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REACTOR EFFLUENI! OUTFALL STRUCTURES - 
STATUS AND POTENTIAL PEZOBL3Y-S 

PURPOSE AND SCOPE 

Design of the exis t ing Hanford production reactors  includes disposal of the 
cooling water effluents in the  main channel of the Columbia River i n  order 
t o  maximize d i lu t ion  of the effluents.  The ou t f a l l  portions of the disposal 
systems consist of the 1904 ou t fa l l  s t ructures  and the ou t f a l l  l i nes  extend- 
ing in to  the r iver .  . 
The purpose of t h i s  memorandum i s  t o  review the recent his tory and current 
condition of those out fa l l  systems which are  not a t  present i n  sat isfactory 
condition, as we11 a s  the poten t ia l  problems which may a r i se  from a failure 
in these systems. 

P a r t i a l  s t ruc tura l  fa i lure  i s  known t o  ex i s t  a t  three locations. The worst 
condition i s  i n  the KE/W o u t f a l l  ids, both of which are  completely separated 
by a s  much as f ive  inches. Present in-shore leaks have only a small e f fec t  
a t  normal r iver  f lows.  Further separation is  believed t o  be i n  prospect as  
a r e su l t  of thermal cycling, although the r a t e  of increase i s  not known; an 
attempt t o  obtain additional data by means of further dye t e s t s  is  planned 
f o r  t h i s  f a l l .  
pa i r s .  
cracked and leaking, and a p a r t i a l  separation in the s t e e l  section of one lire 
was reported following diver inspection. 
e x i s t s  a t  present. 
thermal expansion has spalled concrete from the inside of the box. 
t o  the  box are scheduled f o r  ear ly  fall .  

A design and estimate has been prepared f o r  the necessary re- 
A t  the F outfal l ,  the concrete encasing the concrete pipe sections is 

No surface evidence of these leaks 
A t  1904-H, the  thrus t  of the o u t f a l l  l i n e s  result ing from 

Repairs 

The current approach of the AEC on repairs  t o  these f a c i l i t i e s  i s  t o  postpone 
major expenditures u n t i l  evidence of more severe e f f e c t s  of existirig f a i lu re  
or of more imminent severe f a i lu re  can be produced. The presently unsettled 
policy s i tua t ion  on methods of effluent treatment and disposal seemingly con- 
t r i bu te s  t o  t h i s  a t t i tude .  IPD management and engineering personnel are on 
record that repa i rs  are necessary t o  prevent future unscheduled outages and 
should be done on a planned, rather than emergency, basis. 
ment of major expenditures f o r  repairs  at  t h i s  time should not incur an undue 
r i s k  of further major fa i lure  within the  next year. 
should be adopted f o r  structures of concern if th i s  postponement i s  continued. 

However, postpone- 

A formal inspection program 

The consequences of a major o u t f a l l  15s rupture kiould depend greatly on the 
locat ion of the break, the reactor involved, and the r iver  f l o w  a t  the time. 
The major e f f ec t s  would be f e l t  Z t  downstream reactors if t he  reactor involved 
continues i n  operation; t b s e  include production losses (up t o  $lO,OOO/day f o r  
t o t a l  f a i lu re  of a K l ine)  as a resul t  of increased raw water temperature, and 
a potex t ia l  denial  of  norzal area d r i n k a g  wzter supplies. 
ciaction l o s s  would resul t  a t  the reector incurring the break a s  a result of' up 
t o  three meks mscheM.ed outzge t k s  f o r  rESz5r. 
e f f ec t s  fron other types a d  Iccz%ic-c.s of outfall system fa i lu re  ~ o u l d  require 
additional studies,  best accoriplished with the currently proposed river model 
program. 

Additional pro- 

2eliaSle predictions of 
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DESCRIPTION OF FACILITIES 

Although de ta i l s  differ  from area t o  area, the ou t f a l l  systems f o r  each of the 
exis t ing reactors consist of an open concrete ou t f a l l  box (190k- ) and one or 
two o u t f a l l  l ines .  A spillway flume extends t o  the shoreline from one side of 
the  1904 box t o  prevent excessive back water elevations a t  the 107 basins 
during high water or i n  the event of blockage of the o u t f a l l  l ines .  The out- 
f a l l  l i n e s  extend outward to  or  near the centerline of the main r iver  channel 
fo r  maximum di lut ion of the effluent. 
area de t a i l s  

The following tab le  gives individual. 

1904 TO RIVER 
NUIBER DIAMETER .‘APPRDxIMA’TE 

REACTOR LINES -INCHES LENGTH - FT. RSTALIED REMARKS 

, B  1 695 

54 
42 

C 2 680 Original (1951) 

Original (19h.4) D 2 1840 Vented. Includes 
150 f e e t  each of 
concrete pipe in 
the on-shore 
sections. 

DR 

H 

F 

66 

60 

42 

1800 CG-5’58 (1956) 

Original (1949) 

Original (1944) 

Vented. 

750 

300 Repaired 1947. In- 
cludes 100 f e e t  
each of encased 
concrete pipe i n  
the on-shore 
sect  ions. 

84 1345 Original (1953) KE l i n e  repaired 
1955. Both l ines  
vented a t  same 
time. 

2 

S P “ I C  PROBUMS 

Damage t o  the o u t f a l l  s t ructures  has generally been due t o  t w o  phenomena - 
thermal expansion and punping of a i r  in to  the o u t f a l l  l i n e s  from the 1904 boxes. 
One F l i ne  broke loose in 1947 and swung downstream, probably i? par t  due t o  
trapped a i r  buoyancy. 
anchored with a concrete encasement. 
DR l i n e s  and a t  the 1904-B box, as  t r e l l  as 1904-F and H. 
greatest  po ten t ia l  severity was the rcpture a-ld f l o t a t i o n  of the K 3  effluent 
l i n e .  

This l i n e  was towed back in to  place and both l i nes  re- 
Joint  f a i lu re s  have occurred 3Lr1 the D a d  

The f a i l u r e  k i th  the 
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In  April, 1955, the  KE l i n e  was observed f loa t ing  pa r t i a l ly  submerged jus t  off-  
shore. Subsequent inspection revealed a par t ia l -  rupture and l*wrinklingtr of the 
KIrJ l i ne .  A s  emergency maintenance, both iiE and Kb? l i n e s  were weighted down with 
s t e e l  r a i l s  and concrete blocks, and the  rupture i n  the  KE l ine banded and en- 
cased in concrete. In  addition, vent holes were cut in both l i n e s  t o  permit the 
escape of air which was being pumped i n t o  the l i n e s  f r o m  the 1904 box, and 107-K 
basin operation was changed from batch t o  continuous discharge i n  order t o  m i n i -  
nize ’ f l o w  cycling of the o u t f a l l  l i nes  a s  much as  possible. Some concern was 
expressed a t  the time both as t o  the permanency of these repairs  and as t o  the  
e f fec t  of the near-shore eff luent  leakage from the vents and cracks. Although 
repeated exterior inspections during the following year showed no further damage, 
a project proposal for  design of replacement l i n e s  was i n i t i a t e d  a s  CG-703 i n  
September, 1955. 
Commission representatives, AEC Directive Kw-437 was issued i n  May, 1957, authori- 
zing expenditure of $15,000 ( la ter  revised t o  $25,000) f o r  engineering studies 
and preliminary design only. 
inside and outside of the t w o  l i n e s  were made in 1958 and f i n a l l y  completed i n  
1959. During these inspections, separations i n  both lines were observed, much 
wider than the or iginal  breaks and showing evidence of re la t ive  movement between 
the broken ends i n  three directions.  

After several  discussions between operating, engineering, and 

Repeated attempts a t  diver inspection o f  both the 

No significant increase was observed i n  the 
l i n e  separation between January and November of 1958, however. 

In the  meantime, dye t e s t s  and other s tudies  were made t o  determine the effect  
of t he  leakage from the exis t ing breaks and t o  evaluate the poten t ia l  severity 
of t h a t  rupture. The dye t e s t s  indicated leakage, mostly from the KW l ine,  of 
about 1’7,000 gpm (10 per cent of one K Reactor eff luent  flow ra te )  a t  a r iver  
flow of about 65,000 cfs; the  e f f ec t  of this leakage onD Area was f e l t  t o  be 
s l i gh t .  Subsequent calculations show an average increase i n  D Area raw water 
temperature of about 0.loC from a leak of t h i s  size, which by the usual methods 
of calculation would cause production losses  a t  D and DR Reactors valued a t  
$20,000 t o  #30,000 per year. A separate study (l) by HLO, including detailed 
sampling and measurement, showed a poten t ia l  f o r  much more severe e f fec ts  i n  
the  event of t o t a l  fa i lure .  These r e su l t s  are discussed below under POTEWIAL 
SEVERITY OF FAILURE. Figure 1 shows the present leak r a t i o  and dis t r ibut ion of 
effluent;  Figure 2 shows the probable d is t r ibu t ion  pa t te rn  from a l ine  break a t  
the end of the K j e t ty .  

The outcome of these various studies was a scope document (2)  f o r  permanently 
repairing 2nd anchoring the l i n e s  instead of replacement, and a planned main- 
tenance item of $90,000 f o r  these repa i rs  was included in the revised and 
approved FY 1960 Operating Budget f o r  accomplishing the repa i rs  as  scoped. 
MJA-23 for  $55,000 was subsequently prepared and approved by IPD mulagemsnt i n  
September, 1959. 
Marine Construction representatives indicated t h a t  the chespest and most feasible 

Investigation of repair  procedures and discussions with McCray 

-56 (SECRET), Predicted Effects  on 100-D Area Water S u p p l ~  From 100-K 
Area Outfal l  Lise Failarett,  14. W. McConga and J e  K. Soldat, dated February 
10, 1958, 
€%-58899 (CO!ZICE1GIAZ,), ftCG-?@4 - 100-K Outfall  Study - Final  Reportz”, 
D.  F. T,k%son, dated January 31, 1959. 
Letter,  X .  J. Nicklason t o  I?. J. Korrell ,  Property 1”anagement Branch, HOO-AEC, 
r’Anchor 1004 0ut.fall  Linesrt9 dated November 18, 1959. 
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K Area (Cont<inued) - 
msthod of doing the work would be with the aid of an ear th  j e t t y  t o  be bu i l t  up- 
stream of the l i n e s  i n  order t o  reduce the current. 
AEC t o  secure approval of the Corps of  Engineers t o  construct t h i s  j e t t y  were 
sent t o  the HOO i n  November, 1959, and again on January 1 2 ,  1960, a f t e r  informal 
discussions with HOC? Engineering personnel had revealed some reluctance on the 
par t  of t e HOO t o  agree t o  proceeding with t h i s  work. On January 18, 1960, a 

Engineer s ta t ing t h a t  approval of  the Corps of Engineers t o  construct the 
desired j e t ty  would not be requested, t h a t  model studies or future reduction 
of eff luent  ac t iv i ty  might make repairs  unnecessary, t h a t  the apparent r a t e  of 
lirie separation did not appear c r i t i c a l ,  and tha t  therefore it was requested 
that the  proposed repairs be postponed. On February 24, 1960, a f t e r  further 
review by G.E. personnel, a l e t t e r  (6) was sent by the Manager, I P D  Fac i l i t i e s  
Engineering, t o  the Director, Process Engineering and Manufacturing Division, 
EK)O-AEC, again requesting permission t o  build the je t ty ,  s t a t ing  also tha t  
model resu l t s  would not be available f o r  several  years and affirming the need 
fo r  the proposed work. A follow up dye t e s t  performed on March b, 1960, showed 
no apparent, change since October, 1958. A re turn l e t t e r  (7) from the HOO dated 
March 24, 1960, re-affirmed the Commission's posit ion t h a t  t he  s i tua t ion  did not 
appear c r i t i c a l  a t  t h i s  time, and again requesting tha t  the work be postponed 
lrUntil greater evidence of i ts  need has been producedfr. The proposed repairs 
have again been submitted as planned maintenance i n  the FY 1961 Operating Budget, 
but the ava i lab i l i ty  of funds i s  unknown. 
planned fo r  t h i s  f a l l  following high water. 
intend at  present t o  make the scoped repa i rs  unless evidence of fur ther  
deter iorat ion is  found. 

Letters (394) requesting the 

l e t t e r  ( A was sent by an HOO Reactor Branch representative t o  the G.E. Project 

Another dye t e s t  i s  tentat ively 
K Reactor management does not 

A t  present, then; both K Area ou t f a l l  lines are completely ruptured, with sepa- 
ra t ions on all three planes and up t o  f ive  inches lengthwise. The l i nes  appear 
t o  be adequately anchored t o  prevent f lo ta t ion ,  but it is  believed tha t  thermal 
cycling w i l l  cause further separation as a r e su l t  of jacking against surrounding 
material, even though there was no apparent change between dye t e s t s  i n  1958 and 
1960. 
from a leak standpoint is  not known. 
KW l i n e  a l s o  ex i s t s ,  
cobbles, with t w o  large concrete blocks rest ing on the pipe. 
increases i n  s ize ,  the greater will be the probabili ty of suff ic ient ly  large 
mater ia l  f a l l i n g  into the pipe t o  create a p a r t i a l  flow blockage. 
estimate f o r  repair  of these l i nes  i s  on hand, but would require under emergency 
conditions three weeks t o  accomplish. 
assumption tha t  damage t o  the exis t ing line would not be so severe as  t o  require 
procurement of  additional pipe and extend the  l o s s  period thereby by weeks or 
months. 

The r a t e  of separation and the  s ize  of separation t h a t  would be c r i t i c a l  
A poss ib i l i t y  of p a r t i a l  blocking of the 

A t  the separation, the line is par t i a l ly  imbedded i n  
A s  the  separation 

A design and 

This estimate is  based on the reasonable 

(4) Letter, W. J. Nicklason t o  2. B. S t .  John, Reactor Branch, HOO-AEC, WJA-23, 
Anchor 100-K Outfall  Lines", dated January 12,  1960. 
Letter, R. B. St. Jchn t o  I;. J. Nicklason, WJA-23, Anchor 100-K Outfal l  
Lines", dated January 18, 1960. 
Letter,  R. T. Jessen t o  A.  T.  Gifford, WJA-23,  knchor 100-K Outfall Linzs", 
dated February 24, 1960. 
Letter, A .  T.  Gifford -IC 3.  F. Jessen, frI$JP.-23, Anchor 100-I( Outfall. Linesr', 
dated March 24, 1960. 
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F Area 

In April, 1959, an ef f luent  bubble near-shore was observed during routine operations 
pa t ro l .  
revealed t h a t  an indication of such a leak had been observed intermit tent ly  fo r  
some months past .  Inspection by a diver the same month revealed a crack i n  the 
downstream l i n e  about 20 f e e t  off shore, about l/8lf wide and extending a t  least 
a quarter of the circumference. 
dumped t o  give protection from the current t o  the  diver, and could not be seen. 
Since the r iver  was r i s ing  and t h e  s i tua t ion  did not appear c r i t i c a l ,  act ion was 
postponed u n t i l  after high water. It was noted, however, t h a t  a sizeable stream 
of effluent, was issuing from the r iver  bank over the l i n e s  and tha t  extensive cave- 
i n s  had occurred. Inspection of the  1904-F interior showed t h a t  the j o i n t s  where 
the concrete sections of the line l e f t  the 1904 st ructure  were open and t h a t  a 
hole several inches i n  diameter was permitting water t o  leak  in to  the box. On 
the  basis of these observations, a scope (8) fo r  repair  of the s t e e l  line and re- 
placement of the remaining 100 feet of concrete pipe as emergency maintenance tias 
prepared and issued in August, 1959, and WA-22 fo r  $$,OOO prepared and approved. 
A le t ter  (9) from the Assistant Manager for  Technical Operations, HOO, t o  the 
General Kanager, IPD,  was received in September, 1959, withholding approval of the 
proposed work pending further investigation, 
of the l i nes  and around the 1904-F structure in September and October, 1959, con- 
firmed the open j o i n t s  and extensive leakage. 
revealed the existence of a massive concrete encasement, not shown on plant  draw- 
ings, around the concrete pipes, which although badly cracked and leaking would 
require extended reactor downtime f o r  removal. Although replacement was s t i l l  
f e l t  t o  be necessary eventually, the condition was not f e l t  t o  be suf f ic ien t ly  
c r i t i c a l  t o  require replacement a t  t h i s  time. During these inspections, it was 
a l so  noted t h a t  the off-shore effluent bubble from the crack i n  the s t e e l  pipe 
had disappeared. It is  believed that sufficient back f i l l  from the  temporary 
j e t t y  placed i n  April, 1959, pi led  upon the cracked pipe t o  prevent v i s ib le  
leakage. 
s t ructures .  A Work Order was therefore issued t o  J. A. Jones Construction f o r  
d r i l l i n g  through the  f loor  of the  box, grouting the voids, and caulking the 
entrance jo in t s .  This work was done f o r  less than $10,000, since which no 
fu r the r  evidence of leakage has been observed. 

Subsequent comersations with HLO personnel makhg routine r iver  surveys 

The upstream l i n e  had been covered with backfill,  

Excavation of the  concrete port ion 

Howver, t h i s  inspection a l so  

The major immediate concern remaining was f o r  the s t a b i l i t y  of the 1904 

I n  t h i s  area, then, there i s  a badly cracked encasement around the or ig ina l  con- 
crete lines and at l ea s t  one p a r t i a l  s t e e l  l i ne  rupture off-shore. 
condition appears a t  present t o  require immediate attention. 
question, i n  f a c t ,  as  t o  what the significance would be of a complete l i n e  
failure at  F Area. Aside from special  monitoring costs and the possible need 
f o r  additional control measures at the Hanford Ferry and along the r iver  bank 
immediately downstream, it i s  probable that the consequences would not be serious 
i f  not permitted t o  continue f o r  t o o  long a period, say a month o r  more. Never- 
theless ,  i n  view of the length of tThe required t o  remove the  ex is t ing  concrete 
encasement, severe f a i lu re  i n  t h i s  section could cause the  l o s s  of several  weeks 
of production a t  F Area if repa i rs  became mandatory on an unplanned basis.  

Neither 
There is  sone 

(8) Kernorandun, ttScope of Repair Ibrk  f o r  100-F Out fa l l  Lines1', L. B, Brinhsr,, 

( 9 )  Letter, H. H. Schipper t o  A .  3. Qenirger, *!Contingency Naintenance Jcb - dated August 7, 1959. 

HJA-22 - Eepair of 100-F Outfal l  Lines", dated Ssptember 9, 1959. 
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H Area 

Inspection of 1904-H i n  September and October, 1959, showed extensive spalling 

expansion was incorporated i n  the or ig ina l  design. 

soon as low water and sufficient outage time permit. 

- 
I of  concrete around the anchor-rings of  the ou t f a l l  l i nes .  No provision f o r  

cations have been scoped fo r  an estimated cost of $ll,800, and will be done as 

I 
Repairs and j o i n t  modifi- I 

I 
I *  

Other Areas 

None of the other 1904 st ructures  or o u t f a l l  lines have been closely inspected 
since CG-558. 
erosion is probable at  all t h e  older 1904 structures.  
are believed t o  be serviceable for  some years before extensive repairs  
become necessary. 

No external signs of damage exis t ,  although some concrete 
The present systems 

POTENTIAL SEVERITY OF FAILURE 

Although the poten t ia l  problems of shoreline eff luent  discharges have been 
touched on br ie f ly  i n  a number of document he mos t  pertinent reference are 
l e t t e r s  by Parker (10) in 1957 and Jerman yhj i n  1959 and a document by 
McConiga and Soldat (2) giving specific calculations f o r  a K l i n e  break. The 
f irst  t w o  references agree tha t ,  aside from a minor juvenile f i s h  kill during 
a l a t e  f a l l  or winter occurrence, the off-plant e f f ec t s  of even a major break 
would be minor. A s l igh t ly  higher P32 content i n  f i s h  and a s l igh t ly  higher 
ac t iv i ty  l eve l  in  foam and t r a s h  around the Richland boatdocks might occur, 
but over a l imited period could be ignored. 
ever, a major shoreline discharge a t  any area except F would cause excessive 
concentrations of both radioactivity and hexavalent chromium at  the next down- 
stream reactor (and possibly others). 
temperature resul t ing from the  increased eff luent  uptake would cause some l o s s  
of procluction at  downstream reactors during any period i n  which power leve ls  
were limited by out le t  temperatures. Any rupture occurring off-shore would be 
l e s s  severe in i ts  effects,  providing t h a t  eff luent  discharge was not blocked 
by debris and consequent flume overflow did not occur. 

Except a t  high river f lows, how- 

I n  addition, the increase i n  raw water 

As an example of the poten t ia l  consequences of t o t a l  l i n e  f a i lu re ,  estimates of 
the eff luent  pick up a t  D Area as a result of complete f a i lu re  of  the K ou r" 11 

based on velocity and concentration prof i les ,  and i n  reference (2) based on dye 
tes t  sampling. 
one K line on ly  discharging fur ther  in-shore gave similar r e su l t s .  
estimates indicate t h a t  from 5 t o  10 per cent of the K eff luent  ( a  factor of 
10 higher than the normal intake) released near the exis t ing X l i ne  fa i lures  
would be taken i n  a t  181-D. The result ing Cr-t;6 concentrations i n  the  D Area 
drinking water would probably exceed the Public Health Service maximum permis- 
sible concentration of 0.05 ppm, which would i n  i t se l f  necessitate another 
source of D Area drinking water while t h e  s i tua t ion  existed.  Under the same 
conditions, rsdioact ivi ty  in the drinking xater kroilld exceed the  recomnended 

*-I., H. 1". PErker t o  A.  B. Greniriger, TShoreline Discharge of Rezctor 

(ll) Letter (COIfP-WY PRIVATE), P. C. Jernm t o  E .  J. F i l i p  acd C. I?. Gross, 

l i n e s  a t  extreme low water (36,000 c f s  r iver  f low) are given in reference 117 
Calculated percentage intakes a t  hTR and a t  D f o r  the case of 

These 

Er"flGents", dated Ik rch  13, 1957. 

Vteactor Effluent Shoreline Discharge", dated December 4, 1959. 
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l i m i t  of 10 per cent of the occupaticnal ~PCGI, although t h i s  would be tolerable 
f o r  a short period. 
Similar estimates indicate re la t ively high, but tolerable,  dose r a t e s  of 100-200 
mr/hr on f i l t e r  beds with some inconvenience due t o  radioactivity throughout %he 
water plant.  The raw water temperature increase of 4 t o  8 O C  resul t ing from the 
5 t o  10 per cent uptake of K effluent would cause some production loss a t  D and 
DR Reactors during the winter months and up t o  $8,000 per day during the ear ly  
f a l l  i n  a dry year. Similar effects ,  although of lesser  degree, would occur a t  
NPR, H, and F Reactors. Major shoreline discharges a t  B, C, D, o r  H Reactors 
would also have similar e f fec ts  t o  those presented above at  each reactor down- 
stream, although probably of l esser  degree due t o  smaller flows and differ ing 
locat  ions. 

Erriployee reaction might of course create a relat ions problem. 

These estimates are of course based on extrapolation. 
ever, t ha t  estimates reached by independent methods agree within a factor  of 
two.  The suggestion has been made in one l e t t e r  f rom the loca l  off ice  of the 
AEC t ha t  repairs  should wait on a t e s t  on the proposed r iver  model t o  determine 
the degree of these effects.  Such tes t s ,  pa r t  of the planned program f o r  the 
r iver  model, w i l l  be valuable f o r  predicting e f f ec t s  a t  other areas, from other 
po ten t ia l  failures, and with changing r iver  conditions. The estimates presented 
here, however, are believed t o  predict the e f f ec t s  of the most probable severe 
f a i lu re  within a factor  of two. 

It i s  significant,  how- 

FUTURE STATUS 

The current €DO-AEC position on ou t f a l l  system repairs  appears t o  be t o  post- 
pone any major expenditures unt i l  the future policy of eff luent  disposal or 
treatment is determined, or  a t  l e a s t  u n t i l  evidence of s ignif icant  losses or 
accelerated deterioration is  found. 
AEC approval. f o r  expenditure i s  therefore apt t o  be d i f f i c u l t  unless such 
evidence can be presented. 
be a corollary of t h i s  approach. 

Any attempt t o  make such repairs  requiring 

A progran f o r  routine inspection should therefore 

No program ex i s t s  a t  present f o r  routine in te r ior  or underwater inspection of 
the 1904 structures or  ou t fa l l  l ines .  Visual inspection of  the 1904 in te r iors  
on an annual bas i s  would probably reveal damage suf f ic ien t ly  in  advance t o  make 
necessary repairs  with l i t t l e  r i s k  of sudden f a i lu re .  For the l ines,  the pro- 
blem i s  l e s s  simple. Diver inspection of the exterior of unburied portions i s  
possible, but i s  expensive, d i f f i c u l t  t o  schedule, and can seldom be complete. 
Interior inspection is  possible only on portions of the lines. 
such inspections are d i f f i cu l t  t o  j u s t i fy  except &ere some evidence of 
damage i s  known t o  ex i s t .  Dye t e s t s ,  i n  conjunction with a e r i a l  photography 
or  special  sampling, are re la t ive ly  easy and inexpensive. Although l e s s  
sensit ive and l e s s  re l iable  than inspection, such t e s t s  should reveal i n i t i a l  
l i n e  rzpture well before t o t a l  fa i lure .  

I n  general, 

Future changes i n  plant  flairs would a f fec t  both the severi ty  md  probabili ty of 
eff luent  system failure. 
process floh-s, but the increased probabili ty i n  much more d i f f i c u l t  t o  predict .  
Greater concrete e r o s i m  and increased nechanical stresses riculd exis t ,  h t  are 
not expected on the basis o f  prelimimry calculations t o  cause a signifizvlt 
problem with strucCures i n  good repair .  The problem of  increased f l o w r a t e s  
through the K lines i n  their  present condition deserves fur ther  study. 

The severity should be proport ioral  t o  the increased 
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Previous studies on the e f f ec t s  on Hvlford operations of navigation channel 
or a dzii a t  r iver  mile 348 t reated br ie f ly  the e f f ec t s  of an effluent system 
fa i lu re .  
severi ty  of an incident, but otherwise the e f f e c t  of these projects  on 
severi ty  of an incident cannot r e a l i s t i c a l l y  be predicted a t  t h i s  time. 

Increased s t ra t i f ica t ion  behind a dam would tend ' to lessen the 
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