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INSPECTION OF WATER-CONTROL STRUCTURES ASSOCIATED
WITH NUCLEAR POWER PLANTS

A. INTRODUCTION B. DISCUSSION

Paragraphs t a u 41 anti (hD4) of 15(1 14 ' Con t e n t s The National I)am Satety Act (Public Law C
~

of Applications Tec hnical Inf ormation, of in Ul R 367) requires, in part, that the Secretary of the Army .
Part 50, l.icenung of Production and Uthh/ ttion acting through the Chief of 1:ngmt ers, carry out a na-
I acihties, requae each apphcant for a con truction tional program of mspection of dams' for the purpose
pernut or operanng license to prm ule an anal) sis and of pmiccring human hfe and property To determine
esaluanon of the design and performance or struc- w hether a dam (mcluding the waters impounded by
tures, sy stenn and c omponents of the f acility f or the the dami constitutes .i danger to human lde or prop-
purpose of awessing the tid to public health and erty , the Secretary is reqinred to take into conudera
saf ety resultmg f rom operatmn of the tacihty . Gen tion the possibihty that the dam might be endangered
cral Design Critenon 45. ' Inspection of Coohng by os ertopping, scepage, settlement, erosion, sedi
Water Sy , tem. of Appendn A. ' General I)eugn ment, cracking. carth mo.cn,ent earthquakes, f adure
Criteria f or Nut lear Pow er Plants. to 10 ('l R Part of bulkheads. flashboards pates on conduits. or other
50 requires that the coohng w ater sy stem be designed conditions that exist or t} at nupht occur in any area
to permit appropriate periodic inspection of important in the sicinity of the da n As soon as prat ticable
components to ensure the integrity and t ap.ibillt) of af ter inspNtion of a dam, the Secretars n to not!!)
the system. Paragraph < c h li of $50 36 'Tec h n n al the (iosernor of the state in which such dam is lo
S pecif ic a t io n s , of 10 Cl R Part 50 detmes suned- tated of the resuhs of sut i un estication T he Secte
lance reymrements as those relating to test. cahbra rary is required to nonly t ie Gosernor munediately of
tion, or inspection to ensure that the necewary qual any ha/ardous conditions f ound during an inspection
ity of sy stenn and components n m.u ntained. that and to a lsise t he Gm err.or, on request. of t'mely re-
f acibly operation will be w ithin wif e linuts, and that medi.il incasures necessary to nutigate or obsiate my
the hmiting cainditions of operation w ill be niet hazard < <us tiinditions

Thn guide describes a ham acc eptahic to the N RC
statt for deselopmg an .tppropriate insersite inspec ,9,,,,,g , g. A t d A c u N6 t ri.m t he irn pci. t mn
lion anJ surs eillance program f or dann. slopes. can pr. m m < i n c..m . mulc r t he j ue nd a t mn of the H or cu of k etta
als, and other w ater control structures amiciated with n . o -i- tEc t e r oc m \ alley t u'h >r o s . er the iniernaimnal

| emergency <oohng w.i'er sy stenn or flood protet tion "" Wd" '"d**'C""'""""'"'d#""''''""*"'"".

< inn tea pursat to luensis mucd urnier o c wihoory et theof nuilcar pim er plants (.ot hle!Ine s hir the desien , ,g g g, ira i i l d uns t%I has e been m. pet tcJ a nhm the
and constructliin ist these strut tures will be presented I ? n.ein'i per ioa um ic J u te l y pr mt u t he ena iment of thn h t
in separate puhles I he Adsisor) ('onmullee on a % > .e t agen,s m 1 that ibc (W con.r of sut h state reque sa*

Reactor Sateguards has been wnsulted cont erning * m ! ' W " '" "w h "" '"J ' b 6 " ' * a ' ' b c b ' c ' " > "'
thn guiJe and has concurred in the reculatori * " " ' """"'""d"""'P ' ""' " " ' ' " '" " " " " * " '

- - ; ropeos t h, % < etars mas i ru pn t dams rh o hoc been
poution lo cnscJ under ite i sferal Po *i Lti reque st of the i cJeral,

l'a c t ( . mon t u n n a nd J.om u n A r t he nunda tion of the Inter
- - na:n mal lio al u and W arn ( , o miwron i n request of uh
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'Ihis legislation w as deseloped as an espression of ally high uphti pres ure noted at flooser Dam (Ret.
public and congressional concern oser the safety of 5) Construction detects bas e been f ound. such as
dann in the Umted States On August M.1974, the sof t matenals lef t in the abutments of a grasity dam.
Corps of Engmeers published ' Proposed Guidehnes inadequate provisions for heat diwipation of mass
f or Safety inspection of Dams'' in the Federal Rep concrete structures, or imperuous till mis;, laced m the
m (39 |R 31334: I hese guidelmes propose proce- shell of a zoned carthfill dam (Ret. N Foundations
dures f or inspet tion and esaluanon o; dams to deter- may need f urther treatment af ter a period of opera-
nune it they constitute hazards to human ble and tion, e g , the foundation at floos er Dam. w hich was
property . l he proposed inspettion procedures are treated by prosidmg additional dramage and grouting
sinular to the protedures discussed in this guide to reduce uphtt pressure and scepage fo detect such

Dams, slopes. t a nals, and othe r w ater-control behn ioral des ot;ons, regular surveillance is

struttures and .rssoc:ated f acilities are used to im- e"e"hal
pound, ietain. and dn ert u ater sources ibr the emer- Some dams m.n become weaker with advancing
g e!R ) Woling operanons of nuclear power plantV cars. and Cspert prof essional care is thCn needed
I ailure to perf orm their lunctions coulJ endanger the I imples of this phe . menon are concrete dams that
plant and cause an undeurable release of radioactne were weakened bs a chemical reaction between the
material to the ensironment. thus atlet ting the pubhc alkalies of the cement and the sihea of the aggregate
health and saf ety Ihe design and construenon of s Ret N and Jams that esperienced progrewise fail-
these f acilities. therefore. require a high degree of ure in earthfill embankments IRet. 7) Ihe weaken
protewional engmeermg perf ormante. T he founda ine of a dam or its f oundation may become apparent
tiiin (it the d.ini shinilil be stab!c under all ciinJitiiins iinly af ter many years iit s;ite oper itisin. Painstaking
and should be capable of carryine the weight of the monitoring and analysis of perf ormance data are
structre ~l he dam should impound its r ese n oir necessm to ensure detection of adserse conditions.
w alCr w ithout undue str.iin .ind sh.iuld be saf e tinder .ncludine periphu ra; phenomena such as subsidence
the apphcatmn of esternal f orces such as those resulr~ anJ landslide e Rets 7 and S t Each structure, as well
Ing f rom Carthquakes 'l he resen oir arcJ should be a cach sue. has its ow n characterntics and its own
w ater retentn e and t ree of the possibilities of ecepubihties to problems, and the sunciliance pro-
dangerous siides Dams and esotiated lacihties mm sh>uld be tailored to accouni for these.
should be maintained m gooJ w orking condinon '

thri>ughimt their lises ()peratii>n and surs eillance Thi> rough phy sical es.iininarisin is an ewential part
through the s cars shi>itid be timJuc ted in suc h ,i id the surseillar e poigram. & optimal f requency
manner ihat ans t hance in their structural. hs drauhe. of inspet hons depends on the sve. age, and conJi-
and f oundation condInons tan be deteued ! romptly iion of the facihnes. the charat ter of the f oundation,

~

and correcnons maJe the regional geological setting. and the proximity of
'Statislics of dant tallures, based on the sum id op-

eration years of a regional group of dams (Rel I s. The search f or superticial signs of distrew such n
show a f requencs of one tailme escry 1500 to lh'" loncitudmal and tranuerse cra< ks is only onc phne
da m scars Causes o! latent danger inherent m such of the exanunation Possible internal dnorden may
work s arise f rom site conditions. h s J rolog h and hy- be probed by s arious por table instt uments ( Refs. 9
draube teaturet ty pes and quahnes of the structmes. and t hi such as sora ge s. hy drophones, teles nion,
operation and rmuntenance. and influence of the ensi- and bore hole c amere It is important that these ob-
romnent Of these causes, the mamrity he withm the se n anons be correi ned closely with n casurements
boundaries of modern tec hnolo f y and can be trom embedded des ices.
as oided Ntost f adures hn e resulted f rom cradualls

Par icular|) s ulnerable areas that shoulJ be mimi-w onening detect s (due tii design, t t nstruction. oper
tored are those where embankments hne been placedation. or lack of m.untenant ei that w ere either un hs.

tosCrCd of Inlyadded. 'I he Sishs ille Ntasiinrs 1)am against or are cosered by structures. 't hese may br a

in fennewee f.nle[1 because of the saturation of con. hich suscepobility to internal erosion at the planes . i

ecaled clay seams ( Ret. I n the South l ork ILun in ' "" I "' t Dams hae tailed because of pipmg along

Pennu k ama tailed because of the osercrow n s eceta. abutments and underneath superimposed structures
tion at the spi!In ay iRet i L and the Wbco ILun slide such as inh ladders and spillway s t Ref IIL'

in Teus that oa urred during construt nen is attrib- Auennon should also be f ocused on the slopes of
uted to the low residual strength, high pore prewure the resenoir behmd the dam w here unstable terrain
buildup (Ret 2t and lughly amsotroph behn ior of me be a problem (Ret 7 L T he early stages of slope
the shalc # Ret h f ailure may be manifested in sarious way v buckhng

Dams and nsot uted tauhties hn e not alway s per- of toncrete and asphaltic limngs, leanmg of trees and
f ormed n e s pet teJ. as csemphtied by c u ewn el) poles, and cratkmc and bulging of walls IRet.121
high preuure buddup discosered in the foundation Ihorough sun cillance of suspected unstable aren i s
soil at West Branch Dam in ()hio (Ret O and unusu- essensial w hi n disturbante could jeopardi/c the
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. . .

saf ety of the dam (Ret. Il). These areas icquire care- Inspet tion personnel should be selected caref ully .

tul and trequent inspection, sometimes supplemented lhe mspector and the analyst should be prat tical,
by penodic menurement of precise les el and inangu- dedicated diagnost;cians who examine thoroughly
lation nets, readmg of slope indicators or tiltmeters, escry clue during their scrutiny of the behasior of
and study of aenal photographs. these structures. A person who becomes umnterested,

complacent, or oserw helmed w hen surrounded by
Before idimg a resenoir, records of pie /ometue soluminous tollec ted data should not be assigned to

lesels, ground eles ations, and background seismie- this demanihng duty. On the other hand, an analyst
I ity' at the site should be compiled so that comparison conterned with quantity rather than quahty ot data or

can be made with the ettects of water loadmg. As tascinated with oserly sophisticated techniques may
filling begms, the mspection and mainte- m erlook obuously adserse trends apparent by scan-soon as

nance program tor structures and operating equip- mny data or by simple charting. l he key to sink mg a
ment should be mitiated ~1hn includes regular patrol proper balance is the selection ot a person who know s
of the dam and its abutments and obsen atiino of what to look for and i, persescrant in his search, dis-
scepne tiows, pietometnc lesels. and structural and cerning in his interpretation, and communicaine of
found~ tion mm ements l hese reading, thould be his imdingt
plotted and correlated with concurrent resersoir water A list of ref erences used m descloping this regula-
les els Ar increase in scepace flow and turbithtv is a
common sy mptom of piping as a result of impojnded tory guide is included An additional bibliography

that may be usef ul to the litensee m deseloping an
water penetrating and flushing out ti undation open 'HYechon prograni is also indaded Howesa, the
mes (Ret. I L

' listmg ot these references does not constitute a blan-
Let endorsement of their contents by the NRC staff.

Althouch the most entical time in the hte of a re.
sersmr may be durmg its first fdling wben the deugn

C. REGULATORY POSITIONis checked ag.unst actual performance. sescral years
mas pass bef ore the foundanon and strut tures base .I his guide applies only to w ater control struc--

tully ad usted to the loads .T hereaf ter, def ormation
i tures (e p dann resers olts, cons e)ance t aCllities)

will conunue m response to cy c cal load ,anations spetilically budt for use m tonjuncunn with a nu-u

Attention should be focused on inspecnon and data clear power plant and w hme tailure could cause 1
collection during relatnely rapid changes in resersmr radiological consequences ads e sely attetting the
w ater surf ace elevations. N. ear-to-> car condinons at pubhe health and saf.ety . In addition, the strutture
high and low seasonal lesels should be s ompared was budt, wholb er m part, f or the purpme of con-
Data shoulJ also be collected on chances occurone

-

' ' t r olli n"o or consey mg water for either emergenes.

'

unce project construction that may mtluence saf ety cocimg operation or flood protecnon of a nuclear
.

and tuianon of the tacilities it is important that ab- pow er plant. Such a structure may be h>tated on or
-

normalines attecting facihty safety be met with quick oil the ute .l he NR(, statt may consider the recom
cortcef n e action. mendations of this cuide f ulfilled bs the applicant <>r

lianw it the snucture is regulatM by anothu
The scn he water t hannels hould be eununed f or agency or State that enf orces a comparable inp uonans condinons such as t hannel bank erosion, aggra.
~ program. e p. a hydrodutoc purnghtorage pop

dation, or degradanon that may impose constraints on M budt as ran of a nude;u pown plant and regu-the ft ut tion of the coohne u stem and present a po-
' Lted by the Maal Pown Coinnuwion IDepannu nttential hazard to the utety of the plant Submerged

dann and emergency canals te g attiticially dredged "Ih""F)'

canals at the riser bed or the bottom of the resersoir' Insersice inspection should bc perf ormed at
should be exanuned for any conditions, e p. block- pe n mh c inters als to check the condinon of the
age caused by sedimentation, debus. or mstabihty of wain. control snuctures and es aluale their structur.d
slope s , that may impair the f uncnon of the canals safety and operanonal adequacy . A detailed, sy stema-
under extreme low-flow condinons tic inspecnon progr,m should consist of, but not

necessanly be hnated to, the f ollow mg.
Operation of a dam tends to become routme m the

course of time and, without entorced requirements to 1. Enginecring Data Compilation

the contrary , emergency equipment may be pat aside- Enemeenm' dm related to the desien, construc
esen torgotten, and may be delectne when an emer- tion, and operation o' the w. iter-control strut tures
gency anses At Kadhm Dam in India, the ladure of hld be collected and, to the extent practicable, in-
the power wpply f or the electne drn e of the spillw a) tiuded in the mitial inspecnon report.' l hese d ata
gates (Ref i t occurred for this scry reason

E 51Ni engineco ng data arc inter n. anon presented in PS W anJ
l S W reports lo aid the onprsion, ihn inf ormauon should be

_ _ _ _i lbc aced for canhquake n.onnonne shouM be estahinhed in either incorporated inta lhe report or rcirtented in tetail as to its
the deugn phee S AR location

142 072
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should include the following items, where available 2, Onsite Inspection Program
and appropriate: The onsite inspection program of water-control

structures shoelJ be established and conducted in aa. G,eneral Project I)ata systematic manner to minimize the possibility of
(I) Regional sicmity map showing the project olerlooking ans significant teatures. A detailed

location and the "pstream and downstream drainage checklist should'be deseloped and followed for the
areas. project structures to document the observations of

(2) As-built drawings of important project fea- each significant structural and hydraulic feature, in-
tures, including details such as instrumentation, ciudmg electrical and mechanical control equipment.
internal drainage, transition zones, or relief welb Particular attention should be gisen to detecting evi

(3) Construction progress and as-budt photo. dence of leakage, erosion, scepage, slope instability,
graphs of concrete surfaces, points of contacts undue settlement. displacement, tdting, cracking, de-
between structures or structures and earth embank. termration, and improper functioning of drains and
ments. foundation conditions, etc. relief wells; to serifying the adequacy and quality of

maintenance and operating procedures; and to obsers-
b liydrologic and Hydraulic Data ing significant postconstruction changes.

(1) Drainage area and basin characternties. The use of photographs f or comparison of previous

(2) Storage and surcharge capacities, includmg and present conditions, documentation of new or
dead storage. progressac problems, and inspection records should

" " "'"P"""* "T' "" P '" F '" * '(3) Elevation of the maximum de agn pool and
treeboard height. The inspection should include appropnate features

(O Spillway characteristic s (location, ty pe, and items, including but not limited to the following.

width, and crest length and elesationL a Concrete Structures in General
(5) 1.ocatmn and description of flashboards, (1) Com rcte Sur/a< cs The condition of the

fuse plugs, and emergency spillway s concrete surfaces should be exanuned 'o evaluate the

c. I oundation data and geological features mclud. deterioration and continuing sersiceability of the
ing boring logs. geological maps, profiles and cross concrete Descriptions of concrete conditions should
sections, and reports of foundation treatment. conform with the appendix to the American (oncrete

Institute publication, ACI 201, ' Guide for Making a
d. Properties of embankment and foundation mate- Conditmn Suney of Concrete m henice' tref 13)

rials, including results of laboratory tests, field tests- (2) Structural Crading Concrete structures
construction control tests, and assumed design mate- should be examined for struemral cracking resulting
rial properties. f rom overstress due to applied loads, shnnkage and

temperature ef fects, or dillerential mosements.c. Concrete properties, mcluding the source and
type of aggregate, cement used, mix design data, and (3) EW'o r n t - //orizontal and Verti, al

test resuhs dunny consuuction. Alienment. Concrete structures should be exanuned
f or evidence of any abnormal settlements, he ning,

f. Electncal and mechamcal equipment type, rat- deflections, or lateral movements
ing of normal and emergency power supplies, hoists. W/ IM The conditions at the junctions of
cranes, valses, and salve operators; and control and the structure with abutments or embankments should
alarm systems that could allect the safe operation of be determin. d.
the water-control structure.

(5) Drain s - Foundation, Joi n t , I ac e. All

g. Pertinent construction records, meluding con- drams should be exanuned for the purpose of ensur-
struction problems, alterations, modif icat ions , and ing that they are capable of performing their design
maintenance repairs. function.

. th) Water Panaers All w ater pawages and
h. Water +ontrr.1 plan, including regulatmn plan other concrete surfaces subject to running water

under normal conditions and dunny flood events or should be e xamined for erosion, cavitation, obstruc-
other emergency conditions tions, leakage, or significant structural cracks.

i. Earthquake history. including a summary of sig. (7) L epage or l eaAarc The faces, abutments,
nificant earthquakes in the sicinity. and toes of the concrete structures should be

examined for evidence of scepage or abnormal leak-
j. Prmeip,d design awumptions and analyses, in- age, and records of flow of dow nstream springs

eluding hydrologic and hydraulic analyses, stability should be reviewed f or unusual sanation with reser- -

and stress analyses, and seepage and sett!cment soir pool lesel. lhe sources of seepage should be de-
analyses. termined, it possible.

142 0/3
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(8) Alormlit/nc loints -Cointruc twn lointt All designed to re' ase resenoir water below the spill-
monolithic construction joints shouki be examined to way crest through or around the dant

9 deternune the condition of the joint and filler mate- (1) Control (lates and Operanne Ala( hinery
rial, any mosement of joints, or any indication of dis- The structural members, connections, hoists, cables.
tress or leakage. and operating machinery and the adequacy of normal

(9) Foundation. The foundation should be mu- and emergency equipment should be examined and
ally exammed to the event possible for damage or tested to determme the structural integrity and serify

possible undermining of the dow nstream toe. the operational adequacy of the equipment W he re
cranes are intended to be used for handhng gates and

( 10) A hu rnienn . The abutments should be
examined f or siens of instabilits or excessive

bulkheads, the capacity and operating condition ot
' ' the cranes and lif ting beams should be ascertamed

w eatherine.' Opcrabihty of control systenn and protective and
b F:nbankment Structures alarm des:ces such as linut switches, sump high.

(l) Settlement. The embankments and water alarms, and drainage should be ascertamed

dow nstream toe areas should be examined for any (2) Unlined Saddle SpilluayA. It ualined saddle
evidence ot unusual localized or merall settlement. spillways are used, they should be examined for esi-
depressions. or sink holes. dence of crosion and any conditions that may impose

( 2) Slope Stabilits . Embankment shipes should constraims on the functioning of the spillway-

be examined f or irregularities in abgnment and sar- 13) ,tpproach and Outler Channels The ap-
iances from originally constructed slopes, unusual proach and outlet channels should be exammed f or
changes from origmal crest alignment and eles anori, any conditions that may impose constraints on the
ev ence of mosement at or beyond the toe, and sur- functiomng of the spdiway and the outlet works.d

face cracks that indicate mosement. 14) Stilling Baun I/ nergy DmipatorA1. Sulhng
( 3 ) Serra.ge. The dow nstream face of abut- basins, including hatiles, thp buckets, or other

ments, embankment slopes and toe s, embankment- energy dnsipators, should be examined for any con-
structure contacts. and the downstream salley areas ditions that may impme constraints on the ability of
should be examined f or esidence of emung or p nt the stilhng basin to present downstream sour or cro
seepage. The sources of seepage should be ins esh- smn that may create or present a potential hazard to
gated to determine cause and potential seserny attect- the safety of the dam. The existing condition of the
ing dam safety under all operating conditions The thannel downstream of the salling basin should be
presence on slopes of animal burrows and segetatne determined
growth that might cause detrimental seepage should (5) Intalc Structur, . The structure and all tea-
be examined. tures should be examined for any conditions that may

14) Drainaec Sntems. All drainage systems impose op rational constraints on the outlet works
should be eummed to determine whether the systems Entrances to the intake ss ,cture shoulJ be exanuned
can treely pass discharge and ensure that the dis- f or condinons such as silt or debris actumulation that
charge water is m.t carrying embankment or founde may reduce the discharge capabihnes of the oudet
tion material. Sy stems used to monitor drainage w ork t
should be eummed to ensure that they are opera ~ W( d e S M en B'm n P m n a rti. 'I be
tional and f unctioning properly . nterior surfases ut conduits should be examined for

( 5) Slope Protc, rion. The slope protection erosion, corrosmn, cavitation, cracks, joint separa-
should be cumined f or ermion-f ormed gulhes and tion, and leakage at cracks or lomts

w ase.tormed notches and benches that hase reduced i7, Dran dou n Fan ihtiet Facihties prosided for
the embankment cross section or exposed less-w ase- drawdow n of the rescrsoir to asert :mpendmg failure
resistant materialt 'Ihe adequacy of slope protecnon of the dam or to f acilitate repairs in the esent of sta-
against w as es, currents, and surface runoff that may hdity or toundation problems should be cumined f or
occur at the site should be esaluated The condition any condinons that may impose constramts on their
of segetatise or any other protectise ci ers should be functionine as planned-

es aluated, w here pertinent.
d. Resers oirs

The followmg f eatures of the resersoir shouhl be
c. Spillwas Structures and Oudet Erks eumined f or any conditions that may impose opera--

The spdlway eummation should coser the struc- tional constraints on the woling system or ihat may
tures and f eatures. including bulkheads and be hazardous to the safety of the dam:
Hashboards, of all sersice and auxiliary spdlw ay s f or
any condition that may impose operational constraints ||} Shmc Line. The landforms around the reser-
on the functioning of the s,illway The outlet works voir shouhl continually be e amined for indications
examination should include i' structures and features of maior c or n etne landslide areas and for
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their susceptibihty at any later date to massne land- desices should be examined to deteinune any change
slides of sutlicient mumtude to significantly reduce trom the oriein:il position of the structures
resenoir capacity or cre.ite wases that nught usertop : 3, jfy,irontal and Verto al T/m cment. Con-

the dam. u,lidatiori, anal Fore- Warcr Premure Inarniricruation
( 21 S Junentarom. i he resen oir and dria nage (I m/'an A ment Structurco l he exnting records of

area should be etunmed f or cuessne sedimentation measurements f rom settlement plates or gages, sur-

oi ret e nt des elopment s in the drainage basin that lat e ref erente marks. shme indicators. and other de-
could cause a sudden increase in sediment load, sices should be examined to deternune the nunement
thereby redut mg the resen oir s apacity with auendant hntory of the embankment. Ikisting pic/ometer
mcrease in maumum outflow and maximum pool measurements should be exammed for the purpose of
eles ation deternumng if the pore-w ater pressure s m the ern

banknient and f oundation would. under gnen tondi-i h Pon raial I jun, am Hazard .lica t Fhe re-
ruins. inip.ur the safety of the dam.senoir area should be examined for thanges with a

potential for hazardous bac kw ater floodm e di l'p/ilt lintrmnentation. 'T he custing recoids
of uphh nwasumnwnh should be manuned for the14) War, ,h, d Runoll Poti nual The dramaec

' purpose of determimag || the uphft pressures for thebasin should be exanuned ter ans cuensn e recent
alterations to the surf ace of the drainage basm such as nminmm pool wouM impair the safety of the dam.

thanged agr. cultural practices, timber cleanng. rail- (5) Drainaec Ssucm /in tr u m e n ta tion . The
road or highway construcnon. or real estate deselop custing records of measurements of the drainage sy s-
ments that nught adsersely atlett the runott charac- tem flow should be examined to confirm the normal
feratics l'pstream projects that could hase an mipact relationship between pool eles ations and discharge
on the safety of the dam should be idenutied quantities or to detect any thanges that hase occurred

m this relationship.
e Cooling \\ aier Channeh anJ Canals and intake un Sennuc /n urumentanon . The custmg ree-

and I)isharge Structures ords of sennuc mstrumentation shouhl be exammed
t1) (~hannch and Canah The w ater con- to determine the seismic attivity in the area and the

scyance channch and canals should be exanuned for response of the structures to recent carthquakes.
channel bank erosion. bed aggradation or degradanon
and sihation. undesirah!e segetanon. or any unusual . Operanon and Mamtenance l eatures
o. inadequate operational behas ior. '_

iI) Re sercoir Revdation Plan The actual prac-
(2) Intale and /L u harec 3 trio turn .I hc struc ~ oces m reculinne the resenoir and dischare s under

t u re s and all teatures should be exanuned f or any I Ad Nm m mndnWm Mid beconditions that may nupose operational constrainh on exanuned to deternune it they comply with the de
the coohng f acihnes such as silt or debns accumuln signed resersoir regulation plan.
non at the water mtake or d.ncharee

' (2) t/ainte na n ce . The maintenance of the
operatmg f acihnes and feature that penain to the

f Saf ety and Perf ormante Instrumentanon safety of the dam should be exammed to deternune
Instruments that hase been mstalled to me.nure the adequacy and quahty of the maintenance procc-

behas ior of the strut tures should be eununcJ and dures followed in maintaimng the dam and facihties
tested for croper tunt tiomnp T he anotable reconh m safe operating condition.
and readmgs of installed instrumenn should be re-
siewed to deret t any unusual perf ormante or dntress h. Postconstruction Changes
of the strut ture The adequacy of the installed m- 1)ata should be tuliected on changes that base
strumentanon to measure the perf ormante and saf ety

d w mct construcnon that might influ-of the dam should be determined
ence the saf ety of the project-

( l i //caJn an i and Tadn an t Gaen 3 he cust-
ing retords of the headw ater and t.olw ater gage
measure me nt s shouM be eununed to deternune the
relationship between these and other instrumentanon 1 Mhnical baluation

measurements such as streamtlow . uphti pressures. When findings et the engmeenny data resiew and
abgnment, and drainage sy stem dncharge u nh the onsue inspection indicate that significant changes
upper- and low er water surf ace cleutions hase oct urred. an es aluation of the existing condo i

(21 Hor izontal a nd Fein, al ,l/t enment In- tmns of the w ater-control struttures should be made.
urumentatmn N 'on i < n Su n, tur n s 't he exntine 'I he culuanon should mclude the assessment of the
records of ahgnment and cles atmn su n cy s and hydraulic and hydrologic capacities and the structural
measurements f rom inclinometers. inserted plumb stabilit y , based on the changes or attected | ,

bobs. page pomb across cracks and joints, or other parameters |
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a. Ilydraube and llydrologic Design Capacities sigmticant earthquakes, hurricanes, tornadoe s , in-
tense local rainf alls. or other unusual esents.

These should be esaluated in accordance with
applicable pertions of Regulatory Guides 1.59 We -
sign Basis Floods for Nue' ear Power Plants;' l . lm 4. Inspection Report

'l lood Protection f or Nuclear Power Plants. and A techmcal report should be prepared to present
1.27 ' Ultimate Ileat Sink for N.uclear Pow er the results of each general mspechon .I hese doc u-

Plants All wnstraints on water control such as ments should be kept at the project site for ref erence
blocked entrances. restrictions on operation of spill- purposes should be asailable f or inspection bs regu-

-

w ay and outlet works. inadequate energy diwipators. latory authorities, and should be retued only on ter-
restrhine channel conditnns and sigmticant reduc- nunation ot the project. Any abnormal ha/aidous
tion in rescrwir capacns bs sedunentation and other condItlons tibsersed during the inspection should be

- -

factors should be considered m the es atuation d mmdi4 to A NRC statt in accordance
w nh the Comnussion's regulations, as summarized in

b Stabilny Assessments Regulatory Guide 1.16 Reporting of ()perating

'Ibese should use in situ properties of the struc. Intornation-- Appendix A Mhnical Spa d wa
turCs. as well as inHnidalhm and [Crtinent ;.'Cobigle IIOU'

intorniation, til deterrnine the existent e ill chances tit lhe content of the report should consist of the'

or continuation of conditions that .oe hazardous. or t. llowineo
that w nh time might des elop into saf ety hazards, and
to tor.nulate recommendanons pert.nning to the need a. /mtml Report. In addition to a general descrip-
f or additumal ms estigations. analy ses, or remedial tion ot' w ater -control structures, mapsr elements of

measures Ref erences 14 and 15 prosiJe generally the report should melude:

acceptable methods for the analyses of structural sta ili Resuhs al the sisual inspection of cath proj
-

ett teature, includine photographs. w here appro-bihts

4. Frequ(ncy of Inspections priate

i3 Resohs of the instrumentation obsenations
't he mspetnen int n als suggested below are for I D la aluation of operational adequat y of the

general guidante in descloping projetted mspection
schedules l hese inten als in no w ay preclude more rescrwir regulation plan and maintenance of the dt.m

treguent inspettions il deemed necessary or lew tre- and operating f acilities. including the w arning

@ quent i ns pec t ion s inot to exceed each 5 Scaru f or sptem.

those structures w here conditions or structural integ it |cchmed aena t ot' the tauses of dis.
rity warrant such tel sation tress or abnor mal anditions and es aluation of the

behas ior. mos ement. def ormahon. or loading of the
a Imtml In c , non. 'l he first general onsue m.

struciare
specnon shoulJ be carricJ out munediately atter top.

15) Conclusions and reconnnendanons for addeping out f or new earth and rot ktdl dams and prior to
impoundment of resen oir w ater f or new concrete tienal ins estigations. remedial measures, or f uture m-

struttures I or existing facdoes that are now in oper- spe,nons, where appropriate.

ation, onsite inspection should be carried out as soon S "ulm.p ent Repor t s t hese reports shouhl m
as practicable it no inspection wmparable to that de- clude int m ition, as described in paragraphs 3 al l i

_

scribed in this guide has been perf ormed through 5 ar 5) abos e. relatis e to c hanges or continua-

b Anhu quent /nsp, cnons . 'l he second inspection hon of abnonnality in wndinons noted smcc the pre
inspe aon. Any extreme esents that base oc- i

of earth and rotktdl dams should be pertorined at a sious

re a so n able stace of resenoir tuling but in no case curred smce the last inspection, sut h as floods, seis

later than at the att.nnment of normal operatmg pool mic esents, etc should aho be ncluded

les el ~I he second insr anon of wncrete structures .Ihe inspection shoulu be conducted under the di
should be performed u ien the resen or w ater attains rection of quahtied engineers experienced m the m

.

the normal operating pool le' 1 gm in no case later sestigation, design, construction, and operation of
than 1 Scar af ter imtial impoundment has begun these ty pes of f acihties .lhe tield mspechon team 1

.

i

Subsequent inspections shouhi be made at I-> car should indade engincen. engineering geolopsts. or
mten ah f or the next 4 scars. at a, car inten ah f.or

-
- other specialists able to recogni/c and assess signs of

the f ollowing 4 yean, and then may be extended to powble distress te g. structural punt mos ement ,
each 3 years it the results of the presious mspections pic/ometric tluctuations. scepace s anations, settle-

-

-

-

w arrant this extens'on. ment and horizontal misahynments. slope mosement,

c. Spn ml /mpo nom Special inspecnons should cracking of concrete, crosion, and corrosion of
be perf ormed munediately alter the dam has passed equipment and conduitsi and able to recomtnend ap-

unusually urge floods and after the occurrence of propnate mitigating measures

\tQ 018
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D. IMPLEMENTATION method for complying with specified portions of the

The purpose of this section is to proside informa. Commission's regulations, the method described
tio,i to apphesnts and beensees regarding the NRC herein is being and will continue to be used in
staf fs plans for using this regulatory guide. evaluanng insenice inspection programs of water-

control structures until this guide is revised as a result
This guide reflects current NRC staf f practice. of suggestions from the public or additional stalt

Therefore. except in those cases m which the appli' res iew .
cant or licensee proposes an acceptable alternatise

O
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