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2.) 

NOTI CE : The project  that i s  the subject of  thi s report 
was ap proved  by the Governing Board o f  the Nat iona l 
Research Counci l ,  whose member s a re drawn from the 
c ounc i l s  of the Na tional Academy of Sciences , the 
National Academy of Engine eri ng and the Ins t i tute of 
Medicine .  The member s o f  the commi t tee re sponsible for 
the report we re chosen for the ir  special competences  and 
with re gard for appropriate balanc e .  

Thi s report has been reviewe d  b y  a group o ther than 
the author s ,  accord ing to procedure s approved by a 
Report Review Commi t tee cons i s t i ng o f  members o f  the 
Na ti onal Academy o f  Sciences , the Nat ional Academy of  
Engineeri ng , and the Insti tute o f  Medicine . 

The Na tional Re search Counc i l  was e s tabli shed by 
the National Academy of  Science s in  1916 to  associate 
the broad community o f  scienc e and technology wi th the 
Academy ' s  purpose s of furthering knowledge and of 
advi sing the federa l  gover nment . The counc i l  operates 
in accordance wi th general policies  det ermined by the 
Academy under the authori ty of i t s  congre ssional chart er 
of 1863 , whi ch establi she s the Academy as a private , 
nonpro f i t , self-gover ning membership corporat ion. The 
Counc i l  ha s become the princ i pa l  opera t i ng agency of 
both the Na tional Academy o f  Science s  and the National 
Academy of Engineering in  the conduct of  their services 
to the gover nment , the public , and the scientific  and 
engineeri ng communi tie s . It i s  admini stered jointly by 
both Academies  and the Ins t i tute of Medicine .  The 
National Academy of Engineering and the Inst i tute of 
Me dicine were e stabli shed in 1 9 64 and 1 97 0 ,  
re spectively , under the charter o f  the National Academy 
of Sciences . 

Thi s report repre sents work support ed by Contra ct  
Number EMW-C-0756 , work uni t number 6 31 1F between the 
Federal Emergency Management Agency and the National 
Academy of Science s .  
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PREFACE 

The safety of dams and reservo irs i s  of vital  
public conc ern and entails larg e  responsibilities.  
Whi le the primary duty re s t s  wi th the owner , the  need 
for governmental supervi sion i s  widely recogni zed . 

At the federal leve l ,  u . s .  government agencie s  
conduct c omprehensive dam safety programs for federally 
owned dams . Thes e  have been subjected to periodic 
review and are generally regard ed as  effective .  
However , many states lack s imilarly effect ive programs 
f or nonfederal dams . Approximately half of  the states  
have inadequa t e  dam safet y  programs . Even fewer have 
provi ded enough fund ing f or proper supervi sion of dam 
safety . Ye t , many dams do not mee t  accepted s tandards , 
and there are there fore import ant hazard s  that re quire 
attention . 

The problem i s  nationwide and calls for a 
cooperat ive effort involving the u . s .  and state 
government s and the owners of dams . Although i ts 
regulatory au thorit y  over the safe ty of  nonfederal dams 
i s  limited , the national leader ship is unavoidably 
involved . The economic and environmental damage , not t o  
ment ion loss  of life , that could re sult from a dam 
fai lure warrant s concern at all levels of government . 

Recognizing the s tate s '  fundamental responsibility 
for public safety , the federal role mus t  be guiding and 
support ive .  It must  enc ourage awareness  of the stat e s '  
dut ies and facilitate measures tha t reduce risk.  

A pri nc ipal purpose of the Commi t tee on Safety of  
Nonfederal Dams has been to consider thi s role of the 

ix 
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SUMMARY 

The National Research Counci l  o rganized the 
Commi t tee on the Saf ety of Nonfederal Dams , at the 
reques t  of the Federal Emergency Management Agency 
(FEMA) , to s tudy i ssues related to the safety of  
nonfed eral dams . The commi t tee ' s  primary objective 
during the phase o f  the work report ed here was to 
determine the proper role o f  the Uni ted States 
government in enhanc ing the dam safety programs o f  the 
individua l  states . A second phas e  wil l  address  
t echnical i s sues pert inent t o  dam safety and is  
scheduled for completion by  Ma rch , 1983. 

The commi t tee held a workshop i n  Washington, D . C .  
from November 30 through December 2 ,  1981 that addresse·d 
complex i s sues underlying the need for a federal role in 
the safety o f  nonfederal dam s .  The main i ssues 
d iscussed were questions of re sponsibility and l iability 
for  nonfederal dams ; state dam invent orie s ;  risk 
clas si fication o f  dams ; emergency preparedness planning ; 
technica l ,  funding and training assis tance to the 
s tates ; post-failure inve s t igations ; liability insurance 
f or dam owner s ; dat a  on the t rue cost  o f  dam failure ; 
and dam t erminology . The committee also  ident ified 
technical i s sues that  could be addressed in the second 
phase of i t s  s tudy . The plan f or the second phase i s  
described in Sect ion V I .  

LIABILITY 

Al though common law doc trine holds tha t  dam owner s 
are l iable f or damages re sul t ing f rom fai lure s o f  their 
dams , several judicial decisions have confused the i ssue 

-1-
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by sugges t i ng tha t the person in con t rol o f  a dam mus t  
b e  negl igent t o  b e  held l iable . The commit tee be lieve s 
tha t thi s i s sue should be clarified by the enactment of 
s tate legislation assigning l iabi l i ty for dam fa ilure or 
mi soperat ion t o  the owne r ,  where existing s tatutes or 
case l aws are lacking , and that the u . s .  government 
should encourage the s tates  to enac t such legislation . 

Al so , the commi t tee i s  aware o f  at leas t one case 
in whi ch the court  ruled tha t state  employees 
re sponsible for the state ' s  dam safety program were no t 
immune from liability . The commi t t e e  believe s  tha t  
eng ineers who inspec t and evaluate the safety of 
existing s t ructure s ,  as wel l  a s  the regulatory employees 
of  the s tates , should be immune from personal l iability 
f or dam safet y  act ivitie s ,  except i n  instances of  
mal f ea sanc e  or misf easanc e .  

• The commi ttee  recommends tha t the u . s . 
government , through FEMA , encourage the s tates 
t o  enact legi s lation assigning l iabi l i ty for dam 
fa ilure or mi sopera t ion t o  the owners and also  
accompanying legislation t o  rel ieve the 
eng ineer s and regulatory personnel involved in 
dam safety act ivities  from personal l iability , 
except in instances of malf easance or 
mi sfeasanc e .  

STATE SUPERVISION 

Sinc e  regulatory authority over nonfederal dams 
should l ie wi th the s tates , a l l  states  need adequa te 
laws regulating dam safety .  However , many states have 
no dam safety legislat ion ,  and o thers have legislat ion 
that is inadequat e .  Therefore , the committee  believe s 
that a need exi s t s  t o  promote state legislat ion 
comparable to the Mode l  Law for State  Supervi sion of 
Saf ety of Dams and Re servoir s ;  published by the Uni ted 
States  Commi t tee on Large Dams ( USCOLD ) in 197 0 .  

Al so , the commi t tee believes tha t  the solution t o  
the problem of  poor state supervi sion o f  dam safety 
would be aided by a national perspect ive on dam safety 
provided by ei ther a governmental or nongovernmental 
ent i ty .  

- 2 -
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• The commi t tee re commend s that the u.s. 
government , through FEMA, encourage states to 
enact legislation comparable to the USCOLD Model 
Law and assist  the s tate s in forming a national 
association or forum for discus sing common 
problems and assessing adequacy of state 
programs . 

FEDERAL INVOLVEMENT IN NONFEDERAL DAMS 

Many nonfederal dams were ini t ially engineered and 
const ructed wi th federal assis tance . Although some 
cont inuing federal technical assistance i s  available to  
owners of such dams in cases of latent defects , 
inadequate or faulty design , and improper hazard 
c lass ification ,  the commit tee believe s that more should 
be done to  assist  owners in dam safety activi t ies . 
Accordingly , the commi ttee recommends that the u.s. 
government should take the following actions : 

• Pre pare guidelines for emergency preparedness  
plans for nonfederal dams initially engineered 
and constructed wi th federal assistance 

• Maintain a central inventory of such dams 

• Guide current and potential dam owners on the 
adverse consequences of changes in downstream 
land use on hazard clas sificat ion 

• Insist  on s t rict  compliance wi th operation and 
maintenance  agreement s .  

IMPERATIVE NEEDS 

The commi t tee also agreed that the u.s. government 
should help mitigate  existing impediment s to effective 
state dam saf ety programs by : 

• Helping the states establish and maintain 
up-to-date inventories of dams 

• Developing methodology for risk assessment and 
promoting i t s  use in state dam safety programs 
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• Providing a support ive , nonregulatory role to 
help the states obt ain t echnical guidance 
materia l 

• St udying the feasibi lity  of  providing some 
federal fundi ng assis tance to dam owners  f or 
repairing unsaf e dams 

• Developing and offering to conduct  sui tabl e dam 
saf ety training cour ses f or personnel of the 
states  and owner s  

• Provi ding federal i nsuranc e  assistance , i n  
conjunc t i on wi th a benef i t  program , to  s tates  
and dam owners  who are  commi tted t o  effec t ive 
dam safety procedure s 

• Deve loping guidance f or emergency preparedness 
planni ng 

• Developing data on the real cost  of dam fai lure , 
t o  he lp state officials set  proper funding 
l eve l s  f or dam safety act ivi t ies  

• Helping the state s ,  upon request , to  investigat e 
c auses of dam failure s 

• Developing common terminology to  facili tat e 
communication in dam safety activi ties . 

SECOND PHASE STUDY 

The commi t tee re commends that the following 
technical issues be addressed duri ng the second phase of  
i t s  s tudy : 

• Ri sk a s sessment : Deve lop a rational , 
practicable methodology f or assessing risks in 
dam safety act ivi ties . 

• Engineering methodology : Study and develop 
guidanc e  on s tability and hydrologic evaluations 
of dams ( including but no t limi ted to modes  of 
breaching , s tability parameters for overt opped 
dams , seismic stability , shear s treng th in weak 
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rock or in weak seams of s t rong rock 
foundat ions , and potent ial for piping at dams ) . 

• Ins trumentation and warning systems : Study and 
deve lop guidance on types of instrument s 
appropriate  for dam surveillance . 

• Emergenc y  preparedness planning : Develop a 
model plan for voluntary use by the state s .  

COMMENTS 

Section VI I of thi s report contains a detailed list  
of the  committee ' s  recommendations . In view of FEMA ' s  
assigned re sponsibility for coordinating and promoting 
dam safety (sub-section 2 . 2 ) , the recommendations , for 
the mos t  part , were formulated for the response of that 
agenc y .  The commi ttee recognizes , however , that the 
federal role defined by the commi t tee would involve the 
s upport of other federal agencies , part i cularly in the 
technical area s .  The committee also  recognizes that 
implement ing i t s  recommendations would have signi f icant 
impact s  on the staffing and f inancial resources of 
FEMA . There fore , i t  i s  incumbent on FEMA not only to 
use the assistance of other agencie s ,  as  appropriate , 
but also t o  improve i t s  own capabilities  to  the extent 
neces sary and possible . A necessary next step i s  for 
FEHA to evalua te the recommendations in light of i t s  
mi ssion and object ive s ,  possible similar effor t s  already 
underway , ant icipated cost s ,  and the capabili ties  of the 
federal agencie s .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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I .  INTRODUCT ION 

1 . 1  PURPOSE 

In Oc tober 1981 ,  the Federal Emergency Management 
Agency ( FEMA) asked the National Re search Counci l  ( NRC ) 
t o  undert ake a s tudy of t echnical and policy i s sues 
related t o  the safety  of nonfederal dams . FEMA asked 
the NRC to ident i fy impediment s to state-run programs 
f or dam safety , to sugges t  federa l actions to remove or 
mi tigate those impediment s ,  and to def ine how the u.s. 

government could he lp make such nonfederal dams safer . 

FEMA ' s  re quest followed c ompletion of a four-year 
u . s .  Army Corps of Engineers program of inspecting 
nonf edera l dams , conduct ed under authori ty of the 
National Dam Inspection Act ( Public  Law 92-3 6 7 )  of 
1972 . Sinc e  the completion of the Corps ' inspect i on 
program , in 1981 , no agency of the u . s .  government has 
had authori zed fund s for monitori ng or encouraging state 
programs to supervis e  subsequent inspections and 
inve s t igations , or to ensure that deficiencies are 
corrected . 

In re sponse t o  FEMA ' s  request , the NRC created a 
Commit tee on the Safet y  of Nonfederal Dams t o  review and 
disc uss  the involved i s sues .  Thi s report present s the 
resul t s  of the committee ' s  effort . 

1 . 2  SCOPE 

FEMA and the NRC agreed that the committee ' s s tudy 
would be a two-phase effort . The first  phase was t o  
consider the proper role of the u.s. government 
regard ing the safety of nonf ederal dams . It was an 
opportunit y  f or the technical community to comment on 
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policy and admini strat ive a spect s  of dam safety . Unlike 
the initial policy and planning phase ,  the second phase , 
t o  be completed by March 1983 ,  wi ll address  technical 
issues pertinent to dam safety . 

Operating under a February 28 , 1982 deadline for 
the first  phase of the s tudy , the committee held a 
th re e-day workshop in Wa shing ton, D . C . , from November 30 
to December 2 ,  1981 .  Participant s included commit tee 
member s and staf f ,  re pre sentat ive s of federal agencies 
involved in dam cons truction and supervi sion , and other 
expert s  wi th a vari ety of experience in dam safety . The 
workshop part icipant s di scussed such issues a s  legal 
l iability , r i sk assessment , and the role of the u.s. 
Government , a s  well a s  the second phase  of the s tudy . 
The partic ipant s developed a li st  of " impera tive needs , "  
or actions necessary to eliminate  existing impediments 
to  an effective e ffort for improving the safety of 
nonfederal dams , and discussed possible solutions for 
each problem. From the se di scussions , the commi ttee 
reached the conclusions and recommendat ions presented in 
thi s report . 

Nonfederal dams are those that are not owned by the 
u.s. government . Of 67 , 4 5 1  dams li sted in  the National 
Invent ory ( dams over 2 5  feet in he ight or impounding 50 
acre-fee t or more of water if 6 fee t or more in height ) ,  
6 4 , 566 are nonf ederal ,  and are owned by s tate or 
municipal government s ,  or by individuals or other 
nongovernmental entities or organi zations . Some 
nonfederal dams are under the regulatory authori ty of 
f ederal ag enc ies whose dam safety programs are monitored 
by FEMA. The scope of the committee ' s  study and the 
re commendations in thi s report concern the enhancement 
o f  state  dam safety programs . However ,  i t  will be 
re cognized that s ome of the re commendations , such as the 
use of ri sk classification and emergency preparednes s  
planning , are equally appl icable to  the safe ty 
supervi sory programs of federal agencie s .  
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I I .  BACKGROUND 

2 . 1 THE NATIONAL DAM INSPECTION ACT 

Followi ng a series of event s  tha t focused the 
public ' s  conc ern on the hazard s  created by water s t orage 
dams. the Congres s  passed the Nat i onal Dam Inspect ion 
Ac t ( Public  Law 92-3 67}. whi ch was signed by the 
President on August a. 19 7 2 .  The se event s  we re the near 
fa i lure of the Lower Van Norman Dam during the February 
90 1 9 71.  San Fernando. California. earthquake ; the 
fa i lure of the Buf falo Creek. We st  Virg inia. mine re fuse 
embankment on February 2 60 197 2 ; and the dam failure a t  
Rap id Ci ty. South Dakota. i n  June 1 9 7 2 . Also in June 
197 2. Hurricane Agne s caused ex tremely heavy rainfall in 
the northeastern United S t ates. re sulting in 
unprecedent�d flooding that seriously threatened a large 
number of dams. some of which were overt opped and 
damaged. adding to  the property damage otherwi se caused 
by the f l ooding and further intensi fying the public ' s 
concern.  

The Ac t re quired the u.s. Army Corps of Engineers 
to carry out a program of safet y  inspec t ion of all dams 
in the Un ited S t a tes. except those under the 
jurisdictions of specified federa l authorities  and 
c ertain o ther c lasses of dams . It also required the 
Corps to c ompile an inventory of a l l  dams in the Unit ed 
S t ates . Pr i or t o  f i sc al year 1 9 7 80 however. Congre ss  
funded only the  inventory work .  

Immediately following the November 6 0  19 77. failure 
of the Kelly Barne s Lake Dam at Toccoa. Georgia. 
Pre sident Carter d ire cted the Corps t o  inspect all "high 
hazard" dams ( thos e  whose failure s would cause loss of 
l ife  or substant ial propert y damage}. He also 
e ncouraged state government s  t o  cooperate  in the program 
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and to  implement effective safety programs for 
nonf edera l dams . At the same t ime Congre ss  funded the 
inspection s .  

Between December 1 9 77 and Oc tober 1981 ,  the Corps 
of Engineers inspected some 8 , 800 dams . About 
one-third , or more than 2 , 900 , were judged to be unsafe 
by federa l standards ;  that i s ,  they had def iciencies 
that i f  left  unc orrected c ould re sul t in dam failure 
wi th consequent los s  of life  and /or substantial property 
damage .  Le ss  than 5 perc ent of the unsafe dams had been 
repaired by October 1981 . Dam owner s '  inability t o  
f inanc e the work i s  the primary reason for their failure 
t o  perform the remedial measure s .  

Many s tates part icipated i n  the dam inspect ion by 
the Corps and helped compile inventory data for the dams 
withi n the ir boundari es . The capabilit ies of the se 
states to  adminis t er dam safe ty programs were enhanced 
by their pa rticipation in the inspections. At the end 
of  the inspection program , the Corps found that 25 
states were adequately supervi sing both inventory and 
inspection act ivitie s .  Some state off icial s ,  however ,  
have said that wi thout f ederal funding ,  they cannot 
continue effective dam safety programs . 

About half of the states fai led t o  implement 
effective dam safety programs due to lack of state 
funding , adequate legislation, regulatory pract ices , or 
t echnical staff . Some could not assist  the Corps ' 
inspec t ion program in a meaningful way because of 
inadequate  staff . Some of these states have inadequate 
l egislation regard ing dam safety;  others have adequate 
laws but la ck the necessary fund s and personnel . 

At the end of the four-year inspection program , the 
Corps of Engineers had inspected all of the high hazard 
dams . From now on, the s tates wi ll have to rely on 
the ir own dam safety programs and mitigate the problems 
of the unsafe dams ident ified by the Corps . 

The Corps of Engineer s i s  preparing a report , 
scheduled t o  be published early in 1982 , covering the 
inspect ion program carried out under the authority of 
the National Dam Inspection Act .  In December 1980 the 
Corps issued a progress  report , " Inspection of 
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Nonfederal Dams , Summary for Fi scal Year 1978-1980" 
whi ch covers program ac t ivi t i e s  through Oc tober 1 ,  1980. 

2 . 2  FEDERAL EMERGENCY MANAGEMENT AGENCY 

Following the fai lure of the federally owned Teton 
Dam i n  Id aho , the Pre sident on Apr i l  23, 19 7 7 ,  directed 
federa l agencies  t o  review the ir dam safe ty practices  
and t o  convene an ad hoc interagency commi t tee to  
coordinate  dam safe ty programs . On June 2 5 ,  197 9 ,  the 
ad hoc commi t tee i s sued a set of management guideline s  
f o r  the planning , design , construc tion , operation , and 
regula tion of dams by u.s. government agencies . The ad 
hoc commi t t ee later evolved int o the Interagency 
Commi ttee on Dam Safety (ICODS ) ,  whi ch i s  chaire d  by 
FEMA . 

Under Executive Ord er 12148, dated July 2 0 ,  197 9 ,  
Pres ident Carter assigned re spons i bi l i t y  for 
coord inating and promoting dam safety t o  the Federal 
Emergency Management Agency (FEMA) , including the task 
of monitoring the implementa t i on o f  the management 
guideline s .  FEMA i s  re spons i ble for policy guidance , 
deve lopment of  programs to prevent or re spond to dam 
failure , coordination o f  federal dam safety programs , 
and enc ouragement o f  nonf edera l programs to reduce the 
publi c  hazard of unsafe dam s .  The goals of these 
effor t s  are accompl ished primari ly through coordination 
and informa tion exchange among organizations sharing 
common problems and having re sponsibilities  for dam 
safe ty . 

2 . 3 INTERAGENCY COMMITTEE ON DAM SAFETY 

Several federal agencies  are involved in dam 
safety . In addition t o  FEMA , the se include the 
Department s of the Army , Agriculture , Interior , and 
Labor ; the Federal Energy Re gulatory Commission (FERC ) ; 
the Tennessee Valley Authority ( TVA) ; the u.s. section 
of  the Int ernational Boundary and Wa ter Commiss ion , and 
the Nuclear Regulatory Commis sion ( NRC ) . Thei r  
pri nc ipa l coord ination mechani sm i s  the Interagency 
Commit tee on Dam Safety ( ICODS ) .  
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ICODS was created " • • • • •  to encourage the 
e stablishment and maintenance of effective federa l and 
s tate programs intended to assure dam safety for 
pro tect ing human life  and property . " (From ICODS 
Charter and Operating Rule s ,  adopted Apri l 2 0 ,  1980. ) 
Thi s i s  achi eved primari ly through the coordination and 
exchange of information among federal agencies .  ICODS 
provi des a permanent forum in which the agencies can 
advi se FEMA , in i t s  rol e  a s  coordinator of interagency 
act ivi ties and to ident ify , di scus s ,  and recommend 
solutions to dam safety problems . 

ICODS has created s ix subc ommit tees to addre s s  
various issues involved in dam safety efforts : 
Te chnical Guidelines , Re search,  Funding for Dam Safety , 
Training , Emergency Action Planni ng , and Interagency 
Communication. The subcommit tees on Research , Funding , 
Training , and Interagency Communications have completed 
the ir work and wi l l  i s sue final report s  that wil l  be 
part s  of the FEMA/ICODS biennial report  on dam safety . 
Because of the bulk of the report of the Research 
Subcommi t tee , it wi l l  be published separately by FEMA. 
The se report s  were not available in t ime for the mee ting 
of the Commi ttee on the Safety of .Nonfederal Dams . 

The Te chnical Guidelines Subcommi t tee has 
undertaken to e s tablish consensus guidelines  for inflow 
design f l oods and design earthquake s .  Due t o  the 
magni tude of the effort , a comple tion date has not ye t 
been set . 

The Emergency Ac tion Subc ommi t tee i s  addres sing 
questions of dam failure and mapping , notification 
guidanc e ,  evacuation planning , and repairs .  A draf t 
subcommit tee report i s  scheduled for submission to ICODS 
i n  Oc tober 1982 . 

2 . 4  FEDERAL AS SISTANCE AND REGULATORY FUNCTIONS 

The u.s. government has varying degree s of 
re sponsibility re lat ing to some nonfederal dams . 
Following i s  a brief summary of the involvements of the 
princ ipal f ederal agenc ies . 
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2 . 4 . 1  u.s. Department of  Agriculture 

Five ag enc ies wi thi n the Department of Agri culture 
are involved wi th nonfedera l dams . 

The Agricultural Stabil izat ion and Conservat ion 
Service (ASCS ) provides cos t-shari ng as s i s tance for the 
cons truction of dams designed to c onserve or safely 
di spose of water , protec t agains t soi l erosion or f lood 
damage , or prevent agri cultura l po l lut ion of water . The 
ASCS ha s no re spons ibili t y  or capability  wi th respec t t o  
dam safety . Admini stra t ive ly and procedurally ,  the 
technical engineering responsibil i t y  for dams i s  
assigned t o  the S o i l  Conservation Se rvi ce (SCS ) . 

The Farmers Home Adminis trat i on (FmHA) provide s 
l oans and grant s fund s to  rura l l andowners and public 
organizations for cons truction to  enhance land and water 
re sourc es and to improve l ivi ng and working cond i t ions 
in rural a reas . Where water resource developments , 
inc luding dams , are required , FmHA ensure s tha t loans 
for cons truction are financially sound . FmHA has no 
eng ineeri ng expertise  re lated to the safety of dams . 

The Fore s t  Service (FS ) issue s special-use permi ts 
to private ent i ties building and operating dams ei ther 
in Nationa� fore s t s  or on private  land if National 
fore s t  land s are af fected in some way . It has some 
degree of adminis trat ive contro l over more than 17 , 000 
dams , most being small , low hazard s truc ture s .  However ,  
over 1 , 300 o f  the nonfederal dams are o f  such a size  and 
he ight as to be inc luded in the Nat i onal Dam Inventory . 
The Fore s t  Service reviews and approve s the owners ' 
activi ties re lated to  dam safety and maintains a s taf f 
of engineers trained in design , cons truc tion and 
opera tion of dams . 

The Rura l Electri fication Adminis trat ion (REA) 
make s loans and loan guarantees for rural 
electri fication in cert ain areas . The loans are for 
cons t ructing and operating facilities  tha t include 
hydroelec tri c dams . The REA has l imi ted technical 
expertise in dam safety . 

The Soil  Conservat ion Service (SCS ) ass ists  land 
users and owners in the conservation , protection , and 
enhanc ement of soi l , water , and re lated resources . It 
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provi des t echnical assistanc e  to  individuals and groups 
f or dams installed under some programs , and technical 
and financ ial assis tance i n  the case of dams constructed 
und er federal cost-sharing programs such as those 
authorized by the Wa tershed Pro tect ion and Flood 
Prevention Ac t and some of those of the Resource 
Conservation and Development author i ties . Under the 
cost-shari ng programs , SCS agreement s wi th projec t 
sponsors re quire i nspec t ions for the l ife of the 
agreement (usually the economically evaluated projec t 
l ife) . SCS has assisted in the construc tion of more 
than 8 , 000 nonfederal dams in ups tream watershed 
pro tection and fl ood preve ntion projects. 

2 . 4. 2  u . s .  Department of the Interior 

The Bureau of Land Management ( BLM) is  a land 
managi ng agency and prescribe s procedures under which 
o ther s re ceive authori zation to construct dams on BLM 
public land s .  No federal fund s are involved in the 
design ,  construc tion ,  operation ,  or maintenance of the se 
dams . The BLM has no requirement s and provides no 
sup ervi sion re lating to the saf e ty of the struc ture s .  

Th e  Office o f  Surface Mining ( OSM) admini sters 
programs regulating surface coal mining operat ions and 
the surface effec t s  of underground coal mining 
opera tions . The dams re gulated by OSM are used in 
conjunction with mining operations in  order to control 
the surface runoff of water and to  dispose of waste  
produc t s. Planning , site  selection , design , 
c onstruct ion, maintenanc e ,  and opera tion of these 
s t ructure s are the responsibili ties  of the mining 
companies . However ,  OSM regulates and inspects  the dams 
or moni tors and supports the state regulatory programs . 

2 . 4. 3 u . s .  Department of Labor 

The Mine Safety and Heal th Admini s tration (MSHA) 
inspects the nation' s mines and enforces  regulations for 
the protect ion of the health and safety of persons 
working in  those  mines. MSHA ' s  dam safety 
re sponsibilities  lie in enforcing i t s  regulations 
governing coal waste impounding s t ructure s . Its  
inspec tion and enf orcement jurisdict ion i s  limi ted , 
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applying primari ly to  the prevention and e l iminat ion o f  
hazardous cond i t ions tha t could adversely affec t the 
l ive s of those working in the mine s and on mine propert y . 

2 . 4 . 4  Department of the Army 

Under the authori ty of  Sect ion 404 of the Federal 
Water Pollution Control Ac t of  197 2 (Publ i c  Law 92-500 ) 
and Sect ion 9 of the River and Harbor Ac t of 1899 (30 
STAT . 1 151; 33  USC 401 ) , the Corps of  Engineers i s sue s 
permits  for the construction o f  nonf edera l dams on the 
nation ' s  waterways .  Permi t applicant s furnish 
d ocument ation on the designs , but the Corps does not 
provide an independent engineering review . Unless 
another f edera l agency re quire s inspection of the dam , 
the permi t requires the permi ttee t o  operate and 
maint ain the s truc ture properly to ensure public 
safety. Such dams are not inc luded in the Corps ' dam 
saf e ty program , because the ir safety is considered to be 
a state  re spons ibility .  

2 . 4 . 5  Nuclear Regulatory Commi ss ion 

The Nuclear Regulatory Commi ssion (NRC ) issues 
permits  and. opera ting l icenses for nuclear facilitie s ,  
i ncluding dams . The licens ing process  addresses only 
dams where failure could re sul t  in a radiological ri sk 
t o  the publi c  heal th and safety . These are dams ( 20  in 
number ) that impound water required for the safe 
shu t-down of  nuclear power plant s .  The NRC imposes no 
expl icit  dam saf ety requirement s on approximately 31  
other dams associated wi th nuclear power plant s . 

2 . 4 . 6  Federal Energy Regulatory Commis sion 

The Federal Energy Regulatory Commi ssion ( FERC) 
supervi ses a dam saf ety program under Sec tion lO( c )  of 
the Federal Power Act .  I t  issue s rules  and regulations 
t o  ensure that l icensed pro jec t s  are adequately 
cons tructed , operated , and maintained to  protec t life , 
health , and proper t y .  FERC ' s  juri sdiction covers dams 
at hydroelec tric project s  that are located on navigable 
s treams , occupy federally owned lands , use surplus water 
or wat er power from a federally owned dam , or affec t the 
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interests  of interstate or f oreign commerce. The FERC 
dam saf ety program involve s  about 1 , 200 dams , of which 
about 350 are in the high hazard category . FERC i s  a 
member of the Int eragenc y  Commit tee on Dam Safety and 
pursues i t s  dam safety act ivi t ies in general conformance 
with the Federal Guidelines for Dam Safety . 
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I I I .  LIABILITY 

3 . 1  DISCUS S ION 

Eng l i sh common law, s t i l l  the basis for 
nons tatut ory law in the United  State s ,  traditional ly has 
held that the cap ture or collec tion of large amount s of 
water on one ' s  land const itut e s  a hazardous act ivity and 
that the collector opera tes  a t  the r i sk of all 
subsequent occurrence s related t o  that captur e .  Thus , 
t o  thi s day , mo st  s tates  hold dam owner s  l iable for 
damage s that resul t  from the failures of  the ir dams . 

Thi s  i s  no t always the case , however , sinc e  
s tatutory law and judicial decisions have somewhat 
confused the cert ainty of l iabi l i ty .  For example ,  the 
resul t s  of ·some cases* have suggested tha t dam owners 
mus t be negl igent before they can be held liable for 
damage s result i ng  from the dam ' s failure . In a t  least  
one case (Gi bson� a l .  vs Commonwealth of Pennsylvania ,  
Department of Environmental Resource s ,  and Goddard and 
Ellam , 1978) the court held tha t a state off icial 
re sponsible for inspecting a dam was not immune from 
liability . Following a dam failure during the 1 9 7 7  
Johnstown flood , downs tre am re sident s f i led sui t aga inst 
the Stat e of Pennsylvania and ind ividual employee s  
re spons ible f o r  t h e  s tate ' s dam safety program . The 
State Supreme Court ruled tha t the state employee s  were 
not immune . 

*Turner vs Big Lake Oi l Co . 96 s .w .  2D 2 21 ( 1936)  
( Texas) ; Walsh vs  Eas t  But te Copper Mining Co . et a l. 
214 P .  6 41 { 19 2 3) {Montana) ; and Van Al s tyne vs City of 

Amst e rdam 1 9 7  N . Y . S .  5 7 0  { 19 2 2 )  { New York) . 
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Because of the unc ertainty engendered by such 
deci sions , the is sue of liabi l i t y  need s to be c larified 
so  that the appropri ate part ies know they wi ll  be held 
re sponsible for dam failure s . Thi s  certainty of outcome 
would serve two major purpose s .  First , it would 
encourage the re sponsible government agencies or other 
part ies to inspect and correct deficiencies  that could 
lead t o  dam failure s .  Second , it would establ i sh an 
inc ent ive for the part ies to obtain insurance qu ickly to 
cover damage claims tha t could resul t from dam fai lures . 

The u . s . government assumes l iabi lity for federally 
owned dams . However ,  i t  di sclaims liabi l i ty for 
nonf edera l dams , inc luding those regulated by federal 
agencie s . Wi th respec t to the Corps of  Engineers 
inspections of nonf edera l dams from 1 9 7 7  to  1981 , the 
1aw specifically excluded the federal government and i t s  
off icer s  or empl oyees from any l iabi l i ty . 

3 . 2 CONCLUSIONS 

3 . 2 . 1  Dam Owner s  

In  s tates that lack laws governing liability for 
dam failure s , the legislature s should be encouraged to 
pa ss  s t ri ct l iabi l i ty s t andard s for the ownership  of 
dams . In es sence , the owners  of dams , as the parties 
most d irec t ly in contro l of potent ially hazardous 
conditions , should be primari ly re sponsible for ult imate 
fa ilure s .  Any unc ert ainty as to  who would b e  l iable for 
a failure would hamper dam safety and appropriate 
liability coverage .  

3.2 . 2  Eng ineeri ng and Regulatory Personnel 

Conversely , state legislature s  should cons ider a 
form of immuni ty for engineers who assess the integrity  
of existing dams and for  state  regulatory employee s .  
Because of the real or imag ined f ear of potent ial 
liability, many qual i f ied engineers and engineering 
firms ate reluc tant or re fuse to  become involved i n  
assessing dam safety . Engineers mus t b e  able to  provide 
their best professional opinion wi thout fear of  legal 
liability for any consequence s .  Similarly , the 
employees of state regulatory agenc ies should be f ree to 
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di scharge the ir re spons ibi l i t ie s  wi thout fearing 
per sonal l iabi l i ty should a dam fai l .  Such legi slat ion 
should be careful ly drawn s o  a s  not t o  affect  the 
ord inary liabi l i t ies of the eng ineers f or work over 
whi ch they have full control or t o  conflict  wi th 
profess ional re gistrat ion laws. and t o  except i ns t anc es  
of malfeasanc e or  misfeasance . 

3 . 2 . 3 Fe dera l Role 

The encouragement of  stat e s  to enac t such 
l egislat ion is a proper func t ion for the u . s .  government 
and could be coordinated through FEMA . 
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IV.  RESPONSIBILITIES 

4 . 1  STATES 

4 . 1 . 1  Di scussion 

S t ate government s are re spons ible for protecting 
the ir res ident s f rom los s  of life  or property by the 
unsaf e action or inaction of o thers  whenever and 
wherever possibl e . 

Whi le some s tates have adequate statutory and 
regulat ory au thori t y  over nonfederal dams , others lack 
any such authori ty and many fall s omewhere in between. 
Since  it is widely accepted tha t dam owners are 
re spons ible for the safety of their dams and that 
regulatory authori ty should lie i n  the s tate s ,  all 
states need laws regulating dam saf e ty .  Six states have 
enac ted such legislation i n  the pa st  f ive years . 
However ,  many others  need t o  enac t l egislation or 
improve existing legislation , and the u . s .  government 
should assist  and enc ourage the s tates in this mat ter .  

4 . 1 . 2 USCOLD Model Law 

The Un ited States Commi ttee on Large Dams (USCOLD ) 
has i ssued a "Model Law for State Supervis ion of Safety 
of Dams and Re servoir s . " USCOLD i s  the United States 
Member of the Int ernational Commis sion on Large Dams , an 
organization of professional engineers ,  geologis t s ,  
other ind ividual s ,  and organizat ions concerned wi th the 
design ,  construction,  operat i on,  and maintenance of dams 
and res ervoir s .  Th e  model  was prepared a s  a public 
service for the considera tion of s tate governors and 
legi s lature s .  The object ive was t o  promot e  states ' 
awarene ss of their dam saf e ty re sponsibil ities and to 
help the states begin  or improve supervisory programs . 
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I t  would be helpful t o  the promot ion of  adequate  
legi slation i f  FEMA or some other U . S .  government agenc y 
or priva t e  organizat ion would comp i le a detai led 
descri pt ion of  the laws and regulations of all s tates 
wi th regard t o  dam safety . While the Corps of 
Eng ineer s ,  for the 1975 re port to  the Congre ss , 
" National Programs of Inspec t ion of Dams , "  surveyed the 
states  t o  determine wha t their supervi sory pract ices 
were and whe the r or not they had s tatut ory authority 
over dams , it made no detailed analys is  of the laws and 
regulations . The USCOLD mode l could be used to compare 
state  programs . Such a compi lation should be upda ted 
periodically , perhaps every two t o  f ive year s .  Further ,  
i t  might be useful t o  poll the s t a t e s  periodically t o  
determine what problems they s e e  in  the ir  programs . 
(Such a poll could ma intain the anonymi ty of the 
re sponding part ies  i f  found desirabl e ) . 

4. 1 . 3  Na tional Per spect ive 

Becaus e  of inadequa t e  state  supervi sion and the 
magn i tude of  the consequences  of wide spread dam 
failure s ,  a national perspec t ive on dam safety i s  
needed . The problems will  not be solved entirely 
wi thout a nat ionwide per spec t ive or the impetus that a 
broad-base� group c an of fer . Thi s could be provided by 
ei ther a government agency or a nongovernmental entity , 
such as FEMA , an association of s t ate  dam safety 
officials ,  or a combination of  these  i n  a cooperat ive 
forum l ike the u . s .  Commi t tee on Large Dams or the 
American Society of Civi l Engineers ( ASCE ) . 

4 . 1 . 4  Conc lusions 

FEMA , in coordinating dam safe ty , should encourage 
states t o  as sume and d i scharge  compe tent ly their 
rightful supervi sory re sponsibi l i t i e s  for dam safety . 
FEMA , for example ,  c ould promote s tate legi slation 
comparable to  the USCOLD mode l  law and help formulate a 
national association or forum for d iscussing problems of 
dam safety . FEMA should also  establi sh means for 
impa rt ial assessment s of state  programs and d i s seminate  
the result s of  such assessment s appropriately . 
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4. 2 FEDERAL GOVERNMENT 

4. 2 . 1  Discussion 

Re sponsibili ties of the federal agencies for 
nonfederal dams differ widely and involve dams built  
wi th federa l technical and/or f inanc ial assistance and 
dams subjec t to permit s and l icense s .  Section 2 . 4 
c ontains a summary of each agenc y ' s  involvement wi th 
nonfedera l dams . 

Except for s ome of the dams falling under federa l 
regulatory authori ty , the u.s. Government does not 
a ttempt to supervi se nonf ederal dams in the interes t  of 
publi c  safety , not even those that may have been 
constructed under i ts programs. The s tates are expected 
to provide safe ty supervision for these dams. Only in 
the case of nonfederal dams engineered and constructed 
with federal assi stance ( principally under the USDA 
Small Wa ter shed Program and Re source Conservat ion and 
Development Program) , is a degree of federal 
responsibility for saf ety c learly defined and accepted . 
In thi s case , the u.s. government correc t s  deficiencies 
i nvo lvi ng (1 ) latent c ond i t ions not d i scovered during 
original  investigations or cons truc tion , and ( 2 )  
i nadequate o r  faulty design s ,  inc luding improper hazard 
classification at  the t ime of  cons truction. Also , the 
u.s. Government has , to varying degrees , he lped dam 
owners wi th plans and inspections to facilitate 
opera tion and maint enanc e ,  deve lopment of emergency 
plans , and recogni tion of  land use changes that could 
a lter the hazard classificat ions of dams . It has also 
encouraged land use controls t o  regulate development in 
areas that could be affected by dam failures .  

As a resul t o f  the Corps o f  Engineers inspec tion 
program , nonf ederal dam owners have become aware of  the 
very serious defec t s  in some of the ir dams . These 
defect s  re late to  (1 ) deteriora tion ,  primari ly due to 
the dam ' s  age and /or lack of maintenance; ( 2 )  dam 
constructed t o  meet a lower hazard c lassificat ion than 
that applicable at the t ime of inspection (generally 
these changes in hazard c lassif icat ion have occur red as 
a resul t of actions by others over which dam owners have 
lit tle or no contro l) ; and ( 3 )  chang es in the cri teri a 
by which the adequacy of design and /or cons truction i s  
judged . 
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Out of  frus tration and economi c nece s s i ty , many 
owner s of nonf ederal dams have a sked the federa l agenc y  
tha t ini t ially  ass i s ted wi th design and cons truction f or 
he lp . Normally , the agenc ies lack the authori ty t o  
provide more than technical assis tance t o  the owner s  i n  
upgrading t he s tructure t o  meet  current cri teri a .  

4 . 2 . 2 Conclus ions 

Considering the technical invo lvement of  the U . S .  
government i n  the ini t ial  cons t ruc t ion , the federal 
government has a degre e of cont inuing re sponsibi l i ty for 
such nonfederal dams . Ei ther on i t s  own or through the 
Int eragency Commi t tee on Dam Safety , FEMA should prepare 
guide l ine s f o r  emergency preparednes s  plans tha t can be 
used by dam owner s and s tate regulatory agenc ies in 
prepa ri ng for pos sible failures o f  dams ini t ially 
eng ineere d and construc ted wi th f edera l  a s s i s tanc e .  

T o  ass i s t  in  planni ng related federal ac t ivi t i e s , 
FEMA should ma intain a centra l inventory of nonf ederal 
dams tha t fal l under federa l permi t , assistance and 
re gulatory programs . Some agenc ies pre sent ly have 
invent orie s  o f  nonfedera l  dams fal l i ng under  the ir  
pro grams ; the s e  would faci l i tate the  compi lat ion of a 
central in�ent ory . 

Federa l agenc ies  should advi se dam owner s  and 
potenti a l  dam owner s  on the hazard-classif ication 
consequences  of  downstre am land use changes . ( Thi s  
information should also be furni shed t o  s ta t e  and local 
zoning authori t ies . ) Further ,  they should i n s i s t  on 
s t ri c t  compl iance wi th operat ion and maintenance 
agre ement s and work wi th s tate government s in design ing 
and ins t i tut i ng dam safety programs . 
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V .  IMPERATIVE NEEDS 

The commi t tee ident i f ied and d i scussed exis t ing 
impediment s to effect ive safety effort s on nonfederal 
dams . In the course of the se d iscussions , the commi ttee 
developed a li s t  of "imperative nee d s "  and addressed the 
question of federa l invo lvement in mee ting those need s .  
These needs are listed below and are di scus sed i n  the 
remainder of thi s sect ion. 

• Dam inventory : Dat a  on the ownership , 
characteri stics , c ond i t ions , and hazard 
classifications of dams should be kept current 
to facili tate supervi s ion of safety programs . 

• Ri sk clas sif ication :  A comparative risk 
classification of dams is needed to serve as a 
bas i s  for  determining whi ch dams are mos t  in 
need of  inspec t ion and remedial measure s .  

• Technical assis tance : Assistance i s  needed in 
many cases to upgrade s tates ' technical 
capacities  to  conduc t dam safety programs 
effective ly .  

• Funding assistanc e :  Many dam owners a re unable 
to fund inves tigations or repairs to improve the 
safety of dams . 

• Tra ining assistanc e :  Many s tates lack 
adequately trained personnel for inspections and 
other saf e ty activi ties . 
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• Insurance : Many dam owners lack insurance to 
cover their  l iabi l i t i e s  f or loss  of life and/or 
damage t o  property i n  the event of  dam failure s . 

• Publ ic saf ety pl anning and awareness : Emergency 
pre parednes s  plans , f o r  warning and evacuat ing 
downstream re s ident s in case of  failure or 
imminent fai lure of a dam , and alert i ng the 
public to potent ial hazard s associated with 
dams , are needed . 

• Co s t s  of dam fai lure : The lack of knowledge by 
federal and state officia l s  and elec ted 
re pre sentative s of the re al costs  of dam 
fai lure s precludes the i r  rat ional det ermination 
of proper funding l eve ls  f or dam safety 
act ivitie s .  

• Post-fai lure inve s t igations : A need exi s t s  for 
conduct i ng and coordinating investigations of 
why a dam fai led . 

• Dam term inology: A common terminology for dam 
safe ty  act ivi ties  is needed . 

The se needs wil l  now be d i sc ussed in  deta i l .  

5 . 1  DAM INVENTORY 

5 . 1 . 1  Problem De scri ption 

The National Inventory Program has effectivel y  
d efined the scope o f  the inspect ion problem. It  has 
also  helped shape policy dec isions . However ,  the 
f edera l inspec tion program for nonf edera l dams has ended 
and the s tates  continue to  have primary governmental 
re spons i bility for nonf edera l dam safe ty; the re fore , the 
need f or inventori e s  appears to  be primarily a t  the 
state leve l .  In fact , up-to-date inf ormation i s  vi tal 
t o :  the hazard clas s i f i cat ion and inspect ion processe s , 
effective emergenc y  pl anning , fl ood plain management 
programs , and to inf orming and assisting the public . 

Whi le 40 s tates have current i nventori e s ,  the 
o thers  depend on the Corps of Engineers ' invent ory . 
Wi th the termina tion of the Corps ' program , many s tates  
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will not maintain their own invent ories  because of 
budgetary , personne l , and other problems . However ,  if 
an orderly transfer or phase-out ( over perhaps 3 to  5 
year s )  of the federal inventory i s  arranged , states 
would have t ime to plan and budget for maintaining their 
own inventorie s .  The alternative would be t o  provide 
each s tate a printout of the current inventory , which 
could be updated when and i f  the state so decided . 

The f edera l government , and part icularly FEMA and 
i t s  regional office s , would benef i t  from a national 
inve nt ory kept current . Up-t o-date s tate invent ori es 
would help federal agencies identify  special flood 
hazard are as below dams , prepare flood insurance study 
report s ,  site  federal facili t ies located below dams and 
determ ine compl ianc e  wi th federa l regulat ions such as 
those of the National Environmental Policy Act .  

5 . 1 . 2  Conclus ions 

The commi t tee did not reach unanimous agreement on 
continued federal support of dam inventory ac tivi ties . 
A minority view was that the federal government should 
do no more than furnish each state  a copy of the current 
inventory . 

The majori ty ,  however , conc luded that the national 
inventory should be maintained by FEMA for a specified 
peri od of t ime and then phased out . All s tates would be 
advised that they would have this period in which to  
take re sponsibility for the ir own invent ories  if  they 
wished . Together with other ICODS agencie s ,  FEMA should 
use the phase-out period to deve lop a clear policy on 
issues pertinent to nonfederal dam safety . 
Specifically , FEMA should take the following steps : 

• Take the lead and share the financial 
re sponsibility with the states for transf erring 
the Corps ' inventory program to the states 

• As sist and guide , when requested , in setting up 
state-run inventory programs tha t are consis tent 
with the Corps ' invent ory f i le system but f i t  
the need s of individua l states 

• Invest igate the f easibi lity of updating the file 
during the phas e-out period wi th data on new 
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federal and nonfedera l  dams { pre sumi ng the 
avai labi lity of data f rom s t ate  inve ntori es)  

• Study the need for cont inui ng a na tional 
inve nt ory of nonf edera l dams bef ore the end of 
the phase-out period . 

5 . 2  RISK CLAS SIFICATION 

5 . 2 . 1  Problem Description 

The ana lys is  of ri sk involve s consideration of two 
basic  element s :  thes e  are the probabi lity  and the 
consequenc es of fa ilure ( hazard potential or pot ent ial 
losses  in the event of  fai lure ) . Combining the se two 
e lement s in a ra tional manner produces a measure of r i sk .  

Whi le the consequences of  fai lure can be 
re al i s t i cally e s t imated , the probabi lity of an 
ind ividua l structure ' s  fai ling i s  difficult to asses s .  
Al though the basic princ iples  f or making such 
assessment s exis t ,  the me thodolog y  has no t been applied 
i n  practice to dams except in i solated ins tances  and in  
very s impl i s t i c  forms . A risk assessment for dam safety 
would have t o  cons ider such information as  hi s t orical 
data on dam fai lures ;  the uncertainties  about load s 
( i nc luding earthquakes) , struc tural res is tances , and 
geological factor s ;  overtopping probabilities  and the i r  
s t ructura l consequenc e s; and the exi s ting cond itions o f  
s t ructure s .  Estimate s o f  r i s k  and t h e  reliability o f  
ri sk pre d ictions chang e with t ime since  the amount s and 
quality  of i nf ormat ion about s i t e  cond i tions and 
s t ruc tura l propert ies usually increase with t ime .  

By applying risk assessment t o  dam safety , 
eng ineer s and s af e ty off icials would at  least obtain a 
pri ori t y  l i s t  for inspec t i on s , maintenance , and remedia l 
work. Together wi th pert inent cost  data , r i sk 
as sessmen t  would fac ilitate the bet t er allocation of 
f inanc ial and per sonnel re sourc es for mi t igating dam 
failure hazard s .  In the proces s ,  the trade-off between 
cost and ri sk would have to be considere d . All 
s t ructure s ,  no ma tter  how wel l  engineered , embody some 
ri sk .  Ri sks can be lowere d by upgraded des ign , more 
intens ive inspection,  rehabi litation ,  or effect ive 
emergenc y  warning sys tems and evacuation plans ; and the 
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bene f i t  can be expressed a s  reduced likelihood or 
severi ty of losses . Quant ification of risk and the 
degree of risk reduc tion achieved by a dam safety 
program are neces sary if the benefit  of such a program 
is to be demons trated . 

In analyzing choices among alternative s in design ,  
inspection , maintenance , or repair  o f  dams , it  i s  seldom 
necessary to deal wi th a bsolute probabilities . What is  
needed i s  an assessment of relat ive or frac tional risks , 
toge ther with the differe nc e s  in cost  associated wi th 
each alternat ive . Thi s  greatly facilitates decisions 
that invo lve the allocation of l imi ted re sources . 

On the o ther hand , cos t and risk assessment s are 
of ten cont rove r s ial . Di ffere nt parties ( owne r ,  
downst ream resident , and contract or ,  f o r  example )  are 
af fec ted d i fferent ly by the outcomes of such 
asse s sment s . Thus ,  they tend t o  assess cos t s  and risks 
d iffere nt ly ,  and they may select different cri teria on 
which to base the decision.  In light of  these 
conf l ic t s ,  the main value of such me thodologies may be 
in providing a framework f or organizing factual 
information about cost and ri sk, for structuri ng the 
decision maki ng proces s ,  and for promoting communication 
among opposing part ies . 

5 . 2 . 2  Conclusions  

The f ederal government should encourage s tates and 
dam owners  to us e ri sk assessment as  a tool for balanced 
re source allocation to mi t igate dam fai lure hazard s .  

The inspec tion report s compiled by the Corps of 
Eng ineers  contain import ant information about 
defic iencies that present dangers of dam fai lure s .  This  
i nf ormation could be  combined wi th data  about fai lure 
consequences in an analysi s t o  identify which dams ( for 
exampl e ,  in a given juri sdict ion) should have priori ty 
f or further inve s tigation or t o  he lp in choosing among 
alter native stra t egies for provi d ing added pro tect ion 
f or a single dam or group of dams . The u.s. government 
should provide guidance to  the states  for such use of 
the inspection dat a . 
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Ri sk analysis can quant ify the bene f i t s  of  upgraded 
technical standa rd s , inspec tion prog rams , or 
inst rument ation programs for dams . Al though some 
progre s s  ha s al ready been made in developing the 
necessary me thodology , meani ng ful appl icat ions to dam 
safe ty wi l l  require further resea rch . Federal 
invo lvement in the furt he r deve lopment of such me thods , 
and educat i on and t raining in the i r  use , i s  highly 
desira ble.  

Obj ect ive informat ion about the probabi l i t ies and 
consequences o f  s t ruc tura l  failure i s  needed t o  help in 
asses sing t he need for dam insuranc e ,  to  al low s e t t ing 
reasonable premium leve l s , and t o  c larify  que s t ions of 
l iabi l i t y .  The reduc t ion of ri sk o f fered by a va riety 
of protect ive actions also  needs to be unders tood . The 
u . s . Government should sponsor re search a imed a t  
developing background inf orma t ion of  thi s type and 
should provi de f or the t imely d i sseminat ion of the 
f indings through education and tra ining programs . 

5 . 3  TECHNI CAL AS SISTANCE 

5 . 3 . 1  Problem Description 

Every _ s t ate agenc y  re spons ible for  dam safety need s 
a technical staff acquainted wi th currently accepted and 
recommend ed eng ineeri ng prac t ices .  Howeve r ,  there are 
no universally recognized technica l s tandard s relat ing 
t o  dam saf e t y .  I n  fact , a number of s t a t e  agencies  have 
opposed sett ing national s tandard s .  Many s tate s  lack 
the fund s t o  provide adequate staffs . Any act ion by the 
u . s .  government to  assi s t  the states  in dam safety mus t 
t ake these variations in expert ise into account . 

Information on technical and ins t i tut i onal aspec t s  
of dam saf ety i s  widely scat t ere d in the publications of  
t echnical societies  and  government agencies , and in  
state  and na tional laws and regulat ions . It i s  
difficul t f o r  technical personnel t o  acquire complete , 
up-t o-d ate inf ormation in thi s are a .  Federal assi stanc e  
i s  needed t o  provide s t a t e  agencies  access t o  technical 
and re gula tory ma teri al . 
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5 . 3 . 2  Alternat ive Solutions 

Two basic approache s could be taken to help the 
states acquire effect ive guidelines f or dam safety 
programs : 

• FEMA could , by opera ting a reference servi ce or 
clearinghouse ,  make available to the s tates 
material from the wor ld ' s  technical literature . 

• FEMA could develop a comprehens ive set of 
technical guidel ines for dam safety , wi th 
assistance from a number of pos sible sources .  

Regard ing the clearinghouse approach , vari ous 
agencies and groups have already developed a 
considerable volume of  materi al that could be he lpful to  
state agencie s .  In addition to  technical guidelines , 
thi s ma teri al inc ludes the USCOLD Model Law, dam safe ty 
legi slation from various s tates  and o ther countrie s ,  and 
vari ous re gulati ons promulgated to regulate dams . Thus , 
FEMA could provide a useful reference service for such 
mater i al . FEMA c ould also  provide training programs and 
research to develop comput er programs and me thods for 
the ap pl ication of new technique s .  

If FEMA decided to issue guideline s ,  i t  could do  s o  
in a vari ety of ways : 

• Enc ourag ing t echnical s ocieties to set standard s 
similar t o  those establi shed by such groups as 
the Ameri can Society of Civil Eng ineers , the 
American Society f or Tes t i ng and Material s , the 
Ameri can Concre te Insti tute , and the Na tional 
Associa tion of Sta t e  Highway and Transportation 
Officials 

• Sponsori ng confere nces  of s tate dam saf e ty 
agencies t o  draw up guideline s ,  using the 
appropriate exi s ting s tandard s 

• Having ICODS develop and sugge s t  engineering 
guidelines  for use by s tate agenc ies 

• Encouraging the es tabli shment of a technica l 
group of  s tate supervi sors of dam safety 
programs to  promulgate  standard s .  
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A number of problems a re foreseen in any effort by 
FEMA t o  promulgate nati onal s tandard s  for dam safety . 
Tradi tionally in the United State s ,  technical s tandard s 
have been deve loped by nong overnmental groups . 
Governmental agencies  have i s sued such standard s only 
where re quired by government-f i nanced act ivi ties or for 
regulatory purpose s .  Because FEMA lacks both a 
re gula tory and a financ i ng  func tion re lated to 
nonfederal dams , it  doe s no t seem appropria te for i t  to 
e stablish safety s tandard s ,  o r  to seek compl ianc e  wi th 
them . Als o ,  i t  i s  unreal i s t ic to  expect  agreement on a 
s e t  of  na tional guidelines a t  thi s time .  

5 . 3 . 3  Conclusion 

F EMA  should e s tablish a technical cleari nghouse 
wi th appropriat e  support ive ac t ivi t i e s  relat ing to dam 
saf e ty . In thi s way , FEMA would a id s t a tes that need 
he lp in developing the ir own technical guideline s .  No 
a ttempt would be made to invo lve those s tates that do 
not des i re such assistanc e .  

5 . 4  FUNDING AS SISTANCE 

5 . 4 . 1  Problem Descript ion 

To d ate , very s low progre ss  has been made in 
remedying the deficiencies  found by the Corps of 
Eng ineer s .  As of Oc tober 1,  1981 , repairs  had been 
completed on less  than 5 percent of the 2 , 900 dams 
judged by federal s tandard s t o  be unsaf e .  Many dam 
owners lack the f inancial resources  t o  undertake 
cor re ction of ma jor deficienc ie s .  

While the re sponsibili t y  and l iability f o r  unsafe  
d ams re st  wi th the owner , the u.s. government i s  
unavoidably involved f rom a financial  s tandpoint . The 
fa ilure o

.
f a nonfedera l dam could threaten federal 

facilitie s ,  including dams i n  the same wat ershed . 
Wa ter s re leased by fai lure of  one dam could cause a 
s erie s  of dams along a river t o  collapse like dominoes ,  
no ma t t er who owns or i s  re sponsible for them. The 
consequences may be further compounded i f  the wat ershed 
extend s  acro ss  s tate  l ine s ,  whi ch would not be unusual . 
Als o ,  the u.s. government would have to  pay for disaster 
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re lief . int ere st  subsidies , unemployment compensat ion , 
and de faulted loans in case of such dam failure s .  All 
of thi s is in addition t o  the government ' s  proper 
int ere s t  in the safety of all  of i t s  people no matter 
where they may re side . 

5 . 4 . 2  Conclusions 

The u.s. government should , if necessary , help 
owner s  repair unsafe dams . Therefore , FEMA should 
thoroughly inve st igate the magni tude of the exi sting 
problem and determine what federa l , state , and local 
programs or re sourc es are available for upgrading the 
safety of nonfederal dams . FEMA should also determine 
the adequacy of the current funding mechanisms , 
considering the numbers and type s of nonfederal dams . 

FEMA should also study the feasibility of 
establ ishing revolving fund s that could be used to 
upgrade nonfedera l dams . These would make large enough 
sums available to upgrade the wors t dams firs t ;  then , a s  
the money is  pa id back i n t o  the fund , i t  could b e  loaned 
out to less serious case s .  Such fund s could be 
e stablished at either the s tate or federal leve l .  

In addition,  FEMA should s tudy possible 
alter native s to structura l rehabilitation such as 
changes in operating procedure s ,  emergency plans , flood 
plain z oning to minimize downs tream impact , and enhanc ed 
public awarenes s  of dangers (perhaps through inundation 
mapping ) . The committee d id not reach unanimity on this 
conclus ion . The minority opinion i s  tha t such 
opera tional procedure s should not be used as an 
alternative to s t ruc tural modification .  However , there 
appear s t o  be sufficient justificat ion for a study of 
thi s  question in view of the possible expeditious 
mit igat ion of a potent ially unsafe condition by such 
means .  For example ,  many of the dams called "unsafe"  
have insuf ficient spillway capacity by  federal standard s 
to avoid overtopping during maximum flood conditions . 
Conce ivably , in some cases , the normal pool could be 
regulated at a low enough level tha t the dam could pas s 
the f lood wi thout overt opping . Al so,  the question of 
dam failure under flood cond i t ions where the downs tream 
flooded area i s  not s ignif icant ly increased needs t o  be 
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addre ssed . In many case s , the downstream area should be 
evacua ted due t o  flooding even before the dam f a i l s .  

5 . 5  TRAINING AS SISTANCE 

5 . 5 . 1  Pro blem De script ion 

The re a re too few tra ined personne l wi th expertise 
in dam saf ety . Mo st s ta tes lack enough tra ined 
ind ividuals to carry out in ful l  an adequate dam safe ty 
program. More ove r ,  s tates that have expert s in dam 
safe ty f requent ly lose them to the private  sect or . In 
l ight of the budget cri se s  experi enc ed by mos t  s tate 
government s today , these problems are unlike ly to  be 
c or re c ted in the near future . Consequent ly , special 
training programs are needed to enable states to use 
available personnel and enhanc e the ir capa bilities . 
While these programs alone would not develop expert s in  
the f i e ld of  dam inspect ion and analys i s ,  such training 
provides an appreciat ion o f  the involved problems and 
i nstruct ions for perf orm ing dut ies wi thin the limi t s  of 
capabilities  and recognized re sponsibi litie s .  

In the past , the Corps o f  Eng ineer s ,  through i t s  
in spection  program , ha s he lped by arranging on-the-job 
t raining f �r state  empl oyees and specialized short 
training courses  in such areas as  hydrologic analyses ,  
dam-bre ak analysi s ,  use of LANDSAT imagery , and 
maintenance  of the computer-based dam inventory . The 
Corps also conducted a series  o f  week-long t raining 
course s on safety inspection of  dam s .  Thi s  program i s  
n o  long er available and there i s  n o  other source of 
sui table tra ining a t  present . 

To remedy thi s  s i tuation, the u . s .  government could 
e ncourage states  to  adop t the i r  own training programs , 
of fer t o  he lp fund those programs , or create i t s  own 
training programs for nonfederal personne l .  On the 
o ther hand , the u . s .  government could leave training t o  
the s tates  and do  nothing i tself . 

5 . 5 . 2  Conclusions 

FEMA cur rently offers a broad training program for 
emerg enc y opera tions and has trained pro fessionals for 
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special tasks ( f or example ,  the fallout she lter analysis 
program) . Considering its  re sponsibi lity for promot ing 
dam safety , the u . s .  government should make t ra ining 
programs f or dam safety personne l available to state s , 
dam owner s ,  and other s .  To carry out thi s 
respons ibility , FEMA should develop and offer t o  conduct 
sui table t raining courses on dam saf ety , and should 
deve lop a manual and offer to  conduc t short training 
cour ses  for owners and opera tor s  on dam operat ion,  
maintenance , and emergency act ion plans . 

5 . 6  INSURANCE 

5 . 6 . 1  Problem Descript ion 

Insurance for dams is genera lly not avai lable at 
reasonable rate s .  Many owners of nonfedera l dams have 
e ither no insuranc e or insuf f icient amount s to cover 
the ir liabilities  in case of dam failure s .  Thus , 
insuf ficient financ ial re sourc es may be available to 
set t le damage claims aris ing from dam failure s .  For 
a lmos t  any other type of ri sk, insuranc e is af fordable 
to mee t  such persona l  and social need s .  I n  some 
instanc es ,  such as automobile insuranc e ,  s tates re quire 
owners to obtain insurance . 

The u . s .  government spends a lot of money a s  a 
re sul t of dam failure s .  Generally paid in the form of 
disaster assistanc e ,  the money come s from the Small 
Busine s s  Adminis tration , Vet erans Administration , 
Fe deral Hous ing Admini stra t ion (defaulted loans) , 
Federal Emergency Management Agency , Environmental 
Pro tection Agenc y ,  and other agencies .  Also,  a dam 
failure invariably require s the payment of flood 
insurance.  Thu s ,  federal money could more 
const ruct ively and effect ively be spent on a program to 
re insure or guarantee any insurance obtained by dam 
owner s ,  provided such benefit s depended on the owner ' s  
meet ing minimum saf e ty s tandard s .  Those standard s could 
be moni tore d by state safety programs . 

5 . 6 . 2  Po ssible Solut ions 

A federal benefi t program , simi lar to the National 
Flood Insurance Program , could promote dam safety and 
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save the u . s .  gove rnment mill ions of dollars in disaster 
assistance , whi le helping to  eliminat e the los s o f  human 
l ife and proper t y  as sociated wi th dam fai lure s .  As wi th 
flood insurance , where Congre s s  recognized tha t the mere 
of fer of insuranc e would not induce communities  to  take 
advantage of the program , a number of states  wi l l  simply 
re fuse federa l a s s i s tanc e  for dam l iabi l i ty in surance i f  
i t  i s  off ered i n  return for the ir compliance wi th model 
guide l ines and enf orc ement of  dam safety . Thus , a rang e 
of vo lunt ary , but s t ringent , measures should be 
considere d as ways to  enc ourage states  t o  enforce dam 
safety . 

At one end of the spectrum , the approach could be 
simi lar t o  tha t taken by FEMA in i t s  enforcement scheme 
for f l ood insuranc e .  That i s ,  any s tate that f a i l s  to  
adop t or effect ively maintain a dam safe ty program would 
not be e l igible for any f i nanc ial a s s i s tance  from the 
U . S .  Government . Thi s include s disaster assistance and 
fl ood i nsuranc e ,  and would not be l imi ted mere ly to  
denial of financial assis tanc e re lated to  a disaster 
caused by dam fai lure . 

On the other hand , this denial could be limi ted to  
disaster  assis tance tha t would be reasonably related to 
dam fa i lure . Of course , s tates that may be lieve the 
ri sk of a fai lure is so small  as not to require action 
may not be per suaded by thi s .  

There i s  l i t t le ques t ion tha t  a federa l benefi t 
program designed similar to  the flood insurance program 
would have some distinc t  advantage s .  These include , bu t 
are not l imi ted t o ,  the following : 

• FEMA s taff i s  already fami liar wi th the 
enf orcement mechani sm and " incent ives"  already 
in place wi th the flood insurance program . 

• Be cause enf orc ement would take place a t  the 
state  leve l ,  few federal resources or funds 
would be re quire d . 

• The program would s t i l l  be legally "voluntary" 
( see Texas Landowner ' s  Right s Association v .  
Harri s 4 53 F .  Sup p . 102 5 ,  Af f irmed 598  F .  2d 
31 1 ,  Cert . Den .  100 s. Ct . 2 6 7 , 444 US 92 7 ,  6 2  
L .  Ed . 2 d  184 , 19 7 9 ) , thus avoiding any 
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challenge under the Tenth Amendment to the u . s .  
Constitution. 

• There would be a reasonable re lationship between 
the ri sk of dam failure , the mitigat ion of that 
ri sk,  and savi ngs in f edera l dollars and the 
reduction in los s  of life and property . 

5 . 6 . 3  Conc lusions 

In the pas t , many states  have chosen not to  address  
the very s eri ous matter of potential dam failure s .  For 
thos e  states tha t have already adopted workable dam 
s af ety programs , the sugges ted f ederal benefit program 
would not impose any new burden. It  would , e specially 
i f  run in conjunc tion wi th j oint ( or separate)  f ederal 
and priva te  insurance , encourage states to comply wi th 
minimum dam saf ety re quirement s so a s  to be eligible for 
federal disaster and insurance as sistance . 

Unt il now, s ome states have lacked sufficient 
commi tment to dam safety to avoid catas trophi c los s .  A 
program support ed by the u . s .  government , enacted and 
enforced by the s tate  government s ,  and but tressed by the 
insuranc e industry should help ensure commitment s to dam 
safety .  Thu s ,  federal insurance assis tance , in 
conjunc tion wi th a benef it  program , should be provided 
as  an incentive to state s and dam owner s  who are 
committed to effective dam saf e ty .  

5 . 7  PUBLIC SAFETY PLANNING AND AWARENES S 

5 . 7 . 1  Problem De scription 

Effect ive planning can minimi z e  loss o f  life and 
property  when a dam failure occur s  or become s imminent . 
I t  can also alert downstream resident s to  the hazard 
i nvolve d .  Given the ir responsibilities , public 
officials  need to  be prepared f or any potential 
disaster s .  Such prepare dness  re quire s the development 
of appropriate emergency plans , and the direction and 
contro l of emergenc y  opera t ions when d i saster s trike s .  

There i s  l i t t l e  experience o n  which t o  base 
emerg enc y preparedne ss plans for dam failure , but they 
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should inc lude communi ca t i on and warning sys tems , 
inundat ion mapping , operator t raining for emergency 
re sponses ,  and evaluat ion procedure s .  The Corps of 
Engineer s ,  Bureau of  Reclamat ion , and Federal Ene rgy 
Regulat ory Commi ss ion ,  among o ther s ,  have deve loped 
guide line s  for dams tha t are the i r  re spons ibilities . 
Al so , USDA ' s Soil  Conservat ion Servi ce may require the 
development of emergency plans on future projec t s  that 
i t  a s s i st s .  

Al though the states  mus t  deal with the c onsequenc e s  
o f  the failure s  o f  nonfederal dams , mos t  have not 
deve loped effec t ive warning and evacuat ion plans , or 
issued the appropriate publi c  information for areas 
downst ream from potent ially hazard ous dams . 
Furthermore , federa l agencies have not provided sui table 
guidanc e  or fund ing in thi s  regard t o  s tate and loca l 
government s .  

5 . 7 . 2  Po ssible So lut ions 

Thi s problem might reasonably be lef t to  the s tate s 
to  solve wi thout federal invo lvement . Again , however ,  
many state s lack the resources t o  address  the issue . 
Thus , the u . s .  government could encourage , and where 
necessary h�lp , states to enac t emergency preparedne s s  
plans . 

5 . 7 . 3  Conc lus ions 

FEHA ' s responsibi lity for coordinating federa l  
effor t s t o  promote dam saf ety i nc ludes the deve lopment 
of plans t o  prepare for and recover from the 
consequenc es of dam fa ilure . In thi s regard , FEMA has 
authori ty to take the following steps : 

• Enc ourage states to enact laws or regula tions 
tha t require effect ive emergency preparedness 
plans , inc luding the development of inundation 
maps 

• Develop emergenc y  warning and evacuat ion guides 
f or state and local government s and dam owners . 
Thi s would inc lude guidelines on training 
programs for emergency personne l .  
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• Emphasize  emergency preparednes s  planning as 
part of FEMA funding for s tate and loca l 
programs . 

5 . 8  COSTS OF DAM FAILURE 

5 . 8 . 1  Problem Description 

On June 5 ,  19 7 6 ,  the Te ton Dam in Idaho gave way , 
reportedly caus ing a t  lea s t  $400 million in downstream 
damage s .  Damage e s t imates for other failure s also have 
been based on downstream property damage only . In terms 
of d i saster re lief , unemployment compensat ion, intere st 
subs idie s ,  los t power product ion and /or other benefit s , 
costs  t o  re bui ld dams , and environmental damage ,  the 
real cos t s  of a dam failure have never been accurately 
quant ified . Nor has an acceptable quantitative value 
f or l ive s in j eopardy generally been used in formulas 
for determining costs  re lat ing to  dam failure . Agency 
and elected government officia l s  need such information 
to s e t  proper funding leve ls for prevent ive programs . 
Such data would also he lp officials  analyze the relat ive 
ri sks at dams to determine the priori ties of inspection 
and maintenance procedure s .  

5 . 8 . 2  Conclusion 

FEMA should undertake t o  quantify the real cost s of 
dam fai lure in order to help define just  what dam safety 
eff ort s are warranted . 

5 . 9  POST-FAILURE INVESTIGATIONS 

5 . 9 . 1  Problem De script ion 

The evo lut ion of eng ineering practice for 
s t ructure s has ,  in part , been based on the lessons 
learned f rom pa st failure s .  Such information helps not 
only to improve design but also to survey existing 
s t ructure s for s af e ty .  It should b e  recognized , 
however ,  tha t the investiga tion and analysis  of dam 
fa ilure s must be done immediately after the occurre nc e ,  
before cri tical evidence i s  los t o r  altered by 
post-failure operations.  The re f ore , there i s  a need for 
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an organi zed program to  investigate dam fai lures or 
accident s as they occur and t o  i s sue the re sult s f or the 
benefit  of al l .  

5 . 9 . 2  Conc lusi ons 

FEMA should coordinate the invest igation of dam 
fa i lure s .  In thi s  ro le , FEMA should maint ain a l i s t  of 
expert s who could be called upon to move quickly i f  an 
emergenc y  ari ses and if he lp i s  re ques ted by the state.  
To  do thi s ,  FEMA wi l l  need t o  establ i sh the neces sary 
pre authori zation and the monetary re sourc e s .  Such 
fed erally sponsored invest igations should be done a t  the 
re quest of and in coopera t ion wi th s tate programs and 
should no t int erfere wi th rescue operations or efforts 
t o  re c t i fy c ond i tions.  

5 . 10 DAM TERMINOLOGY 

5 . 10 . 1  Problem De scription 

At the present time , considerable confusion 
occas iona lly arises  over the use of different terms for 
various dam component s and engine ering procedure s and 
conc ept s .  For example ,  the Soil  Conservation Service 
use s  an a lphabe t i zed clas sification for the degree of 
hazard potential  of dams , wi th "A" indicat ing a low 
hazard and " C" a high hazard . Others use a reverse 
order or a numeri cal system. Some use the word 
"hazard" , in lieu of hazard potent ial , to convey the 
pro spect for loss  of life  or damage t o  property should a 
dam fai l .  Others relate "hazard" or " ri sk" to the 
probability of dam failure . Properly , "ri sk" is  the 
combination of probabil i ty of dam failure and the 
downstre am consequences  of the failure . Some 
organizat ions refer t o  the di scharge facility a s  the 
" princ ipa l  s p i llway" , where as othe r s  call i t  the "out let 
work s "  or s imply "outle t" . Also , the t erms "auxiliary 
sp illway" and "emergenc y  sp i llway" are often used 
interchangeably wi thout regard to  the true purpos e .  A 
l isting of  dam nomenc lature would facilitate the 
communicat ions between all involved wi th dam safety and 
would be beneficial for use in educational and public 
rela tions material s .  
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5 . 10 . 2  Conclusion 

FEMA, through the Int eragency Committee on Dam 
Safety , should develop common terminology for use in dam 
safety activi ties . 
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V I .  SECOND PHASE STUDY 

The Commi t t ee on the Sa f e t y  of Nonfedera l Dams , a s  
pa rt o f  i t s  charge , wa s asked t o  ident ify  t e chnical 
i ssue s cri t i cal t o  dam safety tha t  could properly and 
cons t ruct ively be addressed duri ng the second pha se of 
the NRC s t udy . The se cond phase would be undert aken by 
specialized panel s  cons i s t i ng of expert s in  the 
technical a re as to be s t udied . Af ter a revi ew of the 
state  of the art , the second phase study would develop 
and re commend procedure s to improve the safe ty 
surveillance o f  dams . 

Speci fically , the second phase of the study would 
include the following engine ering concerns important to 
dam saf ety:  

• Ri sk assessment : Further s tudy and re search are 
needed t o  develop a rational , practicable 
methodology f or assessing r i sks in dam safety 
activitie s .  

• Engine ering me thodology: Pract ices appl icable 
to s tabi li t y  and hydrologic and hydraulic 
evaluations of  dams ne ed to  be s tudied . A 
s tudy o f  thi s mat t er would i nc lude , but not be 
l imi ted t o ,  the modes of breaching due to 
overtopping of dams , stability  parameters for 
overt opped dams , the evalua t ion o f  seismic 
s tability , shear s treng th in weak rocks or in 
weak s eams of s trong rock f oundat ions , and 
potent ial for piping a t  dams . 

• Instrumentat ion and warning systems : The types 
and capabilities  of ins trument s appropriate for 
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------- � .... - - - 6 

dam surve illance need to  be asse ssed , inc luding 
the use of computers to  s tore , transmit , and 
process  data , and to alert management to danger 
signal s .  

• Emergency prepare dness  planning: As stated in 
sec tion IV , the commi t tee recommended that FEMA 
should enc ourage states  to establish emergency 
plans through , among other means , the 
deve lopment of suitable guidelines . A model 
plan could be developed in the second phase 
effort . 

I CODS i s  now developing guidelines for hydro logic 
and seismic stabi lity evaluations , and for emergency 
prepare dness planning . The results  of ICODS ' effort s 
could be reviewed by the commi ttee during the second 
phase to determine the ir applicability and suitability 
for nonfederal dams and to aid in the detailed study of 
technical i s sues .  
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VI I .  RECOMMENDAT IONS 

7 . 1  STATE LEGISLATION AND SUPERVIS ION 

The u.s. government , through FEMA , should encourage 
s tates  to : 

• Enac t legislat ion a s s igning l iability for dam 
fai lure or misoperation t o  owner s ,  and 
accompanying legi slation to re l ieve from 
liabi l i t y  the engineer s and regulat ory personnel 
involve d  in dam s af e ty , except in instances of 
malfeasance or mi sfeasance . 

• As sume and c ompe tent ly di scharge the ir right ful 
sup ervi sory re spons ibilities  by promoting s tate 
legi sla tion comparable to  the USCOLD Model Law 
and assist ing in the f ormulat ion of a national 
a s socia tion or forum f or d i scussing problems and 
assessing adequacy of state  safety programs . 

7 . 2  NONFEDERAL DAMS INITIALLY ENGINEERED WITH FEDERAL 
AS S I STANCE 

The u.s. government , through FEMA , should : 

• Pre pare nat ional guidelines for emergenc y 
pre paredne s s  plans , wi th the assistance of the 
Int eragenc y  Commi t tee on Dam Safety ( ICODS ) , for 
nonfederal dams tha t were initial ly engineered 
and constru c ted wi th federa l a s s i stance .  

• Maintain a centra l inventory of nonfederal dams 
that were ini tially eng ineered wi th federa l 
assi stanc e .  
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Als o ,  all federal agencies  involved wi th nonfederal 
d ams bui lt  wi th federal a s sistance should : 

• Advi se current and potential  dam owners on the 
adverse consequences  that changes in downstream 
land use could have on hazard classifications 

• Insist  on s t rict  compl ianc e  wi th operation and 
maintenance agreement s 

• Work wi th s tates in designing and inst i tuting 
dam safety programs 

• Provi de peri odic inpu t s  to the central dam 
inventory. 

7 .  3 DAM INVENTORY 

Worki ng wi th the Corps of Engineers and other 
f edera l agenc ies , FEMA should : 

• Promote the transfer of the Corps ' invent ory 
pro gram and file  technology to the states as  
they become capable of  carrying out the task , 
and share in the re lated costs  wi th the state s .  

• Provide technical ass i stanc e  and guidance t o  
states , when requested , f or setting up inventory 
programs tha t are cons istent wi th the Corps ' 
f iles , but f i t t ing the juri sdictional s i zes  and 
needs of individua l state s 

• Inve s t igate the feas ibility of updating the 
national file  during the phase-out period wi th 
new dams bui lt wi th or from private action 
{presuming the availability of states ' 
i nventori es)  

• St udy before the end of the phase-out peri od , 
the future need for a national inventory of 
nonfederal dams . 
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7 . 4 RISK CLAS S IFICAT ION 

The u . s .  gover nment , thro ugh FEMA , should encourage 
and promo te the use of  risk a s sessment in dam safety 
programs by : 

• S ponsoring re la ted re search to deve lop 
applicable and ra t i onal procedure s  

• Provi ding the necessary education and t ra ining 
t o  d i sseminate  research f indi ngs 

• Deve loping a sys t em for e s tabli shi ng pri or i ties  
for safe ty inve s t igat ions and remedial works 
based on inf ormat ion regard ing the deficienc ies 
found in the Corps of Eng ineer s '  Pha se I 
i nspec t i on re port s ,  combined wi th da ta on the 
consequences  of  failure� 

7 . 5  TECHNICAL AS SISTANCE 

The U . S .  government , through FEMA , should e s tablish 
a t echnical c leari nghouse to  a i d  s tates  that de s ire 
state-of-the-a r t  guidance material  and technical 
a ss i s tanc e .  

7 . 6  FUNDING AS SISTANCE 

The u . s .  government , through FEMA, should :  

• Thoroughly inve s t igate how much money i s  needed 
to repa ir unsafe dams and det ermine wha t 
f edera l ,  s tate , and local programs or re source s  
are available for assist i ng owners of nonfedera l 
d ams t o  upgrade the saf e ty of the ir  dams 

• Study the feasibil i t y  of es tablishi ng revolving 
l oan funds that could be used t o  upgrade 
nonfedera l  dams 

• St udy pos sible alternative s to  s tructural 
rehabil i ta t ion , such a s  changes in  opera t i ng 
procedure s ,  emerg enc y  plans , flood plain zoning , 
and enhanced public  awarenes s  of dangers ( by 
i nundation map ping ) . 
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7 .  7 TRAINING AS SISTANCE 

The u . s .  gover nment , through FEMA ,  should : 

• Develop and offer to  conduc t suitable training 
courses for dam saf e ty per sonnel 

• Develop a manual and offer to  conduct short 
training courses for dam owners and opera tors in 
dam opera tion , maintenance , and emergency 
planning . 

7 . 8  INSURANCE 

The u . s .  government should offer insurance 
a ss i s tanc e  in conjunc tion wi th di saster assistance as an 
i ncent ive to  states and dam owners who are committed to  
e ffec t ive dam saf e ty e ffort s .  

7 . 9  PUBLIC SAFETY PLANNING AND AWARENES S 

The u . s . government , through FEMA ,  should : 

• Encourage states t o  enac t laws or regulations  
re quiri ng emerg ency preparedness  plans , 
including the deve lopment of inundation maps 

• Deve lop emergenc y prepare dness (warning and 
evacuation) guidance f or state and local 
government s and dam owners 

• Emphasize  emergency preparednes s  planning a s  
part of the s tate · and local government programs 
that receive FEMA funding . 

7 . 10 COSTS OF DAM FAILURES 

FEMA should s tudy the feasibi lity of quantifying 
the re al costs  of dam fai lure to  jus t i fy and define wha t 
should be done t o  make dams saf e .  
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7 . 1 1 POST-FAILURE INVESTIGATIONS 

FEMA should maintain a l i s t  of experts  who could be 
called on quickly to inve s t igate dam failure s when 
reque sted by state s ,  and should es tablish the necessary 
preauthori zation and mone tary resources  to  perf orm such 
missions . 

7 . 12 DAM TERMINOLOGY 

FEMA , wi th the he lp of ICODS , should develop a 
glos sary of common terms for use in dam safety 
act i vi t ie s .  

7 . 13 SECOND PHASE STUDIES 

The following t echnical i s sue s  related to dam 
safety should be studied in greater detai l :  

• The me thodology o f  risk assessment 

• Eng ineering me thodologies for s tabi l i ty and 
hydrologi c  evaluations ( inc luding but not 
l imited to modes of breaching , s tabi lity 
paramet ers  for overtopped dams , seismic 
stabi l i ty ,  shear streng th in  weak rock or in 
weak seams of s t rong rock foundations and 
potent ial for piping at dams ) 

• Ins trumentation and warning sys tems 

• Model guide for emergenc y  preparedness planning 
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