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INTRODUCTION AND SUMMARY 

S i n c e  1954, c o o l i n g  water  d i s c h a r g e s  from K Reac tor  6 = 

370 c f s  @ 59°C) t o  Pen Branch have a l t e r e d  v e g e t a t i o n  and 

d e p o s i t e d  sediment  i n  t h e  Savannah River  Swamp forming t h e  Pen 

Branch d e l t a  ( F i g u r e  1). C u r r e n t l y ,  t h e  d e l t a  c o v e r s  o v e r  300 

a c r e s  and c o n t i n u e s  t o  expand a t  a r a t e  of about  16 a c r e s l y r .  

Examinat ion of d e l t a  expansion can provide  impor tan t  

i n f o r m a t i o n  on envi ronmenta l  impacts t o  wet lands  exposed to  

e l e v a t e d  t e m p e r a t u r e  and flow c o n d i t i o n s .  To assess t h e  c u r r e n t  

s t a t u s  and p r e d i c t  f u t u r e  expansion of  t h e  Pen Branch d e l t a ,  

h i s t o r i c  a e r i a l  photographs were analyzed u s i n g  both  b a s i c  photo 

i n t e r p r e t a t i o n  and computer techniques  t o  provide  t h e  f o l  lowing 

i n f o n u a t  ion: 

1 )  p a s t  and c u r r e n t  expansion ra tes  

2) l o c a t i o n  and changes of impacted areas 

3) t o t a l  a c r e a g e  p r e s e n t l y  a f f e c t e d .  

Delta a c r e a g e  changes were then  compared to  h i s t o r i c  r e a c t o r  

d i s c h a r g e  tempera ture  and flow d a t a  t o  see i f  expans ion  r a t e  

v a r i a t i o n s  could  be r e l a t e d  t o  r e a c t o r  o p e r a t i o n s .  

Canopy d e f o l i a t i o n  f i r s t  became a p p a r e n t  i n  1961 where Pen 

Branch e n t e r s  t h e  swamp. By 1966, a 126-acre impact zone had 

formed, a t  an average  r a t e  of 23 a c r e s l y r .  From 1965 t o  1979, 
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annua l  r e a c t o r  d i s c h a r g e  tempera tures  were reduced by 5-20°C, and 

f o r  most of t h e  p e r i o d  (1966-1973) t h e  ra te  o f  d e l t a  growth slowed 

t o  4 a c r e s / y r .  However, toward the  end of t h e  per iod  

(1974-19791, t h e  d e l t a  expansion ra te  a c c e l e r a t e d  t o  16 a c r e s / y r ,  

even though r e a c t o r  d i s c h a r g e  tempera tures  d i d  n o t  change 

a p p r e c i a b l y  and f lows a c t u a l l y  dec reased  s l i g h t l y .  For  t h e  most 

p a r t ,  changes  i n  d e l t a  growth can be r e l a t e d  t o  t empera tu re  

v a r i a n c e s ,  w h i l e  a t  o t h e r  t i m e s  expans ion  ra tes  have changed 

independent  of t empera tu re  and may have been in f luenced  by o t h e r  

f a c t o r s .  

Most of t h e  r e c e n t  canopy d e f o l i a t i o n  has occur red  s o u t h e a s t  

of t h e  main d e l t a  zone and is  probably  r e l a t e d  t o  channe l ing  of  

thermal  e f f l u e n t s  d u r i n g  s p r i n g  r i v e r  f lood ing .  A t  t he  p r e s e n t  

grolwth r a t e  (16  a c r e s / y r ) ,  t h e  impact zone i s  expec ted  t o  i n c l u d e  

350 acres by t h e  end of 1984. 

ME'I'EIODOLOGY - 
Aerial  photographs of  t he  Pen Branch d e l t a  area were 

tak.en a t  i n t e r v a l s  between 1951 t o  1982. Photos  from n i n e  

d i f f e r e n t  y e a r s  were examined which covered t h e  pe r iod  b e f o r e  and 

d u r i n g  r e a c t o r  d i s c h a r g e s  t o  Pen Branch: 1951, 1955, 1956, 1961,  

1966, 1973, 1974, 1979 and 1982. Areas where cypres s - tupe lo  swamp 

f o r e s t  canopy had been damaged w e r e  i n t e r p r e t e d  from the  

photographs  u s i n g  s t e r e o  p a i r s  and o p t i c a l  photogrammetric 

t echn iques .  Boundaries  were drawn on the  photographs o u t l i n i n g  

t h e  f o l l o w i n g  v e g e t a t i o n  impact c l a s s i f i c a t i o n  zones: 
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1) no appa ren t  damage 

2) p a r t i a l  damage ( 5  - 95% canopy l o s s )  

3) complete  damage (95 - 100% canopy l o s s )  

The damage area boundar ies  and o t h e r  landmarks (F igu re  2) 

were d i g i t i z e d  and p laced  i n  a r a s t e r -based  Geographic  In fo rma t ion  

System (GIs). A computer e x t r a c t e d  in fo rma t ion  from the  GIS t o  

produce color-coded images showing changes i n  canopy d e f o l i a t i o n  

f o r  1961, 1966, 1973, 1979 and 1982 (F igu re  3 and T a b l e  1). The 

images and a c r e a g e  s t a t i s t i c s  (Tab les  2 and 3)  were then  compared 

t o  h i s t o r i c  r e a c t o r  flow and e f f l u e n t  tempera ture  da ta .  For  more 

d e t a i l e d  in fo rma t ion  on methodology, see C h r i s t e n s e n  e t  al .  

( 1984). 

RESULTS 

I n  1951, t h e  SRP Savannah River  Swamp w a s  a c l o s e d  canopy 

f o r e s t  ( S h a r i t z  e t  a l . ,  1974) ( F i g u r e  3A). Although p o r t i o n s  of  

t h e  f o r e s t  had been p r e v i o u s l y  logged,  second-growth bald c y p r e s s ,  

water t u p e l o  and bot tomland hardwoods had r e s t o r e d  t h e  swamp 

canopy (Mackey, 1982). 

In 1954, K Reac to r  began d i s c h a r g i n g  hea ted  e f f l u e n t  t o  Pen 

Branch. The d i s c h a r g e  volume (approximate ly  100 c f s )  and 

t empera tu re  (26-42OC) were r e l a t i v e l y  low (Table  4 ) .  No canopy 

change w a s  v i s i b l e  i n  t h e  1955 and 1956 ae r i a l  photographs.  

Swamp canopy d e f o l i a t i o n  f i r s t  became appa ren t  i n  1961, seven 

y e a r s  a f t e r  r e a c t o r  s t a r t u p  (F igu res  3 B ,  4 and 5 ) .  The a f f e c t e d  

area w a s  s m a l l  (11  a c r e s )  and had r ece ived  an ave rage  f low of 
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of 228 c f s ,  w i t h  a d i s c h a r g e  tempera ture  of 66"C, s i n c e  1956 

(Table  4). During t h e  nex t  f i v e  years ,  Pen Branch d e l t a  

expe r i enced  i t s  most r a p i d  growth,  ave rag ing  23 a c r e s / y r ,  and 

reached a s i z e  of 127 a c r e s  by 1966 (F igu res  4 and 5 ) .  Average 

flow (395 c f s )  and t empera tu re  (64OC) remained r e l a t i v e l y  high.  

In 1965, an  expe r imen ta l  program (Curium 11) lowered 

K R e a c t o r  power, and as a r e s u l t ,  d i s c h a r g e  t empera tu res  were 

reduced t o  53°C by 1966 (Table  4 ) .  The d e l t a  expans ion  ra te  a l s o  

d e c r e a s e d  t o  4 a c r e s l y r .  Reduced power o p e r a t i o n  and d i s c h a r g e  

t e m p e r a t u r e s  con t inued  through 1974 when SRP began an energy  

c o n s e r v a t i o n  program i n  a l l  r e a c t o r  areas. Energy s a v i n g s  w e r e  

p a r t i a l l y  achieved  by s h u t t i n g  down two l a r g e  r i v e r  water i n t a k e  

pumps. S i n c e  less c o o l i n g  water w a s  used ,  K-Reactor d i s c h a r g e s  

dropped an ave rage  of 20 c f s  (Table  4).  However, d e l t a  growth 

a c c e l e r a t e d  t o  16 a c r e s / y r  a f t e r  1973 d e s p i t e  the reduced flows 

and tempera t u r e  s . 
A f t e r  1979, r e a c t o r  power l e v e l s  began t o  r e t u r n  t o  normal ,  

e f f l u e n t  t empera tu res  i n c r e a s e d  (?r = 65°C) and Pen Branch 

d e l t a  growth remained a t  16 a c r e s l y r .  C u r r e n t l y ,  t h e  impact zone 

i s  g r e a t e r  than  300 a c r e s  and is  expanding a t  a ra te  of  about  16 

acres /yr .  
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DISCUSSION AND CONCLUSIONS 

Only seven d a t e s  of  ae r i a l  photography a r e  a v a i l a b l e  t o  

e v a l u a t e  Pen Branch d e l t a  growth over  t h e  l a s t  29 yea r s .  

T h e r e f o r e ,  growth ra te  v a r i a t i o n s  i n  r e sponse  t o  r e a c t o r  

o p e r a t i o n a l  changes are o n l y  ave rages  ( F i g u r e  6 ) ,  and d e l t a  

expans ion  a l t e r a t i o n s  may have been more d rama t i c  on a 

year- to-year  b a s i s .  N e v e r t h e l e s s ,  some impor t an t  c o n c l u s i o n s  and 

o b s e r v a t i o n s  conce rn ing  d e l t a  growth can be made. 

A s  of  Februa ry  1982, t h e  Pen Branch d e l t a  impact area covered  

299 acres ( F i g u r e  4 and Tab le  2). The exact s i z e  of  t h e  

c u r r e n t  d e l t a  is unknown. But,  based on t h e  d e l t a  expans ion  

ra te  from 1979-1982, 16 a c r e s l y r ,  t h e  impacted area should  

t o t a l  approx ima te ly  350 a c r e s  by t h e  end of  t h i s  s u m m e r  

(1984) .  

Some c o r r e l a t i o n  e x i s t s  between d i s c h a r g e  t empera tu re  and d e l t a  

expansion.  Delta growth ra te  m o d i f i c a t i o n s  have  occur red  a f t e r  

K-Reactor e f f l u e n t  t empera tu res  have changed, e x c e p t  d u r i n g  one 

t i m e  pe r iod .  Beginning i n  1965, K-Reactor e f f l u e n t  tempera- 

t u r e s  dec reased .  Correspondingly ,  d e l t a  growth dropped from 23 

a c r e s / y r  t o  4 a c r e s l y r  ( F i g u r e  7). Flow d i d  n o t  change 

a p p r e c i a b l y  d u r i n g  t h i s  per iod.  A f t e r  1974, d e l t a  expans ion  

i n c r e a s e d  t o  16 a c r e s / y e a r ,  even though t empera tu res  remained 

r e l a t i v e l y  c o n s t a n t  and t h e  f low a c t u a l l y  dec reased  an ave rage  

20 c f s  ( F i g u r e  7). When h i g h e r  t empera tu res  r e t u r n e d  a f t e r  
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1979,  t h e  d e l t a  growth r a t e  con t inued  a t  16 a c r e s / y r .  The 

palst-1973 i n c r e a s e  i n  d e l t a  growth cannot  be e x p l a i n e d  by a 

rise i n  reactor d i s c h a r g e  t empera tu re ,  bu t  may have been 

i n f l u e n c e d  by swamp f lood ing .  

e Much o f  t h e  r e c e n t  swamp canopy d e f o l i a t i o n  n e a r  Pen Branch 

d e l t a  h a s  been expanding i n  a s o u t h e a s t e r l y  d i r e c t i o n ,  a d j a c e n t  

t o  t h e  upland terrace a l o n g  t h e  Savannah R i v e r  Swamp ( F i g u r e s  2 

and 5). Over t h e  y e a r s ,  c y p r e s s / t u p e l o  canopy has been 

r e p l a c e d  by open water and willow. The h i s t o r i c  aer ia l  pho tos ,  

a e r i a l  m u l t i s p e c t r a l  s canne r  v e g e t a t i o n  maps and ground 

o b s e r v a t i o n s  from 1981-1983 have conf inned t h e s e  changes. 

S i n c e  the l a t e  1970 's ,  ground measurements made by SREL d u r i n g  

swamp f l o o d i n g  have r eco rded  a d i s t i n c t  water t empera tu re  rise 

i n  the area below Pen Branch d e l t a  t h a t  i s  undergoing  t h e  most 

r a p i d  change. Recent  EG&G thermal  i n f r a r e d  su rveys  have shown 

t h a t  d u r i n g  r i v e r  f l o o d i n g ,  thermal  e f f l u e n t s  from both Four  

Mile Creek and Pen Branch are channeled  a l o n g  t h e  n o r t h e a s t  

bank of t h e  swamp (away from t h e  r i v e r ) .  Recent  r i v e r  f l o o d i n g  

a c t i v i t y  seems t o  c o r r e l a t e  w i t h  Pen Branch d e l t a ' s  

s o u t h e a s t e r n  p rogres s ion .  From 1966 t o  March 1973 ,  t h e  

sou t h e a s  t e r n  "arm" changed l i t t l e  ( F i g u r e  4 and 5) .  S p r i n g  

f l o o d i n g  f requency  and d u r a t i o n  w a s  a l s o  low d u r i n g  t h i s  p e r i o d  

( F i g u r e  8). A f t e r  1973, t h e  "arm" began t o  i n c r e a s e  i n  s i z e  

a l o n g  w i t h  s p r i n g t i m e  f l o o d i n g  f requency  ( F i g u r e s  4 ,  5 and 8 ) .  

The channe l ing  of thermal  e f f l u e n t s  d u r i n g  the springfsummer 

growing season  may be o c c u r r i n g  when the  c y p r e s s / t u p e l o  f o r e s t  
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is most s e n s i t i v e ,  r e s u l t i n g  i n  inc reased  m o r t a l i t y .  The 

post-1973 r ise in  f l o o d i n g  i n t e n s i t y  may have caused t h e  

unexp la ined  i n c r e a s e  i n  t h e  d e l t a  expans ion  r a t e  from 4 t o  16 

a c r e s / y r ,  w h i l e  r e a c t o r  d i s c h a r g e  t empera tu res  and flows 

remained r e l a t i v e l y  cons t a n  t. 

Reac to r  d i s c h a r g e  t empera tu re  and flow, l o c a l  swamp morphology, 

and d u r a t i o n ,  i n t e n s i t y  and t iming  of r i v e r  f l o o d i n g  a l l  can be 

impor t an t  f a c t o r s  i n  de t e rmin ing  t h e  ra te ,  d i r e c t i o n  and e x t e n t  o f  

d e l t a  growth. For  Pen Branch d e l t a ,  r e a c t o r  c o o l i n g  water 

t empera tu res  seem t o  have  played a major  r o l e  i n  t h e  i n i t i a l  

format ion .  However, i n  r e c e n t  y e a r s ,  bo th  h e a t  l oads  and r i v e r  

f l o o d i n g  have  probably  i n f l u e n c e d  d e l t a  p r o g r e s s i o n  most. 

S i m i l a r  i n v e s t i g a t i o n s  of Four Mile Creek and Beaver Dam 

Creek d e l t a s  are underway and should  provide  a d d i t i o n a l  ev idence  

conce rn ing  t h e  r e l a t i v e  importance of f a c t o r s  r e g u l a t i n g  SRP swamp 

d e l t a  growth. F u t u r e  d e l t a  expans ion  w i l l  be monitored by a 

combina t ion  of ground s t u d i e s ,  ae r ia l  photography,  and a e r i a l  

m u l t i s p e c t r a l  v e g e t a t i o n  change d e t e c t i o n  and thermal  d i s p e r s i o n  

m e  as u r erne n t s . 
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Table 1: Pen Branch Delta Aerial Photography Characterist ics  

Spectral Nomina 1 
Date S e n s i t i v i t y  Format Scale 

0 3-1 5-6 1 Panchromatic B&W Pos i t  ive  1 : 20,000 

0 5-0 5-6 6 Near infrared B&W Pos i t  ive  1: 12,000 

0 3-1 8-7 3 P an ch roma t i c  B&W Pos i t  ive 1 : 12,000 

0 3-07-7 9 Panchromat ic B&W P o s i t i v e  1: 12,000 

02-20-82 Color P o s i t i v e  1 : 12,000 
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T a b l e  2: Number of P i x e l s  i n  each Damage Category* 

P a r t i a l  
D amag e 
Zone 

T o t a l  
Damage 
Zone 

0 

T o t a l  
Aifec ted 
Area 

200 

Date 

1961 

1966 

1973 

1 9 7 9  

1 9 8 2  

- 
20 0 

1757 5 26 2283 

1475 

1234 

1336 281 1 

3317 455 1 

1741 3642 5383 

* Each scene  w a s  composed of 240 x 256 p ixe l s .  Each p i x e l  
( p i c t u r e  e lement )  was 1 5 m  x 15m o r  225 square  meters .  Th i s  was 
etqual t o  2 , 4 2 1  squa re  f e e t  or 0.06 acre .  1 a c r e  = 4 3 , 5 6 0  
s q u a r e  f e e t .  

T a b l e  3: Acres (Hectares*)  in each Damage Category 

P a r t i a l  
Damage 
Zone 

T o t a l  
Damage 
Zone 

T o t a l  
Af fec t ed  
Area t Date  

1961 

- 
11 
( 4 )  

0 11 
( 4 )  

1966 98 
( 4 0 )  

29 
( 1 2 )  

127 
( 5 1 )  

7 4  
( 3 0 )  

1 9 7 3  a 2  
( 3 3 )  

156 
( 6 3 )  

1 9 7 9  6 9  
( 2 8 )  

184 
( 7 4 )  

253 
( 1 0 2 )  

1 9 8 2  97 
( 3 9 )  

20 2 
( 8 2 )  

29 9 
( 1 2 1 )  

* 1 h e c t a r e  = 2.47105 a c r e s  
t i n c l u d e s  5 p e r c e n t  and g r e a t e r  canopy loss.  
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Table 4: Pen Branch Delta Growth and Reactor Discharge 
Conditions 

Year 

1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1 98 2" 

Total  
Impacted 
Area 
( a c r e s )  

0 
0 

11 

127 

156 

253 

29 9 

Aver age 
Delta 
E x p an s ion 
Rate 
(acres /y r )  

I 
T 
T 
'i 

- - 

Average 
Dai ly  
Discharge 
(cfs) 

loo t  
100 t 
131 
183 
214 
27 7 
3 34 
398 
399 
394 
394 
392 
389 
389 
38 9 
38 9 
386 
388 
3 90 
388 
3 24 
373 
376 
37 5 
378 
379 
380 
3 80 
381 

370 

- 

Average 
Annual 

Temperature 
("C) Average 

26 
42 
63  
64 
66 
70 
66 
63 
63 
66 
67 
62 
53 
58 
63 
57 
46 
57 
55 
59 
61 
58 
57 
57 
57 
61 
64 
64  
66 

59 

- 

* i nc ludes  on ly  January t o  A p r i l  
t ,  approximate 
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FIGURE 1. Location of SRP swamp deltas, thermal streams and 
production reactors. 
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UPLAND 

-PEN BRANCH DELTA 

DAMAGE DAMAGE 

SAVANNAH RIVER SWAMP 

h ‘“\=-.-I_ SAVANNAH RIVER 

FIGURE 2. Plotter output of the original polygons which were 
coordinate digitized. The data i s  based on 
interpretation of the 1982 natural color aerial  
photography. Each polygon in the data base was then 
transformed into i t s  appropriate location in a 240 by 
256 matrix using a polygon-to-raster conversion 
program. 
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FIGURE 3. Original Photography Used f o r  Damage Assessments 

A = 1951 
B = 1961 
C = 1966 

D = 1973 
E = 1979 
F = 1982 
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FIGURE 4. Pen Branch Delta Change Detection Images from 1961 to 
1982. 

Blue - river 
Light Green - unimpacted swamp forest 
Dark Green - upland hardwood/pine 
Brown - tota l  canopy defoliation 
Yellow - partial  canopy defoliation 
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FIGURE 5. Pen Branch Delta Expansion Composite Image. 

I' 
3 

16 



350 

300 

250 

200 
v) 

2 
2 

1 50 

100 

50 

A Total Canopy Loss 

Total Area Affected 

Years 

FIGURE 6. Pen Branch Delta Expansion. 
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FIGURE 7. Pen Branch Temperature, Flow and Delta Growth. 
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