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PREFACE 

WaLter Bouldin is one of several hydroelectric 
developments of Alabama Power Company licensed as Project 
No. 2146. On February 10, 1975, an earth embankment 
section of Walter Bouldin Dam was breached, causing total 
evacuation of the forebay reservoir and rendering the 
225-megawatt power plant inoperable. 

I 
1 The Commission 1/ instituted an investigation of the 

dam failure. The investigation was conducted by the 
technical staff of the Commission's Bureau of Power 2/, - 
and a report on the investigation was published in 
February 1976. Subsequently, an evidentiary hearing was 
held before an administrative law judge who issued his 
initial decision on August 19, 1976. The Commission, on 
April 21, 1977, issued its Opinion No. 795 in which it 
adopted the initial decision with modifications and termi- 
nated the investigation of failure of Walter Bouldin Dam. 

Opinion No. 795 directs the staff of the Bureau of 
Power to prepare, for the future guidance of the 'Commis- 
sion, a report on the deficiencies which were found in 
its investigation, together with advice as to how such 
deficiencies have been and should be remedied. Also, 
it directs the staff of the Bureau of Power to address 
certain qeneral recommendatinns included in the initial 
decision. 

1/ On October 1, 1977, pursuant to the provisions of the - 
Department of Energy Organization Act (DOE Act), Public 
Law 95-91, 91 Stat. 565 (August 4, 1977) and Executive 
Order No. 12009, 42 Fed. Reg. 46267 (September 15, 1977), 
the Federal Power Commission ceased to exist and its 
functions and regulatory responsibilities were trans- 
ferred to the Secretary of Energy and the Federal Energy 
Regulatory Commission (FERC) which, ,as an independent 
commission within the Department of Energy, was activated 
on October 1, 1977. 

2/ Effective November 7, 1977, the Bureau of Power became - 
the Office of Electric Power Regulation. 
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GLOSSARY OF TECHNICAL TERMS 

cutoff trench - A trench excavated below the general level 
of the base of the dam to connect the impervious 
embankment zone to a suitable impervious foundation 
stratum. 

draft tube - An extension of the wheel passages in a 
hydraulic turbine from the. point where the water leaves 
such passages down to the tailrace level. 

layer or lift thickness - A relatively thin layer of com- 
pacted soil in an earth embankment, qenerallv less - - - 
than 1 foot in thickness. 

lenses - Local lens-shaped deposits within a formation, 
generally up to 2 feet in thickness. 

piezometer - An instrument used for measuring water pressure 
head in soil. 

riprap - A layer of broken stone or boulders placed on the 
upstream slope of an embankment as protection against 
wave action, erosion, or scour. 

sheetpiling - 1nterl.ocking members of wood, steel, concrete, 
etc., subject to lateral pressure, driven individually 
to form an obstruction to percolation. 

Tainter gate - A crest gate whose face is a section of a 
cylinder, which rotates about a horizontal axis down- 
stream from the gate. 

weir - An overflow structure used to measure the rate of 
flow. 

zoninq - The use of selected materials having different 
degrees of permeability in designated zones within 
an earthfill-type dam. 

iii 
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CHAPTER I 

INTRODUCTION 

1-01 Description of Walter Bouldin Project. Alabama 
Power Company's Bouldin Project is located on a plateau 
about 2 miles west of the ~ordan Dam, near the mouth of 
the Coosa River and the town of Wetumpka, Alabama. 
Construction of the development was started August 20, 
1963, and was completed September 30, 1967. Plate 1 shows 
the location of the Walter Bouldin Project with respect 
to other dams in the Alabama-Coosa River Basin. 

The development included an intake canal on the west 
bank of the Jordan Reserv~ir about 1 mile upstream from 
the Jordan Dam; the forebay pond formed by earth dikes 
extending from the concrete intake structure; a powerhouse 
which is joined to the intake structure by three concrete 
encased steel penstocks; and the tailrace channel which 
extended from the powerhouse to the Coosa River. A general 
plan is shown on Plate 2. 

The intake canal from Jordan Reservoir was about 
7,000 feet long with a bottom width of 210 feet and side 
slopes cut 1 vertical to 1.5 horizontal. The Bouldin 
forebay pond received drainage frpm about 7.5 square 
miles. This impoundment had a surface area of about 920 
acres at elevation 252 feet. The Jordan Reservoir receives 
drainage from an area of about 10,165 square miles. It 
has a surface area of 5,887 acres ak'elevation 252 feet. 

The west earth embankment, on the right'bank, extended 
from high ground to the intake structure and was &.out 
2,320 feet long with top at elevation 265 feet. It had a 
maximum height above original ground level of about 65 feet, 
but 140 feet above normal tailwater level as a result of 
the excavation of the tailrace canal. This canal extends 
5 miles to join the Alabama River. The east embankment, 
on the left bank, extends from high ground to the intake 
structure and was about 5,120 feet long with top at eleva- 
tion 265 feet. It had a maximum height of about 164 feet. 

Except where the embankment joined the concrete 
structure, fairly moderate slopes were used. A typical 
section of the earth dike is included on Plate 3. The 
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reservoir slope was 1 on 2 from crest elevation 265 to 
elevation 245 and 1 on 2 1/2 below elevation 245 to the 
toe. The 1 on 2 slope was riprapped as protection against 
wave action. The grassed downstream slope was 1 on 2. 
Zoning included an upstream inclined, impervious diaphragm 
and a downstream horizontal drainage blanket. The reservoir 
area was blanketed, as required, for control of underseepage. 
AS the earth dikes approached both sides of the concrete 
structure, steeper slopes were used to accommodate a more 
economical arrangement of the intake-powerhouse layout. 
The upstream slope transitioned to 1 on 1.3, relying on an 
outer rock-fill shell for stability. The downstream slope 
transitioned to 1 on 1.8 next to the powerhouse and was 
protected with rock facing. Plate 4 shows the general 
arrangement of the earth fill at the tie-in with the intake- 
powerhouse concrete structure. 

The concrete gravity-type intake structure is 180 
feet long and 164 feet high. It supports three intake gates 
(Tainter-type, 35.5 feet high and 40 feet wide) and three 
30-foot-diameter steel penstocks which join the downstream 
powerhouse, as shown on Plate 4. The semioutdoor-type 
powerhouse, with circular hatch covers over the units and 
service bay, contains three vertical-type units each rated 
at 75,000 kilowatts, a total capacity of 225,000 kilowatts. 

1-02 Failure of Earth Embankment. The Bouldin Dam earth 
embankment was breached at approximately 1:30 a.m. on 
February 10, 1975. The breach occurred-adjacent to the 
intake on the east side. Plate 5 shows the location of 
the failure area with respect to project features. Before- 
and after-photographs of the failure area are shown on 
Plates 6 and 7. The breach in the earth embankment extended 
about 300 feet eastward of the east face of the intake 
structure. Erosion at the breach extended vertically down- 
ward to'remove a significant volume of the foundation and 
the backfill at the east end of the concrete structure. 
A portion of the scoured area was backfilled with granular 
material, apparently from the action of gradually decreasing 
water velocities following the breach. Subsequent investi- 
gations indicated that the scour exceeded the depth of the 
original excavation for the construction. The maximum depth 
of scour was 165 feet below the top of the earth embankment 
and occurred near the east edge of the powerhouse. A cross 
section of the designed embankment section at the location 
of the breach east of the intake is shown on Plate 8. 
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Erosion to a depth of 50 feet below the original 
reservoir bottom continued along the upstream toe of the 
dike both east and west of the concrete structure. The 
semicircular trash rack structure, enclosing the entrance 
of the intake, was demolished and deposited in the founda- 
tion and tailrace area. The upstream slopes of both the 
east and west dikes were undercut extensively, creating 
numerous slides. Two of the more conspicuous failure 
zones included: (1) a 500-foot section of the east dike 
beyond the 300-foot breach which had its upper portion 
removed to about station 54 and (2) a drawdown slide, a 
secondary failure over 500 feet long, which occurred at 
the upstream slope of the west embankment near the location 
of the microwave tower. 

Extensive deposits of washed sand and gravel were 
visible in scoured channels in the reservoir area. The 
tailrace immediately downstream of the powerhouse was 
filled with sand, gravel, riprap, and other debris to 
elevation 150, completely burying the draft tubes. Most 
of the embankment fill (riprap and granular material) 
immediately downstream of the intake was washed away. 
Large quantities of sand and gravel and some riprap were 
deposited on the powerhouse deck and switchyard, and on 
all three levels of the powerhouse. The generators were 
flooded by silt laden water that entered through the east 
stairwell and the ventilating shafts. 

Observations of the initial action triggering the 
failure were hampered by darkness and the fact that the 
lights along the crest went out early during the beginning 
of the break. There was general agreement among early 
eyewitness accounts, however, that a shallow trough-like 
slump, possibly 25 feet deep, developed at the top of the 
embankment near the intake structure. Water was heard 
coming through the upper portion of the dike. The breach 
developed fairly rapidly, eroding from the top down. 

Failure began about 1:30 a.m., Monday morning, 
February 10, 1975. By daybreak, erosion had progressed 
below the level of the powerhouse deck. Heavy flows 
continued through the breach for about 14 hours until 
the interconnected Jordan Reservoir was lowered to the 
elevation of a ledge of high ground at the entrance to 
Bouldin Reservoir. This natural weir gradually throttled 
the discharge and limited drawdown of Jordan Reservoir to 
elevation 239; otherwise damage to project:works may have 
been more severe. 



There were no personal injuries reported and no 
significant damage downstream. Reservoir water rushing 
through the break was confined by the banks of the 
5-mile-long tailrace return channel leading to the Alabama 
River. 

principal damage from the failure was to the 
dam and associated power plant facilities. It is estimated 
that the power plant will be returned to operation in early 
1979, or approximately 4 years following the failure. The 
loss of 225 megawatts of generating capacity and 460,000,000 
kilowatt-hours of electric energy per ye'ar represents an 
estimated total cost of $60 million to provide replacement 
power over the 4-year outage. In addition, the reconstruc- 
tion has been estimated to cost about $40 million, which 
includes capital expenditures, maintenance cost, and escala- 
tion during the reconstruction period. 



CHAPTER I1 

INVESTIGATION OF FAILURE 

2-01 Field Investigation 

a. Exploratory Excavation. A major element in the 
investiaation was the exploration of the embankment adjacent 
to and west of the intake structure. . Since the embankment 
was designed to be symmetrical about the intake flow line, 
and the fill on both sides of the structure was placed at the 
same time, it was believed that' an investigation of the 
west side might provide a representative indication as to 
the composition and construction of the failed portion east 
of the intake. Accordingly, the licensee arranged for a 
staged excavation of the west embankment. The zone excavated 
is illustrated by the section adjacent to the west face 
intake structure, shown on Plate 9. Excavation above 
elevation 230 included the full width of the embankment 
and extended from the west face of the intake to a point 
300 feet west of it. Between elevations 192 and 230, only 
the upstream impervious blanket was investigated, from the 
intake for a distance of about 75 feet. Excavation was 
principally by a dozer, a gradall, and a small backhoe. 
Hand excavation was employed along the face of the intake 
and the curtain wall of sheetpilinq whieh extended from the 
face of tha intake. Uuring the investigation, an engineer 
from the Commission's Atlanta Office was on the site to 
observe the excavation, make independent investigations, 
'and direct sampling for independent testing. 

The exploratory investigation of the as-built west 
side found the embankment zoning to be generally excellent 
from the standpoint of controlling possible through seepage. 
The upstream impervious diaphragm consisted of reddish 
brown, sandy, lean clays and clayey sands, while the down- 
stream embankment zone was a well-graded granular material, 
an ideal material for resisting any tendency toward piping. 

However, many instances of poor construction prac- 
tice were noted. Sand and gravel lenses were found in the 
upstream impervious blanket. In some areas clay lenses 
were found in the upstream rock-fill zone. A lift of rela- 
tively impervious blanket material was found in the more 
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p e r v i o u s  downstream s h e l l .  Some l i f t  t h i c k n e s s e s  i n  
e x c e s s  of  12  i n c h e s  w e r e  n o t e d .  T e s t  r e s u l t s  i n d i c a t e d  . 
t h a t ,  a t  many l o c a t i o n s ,  t h e  m o i s t u r e  c o n t e n t  o f  t h e  
m a t e r i a l  had been t o o  h i g h  t o  achiev-e  p r o p e r  compact ion .  
A l s o ,  it was a p p a r e n t  t h a t  t h e  s p e c i f i e d  uncompacted l i f t  
t h i c k n e s s  was t o o  t h i c k  f o r  t h e  t y p e  oF .compac t ion  equ ip -  
ment used .  

b. 1972 S l i d e .  On September 28,  1972,  a  r a p i d  
drawdown o f  t h e  Bouldin  f o r e b a y  r e s e r v o i r  o c c u r r e d  due t o  
a n  ex tended  p e r i o d  o f  f u l l  l o a d  g e n e r a t i o n  d u r i n g  which t h e  
u n i t s  w e r e  d i s c h a r g i n g  more w a t e r  t h a n  t h e  d i v e r s i o n  c a n a l  
from Jordan  t o  Bouldin  c o u l d  s u p p l y .  A drawdown from e l e v a -  
t i o n  248 t o  238 t o o k  p l a c e  i n  7  h o u r s .  On October  4 ,  1972,  . 
6  d a y s  l a t e r ,  a  s l i d e  was n o t i c e d  a t  t h e  c r e s t  o f  t h e  ups t ream 
s l o p e .  I t  ex tended  30 t o  40 f e e t  on t h e  e a s t  s i d e  o f  t h e  
i n t a k e .  The l o c a t i o n  o f  t h e  s l i d e  i s  shown on P l a t e  5.  A t  
t h e  same t i m e  a  s u r f a c e  c r a c k  was no ted  a t  t h e  w e s t  s i d e  
o f  t h e  i n t a k e  s t r u c t u r e  i n  e a r t h  m a t e r i a l  t h a t  had been . . 

s p o i l e d  on t o p  o f  t h e  r i p r a p .  

From a  s t u d y  o f  a v a i l a b l e  c o l o r  s l i d e s ,  photo-  
g r a p h s ,  and sounding p r o f i l e s  o f  t h e  1972 s l i d e  a r e a ,  and 
judg ing  by t h e  d imens ions  o f  t h e  v e r t i c a l  s c a r p  a t  t h e  t o p  
and t h e  b u l g e  a t  the ,  t o e ,  it appeared  t h a t  t h e  s l i d e  p l a n e  
a t  t h e  e a s t  d i k e  may have ex tended  w e l l  i n t o  t h e  imperv ious  
embankment zone.  

The e a s t  s i d e  was r e p a i r e d  by haad-tamping c l a y  
a g a i n s t  t h e  exposed s h e e t p i l i n g  and t h e n  dumping c r u s h e d  
s t o n e  (600 t o n s ) ,  o v e r  which a  2- t o  3 - f o o t - t h i c k  l a y e r  
o f  r i p r a p  (950 t o n s )  was p l a c e d .  About 900 t o n s  o f  r i p r a p  
in t ,e rmixed w i t h  rock  f i n e s  w e r e  p l a c e d  a t  t h e  w e s t  embankment 
t o  improve s t a b i l i t y .  

c .  Summary of  Performance .  There  was no advance 
w a r n i n s  o f  t h e  f a i l u r e .  I t  o c c u r r e d  sudden ly  and a t  n i g h t .  
The p r o j e c t  was w e l l  i n s t r u m e n t e d  and it was r e c e i v i n g  
p e r i o d i c  s u r v e i l l a n c e .  The i n s t r u m e n t a t i o n  d a t a ,  i n c l u d i n g  
w e i r s ,  p i e z o m e t e r s ,  and s e t t l e m e n t ,  showed no a d v e r s e  t r e n d s  
and gave  no i n d i c a t i o n  t h a t  f a i l u r e  was imminent.  The 
p r o j e c t  was i n s p e c t e d  by t h e  p l a n t  s u p e r i n t e n d e n t  t h e  day 
b e f o r e  t h e  f a i l u r e .  H y d r a u l i c  and g e n e r a t i o n  i n s t r u m e n t a -  
t i o n  d a t a  f o r  t h e  2 4  h o u r s  p r e c e e d i n g  the ,  o n s e t  of  t h e  . . 

f a i . l u r e  i n d i c a t e d  no abnormal c o n d i t i o n s .  The e x p e r i e n c e "  
r e c o r d  o f  W a l t e r  Bouldin  Dam i n d i c a t e d  major  problem a r e a s  
which r e q u i r e d  s p e c i a l  maintenance  measures  and c a r e f u l  



s u r v e i l l a n c e .  The embankment s l o p e s  had e x p e r i e n c e d  a  
number of  s l i d e s  which r e q u i r e d  immediate  r e p a i r .  The s l i d e s  
w e r e  a n  i n d i c a t i o n  t h a t  t h e  embankment s l o p e s  w e r e  g e n e r a l l y  
t o o  s t e e p  f o r  t h e  e x i s t i n g  c o n d i t i o n s .  The i n i t i a l  reservoir 
f i l l i n g  r e s u l t e d  i n  s e v e r a l  s o u r c e s  o f  u n c o n t r o l l e d  seepage .  
The o r i g i n a l  d e s i g n  r e l i e d  h e a v i l y  on t h e  e x i s t i n g  n a t u r a l  
imperv ious  b l a n k e t  i n s i d e  t h e  r e s e r v o i r  a r e a  f o r .  c o n t r o l l i n g  
underseepage .  The n a t u r a l  b l a n k e t  was n o t  a d e q u a t e ,  and it 
was n e c e s s a r y  t o  add h o r i z o n t a l  t o e  d r a i n s  and v e r t i c a x  
r e l i e f  w e l l s  f o r  improved underseepage  c o n t r o l .  

d .  Cause o f  F a i l u r e .  O b s e r v a t i o n  o f  t h e  f a i l u r e  was 
r e s t r i c t e d  due  t o  d a r k n e s s ,  and e y e w i t n e s s  a c c o u n t s  w e r e  
l i m i t e d  and  i n c o n c l u s i v e  i n  d e t e r m i n i n g  t h e  a c t u a l  c a u s e  o f  
t h e  f a i l u r e .  The i n v e s t i g a t i o n  was d e v o t e d  p r i m a r i l y  t o  
s t u d i e s  f o r  d e t e r m i n i n g  t h e  most l i k e l y  c a u s e  o f  f a i l u r e .  
From t h e  s t u d y  o f  a l l  a v a i l a b l e  e v i d e n c e ,  i t  was conc luded  
t h a t  t h e  a c c i d e n t  most l i k e l y  o c c u r r e d  by a  f a i l u r e  o f  t h e  
ups t ream s l o p e  n e a r  t h e  e a s t  end o f  t h e  i n t a k e  s t r u c t u r e .  
I t  i s  p o s s i b l e  t h a t  t h e  t r i g g e r i n g  a c t i o n  may have  been a  
r e a c t i v a t i o n  o f  t h e  1972 s l i d e  which o c c u r r e d  a t  t h e  ups t ream 
s l o p e  e a s t  o f  t h e  i n t a k e  f o l l o w i n g  a  r a p i d  drawdown o f  t h e  
r e s e r v o i r .  Subsequent  s lumping o f  t h e  c res t ,  o r  a  r e t r o -  
g r a d e  s l i d e ,  p e r m i t t e d  r e s e r v o i r  w a t e r  t o  f l o w  t h r o u g h  t h e  
formed d e p r e s s i o n  a t  t h e  upper  p o r t i o n  o f  t h e  d i k e  and 
r e s u l t e d  i n  t h e  deve loped  b r e a c h  by r a p i d  e r o s i o n  from t h e  
t o p  down. The f a i l u r e  i s  d e s c r i b e d  i n  more d e t a i l  i n  a  
r e p o r t  d a t e d  February  1976 p r e p a r e d  by t h e  F e d e r a l  Power 
Commission's Bureau o f  Power e n t i t l e d  " I n v e s t i g a t i o n  o f  
F a i l u r e  o f  W a l t e r  Bouldin  Dam, and S a f e t y  o f  Other  Dams o f  
t h e  Alabama Power Company." 

2-02 D e f i c i e n c i e s .  The s t a f f  r e p o r t  on  t h e  i n v e s t i g a t i o n  
o f  t h e  f a i l u r e  o f  Bouldin  Dam d i s c u s s e d  u n c e r t a i n t i e s  a s s o -  
c i a t e d  w i t h  a t t e m p t s  t o  d e t e r m i n e  t h e  e x a c t  c a u s e  o f  f a i l u r e .  
F o r  t h i s  r e a s o n  a  l i s t i n g  o f  d e f i c i e n c i e s  c o n t r i b u t o r y  t o  
t h e  f a i l u r e  must be  somewhat b road  t o  a l l o w  f o r  t h e  c o n t i n -  
gency t h a t  some u n d e t e c t e d  f a c t o r  may have been i n s t r u m e n t a l  
i n  t h e  f a i l u r e  of  Bouldin  Dam. P o s s i b l e  d e f i c i e n c i e s  l e a d i n g  
t o  t h e  f a i l u r e  were d i s c u s s e d  i n  d e t a i l  i n  t h e  f a i l u r e  r e p o r t  
and it was concluded t h a t  t h e  most l i k e l y  c a u s e  of  f a i l u r e  
was a  combina t ion  o f  d e s i g n  and c o n s t r u c t i o n  d e f i c i e n c i e s ,  
a s  n o t e d  below. 

a .  S t e e p  Upstream S lope .  A t r a n s i t i o n  was used  where 
t h e  e a r t h  dam s e c t i o n  a b u t t e d  t h e  i n t a k e  s t r u c t u r e .  A t  t h i s  
l o c a t i o n ,  t h e  dam was d e s i g n e d  a s  a  r o c k - f i l l  s e c t i o n .  I t  



had a steep 1 on 1.3 slope and was founded on a compacted 
clay blanket. The stability of this section was considered 
to be marginal. 

b. Incomplete Specifications. The specifications 
used for the original construction of Bouldin Dam have been 
termed end-product specifications, wherein the contractor 
is responsible for attaining the desired end product. The 
Commission found that methods-type specifications are pre- 
ferable, and noted that this is in accord with accepted 
practice by the Bureau of Reclamation and the Corps of 
Engineers who use methods-type specifications. Under such 
specifications, moisture control, layer thickness, type of 
compaction equipment, and number of passes of the equipment 
are specified, as necessary, to provide the desired degree 
of compaction. Methods specifications clearly delineate 
the owners' expected performance from contractors and places 
the primary responsibility on the owner for assuring that 
the construction will provide the results anticipated in 
the design. 

c. Unacceptable Construction Practice. The incomplete 
specif icationS; poor construction 
practice. Inspection during construction was inadequate. 
There was no moisture control, and lift thicknesses were too 
thick to obtain desired compaction. Zoning was not carefully 
executed. Pervious lenses of sand and rock fines were found 
in the impervious core. Lenses of impervious material were 
found in the rock-fill zone. There was some evidence, 
although inconcluoive, to indicate that the as-built section 
did not conform to the design in that the rock zone east of 
the intake, at the location of the failure, was not constructed 
to the full design thickness. 

d. Quality Control. A large percentage of density 
tests taken during the excavation of the embankment west of 
the intake indicated that specified compaction was not 
achieved. Field control measures were inadequate durina 
construction. Moisture control was not specified, and 
the impervious material had too high a moisture content when 
placed. Also, it was placed in layers which were too thick 
to obtain the specified density and desired shear strength. 

e. Repair of 1972 Slide. There was insufficient 
investigation of the upstream slide which occurred in 
October 1972 following a rapid drawdown of the forebay 
pool. Evidence was uncovered to indicate that the slide 



was more d e e p  s e a t e d  t h a n  r e a l i z e d  and t h e  s u r f i c i a l  
r e p a i r  was i n a d e q u a t e .  1 t ' w a s  concluded t h a t  p r o g r e s s i v e  
d e t e r i o r a t i o n  o f  t h i s  s l i d e  zo'ne may have  l e d  t o  t h e  1975 
f a i l u r e .  

2-03 E v i d e n t i a r y  Hear ing .  The F e d e r a l  Power Commission i n  
i t s  Order  I n s t i t u t i n g  I n v e s t i g a t i o n  and P r o v i d i n g  f o r  Hear ing ,  
i s s u e d  February  20, 1975,  (Appendix A) o r d e r e d  a  formal  
i n v e s t i g a t i o n  o f  t h e  c a u s e s  o f  t h e  f a i l u r e  o f  t h e  W a l t e r  
Bouldin  Dam i n  o r d e r  t o  d e t e r m i n e  t h e  p r o p e r  r e m e d i a l  a c t i o n s  
which s h o u l d  be  t a k e n  t o  a s s u r e  t h a t  l i f e ,  h e a l t h ,  and 
p r o p e r t y  a r e  a d e q u a t e l y  p r o t e c t e d  a t  t h i s  dam and o t h e r  dams 
under  t h e  c o n t r o l  o f  t h e  l i c e n s e e ,  t h e  Alabama Power Company. 
The o r d e r  f u r t h e r  d i r e c t e d  t h a t  t h e  fo rmal  i n v e s t i g a t i o n  
s h o u l d  a l s o  d e t e r m i n e  whe the r  t h e  p r o v i s i o n s  o f  t h e  F e d e r a l  
Power Act o r  any r u l e ,  r e g u l a t i o n ,  o r  o r d e r  o f  t h e  Commission 
had been v i o l a t e d  a n d ,  i f  s o ,  which may have caused  o r  con- 
t r i b u t e d  t o  t h e  dam's  f a i l u r e .  

F u r t h e r ,  t h e  Commission o r d e r  p rov ided  t h a t ,  upon com- 
p l e t i o n  o f  t h e  i n v e s t i g a t i o n  by t h e  s t a f f ,  a n  e v i d e n t i a r y  
h e a r i n g  p u r s u a n t  t o  S e c t i o n s  1 0 ( c )  and 308 of  t h e  A c t  s h a l l  
be h e l d  t o  document and d e t e r m i n e :  (1) t h e  c a u s e  o r  c a u s e s  
o f  t h e  dam f a i l u r e  and ( 2 )  any r e m e d i a l  a c t i o n s  which may 
be  w a r r a n t e d  t o  c o r r e c t  any v i o l a t i o n s  o f  t h e  A c t  o r  any 
r u l e ,  r e g u l a t i o n ,  o r  o r d e r  t h e r e u n d e r  o r  t o  a s s u r e  t h a t  t h i s  
dam f a i l u r e  o r  t h e  p o t e n t i a l  f o r  f a i l u r e  of  any o t h e r  r e l a t e d  
dams under  t h e  c o n t r o l  o f  t h e  l i c e n s e e  w i l l  n o t  o c c u r  o r  
r e o c c u r .  

The h e a r i n g  which fo l lowed  t h e  i n v e s t i g a t i o n  o f  t h e  
f a i l u r e  o f  t h e  dam was commenced on A p r i l  22,  1976,  and 
e x t e n d e d  o v e r  12  s e s s i o n s ,  t e r m i n a t i n g  on ~ u n e  30,  1976. 
A t  t h i s  p r o c e e d i n g ,  w i t n e s s e s  o f  Alabama Power Company and 
t h e  FPC s t a f f  p r e s e n t e d  t e s t i m o n y  on t h e i r  s e p a r a t e  and 
i n d e p e n d e n t  i n v e s t i g a t i o n s  o f  t h e  dam f a i l u r e .  

a .  A d m i n i s t r a t i v e  Law J u d g e ' s  Dec i s ion .  The P r e -  
s i d i n g  A d m i n i s t r a t i v e  Law Judge i s s u e d  h i s  i n i t i a l  d e c i s i o n  
on August 19, 1976 (Appendix B ) .  On t h e  b a s i s  o f  t h e  e v i d e n c e  
p r e s e n t e d ,  he i d e n t i f i e d  f o u r  s e r i o u s  weaknesses which con- 
t r i b u t e d  toward t h e  f a i l u r e :  

(1) C o n s t r u c t i o n  d i d  n o t  comply w i t h  d e s i g n  
s p e c i f i c a t i o n s  i n  one  o r  more c r i t i c a l  
a r e a s  o f  t h e  e a r t h - f i l l  d i k e s ;  



(2) Alabama Power Company's inspection 
procedures were not adequate to detect 
critical deficiencies between construc- 
tion and speci'fications ; 

(3) Review procedures utilized by staff with 
respect to this procedure were not suffi- 
ciently thorough to identify possible 
marginal design criteria prior to con- 
struction; and 

(4) Staff methods for review of dam construc- 
tion procedures and maintenance practice 
with.respect to Walter Bouldin were not 
sufficiently exacting to uncover con- 
struction deficiencies and possible areas 
of weakness. ' 

2-04 Commission Order Adopting Decision. A Federal Power 
Commission order issued.Apri1 21, 1977, Opinion and Order 
Adopting Initial Decision with Modifications and Terminating 
Investigation of Walter Bouldin Dam, summarized the investi- 
gation andhearing (Appendix C). It emphasized the importance 
of deriving the maximum benefit from the investigation of 
the failure of Walter Bouldin Dam. The order directed the 
staff of the Bureau of Power ". . . to prepare for our future 
guidance a rep0r.t on the deficiencies which were found in 
the respective areas of concern (staff, 'licensee, contractor, 
and others), together with its advice as to how such defi.- 
ciencies have been and should be remcdied over the short and 
lonq terms and at the respective.levels of authority." Defi- 
ciencies and remedial measures are enumerated and discussed 
later in this report. 
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CHAPTER I11 

ADMINISTRATIVE LAW JUDGE'S CONCLUSIONS AND RECOMMENDATIONS 

The Presiding Administrative Law Judge, Samuel Kanell, 
found that the evidence did not provide a basis for conclu- 
sive determination of the precise cause of failure of Walter 
Bouldin Dam. As discussed in Section 2-03, he identified 
several serious weaknesses and deficiencies. In his conclu- 
sions and recommendations, he reported on deficiencies found 
in design, construction, inspection, maintenance, staff review, 
emergency procedures, and Order No. 315 reports. Judge Kanell's 
conclusions and recommendations read as follows: 

"A. Dam Desian 

Earth fill dam design criteria must be reasonably 
conservative. 

Dam design should provide increased margins of 
safety taking into account such factors as specific 
and exacting specifications of types and characteris- 
tics of materials and design strength. Flatter, slopes 
will not prevent slides, but steeper slopes are more 
susceptible to slides. *'he steepness of an earth fill 
dike should not be influenced by the slope of an 
adjoining concrete structure to the extent that the 
stability of the earth fill slope could be considered 
to be only marginally safe. 

It is arguable as to whether "end result" specifi- 
cations or more detailed "methods type" specifications 
are preferable. Whichever procedure is used, it is 
essential that specifications be sufficiently clear to 
insure that designed strengths are achieved. An 
effective procedure for continuous testing of critical 
components of earth fill dams to insure compliance 
with specifications should be an integral part of the 
contractor's obligation subject to further regular 
check by company and Staff inspectors as outlined infra. 
While dam design should result in a reasonably econom- 
ical structure, basic safety and dam stability can 
never be sacrificed in seeking to implement cost 
savings. 



Earth fill dams must have sufficient strength 
to withstand unexpected water drawdowns, and sufficient 
stability to minimize the occurrence of surface slides. 

On Brief, Staff contends that Alabama compromised 
the safety of the Walter Bouldin Dam to save money. 
It is undisputed that dam design should be reasonably 
conservative, and in light of the failure of this dam, 
it can be contended that design should have met higher 
standards of safety. However, this record does not 
support the contention that safety was compromised by 
Alabama in the interest of reducing construction costs. 
Nor does the record disclose that Staff suggested more 
conservative design features at the time of the initial 
review of the plans for this dam. 

In response to the request of the Presiding 
Administrative Law Judge, on Brief, both Alabama and 
Staff submitted proposed findings and recommendations. 
Proposals of Staff include specific suggestions relating 
to redesign of the dam, but probative evidence was not 
submitted in support of these redesign concepts. Thus, 
the record of this proceeding does not permit evaluation 
of these design proposals. 

It is expected that in accordance with its usual 
procedure, Staff will review with Alabama representatives 
the proposed reconstruction plans. Following such joint 
engineering evaluation of Staff suggestions, Staff is 
expected further to submit appropriate recommendations 
to the Commission concerning Alabama's proposed recon- 
struction plans to insure that the rebuilt dam incorporates 
reasonably conservative design concepts and is built in 
conformity with the findings and conclusions of this 
Initial Decision. 

This investigation and related proceedings neither 
abrogate nor curtail Staff's continuing responsibility 
to monitor dam design and construction procedures and 
to advise the Commission with respect to necessary action 
to insure public safety. 

"B. Construction Inspection 

Adequate and proper inspection of the construction 
of an earth fill dam is not a matter to be treated 
casually. Inspectors must be fully trained, and have a 



clear understanding of their functions. They should 
have all necessary authority to reject unsatisfactory 
work and to require necessary corrections. Inspection 
must be constant, consistent and thorough. 

Testing equipment and procedures must insure that 
testing is complete; testing only the upper six inches 
of a 12-inch layer of soil is wholly unacceptable. 
The post-failure inspection disclosure of an unduly 
large proportion of substandard tests of the Walter 
Bouldin Dam makes it apparent that the testing conducted 
during construction of this dam did not meet this 
essential criterion. Testing cannot be sporadic. As 
noted supra, a large proportion of substandard compac- 
tion tests were uncovered in the soil layers of the 
west dike located between elevations 224 and 242. It 
would appear that testing was essentially nonexistent. 
during the construction of this segment of the dike. 

"C. Inspection Records 

Inspection records should be detailed, comprehensive 
and consistent in form. It appears that during the 
construction of the Walter Bouldin Dam, each inspector 
kept records in his own manner and that review of these 
records could result in confusion rather than enlighten- 
ment. The misunderstanding as to whether rock zone 
construction conformed with specifications was the 
direct rcsulL uf the inability of an Alabama draftsman 
to understand the nature of the inspector's field notes. 
It would also appear that Alabama supervision of the 
work of these individuals was ineffective. 

Construction inspection records should show as-built 
sections of construction with reasonable clarity. To 
determine as-built sections of the Walter Bouldin, Alabama 
was compelled to make reference to the original design 
drawings, but documentary evidence to show that actual 
construction complied with design drawings was not avail- 
able, except for reference to a small scale drawing on 
one page of a field notebook. This does not constitute 
record keeping for a project of this magnitude. 

"D. Dam Maintenance 

Slides, springs, foundation problems and other 
matters occur at earth fill dams. Some of these problems 
are minor and some may have significance. Each of thcse 



occurrences requires adequate and thorough investigation 
because a basic weakness in a segment of the dam may be 
indicated. Each such occurrence should be reported 
promptly to the Commission. The potential gravity of 
such matters precludes a field determination that a 
slide or a spring is too insignificant to warrant a 
written report to the Commission regional office. 
Prompt reports of all such matters must be required 
with Staff follow-up as necessary. 

Further, a uniform method of maintenance record 
keeping must be required. The initial record of the 
1972 slide repair at the Walter Bouldin Dam was filed 
as part of a generator and turbine maintenance record 
and a more complete record of this slide was not prepared 
until over 3 years after the slide occurred. This should 
not recur. 

Commission directive reaffirming and clarifying 
the nature of maintenance record keeping for licensed 
projects should be issued. 

"E. Commission Staff Review 

Commission Staff has performed a commendable job 
in the thorough review of the Walter Bouldin Dam failure 
and the stability of other dams controlled by Alabama. 

Prior to this failure, it would have been most 
desirable if Staff had exercised more effective review 
over, (1) the initial design criteria of this dam, 
(2) construction and inspection procedures during 
construction, and (3) the 1972 slide when this matter 
was verbally reported by an Alabama representative. 

It would appear to be impractical for Staff to 
conduct the extensive type of examination of all dams 
licensed by the Commission as Staff has conducted of 
the dams controlled by Alabama. However, Staff review 
procedures must be strengthened and there should be no 
reluctance or hesitancy to conduct critical and con- 
structive reviews of proposed dam designs to achieve a . 
higher degree of safety and dam stability. While the 
licensee has the responsibility to build and maintain 
a structure that will pose no threat or danger to life 
or property, the nature of the work conducted by Staff 
to insure that the licensee meets this responsibility 
should be more clearly and definitively delineated. 



For example, Staff could arrange for sample tests to 
be taken at critical areas during construction to 
insure compliance with design standards. Staff should 
review licensee inspection records and monitor work of 
inspectors to insure adequate inspection procedures. 
Dam maintenance records and daily log books should be 
a matter of regular Staff review and inspection. 
(During the course of this hearing, it became apparent 
that Staff were not familiar with the records maintained 
by Alabama.) - 

Staff should be encouraged to exercise initiative 
and imagination during dam inspection visits and to 
follow through on any matter indicating problem areas 
or unusual events that may be indicative of safety 
problems or lack of dam stability. 

"F. Emergency Procedures 

Procedures should be established for necessary 
action in the event of emergencies such as the weakening 
of a dam, a breach or other unusual hazard. Such pro- 
cedures should provide for prompt warning to and possible 
evacuation of those affected, methods of diverting 
water to minimize pressure on the weakened facility, 
and,.as necessary, standby arrangements for emergency 
repairs. 

Order No. 315.. Reports 

The Commission issued Order No. 315 on December 27, 
1965 (34FPC1551) for the purpose of providing for adequate 
inspection of licensed facilities and to insure their 
safety. It is apparent that the Order No. 315 report 
of the Walter Bouldin Dam did not identify the areas of 
possible weakness which subsequently resulted in the 
failure of this dam. Reports submitted to the Commission 
pursuant to this order should be more thorough and 
include sufficient indep~ndent testing and other appro- 
priate procedures to provide meaningful information 
relating to the stability and safety of licensed 
projects." 
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CHAPTER IV 

RECONSTRUCTION OF BOULDIN DAM 

4-01 General. On December 16, 1975, the licensee filed an 
application requesting the Commission to authorize it to 
rehabilitate and rebuild those facilities that were damaged 
by the breach of Walter Bouldin Dam. Licensee proposed to 
reconstruct the dam using an earth-fill section along the 
same alignment as the original construction. The design 
contemplated the removal of all material which had been 
weakened or distressed at the time of failure. Since it 
had been recognized that there were uncertainties in the 
efforts made to pinpoint the cause of failure, a principal 
criterion of the design was that it should be sufficiently 
conservative to allow for the contingency that some undetected 
factor may have had a bearing on the Bouldin Dam failure. 
The redesign provided for an earth dam using flatter slopes, 
and it included a positive cutoff to intercept the existing 
previous aquifers in the foundation. Rigid specifications 
were proposed to insure that construction would meet the 
strict requirements imposed by the design. 

All of the remaining original embankment required 
some modification. Representative cross sections of the 
repair or remedial measures, as shown on Plate 11, include 
an inclined core and a conventional open cutoff trench 
concept throughout. Required excavation of existing founda- 
tion and embankment material was conservatively estimated 
to provide for the removal of all questionable material. 

The most critical embankments extend for approximately 
500 feet on each side of the concrete intake structure. 
These areas were to be completely excavated to remove all 
of the initial construction, including the original power- 
house backfill. The new embankments at the east and west 
faces of the intake were designed to have upstream slopes 
varying from 1 on 2 1/2 adjacent to the intake structure to 
1 on 2, with these slopes being faced with riprap to resist 
wave action (Plates 10 and 11). The downstream slope, 
1 on 1.8, was to be protected by a 3-foot outer layer of 
rockfill. Elaborate zoning was included in the design to 
control any possible through seepage. The design provided 
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for an inclined impervious diaphragm-type section, supported 
upstream and downstream by generous outer shells of high 
strength compacted sand and gravel material. The upstream 
zone was to be free-draining to satisfy emergency drawdown 
requirements. The inclined core would be protected by a 
two-layer inclined filter and horizontal drain as shown 
on Plate 11. 

A major change from the original design was the elimi- 
nation of the steep embankment slope adjacent to the intake 
structure. To accomplish this, massive concrete gravity 
upstream walls were to be constructed at the left and right 
of the existing intake structure which is founded on rock. 
As shown on Plate 12, the walls would provide a continuous 
plane surface against which to abut the east and west embank- 
ments. Safety against piping was to be provided by use 'of 
adequate filters and drains. 

4-02 Order Amending License. The Commission, by order 
issued April 29, 1977, (Appendix D) authorized the licensee 
to proceed with the reconstruction of Bouldin Dam, generally 
in accordance with plans submitted for approval by the 
licensee. Reconstruction is to be prosecuted with due 
diligence and completed not later than November 1979. 

The Commission's authorization to proceed with recon- 
struction requires the licensee to comply with a number of 
special conditions. These are set forth in additional 
license articles included in the license for Project No. 2146. 
The plans and'specifications and licensee's quality assurance 
plan must be approved by the Director, Office of Electric 
Power Regulation prior to start of reconstruction. The 
licensee is required to retain a board of three or'more 
qualified independent consultants to review the design, 
specifications, and construction of the project for safety 
and adequacy. Adequate instrumentation must be installed 
to monitor the performance of the project structures, and 
licensee is required to obtain Commission approval prior to 
initial filling of the reservoir. Licensee is also required 
to file with the Commission an emergency action plan designed 
to provide an early warning to upstream and downstream inhab- 
itants and property owners if there should be an impending or 
actual sudden release of water caused by an accident to, or 
failure of, project structures. 

4-03 Quality Assurance. The licensee has instituted a 
strong and thorough quality assurance and control program 
for the reconstruction of the Walter Bouldin Dam. The 
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program is designed to assure that construction is rigidly 
controlled to meet all applicable specifica.tions, design 
drawings, codes, and standards. The program specifies 
frequency of control tests, methods of testing, recording of 
results, and review of results. The program also establishes 
procedures for administering quality control and fixes 
responsibility for review and analysis of data to assure a 
well-constructed job. 

The licensee has inaugurated a program for training 
and qualifying its inspectors in the performance of the 
various quality control tests required for the reconstruction 
of the project. A test fill program has been scheduled, 
which will provide guidance in determining the most effective 
types of compaction, optimum moisture content, and lift 
thickness of the various materials. The test fill program, 
as proposed, should provide valuable information for con- 
struction procedures of the several portions of the 
embankments. It should also serve to train inspectors by 
familiarization with materials, equipment, and testing 
techniques during the early construction phase of the work. 

Frequent inspections of the construction will be 
made by Southern Services, Inc., design engineer for the 
reconstruction to augment the full-time inspection of the 
licensee's construction staff and to insure that basic 
design concepts are being carefully executed. The design 
engineer would be available also for making timely decisions 
on design problems encountered due to changed conditions 
during construction. The designated board of consultants 
will schedule periodic inspections to review construction 
progress and to provide technical counsel and expertise, 
where required. The consultants also serve to monitor 
licensee's construction inspection program. 

4-04 Commission Staff Review. A special license article 
provides for review and approval of the detailed construction 
drawings and specifications prior to construction. This 
requirement is a direct result of the Bouldin failure and 
will result in increased responsibility by the Commission 
staff for the safety of newly constructed dams. Staff has 
reviewed the safety and adequacy of the proposed reconstruc- 
tion. The new design is appreciably more conservative than 
the original construction. Two of the more significant 
changes are (a) a positive cutoff trench and (b) flatter 
slopes. The designed embankment sections have been analyzed 
and found to have adequate stability against maximum possible 



ranges of pool levels, including earthquake and sudden 
drawdown loading conditions. Adequate instrumentation will 
be installed to monitor the performance of the completed 
embankment. It will include movement points along the crest, 
piezometers in the fill and foundations, slope indicators, 
and weirs. 

Frequent in-depth inspections by staff have been 
scheduled during the reconstruction to permit a thorough 
review of construction practice, compliance with approved 
plans and specifications, and effectiveness of licensee's 
quality assurance program. Among the lessons learned during 
the investigation of the Bouldin Dam failure is the importance 
of comprehensive records-of the construction and field control 
testing. The FERC inspecting engineer must consider that 
the project may in the future develop serious safety problems 
requiring a careful examination of as-built records. 



CHAPTER V 

EVOLUTION OF FERC DAM SAFETY PROGRAM 

5-01 Genera l  I n s p e c t i o n  P r o c e d u r e s .  S e c t i o n  1 0 ( c )  o f  t h e  
F e d e r a l  Power A c t  r e q u i r e s  t h a t  " t h e  l i c e n s e e  s h a l l  m a i n t a i n  - 
t h e  p r o j e c t  works i n  a  c o n d i t i o n  o f  r e p a i r  a d e q u a t e  f o r  t h e  
p u r p o s e s  o f  n a v i g a t i o n  and f o r  t h e  e f f i c i e n t  o p e r a t i o n  o f  
s a i d  works i n  t h e  development  and t r a n s m i s s i o n  o f  power, . . . ."  It a l s o  empowers t h e  F e d e r a l  Energy Regu la to ry  
Commission t o  p r e s c r i b e  r u l e s  and r e g u l a t i o n s  f o r  t h e  pro-  
t e c t i o n  o f  l i f e ,  h e a l t h ,  and p r o p e r t y .  

I n  a n  a p p l i c a t i o n  f o r  l i c e n s e ,  t h e  a p p l i c a n t  i s  
r e q u i r e d  t o  submi t  g e n e r a l  d e s i g n  d rawings  and s u p p o r t i n g  
i n f o r m a t i o n ,  a n a l y s e s  o r  d a t a  r e g a r d i n g  e x p l o r a t i o n s ,  
m a t e r i a l  usage ,  and stress a n a l y s e s  o f  t h e  major  s t r u c t u r e s .  
These d a t a  a r e  reviewed by t h e  Commission's t e c h n i c a l  s t a f f ,  
p r i m a r i l y  f o r  s a f e t y  and adequacy o f  t h e  p r o p o s a l s .  A f t e r  
t h e  l i c e n s e  i s  i s s u e d  and t h e  p r o j e c t  i s  under  c o n s t r u c t i o n ,  
s t a f f  e n g i n e e r s  v i s i t  t h e  p r o j e c t  once  a  month, o r  more 
o f t e n  a s  n e c e s s a r y ,  t o  r ev iew c o n s t r u c t i o n  and t e s t i n g  
p r o c e d u r e s ,  t o  n o t e  p r o g r e s s  and q u a l i t y  of  c o n s t r u c t i o n ,  
and t o  d e t e r m i n e  whether  t h e  p r o j e c t  i s  b e i n g  c o n s t r u c t e d  
i n  accordance  w i t h  t h e  g e n e r a l  d e s i g n  d rawings  approved by 
t h e  Commission. A f t e r  comple t ion  o f  c o n s t r u c t i o n  and t h e  
p r o j e c t  i s  p l a c e d  i n  o p e r a t i o n ,  i n s p e c t i o n  by t h e  Commis- 
s i o n ' s  s t a f f  a r e  less f r e q u e n t ,  normal ly  once  a  y e a r .  
During t h e s e  annua l  i n s p e c t i o n s ,  s t a f f  e n g i n e e r s  r ev iew t h e  
o v e r a l l  development  from a  s a f e t y  s t a n d p o i n t  and a l s o  d e t e r -  
mine i f  t h e  owners a r e  o p e r a t i n g  t h e  f a c i l i t i e s  i n  accordance  
w i t h  t h e  l i c e n s e  p r o v i s i o n s .  

5-02 P r i o r  t o  1963. P r i o r  t o  1963 when c o n s t r u c t i o n  o f  
Wal te r  Bouldin  Dam was i n i t i a t e d ,  r e l a t i v e l y  l i t t l e  emphasis  
was p l a c e d  on t h e  development  o f  an  e f f e c t i b e  dam s a f e t y  
program a s  a  p a r t  o f  t h e  Commission's s u p e r v i s o r y  and 
r e g u l a t o r y  f u n c t i o n s  i n  t h e  l i c e n s i n g  o f  non-Federa l  hydro- 
e lec t r ic  p r o j e c t s .  U s u a l l y  s t a f f  members a s s i g n e d  t o  t h i s  
f u n c t i o n  were e n g i n e e r s  w i t h  broad g e n e r a l  e x p e r i e n c e  whose 
d u t i e s  a l s o  i n c l u d e d  o t h e r  l i c e n s i n g  f u n c t i o n s .  There  w e r e  
few s p e c i a l i s t s ;  f o r  example,  p r i o r  t o  1963 ,  t h e r e  w e r e  no 
s t a f f  s p e c i a l i s t s  i n  t h e  f i e l d  o f  e n g i n e e r i n g  geo logy  o r  



soil mechanics. Since that time the practices of the Com- 
mission as they affect dam safety have been essentially 
under continuous review, with modifications and improvements. 

5-03 1963 to 1975. During 1963 there were two significant 
dam failures, the Baldwin Hills Dam in California, not 
subject to FERC jurisdiction, and the Vaiont Dam in Italy, 
which led to a reassessment by the Bureau of Power of its 
policy on dam safety. It was concluded that there should 
be increased emphasis on inspecting licensed projects. 
To accomplish this, a Section of Inspections, now Inspec- 
tions Branch, was established in the Division of Licensed 
Projects. This section was to include personnel having 
expertise in the fields of geology, soil mechanics, founda- 
tions, and heavy construction. These experts assist the 
Project Analysis Branch in the review of proposed designs 
and make joint inspections with the Regional Office staff 
of the more significant projects and those which encounter 
problems. 

The Inspections Branch coordinates the work of the 
Regional Offices in matters dealing with inspections. 
Functions of the Inspections Branch include:. (a) prepara- 
tion of guidelines for the inspection of projects, 
(b) training of field inspection engineers, and (c) review 
of construction and operation reports for completeness of 
coverage and identification of potential problems. 

a. Inspections by Independent Consultants. The 
concern for safety of licensed dams prompted the Commission 
to issue Order No. 315 in December 1965. This order estab- 
lished a new Part 12 of the Commission's Regulations on 
the subject of inspection of project works with respect to 
safety of structures. The order provides for a program of 
periodic safety inspections by consultants at regular 5-year 
intervals to supplement the inspections of the Commission's 
staff. This requirement applies to those hydroelectric 
projects having a dam exceeding 35 feet in height above 
streambed or a gross storage capacity in excess of 2,000 
acre-feet. The inspections are performed by, or under the 
responsibility and direction of, qualified independent 
consultants employed by the licensees. The basic purpose 
of the consultant's inspection is to determine whether 
there are deficiencies or potential deficiencies in the 
design, quality and adequacy of maintenance, or methods 
of operation of the project structures, which might endanger 
public safety. The design review includes an estimate of 



t h e  P r o b a b l e  Maximum Flood f o r  u s e  i n  e v a l u a t i n g  adequacy 
o f  t h e  s p i l l w a y  and a n a l y s e s  o f  seismic s t a b i l i t y ,  where 
a p p r o p r i a t e .  The p h y s i c a l  i n s p e c t i o n  i n c l u d e s  a n  examina- 
t i o n  o f  seepage ,  movement, c r a c k i n g  o f  c o n c r e t e  s t r u c t u r e s ,  
r e s e r v o i r  s h o r e l i n e ,  and performance  o b s e r v a t i o n  r e c o r d s ,  
i n c l u d i n g  i n s t r u m e n t a t i o n .  

b .  G u i d e l i n e s .  The f o l l o w i n g  p e r t i n e n t  i n s t r u c t i o n s .  
o r  g u i d e l i n e s  have been i s s u e d  t o  t h e  Regional  O f f i c e s  s i n c e  
1967:  

(1) June  1 8 ,  1969. Memorandum r e q u i r e s  t h e  
Regional  Engineer  t o  o b t a i n  from t h e  
l i c e n s e e  a  copy of  t h e  p l a n s  and s p e c i f i -  , 

c a t i o n s  f o r  r e v i e w  by p e r s o n n e l  a s s i g n e d  
t o  making t h e  monthly c o n s t r u c t i o n  
i n s p e c t i o n s .  

( 2 )  December 9 ,  1969.  Memorandum f u r n i s h e s  
g u i d e l i n e s  on t h e  scope  o f  P a r t  1 2  ' 

c o n s u l t a n t s '  s a f e t y  i n s p e c t i o n  r e p o r t s  
w i t h  r e f e r e n c e  t o  s p i l l w a y  adequacy and 

' s t a b i l i t y  o f  s t r u c t u r e s ,  i n c l u d i n g  dams. 

( 3 )  J a n u a r y  27 ,  1970.  ~emorandum o u t l i n e s  a  
t r a i n i n g  program t o  be  p rov ided  f o r  
Regional  O f f i c e  i n s p e c t o r s .  

( 4 )  May 1 3 ,  1971.  Memorandum r e q u e s t s  t h a t  
a l l  l i c e n s e e s  b e  n o t i f i e d  o f  a  r e q u i r e -  
ment t o  r e p o r t  a l l  drownings and f a t a l  
.or  s e r i o u s  a c c i d e n t s  t o  t h e  FPC Reg iona l  
Engineer  f o r  e v a l u a t i n g  t h e  need f o r  
s a f e t y  r e q u i r e m e n t s  and p r e v e n t a t i v e  
measures .  

( 5 )  J u n e  20,  1972.  Memorandum f u r n i s h e s  
g u i d e l i n e s  f o r  t h e  i n s p e c t i o n  o f  ups t ream 
s l o p e  p r o t e c t i o n  f o r  ' e a r t h  dams. 

( 6 )  J a n u a r y  2 ,  1973. Memorandum r e q u i r e s  
t h a t  a  r ev iew o f  performance  o b s e r e a t i o n  
d a t a  be summarized and r e p o r t e d  i n  a n n u a l  
o p e r a t i o n  i n s p e c t i o n  r e p o r t s .  

( 7 )  ~ a n u a r y  5 ,  197 3 .  Memorandum f u r n i s h e s  
a d d i t i o n a l  g u i d e l i n e s  on P a r t  12  s a f e t y  
i n s p e c t i o n  r e p o r t s  w i t h  r e f e r e n c e  t o  a  



determination of the Probable Maximum 
Flood in evaluating spillway 
adequacy. 

(8) October 18, 1974. Memorandum requires 
staff inspectors to ensure that an annual 
test operation has'been made of all 
spillway gates. 

c. ~icense Conditions. Additions or changes in 
license requirements since the construction of ~ouldin Dam 
include the following: 

(1) Standard Article 4 for unconstructed 
major projects has been revised and now 
requires that the licensee furnish to 
the Regional Engineer for his approval 
a detailed program of inspection for 
the project. 

(2) Licensee is required to install appro- 
priate instrumentation to monitor 
seepage, uplift, and performance of the 
project structures and reservoir slopes. 

(3) Licensee is required to retain a board 
of.qualified independent consultants to 
review the d.esign, specifications, and 
construction of each major project for 
safety and adequacy. The board is 
expected to assess the 'construction 
inspection program,~construction proce- 
dures and progress, planned instrumentation, 
the filling schedule for the reservoir, 
and plans for surveillance during the 
initial filling. 



CHAPTER VI 

STATUS OF DAM SAFETY PROGRAM 

6-01 ~eficiencies Remedied. The failure of Walter Bouldin 
Dam in February 1975 resulted in a further reevaluation of 
the Commission's dam safety program. Recent improvements 
or additions since the failure are discussed below. 

a. Inspection Guidelines. On August 6, 1975, a 
memorandum~rom the Chief, Bureau of Power to all Regional 
Engineers provided additional guidelines for the inspection 
of licensed projects under construction and quality control 
of earth embankments. Inspectors have been instructed to 
review and report critical construction features, quality 
control, results of field control tests, and as-built and 
other construction records of the licensee. Additional 
inspection guidance to Regional Office staff is being given 
through joint inspection trips and meetings with technical 
experts from the Washington Office staff. It is the policy 
of staff to inspect regularly the construction of all major 
project structures. If for any reason there is an impedi- 
ment to staff's inspection, the impediment must be removed 
immediately, or staff is to recommend that construction be 
stapped . 

b. Emergency Action Plan. The Commission's dam safety 
program recognizes that accidents may occur even when careful 
preventative measures have been taken. Therefore, licensees 
and applicants to license constructed projects are required 
to file with the Commission an emergency action plan designed 
to provide an early warning to downstream inhabitants and 
property owners if there should be an impending or actual 
sudden release of water caused by an accident to, or failure 
of, project structures. The plan must include instructions 
to be provided on a continuing basis to operators and attend- 
ants for actions they are to take in the event of an emergency, 
measures to be taken to minimize the effects of any accident 
on downstream life and property, and detailed and documented 
plans for notifying law enforcement agents, downstream resi- 
dents, and others that could be endangered. 

c. Attendance at Board Meetings. Attendance of FERC 
representatives at the periodic meetings of the licensee's 
board of consultants is an exce l l . en t  opportunity to review 



safety features of unusual design problems and problems 
arising during construction. Since the Bouldin failure, 
it is the general practice of FERC staff to attend these 
meetings on a regular basis. 

d. Review of Plans and Specifications. Early review 
practices of the staff were generally limited to approval of 
general design drawings for safety and adequacy. Reviews 
of the more detailed construction plans and specifications 
generally were not made by staff, although the plans and 
specifications were available to Regional Office inspectors 
for their reporting on construction progress. As a direct 
result of the Rouldin failure, all licenses authorizing 
construction of major dams now require that the detailed 
plans and specifications be submitted for review by FERC 
staff prior to construction. The Director, Office of Electric 
Power Regulation is also authorized to require changes in 
plans and specifications. This requirement will result in 
an increased responsibility by the Commission staff for the 
safety of newly constructed dams. 

6-02 Deficiencies Pending 

a. Proposed New Regulations. Staff is considering 
revisions to the Commission's Part 12 Regulations to include 
the following requirements, most of which are already con- 
tained in miscellaneous directives or letters to licensees. 

(1) Licensee is responsible for informing 
the Commission through it's Regional 
Engineer of any accident or observed 
condition which may have-bearing on 
the overall safety or operational 
capability of the project. 

(2) Provide for periodic testing of spillway 
gates. 

(3) Clarify and/or modify height of dam and 
reservoir capacity requirements for a 
consultant's safety inspection report. 

(4) Guidelines to include specific analyses 
for spillway adequacy and stability in 
consultant's safety inspection reports. 

(5) Guidelines for preparing and keeping 
inspection records during project . . 
construction. 

(6) Guidelines for preparing and keeping records 
of maintenance of project structures. 



( 7 )  C l a r i f i c a t i o n  o f  t h e  a u t h o r i t y  o f  t h e  
Commission's Reg iona l  E n g i n e e r ,  a s  t h e  
Comrni,ssion's a u t h o r i z e d  r e p r e s e n t a t i v e ,  
i n  m a t t e r s  i n v o l v i n g  t h e  s a f e t y  o f  p r o j e c t  
s t r u c t u r e s .  .' 

( 8 )  Requirement t o  f i l e  w i t h  t h e  Commission, 
a n  emergency a c t i o n  p l a n  d e s i g n e d  t o  
p r o v i d e  e a r l y  warning i n  e v e n t  o f  a n  
impending sudden r e l e a s e  o f  r e s e r v o i r  
w a t e r  caused  by a n  a c c i d e n t  o r  f a i l u r e  
o f  p r o j e c t  s t r u c t u r e s .  

b.  Improved S t a f f  C a p a b i l i t y .  The u l t i m a t e  s u c c e s s  
o f  any dam s a f e t y  program depends  t o  a l a r g e  e x t e n t  on t h e  
number and q u a l i t y  o f  t h o s e  a s s i g n e d  t o  t h i s  program. 
Arrangements have been made f o r  a l l  FERC s t a f f  members 
i n v o l v e d  i n  dam i n s p e c t i o n s  t o  a t t e n d  Corps o f  E n g i n e e r s  
t r a i n i n g  c o u r s e s  on e a r t h  and r o c k - f i l l  c o n s t r u c t i o n  h e l d  
p e r i o d i c a l l y  a t  Vicksburg ,  M i s s i s s i p p i .  A l s o ,  t h e r e  w i l l  
be  i n c r e a s e d  s t a f f  p a r t i c i p a t i o n  i n  t e c h n i c a l  s e m i n a r s  
r e l a t i n g  t o  dam s a f e t y ,  g e n e r a l l y  sponsored  by t h e  American 
S o c i e t y  o f  C i v i l  E n g i n e e r s ,  t h e  Corps of  E n g i n e e r s ,  and 
u n i v e r s i t i e s .  A t o t a l  o f  2 5  FERC p r o f e s s i o n a l  s t a f f  members 
from o u r  f i v e  Regional  O f f i c e s  and t h e  Washington O f f i c e  a r e  
a s s i g n e d  f u l l  t i m e  t o  dam s a f e t y  i n s p e c t i o n .  Other  s t a f f  
members d e v o t e  a  p o r t i o n  o f  t h e i r  t i m e  t o  dam s a f e t y  i n s p e c -  
t i o n  and d e s i g n  rev iew work. R e c e n t l y ,  a n  a d d i t i o n a l  1 4  
p o s i t i o n s  w e r e  a u t h o r i z e d  f o r  dam s a f e t y  work. These 
p o s i t i o n s  w i l l  b e  f i l l e d  a s  soon a s  q u a l i f i e d  p e r s o n n e l  c a n  
be  r e c r u i t e d .  A f u r t h e r  r ev iew i s  b e i n g  made o f  t h e  p e r s o n n e l  
r e q u i r e m e n t s  needed t o  e n s u r e  a  f u l l y  a d e q u a t e  dam s a f e t y  
e f f o r t .  

6-03 FCCSET A c t i v i t i e s .  I n  A p r i l  1977,  P r e s i d e n t  C a r t e r  
d i r e c t e d  e a c h  F e d e r a l  agency r e s p o n s i b l e  f o r ,  o r  i n v o l v e d  
w i t h  s i t e  s e l e c t i o n ,  d e s i g n ,  c o n s t r u c t i o n ,  c e r t i f i c a t i o n  
o r  r e g u l a t i o n ,  i n s p e c t i o n ,  maintenance  and o p e r a t i o n ,  
r e p a i r s ,  and u l t i m a t e  d i s p o s i t i o n  of  dams t o  u n d e r t a k e  a  
thorough  r e v i e w  o f  p r a c t i c e s  which c o u l d  a f f e c t  t h e  s a f e t y  
o f  t h e s e  s t r u c t u r e s .  P r e s i d e n t  C a r t e r  a l s o  asked  t h e  
F e d e r a l  C o o r d i n a t i n g  Counc i l  f o r  S c i e n c e ,  E n g i n e e r i n g ,  and 
Technology (FCCSET) t o  r ev iew t h e  p r a c t i c e s  and p r o c e d u r e s  
o f  t h e  a g e n c i e s  and t o  d e v e l o p  c r i t e r i a  f o r  F e d e r a l  dam 
s a f e t y .  The Commission s t a f f  i s  c u r r e n t l y  p a r t i c i p a t i n g  
i n  t h i s  c o o p e r a t i v e  s t u d y  and i s  r e p r e s e n t e d  on a  number o f  
t a s k  f o r c e  commit tees  f o r  t h e  p r e p a r a t i o n  o f  proposed 
F e d e r a l  dam s a f e t y  g u i d e l i n e s  f o r  management p r o c e d u r e s  
t o  e n s u r e  dam s a f e t y .  A r ev iew o f  F e d e r a l  Power Commission 



(now FERC) practices which could affect safety and integrity 
of dams was submitted to FCCSET in September 1977, and a 
copy of the text of the report and Appendix B thereof is 
attached as Appendix E. 

6-04 Conclusions. The Bouldin failure and other recent 
failures, such as the Bureau of Reclamation's Teton Dam, 
suggest that it is appropriate for all charged with 
responsibility of dam design, construction, operation, 
or regulation to reevaluate criteria, procedures, and 
requirements relating to dam safety. 

Those deficiencies noted as being the most probable 
reasons for the failure of Bouldin Dam have been corrected 
by the current in-depth dam inspection and supervision 
program of the FERC. Since the time of the initial con- 
struction of Bouldin Dam, many improvements have been made 
in the Commission's program relating to dam safety: the 
requirement for a board of consultants to review design 
and construction; periodic training of staff engaged in 
inspection of projects during construction and operation; 
recruitment of staff members with extensive active experience 
in design and construction of dams; instituting the periodic 
Part 12 safety inspections by a qualified consultant; review 
or approval of detailed plans and specifications prior to 
construction; review and approval of licensee quality assur- 
ance and inspection programs; specific attention to 
construction details or methods of construction; thorough 
and timely investigations of remedial repairs following 
accidents; and requirement for an emergency action plan in 
event of a serious accident to project structures. 

The Commission's program for dam safety is an evolving 
effort. For example, the staff is participating in an 
overall assessment of the Government's dam safety efforts 
in cooperation with the Federal Coordinating Council for 
Science, Engineering, and Technology at President Carter's 
direction. The Commission's entire dam safety program 
will be reviewed following completion of that assessment, 
and modifications will be made as necessary. Changes already 
made as a result of the investigation of the Bouldin Dam 
failure have added significantly to an improved program. 
With the added staffing planned, the dam safety program 
should attain a degree of effectiveness commensurate with 
its importance. Even so, the staff must be continuously 
alert to make further improvements in this program. 
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A l b e r t  B .  Brooke,  J r .  , Rush Moody, Jr.  
Wi l l iam L .  S p r i n g e r ,  and Don S .  Smith .  

Alabama Power Company ) Pro jec t  No. 2146 

ORDER INSTITUTING INVESTIGATION 
AND PROVIDING FOR HEARING 

(Issued February 20, 1975) 

On'February 10, 1975, the  64-foot h igh .  e a r t h f i l l  dam a t  
the  Bouldin Dam of the- Coosa River Projec t  No. 2:146 f a i l e d .  
This f a i l u r e  occurred i n  the  e a r t h  d ike  e a s t  o f .  t he  power 
p lan t  and r e s u l t e d  i n  a flow throbgh t h e  dike which was 
est imated a t  approximately 50,000 c f s .  

The Bouldin Dam obta ins  i t s  water from a r e s e r v o i r  of 
the  Jordan Pro jec t  No. 618. Because flows from t h i s  r e s e r v o i r  
t o  the  Bouldin Dam a r e  no t  regula ted ,  the  f a i l u r e  of t h e  dain 
r e s u l t e d  i n  a s u b s t a n t i a l  decrease i n  the  l e v e l  of t h e  reserv0i . r  
a t  the  Jordan Pro jec t  No. 618, adding flows i n  the  r i v e r  down- 
stream from the  dam. 

The dam f a i l u r e  occurred a t  1:30 a.m. on February 10, 
1975. During the morning OL February 10, 1975 the  Atlanta  
Regional Engineer and an a s s i s t a n t  v i s i t e d  the  s i t e .  The Head 
of the  Sect ion  on Inspections of the  Bureau of Power and an 
a s s i s t a n t  plus two engineers from the  Atlanta  Regional Off ice  
v i s i t e d  the  dam s i t e  l a s t  week and met wi th  a Board of Con- 
s u l t a n t s  r e t a ined  by the  l i censee  i n  connection with the-dam 
f a i l u r e .  L 

We bel ieve  the  f a i l u r e  of t h i s  dam r a i s e s  ques t ions  about. 
the  s a f e t y  and adequacy of p r o j e c t  works subject: t o  our juri.s- 
d i c t i o n  under the  terms and condi t ions  of the  Federal  Power 
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Act (Act) and the  condi t ions  of the  l i c e n s e  f o r  t h i s  q ~ o j  ec  t , 
p a r t i c u l a r l y  A r t i c l e s  2 ,  3 ,  and 4 11'. s e c t i o n  10(c); - of 

I t h e  Act express ly  provides:  

That the  l i c e n s e e  s h a l l  maintain the  p r o j e c t  
works i n  .a condi t ion  of r e p a i r  adequate f o r  
the purposes of naviga t ion  and f o r  the  
e f f i c i e n t  opera t ion  of s a i d  works i n  t h e  
development and transmission of power . . . 
and s h a l l  conform t o  such r u l e s  and re -  
gu la t ions  a s  the  Commission may from time 
t o  time p resc r ibe  f o r  t h e  p ro tec t ion  of 
l i f e ,  h e a l t h ,  and property,  

We a r e  the re fo re  order ing  a  f u r t h e r  formal i n v e s t i g a t i o n  pur- 
suant  t o  the  Act i n t o  t h e  causes of t h i s  dam f a i l u r e  i n  order  
t o  determine t h e  proper remedial a c t i o n s  which should be . 
taken t o  a s s u r e  t h a t  l i f e ,  h e a l t h ,  and property a r e  adequately 
pro tec ted  a t  t h i s  dam and o the r  dams under the  c o n t r o l  of the 
l i censee .  The f  orma 1 i n v e s t i g a t i o n  should a l s o  determine 
whether the  provis ions of t h i s  Act o r  any r u l e ,  r egu la t ion ,  
o r  order of the   omm mission have been v i o l a t e d  and, i f  so ,  which 
may have caused o r  cont r ibuted  t o  the  dam's f a i l u r e .  

Following the  completion of the  present  S t a f f  f i e l d  in- 
ves t iga  t i o n  and the.  forma 1 inves t i  99 ion , .an ev iden t i a ry  hearing 
pursuant t o  Sect ion  10(c)  and 308 - of t h e  Act s h a l l  be held t o  
document and determine the  cause of t h i s  dam f a i l u r e  and any 
remedial a c t i o n s  which may be warranted t o  c o r r e c t  any v i o l a t i o n s  
of the Act o r  any r u l e ,  r egu la t ion ,  o r  order  thereunder o r  t o  
a s su re  t h a t  t h i s  dam f a i l u r e  or the p o t e n t i a l '  f o r  f a i l u r e  of 
any o ther  r e l a t e d  dams under the  c o n t r o l  of the  l i censee  w i l l  n o t  
occur or reoccur .  

The Comiss  ion f u r t h e r  f inds  : 

It i s  appropr ia t e  and i n  the publ ic  i n t e r e s t  fo r  the 
purposes of admin i s t r a t ion  of the  .Federa l  Power Act t h a t  a  

11 - Alabama Power Ccmpany, Pro jec t  No. 2146, 18 F.P.C. 265, 
270 (1957). 

2 /  16 U.S.C. § ~ 0 3 ( c ) .  - 
?/ 1.6 U.S.C. ?825g(a).  



P r o j e c t  No. 2146 -3 - 

formal  i n v e s t i g a t i o n  and hea r ing  be ordered concerning t h e  
f a i l u r e  of  t he  Bouldin Dam of t h e  Coosa River P r o j e c t  No. 2146, 
any ma t t e r s  r e l a t e d  t h e r e t o ,  and t h e  p o t e n t i a l  f o r  f a i l u r e  
of any o t h e r  r e l a t e d  dams under t h e  c o n t r o l  of t h e  l i c e n s e e .  

The Commission o rde r s  : 

(A)  Pursuant t o  t h e  a u t h o r i t y  conta ined  i n  and s u b j e c t  
t o  t h e  j u r i s d i c t i o n  confer red  upon the  Fede ra l  Power Commission 
by t h e  Fede ra l  Power Act,  par t : i cu l a r ly  Sec t ion  10,  307, 308, and 
309, an  i n v e s t i g a t i o n  and hea r ing  s h a l l  be i n s t i t u t e d  . i n t o  
ma t t e r s  involved and i s s u e s  presen ted  i n  t h i s  proceeding.  

(B) As a  p a r t  of  t h e  i n v e s t i g a t i o n ,  t h e  Cornmissiorl S t a f f  
i s  hereby d i r e c t e d  t o -  conduct an examination i n t o  t he  Bouldin 
Dam f a i l u r e  and '  t h e  p o t e n t i a l  f o r  f a i l u r e  of  any o the r  r : : ! l a t e d .  
dams under t he  l i c e n s e e ' s  c o n t r o l ;  t o  o b t a i n  such f a c t s  and 
informa t i o n  from t h e  books, r eco rds ,  f a c i l i t i e s ,  and proper ti.?^ 
of t h e  Alabama Power Company, i t s  p a r e n t s ,  a f f i l i a t e s ,  ;.;:;.. ; ' ; . : i -  

s i d i a r i e s  a s  may be necessary  or  a p p r o p r i a t e  t o  conduct: ~ t : i : s  
i n v e s t i g a t i o n ;  and t o  f u r n i s h  such recommendations a s  may St: 
necessary  o r  a p p r o p r i a t e  i n  l i g h t  of t h e  i n v e s t i g a t i o n .  

(C) Alabama Power Company, i t s  p a r e n t s ,  a f f i l i a t e s ,  o r  
s u b s i d i a r i e s ,  s h a l l  coope ra t e  and a s s i s t  Commission S t a f f  i n  i t s  
i n v e s t i g a t i o n .  

(D)  The Commission's S e c r e t a r y  s h a l l  i s s u e  n o t i c e  of t h e  
time and p l ace  oE t h e  hea r ing .  The procedure f o r  t h e  hea r ing  
s h a l l  be p re sc r ibed  by t h e  P re s id ing  Adminis t ra t ive  Law Judge i n  
conformance wi th  t h e  Commission's Rules of P r a c t i c e  and Pro- 
cedure .  

(E)  The Cotmiission's S e c r e t a r y  i s  hereby d i r e c t e d  Co i s s u e  
a n o t i c e  of t h i s  i n v e s t i g a t i o n  and hea r ing  w i t h  p rov i s ion  fox t h e  
f i l i n g  of p r o t e s t s  o r  p e t i t i o n s  t o  i n t e rvene .  

By t h e  Commission. 

( S . : i A i , )  
Kenneth F.  P l u m b ,  

S e c r e t a r y .  
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INITIAL DECISION ON INVESTIGATION OF EARTH 
FILL WALTER BOULDIN DAM FAILURE 

(August 19, 1976)  

APPEARANCES 

Robert McD, Smith, Esq., U w i s  W. Page, Jr,,  Esq, , and George F, 
Bruder, Esq.  f o r  Alabama Power Company 

Richard A. Azzaro. Esq.  f o r  the  S t a f f  of  the  Federal  Power 
Commission 

KANELL, Presiding Administrative Law Judge 

I. NATURE OF PROCEEDING 

On February 10, 1975, the  e a r t h  f i l l  Walter Bouldin Dam 
f a i l e d  and t h i s  hydroe lec t r i c  p ro jec t  became inoperat ive.  By 
order  issued February 20, 1975, the  Commission d i r e c t e d  t h a t  an 
inves t iga t ion  and hearing b e ' h e l d  t o  determine appropr ia te  
remedial a c t i o n  t o  be taken t o  a s su re  t h a t  l i f e ,  hea l th  and 
property are adequately pro tec ted  a t  t h i s  dam and o the r  dams 
under t h e  con t ro l  of  the  l i censee ,  Alabama Parer  Company 
(Alabama). The Commission s t a t e d  t h a t  the  f a i l u r e  o f  the  Walter 
Bouldin Dam r a i s e d  i s sues  concerning the s a f e t y  and adequacy of 
p ro jec t s  under the  j u r i s d i c t i o n  o f  the  Commission and the  com- 
pl iance by thn- l i censee  wi th  condi t ions prescr ibed by t h e  
 omm mission i n  au thor iz ing  cons t ruc t ion  and maintenance of  t h i s  
dam. 

The f a i l e d  dam w a s  l icensed  by t h e  Conrmission a s  p a r t  of 
Pro jec t  No. 2146 (18 FPC 265 / i957/ ) ,  pursuant t o  a u t h o r i t y  
ves ted  i n  the  Commission unde; ~ e z t i o n  4 ( e )  o f  t h e  Federal  
P w e r  Act. This p ro jec t  l i cense  p e r t a i n s  t o  a series of ' dams 
which comprise the  Coosa River P ro jec t ,  undertaken by the  
Alabama Power Company t o  providc hydroe lec t r i c  power f o r  i t s  
customers . 



Pursuant t o  t h e  d i r e c t i v e  of t h e  Commission, p r i o r  t o  the  
hearing held on t h i s  mat ter ,  a comprehensive i n v e s t i g a t i o n  of 
t h i s  dam's f a i l u r e  w a s  conducted by Conanission S t a f f .  Hearing 
i n  t h i s  matter i n i t i a t e d  on A p r i l  22, 1976, and extended over 
12 sess ions ,  terminat ing on June 30, 1976. 

By order  i ssued  June 17, 1976, t h e  Commission authorized 
Alabama t o  undertake l imi ted  work on the  Walter Bouldin Dam i n  
prepara t ion  f o r  poss ib le  recons t ruc t ion ,  sub jec t  t o  t h e  con- 
d i t i o n  t h a t  such work would be done only i n  the  presence of  
and with t h e  s p e c i f i c  w r i t t e n  approval of  a Commission repre-  
sen ta t ive .  The Commission s t i p u l a t e d  t h a t  i ts  represen ta t ive  
would have the a u t h o r i t y  and the  r e s p o n s i b i l i t y  t o  s t o p , t h e  
l imi ted  work authorized i f  such a c t i o n  became necessary t o  
preserve evidence regarding t h e  cause of t h e  f a i l u r e  o f  t h e  dam. 
I f  t h e  work i s  stopped t h e  Commission requi red  t h a t  appropr ia te  
inves t iga t ion  by the  Commission S t a f f  r ep resen ta t ives  would be 
made p r i o r  t o  resumption of  the  work. 

Following t h e  hearing, b r i e f s  were f i l e d  by Alabama and 
S t a f f .  F i n a l  b r i e f s  were received on J u l y  30, 1976. 

WALTER BOULBIN DAM 

This dam is located near the  mouth of  the  Coosa River a t  
the town of  Wekumpka i n  Elmore County, Alabama. Construction 
of  the  dam w a s  s t a r t e d  i n  August 1963 and it w a s  completed on 
September 30, 1967. 

Walter Bouldin Dam consis ted of  two dikes about 164 f e e t  
high extending from each s i d e  of a 164 foot  high and 180 foot  
long concrete water intake s t r u c t u r e  . 

The western e a r t h  f i l l  embankment was about 2,320 f e e t  long 
and the e a s t  e a r t h  f i l l  embankment was about 5,120-'r'eet i n  
length.  The embankments were extended t o  the  high ground a t  
each s i d e  of the  r e se rvo i r  a rea .  

The dam re ta ined  water of the  Coosa River forming an  i m -  
pounded w a t e r  area covering about 920 acres .  This impounded 
a r e a  is  connected t o  the  Jordon River r e s e r v o i r  by a 7,000 
foo t  long in take  canal.  



The concrete  water in take  s t r u c t u r e  served th ree  30 foo t  
diameter s t e e l  penstocks which w e r e  designed t o  feed w a t e r  under 
g rav i ty  pressure t o  t h e  power house located downstream and a t  
an  e leva t ion  of about 100 f e e t  below the  water l i n e  of  the  
Walter Bouldin Dam r e se rvo i r .  The power house contains  three 
hydroelec t r ic  generat ing u n i t s  each r a t e d  a t  75,000 k i lowat ts  
f o r  a t o t a l  capaci ty  of t h i s  f a c i l i t y  of  225,000 ki lowatts .  
This e l e c t r i c  generat ing capaci ty  has provided about four  per- 
cent  of  ~ l a b a m a  's t o t a l  e l e c t r i c  power requirements. E l e c t r i c  
interchange arrangements with o the r  e l e c t r i c  generat ing sub- 
s i d i a r y  companies which comprise the  Southern Company system 
have made it  poss ib le  f o r  Alabama t o  continue t o  serve  i ts  
customers d e s p i t e  t h e  l o s s  of  the  Walter Bouldin e l e c t r i c  
generat ing capacity.  

The Walter Bouldin Dam w a s  constructed by con t rac to r s  
engaged by Alabama. A l l  e a r t h  and embankment work w a s  'performed 
by Harbert Construction, e i t h e r  as a primary cont rac tor  o r  as 
a subcontractor  t o  the  Blount Construction Company, A l l  e a r t h  
materials f o r  the dam were obtained on site, genera l ly  i n  t h e  
area of  excavation f o r  the power house and environs. 

Plans and s p e c i f i c a t i o n s  f o r  t h i s  p r o j e c t  w e r e  prepared by 
Southern Services ,  Inc. ,&I an  engineering subs id iary  of  t h e  
Southern Company, which i s  the  parent  of  Alabama. These plans 
provided f o r  an  e a r t h  f i l l  dam cons i s t ing  of a c lay  core wi th  
an upstream facing of  rock f i l l  and r i p r a p  and a downstream 
facing o f  sandy gravel  material. The dam design u t i l i z e d  the  ' 

n a t u r a l  c l ay  of the  r i v e r  bottom as a foundation f o r  t h e  e a r t h  
f i l l  dikes.  

Proposed plans and s p e c i f i c a t i o n s  f o r  the  recons t ruc t ion  
of the  Walter Bouldin Dam have a l s o  been prepared by t h e  same 
engineering subs id iary  of  Southern Company, wi th  a s s i s t a n c e  o f  
independent consul tants .  

111. DAM FAILURE 

The f a i l u r e  of the  Walter Bouldin Dam occurred a t  1:30 A.M. 
on February 10, 1975, and repor tedly  without advance warning, 
Visual inspect ion  of the  dam had been performed by the plane 
superintendant on the  day p r i o r  t o  the  f a i l u r e .  No unusual 

1/ Now des ignated  a s  Southern Company Services ,  Inc.  - 



occurrences w e r e  noted by the  normal inspect ion  procedure which 
cons is ted  o f  d r iv ing  a veh ic le  along the  top  o f  the  embankments 
and making observat ions.  

The f a i l u r e  occurred i n  t h e  e a s t e r n  dike j u s t  east of the  
concrete  in take  s t r u c t u r e .  It appears from a l l  a v a i l a b l e  
evidence t h a t  t h e  f a i l u r e  w a s  i n i t i a t e d  by a n  upstream s l i d e  
near  the  c r e s t  of  t h e  dam i n  the  area of  the  f a i l u r e .  Alabama 
personnel repor ted  t h a t  a slump o r  depressed area developed 
a t  t h e  top of the  embankment i n  the area of  t h e  breach and w a t e r  
w a s  heard coming over o r  through t h e  upper por t ion  of t h e  
e a s t e r n  dike. This breach w a s  deepened and widened by onrushing 
water  r e s u l t i n g  i n  a 300 foot  wide breach i n  the  e a s t e r n  d ike ,  
extending eastward from t h e  concrete  in take  s t r u c t u r e .  The 
d ike  foundation w a s  scoured t o  a depth of  50 f e e t  below t h e  
o r i g i n a l  r e s e r v o i r  bottom and over 1.25 m i l l i o n  cubic yards of  
materials were washed downstream by the  release of t h e  impounded 
w a t e r .  The power house w a s  inundated, and rendered inoperat ive.  
The force  of  the  onrushing water is indica ted  by a generat ing 
u n i t  component weighing about six tons which w a s  washed about 
550 f e e t  downstream from the  power house. 

' No personal  i n j u r i e s  r e s u l t e d  from . t h i s  dam f a i l u r e .  Except 
f o r  minor damage t o  one p a r c e l  of downstream property a l l  damage 
from t h e  dam f a i l u r e  w a s  l imi ted  t o  the  darn and assoc ia ted  power 
p l a n t  f a c i l i t i e s .  Repair of  t h e  dam and the  power house have 
been held i n  abeyance pending t h i s  inves t iga t ion  and Conrmission 
approval of the proposed plans f o r  recons t ruc t ion ,  

ALABAMA INVESTIGATION 

On February 11, 1975, t h e  day following the  dam f a i l u r e ,  
Alabama appointed a four-member board of inqui ry  t o  i n v e s t i g a t e  
t h i s  f a i l u r e .  The board consis ted of Alabama's Vice President  
f o r  Engineering, a rep resen ta t ive  o f  Southern Services ,  a 
rep resen ta t ive  of Alabama ' s P m e r  Supply ' Department and a repre  - . s e n t a t i v e  of  Alabama's Construction Department. The board 
engaged t h e  se rv ices  of th ree  experienced consul tan ts  t o  assist 
i n  t h i s  inves t iga t ion .  

The e s s e n t i a l  f indings of t h i s  board w e r e  that the  f a i l u r e  
w a s  not  caused by (1 )  earthquake o r  seismic dis turbance,  (2) 
known ground water seepage, (3) d i spe r s ive  c lays ,  (4) b u r r w i n g  



by animals o r  a n t s ,  (5) sabotage o r  (6) overtopping o f  t h e  
embanbent  by o v e r f i l l i n g  the  r e s e r v o i r .  

The ~ o a r d  's i n v e s t i g a t i o n  included a n  exp lo ra to ry  exca- 
v a t i o n  and d e t a i l e d  examination of  t he  e a r t h  embankment w e s t  of 
t h e  i n t a k e  s t r u c t u r e ,  namely t h a t  p o r t i o n  o f  t h e  d ike  which d i d  
not f a i l .  Th is  examination d i s c l o s e d  t h a t  (1)  s o i l  compaction 
w a s  less than s p e c i f i e d ,  (2 )  some compacted l i f t s  w e r e  t h i c k e r  
than  s p e c i f i e d ,  (3) damp zones e x i s t e d ,  (4 )  sand pockets con- 
s i s t i n g  of  rock o r  f i l t e r  f i n e s  were l oca t ed  i n  c l a y  areas, and 
(5) c l a y  w a s  found i n  t h e  rock r i p r a p  areas. 

The Board found no evidence of  p ip ing ,  wate r  seepage o r  any 
s i n g l e  cause o r  series of  even t s  t o  which i t  could conc lus ive ly  
a s c r i b e  t he  reason  f o r  t he  breach o f  t h e  dam, o t h e r  t han  weak- 
nesses  a r i s i n g  from inadequate cons t ruc t ion .  

The Alabama Board o f  Inqu i ry  concluded, i n  e f f e c t ,  t h a t  t h e  
plans  and s p e c i f i c a t i o n s  f o r  t h i s  dam were adequate and t h a t  t he  
dam f a i l u r e  and washout probably r e s u l t e d  from t h e  f a i l u r e  o f  
t he  c o n s t r u c t i o n  c o n t r a c t o r  t o  comply s t r i c t l y  w i t h  such p lans  
and s p e c i f i c a t i o n s  f o r  t h e  cons t ruc t ion  of  t h e  dam. 

I n  t h i s  proceeding,  Alabama took a p o s i t i o n  c o n s i s t e n t  w i t h  
t he  f i nd ings  o f  t h e  Board, namely, t h a t  t h e  c o n s t r u c t i o n  con- 
t r a c t o r  f a i l e d  t o  comply f u l l y  w i t h  t h e  e a r t h  f i l l  s p e c i f i c a t i o n s ,  
r e s u l t i n g  i n  inadequate embanlanent s t r e n g t h .  The s p e c i f i c a t i o n s  
f o r  t h e  east and w e s t  embankments were i d e n t i c a l  and the  two 
d ikes  w e r e  cons t ruc ted  a t  about  t h e  same t i m e  w i t h  comparable 
equipment and m a t e r i a l s .  

The Board o f  Inqu i ry  assumed t h a t  c o n s t r u c t i o n  inadequacies 
discovered by the  d e t a i l e d  in spec t ions  t h a t  w e r e  made o f  t h e  
wes te rn  embankment a f t e r  t h e  dam f a i l e d  w e r e  a l s o  p re sen t  i n  t he  
f a i l e d  p o r t i o n  o f  the  e a s t e r n  embankment. 

Thus, t h e  Alabama Board of  Inqui ry  concluded t h a t  d e v i a t i o n  
by t h e  c o n s t r u c t i o n  c o n t r a c t o r  from t h e  des ign  s p e c i f i c a t i o n s  
c o n s t i t u t e d  the  reason f o r  t h e  f a i l u r e  o f  t he  Walter  Bouldin Dam 
and t h a t  one o r  more s l i d e s  on the  upstream face  of  t he  dam j u s t  
east o f  t h e  i n t a k e  s t r u c t u r e  t r i g g e r e d  t h i s  f a i l u r e .  

It is  Alabama's p o s i t i o n  t h a t  s i n c e  the  wes te rn  d ike  wi th-  
s tood the  sudden w a t e r  drawdown a f t e r  t h e  breach o f  t he  dam, 



t he  de f i c i enc ies  uncovered by the  pos t - fa i lu re  i n v e s t i g a t i o n  
of  t h e  western d ike  must have been present  t o  a g r e a t e r  e x t e n t  
i n  t h e  f a i l e d  e a s t e r n  dike.  

V, COMMISSION STAFF INVESTIGATIONS 

Pursuant t o  Comiss ion  d i r e c t i v e ,  a lengthy and d e t a i l e d  
i n v e s t i g a t i o n  of t h i s  mat ter  was  conducted by Commission S t a f f .  
On September 15, 1975, a d e t a i l e d  r e p o r t  w a s  submitted by the  
  om mission's At lanta  Regional Off ice t o  the  Chief, Bureau of  
Power. Based on t h i s  r e p o r t  and a d d i t i o n a l  inves t iga t ions ,  the  
Bureau of Power prepared a comprehensive r e p o r t ,  dated February 
1976, on t h e  f a i l u r e  of t h e  Walter Bouldin Dam and i ts  i n v e s t i -  
g a t i o n  of the  o the r  dams under the con t ro l  o r  ownership of t h e  
Alabama Power Company. 

The At lan ta  r epor t  s t a t e s  t h a t  t h e  cause of  t h e  f a i l u r e  of 
t h i s  dam cannot be conclusively determined, but t h a t  f a i l u r e  may 
have occurred immediately following one o r  more successive up- 
stream s l i d e s  along t h e  dike j u s t  east of  the  in take  s t r u c t u r e .  
Four main f a c t o r s  leading t o  the  f a i l u r e  of  the  dam are deemed 
t o  include the following: (1)  weakened foundation (of embank- 
ment), (2) weakened embankment caused by a n  October 1972 s l i d e  
on the  upstream face of t h e  e a s t e r n  embankment i n  the  area of  
t h e  dam breach (3) s t e e p  design s lopes  of  the  embankments, 
p a r t i c u l a r l y  i n  the  area near the  in take  s t r u c t u r e  and (4) 
poorly consol idated f i l l .  

The Bureau of Power r epor t  found de f i c i enc ies  i n  both design 
and cons t ruc t ion  of the  dam. The embanianent design w a s  considered 
t o  be marginal, due t o  s t e e p  s lopes ,  e s p e c i a l l y  i n  the area near 
t h e  in take  s t r u c t u r e .  This  r epor t  concluded t h a t  r i g i d  adherence 
t o  s p e c i f i c  f i e l d  c o n t r o l  measures t o  insure  an adequate and s a f e  
s t r u c t u r e  w a s  required,  and t h a t  such high degree of  f i e l d  con- 
t r o l  necessary t o  insure  s a f e t y  w a s  not  a t t a i n e d .  

The foregoing conclusion is supported by the observat ion 
t h a t  zoning of the  l aye r s  of  ma te r i a l s  comprising the  dam w a s  
not  c a r e f u l l y  executed. Examination of the  western d ike  d i s -  
c losed pervious lenses  of  sand and rock f i n e s  i n  the  impervious 
c l a y  core. Lenses of c l a y  were found i n  t h e  rock f i l l  zone, 
Fur ther ,  t h i s  r e p o r t  concluded t h a t  s p e c i f i c a t i o n s  f o r  e a r t h  f i l l  
compaction were incomplete and moisture content  of  materials w a s  
no t  spec i f ied .  



The Bureau of Power repor t  a l s o  noted t h a t  the  rock f i l l  
zone w a s  th inner  than spec i f i ed ,  but Alabaqa, as ou t l ined ,  i n f r a ,  
asserts t h a t  t h i s  observation w a s  based upon incor rec t  in t e rp re -  
t a t i o n  of construct ion f i e l d  notes  by an  Alabama draftsman. 
Alabama submitted a s u b s t i t u t e  drawing f o r  the  drawing r e l i e d  on 
by S t a f f  t o  support  t h i s  a s se r t ion .  This s u b s t i t u t e  drawing 
shows no material devia t ion  between cons t ruc t ion  and design of 
the  rock f i l l  zone i n  the  area of the  dam f a i l u r e ,  

P r io r  t o  t h e  hearing, S t a f f  Counsel took a number of depo- 
s i t i o n s  from Alabama employees, o f f i c i a l s ,  and r e t i r e d  employees, 
i n  an e f f o r t  t o  ob ta in  information from a l l  poss ib le  sources 
concerning the cons t ruc t ion  and maintenance of t h e  Walter Bouldin 
Dam. 

Commission S t a f f  members w e r e  present  during t h e  explora- 
to ry  excavation of  the  western dike t h a t  w a s  made by the  Alabama 
Board of Inquiry following the washout of t h e  e a s t e r n  dike. 
(The same cont rac tor  t h a t  constructed the  dikes w a s  engaged by 
Alabama t o  make this explora tory  excavation. It would appear 
t h a t  Alabama w a s  not aware a t  t h i s  t i m e  t h a t  it would pursue a 
l e g a l  claim aga ins t  t h i s  cont rac tor ,  i n t e r  a l ia ,  a r i s i n g  from 
t h e  dam fa i lure . )  S t a f f  personnel arranged f o r  f i e l d  and labora- 
to ry  tests of samples of  materials t h a t  w e r e  taken during t h e  
course of  t h i s  excavation. 

The Bureau of Power r epor t  a l s o  summarizes d e t a i l e d  i n v e s t i -  
ga t ions  made by Commission S t a f f  of 13 o the r  dam pro jec t s  under 
Alabama's control .  These inves t iga t ions  d i sc lose  some minor 
de f i c i enc ies  not deemed c r i t i c a l  from the  s tandpoint  of  s a f e t y ,  
but  no unusual problems were uncovered a t  any of t h e  o ther  dams 
except f o r  the  Logan Martin Dam, located on the  Coosa River about 
100 miles north of Montgomery, i n  S t .  Clair and Talladega 
Counties, Alabama. It w a s  noted t h a t  leakage a t  t h i s  dam requires  
c a r e f u l  su rve i l l ance  and appropr ia te  a c t i o n  t o  reduce t h i s  leak- 
age. (See C m i s s i o n  order issued July 7 ,  1976, i n  t h i s  
Pro jec t  .) 

SUMMARY OF EVIDENCE PRESENTED AT HEARING ON DAM FAILURE 

Witnesses were presented by Alabama and S ta f f  t o  o u t l i n e  and 
expla in  t h e i r  inves t iga t ion  of the causes of the  f a i l u r e  of t h i s  
dam, Counsel for  Alabama c a i i e d  a t t e n t i o n  t o  the  presence a t  the 



hearing o f  r ep resen ta t ives  of  t h e  cons t ruc t ion  firms involved 
i n  the cons t ruc t ion  of  the Walter Bouldin Dam and representa-  
t i v e s  of  a n  indemnity insurance company. No appearance was 
entered  by any represen ta t ive  of  these  i n t e r e s t s .  It appears 
t h a t  c i v i l  ac t ions  have been i n i t i a t e d  by Alabama a g a i n s t  two 
con t rac t ing  firms as t h e  r e s u l t  of t h e  f a i l u r e  of t h i s  dam, 
based on ~ l a b a m a ' s  claim t h a t  the  dam w a s  not  b u i l t  i n  accordance 
wi th  the  spec i f i ca t ions .  h r r t h e r ,  Alabama has f i l e d  claims wi th  
i t s  insurance carrier f o r  the  damage it sus ta ined  as t h e  r e s u l t  
o f  t h i s  dam f a i l u r e .  

It w a s  emphasized by the  Presiding Administrative Law Judge 
a t  t h e  hear ing ,  t h a t  t h i s  proceeding would not be used as a 
forum t o  t r y  any of  the  claims involving these  p a r t i e s ,  but 
t h a t  t h i s  proceeding would be r e s t r i c t e d  t o  t h e  i s sues  prescr ibed 
by the  Commission i n  ass igning  t h i s  mat ter  f o r  hearing,  namely, 
t h e  causes f o r  t h e  f a i l u r e  of t h e  Walter Bouldin Dam and recom- 
mendations f o r  appropr ia te  remedial a c t i o n  t o  prevent any f u t u r e  
dam f a i l u r e  and t o  insure  adequate p ro tec t ion  from hazards t o  
l i f e ,  h e a l t h  and property r e s u l t i n g  from dam f a i l u r e .  

Alabama witnesses  reviewed the  f indings  of  i t s  Board of  
Inqui ry  and ou t l ined  measures t h a t  Alabama is n w  undertaking 
t o  improve q u a l i t y  con t ro l  procedures i n  the  supervis ion  of 
cons t ruc t ion  p ro jec t s .  

A s  noted,  supra,  Alabama a s s e r t s  t h a t  the  design and con- 
s t r u c t i o n  s p e c i f i c a t i o n s  f o r  the  Walter Bouldin Dam w e r e  adequate 
and consis  t e n t  wi th  accepted engineering p rac t i ce ,  The s p e c i f i -  
ca t ions  f o r  t h i s  dam are charac ter ized  by Alabama as the  "end 
r e s u l t "  type i n  c o n t r a s t  t o  more d e t a i l e d  "methods" type o f  
spec i f i ca t ions .  Thus, the  s p e c i f i c a t i o n s  f o r  the  Walter Bouldin 
Dam d id  not r equ i re  the  con t rac to r  t o  use designated types of  
equipment. S p e c i f i c  cons t ruc t ion  methods w e r e  n o t , r e q u i r e d ,  but  
i t  w a s  deemed t o  be the  con t rac to r ' s  r e s p o n s i b i l i t y  t o  achieve 
the  designated r e s u l t s  such as the  prescr ibed degree of com- 
pact ion o f  materials, and t o  p lace  spec i f i ed  ma te r i a l s  i n  t h e  
amounts and a t  the  loca t ions  required by the  design spec i f i ca -  
t i o n s  and assoc ia ted  drawings. 

Thus, Alabama takes the  p o s i t i o n  t h a t  the  f a i l u r e  of the 
dam did not r e s u l t  from any inadequacies i n  the  design o r  
s p e c i f i c a t i o n s ,  but i s  the  r e s u l t  of  cons t ruc t ion  inadequacies 
and the  consequent weaknesses i n  the  s t r u c t u r e ,  as ou t l ined  i n  
i t s  Board of Inqui ry  r epor t .  



Witnesses c a l l e d  by S t a f f  explained the nature '  of  S t a f f  
p a r t i c i p a t i o n  i n  the  exploratory excavation of the western embank- 
ment and o the r  face ts ,  of S ta f f  inves t iga t ion  of t h e  f a i l u r e  of  
t h i s  dam. Two theor ie s  were i n i t i a l l y  submitted by S t a f f  
witnesses.  The bas ic  S t a f f  pos i t ion  a s  set f o r t h ,  supra,  i s  
t h a t  while  no one reason can be ascr ibed  t o  the  dam f a i l u r e ,  
cont r ibut ing  f a c t o r s  include def ic ienc. ies  i n  both design and 
cons t ruc t ion ,  and one o r  more upstream s l i d e s  t r igge red  the  subse- 
quent f a i l u r e  of the  dam. 

The upstream s l i d e  theory i s  supported by the  l imi ted  v i s u a l  
observance by Alabama employees of the  dam f a i l u r e .  These ob3- 
se rve r s  r e fe r red  t o  a notch o r  depression i n  the c r e s t  of the  dam, 
with water washing over o r  through the  upper port ions of the  dam, 
It i s  assumed t h a t  mud found i n  the power p lan t  generator  cooling 
c o i l s  a f t e r  the  dam f a i l u r e  o r ig ina ted  i n  the  upstream embankment. 
This f u r t h e r  ind ica tes  the  occurrance of a s l i d e  which would 
r e s u l t  i n  muddy water washing downstream. 

A second theory presented by a  witness f o r  S t a f f  i s  t h a t  
the re  may have been an i n s u f f i c i e n t  bond between the  impervious 
c lay  mate r i a l  i n  the  e a s t e r n  embankment and the  concrete  in take  
s t r u c t u r e  r e s u l t i n g  i n  "piping" (c rea t ion  of a  passageway f o r  
water seepage). Dark s t a i n s  on the  concrete  which were exposed 
following the washout of the  e a s t e r n  dike were analyzed t o  
determine whether t h i s  was the  res idue  of  a lgae  growth which is  
dependent on t h e  presence of water.  I f  such growth e x i s t e d ,  i t  
would support  the theory t h a t  water seepage occurring i n  t h i s  
a rea  r e s u l t e d  i n  weakening t h i s  por t ion  of the dam and w a s  a 
f a c t o r  i n  i t s  subsequent f a i l u r e .  However, labora tory  tests 
d isc losed  t h a t  these s t a i n s  were not t h e  r e s u l t  of a lgae.  There- 
fo re ,  t h i s  theory of  water seepage is not supported by ob jec t ive  
ev iden t t a ry  da ta  per ta in ing  t o  possible  a lgae  growth. 

S t a f f  content ion t h a t  piping , is  a  possible  cause of f a i l u r e  
i s  supported by the  dark,  possibly water s t a i n s  on the concrete i r r  
take s t r u c t u r e  and the  r e l a t i v e l y  poorer s o i l  compaction a t t a i n e d  
i n  the  a r e a  near t h i s  s t r u c t u r e .  The evidence supporting the  
piping theory was l imited i n  con t ras t  t o  t h e  more d e t a i l e d  e v i -  
dence supporting the  weak dike-upstream s l i d e  theory. 



EVALUATION OF DAM FAILURE EVIDENCE 

There a r e  no bas ic  d i f f e rences  among the  three  inves t iga to ry  
r e p o r t s  submitted i n  t h i s  proceeding. A l l  t h r e e  r e p o r t s  concur 
wi th  r e spec t  t o  the  b a s i c  f indings  t h a t  weaknesses e x i s t e d  i n  
t h e  dikes because cons t ruc t ion  s tandards d id  not comply with 
s p e c i f i e d  design and cons t ruc t ion  requirements. A l l  r e p o r t s  
r e f e r  t o  the  f indings  of the  explora tory  excavation work which 
d isc losed  inadequate compaction of materials a t  many c r i t i c a l  
a r e a s ,  p a r t i c u l a r l y  a t  po in t s  near the in take  s t r u c t u r e .  The 
discovery of sand lenses  and excess ive ly  t h i c k  l i f t s  o f  material 
are c i t e d  a s  f a c t o r s  ind ica t ing  poor cons t ruc t ion  s tandards and 
con t r ibu t ing  t o  the weakening of  the  dam below the  designed 
l e v e l s  of s t r eng th .  

S t a f f  a l s o  contends t h a t  design c r i t e r i a w e r e  marxinal. The 
long i tud ina l  segments of  the  e a r t h  f i l l  embankments on each s i d e  
o f  the  concrete  s t r u c t u r e  w e r e  designed t o  have v e r t i c a l  i n c l i n e s  
of one foot  f o r  each 1.3 f e e t  o f  hor i zon ta l  d i s t ance ,  beginning 
a t  t h e  in take  s t r u c t u r e  and f l a t t e n i n g  t o  a v e r t i c a l  i n c l i n e  of  
one foot  v e r t i c a l  t o  each two f e e t  hor i zon ta l  a t  d i s t ances  of 
about 150 f e e t  from t h i s  concrete  s t r u c t u r e .  Beyond t h e  1-50 
f e e t  poin ts  t h e  luwer por t ions  of the  d ikes  had a one foo t  ve r t i -  
c a l  i n c l i n e  f o r  each two and one-half f e e t  hor i zon ta l  d is tance .  
Fur ther ,  as noted, supra,  S t a f f  poin ts  out  the  f a i l u r e  of  t h e  
dam s p e c i f i c a t i o n s  .to provide complete d e t a i l s  on (1)  haw pre- 
sc r ibed  degrees of compaction were t o  be 'obta ined  and (2 )  how 
moisture content  would be cont ro l led .  

S t a f f  sought t o  review a l l  a v a i l a b l e  records r e l a t i n g  t o  
t h e  cons t ruc t ion  and maintenance of t h i s  dam. Detai led search  
w a s  made of Alabama's f i l e s  t o  obta in  such information. . . 

It appears t h a t  f i e l d  notebooks maintained by ~ l a b a m a ' s  con- 
s t r u c t i o n  supervisory personnel contained da ta  r e l a t i n g  t o  the  
quan t i ty  of ma te r i a l  deposited during the  cons t ruc t ion  of the  
e a r t h  f i l l  d ikes ,  but such da ta  were not designed t o  r e f l e c t  
whether the  cons t ruc t ion  met design s tandards.  These f i e l d  da ta  
were compiled t o  determine the  amount of payment due the  com- 
t r a c t o r .  Thus, i t  w a s  necessary t o  look t o  small  s c a l e  sketches 
i n  the f i e l d  notebooks t o  endeavor t o  compare a c t u a l  cons t ruc t ion  
w i t h  design. No o the r  Alabama records were submitted i n  t h i s  
proceeding t o  demonstrate t h a t  cons t ruc t ion  of the  dam conformed 
wi th  design s p e c i f i c a t i o n s .  

There i s  no disagreement among the  r epor t s  t h a t  the dam 
f a i l u r e  d i d  not  r e s u l t  from overtopping of the  dikes by - 



o v e r f i l l i n g  t h e  r e s e r v o i r ,  from ear thquake,  sabotage ,  animal 
burrowing, o r  o t h e r  foundat ion d i s tu rbance .  

No informat ion w a s  a v a i l a b l e  a t  t h e  hear ing  t o  i n d i c a t e  
t h a t  Alabama c o n s t r u c t i o n  superv isory  personnel  encountered any 
unusual problems dur ing  cons t ruc t ion .  

Alabama's c h i e f  supe rv i so r  o f  e a r t h  f i l l  c o n s t r u c t i o n  dur ing  
t h e  per iod of  c o n s t r u c t i o n  is  now r e t i r e d .  This w i tnes s  testi-  
f i e d  a t  t h e  hear ing  t h a t  i n  some l i m i t e d  in s t ances  minor changes 
i n  t h e  c o n t r a c t o r ' s  work w e r e  required..  This  included sc rap ing  
o f f  a p o r t i o n  o f  a l a y e r  of  material deemed t o  be t o o  t h i c k ,  o r  
recompaction of  s o i l  l a y e r s  t o  ach ieve  the  p re sc r ibed  degree  o f  
compaction. I f  excess ive  mois ture  w a s  noted,  a l a y e r  o f  material 
might have been removed o r  i t  might have been permit ted t o  d ry  
i n  t he  sun u n t i l  i t  appeared t o  be s u f f i c i e n t l y  dry.  While 
Alabama u s u a l l y  had one o r  two cons t ruc t  i on  in spec t ion  personnel  
on t h e  job a t  most t i m e s ,  t he  test imony of  ~ l a b a m a ' s  wi tness  
is  t h a t  it was not  pos s ib l e  f o r  a n  Alabama in spec to r  t o  examine 
o r  observe each l i f t  o r  l a y e r  of  m a t e r i a l  t h a t  w a s  placed i n  
t he  d i k e  dur ing  t h e  course  of cons t ruc t ion .  Thus, Alabama 
depended t o  a l a r g e  e x t e n t  on the  c o n t r a c t o r ' s  foremen t o  l a y  
and compact t h e  d ike  material as r equ i r ed  by t h e  s p e c i f i c a t i o n s .  

While some tests of  t h i ckness  and compaction w e r e  taken 
by ins t ruments ,  i t  appears  t h a t  t h e  eye of  t h e  Alabama in spec to r  
w a s  the  main ins t rument  used by Alabama t o  i n s u r e  t h a t  l a y e r s  
of material complied w i t h  t h e  s p e c i f i e d  12-inch th i ckness  
r equ i r ed  f o r  most o f  t h e  d i k e ,  and t h e  4-inch th i ckness  r equ i r ed  
i n  t he  a r e a s  ad j acen t  t o  t h e  i n t a k e  s t r u c t u r e .  

Equipment used by Alabama personnel  t o  test  compaction and 
mois ture  conten t  provided f o r  t ak ing  a 6-inch deep sample o f  
s o i l  f o r  t e s t i n g  purposes. Thus, only  t h e  upper p o r t i o n  of t h e  
12-inch l i f t s  could be t e s t e d  f o r  compaction and mois ture  content.  

Records maintained by Alabama o f  t he  c o n s t r u c t i o n  of  t h i s  
dam d i d  not  d i s c l o s e  any d e v i a t i o n  of  c o n s t r u c t i o n  from s p e c i f i -  
c a t i o n s  i n  the  ma t t e r s  o f  compaction o r  l i f t  th ickness .  This  
w a s  explained by po in t ing  ou t  t h a t  such matters w e r e  immediately 
co r r ec t ed  upon d e t e c t i o n .  

However, as noted sup ra ,  t h e  p o s t - f a i l u r e  exp lo ra to ry  
i n v e s t i g a t i o n  o f  t he  w e s t  d ike  d i sc losed  a number of  compaction 
and l i f t  th ickness  dev ia t ions  from s p e c i f i c a t i o n s .  It i s  
p a r t i c u l a r l y  d i s t u r b i n g  t o  note  t h a t  i n  the  segment o f  w e s t  
d ike ,  g e n e r a l l y  between e l e v a t i o n s  224 and 242, tests taken 



during t h i s  inves t iga t ion  d isc losed  t h a t  7  of 15 i n  p lace  dry 
d e n s i t i e s  were below t h e  required 92% compaction s tandard,  and 
3 out  of 4 samples did not  meet t h e  required 95% compaction 
t e s t s .  One in-place t e s t  d isc losed  a  77.5% compaction i n  l i e u  
of t h e  spec i f i ed  95% compaction. 

Higher compaction was required i n  the  area  near  the  in take  
s t r u c t u r e  because of t h e  c r i t i c a l  importance of t h i s  a rea  t o  
t h e  s t a b i l i t y  of t h e  dam, and t h e  indepth examination of the  
west dike uncovered an unduly l a r g e  proport ion of substandard 
compaction t e s t s  i n  t h i s  v i t a l  a rea  of the  dam. It was t h e  
corresponding a r e a  of the  e a s t  dike t h a t  washed o u t ,  r e s u l t i n g  
i n  f a i l u r e  of t h e  dam. 

An add i t iona l  mat ter  t h a t  may have been a  f a c t o r  pe r t a in ing  
t o ' t h e  f a i l u r e  of t h i s  dam i s  a  s l i d e  t h a t  was i n i t i a l l y  
observed on October 4 ,  1972. This  s l i d e  on t h e  upstream s i d e  
of the  e a s t e r n  embankment of t h e  dam near t h e  in take  s t r u c t u r e ,  
apparent ly occurred a f t e r  a  s u b s t a n t i a l  drawdown of t h e  water 
l e v e l .  This  s l i d e  was t h e  subjec t  of d e t a i l e d  testimony and 
evidence a t  t h e  hearing. Alabama employees did not  consider  
t h i s  s l i d e  t o  be of s u f f i c i e n t  importance t o  warrant a  spec ia l  
r epor t  t o  the  Commission a t  the  time t h a t  i t  occurred. Alabama 
arranged f o r  prompt r e p a i r  of t h i s  s l i d e ,  and such work was 
completed within a  period of about two weeks a f t e r  t h e  s l i d e  
was discovered. It appears t h a t  o r a l  re ference  was made t o  the  
s l i d e  a t  the  time of the  next FPC S ta f f  inspect ion of t h e  dam 
i n  e a r l y  1973 .and t h a t  no f u r t h e r  inqui ry  was made by t h e  FPC 
rep resen ta t ive  a t  t h a t  time. Thus, t h e  mat ter  was apparent ly 
dismissed a s  a  minor inc ident  which had been r e c t i f i e d .  

The 1975 dam f a i l u r e  took place i n  the  area  of t h i s  1972 
s l i d e .  Only a  por t ion  of t h e  impervious c l ay  t h a t  was washed 
out by t h e  s l i d e  was replaced during t h e  course of t h e  r e p a i r  
work. Alabama charac ter ized  t h i s  s l i d e  a s  merely s u p e r f i c i a l ,  
and emphasized t h a t  only a  small ,  almost i n s i g n i f i c a n t  por t ion  
of the  impervious c l ay  was a f f e c t e d ,  and t h a t  measured l a t e r a l l y ,  
no more than one o r  two f e e t  of t h e  c l a y  core were washed out .  
Said core was about 50 f e e t  th i ck  a t  the  water l i n e  l e v e l  of 
t h e  dike.  

The r e p a i r  work consis ted of replacing and tamping by hand 
c l a y  above the  water l i n e  of the  dam which had been washed out .  
Washed out  c l ay  below t h e  water l i n e  was not replaced. Riprap 
rock cover was replaced by dumping stone o f f  t h e  c r e s t  of t h e  
dam onto the  damaged a r e a ,  covering t h e  c l ay  core t h a t  had been 
exposed by s l i d e .  

A d e t a i l e d  repor t  of t h i s  1972 s l i d e  and the  r e s u l t a n t  
co r rec t ion  work was not prepared u n t i l  Apr i l  3 ,  1975, a f t e r  the  



dam f a i l e d .  

A l l  t h r e e  r e p o r t s  of t h e  dam f a i l u r e  concluded t h a t  t h i s  
s l i d e  may have been a s i g n i f i c a n t  f a c t o r  bearing on t h e  
weakening of the  eas te rn  d ike .  Fur ther ,  t h e  occurrence of 
the  s l i d e  may have been a  warning of a  bas ic  a rea  of weakness 
i n  t h i s  port ion of the  dam. It appears t h a t  n e i t h e r  Alabama 
nor FPC f i e l d  personnel g'ave cons idera t ion  t o  t h i s  p o s s i b i l i t y  
a t  the  time t h a t  t h i s  s l i d e  occurred o r  when it was l a t e r  
reported t o  t h e  FPC S t a f f .  It appears f u r t h e r  t h a t  a  
Commission d i r e c t i v e  c a l l i n g  f o r  immediate repor t ing  of ma t t e r s  
of t h i s  na ture  t h a t  could bear  upon t h e  s t a b i l i t y  of dams 
l icensed  by the  Commission has not  been enforced o r  f u l l y  
implemented by Commission S t a f f ,  s ince  t h e r e  was no apparent 
fol low up t o  t h e  o r a l  r epor t  of t h i s  s l i d e  made by Alabama t o  
t h e  FPC f i e l d  engineer.  Nor was any inves t iga t ion  made of the  
reason f o r  a  toe  bulge in t h e  base of t h e  dike extending about 
40 f e e t  beyond t h e  t o e  a s  o r i g i n a l l y  designed, i n  the  a r e a  of 
t h i s  s l i d e .  This bulge may have been i n d i c a t i v e  of a  s i g n i f i -  
cant  a r e a  of weakness i n  t h i s  por t ion  of the  dam. 

An i s sue  i n  content ion between S ta f f  and Alabama i s  whether 
t h e  dam f a i l u r e  r e s u l t e d  from inadequate design and spec i f i ca -  
t i o n s  f o r  t h e  dam, o r  whether the  f a i l u r e  was due t o  devia t ion  
between design and cons t ruc t ion  r e s u l t i n g  i n  s t r u c t u r e  weakness 
below designed s t rength .  S ta ted  more simply, was the  f a i l u r e  
of t h e  dam the  f a u l t  of the  designer ,  o r  of the  b u i l d e r ,  o r  
both? 

Alabama a s s e r t s  t h a t  design was adequate but t h a t  construc-  
t i o n  s tandards did not comply with design c r i t e r i a .  S t a f f  
contends t h a t  design was marginal i n  some respec t s .  Both S t a f f  
and Alabama agree t h a t  cons t ruc t ion  inadequacies were uncovered 
i n  t h e  p o s t - f a i l u r e  inspect ion  of t h e  dam. 

I n  i t s  proposed recons t ruc t ion  of the dam, Alabama's 
des igners ,  Southern Company Services ,  have chosen not t o  use 
the  o r i g i n a l  design. However, Alabama's witnesses continue 
t o  a s s e r t  t h a t  t h e  o r i g i n a l  design provided an adequate margin 
of sa fe ty  and t h a t  f a i l u r e  of the  dam was not a  r e s u l t  of design 
but was due t o  lack of compliance by t h e  cons t ruc t ion  con t rac to r  
with design c r i t e r i a  i n  a  c r i t i c a l  a rea .  

Fur ther ,  Alabama po in t s  out t h a t  a  new design f o r  rep lace-  
ment of the  washed out  dam i s  required because basic  condi t ions  
have changed. The o r i g i n a l  c l ay  foundation was scoured by t h e  
darn washout t o  a  depth of 50 f e e t  below the  f l o o r  of the  former 
r e s e r v o i r .  The remaining dikes were weakened by the  sudden 
drawdown of the  r e s e r v o i r  following the  dam f a i l u r e ,  and severa l  
s l i d e s  have occurred along t h e  face of the  dikes.  



Therefore,  extensive recons t ruc t ion  o f  t h e  d ikes  i s  
required.  A slope i n c l i n e  cons i s t ing  of 2% f e e t  of hor izonta l  
d i s t ance  f o r  each foo t  of v e r t i c a l  i n c l i n e  i s  planned i n  l i e u  
of t h e  former r a t i o  of 1 . 3  t o  1 i n  t h e  immediate a rea  of  t h e  
i n t a k e  s t r u c t u r e .  More conservat ive f e a t u r e s  of t h e  planned 
new s t r u c t u r e  include a  cu t -of f  t rench,  add i t iona l  drainage 
and a  s lan ted  c lay  core  t h a t  w i l l  be extended t o  bed rock i n  
t h e  v i c i n i t y  of the  in take  s t r u c t u r e .  This s t r u c t u r e  w i l l  be 
supplemented by supporting concrete  wal l s  t h a t  w i l l  extend 
upstream. The r e b u i l t  d ikes  w i l l  u t i l i z e  rock r i p r a p  as s lope 
p ro tec t ion  but  rock w i l l  not be used a s  f i l l  a s  was done i n  t h e  
o r i g i n a l  design. I n  l i e u  of r o c k f i l l ,  a sandy gravel  ma te r i a l  
w i l l  be used a s  a s h e l l  over t h e  c l ay  core .  Fur the r ,  more 
conservat ive es t imates  of ma te r i a l  s t r eng ths  w i l l  be used i n  
determining sa fe ty  f a c t o r s  f o r  the  new design. It appears t h a t  
a l l  of the  foregoing proposed design changes a r e  intended t o  
provide a  more s t a b l e  s t r u c t u r e  than t h e . o r i g i n a 1  dam. 

The f a c t  t h a t  a  more conservat ive design i s  planned f o r  t h e  
new dam does not conclusively demonstrate t h a t  t h e  former design 
was substandard o r  marginal. However, it i s  apparent t h a t  t h e  
o r i g i n a l  design and s p e c i f i c a t i o n s  could have been more d e t a i l e d ,  
more exact ing,  and many of t h e  more conservat ive f e a t u r e s  
incorporated i n  t h e  new design would have provided a  higher  
degree of s a f e t y  than the  design of t h e  o r i g i n a l  s t r u c t u r e .  

It should be noted t h a t  the  preliminary design proposal f o r  
t h e  o r i g i n a l  dam included t h e  cons t ruc t ion  of concrete  wing wal ls  
on each s i d e  of the  concrete  in take  s t r u c t u r e .  This concept was 
abandoned i n  favor of i n s t a l l a t i o n  of s t e e l  sheet p i l i n g  within 
t h e  c l ay  core of t h e  embankments i n  t h e  a rea  immediately 
adjoining the  in take  s t r u c t u r e .  It was determined a t  t h e  time 
t h a t  t h i s  decis ion was made t h a t  a  $2  m i l l i o n  cons t ruc t ion  c o s t  
saving would be a t t a i n e d  and t h e  sheet  p i l i n g  would a s s i s t  i n  
supporting the  s teeper  1 . 3  t o  1 slope used i n  t h e  d ikes  i n  t h i s  
a rea .  This sheet p i l i n g  a l s o  served t h e  purpose of d ispers ing  
any water seepage i n  t h i s  a rea  of the  dike.  

It i s  of i n t e r e s t  t o  note t h a t  t h e  proposed new s t r u c t u r e  
w i l l  have concrete  win wal l s  extending upstream i n  c o n t r a s t  t o  
t h e  o r i g i n a l l y  contemp f ated  concrete  wal l s  extending l a t e r a l l y  
from the  in take  s t r u c t u r e .  These new wing wal ls  w i l l  f a c i l i t a t e  
t h e  use of a  f l a t t e r  slope i n  the  r e b u i l t  d ikes  adjoining t h e  
in take  s t ruc tu re .  I n  p a r t ,  t h e  s teeper  s lopes of t h e  o r i g i n a l  
d ikes  were required because of need t o  form an e f f e c t i v e  bond 
with t h e  o r i g i n a l  concrete  in take  s t r u c t u r e  which had a  s l i g h t  
negat ive slope.  



It could be contended that Alabama was negligent in not 
designing the original dam with sufficient stability to with- 
stand unexpected water drawdowns, and to take into account the 
possibility that some components of construction might be below 
designed strength, that could become areas of weakness when 
subject to unusual stress. 

However, a far more serious area of apparent negligence is 
Alabama's failure to take adequate measures during construction 
of the dam to insure compliance with specified design and 
construction standards. Evidence including (1) Alabama's 
inspection procedures, (2) substandard construction disclosed 
by post-failure examination, and (3) review of available records 
of construction inspection, support the conclusion that inspection 
was often marginal, casual and conducted on a spot-check rather 
than on a continuing basis. Inspection records were confusing' 
or non-existent and on-the-job corrective measures were 
insufficiently exacting for a construction project of this magni- 
tude and significance. Tests were inadequate both in number and 
in scope. 

As noted su ra, when excessively thick layers of material 
were observed *abama personnel during the course of construc - 
tion, such layers were not removed, but were "bladed off", 
namely scraped off by the contractor's construction equipment to 
each side of the clay material. If soil appeared to be damp, 
it would be windrowed, left to dry, scarified to loosen, allowed 
to dry again and then releveled and recompacted. 

The post-failure examination of the west dike, which 
uncovered a sand layer of up to one foot thick within the 
supposedly impervious clay core of the dam, with some sand lenses 
extending for the full width of the clay core leads to the 
conclusion that inspection was inoperative or wholly ineffective 
during some periods of construction. It is wholly unacceptable 
to take compaction tests that analyze only the top six inches of 
a 12-inch layer of material. It cannot be understood whether 
any inspection took place in those areas where post-failure 
examination disclosed layers of material of up to 14 inches in 
thickness, when such layers were to have been no more than 12 
inches in thickness when placed into position and 8 inches in 
thickness or less when compacted. 

Alabama has recognized this problem by its establfshment of 
improved inspection procedures, including the establishment of a 
new quality control unit which will be independent of construc- 
tion staff. In addition to internal organizational changes, 
there must be assurance this new "independent" inspection will 
be more effective and the individual inspectors on the job will 



no t  repeat  mistakes of t h e  p a s t .  

A s  noted ~ l a b a m a  did. 'not  prepare a  r epor t  of the  1972 s l i d e  
u n t i l  a f t e r  the  dam f a i l e d ,  about 3  years  l a t e r .  But even 
a f t e r  the  r epor t  was prepared, the  extent  of the  review of t h i s  
r e p o r t  by Alabama o f f i c i a l s  i s  quest ionable , .  i n  l i g h t  of t h e  
f a c t  t h a t  no Alabama o f f i c i a l  noted'  t h e  devia t ion  s e t  f o r t h  i n  
t h i s  r epor t  between t h e  design and t h e  cons t ruc t ion  of the  e a r t h  
f i l l  dike u n t i l  a f t e r  t h i s  was emphasized i n  the  Bureau of Power 
r e p o r t .  

Reports should not  be made merely f o r  t h e  record.  They 
should be c a r e f u l l y  reviewed and acted upon a s  necessary.  

Pursuant t o  Commission Order No. 315, issued December 27, 
1965 34FPC1551, Alabama f i l e d  a  r epor t  with the  Commission i n  
J u l y  197 2 on t h e  inspect ion  of t h e  Walter Bouldin Dam. 

This r e p o r t ,  prepared by a  consul tant  engaged by Alabama, 
r e c i t e d  t h a t  examination of the  records of t h e  cons t ruc t ion  of 
t h i s  dam showed t h a t  t h e  s t r u c t u r e  "...was of a  s a t i s f a c t o r y  

I 1  cons i s t en t  s t r eng th  . . . .  This r epor t  recornended continued 
su rve i l l ance  of two springs.  (Neither of these  spr ings  was 
deemed t o  have been a  f a c t o r  i n  the  subsequent f a i l u r e  of t h e  
dam.) This r epor t  a l s o  noted t h a t  a l l  1262 compaction t e s t s  
taken during t h e  course of cons t ruc t ion  were s a t i s f a c t o r y .  ( I n  
c o n t r a s t ,  note  t h e  number of substandard t e s t  r e s u l t s  detected 
i n  t h e  pos t - fa i lu re  a n a l y s i s ,  a s  ou t l ined  supra.)  

It must be concluded t h a t  t h i s  Order No. 315 repor t  provided 
minimal use fu l  information t o  Alabama o r  t h e  Commission. Such 
r e p o r t s  should inc lude  adequate t e s t i n g  and o the r  examination a s  
appropr ia te  t o  insu re  dam sa fe ty .  

Pursuant t o  Commission procedures i n  l i cens ing  p r o j e c t s  of 
t h i s  na tu re ,  Commission Bureau of Power personnel reviewed t h e  
p lans  f o r  the  cons t ruc t ion  of Walter Bouldin Dam p r i o r  t o  i t s  
cons t ruc t ion .  While it appears t h a t  S ta f f  made some suggestions 
f o r  design changes a t  t h a t  time, i t  does not appear t h a t  t h e  
design c r i t e r i a  now considered t o  be marginal were considered 
t o  be of s u f f i c i e n t  importance a t  t h e  time of t h i s  i n i t i a l  
review t o  recommend t h a t  the  Commission r e j e c t  the  proposed dam 
design plans.  

Ef fec t ive  S t a f f  review of cons t ruc t ion  plans and design 
s p e c i f i c a t i o n s  f o r  hydroelec t r ic  dams must c o n s i s t  of d e t a i l e d  
a n a l y s i s  of such plans t o  determine whether c r i t i c a l  a reas  could 
become poin ts  of weakness. I f  such a reas  a r e  i d e n t i f i e d ,  S t a f f  
must recommend c o r r e c t i v e  ac t ion  and ask t h a t  Commission approval 
be withheld u n t i l  appropr ia te  ac t ion  i s  taken by the proposed 



l i censee .  S ta f f  review of cons t ruc t ion  plans should be more 
aggressive and S t a i i  should no t  h e s t i a t e  t o  quest ion design 
concepts when cons t ruc t ion  c o s t  savings may r e s u l t  i n  l e s s  
e f f e c t i v e  standards of sa fe ty .  

Commission S ta f f  cannot assume t h e  r e s p o n s i b i l i t i e s  of 
management i n  the  formulation of design p lans ,  but  S ta f f  must be 
a b l e  t o  assure  t h e  Commission p r i o r  t o  cons t ruc t ion  t h a t  t h e  
proposed plans provide an acceptable degree of sa fe ty .  Fur the r ,  
while S taf f  cannot assume the  cons t ruc t ion  supervi.sion responsi-  
b i l i t y  of management, a  S ta f f  v i s i t  t o  a  cons t ruc t ion  s i t e  
should cons i s t  of more than a  casual  overview of t h e  a c t i v i t i e s  
i n  progress.  Spot checks of s p e c i f i c  c r i t i c a l  a reas  of 
cons t ruc t ion  t o  insure  compliance with cons t ruc t ion  plans would 
be i n  order  and review of inspect ion procedures t o  monitor t h e i r  
e f fec t iveness  i s  most des i rab le .  Examination of cons t ruc t ion  
supervis ion records i s  another use fu l  too l .  

Alabama's witness s t a t e d  t h a t  i f  another s l i d e  s imi la r  t o  
t h e  1972 s l i d e  occurred on an Alabama dam, it i s  poss ib le  t h a t  
no repor t  would be submitted t o  t h e  Commission and s imi la r  
c o r r e c t i v e  ac t ion  would be taken i n  the  same manner t h a t  any 
minor maintenance mat ter  i s  handled. This testimony c l e a r l y  
i n d i c a t e s  a  lack of understanding of t h e  funct ion of t h e  
Commi'ssion i n  mat ters  of t h i s  na ture .  Def in i t ive  Commission 
d i r e c t i v e s  ou t l in ing  the  circumstances under which m i t t e n .  
r e p o r t s  a r e  required with respect  t o  p r o j e c t s  l icensed  by t h e  
Commission must insure  t h a t  mat ters  bearing upon s a f e t y  of 
l icensed  p r o j e c t s  a r e  reported promptly. Regional o f f i c e s  of 
t h e  Commission should receive immediate r epor t s  of any occurren- 
c e s  t h a t  could a f f e c t  sa fe ty .  I f  an o r a l  repor t  i s  received,  
a s  i n  t h e  case of the  1972 s l i d e ,  a  wr i t t en  repor t  should be 
required from t h e  l i censee  and S t a f f  should requ i re  immediate 
inves t iga t ion  and evaluat ion by t h e  l i censee  o r  q u a l i f i e d  
consul tan ts .  There should be no recurrence of t h e  f a i l u r e  of 
a  S ta f f  r ep resen ta t ive  t o  ask appropr ia te  quest ions and t o  
obta in  add i t iona l  information about such mat ters .  A thorough 
inves t iga t ion  of the  1972 s l i d e  might have disclosed an a rea  
of bas ic  weakness i n  t h e  Walter Bouldin Dam. 

Alabama and S ta f f  inves t iga to ry  r e p o r t s  agree t h a t  the  
cause f o r  t h e  f a i l u r e  of t h i s  dam cannot be d e f i n i t e l y  determined. 
These r e p o r t s  concur t h a t  the  1972 s l i d e  could have caused a  
weakening of the  eas te rn  dike o r  t h e  s l i d e ,  and may have been 
an unrecognized warning of a  bas ic  weakness i n  t h i s  segment of 
the  dike.  Thus, i t  i s  d i s tu rb ing  t h a t  t h e  r e p a i r  of t h i s  slide 
and t h e  subsequent r epor t  of t h i s  matter  t o  a  Commission S ta f f  
member were t r e a t e d  i n  a  casual  manner. Such repor t  cons is ted  
of only o r a l  re ference  t o  t h i s  mat ter  a t  t h e  time of t h e  v i s i t  



of the FPC representat ive some months a f t e r  the  s l i d e  occurred. 
The record of t h i s  proceeding disc loses  no wri t ten  report  on 
the  s l i d e  by s t a f f  o r  any s t a f f  e f f o r t  t o  inves t igate  t h i s  
matter  any fur ther  a t  the  time it was i n i t i a l l y  reported. 

Repair of the  s l i d e  consisted of replacing and hand 
tamping only the  above water portion of the  washout of  the  c lay  
core i n  the  area of the s t e e l  sheet p i l ing  near the  intake 
s t ruc ture ,  and c lay  below the  water l i n e  was not replaced. A s  
described by Alabama's witness,  the prime concern was t o  replace 
the  c lay  against  t h i s  sheet p i l ing .  It could be theorized t h a t  
the  presence of the  p i l i ng  precluded a possible observation t h a t  
the  damage t o  the  c lay  core of the  dike was more extensive than 
a mere s u r f i c i a l  s l i d e ,  a s  t h i s  was characterized by Alabama. 
No compaction t e s t  was taken of the  replaced c lay  t o  determine 
whether construct ion speci f ica t ion standards were maintained. 
This 1972 s l i d e  was t rea ted  a s  a minor maintenance matter  and 
no claim was made a t  t h a t  time against  the construct ion 
contractor  f o r  any breach of h i s  contractual  obligat ions.  

Alabama i s  now confronted with a Walter Bouldin Dam recon- 
s t ruc t ion  program estimated t o  cos t  $35,580,200 a t  1975 pr ices .  
With expected 12% escala t ion by the  end of 1977, the  t o t a l  
escalated cost  i s  estimated a t  $39,849,900. In addit ion,  
Alabama has been deprived of the 225 KW generating capacity of 
t h i s  f a c i l i t y  following the  f a i l u r e  of t h i s  dam. 

I V I I I .  ADDITIONAL ALABAMA DAMS I 

Staff  Bureau of Power report  (Ex. 2) referred t o  su ra, -f- provides extensive information out l in ing s t a f f ' s  invest  gat ion 
of the  o ther  13 dams i n  the  Alabama system i n  addi t ion t o  the 
Walter Bouldin Dam. A team of Staff  spec i a l i s t s  reviewed the  
geology, foundation treatment,  plans, speci f ica t ions ,  construc- 
t i o n  repor ts ,  photographs, seepage, settlement,  piezometer 
observations and other  material  pertaining t o  these dams. This 
inspection was conducted i n  cooperation with Alabama representa- 
t i v e s .  

A s  s e t  fo r th  i n  t h i s  repor t ,  the  po ten t ia l  f a i l u r e  of 
these dams i s  considered t o  be negl ig ible  except f o r  the  Logan 
Martin Dam which i s  the  subject of continuing review. Minor 
def ic iencies  were observed which require  correct ive  act ion but 
no s ign i f ican t  area involving any hazards were noted. 

I This report  concluded a s  follows: 

'%any of the o lder  concrete s t ructures  exhibi t  some 
deter iora t ion and cracking, not unexpected considering 



their age. The recommendations for these structures 
were primarily for tests of an exploratory nature to 
confirm the integrity of the structures. 

Significant deficiencies were noted at some of 
the earth embankments. At Weiss Dam, two slide areas 
are in need of repair. At Henry Dam, improved control 
of underseepage is recommended in a localized area. 
Measures for correcting these deficiencies have been 
scheduled. 

Many of the earth embankments have tall vegetative 
growth on the slopes which hinders effective inspection. 
It is recommended that the licensee institute an 
experimental program to develop a turf growth which will 
improve visibility of the slopes. Currently, the 
licensee is experimenting with new equipment for mowing 
the steep 1 on 2 embankment slopes. Future embankment 
designs should give serious consideration to the use 
of flatter slopes to accommodate mowing equipment. 

At Logan Martin Dam there is a serious leakage . 
problem and the potential for failure is relatively 
high when compared to other dams. Due to the great 
thickness of the cavernous limestone/dolomite founda- . 
tion, it appears impractical to eliminate all of the 
leakage. Some reductions in leakage have been'achieved 
by reinforcing the original grout curtain. It is 
recommended that experimental measures be undertaken 
to reduce the leakage by widespread blanketing of the 
reservoir bottom, with quarry run rockfill followed by 
smaller rock and finer materials. 

Problems may continue to occur at Logan Martin. 
Dam, similar in nature to the sink hole which developed 
at the downstream slope of the embankment in 1968. It 
is concluded that the safety of Logan Martin Dam is 
dependent on continued surveillance, as presently 
practiced, combined with timely action to make remedial 
repairs when required." 

By order issued July 7, 1976, in Project No. 2146, the 
Comission prescribed interim emergency procedures recommended 
by the Bureau of Power to be implemented by Alabama at the 
Logan Martin Dam. 

Such procedures include continuous surveillance, nighttime 
illumination of critical areas, and expedition of exploratory 
and grouting work. Further, detailed monitoring of leakage 



and o the r  c r i t i c a l  a r e a s  i s  required with per iodic  r e p o r t s  t o  
t h e  Commission of t h i s  ongoing work and o t h e r  s i g n i f i c a n t  new 
developments o r  f indings .  

It i s  concluded t h a t  t h e  Bureau of Power r e p o r t  substan- 
t i a l l y  s e t s  f o r t h  a l l  r e l evan t  information pe r t a in ing  t o  t h e  
s t a b i l i t y  and s a f e t y  of these  dams and t h a t  t h e  foregoing 
procedures prescr ibed by t h e  Commission w i l l  i n su re  adequate 
c o r r e c t i v e  ac t ions  and continued monitoring of t h e  condi t ion  of 
t h e  Logan Martin Dam. 

IX. CONCLUSIONS AND RECOMMENDATIONS 

The evidence of t h i s  proceeding does not  provide a b a s i s  
f o r  conclusive determination of the  p rec i se  cause of f a i l u r e  of 
t h e  Walter Bouldin Dam. However, t h i s  proceeding has d isc losed  
se r ious  weaknesses and, d e f i c i e n c i e s  a s  follows: (1) cons t ruc t ion  
d id  not  comply with design s p e c i f i c a t i o n s .  i n  one o r  more c r i t i c a l  
a r e a s  of t h e  e a r t h  f i l l  d ikes ,  (2)  Alabama inspect ion  procedures 
were not adequate t o  d e t e c t  c r i t i c a l  d e f i c i e n c i e s  between 
cons t ruc t ion  and s p e c i f i c a t i o n s ,  (3 )  review procedures u t i l i z e d  
by Commission Staf f  with respect  t o  t h i s  p ro jec t  were not  
s u f f i c i e n t l y  thorough t o  i d e n t i f y  poss ib le  marginal design 
c r i t e r i a  p r i o r  t o  cons t ruc t ion  and ( 4 )  S t a f f  methods f o r  review 
of dam construct ion procedures and maintenance p r a c t i c e s  with 
r e spec t  t o  the  Walter Bouldin were not  s u f f i c i e n t l y  exacting t o  
uncover cons t ruc t ion  d e f i c i e n c i e s  and poss ib le  a reas  of weakness. 

Dam design should incorporate  reasonably conservat ive 
design c r i t e r i a .  Construction methods and procedures should 
assu re  t h a t  designated degrees of s o i l  compaction and moisture 
content  a r e  a t t a i n e d  t o  insure  the  s a f e t y  of e a r t h  f i l l  dams. 

The following conclusions and recornendations a r e  submitted: 

A. Dam Design 

Earth f i l l  dam design c r i t e r i a  must be reasonably 
conservat ive.  

Dam design should provide increased margins of 
s a f e t y  taking i n t o  account such f a c t o r s  a s  s p e c i f i c  and exact ing 
s p e c i f i c a t i o n s  of types and c h a r a c t e r i s t i c s  of m a t e r i a l s  and 
design s t rength .  F l a t t e r  s lopes w i l l  not  prevent s l i d e s ,  but  
s t eeper  s lopes a r e  more suscep t ib le  t o  s l i d e s .  The s teepness  
of  an e a r t h  f i l l  dike should not  be influenced by the  slope of 
an adjoining concre te  s t r u c t u r e  t o  the  extent  t h a t  t h e  s t a b i l i t y  
of t h e  e a r t h  f i l l  s lope could be considered t o  be only marginally 
sa fe .  



T t  i s  arguable as t o  whether "end r e s u l t "  s p e c i f i c a t i o n s  
o r  more d e t a i l e d  "methods type" spec i f i ca t ions  a re  preferable .  
Whichever procedure i s  used, it i s  e s s e n t i a l  t h a t  spec i f i ca -  
t i o n s  be s u f f i c i e n t l y  c l e a r  t o  insure  t h a t  designed s t rengths  
a r e  achieved. An e f f e c t i v e  procedure f o r  continuous t e s t i n g  
of c r i t i c a l  components of e a r t h  f i l l  dams t o  insure  compliance 
with spec i f i ca t ions  should be an i n t e g r a l  p a r t  of the  contrac-  
t o r '  s ob l iga t ion  subject  t o  f u r t h e r  r egu la r  check by company 
and S ta f f  inspectors  a s  out l ined  i n f r a .  While dam design should 
r e s u l t  i n  a reasonably economical s t r u c t u r e ,  bas ic  sa fe ty  and 
dam s t a b i l i t y  can never be s a c r i f i c e d  i n  seeking t o  implement 
c o s t  savings.  

Ear th  f i l l  dams must have s u f f i c i e n t  s t r eng th  t o  withstand 
unexpected water drawdowns, and s u f f i c i e n t  s t a b i l i t y  t o  minimize 
t h e  occurrence of sur face  s l i d e s .  

On Brfef., S ta f f  contends t h a t  Alabama compromised t h e  safe ty  
of the  Walter Bouldin Dam t o  save money. I t  i s  undisputed t h a t  
dam design should be reasonably conservat ive,  and i n  l i g h t  of 
t h e  f a i l u r e  of t h i s  dam, i t  can be contended t h a t  design should 
have met higher s tandards of sa fe ty .  However, t h i s  record does 
not support t h e  content ion t h a t  sa fe ty  was compromised by 
Alabama i n  the  i n t e r e s t  of reducing cons t ruc t ion  c o s t s .  Nor 
does t h e  record d i sc lose  t h a t  S t a f f  suggested more conservat ive 
design f e a t u r e s  a t  the  time of t h e  i n i t i a l  review of the  plans 
f o r  t h i s  dam. 

I n  response t o  t h e  request  of the  Presiding Administrative 
Law Judge, on Brief ,  both Alabama and S ta f f  submitted proposed 
f indings  'and recominendations. Proposals of S taf f  include 
s p e c i f i c  suggestions r e l a t i n g  t o  redesign of t h e  dam, but 
probat ive evidence' was not  submitted i n  support of these  

. . redesign concepts. Thus, the record qf t h i s  pro,ceeding does not  
p e ' m i t  evaluat ion of these  design proposals.  

It i s  expected t h a t  i n  accordance with i t s  usual  procedure, 
S t a f f  w i l l  review with Alabama represen ta t ives  the  proposed 
recons t ruc t ion  plans.  Following such j o i n t  engineering evalua- 
t i o n  of S t a f f  suggestions,  S ta f f  i s  expected f u r t h e r  t o  submit 
appropr ia te  recormnendations t o  t h e  Commission concerning 
~ l a b a m a ' s  proposed recons t ruc t ion  plans t o  insure  t h a t  the 
r e b u i l t  dam incorporates  reasonably conservat ive design concepts 
and i s  b u i l t  i n  conformity with t h e  f indings  and conclusions 
of t h i s  I n i t i a l  Decision. 

Thi s inves t iga t ion  and r e l a t e d  proceedings n e i t h e r  abrogate 
nor c u r t a i l  S t a f f  s  contin.11.in.g recponsibi l iLy t o  monitor dam 
design and cons t ruc t ion  procedures and t o  advise t h e  Commission 
with respect  t o  necessary ac t ion  t o  insure  public sa fe ty .  



B . Construct ion Inspec t i o n  

Adequate and proper inspect ion of t h e  cons t ruc t ion  
of an e a r t h  f i l l  dam i s  not  a mat ter  t o  be t r e a t e d  casua l ly .  
Inspectors  must be f u l l y  t r a i n e d ,  and have a c l e a r  understanding 
of t h e i r  funct ions.  They should have a l l  necessary a u t h o r i t y  
t o  r e j e c t  unsa t i s fac to ry  work and t o  r equ i re  necessary co r rec t ions .  
Inspect ion must be cons tan t ,  cons i s t en t  and thorough. 

Test ing 'equipment and procedures must insu re  t h a t  
t e s t i n g  i s  complete; t e s t i n g  only t h e  upper s i x  inches of a 12-inch 
l a y e r  of s o i l  i s  wholly unacceptable. The p o s t - f a i l u r e  inspec- 

. . t i o n  d i sc losure  of an unduly l a r g e  proport ion of substandard t e s t s  
of t h e  Walter Bouldin Dam makes it apparent t h a t  t h e  t e s t i n g  
conducted during cons t ruc t ion  of t h i s  dam did  not  meet t h i s  
e s s e n t i a l  c r i t e r i o n .  Test ing cannot be sporadic.  A s  noted supra,  
a l a r g e  proport ion of substandard compaction t e s t s  were uncovered 
i n  t h e  s o i l  l a y e r s  of t h e  west dike loca ted  between e leva t ions  
224 and 242. It  would appear t h a t  t e s t i n g  was e s s e n t i a l l y  non- 
e x i s t e n t  during t h e  cons t ruc t ion  of t h i s  segment of t h e  dike.  

C.  Inspect ion Records 

Inspect ion  records should be d e t a i l e d ,  comprehensive 
and cons i s t en t  i n  form. It appears t h a t  during t h e  c o n s t r w t i o n  
of t h e  Walter Bouldin Dam, each inspector  kept records i n  h i s  
own manner and t h a t  review of these  records could r e s u l t  i n  
confusion r a t h e r  than enlightenment. The misunderstanding a s  t o  
whether rock zone cons t ruc t ion  conformed with s p e c i f i c a t i o n s  
w a s  t h e  d i r e c t  r e s u l t  of t h e  i n a b i l i t y  of an Alabama draftsman 
t o  understand t h e  na ture  of t h e  inspec to r ' s  f i e l d  notes .  It 
would a l s o  appear t h a t  Alabama supervis ion of the  work of these  
ind iv idua l s  was i n e f f e c t i v e .  

Construction inspect ion  records should show as -  
b u i l t  s ec t ions  of cons t ruc t ion  with reasonable c l a r i t y .  To 
determine a s - b u i l t  s ec t ions  of t h e  Walter Bouldin, Alabama was 
compelled t o  make reference  t o  t h e  o r i g i n a l  design drawings, but  
documentary evidence t o  show t h a t  a c t u a l  cons t ruc t ion  complied 
with design drawings was not a v a i l a b l e ,  except f o r  re ference  t o  
a small s c a l e  drawing on one page of a f i e l d  notebook. This 
does not  c o n s t i t u t e  adequate record keeping f o r  a p r o j e c t  of t h i s  
magnitude. 

D.  Dam Maintenance -- 
S l i d e s ,  sp r ings ,  foundation problems and o the r  

ma t t e r s  occur a t  e a r t h  f i l l  dams. Some of these  problems a r e  
minor and some may have s igni f icance .  Each of these  occurrences 
r equ i res  adequate and thorough inves t iga t ion  because a bas ic  



weakness i n  a  segment. of the  dam may be indica ted .  Each such 
occurrence should be reported promptly t o  t h e  Commission. The 
p o t e n t i a l  g r a v i t y  of such mat ters  precludes a  f i e l d  determination 
t h a t  a  s l i d e  o r  a  spr ing i s  too i n s i g n i f i c a n t  t o  warrant a  
wr i t t en  repor t  t o  t h e  Commission regional  o f f i c e .  Prompt r e p o r t s  
of a l l  such mat ters  must be required with S ta f f  follow-up a s  
necessary.  

Fur the r ,  a  uniform method of maintenance record 
keeping must be required.  The i n i t i a l  record of the  1972 s l i d e  
r e p a i r  a t  t h e  Walter Bouldin Dam was f i l e d  a s  p a r t  of a  generator  
and turb ine  maintenance record and a  more complete record of 
t h i s  s l i d e  was not  prepared u n t i l  over 3 years  a f t e r  t h e  . s l ide  
occurred. This should not recur .  

Commission d i r e c t i v e  reaff i rming and c l a r i f y i n g  t h e  
na ture  of maintenance record keeping f o r  l icensed  p r o j e c t s  should 
be issued.  

Commission S t a f f  Review 

Commission S ta f f  has performed a commendable job 
i n  t h e  thorough review of t h e  Walter Bouldin Dam f a i l u r e -  and the  
s t a b i l i t y  of the  o the r  dams con t ro l l ed  by Alabama. . . ',. . 

P r i o r  t o  t h i s  f a i l u r e ,  i t  would have b.e.en.'mos.t. 
d e s i r a b l e  i f  S ta f f  had exercised more e f f e c t i v e  rev%e;cJ"ove~.,.,, 41') 
the  i n i t i a l  design c r i t e r i a  of t h i s  dam, (2 )  cons t ruc t ien .  an$.;. 
inspect ion procedures during cons t ruc t ion ,  and, ( 3 )  the: 197-2.,slt%?e 
when t h i s  mat ter  was ve rba l ly  reported by an'Alabama reprks9rita- 
t i v e .  

. . '., ., - . 
It would appear t o  be impract ical  f o r s t a f f  :fb<<.:. 

conduct the  extensive type of examination of a l l  dams l'+c.eas&&:. 
by the Commission a s  S ta f f  has conducted of the  dams-.c.'&rd%&4. 
by Alabama. However, S ta f f  review procedures must be,. .s&re~&,Be&ed 
and t h e r e  should be no re luc tance  o r  hesi tancy t o  condu&t:leykt<c;al 
and cons t ruc t ive  reviews of proposed dam designs t o  .ach%ev&.*a- : .  
higher degree of s a f e t y  and dam s t a b i l i t y .  While the.il&c.&.ee,... . 

has t h e  r e s p o n s i b i l i t y  t o  bui ld  and maintain a  s t ruc. tur& .thqt;;;-. 
w i l l  pose no t h r e a t  o r  dan e r  t o  l i f e  o r  property,  the. .natur.e.b£ 
the  work conducted by Staf f  t o  insure  t h a t  the  l i censee  meets; 
t h i s  r e s p o n s i b i l i t y  should be more c l e a r l y  and d e f i n i t i v e l y  
de l inea ted .  For example, S ta f f  could arrange f o r  sample t e s t s  
t o  be taken a t  c r i t i c a l  a reas  during cons t ruc t ion  t o  insure  
compliance with design s tandards.  S ta f f  should review l i censee  
inspect ion records and monitor work of inspectors  t o  insure  
adequate i n s p ~ , c t i . o n  procedures. Dm n~aiiltenance records and d a i l y  
log books should be a  mat ter  of regular  S t a f f  review and inspec- 



t i o n .  (During the  course of t h i s  hearing,  i t  became apparent 
t h a t  S ta f f  were not f a m i l i a r  with t h e  records maintained by 
Alabama. ) 

S t a f f  should be encouraged t o  exe rc i se  i n i t i a t i v e  
and imagingation during dam inspect ion  v i s i t s  and t o  follow 
through on any mat ter  ind ica t ing  problem a reas  o r  unusual events 
t h a t  may be i n d i c a t i v e  of s a f e t y  problems o r  l ack  of dam s t a b i l i t y .  

I F . Emergency Procedures 

Procedures should be es t ab l i shed  f o r  necessary 
a c t i o n  i n  t h e  event of emergencies such a s  t h e  weakening of a 
dam, a  breach o r  o the r  unusual hazard. Such procedures should 
provide f o r  prompt warning t o  and poss ib le  evacuation of those 
a f f e c t e d ,  methods of d i v e r t i n g  water t o  minimize pressure  on 
t h e  weakened f a c i l i t y ,  and, a s  necessary,  standby arrangements 
f o r  emergency r e p a i r s .  

G .  Order No. 315 Reports 

The Commission issued Order No. 315 on December 27,  
1965 (34FPC1551) f o r  t h e  purpose of providing f o r  adequate 
inspect ion  of l icensed  f a c i l i t i e s  and t o  insure  t h e i r  sa fe ty .  
It  i s  apparent t h a t  t h e  Order No. 315 repor t  of the  Walter 
Bouldin Dam did not  i d e n t i f y  t h e  a reas  of poss ib le  weakness 
which subsequently r e s u l t e d  i n  the  f a i l u r e  of t h i s  dam. Reports 
submitted t o  t h e  Commission pursuant t o  t h i s  order  should be 
more thorough and include s u f f i c i e n t  independent t e s t i n g  and o t h e r  
appropr ia te  procedures t o  provide meaningful information r e l a t i n g  
t o  t h e  s t a b i l i t y  and s a f e t y  of l icensed  p r o j e c t s .  

H .  , Proposed F o r f e i t u r e  

S ta f f  recommends t h a t  Sect ion 315(a) of the  Federal  
Power Act be invoked and t h a t  Alabama be required t o  make f o r -  
f e i t u r e  t o  t h e  United S t a t e s  i n  the  maximum amount provided by 
s t a t u t e  of $1,000 f o r  t h e  al leged v i o l a t i o n  of A r t i c l e  No. 3  and 

1 $1,000 f o r  a l leged  v i o l a t i o n  of A r t i c l e  No. 4 of Form L-6,  Terms 
and Conditions f o r  Unconstructed Major P ro jec t s  Affect ing 

I 
Navigable Water and Lands of The United S t a t e s  16FPC 1121, a r i s i n g  

I from Alabama's a l leged  f a i l u r e  t o  promptly r epor t  t o  t h e  Commission 
t h e  1972 s l i d e  t h a t  occurred on the upstream s i d e  of the  e a s t  

I dike of the  Walter Bouldin Dam and the  r e s u l t a n t  co r rec t ive  work. 
I n  making t h i s  recommendation, S ta f f  po in t s  out  t h a t  t h i s  s l i d e  
may have been a  f a c t o r  i n  t h e  subsequent f a i l u r e  of  t h i s  dam. 

I 
I n  l i g h t  of hindsight  and t h e  f a c t s  uncovered by 

t h i s  inves t iga t ion ,  it i s  c l e a r  t h a t  t h i s  s l i d e  should have been 
reported promptly. However, it must be noted t h a t  a f t e r  a  verba l  



r e p o r t  was made t o  a Commission rep resen ta t ive ,  t h e r e  i s  no 
evidence i n  t h i s  record t h a t  any ac t ion  w a s  taken a t  t h a t  t i m e  
on behalf  of t h e  Commission, o r  t h a t  nota t ion  of t h i s  mat ter  
w a s  made as p a r t  of  any w r i t t e n  r e p o r t  i n  the  Commission f i l e s .  

Alabama personnel made a f i e l d  dec is ion  t h a t  t h i s  
s l i d e  w a s  o f . i n s u f f i c i e n t  importance t o  warrant a s p e c i a l  r e p o r t ,  
b u t  t h e  mat ter  was repor ted  a t  t h e  next inspect ion  visit by a 
Comnission rep resen ta t ive .  

The foregoing review of t h e  f a c t u a l  background of 
t h i s  mat ter  does not  sup o r t  the  conclusion t h a t  Alabama has 
v i o l a t e d  A r t i c l e s  3 and ! of Form L-6. 

A r t i c l e  3 requ i res  t h a t  a l icensed  p r o j e c t  be con- 
s t r u c t e d  i n  s u b s t a n t i a l  conformity with t h e  p lans  approved by 
t h e  Commission. ~ l a b a m a ' s  f a i l u r e  t o  promptly r e p o r t  t o  t h e  
Commission t h a t  t h i s  s l i d e  occurred and w a s  repa i red  within a 
few days does not  c o n s t i t u t e  a w i l l f u l  f a i l u r e  t o  cons t ruc t  a 
f a c i l i t y  i n  accordance with approved plans.  

A r t i c l e  4 of  Form L-6 provides f o r  inspect ion  and 
supervis ion by t h e  Couunission Regional Engineer of t h e  construc-  
t i o n ,  operat ion and maintenance of  a l icensed  p r o j e c t ,  and the  
l i c e n s e e  i s  d i r e c t e d  t o  f u r n i s h  t o  the  Regional Engineer a l l  
requested information and t o  allow u n r e s t r i c t e d  access t o  t h e  
l icensed  pro jec ts .  S t a f f  argues t h a t  r e p a i r  of t h e  1972 s l i d e  
c o n s t i t u t e d  an a l t e r a t i o n  of the  l icensed  p ro jec t .  Whether o r  
not  t h i s  r e p a i r  was an a l t e r a t i o n  i s  not  determinat ive of t h e  
i s s u e  a s  t o  whether Alabama v io la ted  A r t i c l e  4. This A r t i c l e  
r equ i res  l i censee  cooperation t o  f a c i l i t a t e  t h e  inspect ion  and 
supervis ion funct ions of t h e  Regional Engineer, and A r t i c l e  4 
s e t s  f o r t h  no s p e c i f i c  requirement f o r  immediate r e p o r t  of 
a s l i d e  o r  similar occurrence. 

It i s  an es t ab l i shed  p r i n c i p l e  t h a t  s t a t u t e s  o r  
r egu la t ions  t h a t  a r e  puni t ive  i n  na ture  must be s t r i c t l y  con- 
s t rued.  

Based on t h e  foregoing review of t h e  f a c t s  of  t h i s  
matter, t h e  requirements o f  A r t i c l e s  3 and 4 of Form L-6 and t h e  
provis ions of  Sect ion 315(a) of  t h e  Federal  Power Act, it  i s  
concluded t h a t  S t a f f  has not  demonstrated a w i l l f u l  f a i l u r e  
of Alabama t o  comply with a Commission order  wi th in  t h e  purport  
of  Sect ion 315(a) of t h e  Federal  Power Act. 

Therefore, S t a f f ' s  recognnendation f o r  f o r f e i t u r e  
i s  not  approved. 



A s  o u t l i n e d  supra ,  i t  is  recommended t h a t  S t a f f  
v revare  f o r  Commission review and adopt ion ,  a d r a f t  rulemaking . - 
orde r  d e f i n i t i v e l y  o u t l i n i n g  t h e  r e s p o n s i b i l i t y  of  a p r o j e c t  
l i c e n s e e  t o  r e p o r t  promptly t o  t h e  Commission a l l  ma t t e r s  o r  
occurrences  t h a t  could bear  upon t h e  s a f e t y  o r  s t a b i l i t y  o f  a  
l i c ensed  p r o j e c t .  

On Brie,£, S t a f f  a l s o  contends t h a t  Alabama d i d  not  
provide r e s u l t s  o f  s o i l  tests as promptly as poss ib le .  However, 
S t a f f  recommends no remedial  a c t i o n  w i t h  r e s p e c t  t o  t h i s  con- 
t e n t i o n  and t h i s  i s s u e  i s  considered t o  be moot. The record  
r e f l e c t s  no i n s t a n c e  i n  which Alabama was  no t  reasonably 
respons ive  t o  a  S t a f f  r eques t  f o r  informat ion.  

I. Poss ib l e  V i o l a t i o n  o f  Commission Regulat ions  o r  
Order 

It is  concluded t h a t  t h e  l i c e n s e e  Alabama has not  
v i o l a t e d  any Commission r e g u l a t i o n  o r  o rder .  However, i t  i s  
r e c m e n d e d  t h a t  Commission l i c e n s e s  f o r  e r e c t i o n  of  an  e a r t h  
f i l l  dam more c l e a r l y  d e l i n e a t e  t he  r e s p o n s i b i l i t y  o f  t h e  
l i c e n s e e  t o  i n s u r e  the  c o n s t r u c t i o n  and maintenance of  a  s a f e  
and s t a b l e  s t r u c t u r e  by adopt ion o f  t h e  a d d i t i o n a l  sa feguards  
set f o r t h  i n  t h i s  I n i t i a l  Decision.  

X.  ORDER 

WHEREFORE I T  I S  ORDERED, s u b j e c t  t o  review by t h e  Commission, 
t h a t  t h i s  i n v e s t i g a t i o n  i s  terminated.  The foregoing  recommenda- 
t i o n s  are herewith  submitted t o  t h e  Cornmission f o r  app rop r i a t e  
remedial  a c t i o n .  

Pres id ing  Adminis t ra t ive  Law Judge 
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OPINION NO.  795 

OPINION AND ORDEE ADOPTIIJG INITIAL DECISIO1J.. 
WITH 13ODIFICATIOiiS AND TERPlINATING 

INVESTIGATION OF FAILURE OF WALTER BOULDXN DAM 

( I s sued  A p r i l  21,  1977) 

1. On February 10 ,  1975, a  breach occurred  i n  t h e  e a s t e r n  
8 ,457-foot  long e a r t h f i l l  embankment of t h e  Walter  Bouldin 
Dam, one o f  t he "  f i v e  h y d r o - e l e c t r i c  dams included i n  'Alabama 
Power Company's (Alabama Power's) l i c e n s e  f o r  P r o j e c t  No. 2146. 
The onrushing waters  qu i ck ly  emptied t h e  impounded r e s e r v o i r ,  
and f o r t u n a t e l y  t h e r e  was no l o s s  of  l i f e  and l i t t l e  p roper ty  
damage o t h e r  than t o  t h e  dam i t s e l f .  Nonetheless,  Alabama Power 
thereby l o s t  225,000 k i l o w a t t s  of  genera t ing  capac i t y  r ep r e -  
s e n t i n g  about f ou r  p e r  cen t  of i t s  t o t a l  c apac i t y .  

2 .  On t h e  same day t h e  Commission's Regional Engineer i n  
charge o f  i t s  A t l an t a  Regional Of f ice  v i s i t e d  t h e  s i t e ,  and 
on t h e  fo l lowing day Alabama Power commenced a formal i n v e s t i -  
ga t i on  i n t o  t he  f a i l u r e .  And t h e  Commission, by o rde r  i s sued  
February 20, 1975, i n i t i a t e d  a  formal i n v e s t i g a t i o n  and hear ing  
t h e r e i n t o  s t a t i n g ,  
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"We are.. . ordering a . . . formal investigation 
pursuant to the /Federal Power7 Act into the 
causes of this darn failure in-order to determine 
the proper remedial actions which should be 
taken to assure that life, health,:a?d property 
are adequately protected at this dam and other 
dams under the control of the licensee. The 
formal investigation should also determine 
whether the provisions of this Act or any rule, 
regulation or order'of the Commission have been 
violated and, if so, which may have caused or 
contributed to the dam's failure." 

3. The Commission staff thereafter conducted a comprehensive 
investigation into the failure of the dam. And the hearing 
which followed was commenced on April 22, 1976, and extended 
over twelve sessions terminating on June 30, 1976. 1/ After 
briefing, presiding Administrative Law Judge SamuelKanell, on 

. August .19, 1976, issued his Initial Decision in which he 
discussed the events surrounding the failure of the dam, includ- 
ing the investigations and the evidence before him, evaluated 
the evidence in the light of the contentions of the parties, . 

and concluded.that while the evidence "does not provide a basis 
: for conclusive determination of the precise cause of failure 
of the Walter Bouldin Dam", it does disclose (1) that. the 
construction of the earthEill dikes did not comply with the 
design specifications in one or more critical areas, (2) that 
Alabama Power's inspection procedures during the construction 
of the'dam were not adequate to detect those deficiencies, 
(3) that the. Commission staff's review procedures were not 
sufficiently thorough to identify possible marginal design 
criteria'prior to construction of the dam and (4) and that 
the staff s review of the construction procedures and maintenance 
practices .pertaining to the dam were not sufficiently exacting 
to uncover construction deficiencies and possible areas of 
structural weakness. 

. . 

I/ On December 16, 1975, Alabama Power filed an application - 
for amendment of its license to authorize reconstruction 
of the Walter Bouldin Dam, and by order issued June 17, 1976, 
during the course of the hearing, the Commission issued a 
conditional limited work authorization. 
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4 .  On the basis of those conclusions, Judge Kanell submitted 
certain recommendations to the Commission pertaining to increased 
margins of safety in the design of dams, improved inspection of 
construction and records thereof, prompt reporting and investi- 
gation of occurrences at dams, more effective Commission staff 
review of the foregoing, and the establishment of emergency 
procedures. Additionally, he concluded that the staff did 
not demonstrate that Alabama Power willfully failed to comply 
with a Commission order so as to require a forfeiture under 
Section 315(a) of the Federal Power Act 21, and that Alabama 
Power did not violate any Commission regzation or order. And, 
subject to Commission review, Judge Kanell ordered that the 
investigation be terminated. 

5. Both the Commission staff and Alabama Power filed briefs 
on and opposing exceptions. And while both agree that the 
investigation should,be terminated, the staff contends that the 
presiding judge erred in rejecting its "specific suggestions" 
on redesign, in failing to find that Alabama Power compromised 
the safety of the dam to reduce its construction costs and in 
concluding that AlabamaPower was not shown to have comitted viola- 
tions requiring a forfeiture under Section 315(a) of the Federsl 
Power A C ~ .  ~labama Power, on the other hand, generally supports the 
Initial Decision but excepts to certain findirlgs and inferences. 

REDESIGN SUGGESTIONS 

6. The Commission staff excepts to Judge Kanell's failure 
to adopt twelve "specific s.uggestions" pertaining to the 
redesign and reconstruction of Walter Bouldin Dam and to its 
operation and maintenance after reconstruction, which the 
staff had proposed in its initial brief to the judge. In view 
of their length, such "specific suggestions" are set out in , , 

Appendix A to this opinion and order. Citing record evidence 
allegedly supporting each of the twelve "specific suggestions", 
the staff excepts particularly to Judge Kanell's statement that 

21 "Any licensee or public utility which willfully fails, within - 
the time prescribed by the Commission, to comply with any 
order of the Commission, to file any report required under 
this Act or any rule or regulation of the Commission there- 
under, to submit any information or document required by 
the Commission in the course of an investigation conducted 
under this Act, or to appear by an officer or agent at any 
hearing or investigation in response to a subpoena issued 
under this Act, shall forfeit to the TTnited States an amount 
not exceeding $1,000 to be fixed by the Commission after 
notice and opportunity for hearing." 
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"Proposals of Staff include specific suggestions 
relating to redesign of the dam, but probative 
evidence was not submitted,in support of these 
redesign concepts. Thus, the record..of this 
proceeding does not permit evaluation of these 
design proposals. " 

7. Alabama Power asserts, in reply, that the staff's citations 
are to portions of the record at which witnesses perceived 
certain problems but did not propose solutions to them and, 
as a result, the staff's "specific suggestions" are not sponsored 
by any of its fourteen witnesses nor supported by probative 
evidence. At the time of the pre-hearing conference, Alabama 
Power asserts, and at other times during the course,of the 
hearing, Alabama Power made it known to the presjding judge 
that it wanted an opportunity to evaluate and test any 
recommendations the staff might make and to offer evidence 
in response to those recommendations, and the judge proceeded 
on the premise that Alabama Power would be accorded such an 
opportunity. And finally, Alabama Power continues, the 
staff placed in evidence a statement of its position, Alabama 
Power waived its opportunity to present further evidence on 
the staff!s position, and the record was closed without any 
evidentiary cons.ideration of the staff's "specific suggestions". 

8. Under these circumstances, and particularly since the 
staff unveiled its "specific suggestions" in its initial brief 
'to the presiding judge, and notwithstanding that the record 
as a whole may contain some evidence to support at least some 
of the staff's "specific suggestions", we agree with Judge 
Kanell that this proceeding does not permit evaluation of the 
staff's proposals 3 / and will deny the staff's exception. We 
will do so, however without expressing any views on the merits 
of the staff's "specific recommendations" and without prejudice 
to their consideration as part of Alabama Power's license 
amendment proceeding which was publicly noticed on May 24, 1976, 
for we agree with Alabama Power that now they are more properly 
considered in that proceeding. 

31 We'will note in passing that Alabama Power addresses each of - 
the staff's "specific suggestions" in its brief opposing 
exceptions, indicating that some of them are included at 
least in part in its license amendment application, that 
others are moot in view of changes proposed therein, and 
that still others are vague and/or not supported by evidence. 
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SAFETY AND COSTS . 

9 .  The s t a f f  excepts t o  Judge Kanel l ' s  conclusion t h a t  
J 

" th i s  record does not support the / s t a f f  ' s 7  
contention t h a t  safe ty  was comprom~sed by- 
Alabama IFowerT i n  the i n t e r e s t  of reducing 
construction c o s t s .  Nor does the record d is -  
c lose t h a t  S taf f ' sugges ted  more conservative 
design fea tures  a t  the time of the i n i t i a l  
review of the plans f o r  t h i s  dam." 

While the  s t a f f  concedes t h a t  Alabama Power did not  in ten t iona l ly  
compromise the sa fe ty  and adequacy of Walter Bouldin Dam, i t  
argues t h a t  there  i s  "substant ia l  evidence" t o  show t h a t  Alabama 
Power's "continuous e f f o r t s  t o  save construct.ion cos ts  resul ted  
i n  def iciencies"  which were underlying causes of the dam's 
f a i l u r e .  With respect  t o  design, the  s t a f f  a s s e r t s  t h a t  the  
eas tern  embankment was shaped t o  f i t  an economical arrangement 
of concrete headworks r e su l t ing  i n  a  s teep 1 on 1 . 3  4 /  upstream 
slope adjacent t o  the intake (and near the  point of z i l u r e )  
which, i n  tu rn ,  r e su l t ed  i n  marginal s t a b i l i t y  of the  s lope.  
And with respect  t o  construct ion,  the s t a f f  claims t h a t  the 
upstream outer  r o c k f i l l  zone was thinner  than was required by 
the design drawings, t h a t  the spec i f ica t ions  f o r  compaction of 
the ea r th  f i l l  did not address moisture cont ro l  or  types of 
compaction equipment, and t h a t  f i e l d ' i n s p e c t i o n s  were inadequate 
and therefore f a i l e d  t o  de tec t  pervious lenses of sand and rock 
f ines  i n  the  impervious core,  as  well  as  lenses of impervious 
mater ial  i n  the r o c k f i l l  zone, and the  f a i l u r e  t o  achieve the 
spec i f ied  degree of compaction. 

10. The s t a f f  contends t h a t  the marginad embankment design 
and the i n s u f f i c i e n t l y  compacted e a r t h f i l l  a r e  the  product of 
Alabama Power's "apparent overrt.ding concern f o r  shor t  run 
economics." As o r i g i n a l l y  proposed and approved by the  Commis- 
s ion ,  concrete wing walls both upstream and downstream would 
have allowed 1 on 2.5 upstream slopes and 1 on 2 downstream 
slopes adjacent t o  the intake instead of 1 on 1 . 3  and 1 on 1 . 8  
s lopes,  a s  f i n a l l y  constructed a t  an estimated saving of $2,000,000, 
the s t a f f  a s s e r t s .  And because the embankment design was marginal, 
i t  continues, r i g i d  adherence t o  spec i f i c  f i e l d  control  measures 

4/ 'One-foot r i s e  f o r  each 1 . 3  f e e t  horizontal ly .  
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were essential to building a sound structure. But Alabama 
Power utilized "end result" instead of "method" specifications, 
the staff asserts, thereby leaving the method of spreading 
and compacting the fill and the selection of compacting 
equipment to the contractor at a potential saving to Alabama 
Power, and thereby failed to receive a sound structure. And 
finally, the staff urges that the actions of the staff 
at the time of reviewing the plans for the dam is not relevant 
to the question of whether Alabama Power compromised the safety 
and adequacy of the dam to save construction costs. 

11. Alabama Power responds .unequivocally that any cost saving 
by it was compatible with the integrity of the project and 
that it did not knowingly or carelessly take any action which 
impaired that integrity. Thus, its design'witness testified, 
at Tr. 1552-'3: 

PRESIDING JUDGE: Do I understand correctly 
since you had a ratio on that slope near the 
intake structure of 1.3 to 1 . . .  meant in effect 
you' had to have the 1.3 to 1 to conform with 
the concrete structure? Is that what that 
amounts to? 

THE WITNESS: If you permit, I would put it 
the other way around. We did not put the 
structure there and then fit the slope. We 
examined what slope we could get the stability 
factors on - land7 - then made the placement. - 5 / 

And Alabama Power contends that the stability of the embankment 
slopes is confirmed by the fact that the west dike, which was 
designed identical to the east dike and suffered certain con- 
struction deficiencies, as a later inspection showed, continued 
to stand after the catastrophic drawdown caused by the failure 
of the east dike - which suggests that the deficiency was in 
the construction of the east dike rather than its design. 

51 Alabama Power calls attention, in this connection, to the 
I 

- 
presiding judge's: statement, "The steepness of an earth fill 
dike should not be influenced by the slope of an adjoining 
concrete structure to the extent that the stability of the 
earth fill slope could be considered to be only marginally 

I 

safe." Alabama Power apparently agrees with the statement, 
as we do,but it excepts to any implication which might be 
drawn from the statement that the safety of the embankments of 
the Walter Bouldin Dam was compromised to fit them with the 
intake structure. We grant the exception in the light of 
the testimony of its design witness that the intake structure 
was designed to fit a slope which it considered stable. 
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12. Furthermore, Alabama Power a s s e r t s ,  the s t a f f ' s  contention 
tha t  the embankment design was marginal i s  inconsis tent  with 
the s t a f f ' s  and the  Commission's p r i o r  ac t ions .  An e a r l i e r  . 
version of the  Walter Bouldin Dam proposed r o c k f i l l  embankments 
of 1 . 3  t o  1 adjacent t o  the  intake s t ruc tu re  on both the 
upstream and downstream slopes,  Alabama Power notes ,  and ,I 

"By l e t t e r  of March 2,  1964, the Bureau 
of Power requested s t a b i l i t y  computations 
supporting the 1 . 3 : l  downstream slope and 
sa id  tha t  i f  there  were any d i f f i c u l t y  with 
s t a b i l i t y ,  i t  could be corrected,  not by 
f l a t t e n i n g  the s lope,  but by decreasing the  
e a r t h f i l l  and increasing the r o c k f i l l  . . . .  
In the course of the  l e t t e r  the Bureau of 
Power acknowledged ' t h e  slope of 1 . 3  t o  1 f o r  
the r o c k f i l l  i s  general ly  adequate . . . .  I I 

Thereafter ,  Alabama Power provided a s t a b i l i t y  analysis  
showing a minimum sa fe ty  f a c t o r  of 1 .72,  and the  Commission 
approved i t s  appl icat ion a t  32 FPC 229. Later ,  however, 
Alabama. Power continues, i t  proposed t o  change the s i t e  t o  
the one a t  which i t  f i n a l l y  constructed the Walter Bouldin 
Dam; i t  f i l e d  a design drawing showing a 1 . 3  t o  1 s lope ,  no 
fu r the r  j u s t i f i c a t i o n  was requested and t h e  Commission approved 
'the f i n a l  design a t  35 FPC 15 s t a t i n g ,  among other  matters ,  
"The s t ruc tu res  . . .  as  proposed t o  be changed and modified, a re  
considered s t a b l e  and adequate under both normal and flood water 
conditions of loading." And Alabama Power concludes t h a t  the  
f a c t s  suggest t h a t  the  s t a f f ' s  reviewing engineers "proceeded 
d i l i g e n t l y  t o  inform themselves of the f a c t s  and independently 
ve r i fy  the sa fe ty  and adequacy of the proposed s t ruc tu res . "  

13. "End r e s u l t "  spec i f i ca t ions ,  which s t a t e  the degree of 
compaction t o  be a t t a ined ,  a re  widely recognized and accepted; . 

Alabama Power argues, because they r e s u l t  i n  the bes t  product - 
f o r  the bes t  p r i ce ;  and it i s  not necessary t o  specify any 
moisture l i m i t s  when such spec i f ica t ions  a r e  u t i l i z e d  s ince *. 
there  a re  impl ic i t  moisture leve ls  f o r  each s o i l  density which 
cannot be exceeded i f  the spec i f ied  density i s  t o  be achieved. .  
And Alabama Power points  out t h a t  the s t a f f ' s  a s se r t ion  t h a t  
the upstream outer r o c k f i l l  zone e a s t  of the  intake s t r u c t u r e  
was thinner  than was required by the  design drawings i s  based upon 
an erroneous drawing i n  the record which was explained to ,  be such 
andwas replaced by a corrected drawing during the course of the 

- 

hearing, and tha t  the corrected drawing shows tha t  the r o c k f i l l  
was placed subs tan t i a l ly  a s  required by the design drawing. 



Project No. 2146 - 8 -  

14. Alabama Power excepts to substantially all of the following 
paragraphs of ,the Initial Decision: 

"It should be noted that the preliminary design 
proposal for the original dam included the con- 
struction of concrete wing walls on each side o.f 
the concrete intake structure. This concept was 
abandoned in favor of installation of sheet steel 
piling within the clay core of the enbankments in 
the.area immediately adjoining the intake structure. 
It was determined at the time that this decision was 
made that a $2 million construction cost saving 
would be attained and the sheet piling would assist 
in supporting the steeper 1.3 to 1 slope used in 
the dikes in this area. This sheet piling also 
served the purpose of dispersing any water seepage 
in this area of the dike. 

"It is of interest to note that the proposed new 
structure will have concrete wing walls extending 
upstream in contrast to the originally contemplated 
concrete walls extending laterally from the intake 
structure. These new wing walls will facilitate the 
.use of a flatter slope in the rebuilt dikes adjoining 
the intake structure. In part, the steeper slopes 
of the original dikes were required because of need 
to form an effective bond with the original concrete 
intake structure which has a slight negative slope." 

15. Alabama Power contends, in this connection, that at the 
first of three proposed sites for the Walter Bouldin Dam it 
proposed to construct thin reinforced concrete counterfort walls 
resting on compacted earthfill and extending upstream and 
downstream from the intake structure, the function of which 
was to contain the ends of the embankments at the powerhouse 
intake structure. It contends, further, that such concept 
was abandoned because the proposed foundation was not deemed 
suitable and because the steel reinforcement was subject to 
corrosion. Alabama Power also contends that the sheet steel 
piling was driven into the embankments laterally away from 
the powerhouse intake structure, not to support the embankments 
or.the ends of the embankments, but for the sole purpose of 
lengthening the path of possible seepage. And the $2 million 
savlng, Alabama Power asserts, was based on using sheet piling 
instead of thin concrete core walls laterally in the same 
configuration. Thus, Alabama Power argues, it never proposed 



"concrete walls extending laterally from the intake structure" 
at any of the three proposed sites nor wing walls (up and down- 
stream) at the final site. Furthermore, it argues, the proposed 
wing walls for the reconstructed Walter Bouldin Dam would be 
heavy gravity concrete structures which would rest on a rock 
foundation and contain the ends of 2.5 on 1 embankments which, 
in turn, would be flatter than previously to accommodate 
different construction materials. And finally, Alabama Power 
asserts, the negative slope of the intake structure was on its 
upstream face and not on its side faces where the embankments 
are bonded to the concrete and, in any event, the upstream 
slopes of the embankments do not affect the quality of the bond. 

16. The staff asserts, in reply, that Alabama Power's supervising 
design engineer for the Walter Bouldin Dam said during the 
course of an interview by its Board of Inquiry on April 22, 1975, 
that the sheet piling was extended a greater distance from the 
intake structure than was the general practice so that it would 
reach the point where the 1.3 on 1 slope flattens into a 2.5 on 
1 slope, that the sheet piling design was considered perfectly 
safe and that it would save an estimated $2,000,000 over the 
concrete wing wall designs. 

17.. As noted earlier, Judge Kanell found that the evidence 
"does not provide a basis for conclusive determination of the 
precise cause of failure of the Walter Bouldin Dam". No 
exceptions to that conclusion have been filed and, as a result, 
any objections thereto are deemed waived under § 1.31(c) of the 
Commission's Rules of Practice and Procedure. Consistent with 
Judge Kanell's finding, with which we concur, we find that the 
question of whether Alabama Power intentionally or negligently 
jeopardized the safety of the Walter Bouldin Dam is as insuscep- 
tible of definitive resolution as is the question of pinpointing 
the causes of its failure, for the onrushing waters obviously 
destroyed some o f  the critical evidence. 

18. The staff concedes that Alabama Power did not intentionally 
compromise its safety, but argues that there is "substantial 
evidence" to show that Alabama Power's "continuous efforts 
to save construction costs resulted in deficiencies" which 
were underlying causes of the dam's failure. Assuming arguendo 
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that there is such "substantial evidence", we are unable fo 
assign fault any more than we are able to select which of the 
deficiencies caused the dam to fail. And we would note, in 
this connection, that the purpose of this investigation was 
not to assess fault with a view toward awarding or denying 
an award of money damages, as in the case of civil litigation. 
The investigation was to focus upon fault with a view toward 
forestalling breaches of Alabama Power's other dams and avoiding 
the same mistakels7 in connection with an assumed reconstruction 
of the Walter Bouldin Dam and the construction of other hydro- 
electric dams. - 6/ 

19. Apparently both Alabama Power and the' Commission staff 
were satisfied prior to the construction of the Walter 
Bouldin Dam that its design provided an acceptable degree 
of safety in the light of its potentiality for destroying 
lives and property. The concept of an "acceptable degree 
of safety" is essentially a value judgement, for the 
risks caused by most structures can ordinarily be eliminated 
or at least reduced by spending additional funds for their 
construction. And the record does not inform us to what 
extent the safety of the dam could have been increased by 
specified additional expenditures, so that one might try 
to determine not only the point of diminishing returns, but 
the point at which reasonable persons would agree that further 
expenditures would be too marginally productive of additional 
safety. 

6/ As is explained in Footnote 10, infra fault with respect - -, 
to a particular deficiency can be assessed against different 
persons for different reasons at. different levels of authority 
and responsibility. But for the.purpose of this investiga- 
tion it is sufficient to identify the deficiencies together 
with the responsible parties in their respective areas of 
concern and take corrective action. 
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LO. In this context, any saving in construction costs by Alabama 
Power might be viewed as having increased the risks of the dam. 
Certainly it does not take in-depth knowledge of the laws of 
physics to understand that relatively steep embankments are more 
susceptible to slides--and weakening--than relatively flat 
embankments. And certainly it does not take more than slight 
knowledge of human behavior to understand that an acceptable 
degree of safety cannot be made to depend upon 100 per cent 
adherence to ~specifications. The question, then, is whether 
Alabama Power exceeded the bounds of-propriety in the light of - 

the potential danger of the dam. 

21. The staff argues, in this connection, that Alabama Power 
exceeded those bounds by replacing a design calling for a 2.5 on 1 
upstream embankment with the one which eventually failed and 
called for a 1.3 on 1 upstream embankment, at a savings of about 
$2,000,000. In reporting to the staff upon'the results of 
Alabama Power's stability analysis in his letter of March 20, 
1964, Mr. Walter Bouldin, then President of Alabama Power, said, 

"The soil characteristics were based on the 
average values from laboratory tests for remolding 
samples at 95% compactions. The samples were 
obtained from borrow areas where we expect to obtain 
the embankment fill." 

While Alabama Power thereby'satisfied itself and the staff of 
the stability of 1.3 on 1 embankments on the basis of 95% compactions 
of the materials which it proposed to utilize, its construction 
contract specified 92% compactions, except adjacent to the intake 
structure where they would be 95%. And while Alabama Power's 
designed 1.3 on 1 slope is shown as such on its Exhibit L drawings 
which were approved by the Commission, the compaction specifications 
upon which the stability of that slope depends are not shown o.n 
those drawings. - 71 

If such specifications had been shown an those drawings we 
would not hesitate to find from the record that Alabama Power 
violated Article 3 of its license, requiring forfeiture under 
Section 315(a) of the Federal Power Act, by failing to construct 
a project work in substantial conformity with an approved exhibit. 
Judge Kanell said, in this connection, that "it is apparent that 
the original design and specifications could have been more 
detailed, more exacting, and many of the more conservative 
features incorporated in the new design would have provided a 
higher degree of safety than the design of the original structure.' 
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22. It appears, therefore, that the construction contract permitteu 
compaction which was somewhat looser than 95% at points which were 
sufficiently close to the intake structure that the embankments 
had not yet flattened from 1.3:l to 2.5:1, resulting in 
embankments which were somewhat less stable than Alabama Power 
had contemplated. And it appears that there was nothing to tie 
the construction contract specifications into the Exhibit L 
drawings. While Alabama Power, as the licensee, was primarily 
responsible for the design and construction of the dam, the staff 
could have been more circumspect with respect to its review of the 
design and its inspection of the construction. 8 / Other factors 
also appear to have contributed to the ultimatG7reach of the dam 
and, therefore, we are not persuaded that special culpability 
should attach to Alabama Power for attempting to save construction 
costs. 

23. The staff fails in other ways to convince us that Alabama 
Power's economy measures were inconsistent with the integrity of 
the dam. Contrary to the staff's position, the evidence indicates 
that Alabama Power designed the concrete headworks to fit an 
embankment which was considered stable both by Alabama Power and 
the staff. The staff's claim that the upstream outer rockfill 
zone was too thin is not borne out by the record. And although 
there are advantages and disadvantages to both "method" and 
"end result" specifications, we are persuaded that "method" 
specifications would result more consistently in superior construc- 
tion. The record shows, in this connection, that the utilization 
of "method" specifications is the accepted practice of the two 
largest builders of dams in the United States, the Corps of 
Engineers and the Bureau of Reclamation. 

24. We are most impressed by Alabama Power's apparent inertia to 
assure itself that it would receive the stable structure which it 
thought it was purchasing when it contractedfor the construction 
of the dam. As Judge Kanell found, Alabama Power had only one or 
two construction personnel on the job at most times, and 

"It appears that field notebooks maintained by 
Alabama's construction supervisory. personnel contained 
data relating to the quantity of material deposited during 
the construction of the earth fill dikes, but such data 
were not designed to reflect whether construction met 
design standards. These field data were compiled to 
determine the amount of payment due the contractor." 

A/ Judge Kanell is commended for his candor with respect to the 
shortcomings of the Commission staff which may have contributed 
to the failure of the dam. Hopefully, the wisdom of retrospect 

i gained in this instance will help prevent other failures in 
the future. 
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We are not surprised, therefore, that those records did not 
disclose any deviations from the specifications with respect to 
compaction or lift thickness in the light of the numerous such 
deviations which were found in the western embankment following 
the failure. And we seriously question whether those 
personnel were imbued with any substantial authority and 
responsibilities pertaining to inspection of the construction or 
whether they were present to perform ministerial duties. 

25. We find, therefore, that Alabama Power's obvious failures to ' -  

establish and carry out an effective inspection program while the 
dam was under construction, andto prepare and maintain 
clear records thereof, are inexcusable in the light of its 
multi-faceted responsibilities to the public. Certainly the . .  

additional cost, consisting principally of salaries, would have 
been miniscule in comparison to the cost of reconstructing the 
dam. And certainly the additional cost would have been insignificant 
in the light of the risks to lives and property. But Alabama 
Power claims on exception that in line with,industry practice it 
relied primarily on the responsibility of its, contractors. In . 

view of such industry practice, which the staff does not refute, 
we are not prepared to conclude that Alabama Power compromised 
the safety of the dam to save the costs of establishing and 
carrying out an effective inspection program. A/ 

p/ We find the industry practice to be inadequate and caution all 
present and future hydro-electric licensees to establish and 
carry out effective inspection programs, and to prepare and 
maintain clear records thereof, both during and following 
their construction of hydro-electric dams. 

Alabama Power excepts to the presiding judge's characterization 
of its testing procedure as being "wholly unacceptable", 
asserting that the'specified 12 inch lifts would be reduced- ' 

to 8 inches when compacted and that its testing procedure 
would penetrate 6 inches thereinto. We find no fault in the 
testing procedure as such employed by Alabama Power, but it 
appears that the effectiveness of that procedure was diminished 
by the laxity of its effort to determine the thickness of the 
lifts which it tested or the presence of misplaced materials. In 
this context we agree with the presiding judge and deny Alabama 
Power ' s exception. 



Project No. 2146 - 14 - 

26. The principal purpose of this proceeding, as expressed in 
the order of February 20, 1975, is to determine the "causes of 
this dam failure in order to determine the proper remedial actions 
which should be taken to assure that life, health, and property 
are adequately protected ....I1 Upon review of the record in the 
light of the exceptions,'we share Judge Kanell's inability to 
pinpoint the cause or causes of the failure. And we find, as he 
does, that certain factors, such as off-specification construction 
of the dam (i.e., construction which was not in accordance with the 
specifications), contributed to its failure. We find, also, that these 
factors have been isolated, that the responsible 'parties have been 
identified and that corrective action has been or will be taken. 
The principal purpose of this proceeding has., therefore, been 
substantially accomplished. In this context, we believe that the 
staff's exception that Alabama Power compromised safety for economy 
cuts across the contributing factors and seeks to assign the 
ultimate fault to Alabama Power. And while we have no doubt that 
Alabama Fewer must bear the ultimate blame in view of its control 
over the dam from its design and location to its completion, and 
beyond, there appears little to be gained from the additional 
assignment of fault which the staff now seeks. 101 More is to 
be gained if those who contributed to the failure of the dam 
face and remedy'their shortcomings in their respective areas of 
concern. And, therefore, we will deny the staff's exception. 

Id Assuming ar uendo that the sole cause of the breach of the - 
dam was t + e construction contractor's failure to achieve the 
specified compaction percentages and. to apply lifts in the 
specified thicknesses and free from foreign materials--in 
short, shoddy construction--we might assign fault (1) to 
the construction contractor for failing to comply with the 
specifications, (2) to Alabama Power for failing to oversee 
that the construction contractor complied with the specifications, 
c.3) to our staff for failing to require Alabama Power to 
oversee the construction contractor effectively and (4) to 
ourselves for failing to adopt regulations under which Alabama 
Power would have routinely overseen the construction 
contractor effectively. For the purpose of this proceeding 
it is sufficient to isolate the contributing factors, identify 
the responsible parties in their respective areas of concern 
and take corrective action; and conversely, it is not necessary 
to make an ultimate assignment of fault as in civil 
litigation for damages and as the staff seeks in the 
exception under consideration. 
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FORFEITURE 

27. The staff excepts to Judge Kanell's rejection 
of its recommendation that Alabama Power be subjected 
to a forfeiture under Section 315(a) of the Federal 
Power Act,' 'll/ asserting that Alabama Power's failure 
to report'tothe Commission the upstream slide which 
was noted in the eastern embankment on October 4, 1972, 
violated Articles 3 and 4 of its license, Subsection (a) 
of Section 9 and Subsections (a), (b) and (c) of 
Section 10 of that Act. In view of their length, such 
provisions are set out in Appendix B to this opinion 
and order. 

28. . As the staff indicates, a rapid drawdown of the 
reservoir impounded by the Walter Bouldin Dam occurred 
on September 28, 1972, thereby eliminating temporarily 
the pressure of the reservoir against the earthen 
embankments. On October 4, 1972, a slide was observed 
at the crest of the upstream slope of the eastern 
embankment extending 30 to 40 feet from the intake 
structure.' '12/ And a 12 to 15 foot surface crack 
was observerin the western embankment near the intake 
structure. Within the next several days the slide and 
crack were inspected visually. While it was estimated 
that the slide penetrated some 3 to 4 feet into the 
10-foot impervious layer, and while soundings and other 
observations of a diver indicated that the slide material 
extended 30 to 40 feet into the reservoir, no physical 
tests, such as compaction tests, were made in the slide 
area. Alabama Power thereby judged that the slide was 

11/ See Footnote 2, supra. -- - 
121 AlabamaPower faults Judge Kanell's statement, "The 
m 7 5  dam failure took place in the area of this 1972 
slide," arguing that while the 1972 slide occurred next 
to the intake structure and was centered about 15 feet 
east of it, the 1975 failure was centered about 50 feet 
east of that structure. While we agree with Alabama 
Power that the available evidence suggests that the two 
occurrences were not centered at precisely the same 
place, Judge Kanell's statement is correct and not 
misleading in the context of an 8,457-foot 1ong.embankment 
and, therefore, we will deny Alabama Puwer 's excepti011. 
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not serious and almost immediately filled the area 
with rockfines and riprap to protect it against 
erosion through wave-action of the reservoir. Alabama 
Power finally .reported the slide to the Commission. 
.orally during the course of a field inspection of the 
dam on April 17, 1973, but did not prepare a detailed 
written report until April 3,,1975, some two months 
after the failure of the dam. 

29. The staff contends that the nature 'and extent 
of ~labama Power's duty to make prompt reports 'to the 
Commission pursuant to Articles 3 and 4 of its license 
were communicated to Alabama Power in a letter dated 
April 17, 1964, as follows: 

 h he, spacing of our inspections does 'not 
permit as close a surveillance of licensed 
projects as we would like. It therefore 
becomes necessary for us to rely on the 
licensees to keep us informed on all 
project developments in which the Commission 
would have an interest." 

*.'~nterests. of the Commission would include bct 
would not be limited to such items as important 
shutdowns and suspensions of operations due . . 
-to failure of equipment'or structur&s.) unusual 
movement or settlement of structures, any 
unusual increase in observation well levels, 
relief well flows, uplift pressures or seepage-, 
the development of new leakage or cracks, or 
any other signs of instability of the project 
structures. Also included would be such items 
as obstructions.to or inoperation of fish- 
passage facilities, conflicts between reservoir 
development for recreational use and operation 
of the reservoir for power purposes, and any 
deviation from the terms of the license. T h e  - 
above list is not.intended to be all-inclusive 
and should only be used as a general guide as 
to the type of information to which'the Commission 
has .an. interest. 
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;11n accordance wi th  t h e  above, it i s  reques ted  
t h a t  t h i s  o f f i c e  be k e p t  informed e i t h e r  by . 
t e lephone ,  t e legram,  or le t te r ,  a s  a p p r o p r i a t e ,  . 
on a l l  ma t t e r s  of  concern p e r t a i n i n g  t o  t h e  
c o n s t r u c t i o n ,  o p e r a t i o n ,  and maintenance o f  
t h e  p r o j e c t s .  Immediate n o t i f i c a t i o n  i s  reques ted  
on any development which could have an e f f e c t  
on t h e  s a f e t y  of p r o j e c t  s t r u c t u r e s ,  and on any 
o t h e r  m a t t e r  of concern which r e q u i r e s  prompt 
remedial  measures. " (Emphasis added by the staff . ) 

And it contends, further, that Alabama Power acknowledged 
receipt of that letter stating, on .April 30,. 1964: 

"we w i l l  comply w i t h  t h e  r e q u e s t  t o  n o t i f y  your 
O f f i c e ' o f  any u n u s u a l . o r  abnormal developments 
o r  major equipment f a i l u r e s  p e r t a i n i n g  t o  t h e  
s a f e t y  of  ou r  hydro p l a n t s  a t  l i c e n s e d  P r o j e c t s  
Nos. 82,  618, 2146, a d  349." (Emphasis added .by 
the staff.) 

~nd'the staff also contends that the repair of the 1972 
slide violated Section 9(a) of the Federal Power Act in 
that it constituted a substantial alteration and addition 
not in conformity with the plans previously approved, and 
further, that Alabama .Power violated Section 10 of that 
Act and Articles 3 and 4 of its license by failing to seek 
prior Commission approval of the .required repairs, and by 
failing to notify the Commission'of the occurrence of the slide 
and the subsequent repairs. 

30. Alabama Power responds, on the other hand, that it 
did not deliberately ignore any statutory or relatory 
provision or any article of its license: 

nit insnected the 1972 s l ide ,  concluded tha t  it was 
su r f i c i a l  and repairable without material  modification 
of the project  works, and proceeded t o  the  repairs .  
It informed the  Commission's inspector of the repai rs  
a t  the next regular inspection. There was no require- 
ment t ha t  ,Glabama ~ o w e g  Company report immediately 
a s l t de  whych it believed did not threaten the i n t eg r i t y  
of the dam o r  t ha t  it obtain permission t o  repai r  such 
a sl ide."  
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Noting t h a t  the  pro jec t  cost  $41,000,000 and t h a t  , ' 

the  r epa i r  cos t  on'ly $13,000, Alabama Power' contends 
t h a t  the r e p a i r  q u a l i f i e s  .as a  "minor change i n  project  
works" within the meaning of Ar t i c l e  3  which provides, 
among o ther  matters ,  

Winor changes i n  t he  p o j e * .  works o r  divergence 
from such approved e x h i b i t s  may be made i f  such 
changes w i l l  no t  r e s u l t  i n  decrease i n  e f f i c i ency ,  
in ma te r i a l  increase  i n  cos t ,  o r  Fn impairment of  
t h e  general  scheme of development; b u t  any of such 
-minor changes made without ' t h e  p r i o r  approval of 
t h e  .Commission, which i n  its judgnent have produced 
.or w i l l  produce any such r e s u l t s ,  s h a l l  be subjec t  
t o  such a l t e r a t i o n  a s  t h e  Commission may'direct." 

31. A.l.abama Power excepts t o  Judge Kanel l ' s  s t a t e -  
ment, "A de ta i led  repor t  of t h i s  1972 s l i d e  and the 
r e s u l t a n t  cor rec t im work was not prepared u n t i l  
Apri l  3; 1975, a f t e r  the dam f a i l e d , "  asser t ing  t h a t  
the  1972 s l i d e  was invest igated when i t  occurred and 
t h a t  the repor t  dated April  3 ,  1975, "merely pulled 
together the r e s u l t s  of e a r l i e r  invest igat ions and 
s tudies  made immediately a f t e r  the 1972 s l i d e . "  
Furthermore, Alabama Power a s s e r t s ,  "There i s  no 
evidence of reco'rd es tabl i sh ing  a  d i r e c t  causal 
connection between the" 1972 s l i d e  and the 1975 
f a i l u r e .  

32. In  r ep ly ,  the  s t a f f  c i t e s  ce r t a in  evidence t o  
the e f f e c t  t h a t  there  i s  such a  causal connection, 
including the following statement of Alabama's Power 
consultants : 
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"We be l i eve  the  t t h e  t r i g g e r i n g  mechanism 
respons ib le  f o r  t h i s  slide-in s p i t e  of  t h e  
s t a b i l i z i n g  in f luence  os fsic7 t h e  f u l l  
r e s e r v o i r ,  could have been one of t h e  
following (or  both i n  combination): 

1. Abrupt F a i l u r e  o f  Sheet  P i l e  'wal l :  
The shee t  p i l i n g  is a unique f e a t u r e  
i n  such a  dam. It undoubtedly had . a l a r g e  in f luence  on ,the d i s t r i -  

- but ion of s t r e s s e s  w i th in  t h e  dam. 
Tied t o  t he  concre te  i n t ake  s t r u c t u r e  
and driven.  t o  r e f u s a l  i n  t h e  grave' l ly 
sand s h e l l ,  i t  must have helped 
r e e i s t  upstream movement of t h e  . , 

upstream. s lope. Following the  
1972 s l ide , ,  cons iderab le  l ong i tud ina l  
t ens ion  developed i n  the  wa l l ,  
preventing c o l l a p s e  of t he  ad j acen t  . . 
dam c r e s t .  Assuming t h a t  t h e  s lope  
was creeping t w a r d  the  r e s e r v o i r ,  . 
t he  shee t  p i l i n g  w a l l  would be 
gradua l l y  sub jec ted  t o  i nc reas ing ly  
higher s t r e s s e s  a f t e r  t he  1972 
s l i d e ,  con t r ibu t ing  a  l a r g e  p a r t  
of the  t o t a l  fo rce  r e s i s t i n g  up- 
s tream s lope movement. 

I f  t h e  p i l i n g  f a i l e d  suddenly due 
t 6  ove r s t r e s s ing  (such a s  t e n s i l e  
f a i l u r e  of an  i n t e r l o c k ) ,  t he  load 
being c a r r i e d  by t h e  p i l i n g  would 
then ab rup t ly  add t o  t he  shear  
s t r e s s e s  i n  t h e  soil'! 
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33. We agree with the presiding judge that it is 
clear in the light of the facts uncovered by this 
investigation that the 1972 slide should have been 
reported to the Commission promptly. 131 Alabama 
Power to the contrary notwiths tandingrwe find that 
the record does contain evidence, which is substantial 
in the legal sense, to the effect that the 1972 slide 
was a cause of the 1975 failure' of the dam. And we 
find, in these connections, that the 1972 slide penetrated 
into the impervious layer and either weakened the eastern 
embankment, requiring more than superficial repair, or 
was symptomatic of the structural weakness of that 
embankment, requiring further investigation into its 
cause, or both. 

34: Alabama power' s contention that its report dated 
April 3, 1975, "merely pulled together the results of 
earlier investigations and studies made after the 1972 . 

slide" is not well-taken and its exception is denied. 
The fact that Alabama Power permitted the facets of its 
investigation to remain some two and one-half years in 
disjoined' form, until after the occurrence of the greater 
catastrophe is c'lear evidence that it took neither the 
1972 slide nor its investigation seriously, for the dis- 
joined facets and unreported investigation were about as 
useful as no inquiry whatsoever. And although there is 
evidence in the record that the slide was reported as such 

131 18 CFR 8 12.3 provides, in this connection: - 
"When an inspection by the licensee or the 

Commission's staff reveals conditions of concern 
regarding the safety of any project structure or the 
operation of the project works, the licensee shall 
cause such additional inspection and investigation to 
be made as may be found by the Commission to be 
warranted under the circumstance." 

18 CFR § 12.4 specifies that such inspections 'shall be made 
by qualified independent consultants, and 18 CFR 8 12.5 
provides for reports of such inspections and recommendations 
without .specifying when such reports should be submitted to 
the Commission, except: 

"If, during the course of an inspection, conditions 
are disclosed which indicate the need for emergency 
corrective measures, .the situation shall be reported 
to the Commission at once." 
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t o  the  Comnission's Regional Engineer i n  Apr i l  1973, 
i t  appears t h a t  such o r a l  r epo r t  downplayed the  s l i d e  
as  e s s e n t i a l l y  a  minor s l ippage of r i p r a p , '  14/ an occurrence 
which i s  no t  unusual a t  ea r then  dams. The long delay and 
the  eventual  appearance of the  r epo r t  a f t e r  the  1975 
f a i l u r e  c e r t a i n l y  leave Alabama Power vu lnerab le  t o  t h e  
b e l i e f ,  whether o r  no t  t r u e ,  t h a t  i t s  r epo r t  of  Apr i l  3 ,  
1975, was prepared wi th  a view toward j u s t i f y i n g  Alabama 
Power's t reatment of t he  s l i d e  a s  having been, s u r f i c i a l  
only .  

35.  If the  f a c e t s  of Alabama Power's i n v e s t i g a t i o n  
had been drawn toge ther  promptly a f t e r  t he  1972 s l i d e ,  and i f  
s.uc'n r epo r t  had been f i l e d  with t h e  Commission, some o ther  i n d i -  
v idua l  reviewing t h a t  r epo r t  - an Alabama Power employee not  too 
i n t ima te ly  involved wi th  t he  s l i d e ,  o r  t h e  Cominission' s Regiorral 
Engineer - may have drawn t h e  ,coi?clusion which t h e  s t a f f  now does 
from the  photographic p r i n t s  of t he  s l i d e ,  i t s  pene t r a t i on  
i n t o  t h e  impervious l a y e r  and the  under-water soundings, 
t h a t  i t  was f a r  more ex tens ive  than simply a  s u r f i c i a l  
s l - ide .  O r  such o t h e r  ind iv idua l  reviewing t h a t  - repor t  
might have causcdthe i n i t i a t i o n  of a  f u r t h e r  inqu i ry  i n t o  
the  cau.se of t h a t  s l i d e ,  thereby uncovering the  shoddy 
cons t ruc t ion  of t he  Jam, o r  revea1in.g a  p ressure  build-up 
along the  shee t  metal  p i l i n g  o r  o the r  condi t ion  a f f e c t i n g  
the  s t a b i l i t y  of the  e a s t e r n  embankment c lose  t o  t h e  
illLake s L r u c L u ~ e .  

36. Although we f i n d  t h a t  Alabana Power was n o t  j u s t i f i e d  
i n  t r e a t i n g  the  1972 s l i d e  as s u r f i c i s l  i n  view of t he  
f a c t  t h a t  t he  s l i d e  d id  pene t r a t e  i n t o  t he  impervious 
l a y e r ,  we a r e  no t  prepared t o  conclude, f o r  the  purpose of 
invoking a  f o r f e i t u r e  under Sect ion 315(a) o f . t h e  Federal  
Power Act f o r  w i l f u l l y  o r  i n t e n t i o n a l l y  f a i l i n g  t o  comply 
wi th  a  Commission order  o r  a s t a t u t o r y  p rov i s i cn  of t h a t  Act 
o r  a regu la tory  prov is ion  thereunder ,  t h a t  the  p a r t i c u l a r  
r e p a i r s  i n  t h i s  ins tance  c o n s t i t u t e d  a  "change" i n  approved 
I '  maps, p lans  o r  s p e c i f i c a t i o n s "  w i th in  t he  meaning of 
Sect ion 9 ( a ) ,  o r  t h a t  they c o n s t i t u t e d  a  " s u b s t a n t i a l  
a l t e r a t i o n  o r  add i t i on  no t  i n  conformity wi th  t he  approved 
plans" wi th in  the  meaning of Sect ion lO(b) and A r t i c l e  3 .  
Nor do we be l i eve  t h a t  AIaBama Power's f a i l u r e  t o  r epo r t  
t he  1972 s l i d e  pronpt ly  v i o l a t e d  those  p a r t s  of  Sect ion 10(c)  
and .Ar t ic le  3 as  r equ i r e  it t o  "conform t o  such r u l e s  and 
r egu la t i ons  a s  the  Commission may from time t o  time p re sc r ibe  
f o r  the  p ro t ec t i on  of l i f e ,  h e a l t h  and property".  

14/ We f a u l t  Alabama Power f o r  having f a i l e d  t o  provide the  Regional - 
Engineer with the  da t a  which even tua l ly  found i t s  way i n t o  
Alabama Power's r epo r t  dated Apri l  3 ,  1975. 
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37. On the other hand, and assuming ar uendo that 
the particular repairs constituted a "su * stantial 
alteration or addition not in conformity with the approved 
plans", we would agree with the staff that Seqtion 10(b) 
and Article 3 would impose a duty on Alabama Power to 
report the repairs, and implicit.1~ the occurrence of the 
slide, to the Commission. Any such alterations or additions 
which are made under emergency conditions are subject to 
such modifications and changes as the Commission may direct - 
which implicitly requires a .report to enable the Commission 
to determine whether or not to direct the making of any 
modifications and changes and, if so, the nature and extent 
thereof. Otherwise, such additions and modifications require 
the prior approval of the Commission - which also implictly 
requires a report to explain the reasons why approval of 
such alterations and additions is sought. And even the 
provision in Article 3 pertaining to "minor changes in the 
project.works", on which Alabama Power relies, implicitly 
requires a report to enable the Commission to determine 
whether the minor changes have produced or will produce any 
of the changes specified therein. 

3 8 .  ~labama Power treated the 1972 slide as a slippage 
of riprap and covered the exposed impervious layer with 
rockfines and riprap to prevent its erosion and thereby 
ma'intain the' 'int'egri'ty' 'of' the Wa'l ter Bou1din~m.i~ / Whether 
or not suchrepairs w e r e " m i n o r g e s  in theroTect works" 
within the meaning of Article 3 of the license, as Alabama 
Power contends, we find that they were no less than 
1 1  maintenance" work within the meaning of Article 4, which 
work is expressly subject to the - inspection and supervision 
of the Commission's Regional Engineer, and which work is 
also subject to the requirement that Alabama Power "shall 
notify /Yhe Regional Engineer7 of the date upon which work 
will begin." And, as a result, we also find that Alabama 
Power violated Article 4 of its license by failing to so 
notify the Regional Engineer before the work began. Although 
AlabamaPower notified the Regional Engineer of the slide 

151 Proper maintenance of the dam would appear to have required - 
a draw down of the reservoir and a temporary loss of genera- 
tion to permit the replacement and compaction of that part of 
the impervious layer which slid into the reservoir, as well 
as replacement of the riprap. 
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during the annual inspection some seven months later, and 
did not attempt to conceal its occurrence, we find that 
Alabama Power proceeded with the repair or maintenance 
work without first notifying the Regional Engineer, and 
that it thereby violated Article 4, requiring forfeiture 
under Section 315 [a) of the Federal Power Act. 161 - 
39. Alabama Power raises several procedural objections 
to the imposition of a forfeiture. Alabama Power cites 
a commitment of staff counsel at a conference on July 17, 
1975, to notify Alabama Power of any asserted violations,' 
and it claims that staff counsel promised that it would be 
so notified in the so-called Washington Report of the 
failure of the dam. But we do not read the commitment as 
being so specific. Alabama'power concedes that the staff 
expressed its intent to seek a forfeiture in'the staff's 
Statement of Position admitted into ev.idence just prior 
to the close of the hearing, and we are unable to find any 
basis in the record for concluding that the staff did not 
notify Alabama Power of any asserted violations promptly 
after theVs't'a'ff concluded that violations had occurred. 
The  commission.'^ order of February 20, 1975, instituting 

161 In this connection, we accept the staff's position 
=at we need find only an intentional act in order to find 
a "willful" failure within the meaning of Section 315(a) 
imposing civil sanctions. S'c'rews v.' United States, 325 
U.S. 91, 101 (1945). And w m e  believe that Alabama 
Power's conduct was lethargic in the light of the high 
degree of danger which might result from an incorrect 
field judgement, we are unable to conclude that its 
culpability rose to the point that it "willfully and 
knowingly" violated Article 4 within the meaning of 
Section 316 of the Federal Power Act imposing criminal 
sanctions. 

We are satisfied, additionally, that the requirement 
in Article 4 that the Regional Engineer be notified of the 
date upon which maintenance work "will" begin is a sufficient 
prescription by the Commission of the time within which 
the failure must occur, if at all, within the meaning of 
Section 315 (a). 
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this proceeding; clearly states that one of the purposes 
of this evidentiary hearing is to document and determine 
"any remedial actions which may be warranted'to correct 
any violations of the Act or any rule, regulation, or 
order thereunder or to assure that this dam failure or 
the potential for failure of any other related dams 
under the control of the licensee will not .occur or 
reoccur. " Certainly that language is broad enough to 
.place Alabama Power on notice that it might be subjected 
to forfeiture pursuant to Section 315(a) as a deterent 
to its repetition of any conduct which might be found to 
have violated Article 4 of its license. As is required by 
18 CFR 2 3.141 17/, we will by separate order'initiate 
a proceeding tofix the amount of the forfeiture. 

171 "On the basis of staff studies and recommendations, 
proceedings to fix the amount of forfeitures under 
section 315(a) of the act are initiated by Commission 
order served on the parties and interested state agencies 
and published in the the FEDERAL REGISTEX. A hearing may 
be held. " 
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MISCELLANEOUS ' 

40. Alabama Power takes  exception t o  t he  accuracy 
of seven s ta tements  i n  t h e  I n i t i a l  Decision,  a l l  of which 
a r e  hereby granted a s  fo l lows:  

(1) I f  t h e  embankments a t  t h e  i n t ake  s t r u c t u r e  
rose  64 f e e t  above t h e  r e s e r v o i r  bottom, and i f  the  
r e s e r v o i r  bottom a t  t h a t ' p o i n t  consis ted of some 100 fee t .  
of compacted f i l l  on a  rock foundat ion,  a s  appears t o  be 
t he  case ,  we agree  with qiabarna. P0we.r t h a t  i t  would be 
more accura te  t o  descr ibe  t he  embankments a s  being 64 f e e t  
high a t  t he  in, take struct ,ur 'e ,  r a t h e r  ~ h a n  164 f e e t ,  as  
s t a t e d .  - l 8 /  

( 2 )  The e a s t e r n  embankment was 8,457 f e e t  lon.g, r a t h e r  
than 5,120 f e e t ,  as  s t a t e d .  

( 3 )  The Walter Bouldin Dam genera t ing  f a c i l i t i e s  
provided about 4% of Alabama Power's c apac i ty ,  r a t h e r  than 
4% of i t s  requirements,  a s  s t a t e d .  

(4) The p ro j ec t  works of t h e  Walter Bouldin Dam a r e  
o f f - r i v e r  and, t h e r e f o r e ,  i t s  design d id  not  u t i l i z e  a  
r i v e r  bottom, a s  s t a t e d .  Furthermore, i t s  design u t i l i z e d  
an i n  s i t u  n a t u r a l  c l ay  b l anke t ' on  which i t s  c l ay  core  
r e s t e d  i n  some a r e a s ,  r a t h e r  than a l l  a r e a s ,  a s  implied.  

(5) P a r t s  of t h e  forebay a r e a ,  r a t h e r  than p a r t s  
of t h e  d ike  foundat ion,  a s  s t a t e d ,  were scoured t o  a  
depth of 50 f e e t .  

(6) During t he  cons t ruc t ion  of t h e  Walter Bouldin 
Dam Alabama Power's supervisory personnel  encountered a  
ground water seepage problem which required remedial a c t i o n ,  
but  i t  has not  been suggested t h a t  t h a t  problem was r e l a t e d  
t o  t h e  1975 f a i l u r e  of t h e  dam. 

(7) The core  of t h e  embankments was 35 f e e t  t h i c k ,  
r a t h e r  than 50 f e e t  t h i c k ,  a s  s t a t e d ,  a t  t h e  water l i n e  
l e v e l .  

181 - Alabama Power's s tatement i n  connection with t he  
f o u r t h  a s s e r t e d  inaccura te  statement i n  t h e  I n i t i a l  
Decision t h a t  t h e  embankments were b u i l t  on rock i n  
t h e  a r ea  of t h e  powerhouse i s  con t rad ic to ry  and appears 
t o  be inaccura te .  
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41. By order issued June 17, 1976, the Commission authorized 
Alabama Power to remove and store riprap, remove portions of 
the damaged dikes and divert water from areas of the dikes 
planned for reconstruction of the Walter Bouldin Dam, subject 
however to the condition that the work would be performed 
only in the presence., or with the specific mitten approval, 
of a Commission representative who would have authority to 
stop the work to preserve any additional evidence which 
might be uncovered as to the cause of the failure of the 
dam. The staff asks that the relevant conditions (Nos. 2 
and 3 of the said order) remain in effect notwithstanding 
the termination of the investigation, and Alabama Power 
does not oppose the staff's request. 

42. And finally, we would observe that if the public is 
to derive the maximum benefit from Alabama Power's and our 
investigations into the failure of the Walter Bouldin Dam we 
s'hould observe the same standard as we would establish herein for 
Alabama Power and other licensees with respect to compiling 
the pieces of an inquiry into a single document in which 
the overall picture can be seen more clearly. Judge Kanell 
made certain general recommendations which we believe should 
be addressed specifically by the staff of the Bureau of Power. 
And the staff of 'that Bureau has undertaken certain measures 
wi.th a view toward remedying some of the deficiencies which 
were found to exist. While some of those deficiencies 
obviously are remedied by new and/or improved procedures 
at the staff level, others would apparently require new 
and/or revised standard license articles and/or regulations. 
And others may be beyond our authority and would require 
statutory changes. We are therefore directing the staff 
of the Bureau of Power to prepare for our future guidance 
a report on the deficiencies which were found in the 
respective areas of concern (staff, licensee, contractor 
and others) together with its advice as to how such deficiencies 
have been and should be remedied over the short and long 
terms and at the respective levels of authority.. 

I The Commission orders: 

1 (A) The Initial Decision of presiding Administrative 
Law Judge Samuel Kanell issued herein on August 19, 1976, is 

I adopted as the decision of. the Commission as modified in this 

~ opinion and order. 
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(B) The investigation of the failure of the Walter Bouldin 
Dam which was initiated by the Commission's order issued herein 
on February 20, 1975, is hereby terminated. 

(C) Notwithstanding the termination of the investigation 
as set forth in Ordering Paragraph (B), the second and third 
conditions of the Commission's Order Granting Motion of Alabama 
Power Company for Issuance of a Limited Work Authorization 
for Walter Bouldin Dam With Conditions, issued June 17, 1976, 
shall remain'in force pending the Commission's action on 
Alabama Power Company's application for amendment of its license 
to authorize'reconstruction of Walter Bouldin Dam. 

(D) All exceptions are denied to the extent that they 
are not expressly granted in the body of this opinion and order. 

(E) Promptly after the issuance of this opinion and 
order'the Bureau of-Power shall prepare and issue a report 
as described in the last paragraph of the body of this opinion 
and order. 

(F) Alabama Power Company shall forfeit to the United 
States an amount not exceeding $1,000 to be fixed by the 
Commission in a proceeding to be initiated pursuant to S3.141 
of the Commission's Rules and Regulations under the Federal 
Power Act, for willfully failing in October 1972 to notify 
the Conmission's Regional Engineer, in compliance with 
Article 4 of its license for Project No. 2146 and the Commission 
order issuing its license, of the date upon which maintenance 
work upon the Walter Bouldin Dam would begin. 

By the Commission. 

( S E A L . )  

Kenneth F. Plumb, 
Secretary. 
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111. The fol lowing procedures should be used i n  t h e  design., 
cons t r u c  t ion ,  opera t i o n  and maintenance of t h e  recon- 
s t r u c t e d  Walter  Bouldin Dam. 

a .  No a t tempt  should be made t o  t i e  i n  t h e  embankment 
t o  t h e  e a s t  and west faces  of  t he  i n t a k e  s t r u c t u r e ;  
i n s t e a d ,  conc re t e  wing wa 11s (non-overf low g r a v i t y  
oionoliths) should be cons t ruc t ed  ou t  from t h e  
e a s t  and west faces  a  s u f f i c i e n t  d i s t a n c e  s o  
t h a t  the  approach f i l l s  can be wrapped around t h e  
wing w a l l s .  The wing wa l l s  should be founded 
on bedrock t o  provide a  c u t o f f  and should have 
s i d e  and end s lopes  of 2 v e r t i c a l  on 1 h o r i z o n t a l  
o r  f l a t t e r  s o  t h a t  hand compaction w i l l  n o t  be 
r equ i r ed .  A g r a v i t y  conc re t e  monolith should be 
provided a long  t h e  n o r t h  (upstream) f ace  of the  
conc re t e  i n t a k e  s o  a s  t o  provide a  b u t t r e s s  f o r  
t he  e a s t  and west wing w a l l s .  

b. A s  much of t h e  impervious cover has been removed 
by the  scour  dur ing  the  f a i l u r e ,  a  p o s i t i v e  c u t o f f  
t o  an impervious member should be provided f o r  
the  e n t i r e  length  o f  the  e a s t  and west  d ikes .  The 
base of  t h e  c u t o f f  t rench  should be t r e a t e d  t o  
prevent  p ip ing  of t h e  embankment i n t o  bedrock 
openings.  Appropria te  exp lo ra t ions  and g rou t ing  
should be accomplished dur ing  c o n s t r u c t i o n  wi th  
c o n t r o l  on g rou t ing  p re s su re s  t o  prevent  l i f t i n g  
( jack ing)  of t he  rock.  

c .  P o s i t i v e  c o n t r o l  of  through seepage should be provided 
through i n c l i n e d  and hor izonta  1 d r a i n s  cork t r u c  t ed  
from plant-processed m a t e r i a l s .  

d. The o u t e r  s l o p e s  should be designed f o r  a n  
unquest ionable  margin of  s a f e t y  a g a i n s t  f a i l u r e  .- 

f o r  end of  c o n s t r u c t i o n ,  ra 'pid drawdown, and through 
seepage cond i t i ons .  

e. Ins t rumenta t ion  should be provided t o  monitor pore 
p re s su re s  and movements dur ing  c o n s t r u c t i o n s  , and 
t o  monit0.r p i e iome t r i c  l e v e l s ,  seepage d i scha rges ,  
and movement a f t e r  c o n s t r u c t i o n .  Schedules f o r  
i n s  trumenta t i o n  read ings  should be developed f o r  - 
t h e  cons t ruc t ion  and opera t i ona  1 s t a g e s  . Deta i l ed  
i n s t r u c t i o n s  should be provided on p l o t t i n g  the  - 
d a t a ;  and forms f o r  p l o t t i n g  t h e ' d a t a  should be 
furn ished  f i e l d  personne 1. 

I 
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f .  A w r i t t e n  r e p o r t  p r e s e n t i n g  t h e  b a s i s  f o r  d e s i g n  
s h o u l d  be s u b m i t t e d  t o  t h e  F e d e r a l  Power Commission 
f o r  a p p r o v a l  p r i o ?  t o  comple t ion  o f  t h e  p l a n s  and  
s p e c i f i c a t i o n s .  The b a s i s  f o r  d e s i g n ,  t h e  f i n a l  
d e s i g n ,  and t h e  p l a n s  and s p e c i f i c a t i o n s  s h o u l d  
be reviewed and approved by t h e  F e d e r a l  Power 
Commission. S p e c i a l  emphasis  s h o u l d  be g i v e n  i n  
t h e  rev iew t o  t h e  c o n s t r u c t i b i l i t y  o f  t h e  d e s i g n .  

g .  The q u a l i f i c a t i o n s  and b i d s  o f  t h e  c o n t r a c t o r s  
s h o u l d  be c a r e f u l l y  s c r u t i n i z e d  p r i o r  t o  awarding 
t h e  c o n t r a c t .  

h .  A q u a l i f i e d  i n s p e c t i o n  s t a f f  shou ld  be p r o v i d e d .  
It shou ld  i n c l u d e  a  g e o l o g i s t  t o  s u p e r v i s e  the 
g r o u t i n g  program, map t h e  f o u n d a t i o n ,  and t o  
p r e p a r e  a  f o u n d a t i o n  r e p o r t .  It shou ld  a l s o  
i n c l u d e  a  s o i l s  mechanics e n g i n e e r  t o  s u p e r v i s e  
t h e  embankment, c o n s t r u c t i o n ,  s u p e r v i s e  i n s t a l l a t i o n  
o f  t h e  i n s t r u m e n t s ,  e v a l u a t e  i n s t r u m e n t a t i o n  d a t a ,  
and p r e p a r e  t h e  embankment c o n s t r u c t i o n  r e p o r t .  
S u f f i c i e n t  i n s p e c  t o r s  and ma t e r i a  1s t e c h n i c i a n s  
s h o u l d  be p rov ided  t o  p r o v i d e  i n s p e c t i o n  and t e s t i n g  
on a l l  s h i f t s .  O r i e n t a t i o n  programs shou ld  be h e l d  
f o r  t h e  i n s p e c t i o n  s t a f f  t o  emphasize t h e  impor tance  
o f  t h e i r  work i n  a c h i e v i n g  a s a f e  s t r u c t u r e .  

i. S i t e  i n s p e c t i o n s  shou ld  be schedu led  f o r  t h e  
d e s i g n e r s ,  F e d e r a l  Power Connnission e n g i n e e r s ,  
and boards  o f  c o n s u l t a n t s  a t  a p p r o p r i a t e  t imes  
d u r i n g  t h e  f o u n d a t i o n  e x c a v a t i o n  and d u r i n g  t h e  
c o n s t r u c t  ion  of t h e  embankment. S - l i d e s  , e x c e s s i v e  
p o r e  p r e s s u r e s ,  o r  o t h e r  c o n s t r u c t i o n  problems 
shou ld  be promptly brought  t o  t h e  a t t e n t i o n  o f  t h e  
d e s i g n e r s  and t h e  FPC. 

An i n s p e c t i o n  o f  t h e  dam shou ld  be schedu led  d u r i n g  
t h e  i n i t i a l  f i l l i n g  by t h e  d e s i g n e r s  and t h e  FPC. 
The f o u n d a t i o n  and embankment r e p o r t s  accompanied 
by i n s t r u m e n t a t i o n  p l o t s  shou ld  be a v a i l a b l e  f o r  
r ev iew by t h e  i n s p e c t i n g  p a r t i e s .  Continuous 
moni to r ing  of  t h e  i n s t r u m e n t a t i o n  d a t a  by a s o i l s  
mechanics e n g i n e e r  sh'ould be r e q u i r e d .  The 
*damtenders shou ld  be i n s t r u c t e d  a s  t o  e s s e n t i a  1 
i tems such  a s  seepage ,  s l i d e s ,  dampspots,  e t c . ;  
t o  be  n o t e d  i n  t h e i r  d a i l y  i n s p e c t i o n .  Annual 
i n s p e c t  ions  shou ld  be r e q u i r e d  f o r  t h e  r e c o n s t r u c t e d  
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dam, and t h e  r e p o r t s  shou ld  i n c l u d e  updated 
p l o t s  o f  a l l  t h e  i n s t r u m e n t a t i o n  d a t a  w i t h  a n a l y s i s  
t h e r e o f .  The r e p o r t s  shou ld  a l l  i n c l u d e  d e t a i l e d  
d e s c r i p t i o n s  o f .  a l l  problems r e l a t e d  t o  t h e  
s t a b i l i t y  and s a f e t y  o f  t h e  s t r u c t u r e .  The r e p o r t s  
shou ld  d e s c r i b e  t h e  r e q u i r e d  r e m e d i a l  work f o r  
t h e  problems and i n c l u d e  a  s c h e d u l e  f o r  accomplishment 
t h e r e o f .  Ttie FPC shou ld  be promptly,  n o t i f i e d  of  any 
problems r e l a t i v e  t o  t h e  s a f e t y '  of  t h e  s t r u c t u r e  t h a t  
develop between t h e  annua 1 i n s p e c t i o n s  . Annua 1 
i n s t e a d  of  b i e n n i a  1 i n s p e c t  i o n  shou ld  be '  h e l d  a t  t h i s  
p r o j e c t  f o r  a n  i d e f i n i t e  p e r i o d  due t o  t h e  d i f f i c u l t  
g e o t e c h n i c a l  s i t e  c o n d i t i o n s .  

k. The l i c e n s e e  shou ld  p rov ide  comp l'e t e  . s p e c i f i c a t i o n s  
f o r  compact.ion of e a r t h f  ill. Thes,e compaction 

, 
s p e c  i f  i c a  t ions  shou ld  p rov ide  s p e c i ' f i c a  l l y  f o r  
m o i s t u r e  c o n t r o l  and t h e  t y p e  o f  compa'ction equipment.  

Testimony i n d i c a t e s  t h a t  t h e  e n t i r e  l e n g t h  o f  
fo rebay  embankment was c o n s t r u c t e d  ' w i t h  l i m i t e d  
embankment t e s t i n g  and  i n s p e c t i o n .  For t h e s e  
r e a s o n s  i t  must be assumed t h a t  t h e  i n t e g r i t y  
o f  t h e s e  embankments a s  c o n s t r u c t e d ,  i s  s u b j e c t  t o  
q u e s t i o n  and w i l l  be presumed a s  u n s u i t a b l e  f o r  
r e s e r v o i r  conta inment  u n t i l  i n v e s t i g a t e d  and demon- 
s t r a  t e d  a c c e p t a b l e .  
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Section 9 of the Federal Power Act provides in 
pertinent part: 

"That each applicant for a license hereunder shall 
submit to the Commission - 

"(a) Such maps, plans, specifications, and estimates 
of cost as may be required for a full understanding 
of the proposed project. Such m a ~ s  , plans, and 
specifications when approved by the Commission shall 
be made a part of the license; and thereafter no change 
shall be made in said maps, plans, or specifications 
until such changes shall have been approved and made 
a part of such license by the Commission." 

- 

Section 10 of the Federal Power Act provides in 
pertinent part: . 

"All licenses issued under this Part shall be on the 
following conditions: 

"(a) That the project adopted, including the 
maps, plans, and specifications, shall be such as 
in the judgment of the Commission will be best 
adapted to a comprehensive plan for improving or 
developing a waterway or waterways for the use or 
benefit of interstate or foreign'commerce, for 
the.improvement and,utilization of water power 
development, and for other beneficial public uses, 
including recreational purposes; and if necessary 
in order to ' secure such plan the Commission shall 
have authority to require the'modification of any 
project and of the plans and specifications of the 
project works before approval. 

. . . . 

"(b) That except when emergency shall require for 
the protection of navigation, life, health, or 
property, no substantial alteration or addition 
not in conformity with the approved plans shall 
be made to any dam or other project works constructed 
hereunder or of.an installed capacity in excess of 
two thousand horsepower without the prior'approval 
of the Commission;' and any emergency alteration or 
addition so made shall thereafter be subject'to 
such modification and change as the Commission may. 
direct. 
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"(c) That the licensee shall maintain the project 
works in a condition of repair adequate for the 
purposes of navigation and for the efficient 
operation of said works in the development and 
transmission of power, shall make all necessary 
renewals and replacements, shall establish and 
maintain adequate depreciation reserves for such 
purposes, shall so maintain and operate said works 
as not to impair navigation, and shall conform 
to such rules and regulations as the Commission 
may from time to time prescribe for the protection 
of life, health, and property. Each licensee 
hereunder, shall be liable for all damages occasioned 
to the property of others by the construction, main- 
tenance, or operation of the project works or of the 
works appurtenant of accessory thereto, constructed 
under the license, and in no event shall the 
United States be liable therefor." 

Article 3 of the license provides: 

"Sa id  p r o j e c t  works s h a l l  be  c o n s t r u c t e d  
i n  s u b s t a n t i a l  con fo rmi ty  w i t h  t h e  
approved  e x h i b i t s  r e f e r r e d  t o  i n  a r t i c l e  
2 h e r e i n  o r  a s  changed i n  acco rdance  
w i t h  t h e  p r o v i s i o n s  of s a i d  a r t i c l e .  
Except  when emergency s h a l l  r e q u i r e  
f o r  t h e  p r o t e c t i o n  of n a v i g a t i o n ,  l i f e ,  
h e a l t h ,  or p r o p e r t y ,  no s u b s t a n t i a l  
a l t e r a t i o n  o r  a d d i t i o n  n o t  i n  con fo rmi ty  
w i t h  t h e  approved p l a n s  s h a l l  be  made t o  
any dam o r  o t h e r  p r o j e c t  works under  t h e  
l i c e n s e  w i t h o u t  t h e  p r i o r  a p p r o v a l  o f  t h e  
Commission; and any emergency a l t e r a t i o n  
o r  a d d i t i o n  s o  made s h a l l  t h e r e a f t e r  be  

. s u b j e c t  t o  s u c h  m o d i f i c a t i o n  and change 
a s  t h e  Commission may d i r e c t .  Minor 
changes  i n  t h e  p r o j e c t  works o r  d i v e r g e n c e  
f r o n  such  approved e x h i b i t s  may be r z d e  i f  
such  changes  w i l l  n o t  r e s u l t  i n  d e c r e a s e  
i n  e f f i c i e n c y ,  i n  m a t e r i a l  i n c r e a s e  i n  
c o s t ,  o r  i n  impairment  o f  t h e  g e n e r a l  
scheme o f  development ;  b u t  any o f  such  
minor  changes  made wi thou t  t h e  p r i o r  
a p p r o v a l  o f  t h e  Commission, which i n  i t s  
judgment have produced o r  w i l l  p roduce  any 
of  such  r e s u l t s ,  s h a l l  be  s u b j e c t  t o  such  
a l t e r a t i o n  a s  t h e  Commission may d i r e c t .  
The l i c e n s e e  s h a l l  com?ly w i t h  such  r u l e s  
and r e g u l a t i o n s  o f  g e n e r a l  o r  s p e c i a l  
a p p l i c a b i l i t y  a s  t h e  Commission may from 
t i m e  t o  t ime  p r e s c r i b e  f o r  t h e  p r o t e c t i o n  

1 1  of  l i f e ,  h e a l t h ,  o r  p r o p e r t y .  
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A r t i c l e  4  o f  t h e  l i c e n s e  p r o v i d e s :  

,The c o n s t r u c t  i o n ,  c ~ p e r a t i  on ,  and maill- 
t cnance  of t h e  p ro , i ec t  and any work 
i n c i d e n t  t o  a d d i t i o r l s  o r  c l l te12at io~i : : ,  
whctllcr o r  no t  co~lduct.cd upon l a n d s  of  
t i ~ c  Unitcd S t a t e s ,  : ; h a i l  be subject L O  
t11c I n s p e c t i o n  a n d  supc'rvisiol. i  of t t ic 
R c ~ i  o n i  1 Lpg,inecl-, Federa 1  I'o\-lel1 Cor:lrll2 s- 
s i o n ,  i n  t h c  r e g j c , ~ ~  wherein t h e  projcc:l. 
i s  l o c ~ t e d ,  o r  o f  suc f ;  o t h e r  o f f i c e r  o r  
a g e n t  2s t h e  Co~ii~i; :xion may designate, 
who s h a l l  be t h c  b u t h o r i z e d  r c p r e s c n t a -  
t i v e  of  t h e  Connissi.on f o r  such purposes .  
The l i c e n s e e  s h a l l  f u r n i s h  t o  s a i d  I*ep.re- 
s e n t a t i v e  such informat ior i  as he may 
r e q u i r e  concern in^ t h e  C O I ~ S  t r u e  t i o n ,  
o p e r a t i o n ,  and r; ,aintenancc of  L t ~ c  p r o j c c t  
and o f  any a1 te ra t :on  t h e r e o f ,  and s h a l l  
n o t i f y  him of t h e  a s t c  upon which w o r k  
w i l l  b e g i n ,  and a s  f a r  i n  advance t i ~ e r c o f  
a s  s a i d  represefi:ai.ive may r easonab ly  
s p e c f f y ,  and s h a l l  n o t i f y  hini p r o z ? t l y  
i n  w r i t i n e  o f  any suspens ion  of  work f o r  
a p e r l a d  oi' more t h a n  one week, s n d  oi' 
i t s  resumpt ion  and comple t ion .  The 
l i c e n s e e  s h a l l  a l low him and ot.)lei- 
o f f i c e r s  o r  employees o f  t h e  Uni ted  
S t a t e s ,  showing p r o p e r  c r e d c n ? . l a l s ,  
f r e e  and u n r e s t r i  ct.cd acce.ss  t o ,  th~*ouy;i?, 
and a c r o s s  t h e  p r o j e c t  l a n d s  and p r o j e c t  
works i n  t h e  performance of  t h e i r  o f f i -  
c i a l  d u l i e s .  





UNITED STATES OF AMERICA 
FEDERAL POWER COMMISSION 

Before Commissioners: Richard L. Dunham, Chairman; 
Don S. Smith, John H .  Holloman 111, 
and James G .  Watt. 

Alabama Power Company 1 Project No. 2146 

ORDER Al4ENDING LICENSE (MAJOR) 

(Issued Apri l  29,  1977) 
On December 16, 1975, Alabama Power Company (Licensee) 

filed an application under the Federal Power Act (16 U.S.C. 
S791a-825r) for amendment of license for the Walter Bouldin 
development, one of several developments licensed under 
FPC Project No. 2146, on the Coosa River, a navigable water 
of the United States. 

Public notice of the application was given on March 31, 
1976, with May 24, 1976, as the last day for responses 
thereto. No protests or petitions to intervene were 
received. 

The amendment of license would authorize the rehabili- 
tation and rebuilding of those facilities and structures 
that were damaged by the breach of Walter Bouldin Dam on 
February 10, 1975. Licensee proposes to rebuild the dam 
at the same location, again using an earth embankment. The 
tailrace would be dredged to remove the material eroded 
from the dam embankment and the reservoir area during the 
failure. The intake and powerhouse facilities would be 
repaired and restored to operating condition. 

The original Walter Bouldin development was completed 
in 1967. It consisted of a 7000-foot intake canal that 
drew water from the reservoir of the Jordan Project No. 
618, a 920-acre forebay pond, an earth dam (maximum 
height--about 164 feet), a powerhouse containing three 
75,000 kW units and a 5-mile long tailrace channel. 

On February 10, 1975, the east embankment of Walter 
Bouldin Dam failed within a matter of hours without warning. 
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T h i s  and o t h e r  f a c t o r s l /  r a i s e d  q u e s t i o n s  abou t  t h e  s a f e t y  
and adequacy o f  p r o j e c t s  s u b j e c t  t o  o u r  j u r i s d i c t i o n  under  
t e r m s  o f  t h e  F e d e r a l  Power A c t  ( A c t )  and t h e  c o n d i t i o n s  of  
t h e  l i c e n s e  f o r  t h i s  p r o j e c t .  Consequent ly ,  w e  o r d e r e d  a  
formal  i n v e s t i g a t i o n /  p u r s u a n t  t o  t h e  A c t  i n t o  t h e  c a u s e s  
o f  t h e  f a i l u r e  and provided  f o r  a n ' e v i d e n t i a r y  h e a r i n g ;  o u r  
purposes  w e r e  s e v e r a l :  

. s  

We a r e  ' t h e r e f o r e  o r d e r i n g  a  f u r t h e r  fo rma l  
i n v e s t i g a t i o n  p u r s u a n t  t o  t h e  A c t  i n t o  t h e  c a u s e s  
of  t h i s  dam f a i l u r e  i n  o r d e r  t o  de t e rmine  t h e  
p r o p e r  r emed ia l  a c t i o n s  which shou ld  b e  t aken  t o  . 

a s s u r e  t ha t  l i f e ,  h e a l t h ,  and p r o p e r t y  a r e  a d e q u a t e l y  
p r o t e c t e d  a t  t h i s  dam and o t h e r  dams. under  t h e  
c o n t r o l  o f  t h e  l i c e n s e e .  The formal  i n v e s t i g a t i o n  
shou ld  a l s o  de t e rmine  whether  t h e  p r o v i s i o n s  of  
t h i s  A c t  o r  any r u l e ,  r e g u l a t i o n ,  o r  o r d e r  of  t h e  
Commission have been v i o l a t e d  and ,  i f  s o ,  which 
may have caused  o r  c o n t r i b u t e d  t o  t h e  dam's f a i l u r e .  

Fol lowing t h e  comple t ion  o f  t h e  p r e s e n t  S t a f f  
f i e l d  i n v e s t i g a t i o n  and t h e  fo rma l  i n v e s t i g a t i o n  
an e v i d e n t i a r y  h e a r i n g  p u r s u a n t  t o  S e c t i o n  1 0 ( c )  
[15 U.S.C. 8803 ( c ) ]  and 308 [ I 5  U.S.C. 8825g(a)  I 
o f  t h e  A c t  s h a l l  be  .he ld  t o  document and de t e rmine  
t h e  c a u s e  o f  t h i s  dam f a i l u r e  and any r emed ia l  
a c t i o n s  which may b e  war ran ted  t o  c o r r e c t  any 
v i o l a t i o n s  o f  t h e  Act o r  any r u l e ,  r e g u l a t i o n ,  
o r  o r d e r  t h e r e u n d e r  o r  t o  a s s u r e  t h a t  t h i s  dam 
f a i l u r e  o r  t h e  p o t e n t i a l  f o r  f a i l u r e  o f  any o t h e r  
r e l a t e d  dams under  t h e  c o n t r o l  of t h e  l i c e n s e e  
w i l l  n o t  occu r  o r  r e o c c u r .  21 

1/ While t h e r e  was no l o s s  o f  human l i f e ,  t h e  l o s s  o f  t h i s  - 
energy  s o u r c e  p l a c e d  h a r d s h i p  upon t h e  r a t e p a y e r s .  

2/ FPC S t a f f  had upon n o t i f i c a t i o n  o f  t h e  f a i l u r e  commenced - 
a  f i e l d  i n v e s t i g a t i o n .  

3/ Alabama Power Company, P r o j e c t  No. 2146, Order  I n s t i t u t i n g  - 
I n v e s t i g a t i o n  And P rov id ing  For  Hearing ( i s s u e d  
February  2 0 ,  1 9 7 5 ) .  
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Mindful of the hardship caused by the failure and the 
attendant delay, we are nevertheless satisfied that the 
public has been well served by this extensive investigation. 
The evidence produced thereby has demonstrated the need 
for additional protective measures and increased Commission 
surveillance over various stages of hydroelectric develop- 
ment, including design, construction, and maintenance. 
Increased surveillance by the Commission, however, would 
not relieve licensees of the primary responsibility for 
the safety of their hydroelectric developments. 

Our amendment of the Project No. 2146 license in the 
manner hereinafter provided implements those measures deemed 
necessary and appropriate to ensure the safety and adequacy' 
of the rehabilitated project works, and a reliable source 
of power. 

Financial Considerations 

' Licensee estimates that the total capital cost of 
reconstructing the Bouldin development would be $24,412,250 .%I 
The total estimated annual cost of producing power by the 
proposed reconstructed project is $7,209,000. The annual 
cost of producing equivalent power from the most reasonable 
alternative, a combined cycle generating station, would be 
$24,083,000. Thus, the estimated net annual benefit of 
reconstructing the Bouldin development 1s $17,074,000. 

With regard to its ability to finance the reconstruction 
of the development, Licensee states that it has an established, 
ready market for its securities and the sale of these will 
assist it in financing the proposed work. 

Agency Comments 

By letter dated February 24, 1976, the Secretary of the 
Commission requested appropriate State and Federal agencies 
to review and comment upon the subject application for amend- 
ment of license. Comments on'the application were received 
from the following State and Federal agencies: 

4/ All cost figures are based on 1975 prices. - 
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Department of Transportation, 
U.S. Coast Guard, dated April 19, 1976 

Department of the'Army, 
U.S. Army Corps of Engineers, dated April 21, 1976 

Department of the Interior, dated April 21, 1976 . 

U.S. Energy Research and Development Administration, 
dated May 6, 1976 

Department of Health, Education and Welfare, 
dated May 6, 1976 

U.S. Environmental Protection Agency, dated 
- May 13, 1976 

State of Alabama, Department of Conservation and 
Natural Rcsources, dated April 23, 1976 

Relevant substantive comments and Licensee's response thereto 
are discussed hereinafter. 

Navigation 

The Corps of Engineers recommended that additional 
conditions be made part of the license to provide for water 
releases for navigation purposes and for coordination with 
downstream Corps projects. Regarding water releases for 
navigation purposes, the Corps recommended that such releases 
be specified by its District Engineer for navigation below 
the Corps' existing Claiborne Lock and Dam. Licensee opposes 
this as an open-ended requirement. With respect to a require- 
ment for coordination with the Corps' downstream projects, 
Licensee states that a coordination procedure has been worked 
out with the Corps. 

We have determined that current terms of the Project 
No. 2146 license adequately cover the concerns raised by 
the Corps. Article 18 provides that the Secretary of the 
Army may require the release of project water and control 
operation of the project for navigation purposes. Addi- 
tionally, Article 39 provides for coordination of operation 
of the Bouldin development with the Corps' existing Jones 
Bluff project. Should the Licensee fail to cooperate with 
the Corps on the basis of these articles, we will entertain 
an appropriate complaint from the Corps at that time. 
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Subject to the above discussed recommendations, the 
Corps approved the plans of project structures insofar as 
the interests of navigation are concerned. / 

Historical arid Archeoloqical Res'ources 

No sites within the area of proposed reconstruction 
are included in the current National Register of Historic 
Places. The Alabama Historical Commission has reported 
that there are no known historical or archeological sites 
in the construction area. The Historical Commission requested 
that if borrow material is to be taken from new borrow areas 
outside the project boundary, assurance be made that no 
historical or archeological sites are disturbed. We have 
made provision in Article 58 for Licensee's consultation 
with the Alabama State.Historic Preservation Officer prior 
to the use of new borrow or spoil areas. . 

Recreation 

In commenting on the subject application, Interior 
expressed its concern that the potential of the Bouldin 
development to meet identified recreation needs has not 
yet been fully explored. Interior stated that a more 
comprehensive review will be carried out when it reviews 
Licensee's revised Exhibit R for Project No. 2146 which 
was filed with the Commission on October 6, 1975. ~icensee 
states that it has assessed the recreational potential of 
the Bouldin development and established that the planned 
reconstruction is consistent with the project's potential 
for recreation. 

We are not inclined at this time to pursue any dis- 
cussion of recreation related issues. Our consideration 
of such issues should be deferred until all relevant com- 
ments on Licensee's revised Exhibit R have been received 
and analyzed by the Conu~~ission staff. Accordingly, any 
decisions we reach regarding recreational development at 
the Bouldin development will derive from a separate proceeding 
in the future. 

5/ By letter dated September 4, 1975, ~icensee was advised by - 
the District Engineer of the Mobile District of the Corps 
of Engineers that a pennit pursuant to Section 404 of the 
Federal Water Pollution Control Act of 1972 (Publ. L. No. 
92-500) would not be necessary for the rehabilitation work. 
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Fishery Resources 

Both Interior and the Alabama Department of Conserva- 
tion and Natural Resources (DCNR) have commented that the 
Bouldin development can affect fishery resources below 
Bouldin and Jordan Dams and recommended modified releases 
at Bouldin to enchance the tailwater fishery. Licensee 
responds that fishing in the tailwater would be unsafe 
because the tailrace below Bouldin powerhouse would be 
extremely turbulent and the water could rise 10 to 13 
feet almost immediately. The intake and tailrace canals 
were constructed to provide for a possible future navigation 
lock. Access to the tailrace would be difficult as steep, 
unstable banks go down 75 feet to the water, and the proposed 
Corps of Engineers lock would cut off access to the tailrace 
from the east. Steep sides below the waterline and wash 
from movement of commercial navigation on the tailrace 
channel would prevent development of safe shoreline areas 
for boat launching facilities. Furthermore, Licensee 
estimates that the releases requested for fishery improve- 
ment would reduce generation by 59,000,000 kwh at an annual 
replacement value $619,500. 

The divergent comments of the interested parties pre- 
clude any Commission judgment on the feasibility or potential 
of a tailrace fishery at this time. Inasmuch as agency 
comments regarding this fishery at Bouldin are recreation 
oriented, we deem it more appropriate to consider this 
matter at a later date in conjunction with Licensee's 
revised Exhibit R for Project No. 2146. 

Environmental Considerations 

The Environmental Protection Agency reported that the 
proposed reconstruction would result in only slight impacts 
on water quality and the area ecosystem provided measures 
to protect the environment and to mitigate adverse effects 
are followed. 

Runoff occurring during reconstruction in the forebay 
area would be directed to a holding pond and then pumped 
into the tailrace canal approximately 2,000 yards below the 
powerhouse. This runoff is not expected to cause any 
significant increase in sedimentation or turbidity in 
Pigeon Roost Creek or the Coosa River downstream from the. 
powerhouse. Discharges from the tailrace canal are to meet 
applicable State and Federal water quality standards. 
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During construction, dirt roads would be watered to 
prevent excessive dust; and waste mate,rials would be burned 
in accordance with State regulations. Noise levels would be , 

controlled by mufflers in accordance with State and Federal 
regulations. Operations that might involve sanitary waste 
disposal, oil spillage, dredging, spoil pile runoff, or the 
use of insecticides would meet Environmental Protection 
Agency and Alabama Water Improvement Commission guidelines. 

DCNR expressed its concern about erosion at the spoil 
areas and recommended that spoil be treated in accordance 
with EPA guidelines and that it be revegetated as soon as 
practicable. Additionally, DCNR recommended methods such 
as riprapping to remedy continuing erosion along the tail- 
race canal. 

Borrow areas associated with dam reconstruction would 
be primarily confined to the forebay. If additional borrow 
material is needed, it would be obtained from a site outside 
the project boundary now being used for pasture and row 
crops. Licensee states that if borrow material is required 
from a site outside of the project, topsoil would be returned 
to the land as stipulated by the owner. Borrow for the 
temporary dikes and diversions would be taken from existing 
spoil areas and returned to these same areas after construc- 
tion. Licensee has advised us that it intends to revegetate 
spoil and borrow areas at the earliest practical time. We 
have provided for the earliest possible revegetation of 
borrow and spoil areas in Article 57 set forth hereinafter. 

In response to DCNR's recommendation of the use of 
riprap along the tailrace canal, Licensee stated that erosion 
of the tailrace canal has not caused nor is anticipated to 
cause any significant environmental problems. Consequently, 
Licensee asserts the use of riprap would be economically 
unjustified. Inasmuch as the severity of the erosion 
situation has not been established, we shall direct the 
Licensee to conduct a study thereof in cooperation with 
DCNR and submit a report for Commission consideration. 
This study is provided for in Article 59, set forth herein- 
after, requiring Licensee to take reasonable measures to 
prevent soil erosion, stream sedimentation, and water or 
air pollution. 

Water quality monitoring i'n the Coosa River near the 
Walter Bouldin site has been carried out by Licensee for 
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several years. Results of this monitoring program indicate 
that the waters of the project area are of good quality. 
In addition, Licensee has entered into a cooperative agree- 
ment with the United States Geological Survey to establish 
continuous water quality monitoring upstream from the Walter 
Bouldin site. This monitoring provides continuous data for 
five parameters: dissolved oxygen, temperature, pH, 
turbidity and conductivity. / 

The proposed action would rebuild a formerly operating 
facility. There would be no change in operating procedures 
previously followed. No additional construction, trans- 
mission lines or land would be required. Measures to control 
runoff during construction have been included in the proposal 
and Licensee has a water quality monitoring system in 
operation. Accordingly, our approval of this application 
for amendment of license to reconstruct the Walter Bouldin 
development would not be a major Federal action significantly 
affecting the quality of the human environment. The prepara- 
tion of an environmental impact statement pursuant to the 
requirements of the National Environmental Policy Act of 
1969 and Commission Order No. 415-C is therefore not required. 

Conservation 

The reconstruction of the Bouldin, development would 
provide for the restoration of a renewable source of energy 
equivalent to that provided by 200,000 tons of coal or 
725,000 barrels of oil per annurn. 

Safety and Adequacy 
. . 

We turn now to consideration of the safety and adequacy 
of the Bouldin development as reflected in the plans filed 
as part of this application for reconstruction. In light 
of our extensive investigation of the failure of Walter 
Bouldin Dam and the conclusions reached in our order and 
opinion terminating that investigation, reviewing the 

6/ Pursuant to Section 401(a) of the Federal Water Pollution - 
Control Act Amendments of 1972, the Alabama Water Improve- 
ment Commission issued a certification to Alabama Power 
Company of Birmingham, Alabama; for the reconstruction 
of Walter Bouldin Dam. 
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proposed plans and assuring appropriate construction pro- 
cedures have been the subject of our special attention. 

In his initial br-ief to the Presiding Administrative 
Law Judge (ALJ) in the proceeding investigating the failure 
of  alter Bouldin Dam, Staff Counsel offered twelve specific 
suggestions relating to the redesign of the dam. We agreed 
with the ALJ's determination that the scope of the investi- 
gatory proceeding did not permit evaluation of ~ta£f Counsel's 
proposals. We agreed to.that conclusion "without expressing 
any views on the merits of the Staff's 'specific recommenda- 
tions' and without prejudice to their consideration as part 
of Alabama Power's License amendment proceeding. . . "11 Without 
discussing each of Staff Counsel's specific suggestions, we 
wish to note that our review of Licensee's plans for recon- 
struction revealed that to a great extent Staff Counsel's 
concerns have been adequately provided for. Those plans 
have been carefully reviewed by the technical staff in our 
Bureau of Power, and we are confident that the plans in 
conjunction with the procedures set forth in the license 
conditions we shall now discuss should assure that the 
rehabilitated project works are safe and adequate. 

In the Initial ~ecision on Investigation of Earth 
Fill Walter Bouldin Dam Failure, issued August 19, 1976, 
the ALJ set forth recommendations for remedial action to 
assure the protection of life, health, and property at 
Bouldin and other projects under the control of the Licensee. 
For the purposes of this order, we have consolidated those 
recommendations into the following three categories and 
provided for special license requirements appropriate to 
each. 

(1) Dam Design 

The ALJ cautioned that design criteria for earth fill 
dams must be reasonably conservative. 

The plans for repairing and modifying the earth embank- 
ments show that about 5000 feet of the east-north embankment, 
including the breached section. and all of the west embankment 

7/ Alabama Power Company, Project No. 2146, Opinion and Order - 
Terminating Investigation of Failure of Walter Bouldin 
Dam (issued April , 1977). - 
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(about 2100 feet) will be reconstructedror modified to 
have an upstream slope of 2.5 horizontal to 1.0 vertical, 
a downstream slope of 2.0 horizontal to 1.0 vertical and 
a sloping impervious core founded in a cutoff trench. 

Licensee's stability analysis of the proposed design, 
using soil characteristics determined by laboratory analysis, 
shows that the dam will have satisfactory factors,of safety 
against sliding under normal reservoir levels and earthquake 
and sudden drawdown conditions, if constructed properly and 
according to the specifications. 

The proposed design of the junction between the earth 
embankments and the existing intake structure has been 
examined and is considered adequate to minimize the possi- 
bility of leakage at that point. 

The design of the existing intake structure and power- 
house was analyzed for stability prior to their construction 
and was found to be safe. A visual inspection of the 
structures subsequent to the dam's failure indicates that 
they did not develop cracks or settle as a result of the 
unusual loading, an observation that leads us to conclude 
that the structures are safe for continued use. 

In order to assure appropriate monitoring of dam design, 
we have included in Article 54 a requirement that final con- 
tract bid specifications and drawings be submitted to the 
Chief, Bureau of Power for approval prior to commencement 
of reconstruction. Furthermore, the Bureau of Power 'staff 
has reviewed the preliminary drawings and specifications 
for reconstruction submitted by the Licensee, and by letter 
to the Licensee dated January 24, 1977 recommended certain 
changes in those drawings and specifications. By letter 
dated March 25, 1977, Licensee indicated that the recommended 
changes will be reflected in the final drawings and speci- 
fications that are to be submitted for approval by the Chief, 
Bureau of Power pursuant to Article 54. 

(2) Construction Inspection 

The ALJ was critical of the inspection during construc- 
tion of the earth fill dam by the Licensee and recommended 
thorough inspection by well trained inspectors who keep 
detailed records. 
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Although adequate inspection procedures are an 
inherent responsibility of any licensee undertaking con- 
struction of project works, we have specifically provided 
for the filing of a quality assurance.plan in conjunction 
with the final contract bid specifications and drawings. 
That plan should set.forth in detail the procedures to he 
utilized to assure that actual construction conforms to 
the approved specifications. Additionally, monitoring 
Licensee's construction inspection program is included as 
a responsibility of the Board of Independent Consultants,. 
that the Licensee is required to retain pursuant to 
Article 55. The qualifications of the proposed Board 
members shall be submitted to the Chief, Bureau of Power 
for approval. 

(3) Project Maintenance and Commission Notification 

Acknowledging the possibility of slides, springs, 
foundation problems, and other matters that may occur at 
earth fill dams, the ALJ recommended thorough investigation 
and prompt reporting of any such occurrence that might 
indicate a basic weakness in a segment of the dam. 

In light of the handling of the 1972 slide at the 
Bouldin development, we deem it appropriate to refer 
Licensee to our discussion thereof in our opinion and order 
terminating investigation of failure of Walter Bouldin Dam, 
specifically finding paragraphs 33-38. Licensee has the 
responsibility, under its license, to immediately notify 
the Commission's Regional Engineer in the event of any 
development that could have an effect on the safety of any 
project structure. Such notification should be followed 
by a detailed written report on the occurrence, including, 
inter alia, any remedial measures planned or undertaken. -- 
Exhibit L 

The Exhibit L drawings submitted by the Licensee have - .  
been examined and found to conform generally to the Commission's 
Rules and Regulations. Subject to the further conditions 
imposed by Article 54, we shall approve these drawings for 
inclusion in the Project No. 2146 license, superseding the 
Exhibit L drawings noted. Furthermore, pursuant to Article 5 
of the license,Licensee will be required to submit revised 
"as-built" Exhibit L drawings upon completion of the 
reconstruction. 
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Comprehensive Development 

I n  i t s  Order  Amending L icense  (Major) f o r  P r o j e c t  No. 
2146, i s s u e d  August 4 ,  1960, t h e  Commission a u t h o r i z e d  t h e  
c o n s t r u c t i o n  o f  t h e  Wal te r  Bouldin d e v e l o p m e n t /  and found 
t h a t  t h e  i n c l u s i o n  of  t h a t  development w i t h i n  P r o j e c t  No. 
2146 would c r e a t e  a  p r o j e c t  b e s t  adapted  t o  a  comprehensive 
p l a n  f o r  t h e  improvement and development of t h e  Coosa R ive r  
f o r  t h e  u s e  o r  b e n e f i t  o f  i n t e r s t a t e  o r  f o r e i g n  commerce, 
f o r  t h e  improvement and u t i l i z a t i o n  o f  water-power development 
and f o r  o t h e r  b e n e f i c i a l  p u b l i c  u s e s ,  i n c l u d i n g  r e c r e a t i o n a l  
pu rposes .  There  have been no developments  on t h e  Coosa R ive r  
s i n c e  t h a t  t i m e  t h a t  would c a u s e  u s  t o  m o d i f y ' t h a t  assessment .  

The Commission f i n d s :  

(1) I t  i s  a p p r o p r i a t e  and c o n s i s t e n t  w i t h  t h e  p u b l i c  
i n t e r e s t  t h a t  t h e  l i c e n s e  f o r  P r o j e c t  No. 2146 be  amended 
t o  p r o v i d e  f o r  t h e  r e c o n s t r u c t i o n  o f  Wal t e r  Bouldin Dam a s  
h e r e i n a f t e r  p rov ided .  

( 2 )  P u b l i c  n o t i c e  o f  t h e  f i l i n g  o f  t h e  a p p l i c a t i o n  f o r  
amendment of  l i c e n s e  was g i v e n  March 31, 1976. No p r o t e s t s  
o r  p e t i t i o n s  t o  i n t e r v e n e  w e r e  f i l e d .  

( 3 )  S u b j e c t  t o  t h e  t e rms  and c o n d i t i o n s  h e r e i n a f t e r  
imposed, t h e  c o s t  o f  r e c o n s t r u c t i n g  t h e  Wal te r  Bouldin Dam 
i s  r e a s o n a b l e  compare'd t o  t h e  c o s t  of  deve lop ing  s u i t a b l e  
a l t e r n a t i v e  s o u r c e s  of  power. 

( 4 )  No new l i c e n s e  c o n d i t i o n s  a r e  n e c e s s a r y  i n  t h e  
i n t e r e s t s  of  n a v i g a t i o n  o r  c o o r d i n a t i o n  w i t h  downstream 
p r o j e c t s  of t h e  U.S. Army Corps o f  Eng inee r s .  

( 5 )  No known h i s t o r i c a l  o r  a r c h e o l o g i c a l  s i t e s  a r e  
w i t h i n  t h e  a r e a  o f  proposed r e c o n s t , r u c t i o n .  

( 6 )  Our c o n s i d e r a t i o n  o f  t h e  r e v i s e d  E x h i b i t  R f o r  
P r o j e c t  No. 2146 shou ld  be  d e f e r r e d  u n t i l  a l l  comments t h e r e o n  
have been r e c e i v e d  and ana lyzed  by t h e  Commission s t a f f .  

8/ Walter  Bouldin development i s  r e f e r r e d  t o  i n  t h a t  o r d e r  - 
a s  " Jo rdan  No. 2 .  " 
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( 7 )  Commission consideration of issues related to the . 
feasibility and potential of a tailrace fishery below 
Bouldin Dam should be undertaken at a later date in con- 
junction with the revised Exhibit R for Project No. 2146. 

(8) Our action in approving this application would 
not constitute an action that would require preparation 
of a detailed environmental impact statement pursuant to 
the requirements of the National Environmental Policy .Act 
of 1969 and Commission Order No. 415-C. 

(9) The evidence compiled during the investigation of.. - 
the 1975 failure of Walter Bouldin Dam demonstrates a need 
for the requirements imposed herein regarding design, 
reconstruction, and maintenance of this development of 
Project No. 2146. 

. , 

(10) Subject.to the terms and conditions hereinafter' 
imposed, the reconstruction authorized should result in 
safe and adequate projqct works. 

(11) The amended Exhibit L drawings described in 
ordering paragraph (B) below generally conform to the 
Commission's Rules and Regulations and should be approved 
as part of the Project No. 2146 license subject to the 
conditions of Article 54. 

(12) Subject to the terms and conditions hereinafter, 
imposed, the project as modified will be best adapted to a 
comprehensive plan for the improvement and utilization of . 

water power development and for others beneficial public 
uses, including recreational purposes. 

The Commission orders: 

(A) The application o f  Alabama Power Company for 
amendment of license for Coosa River Project, No. 2146 to . 

authorize  reconstruction of Walter Bouldin Dam is hereby 
approved subject to such further approval and requirements 
as are set forth in the license articles in ordering para- 
graph (C) below. 

(B) The following Exhibit L drawings .are hereby approved 
and made a part of the license for Project No. 2146 subject 
to the provisions of Article 54, superseding the Exhibit L , 

drawings so designated below: 
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E x h i b i t  L 

S h e e t  No. 27A 
o f  37 

S h e e t  No. .  27B 
o f  37 

s h e e t  N o .  27C 
o f  37 

. - 
S h e e t  No. 27D 

of 37 

S h e e t  N o .  27E 
o f  37 

S h e e t  No. 27F 
o f  37 

S h e e t  N o .  27G 
o f  3 7 .  

S h e e t  N o .  27H 
o f  37 

S h e e t  N o .  271 
o f  37 

S h e e t  N o .  28 
o f  37 

S h e e t  N o .  29 
o f  37 

FPC N o .  
2146- Showing 

350 P l a n  o f  Dike  
S t a .  23  + 00 - 
S t a .  37 + 00 

351  P l a n  o'f Dike  
S t a .  37 + 00, - 
S t a .  55  + 00 

352 P l a n  o f  Dike  
S t a .  55 + 0'0 - 
S t a .  68 + 00 

. 353 P l a n  o f  Dike  
S t a .  68  + 00 - 
S t a .  82 + 00 

354 P l a n  o f  Dike  
S t a .  82 + 00 - 
S t a .  98 + 00 

355  P l a n  o f  Dike  
S t a .  98 + 00 - 
S t a .  114 + 00 

356 P l a n  o f  D i k e ,  
S t a .  114 + 00 - 
S t a .  1 3 1  + 27 

357 T y p i c a l  S e c t i o n s  at 
Key L o c a t i o n s  

358 Cross s e c t i o n  a t  
i n t a k e  headworks  
wing w a l l s  

S u p e r s e d i n g  
FPC N o .  2146- 

359 T y p i c a l  s e c t i o n  t h r u  339 
i n t a k e  and t a i l r a c e  

360 G e n e r a l  Arrangement  340 
o f  Powerhouse 
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(C) The license for Coosa River Project No. 2146 is 
amended by adding thereto the following license articles: 

Article 53. The Licensee shall commence 
reconstruction of project works within 6 months from 
the issuance date of this amendment and shall there- 
after in good faith and with due diligence prosecute 
and complete such reconstruction within two-and one- 
half years after the effective date of this amendment. 

Article 54. Before commencement of reconstruc- 
tion the Licensee shall submit for approval by the 
Chief, Bureau of Power one copy each of the final 
contract bid specifications and drawings and a 
quality assurance plan for the reconstruction work. 

Article 55. The Licensee shall retain a board 
of three or more qualified independent consultants 
to review the design, specifications, and construction 
of the project for safety and adequacy. The names and 
qualifications of the proposed board members shall be 
submitted to the Chief, Bureau of Power for approval. 
Among other things, the Board shall assess the geology 
of the project site and surroundings; the proposed 
design, specifications, and construction of the dam, 
powerhouse, electrical and mechanical equipment 
involved in water control, and emergency power supply; 
the construction inspection program: construction 
procedures and progress, instrumentation, and plans 
for surveillance during initial filling of the 
reservoir. The Licensee shall submit copies of the 
board's report on each meeting. The Licensee shall 
also submit a final report of the board upon completion 
of the project. The final report shall be filed with 
the Commission within 60 days after initial reservoir 
filling and shall include, inter alia, a statement -- 
indicating the Board's satisfaction with the construc- 
tion, safety, and adequacy of the project structures. 

Article 56. The Licensee shall install appro- 
priate instrumentation and other devices to monitor 
seepage, uplift, and performance of the project 
structures and reservoir slopes. A plan for initial 
filling of the reservoir, a plan of instrumentation, 
and a schedule of recording instrument readings shall 
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be  f u r n i s h e d  t o  t h e  Commission p r i o r  t o  i n i t i a l  
f i l l i n g  o f  t h e  r e s e r v o i r .  The L icensee  s h a l l  f u r n i s h  
p e r i o d i c a l l y  t o  t h e  Commission, a s  may be  r e q u e s t e d  
by t h e  Commission o r  i t s  A t l a n t a  Regional  Eng inee r ,  
a  r e p o r t  and a n a l y s i s  o f  t h e  i n s t r u m e n t  r e a d i n g s .  

A r t i c l e  57.. The L icensee  s h a l l ,  i n  t h e  recon-  
s t r u c t i o n  o f  t h e  Wal te r  Bouldin development,  r e v e g e t a t e  
borrow and s p o i l  a r e a s  i n  t h e  e a r l i e s t  p r a c t i c a l  t i m e  
a f t e r  t h e  comple t ion  of  work a t  each  a r e a .  

A r t i c l e  58. The Licensee  s h a l l ,  i n  t h e  recon-  
s t r u c t i o n  o f  t h e  Wal te r  Bouldin development,  c o n s u l t  
w i t h  t h e  Alabama S t a t e  H i s t o r i c  P r e s e r v a t i o n  O f f i c e r  
p r i o r  t o  t h e  u se  o f  new borrow o r  s p o i l  a r e a s ,  i n c l u d i n g  
any o u t s i d e  t h e  p r o j e c t  boundary,  t o  de te rmine  t h e  
e x t e n t  o f  any a r c h e o l o g i c a l  su rvey  and s a l v a g e  
e x c a v a t i o n s  t h a t  may be n e c e s s a r y ,  and p r o v i d e  funds  
i n  a  r e a s o n a b l e  amount f o r  any needed su rveys  o r  
s a l v a g e  e x c a v a t i o n s  t o  be  conducted and completed 
p r i o r  t o  t h e  commencement o f  such work. 

A r t i c l e  59.  I n  t h e  c o n s t r u c t i o n ,  main tenance ,  
o r  o p e r a t i o n  o f  t h e  p r o j e c t ,  t h e  L icensee  s h a l l  be 
r e s p o n s i b l e  f o r ,  and s h a l l  t a k e  r e a s o n a b l e  measures  
t o  p r e v e n t ,  s o i l  e r o s i o n  on l a n d s  a d j a c e n t  t o  s t r e a m s  
and o t h e r  w a t e r s ,  s t r e a m  s e d i m e n t a t i o n ,  and any o t h e r  
form o f  w a t e r  o r  a i r  p o l l u t i o n .  The Commission, upon 
r e q u e s t  o r  upon i t s  own mot ion ,  may o r d e r  t h e  L icensee  
t o  t a k e  such measures  a s  t h e  Commission f i n d s  n e c e s s a r y  
f o r  t h e s e  p u r p o s e s ,  a f t e r  n o t i c e  and o p p o r t u n i t y  f o r  
h e a r i n g ;  p rovided  t h a t  t h e  L icensee  s h a l l  conduc t ,  i n  
c o o p e r a t i o n  w i t h  t h e  Alabama Department of  N a t u r a l  
Resources  and Conse rva t ion ,  a  s t u d y  o f  e r o s i o n  a l o n g  
t h e  t a i l r a c e  c a n a l  of  t h e  Wal t e r  Bouldin development 
t o  determine,:  1) t h e  c a u s e s  t h e r e o f ;  2 )  t h e  s p e c i f i c  
e f f e c t s  of  t h i s  e r o s i o n  on w a t e r  q u a l i t y  and f i s h e r y  
r e s o u r c e s ;  3 )  what measures  cou ld  be  t a k e n  t o  e l i m i n a t e  
o r  r educe  t h i s  e r o s i o n  o r  m i t i g a t e  t h e  e f f e c t s  t h e r e o f ;  
and 4 )  t h e  b e n e f i t s  o f  e r o s i o n  c o n t r o l  weighed a g a i n s t  
t h e  c o s t s  t h e r e o f .  The s t u d y  s h a l l  beg in  c o n c u r r e n t l y  
w i t h  o p e r a t i o n  of t h e  Bouldin development and end t h r e e  
y e a r s  t h e r e a f t e r .  The r e s u l t s  of  t h e  s t u d y  s h a l l  be  
s u b m i t t e d  t o  t h e  Commission f o r  i t s  i n f o r m a t i o n  w i t h i n  
6 months of  i t s  comple t ion .  
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Article 60. The Licensee shall file with the 
Commission and shall implement, and modify when 
appropriate, an emergency action plan designed to 
provide an early warning to upstream and/or downstream 
inhabitants and property owners if there should be 
an impending or actual sudden release of water caused 
by an accident to, or failure of, project structures. 
Such plan, to be submitted within one year of the 
date of issuance of this order, shall include, but 
not be limited to, instructions .to be provided on a 
continuing basis to operators and attendants for 
actions they are to take in the event of an emergency; 
detailed and documented plans for notifying law 
enforcement agents,'appropriate Federal, State and 
local agencies, operators of water-related facilities, 
and those residents and owners of properties that 
could be endangered; actions that would be taken to 
reduce the inflow to the reservoir, if such is possible, 
by limiting the outflow from upstream dams or control 
structures; and actions to reduce downstream flows 
by controlling the outflow from dams located on 
tributaries to the stream on which the project is 
located. The Licensee shall also submit a summary 
of the study used as a basis for determining the 
areas that may be affected by such emergency occurrence, 
including criteria and assumptions.used. Licensee 
shall monitor any changes in upstream or downstream 
conditions which may influence possible flows or 
affect areas susceptible to damage, and shall promptly 
make and file with the Commission appropriate changes 
in such emergency action plan. 

(Dl This order shall become final 30 days from the date 
of its issuance unless an application for rehearing shall be 
filed as provided in Section 313(a) of the Act, and failure 
to file such an application shall constitute acceptance of 
this order. In acknowledgment of the acceptance of this 
order amending license it shall be signed for the Licensee 
and returned to the Commission within 60 days form the date 
of issuance of this order. 

( S E A L )  

By the Commission. 

Kenneth F. Plumb, 
Secretary. 
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INTRODUCTION 

The Federal Power Commission is a regulatory agency 
and is authorized to issue licenses to private individuals, 
corporations, states, and municipalities for the construction 
and operation of hydroelectric projects. The Commission has 
not been authorized to construct or operate hydroelectric 
projects. 

Engineering functions related to the Federal Power 
Commission's hydroelectric project licensing program are 
carried out by the Bureau of Power. Responsibilities related 
to the adequacy of site investigation, project design, con- 
struction, and inspection fall within the purview of the 
Project Analysis and Inspection Branches of the Bureau of 
Power's Licensed Projects Division and the Commission's five 
regional offices. 

An applicant's proposed design of a project is reviewed 
for safety and adequacy. The review includes on-site 
inspections; analyses of geologic investigations and reports 
thereon; analysis of the proposed foundation treatment; in- 
dependent stability analyses; hydrology and hydraulic studies; 
an assessment of materials testing programs; and the suitability 
of proposed materials for construction. 

With the. acceptance of a 1icens.e for a hydroelectric 
project issued by the Federal Power Commission, a licensee 
is bound by the Commission's Rules and Regulations and by 
terms and conditions of the license. The license contains 
standard and special articles, or conditions, to assure 
that the project will be constructed properly and maintained 
in a safe and operable condition. An important requirement 
is that the licensee engage an independent board of consultants 
to review the design, specifications, and construction of the 
project for safety and adequacy. 

The Federal Power Commission's inspection program 
provides for prelicense, construction, operation, and special 
inspections by staff personnel, usually from the regional 
office. Projects under construction are inspected monthly, 
or more often, as appropriate, and operating projects are 
inspected annually unless conditions warrant more frequent 
inspection. In addition, the licensee is required by Part 12 
of the Commission's regulations to have its larger sized 
projects inspected every five years by an independent 
~ n g i  neer i ,ng consultant. 



The practices of the Commission as they affect dam 
safety have been essentially under continuous review, 
modification, and improvement since the early 1960's. 
Budgetary restraints, however, have seriously hampered 
efforts to maintain an adequate number of qualified tech- 
nical staff personnel. 



DISCUSSION 

Authority 

This review of Federal Power Commission practices which 
would affect the safety and integrity of dams is submitted to 
the Federal Coordinating Council for Science, Engineering and 
Technology in accordance with President Carter's directive of 
April 23, 1977. 

Licensinq Authority 

The Federal Power Commission's authority to license non- 
federal waterpower projects dates back to June 10, 1920 when 
Congress enacted the Federal Water Power Act. The Federal 
Water Power Act was amended on March 3, 1921, to exclude 
therefrom any authority to license water power projects in 
national parks or national monuments. The Commission was 
reorganized as an independent Commission (previously it was 
composed of the Secretaries of Agriculture, Interior, and War) 
under the Act approved June 23, 1930. By Title I1 of the 
Public Utility Act of 1935, approved August 26, 1935, the 
original Federal Water Power Act was made Part I of the 
Federal Power Act and Parts I1 and I11 were added to that act. 

Section 4(e) of Part I of the Federal Power Act authorizes 
the Commission, "To issue licenses to citizens of the United 
States or to-any association of such citizens, or to any cor- 
poration organized under the laws 6f the United States or any 
State thereof, or to any.State or municipality for the pur- 
pose of constructing, operating and maintaining dams, water 
conduits, reservoirs, power houses, transmission lines or 
other project works...". Section 4(f) of Part I of the Act 
authorizes the Coinmission "To issue preliminary permits for 
the purpose of enabling applicants for a license hereunder to 
secure the data and to perform the acts required by Secticn 9 
hereof:...". Section 9 sets forth the general filing require- 
ments for a license application. Section 15 of the Act 
authorizes the Commission to issue a new 1icense.to the licensee 
or to a new licensee if the United States does not, at the ex- 
piration date of the license, exercise its right to takeover. 

Authority Regarding Safety and Adequacy of Licensed Projects 

Section 10(a) of the Act requires that projects licensed 
by the Commission "be best adapted to a comprehensive plan for 
improving or developing a waterway or waterways...". Section 
1Q(c) of the Act provides "That the Licensee shall maintain 



the project works in a condition of repair adequate for the 
purpose of navigation and for the efficient operation of said 
works in the development and transmission of power, shall 
make all necessary renewals and replacements, shall establish 
and maintain adequate depreciation reserves for such purposes, 
shall so maintain and operate said works as not to impair 
navigation, and shall conform to such rules and regulations 
as the Commission may from time to time prescribe for the 
protection of life, health, and property...". 

Licensed Projects 

Currently there are 403 licenses outstanding for major 
projects, i.e. installed capacity in excess of 2,000 horsepower, 
91 licenses for minor projects, 2,000 horsepower or less; and 
16 outstanding preliminary permits. These licensed projects 
include over 850 dams of various types and size. In addition, 
there are existing and proposed projects for which license or 
preliminary permit applications are pending and at least 260 
existing projects for which license applications are expected. 
Therefore, it is projected that over 1,100 dams will be under 
license sometime in the near future. 

The number of Commission professional staff members 
directly involved in matters which would affect the safet'y 
and integrity of dams totals 36, 19 in the Washington Office 
and 17 in the reg-ional offices. In addition, 7 staff members 
inspect project structures relativ~ to--public safety in the 
recreational use of project facilities including such safety 
features as fences, booms, warning signs, signals, etc. 

Activities Pertaining to Preliminary Permits 

Preliminary permits are issued to potential license 
applicants to allow them to conduct feasibility studies 
needed to complete a license application while maintaining 
priority to file such license application. A preliminary 
permit is not a necessary prerequisite to a license application, 
and construction work is not authorized by such permit. 

Permittee 

A brief summary of the work generally performed 
by a permittee under a preliminary permit consists of 
the following: 

(1) Gathering field data. 
(2) Testing public reaction and/or initiating programs 

to inform the public about the project. 



(3) Conferring with government officials regarding 
necessary permits and certifications. 

(4) Coordinating studies with .. state and federal fish 
and game and recreation departments. 

( 5 )  Conducting preliminary studies and investigations 
to determine the competency of the site (s) . 

( 6 )  Determining the type and size of structures based 
on site investigations and the availability of 
suitable construction materials. 

(7 )  Determining the amount of power to be developed. 
( 8 )  Making cost estimates. 
( 9 )  Conducting power market studies. 
(10) Making financial and/or economic feasibility studies. 

For details related to the requirements of a 
preliminary permit, see Appendix A which.is a copy of 
a preliminary permit recently issued by the Commission. 

Washington Office 

Prior to applying for a preliminary permit, a potential 
applicant may meet with FPC staff personnel to discuss the 
type of work to be accomplished under the authority of 
a preliminary permit and how to prepare an application 
for preliminary permit. Upon the filing of an appli'cation 
for preliminary permit, the application is reviewed for 
compliance with the Commission's Rules and Regulations. 
Once an acceptable applicatiop 'is-.filed with the Commission, 
it is sent to federal, s.tate,'and local agencies and 
interested parties for review and comments. A notice 
of the application, giving general details of the proposal 
and inviting comments, is published in the local newspaper(s) 
having a circulation in the general area of the proposed 
project site. A notice of the app1ication.i~ also 
published in the Federal Register. Upon termination of 
the review and comment period, usually sixty days, the 
comments are considered by the Commission in its 
deliberations on issuing the permit. 

During the effective period of the permit, normally 
three years, staff reviews the quarterly progress reports 
prepared by or for the permittee and the comments thereon 
prepared by staff of the FPC's Regional Office. Based 
on its review of the progress reports and Regional Office 
comments, staff may call to a permittee's attention addi- 
tional matters which should be investigated either 
initially or in more detail. For proposed projects in- 
volving large and complex structures, the project site(s) 



is usually inspected by a staff geologist, a soils 
engineer, and a civil engineer,'accompanied by the 
Regional Office inspector. The scope of completed 
and planned investigations is reviewed in light of 
the .inspection and any area of investigation.not 
beingadequately carried forth is brought to the 
permittee's attention. 

Regional Office Activities 

The ~ e ~ i A n a 1  Office notifies the permittee of re- 
quirements under the preliminary permit and supervises 
compliance with the terms thereof. Staff members attend 
meetings between representatives of permittee and 
government agencies regarding the proposed design, 
construction, and operation of the project. These 
meetings involve consideration of factors related to 
securing the required state, local, and federal per- 
mits; compliance with special acts such as NEPA and 
the Fish and Wildlife Coordination Act; and special 
studies . 

Monitors work schedules and progress reports to 
see that investigations and coordination effects are 
proceeding in a timely and complete manner, and pro- 
vides comments thereon to the Washington Office. 
Makes site inspection(s) to observe. geologic test 
procedures and results, and fiepares commentary re- 
port's for the Washington Office. 

Provides advice to the permittee in its preparation 
of a license application. 

Activities Pertaining to License Applications 

Washington Office 

Staff usually meets with a prospective applicant 
prior to the filing of an application to explain 
licensing procedures. Upon receipt of an acceptable 
license application, public notice of the application 
is given in local newspapers and federal register. 
Pursuant to Section 4(e) of the Federal Power Act, 
other lawstand Commission policy the complete appli- 
cation is sent to appropriate federal, state, and 
local government agencies and organizations, in- 
cluding River Basin Commissions, for review and 
comments. 



Staff makes independent engineering studies 
of matters related to the project design,including 
hydrology, hydraulics, structural stability, 
construction quantities and costs, power production, . 
adaptability to comprehensive development, and economic 
feasibility. Special reports supporting the project 
design on matters such as geology, laboratory soil 
analyses, spillway design flood, surge phenomena, 
production costs for pumped storage projects, and 
stability analyses are critically reviewed and 
assessed for completeness and adequacy. If any aspec't . 

of the design or supportive reports is found to be de- 
ficient or inadequate, the applicant will'be required 
to correct the deficiencies or make additional studies.' 

Staff in its independent evaluation of hydrology, 
hydraulics, and structural design generally relies 
on design criteria established by the Corps of Engineers 
and/or the Bureau of Reclamation. In addition,staff 
refers to such other generally accepted engineering 
design and construction criteriaas areavailable. To 
the extent that an applicant or its engineer can 
reasonably support any variation from accepted criteria 
without creating a hazard to human life,staff will accept 
the engineer's judgment as an economic risk to the appli- 
cant. Purthermore, it is recognized that subs.equently a 
Board of Consultants would a l ~ o  have to approve the design. 

In making independent stability analyses of 
dams other than those in the low hazard class, staff 
utilizes various computer programs., When available, 
programs prepared by the Corps of Engineers are a.dapted 
to the Conmission's in-house computer and used to check 
applicant's design. Staff engineers are required to 
be thoroughly familiar with the assumptions inherent 
in a program, and its limitations, before using it. 
Staff also utilizes the Portland Cement ~ssociation 
Crown Cantilever computer program, prepared by 
Alfred Parme, for checking the stresses in arch dams. 

When the application is for a constructed pro- 
ject, considerable weight is attached to the physical 
condition of the project works. The project is in- 
spected by Regional Office personnel and may also be 
inspected by Washington staff accompanied by the Re- 
gional Office inspector, &pending on the  condition 
of the project. When the application is for a license 
for a constructed project not previously licensed, 
design criteria are somewhat more flexible than that 



used for an:.unconstructed project; however', the 
structures must be stable under prpbable maximum 
flood and earthquake loading, or the-consequences 
of structural failure under the assumed loading 
conaitions must be in the low risk catagory. When 
a project structure is not considered safe, the 
applicant will be asked to correct the situation 
or, alternatively, the license when issued will 
contain special'articles-requiring the licensee to 
modify the structure, as necessary, to make it safe. 

Environmental impact statements contain 
information relative to dam safety, since the pro- 
ject is described, construction and operation 
methods are defined, and the effects of catastro- 
phic events on the project are discussed. The 
impact statement is made available to Federal, 
state, and local governments, and interested private 
concerns. Comments received on the impact state- 
ments are sometimes addressed to these items. 

The Licensed Projects Division staff prepares 
an environmenta1.impact statement for all major 
unconstructed projects and some constructed 
projects. The applicant's environmental report, 
Exhibit W of the license application, and the 
comments received thereon f5om federal, state, 
and local agencies and.authorities are used to 
supplement staff's own studies in preparing the 
environmental impact statement. For most 
'major constructed projects and.minor projects, 
staff prepares only an environmental evaluation 
report. This report is used internally and is 
not distributed for comments. However, the en- 
vironmental evaluation report may be made avail- 
able to any party upon specific request. 

When all'comments have been received on the - 
application and staff's environmental impact state- 
ment, an engineering report is prepared for the 
Commission. The report includes a discussion of 
the issues identified during the review process 
and includes staff's recommendations for standard 
and special articles to be included in the license, 
if issued. Special articles relating to dam safety 
are included for the purpose of assuring that the 



,project will be properly designed, constructed, 
and operated to best serve the public interest. 
Typical safety related articles included in 
licenses for major unconstructed projects are 
listed in Appendix B. 

Regional Office 

The Regional Office reviews the application 
and prepares a report thereon, including recom- 
.mendations for special articles to be included in 
the 'license. 

When the .application is for .a constructed 
project, the project is inspected for safety and 
adequacy and field checks are made to assure the 
accuracy of the project description, including the 
Exhibit L (design drawings included in the appli- 
cation for license). Any discrepancies between 
the existing project works and those described 
in the application are brought to the applicant's 
attention and reported to the Washington Office. 
The Regional Office also reports .on the extent 
to which the flood plain is developed below the . 
dam. 

When the application is for an unconstructed * 

project, Regional Office staff members inspect 
the proposed site, and observe site investigations, 
testing programs, and model studies. A report 
thereon is prepared for the Washington Office. If 
an independent board of consultants has been re- 
tained by the applicant, board meetings are 
attended and reports thereon are submitted to the 
Washington Office. This is an important function 
in that any contemplated design changes or addi- 
tional site investigations will be brought to 
staff's attention at a early date for consideration. 
There appears to be a trend developing for appli- 
cants to retain a board of consultants before the 
license is issued in order to have the benefit 
of the board's early review of the proposed design. 

Applicant 

While the license application is being pro- 
cessed, the investigation of the site for final 
design, including testing of materials, is con- 
tinued. Investigations at this stage include 



additional core borings with water loss tests, 
exploration tunnels and test pits, verification 
of borrow areas, and installation of instruments 
to measure in situ rock stresses. Also, streamflow 
measorements and water quality monitoring, in- 
cluding temperature, are continued. 

Furnishes,the Commission staff with all 
supplemental information and studies needed for 
a full understanding of the project. This in- 
cludes all geotechnical reports, laboratory 
test results, boring logs, computer programs, 
detailed cost estimates with breakdown of 
quantities and costs, environmental data and 
studies, and mathematical and physical model 
studies as they become available. 

Reviews and comments on the comments and 
recommendations made by federal, state, and local 
agencies and authorities on the license applica- 
tion. Also furnishes comments on staff's environ- 
mental impact statement. 

Activities after the License is Issued for Construction 

Licensee 

Prepares contract drawings and specifications, 
issues bid invitations, prepares and submits for 
Commission approval Exhibit L drawings showing the 
final conceptual design of the project works, re- 
views and awards contracts, and upon approval of 
the Exhibit L drawings, commences construction. 
Submits qualifications of proposed members for the 
independent board of consultants, to the Chief, 
Bureau of Power for approval. 

I Washington Office 

Contract drawings, specifications, and the 
quality control plan are reviewed for adequacy. 
This review is made by an engineering geologist and 
civil engineers experienced in design and soil mech- 
anics. Review efforts are coordinated with the 
regional office staff. 

The qualifications of the members of the 
board of consultants are reviewed and, if sat- 
isfactory, the board is approved by the Chief, 



Rnreau of Power. The Exhibit L drawings are 
reviewed and stability analyses are made to 
verify the adequacy of the proposed design: 
If the analyses show that the-.proposed design 
will produce safe structures when constructed in 
accordance with the contract drawings and speci- 
fica.tions, the exhibits are approved for con- 
struction. 

Attend board of consultant meetings as ob- 
servors. Review Regional Office construction 
inspection reports. At critical phases of con- . 
struction, visit the site in company with the . 
Regional Office inspector to observe such items 
as foundation preparation, grouting procedures, 
underground excavations and rock support 'systems, 
and material selection and testing. 

If field condi'tions would require a sub- 
stantial change in the approved design, revised 
Exhibit L drawings are filed showing the proposed 
redesign. The proposed design is analyzed and, 
if satisfactory, the revised Exhibit L drawings 
are approved by the Commission. 

Reaional Office 

Construction plans, specifications and quality 
control 'prograins are reviewedby personnel exper- 
ienced in construction and in4pections. The Re- 
gional Engineer approves. Licensee's construction 
inspection program and makes'periodic checks to 
observe if Licensee is adhering',to the approved 
program and using qualified inspection.personne1. 

Notifies licensee of regional office re- 
quirements regarding advance and continuing infor- 
mation to be furnished by licensee to cssure adequate 
supervisory control of construction. Inspects project, 
usually once a month, but more often .if critical 
foundation areas are being exposed and treated. 
Observes whether construction is proceeding in 
accordance with approved plans and acceptable. 
procedures as to 'methods, quality cpntrol, safety, 
materials testing and placement, records-keeping, 
etc., and notifies licensees of any deficiencies 
noted. Checks to see if licensee is complying 



with the terms of the license. Prepares and sub- 
mits a report on the construc.tion inspections to 
the Washington Office. 

Board of Consultants 

The Board of Consultants makes independent 
reviews of all major engineering and geotechnical 
aspects of the project. The Board is required to 
approve the Exhibit L drawings which are subse- 
quently approved by the Commission for construction. 
The Board reviews and comments on licensee's 
construction plans, specifications, and the quality 
control plan. For other aspects of the Board's 
responsibilities, see the special articles in 
Appendix B. 

The B~ard schedules inspections of the . '  

project during critical phases of construction 
to assure that the foundations are properly 
prepared and treated, grouting procedures are 
being properly carried forth, borrow materials 
are being properly processed and'placed to assure, 
proper moisture content, gradations and zoning, 
and construction work is progressing satisfactorily, 

-- and is p-roperly supervised. 

The Board is required to approve the instru- 
mentation plans and the reservoir(s1 filling pro- 
gram. Normally the Board will schedule a meeting 
to observe the reservoir filling. In the event 
that field conditions require a design change, the 
Board will review, and, if satisfactory, approve 
the proposed change. 

I Activities Pertaining to Operating Licensed Projects 

1 Regional Off ice 

A Regional Office inspector inspects 
operating projects annually and makes special 
inspections as required. .The annual operation 
inspections address the following. 

(1) Is the project being adequately maintained? 
. ' ( 2 ) .  Do any adverse conditions exist which would 

affect public safety? 
( 3 )  ,Is licensee coniplying with the terms ' of the 

. license? 



(4) Is instrumentation being monitored and are 
instruments being properly,maintained? 

(5) Do spillway gates operate satisfactorily? . 
(6) Is emergency power available and 'reliable? 
(7) As applicable, is licensee complying with 

-the recommendations made by its independent 
engineering consultant in conformance with 
Part 12 of the Commission's'regulations and, 

( 8 )  Are licensee's operating personnel familiqr 
with implenentation of the emergency opera- 
tion readiness program? . 

Any deficiencies noted during' the inspection are 
called to licensee's attention for correction 
and are described in the inspection report sub- 
mitted to the Washington Office. 

Inspections made under Part 12 of the 
Commission's regulations are'.reviewed with respect 
to the safety of the structures. A letter approv- 
ing the Part 12 inspection or requesting that further 
studies be included in the report is sent to the 
licensee with Washington Office concurrence. 

Notifies .licensees approximately one year 
before the Part 12 inspection reports are due. 
Advises-licensee of any special engineering studies 
that need to be covered in the Part 12.inspection 
report. . . 

Reviews and analyzes licensee's monthly operation 
and periodic instrumentation reports. ,Receives 
licensee's reports on accidents and drownings and 
recommends corrective actions to'be taken, if pro- 
ject related. Maintains liaison with state, local, 
and federal agencies regarding licensee's compliance 
with special operating requirements. 

Washington Office 

Reviews Regional Office inspection reports.. 
When the inspection report discloses a problem 
area or a potentia1.problem area., Washington.Office 
staff may inspect the project in company with the 
regional office inspector,to evaluate the' serious- 
ness of the situation and'make recommendations to 
the licensee for corrective measures. In an emer- 
gency situation where a dam's safety is jeopardized, 
and to the extent that time would permit, Washington 



Office and Regional Office staff members would 
inspect the project and make recommendations for 
emergency action to be taken to improve the dam 
safety. Recommendations for emergency action 
could include such items as lowering the reservoir, 
drilling pressure relief wells, grouting, etc. 

Reviews inspection reports of private con- 
sulting engineers made in compliance with Part 12 
of the Commission's rules and regulations and ap- 
proves or modifies the Regional Office recommenda- 
tions as to needed modifications to, or approval 
of, Part 12 inspection reports. 

Special Procedures to Assure Dam Safety 

Inspection by Independent Consultants 

The concern for safety of dams prompted 
the Commission to issue Order No. 315 in Dec- 
ember 1965. This order established a new Part 
12 of the Commission's Regulations on the sub- 
ject of inspection of project works with respect 
to safety of structures. See ~ppendix C. The 
order provides for a program of periodic safety 
inspections by consultants at regular 5-year in- 
tervals to supplement the inspections of .the 
Commission's staff. This requirement applies to 
those hydroelectric projects having a dam ex- 
ceeding 35 feet in height above streambed or a 
gross storage capacity in excess of 2,000 acre- 
feet. The inspections are performed by or under 
the responsibility and direction, of qualified 
independent consultants employed by the licensees. 
The basic purpose of the consultant's inspection 
is to determine whether there are any deficiencies 
or potential deficiencies in the design, quality 
and adequacy of maintenance, or methods of 
operation of the project structures which might 
endanger public safety. The design-review in- 
cludes an estimate of the Probable Maximum Flood 
in evaluating spillway adequacy, and - seismic 
stability analyses, as appropriate. The physical 
inspection includes an examination to detect seep- 
age, movement, cracking of concrete structures,, 
reservoir shoreline instability, and performance 
observations records, including instrumentation. 



Staff is considering a proposal to expand Part 12 of 
the Commission's Regulations to include the following addi- 
tional requirements, some of which have already been imposed 
on Licensees by miscellaneous directives or letters. 

(1) The Licensee will'be responsible for in- 
forming the Commission through its Regional 
Engineer of any accident or observed condition 
which may have bearing on the overall safety 
or operational capability of the project. 

(2) The Licensee will be required to report all 
drownings and fata-1 or serious accidents 
occurring on project lands or waters. 

(3) The Licensee will make periodic tests of 
spillway gate operation. 

(4) The requirements for height of dam and r,e- 
servoir capacity for a consultant's safefy 
inspecti,on report will be clarified. 

(5) Guidelines will be provided to include specific 
analyses for spillway adequacy and stability in 
conoultant's safet-y inspection reports. -. 

P 

(6) Licensee will be requiredbto file an emer- 
gency action plan designed to provide early 
warning in event of an impending sudden re- 
lease of reservoir water caused by an acci- 
dent or failure of project structures. 

Internal Improvement of Inspection Program 

Prior to 1963, very little emphasis was placed 
on developing an effective dam safety program as 
a part of the supervisory and regulatory functions 
of the Federal Power Commission. This situation 
changed during 1963, however, and an Inspections . 
Branch (then designated as a section) was established 
in the Licensed Projects Division. The Inspections 
Branch is staffed with personnel experienced in 
geology, soil mechanics, foundations and heavy con- 
struction. Its functions include establishment of 
inspection programs and guidelines, developing 
training programs for inspectors, assisting Regional 
Office personnel with engineering matters requiring 
a high degree of expertise, and reviewing construction 
and operation inspection reports of the Regional 



Off ices for completeness and identification of 
potential problems. Inspections Branch personnel 
also review the Part 12 inspection reports and 
recommendations thereon from the Regional Offices. 
The Jnspections Branch cooperates and works closely 
with the Project Analysis Branch in reviewing the 
design of proposed projects and modifications to 
existing structures. 

The following pertinent instructions or 
guidelines have been issued to the Regional Offices 
since 1967: 

(1) June 18, 1969. Memorandum provides for ob- 
.taining construction drawings and specifications 
for new construction to be reviewed by personnel 
responsible for making the monthly construction 
inspections. 

(2) December 9, 1969. Notification of licensee to in- 
clude specific reviews of stability of struc- 
tures and'spillway adequacy as a part of the 
Part 12 inspection. 

(3) January 27, 1970. Memorandum provides for 
training program for Regional Office inspectors. 

(4) May 13, 1971. Requirement to request all licensees 
to report all drownings and fatal or serious 
accidents to the FPC Regional Engineer. 

(5) June 20, 1972. Memorandum pertains to in- 
spection of upstream slope protection for 
earth dams. 

(6) January 2, 1973. Memorandum requests a 
review of performance observation data to be 
summarized and reported in annual operation 
inspection reports. 

(7) October 18, 1974. Requirement for annual 
test operation of spillway gates. 

(8) November 5, 1975. Regional Office responsi- 
bility to review and clarify License~ls plans 
for emergency action in the event of dam failure. 

Copies of the above memoranda are 'included as Appendix D. 



Emergency Action Plan 

Alabama Power Company's Walter Bouldin Dam, FPC Project 
No. 2146,'failed in February 1975. Although there was no 
loss of life and only minor downstream property damage re- 
sulting from the failure, it was apparent to staff that an 
emergency warning plan should be developed for each dam wherein 
its failure would have a significant, adverse impact on down- 
stream property and public safety. Therefore, on August 15, 
1975, a letter by direction of the Commission was signed by 
the Chief, Bureau of Power, and sent to each Licensee. The 
letter requested that a study be made of the effect of dam 
failure on downstream areas and that measures for minimizing 
the effects of dam failure be identified. The letter also 
required the Licensees to submit a plan of emergency action 
to be taken, including notification of law enforcement and 
other local agencies, in case of either an impending or 
an actual accident or dam failure which may cause a sudden 
release of water. 

Special License Conditions 

When a licensee accepts a license issued by.the Com- 
mission it is bound by the terms and conditions (including 
articles) of-the license. In addition to the standard 
articles included in all project l$censes, special articles 
peculiar to each project are.included to assure that the 
project will be constructed, operated and maintained in 
a safe manner. 

Special articles related to dam safety for constructed 
projectsmay require modifications of the structures. The 
modifications could include such items as providing addi- 
tional spillway capacity, providing additional freeboard to 
permit passage of the spillway design flood, opening or 
providing foundation drains to relieve uplift forces, re- 
pairing deteriorated concrete to restore structural inte- 
grity, post tensioning of structures, special analyses and 
studies to verify structural integrity, etc. Although 
the Commission has not required a board of consultants to 
review work being required by a special article (s), it is 
conceivable that it may do so in the future. 

Special articles related to dam safety for unconstructed 
projects are generally directed to design and construction. 
Special articles are included which require the licensee to 
submit contract drawings and specifications for review by 
the Chief, Bureau of Power (with authority to require changes); 



I to retain a board of independent consultants to review all 
significant engineering aspects of design, construction and 
initial operation; to file final design exhibit L drawings 
for Commission approval; to make model studies to verify 
design; to provide emergency spillways; to file an emer- 
gency action plan; and etc. 

Aspects of the Dam Safety Problem Requiring Special Attention 

The President's memorandum on page 2 indicated that the 
following items should be investigated. 

1. "...means of inclusion of new technological methods 
into existing structures and procedures; ..." 

The Commission's dam safety program has evolved over a 
number of years and is structured to have the flexibility to 
incorporate new technological methods, as available. To the 
extent that is possible, within our manpower and budgetary 
constraints, new methodologies are integrated into the staff 
procedures and Commission Regulations. At the staff level, 
the utilization and familiarity of new methodologies are in- 
coporated through personnel training, technical seminars, 
employing staff with special expertise, and reviewing the 
technical literature. New methodologies are also available 
through the use of independent boards of consultants required 
as a condition of new licenses and pursuant to Part 12 of 
the Commission's Regulations. Where special problemarise, 
the Commission staff can complement its studies and review 
through special requirements being imposed upon a licensee's 
board of consultants. For example, a new hydrometeorological 
Report No. 51, prepared by the National Oceanic and Atmos- 
pheric Administration, is being finalized and is expected to 
be published within a year. The use of this report when 
published, will affect some of the previously used estimates 

, of probable maximum precipitation (PMP) and spillway design 
flood estimates. For those dams affected by a significant 

I increase in the estimated PMP, staff will examine their 
hazard potential and those dams classified other than low 
hazard will be re-evaluated for stability. 

The FPC has a number of hydraulic fill dams under license. 
As part of the Part 12 inspection, staff is requiring licensee 
to have its consultant determine whether the dam would be sub- 
ject to liquefaction during a design earthquake. For dams 
located near recently active faults where the intensity and 
duration of earthquakes would be high, the licensee will be 
required to utilize new methodologies to study the dynamic 



response of the structure. Within the next five years, 
all hydraulic fill dams under FPC jurisdiction will have 
been evaluated for seismic stability. 

For a number of years, the FPC staff has been using high 
speed digital computer programs for making stability analyses. 
Use will be made of new and better programs, and/or additional 
computer capacity and perepheral equipment as they become 
available. 

2. "...the degree to which probabilities or risk-based 
analysis is incorporated into the process of site 
selection, design, construction, and operation; ..." 

The FPC staff does not use "probabilistic or risk-based 
analysis" to evaluate human life. In cases where loss of 
human life may be involved, the FPC staff would not project 
the loss of life and assign a cost to it for use in a cost- 
benefit analysis. The project design must be adequate to 
ensure that no loss of life would be anticipated. If it 
is not possible to design a proposed project with such 
assurance, the proposed project would be rejected and alter- 
natives would be considered. 

3. "...the degree of reliance on in-house, interagency, 
and outside expert interpretation of geologic data 
in site selection and design development ..." 

The geologic data are gathered, the site is selected, and 
the project is designed by the licensee's engineers, either 
in-house or consulting firm. The FPC staff independently 
evaluates the geologic data, site selection, and design 
(see pps. 5 and 6 in discussion above). An independent 
board of consultants reviews the geologic data and approves 
the site and project design (see page 10 and the board 
of consultants special article in Appendix A). The Comrnis- 
sion staff relies equally on in-house and outside expertise. 
Where there is disagreement as to the interpretation of 
geologic data, staff attempts to resolve such matters in 
meeting with licensees and their consultants. 

4. "...the effect on dam safety of earthquake or 
other earth movement hazards; ..." 

The possibility of liquefaction of loose saturated sands 
a.nd s i . 1 . t ~  when subjected to earthquake shocks has been a con- 
cern to engineers for years. Since the massive slide and 
near collapse of the.lower San Fernando hydraulic fill earth 



dam during the February 9, 1971,California earthquake, parti- 
cular attention has been paid to hydraulic fill dams in seis- 
mically active areas. As previously discussed (item (1). 
above) the Commission has been requiring licensees with 
hydraulic fill dams in potential major earthquake areas to 
assess the stability of the structure under earthquake conditions 
as part of the part-12 inspection program. Reservoir rim 
stability is also considered in the Part 12 inspection program. . . 
In areas where potential reservoir rim slides 'could produce a 
wave that would overtop and endanger the dam, reservoir levels 
have been lowered until a better understanding of the rim 
stability is obtained. 

5. "...the effects of cost-saving incentives on de- 
cisions both prior to and during construction; ..." 

The FPC staff encourages cost saving incentives when the 
cost savings result in hydroelectric power being furnished to 
the public at the lowest possible cost, provided that safety 
of the project works is not compromised. The staff must 
advise the Commission that a project is economically feasible, 
therefore,it is necessary that a project be designed at the 
least possible cost commensurate with safe design. 

6. "...the procedures by which dam safety problems 
are identified, analyzed and solved;..." 

Dam safety under the FPC program is.approached at three 
stages: (1) preconstruction, (2) during construction, and 
(3) post-construction.   reconstruction activities consist 
of staff review of designs, verification of foundation ade- 
quacy, recommendations for special studies, etc. Licensee's 
board of consultants also review and approve designs, founda- 
tion adequacy'and such other critical design parameters as 
may affect the project's safety. During the construction 
phase, special attentiom is directed to the adequacy of plans 
and specifications, quality control, adequacy of licensee's 
inspection program and other related factors so that the 
staff is assured that construction will meet the design criteria. 
Staff inspections are made periodically to assure safe struc- 
tures and reports are made to the Washington Office on the 
progress and quality of construction. Licensees and its 
board of consultants also review the same general parameters 
in parallel with staff. Any problems identified during the 
reviews or'inspections are dealt with through meetings or in 
the field during inspection, as necessary. After construction 
is completed, staff makes annual inspections to assure that 
the performance of the project is consistent with the license 
terms and criteria for safe project operation. Licensees 
are required to have an independent consultant's review of 
the projec't every 5 years pursuant to Part 12 of the Com- 
mission's'Regulations to assure dam safety. 



7. "...the ,involvement of local communities in iden- 
tifying, analyzing and solving dam safety questions; ..." 

As discussed previously. in this report, public notice 
of applications for preliminary permits, licenses, and amend- 
ments thereto are published in local newspapers and the federal 
register. Private citizens or citizen organizations and local 
communities may comment on the proposal, or may petition to 
intervene in the licensing procedure. The Commission's staff 
responds, as appropriate, to inquiries and protests. 

The FPC staff can best serve the public by maintaining 
a competent and adequately trained staff of experts to critically 
review proposed unconstructed projects for safety, adequacy, 
economy, and comprehensive development'of the resource. 
Depending upon the degree of public interest, the staff may 
sponsor informal, informative type public meetings in the 
proposed project area.' Similar meetings may be conducted by 
the applicant to further the public's understanding of the 
action being proposed. The FPC regional offices due to their 
geographical location are usually more accessible to the public 
than the Washington office and are available to answer questions 
from the public concerning a proposed project. 

8. "...the major outstanding dam safety problems 
of the agency." 

Major dam safety problems are related principally 
to the catastrophic phenomena of floods and earthquake and 
to the more "normal" problems, such as excessive seepage, 
leakage, and the deterioration of materials of which the 
dam is constructed. The following dams are being closely 
observed for any developing trends which would require 
immediate emergency action such as lowering the reservoirs 
and making repairs. Some of the dams are operating with 
normal reservoir elevations and some are operating with 
reservoirs drawn down below normal elevations. Under the 
ca.tegory of major dam problems associated with floods and 
earthquake, are the following. 

(1) Santee-Cooper River dams of South Carolina Public 
Service Authori,ty, FPC No. 199. The 1977 Part 12 inspection 
report concluded that the hydraulic fill in the north embank- 
ment of the Santee River dam would liquefy during a strong 
earthquake. The Santee River dam impounds about 1,500,000 
acre-feet of water. The Part 12 report concluded, also, 
that the sand layer under the rolled earth west embankment of 
the Cooper River dam would liquefy under the design earthquake. 
The Cooper River dam impounds approximately 1,200,000 acre- 
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feet of water. In addition, the spillway capacity of the 
Santee River dam is insufficient to pass a probable maximum 
flood. These matters are currently being assessed to determine 
what remedial actions may be required. However, preliminary 
studies indicate that even though the reservoir impounded 
by the Santee River dam is large, the downstream flood plain 
is uninhabited and failure of the dam structures by overtopping 
during a PMF or failure of the hydraulic fill embankment by 
liquefaction during a strong earthquake would not create a 
major hazard to downstream life and property. The analysis 
of the foundation under the Cooper River dam west embankment 
is not complete and will require additional studies. 

(2) Bagnell Dam (FPC No. 459) located on the Osage River 
Missouri, and owned by Union Electric Company is a concrete 
gravity dam impounding 1,246,000 acre-feet of usable storage. 
The dam would be overtopped by a PMF. ~odifications to the 
structure to enable it to safely pass a PMF will depend on 
the strength of the dam concrete. Core borings of the con- 
crete are currently being taken and analyzed. 

( 3 )  Hauser Lake Dam (FPC No. 2188) located on the Missouri 
River, Montana, and owned by The Montana Power Company is a 
concrete gravity dam that'might fail if it were subjected to 
a severe earthquake. Stability analyses of the dam are being 
finalized, and recommendations,for any remedial work, that 
may be required will be made following completion of the stability 
analyses. 

(4) Upper Baker development (FPC No. 2150) located on the 
Baker River, Washington, and owned by Puget Sound Power and 
Light Company is a concrete gravity rock embankment dam that 
has a usable storage capacity of 221,000 acre-feet. During 
March of 1975, Upper Baker reservoir was drawn down 30 feet 
due to the danger of a potential large land slide being 
triggered by volcanic activity of Sherman Crater of Mt. Baker. 
In April of 1976, the U.G.S.G. studies indicated that the 
chance of eruption and major mud flow was less likely than 
in mid-1975. Thus the restrictions on the reservoir were 
removed, and the reservoir commenced filling to normal level 
in April 1976. Sherman Crater is being closely monitored for 
any indication of a renewal of volcanic activity. 

(5) Licensed projects having earthen dams constructed by 
the hydraulic fill method and located in geographic areas 
subject to high intensity earthquakes will be analyzed for 
dynamic response to earthquakes. Although not all such dams 
have been studied, they will be in the near future. 



Under the category of major dam problems associated with 
excessive seepage, leakage, and deterioration of materials are 
the following. 

(1) Logan Martin Dam (FPC No. 2146) located on the Coosa 
River, Alabama, owned by Alabama Power Company. The dam con- 
sists of a concrete gravity spillway, intake and powerhouse 
section flanked by earth embankments. Maximum height of the 
earth embankments is 97 feet. Bedrock is the Cooper Ridge 
or lower Knox dolomite with isolated beds of limestone and 
scattered masses of chert. The rock is highly jointed, 
faulted, and cavernous. Even though the bedrock was exten- 
sively grouted during construction, underseepage developed 
soon after the dam was completed and the reservoir was im- 
pounded in 1964. Upstream sinkholes and downstream boils have 
developed and persisted through periods of remedial grouting 
beginning in 1968 and the filling of sinkholes in 1968 and 
1969. The rate of underseepage has increased through the years. 
Recently the licensee has intensified subsurface investigations 
and enlarged its special Board of Consultants in an effort 
to gain a better understanding of the foundation conditions. 
Remedial measures ongoing or just completed consist of multiple 
row grouting, construction of a rock bolster on the downstream 
face of the left embankment, and improved downstream drainage. 
Consideration is being given to additional upstream blanketting 
and continued grouting. This project is being closely monitored 
with piezometers,' movements markers, and'reservoir floor soundings. 

(2) Terminal dam (FPC NO.. 400) located on the Animas 
River, Colorado, owned by the Colorado-Ute Electric Asso- 
ciation. The dam is a 55-foot high timber crib structure im- 
pounding, when full, 23,000 acre feet of usable storage. Dur- 
ing June, 1976, leakage through the dam increased from a normal 
10-12 cfs to 40 cfs. Divers sent down to investigate found 
that an approximately 3-foot diameter hole had formed below' 
the sheet piling. This was corrected by dumping about 55 
cubic yards of gravel in the vicinity of the hole and leakage 
returned to normal. A subsequent inspection disclosed a large 
void under the concrete cap between the sheet piling and the 
dam face. Remedial action is under study, however, the re- 
servoir is drawn down 10 feet to protect the dam. Licensee 
intends to replace the dam as soon as a new license is issued, 
i.e. the original license has expired and the project is operating 
under an annual license. 

(3) Elwha Dam (FPC lu'o. 2683) located on the Eiwha River, 
Washington, owned by the Crown Zellerbach Corporation. The 
dam is a concrete gravity structure impounding a small, silted 
reservoir. The dam is questionably stable under a flood 
which could be expected once in one hundred years. The Com- 
mission's Secretary requested the Corporation to undertake 



remedial measures to improve the safety of the dam. However, 
the project has not been determined to be subject to FPC 
jurisdiction (the proceedings are in progress), and the 
Corporation is not willing to act until the jurisdictional 
issue is resolved. 

(4) There are numerous other dams under FPC jurisdiction 
where seepage or leakage is high and which are being closely 
monitored for trends. At present, these situations appear 
to have stabilized and the dams represent only a potential 
problem. 

Conclusion 

The FPC staff's independent review of proposed hydro- 
electric projects, including site investigations, design, 
and construction, together with the review function provided 
by an independent board of technical consultants, provides 
a reasonable assurance that new projects will be safely 
designed, constructed, and monitored. The FPC's inspection 
program in conjunction with its requirement for in- 
spection of major dams every five years by an independent 
engineering consultant gives a reasonable assurance that any 
developing situation which could endanger the safety of a dam 
would be recognized early enough so that only appropriate 
remedial measures, would be required. Experience has shown 
that most Licensees maintain close surveillance,of their dams by 
operating and maintenance personnel. 

The degree to which the FPC's dam safety procedures can 
be maintained and/or improved depends upon its ability to 
maintain a highly qualified and trained technical staff. 
The Bureau of Power must be authorized and budgeted to hire 
and train conpetent personnel. Staff personnel must be 
permitted to take work-related specialized courses, regularly 
attend meetings of boards of consultant~~keep up-to-date 
on technological advances by attending professional seminars, 
and be authorized sufficient travel funds to give office-type 
personnel field experience. 

The FPC dam safety program as presently planned is 
considered adequate, but additional staffing is urgently 
needed. The dam safety program could be made outstanding, 
if adequate resources are provided. 





APPENDIX B 

Special Articles Related 
to 

Dam Safety 

Article . No substantial change shall be made in the 
maps, plans, specifications, and statements described and 
designated as exhibits and approved by the Commission in its 
order as a part of the license until such chanue shall have - - - - - . . 

been approved by the Commission: Provided, ho;ever , That 
if the Licensee or the Commission deems it necessarv or 
desirable that said approved exhibits, or any of them, be 
changed, there shall be submitted to the Commission for 
approval a revised, or additional exhibit or exhibits cover- 
ing the proposed changes which, upon approval by the Com- 
mission, shall become a part of the license and shall super- 
sede, in whole or in part, such exhibit or exhibits thereto- 
fore made a part of the license as may be specified by the 
Commission. 

Article . . The project area and project works will be in 
substantial conformity with the approved exhibits referred to 
in Article herein or as changed in accordance with the pro- 
visions of =id article. Except when emergency shall require 
the protection of navigation, life, health, or property, there 
shall not be made without prior approval of the Commission 
any substant2al alteration or additcon not in conformity with 
the approved plans to any dam or other project works under the 
license pr any substantial use of project lands and waters 
not authorized herein; and any emergency alteration, addition, 
or use so made shall thereafter be subject to such modification 
and change as the Commission may direct. Minor changes in 
project works, or in uses of project lands and waters, or 
divergence from such approved exhibits may be made if-such 
changes will not result in a decrease in efficiency, in a 
material increase in cost, in an adverse environmental 
impact; or in impairment of the general scheme of develop- 
ment; but any of such minor changes made without the prior 
approval of the Commission, which in its judgment have pro- 
duced or will produce any of such results, shall be subject 
to such alteration as the Commission may direct. 

Article . The project, including its operation and 
maintenance and any work incidental to additions or alterations 
authorized by the Commission, whether or not conducted upon 
lands of the United States, shall be subject to the inspection 
and supervision of the Regional Engineer, Federal Power Com- 
mission, in the region wherein the project is located, or of 
such other officer or agent as the Commission may designate, 



who shall be the authorized representative of the Commission 
for such purposes. The Licensee shall cooperate fully with 
said representative and shall furnish him such information 
as he may require concerning the operation and maintenance 
of the project, and any such alterations thereto, and 
shall notify him of the date upon which work with respect to 
any alteration will begin, as far in advance thereof as said 
representative may reasonably specify, and shall notify him 
promptly in writing of any suspension of work for a period 
of more than one week, and of its resumption and completion. 
The Licensee shall submit to said representative a detailed 
program of inspection by the licensee that will provide for 
an adequate and qualified inspection force for construction 
of any such alterations to the project. Construction of said 
alterations or any feature thereof shall not be initiated 
until the program of inspection for the alterations or any 
feature thereof has been approved by said respresentative. 
The Licensee shall allow said representative and other' 
officers or employees of the United States, showing proper 
credentials, free and unrestricted access to, through, and 
across the project lands and project works in the performance 
of their official duties. The Licensee shall comply with such 
rules and regulations of general or special applicability as 
the Commission may prescribe from time to time for the pro- 
tection of life, health, or property. 

Article - . The operations af the Licensee, so far as 
they affect the use, storage and discharge from storage.of 
waters affected by the license, shall at all times be con- 
trolled by such reasonable rules and regulations as the 
Commission may prescribe for the protection of life, health, 
and property, and in the interest of the fullest practicable 
conservation and utilization of such waters for power purposes 
and for other beneficial public uses, including recreational 
purposes, and the Licensee shall release water from the pro- 
ject reservoir at such rate in.cubic feet per second, or such 
volume in acre-feet per specified period of time, as the Com- 
mission may prescribe for the purposes hereinbefore mentioned. 

Article . The Licensee shall retain a Board of 
three or more qualified, independent, engineering consultants 
to review the design, specifications, and construction of the 
project fpr safety and adequacy. The names and qualifications 
of the Board members shall be submitted to the Chief, Bureau 
of Power, for approval. Among other things, the Board shall 
assess the geology of the project site and surroundings; the 
design, specifications, and construction of the dikes, dams, 
spillways, powerhouse, electrical and mechanical equipment 



involved in water control, and emergency power supply; in- 
strumentation; the filling schedule for the upper and lower 
reservoirs and plans for surveillance during the initial 
filling; the construction inspection program; and construction 
procedures and progress. The Licensee shall submit to the 
Commission copies of the Board's report on each meeting. 
Reports reviewing each portion of the project shall be submitted 
prior to or simultaneously with the submission of the corres- 
ponding Exhibit L final design drawings. The Licensee shall 
also submit a final report of the Board upon completion of the 
project. The final report shall contain a statement indicating 
the Board's satisfaction with the construction, safety, and 
adequacy of the project structures. 

Article . Within six months of the effective date 
of this order, the Licensees shall submit, in accordance 
with the provisions of the Commission's applicable orders, 
rules and regulations, all necessary revised plans, designs, 
specifications, exhibits, reports and forms, reflecting the 
approved proposed project, as modified herein, in conformity 
with the views, findings and conclusions set forth in the 
initial decision issued herewith. The Licensees shall not 
begin construction of any project works until the Commission 
hzs approved the submitted revised Exhibit L drawings and . 
Exhibit M showing final designs of project works. 

Article . The Licensees shall.submit in accordance 
with the Commission's Rules and Regulations revised Exhibit 
L drawings showing final designs of any major project works, 
and the Licensees shall not begi'n construction of any major 
project structure until the Commission has approved the 
Exhibit L drawing therefore. 

Article . The Licensee shall file with the Com- 
mission's Regional Engineer and Chief, Bureau of Power, 
one copy each of the contract drawing and specifications as 
soon as they become available; and shall submit for Com- 
mission approval prior to the start of construction revised 
Exhibit L drawings showing the final design of the project 
works. 

Article . The Licensees shall file with the Com- 
mission's Regional Engineer and Chief, Bureau of Power, 
one copy each of the contract plans and specifications prior 
to the start of construction. The Chief, Bureau of Power, may 
require appropriate changes to the plans and specifications 
as to assure a safe and adequate project. 



Article . Prior to the submission of revised Exhibit 
L drawings as herein provided, the licensee shall submit 
for approval by the Commission's Chief, Bureau of Power, com- 
putations to verify the final design of the surge chamber and 
penstocks. The licensee shall submit revised Exhibit L 
drawings, in accordance with the Commission's rules and regu- 
lations, showing the final designs and locatiions of the major 
project works; and final designs and locations of the major pro- 
ject works; and the licensee shall not begin to construct any 
project structure until the Commission has approved the drawings 
theref or. 

Article . The Licensee shall, after obtaining 
written approval from the Chief of Engineers of the plans 
of any project structures affecting navigation, submit, in 
accordance with the Commission's Rules and Regulations, revised 
Exhibit L drawings and an Exhibit M showing final designs of 
the project works, and a revised Exhibit showing, inter 
alia, the location and orientation of the project works with 
respect of the Government dam. The Licensee shall not begin 
construction of any such dam. The Licensee shall not begin 
construction of any such project structures until the 
Commission has approved such exhibits. 

Article . The Licensees shall provide primary 
and backup systems to stop the pumping cycle automatically 
when the water surface in the upper reservoir reaches a level 
of 4,042 feet (msl). In the event the Commission, upon 
the Licensees' filing of their final Exhibit L drawings for 
approval, shall find such systems inadequate reasonably to 
'prevent overpumpage and consequent damages, the Licensees 
shall construct a spillway and take such other measures as 
the Commission shall order to prevent damages from overpumpage. 

Article . The Licensee shall file for Commission 
approval detailed plans to assure the safety of the upper 
reservoir dam from inadvertent overpunping and shall not 
commence construction of the upper reservoir dam until 
such plans are approved. 

Article . The Licensee shall conduct a mathematical 
model study and/or a hydraulic model study to verify the 
adequacy of the design of the surge chambers and shall submit 
the results of such studies to the Commission and shall ilot' 
commence construction of such facilities prior to Commission 
approval of the design of the surge chambers. 

Article . The Licensees shall take appropriate measures 
to minimize leakage from the project reservoirs through karstic 
or solution cavities. 



Article . The design and construction of all 
facilities that will be an integral part of the dam 
or that could affect the integrity of the navigation 
system, including construction procedure and sequence, 
shall be subject to the review and approval of the ~istrict 
Engineer, Corps of Engineers, Louisville, Kentucky. 

~rticle . The Licensee shall install appropriate 
instrumentation and other devices to monitor seepage, uplift, 
and performance of the project structures and reservoir slopes. 
A plan of instrumentation and a schedule for recording instru- 
ment readings shall be filed with the Commission prior to the 
initial filling of the upper reservoir. The ~icensee shall 
furnish periodically to the Comm'ission, as nay be requested 
by the Commission or its authorized representative, a report 
and analysis of the instrument readings. 

Article . Licensee shall operate the project during 
flood periods in a manner such that the peak stream flow be- 
low the lower reservoir will be no greater than would have 
occurred in the absence of the project. 

Article . Prior to initiation of the filling of 
the lower reservoir, the Licensees shall enter into an 
agreement with the Corps of Engineers, District Engineer, 
Pittsburgh, Pennsylvania, specifying a plan of operation 
which would take into account changes in the flow regime 
and total runbff of the Cheat River which will result from 
project reservoir operation in normal, dry and flood periods 
due to such items as reservoir operation, minimum flow re- 
leases and minimum withdrawals of water from Blackwater 
River and withdrawals during initial project reservoir filling. 
A copy of t.he agreement shall be filed with the  omm mission 
prior to commencement of operation. 

Article . The Licensees shall submit a schedule 
and plans for surveillance of initial filling of the project 
reservoirs and install appropriate instrumentation and other 
devices to monitor seepage, uplift, and performance of the 
project structures and reservoir slopes. Plans for reser- 
voir filling and instrumentation, and a schedule of record.- 
ing instrument readings, shall be furnished to the Commis- 
sion prior to initial filling of the reservoirs. The 
Licensees shall furnish periodically to the Commission, as 
may be requested by the Commissjon or i t c  authorized re- 
presentative, a report and analysis of the instrument readings. 

Article . Licensee shall file with the Commission 
an'emergency action plan designed to provide an early warn- 
ing to downstream inha.bitants and property owners if there 



should be an impending or actual sudden release of water 
caused by an accident to or failure of, project structures. 
Such plan, to be submitted prior to initial filling of the 
project reservoirs shall include, but not be limited to, 
instructions to be provided on a continuing basis to 
operators and attendants for actions they are to take 
in the event of an emergency; detailed and documented plans 
for notifying law enforcements agents, appropriate Federal, 
State, and local agencies, operators of downstream water- 
related facilities, and those residents and owners of 
properties that could be endangered; actions that would be 
taken to reduce the inflow to the reservoir, if such is 
possible, by limiting the outflow from upstream dams or 
control structures; and actions to reduce downstream flows 
by controlling the outflow from dams located on tributaries 
to the stream on which the project is located. Licensee 
shall also submit a summary of the study used as a basis 
for determing the areas that may be affected by such emer- 
gency occurrence, including criteria and assumptions used. 
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