrlnt Site Shipp Cemctery 

FIGURE A-6 

Photographs of Cernr!cricr and 
Typical Slrucl[lrrr on the 

Bellefontr Nuclear Pl;tnt Silc 



. . 
' C *  .. , :,,- 

No. I 4  
1J.S. l~ l i~ l iw.%y 72 

[3rllrtnnlc R#>,tcl I r i l ~ ~ r ~ r c l i n ~ i  

No. 15 
Idck~on County 

Trchnical School 

No. 16 
Sand and Gravel 

Operation 

No. 17  
I arm Hourc .ind Out Buildings 

No. 18 
Town Crrrk Suhdivirion 

No. 10 
Entr.ancc l o  

Town Crcrk Subdivkion 

No. 20 
Town Crrck Subdivi\ion 

IkIGURE A.7 

Plioio~raphr 01 Slruclurr5 and 
Drvclol~nimts in ilir Vicinity nf 
thc Rcllcfonlc Nuclcar Plnnl Sitr 




	Cover Sheet
	Appendix A - Land Use In The Vicinity Of The Bellefonte Site
	Appendix B - Ecological Surveys
	Appendix B1 - Fish
	Appendix B2 - Terrestrial and Amphibious Fauna
	Appendix B3 - Vegetation
	Appendic B4 - Other Aquatic Life Surveys

	Appendix C - An Archaeological Survey of the Bellefonte Power Plant Site
	Appendix D -  Radiological Analysis For Transportation of Spent Fuel and Radioactive Waste
	Appendix E - Relation of 10CFR Part 71 Accident Requirements to Actual Shipping Enviroment
	Appendix F - Ozone Productin and its Potnetial Effects
	Appendix G - Outline of Accidnet Analyses
	Appendix H - Radiological Impact of Liquid Effluents
	Appendix I - Radiological Impact of Gaseous Effluents
	Appendix J - Cumulative Radiologial Impact of the Tennessee River From the Operation of TVA NP and Oak Ridge National Lab
	Appendix K - Radiological Impact of External Dose from Borated Water and Condensate Storage Tanks
	Appendix L - Nonradiological Environmental Monitoring Program for the Bellefonte N.P.



