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NOTICE : The proj ec t that is  the subject  of  this  report 
was approved by the Governing Board of  the Nat iona l 
Research Counc i l , whose  members are drawn from the 
counc i l s  o f  the Nat iona l Ac ademy o f  Sc iences , the 
Nat ional Academy of Engineering , and the Ins t itute of 
Medic ine . The members of the commit tee respons ib le for 
the report were chosen for the i r  spec ial  competence&  and 
with regard for appropr iate balanc e .  

Thi s  report h a s  been reviewed b y  a group othe r  than 
the authors , accord ing to procedures approved by a 
Report Review Committee cons i s t ing o f  members of  the 
Na t ional Ac ademy o f  Sc iences , the Nat ional Ac ademy of  
Eng ineer ing , and the Ins t itute o f  Med ic ine . 

The Nat ional Re search Counc i l  was estab l ished by the 
National Academy of Sc iences  in 1 9 1 6  to  as soc iate the 
broad c ommunity of  sc ience and technology with the 
Academy ' s  purposes of furthering knowledge and o f  
advis ing the federal gove rnment . Th e  Counc i l  operates 
in accordance with general po l ic ies  determined by the 
Academy under the authority o f  its congres s ional charter  
of 1863 , which e s tab l i shes  the Academy as  a private , 
nonprofit , s e l f-governing membership corporat ion. The 
Counc i l  has become the princ ipa l operat ing agency o f  
both t h e  Nat ional Ac ademy o f  Sc iences and the Nat ional 
Academy of Engineering in the conduc t of  the i r  services 
to  the government ,  the pub l ic , and the sc ient ific and 
engineering communit ies . It i s  administered j o int ly by 
both Ac ademies and the Ins t i tute of Med ic ine .  The 
Nat ional Academy of Engineering and the Inst itute of 
Med ic ine were e s tab l ished in 1 9 64 and 19 70,  
respec t ive ly , .  under the charter of the Nat iona l Academy 
o f  Sc iences . 

Avai lab l e  from 

Water Sc ience and Techno logy Board 
Nat iona l Research Counc i l  
2101 Const itut ion Avenue , NW 
Washington ,  DC 20418 
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PREFACE 

With this  report the Commit tee to Review the Potomac 
Es tuary Experimenta l Water Treatment Plant fu l f i l l s  i t s  
ob l igat i on to  review and comment upon the operat ion , 
ma intenance and performance o f  the Corps of  Eng ineers 
Po tomac Estuary Experiment a l  Wa ter Treatment Plant . 

The Nat ional Re s earch Counc i l  ( NRC) review was 
undertaken in response to a 19 74 Congress ional direc t i ve 
to the Secre tary of  the Army for a review of  the Corps 
feas ib i l ity study concerning use of  the Po tomac es tuary 
as a s ource  o f  wa ter supp ly . 

At the t ime of  this  direct ive re lat ive ly l i t t l e  was 
known about the chemical , bio log ical , and rad iochemical  
const i tuents  that  might be present in t reated dome s t ic 
was tewaters and urban runof f .  In add it ion , federal 
and /or s tate  drinking water regulat ions we re no t and 
s t i l l  are not avai lab le for judging the heal th risks 
that might resu l t  from using such highly contaminated 
wa ters . Thus , major  knowledge barriers were present 
that made the feasib i l ity evalua t i on d i f ficu l t .  With 
popu lat ion and indus trial growth,  contaminat ion o f  wate r 
supp l ie s  throughout the country i s  l ike ly to increas e .  
Th i s  wi l l  further raise the need for answers to the 
quest ions addre ssed in this  particular s tudy . The 
es tuary feas ibi l i ty s tudy provided an exce l lent 
opportunity to increase knowledge in this  important are a .  

Wh i l e  great  advances  have recent ly been made in 
analytical  me thods to ident i fy contaminants  in water , 
they a re on ly c apab le o f  iden t i fying a smal l  frac t ion o f  
the contaminants  pres ent .  Th i s  bas frustrated at tempt s 
to deve lop acceptab le qual i ty c r i te ria for drinking 
water from high ly contamina ted sources . Because o f  the 
need for such c r i teria for this s tudy , the commi ttee 
estab l i shed a Pane l on Qual i ty Cri teria for Wa te r 

X 
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Reuse . Th i s  pane l ,  chaired by Rus s e l l  F .  Chris tman , 
estab l i shed criteria that were recommended for use by 
the Corps  for the Pot omac e s tuary s t udy . Unfortunate ly , 
the Corps fe l t  i t  d id not have the f inanc ial  resourc e s  
nor the t ime avai lab le to  follow the c omp lete protoc o l  
as  rec ommended b y  the pane l ,  howeve r they d id carry out 
certain port ions of i t . From the de tai led but s t i l l  
l imited studies  conduc ted , n o  evidenc e was uncovered to 
sugges t  that dr inking e s tuary water after advanced 
treatment wou ld pose any greater health  risks than from 
consumpt ion of c onvent ional supp l ies now be ing used in 
the Washington me tropo l i tan are a .  However ,  this  
c ommittee does  not  be l ieve that such a c onc lus ion on 
health risks can be made unt i l  the ent i re protoco l 
recommended by the pane l for evaluat ion ha s been 
fol lowed .  

To a s s ist  in our recommendat ions during the formative 
period , the commit tee organized severa l  pane l s  of  
expert s inc lud ing one on  microbiology and viro logy 
headed by former committee member Rit a  R. Colwe l l ; a 
second on experimental  des ign cha i red by David H.  Marks ; 
a third on toxicology chaired by former committee member 
Frank Lyman; a fourth on analyt ical  chemistry chaired by 
forme r  commi t tee member Thurston E. Larson ; and a f i fth 
on processes  that wa s chaired by the current c ommit tee 
chairman. The c ontribut ions made by the membe rs of  
these pane l s ,  inc lud ing the pane l on qual ity cr iteria 
for water reuse , we re mos t  bene f ic ia l to  carry ing out 
the c ommit tee ' s  task. 

Dur ing the earl ier period of this study , the commit tee 
was chaired by the late Gerard A. Rohl ich , an ind ividua l 
who made many s igni f icant c ontribut ions to  the 
envi ronmenta l  engineering profess ion. Dr . Rohl ich 
chaired or was a member of several other NRC c ommittees 
and pane l s  and was the first  chairman of  the NRC ' s  Safe 
Dr inking Water Committee which has provided such useful 
guide l ine s to the evaluat ion of water qual ity.  Hi s 
pre sence wil l be s ore ly mis sed by the water works 
profess ion. Al so  one who wi l l  be missed is the late 
Samue l s. Baxter, one of the orig inal  members of the 
commit tee and a g iant in the water works f ie ld . 

Thi s  review was c onduc ted for the Corps of Eng ineers , 
and the committee would l ike to  extend i t s  apprec iat ion 
to  the ir  repre sentat ives , part icularly Pe rry Cos tas , 
Depu ty Chief  of the Washington Aqueduct Divis ion , and 
Harry C .  Ways , Chief  of the Washington Aqueduc t 
Divis ion , who we re s o  open in the i r  interactions with 
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the commi t tee . While  d i f ferences  wi l l  inevitab ly aris e  
be tween two groups such a s  ours , a great deal of 
cooperat i on was estab l i shed in set t ing goa l s  for this 
s tudy and carrying them out .  

The Corps was ass i sted in the ir  s tud ies by two mos t 
c apab le engineering f i rms .  Malcolm Pirnie , Inc . 
rece ived the contrac t for the des ign o f  the experimental 
wa ter treatment fac i l i t ies and for the deve lopment of  
the ini t ia l  experimental  pro tocol . The f i rm of James H. 
Montgomery Consu l t ing Eng ineers , Inc . wa s re ta ined to 
op,erate the fac i l ity ,  to deve lop in more deta i l  the 
experimental des ign to be fol lowed , and to deve lop and 
ana lyze the resu l t s  of this  s tudy. The Montgomery 
ac t ivit ies were d i rec ted by Michae l Kavanaugh , an 
individual who was mos t  coopera t ive in working with our 
commit tee . The commit tee members fe l t  unanimously that 
t he high standard s and dedicat ion to this study 
exhibi ted by Mr . Kavanaugh and his  staf f ,  and by the 
members of the Montgomery analy t i c a l  team, headquartered 
in Pasadena , Ca l i fornia , we re largely res pons ible for 
the s ignificant progres s  made on this  project .  Whi le 
the s tud ies we re no t as comp lete as the commit tee had 
hoped they wou ld be (due to financ i a l  l imitat ions ) ,  we 
wish to commend this group in part icular for providing a 

sol id base of  sc ient ific and engineering informat ion 
upon wh ich future e fforts in wa ter rec lamat ion for 
po tab le purposes can be buil t .  

Final ly , this report re f lec t s  to a large degree the 
devot ion and support provided by the staff  of the Water 
Sc ience and Technology Board o f  the Nat ional Research 
Counc i l . We espec ial ly wish to thank She ila  David , who 
over the long course of  this study kept the commit tee 
toge ther and headed in the right direc t ion.  We 
appreciate her spec ial contr ibutions in the preparat ion 
of this  report  and her cheerfu l dispos it ion and 
uns t inting pro fes s ional a s s i s tance to the commi t tee . 
Special  appreciat ion i s  a l s o  extended to Charles  R .  
Ma lone , former executive secretary i n  charge of this 
study who so effect ive ly he lped organ ize this  commi t tee 
and carr ied it through. i t s  early years when s igni f icant 
input to t he direc t ion of the s tudy was made . Steve 
Pa rke r and Jeanne Aqu i l ino we re ins trumental in he lping 
us to meet  our commi tment s  with t he complet ion of this  
report , and Robert J .  Go lden and Robert G.  Ta rdiff , 
former s t a f f  with the NRC ' s Board on Toxicology and 
Environmental Hea l th Hazard s ,  mos t  ef fective ly as s i s ted 
our Pane l on Qual ity Crite ria for Water Reus e .  To al l 
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coopera t ion in keep ing with this s tudy des erves spec ial 
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Pe rry L. McCarty , 
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EXECUTIVE SUMMARY 

Sec t ion 85 o f  the Wa ter Re source Deve lopment Ac t  o f  1 9 74 
( P . L .  93-251 ) authorized the U . S .  Army Corps o f  
Eng ineers to  de termine the feas ibil ity o f  us ing the 
Potomac es tuary waters as a source of water supp ly . In 
this  c onnec t ion , a two-year p i lot  plant projec t  wa s 
authorized invo lving the construc t ion , operat ion , and 
eva luat ion o f  a sma l l  wa ter treatment p l ant . The ac t 
a l s o  d i rec ted the Corps to  reque s t  the Nat ional Academy 
of  Sc iences/Na t ional Ac ademy o f  Eng ineering ( NAS/NAE) to  
provide a review and written report comment ing upon the 
sc ient i f ic basis  for the c onc lus ions reached by the 
Corps from this  study . The Nat iona l Research Counc i l  
{ NRC) Commit tee to Review the Potomac Estuary 
Experimenta l  Water Treatment Plant Projec t was 
e s t ab l ished in response to this re que s t  made by the 
Corps in·l9 7 6 .  

Th e  c ommit tee ma intained a n  ongoing review through the 
severa l  des ign , operationa l ,  and testing phases  o f  the 
p i lot  p l ant s t udy . Four l e t ter report s from the NRC 
commit tee were issued to  the Balt imore Dis tric t ,  Corps 
of Eng ineers , to recommend mod i f icat ions in i t s  overa l l  
testing program. The Corps accepted many but not a l l  of 
the recommendat ions . Mos t  s ignif icant of those accepted 
were modi ficat ions made to the program in response t o  
the c ommit tee ' s c omments c oncerning the pre l iminary 
des ign analy s i s  and spec ificat ions for the pi lot p lant 
as recommended by the Corps ' initial  c ontrac tor, Ma lcolm 
Pirnie , Inc . ,  and in the operat ion and data c o l lec t ion 
program as  carried out by the Corps ' second c ontrac tor, 
James M. Montgomery Consul t ing Eng ineer s ,  Inc . The 
Corps , however,  ac ted only part ial ly upon the 
commit tee ' s recommendat ions for de tai led toxicological 
tes t ing .  

-1-
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In reviewing the Corps ' f ina l report ,  the NAS/NAE was 
spec i f ical ly requested to comment on the "sc ient i f ic 
bas i s "  for the c onc lus ions reached . The committee 
recognized at the out set that  i t  would be mos t  d i f f ic u l t  
to  obtain a sc ient i f ica l ly defens ib le  conc lus ion 
regard ing the sa fety for human c onsumpt ion o f  treated 
es tuary water.  The Corps study indicated that water 
taken even from the farthest  up s t ream po ints  in the 
es tuary wou ld be contaminated during drought cond i t ions 
wi th as much as 50 percent treated wa stewater. 
Current ly , there are no accepted s tandard s or  cri teria 
upon which to j udge the sa fety of such wa ter for human 
consumpt ion even when treated within the framework of 
ex i s t ing technology . Ac c epted good prac tice is to 
obtain water for human consump t i on from the lea s t  
c ontaminated s ources  avai lab le in order to avoid the 
undefined risks assoc iated wi th use of a highly 
c ontaminated supp ly . 

The re are many water-short areas wi thin the Uni ted 
S tates where the bes t  ava i l ab le suppl ie s  tend to  be 
highly c ontaminated . For such areas the a l ternat ives  
are  quite l imi ted for  obtaining a supp ly with  l i t t le or 
no known hea l th r i sk.  Even in a reas wi th plent iful 
supply , contamina t ion from trea ted sewage from ups tream 
c i t ies c ont inues to increase wi th the r i se in 
populat ion .  The se pressure s  make it high ly des i rab le  t o  
deve lop procedures f o r  evaluat ing hea l th r i sks and 
treatment techno logies that can remove contaminants 
re l iab ly . Thus , the Potomac E s t uary Experimental  Water 
Treatment Plant ( EEWTP ) s tudy provided an excel lent 
opportunity to  address  these need s ,  and the NRC 
commit tee fe l t  that the pilot  plant s tudy unde rtaken by 
the Corps would have import ant nat iona l s igni f icanc e .  

The qua l ity of  Po tomac estuary water  varies  
cons iderab ly with d i s tance from point o f  i t s  beg inning , 
with t ime o f  yea r ,  with rive r  d i scharges into i t , and 
with the quant ity of sewage and s t reet  runoff  that i t  
receive s .  If a fu l l-scale  plant we re t o  b e  bui l t  t o  
treat Po tomac e s tuary wa ter, then processes suitable fo r 
achieving acceptab le water qua l i ty regardless  of  estuary 
qua l i ty wou ld need to  be inc luded . The s imulated 
e s tuary qua l i t y  used in the pilo t-sc ale  s tudy by the 
Corps repre sented a wo rs t case , one that would oc cur 
only during time of drought when minima l amount s  o f  
Po tomac River wa ter would b e  avai lab le f o r  d i lut ing the 
loc a l  sewage di scharge s .  The study protoc o l  and 
c onc lus ions reached were based upon an imp l ic i t  
assumpt ion that the qua l ity o f  treated water  under these  
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conditions should meet the same criteria as a normal 
water supply used continuously over a lifetime of 
exposure. That is, no increase in health risk or 
reduction in wholesome quality of the water was assumed 
even for a short-term emergency condition. This may be 
an unnecessarily conservative approach, and thus far its 
consequences have not been evaluated. 

The pilot plant study, in general, was conducted in a 
highly professional manner and provided information on 
treatment plant reliability and treated water quality 
that was previously not available. Within the limits of 
the information obtained, no evidence was uncovered that 
would indicate that the treated estuary water would pose 
greater health risks to the public than those from 
consumption of conventional supplies now being used. 
However, the number of organic contaminants actually 
identified and measured in the treated estuary water, 
while much larger than most previous studies, was very 
small compared with the total number present. In 
addition, the toxicological testing conducted on treated 
water was very limited, in fact too limited to permit 
adequate judgment of the health hazards that may be 
present. Thus, the Corps study did not provide 
sufficient scientific evidence to support its conclusion 
that estuary water of the quality anticipated during a 
drought and treated by the processes studied would be of 
potable quality. 

The above statement is not meant to negate the value 
of the information that was generated by this study. It 
is meant to add a stronger cautionary note to the 
conclusions than was provided in the Corps' final 
report. However, there were several commendable 
features of the study that should be recognized in 
addition to its limitations. Both are discussed in 
detail within the body of this report, and are briefly 
summarized as follows. 

Among the most outstanding features of the Corps study 
were: 

1 .  The detailed comparative evaluation of the quality 
of treated estuary water with that of three major 
treated water supplies for the Washington metropolitan 
area. This evaluation indicated for a broad range of 
physical, chemical, and biological contaminants that 
advanced treatment processes can improve a highly 
contaminated source so that its quality is similar to 
that of traditional water supplies. While more detailed 
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toxicologica l test ing is ye t required to c onf i rm the 
safety of  t he renovated wa ter,  the ou t look provided i s  
quite  promis ing . 

2 .  The deve lopment of  a de tailed inorganic and 
organic chemical  charac terizat ion of  t reated es tuary 
water and o f  loca l water supp l ie s .  Th i s  evaluat ion 
provided a broad dat a base  on t he types and 
c oncentrat ion leve l s  for contaminants  beyond the l imi ted 
range provided by genera l  l i s t ings such as the u. s. 
Environmental  Protec t ion Agency ' s ( EPA ' s ) de s ignated 
priority po l lutant s .  While  much ye t rema ins to  be done 
in this  area , the s tudy provided an exce l lent background 
of informat ion and procedure s for furthe r work in this  
area . 

3 .  The deve lopment o f  a data base on microbiological 
c ontaminants and toxico logical  ind icators . As w i th t he 
chemic a l  cons t ituent s ,  the ana lyses  here went far beyond 
evaluat ions norma l ly made o f  potent ially  hazardous 
materials  in drinking water supp l ie s , and thus provided 
information of general va lue for al l wa ter supp l ies . 

4 .  The demonstrated re l iab i l i ty of advanced treatment 
processes  t o  provide treated wa ter with re lat ive ly 
c ons i s tent qual ity.  The s tudy se rved t o  demons trate 
that we l l  des igned and proper ly con s t ruc ted advanced 
processes , when operated by h ighly t rained and dedicated 
ind ividual s ,  are capab le  of treat ing a contaminated 
supply to  produce wa ter with re lat ive ly cons is tent 
qua l i t y .  

The c ommi t tee commends the Corps for these outstand i ng 
achievement s . However ,  there are important l imitat ions 
t o this s t udy and to the conc lus ions reached . They are 
as fo l lows : 

1 .  Insuffic ient sc ient i f ic evidence wa s provided to  
adequat e ly evaluate the safety to humans from 
consump t ion of t reated e s tuary water.  While  the 
evaluat ion made of the qua l i t y  of treated water was much 
b roader than that present ly availab le e l sewhere , 
insuffic ient toxico logical  test ing was conduc ted to 
reach an acceptab le conc lus ion on the potab i l ity 
que s t ion. S inc e i t s  format ion in 19 76 , the commi t tee 
has b rought this l imi tat ion to the at tent ion of the 
Corps repeatedly.  In addition ,  the Nationa l Research 
Counc i l  formed a separate pane l ( Pane l on Qua l i ty 
Cri teria for Water Reuse , see page 1 1 )  whose major 
purpose wa s to out l ine in de tail  a program of  
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t ox icological  t e s t ing that would addre s s  this i s sue .  It 
is  regrettab le that only a ve ry l imi ted aspec t of the 
proposed program was imp lemented . Had the broade r 
program been undertaken , the resu l t s  wou ld have been 
much more c onc lus ive and would have been of much greater 
value to other areas of the country fac i ng the use of 
highly c ontaminated drinking water sour�e s .  The 
inadequac y of the toxico logica l  test ing i s  not addressed 
within the Corps c onc lus ions . The Corps c onc lus ion on 
pot ab i l ity might lead the reade r to believe that the 
program c onduc ted was adequate t o  demonstrate that the 
treated water wou ld be suitab le for human consumpt ion. 
This  i s  not the case . 

2 .  The po tent ial changes in the gual ity of e s tuaEY 
wate r that might result from b i ological growth during 
drought c ond i t ions were not adeguately addres sed . Under 
low-f low conditions , the nutrient contributions from 
wastewater d ischarges ,  the higher summer temperatures , 
and the absence of  flushing f lows in the es tuary are 
l ike ly to lead to excess ive growth of algae . Such 
conditions can lead to maj or difficu lties  in treatment 
and to exces s ive prob lems with water t aste and odor. 
Further at tention shou ld be given to  this  issue i f  
treatment o f  e s tuary water is  c ons idered in  the future . 

3 .  Fai lure t o  de tec t viruses  in EEWTP f inished waters 
cannot be accepted as an indicat ion that they are 
absent . The data do ind icate that a reduc t ion through 
treatment d id occur in the numbe rs of viruses  that c an 
be de tec ted . However,  the s tate-of-the-art me thods used 
are .not suffic ient ly sens it ive for detec t i on of  even 
rout ine ly cult ivab le enteric viruse s ,  let alone 
pathogens such as hepa t i t i s  A and certain 
gastroenteritis  v i ruses for which analyt ical procedures 
are not ye t ava i l ab l e .  Thus , a lthough the health-hazard 
risk from pathogenic v i ruses in treated 
Potomac-estua ry-s imulated water is  e s t imated to  be low, 
the degree of freedom from virus-a s s oc iated health  
haz ards c annot be stated accurately . 

4 .  The ec onomic evaluat ion of a Pot omac es tuaEY water 
treatment plant wa s inadeguate as  it d id not provide a 
c omparative cost  with othe r  alternat ive s .  The c o s t  of  
highly contaminated estuary water treated by the 
advanced processes  c ons idered was found to  be high in 
comparison with current c os t s  for water in the 
metropol itan area . Indeed , the cos t s  would have been 
even highe r if  land value , transmis s ion , and sol ids 
hand l ing c o s t s  assoc iated with an e stuary water system 
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had been inc luded . Neverthe les s , high c os t s  woul d  be 
assoc iated with any new treatment p lant bui l t  to satis fy 
a growing water demand . Granular ac t ivated carbon 
treatment i s  the only nonconvent ional process  used in 
the es tuary treatment p lant . Wi th a fu l l-scale  estuary 
treatment p lant this process  might need to  be operated 
only during drought c ond i t ions , thus reduc ing average 
treatment c o s t s  c ons iderab ly.  Bec ause a suffic ient 
supp ly of re lat ive ly  uncontaminated water now appears t o  
be avai lab le at acceptab le cost , t h e  dec i s ion not t o  
cons ide r estuary water further a s  a source f o r  drinking 
water is reasonab le . Neverthe les s , the ec onomic 
feas ib i l i t y  of an es tuary supp ly could become an issue 
in s ome future dec is ion. For this  reason , the committee  
be l ieve s i t  i s  important t o  note that the  economic 
fea s ib i l i ty quest ion was not adequate ly d i scussed . 

Recommendat ion 

The c ommi ttee be l ieves that the information on treatment 
p lant re l iab i l ity and treated water qua l i t y  obtained 
from the two year test ing of the Corps ' p i lot plant 
would be he lpful and of great intere s t  to state heal th 
agenc ies acros s the country where water reuse is  be ing 
cons idered or being carried on at present . Therefore , 
we recommend that the Corps o f  Eng ineers d is seminate 
this informat ion to a l l  state heal t h  agenc ies and other 
local agenc ies interes ted in potab le water reuse in the 
u. s. , a long with c opies of the NRC commit tee review 
report s and the NRC ' s pane l report on "Qua l ity Cr iteria 
for Water Reuse . "  

The Co rps report taken in c ontext with the caut ionary 
notes and review given by the NRC c ommittee/pane l shou ld 
be of great help to those persons re spons ible for 
del ivering safe drinking water to c onsumers , espec ial ly 
where potab le reuse is  concerned . 
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BACKGROUND 

Thi s  report  i s  the culmination o f  an e ight-year review 
by the Nat ional Re search Counc i l  ( NRC) of the u.s. Army 
Corps o f  Engineers ' des ign , ope rat i on and maintenance , 
and perf o rmance evaluat ion o f  the Pot omac Estuary 
Experiment a l  Water Treatment Plant ( EEWTP) . 

Sec t ion 85 of  the Water Re source Deve lopment Ac t  o f  
1974 ( P . L .  93-2 5 1 ) authorizes the Corps of  Engineers t o  
undertake the phase 1 des ign memorandum f o r  the Sixes 
Bridge Dam and Lake in Maryland . The ac t a l s o  required 
the Corp s  to undertake two stud ies  re lated to the future 
water supp ly needs of  the Washington me tropo l i tan area , 
the second o f  wh ich i s  a s t udy t o  determine the 
feasib i l ity  of using the Potomac estuary waters as a 
source  o f  water supp ly .  In this  c onnec t ion , a $6 
mi l l ion p i lot projec t was authorized involving the 
cons truc t ion , operat ion , and evaluation o f  a sma l l  
treatment plant . Furthe r ,  the Corps was required t o  
submit to  the Congre ss a report o f  i t s  stud ies , 
inc lud ing the resu l t s  of two years ' test ing at  the 
t reatment p l ant . 

Fina l ly ,  the ac t d i rec ts  the Corp s o f  Eng ineers to  
reques t  the Nat iona l Ac ademy o f  Sc ienc e s/Nat iona l 
Ac ademy o f  Eng ineering ( NAS/NAE ) to provide a review and 
written report c omment ing upon t he scient i f ic bas i s  for 
the c onc lusions reached by the Corps . 

Thi s  request  was rece ived from t he Corps in 1 9 7 6  and 
thus the NRC Committee to Review the Potomac Es tuary 
Experiment a l  Water Treatment Plant Projec t wa s 
es t ab l i shed . Approximate ly one year later the Corps 
a l s o  requested the Academy to review their  overa l l  
Washington Me tropol itan Area Water Supply Study i n  the 
same manne r as  mandated by Congress . Thus ,  two NRC 
c ommit tees were des igned wi th an overlapping membership 
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so that severa l  commit tee membe rs we re ass igned to both 
s tud ies for the  durat ion o f  the  proj ec t s .  Th i s  enab led  
the committee  membe rs t o  be  kep t  appr ised of the 
progress  of the Corp s ' overa l l  e f fort and the spec i f ic 
e f fort c oncerning the pilot  plant . A separate NRC 
report entit led Water for the Future o f  the Nat ion ' s 
Cap i tal Area - 1 9 84 ,  {A Review o f  the U . S .  Army Corps o f  
Engineers Metropo l itan Washington Area Water Supp ly 
Study ) wi l l  be i s sued to  the Corps o f  Eng ineers 
concurrent ly with this repor t .  

I t  wa s dec ided that the c ommi t tee wou ld ma intain an 
ongoing review proc e s s  through the several des ign , 
operat iona l , and test ing phases o f  the p i lot p l ant and 
wou ld report to the Corp s of Eng inee rs throughout this  
e ight-y e ar period , with a f inal report to  be i s sued one  
year  after  the commi ttee rece ived the Corp s ' fina l 
report . 

The membersh ip o f  the commit tee wa s reorganized in 
19 79 , and has been guided by two cha i rmen s ince 1 9 7 6 ,  
Gerard A.  Rohl ich,  pro fessor o f  c ivi l eng ineering at the 
Un ivers i t y  of Texas at Aus t in (deceased 1983 ) , and Perry 
L.  McCarty , pre sent chairman and pro fessor of 
envi ronment a l  eng ineering at  Stanford Univers ity .  Both  
cha i rmen are also members o f  the  Nat iona l Ac ademy o f  
Eng ineering . 

Expert ise o f  the commi t tee and pane l membership ha s 
inc luded environmenta l ,  c ivil ,  and sanitary enginee rs ; 
chemis t s; ep idemio log i s t s; virolog i s t s; microbiolog ist s ;  
biochemi s t s; pub l ic hea l th offic ia l s ; water chemis t s ; 
and med ical doc tors inc luding oncolog i s t s  and 
pediatric ian s . 

S inc e 1 9 7 6 the commi t tee ha s he ld two to three 
meet ings per year as  required and has is sued four le t t er 
report s t o  the Balt imore Di s t r ic t , Corps of  Eng ineers . 
The letter  reports are reproduc ed in the i r  ent irety i n  
Append ix A .  Fo l lowing i s  a b r ief  synop s i s  o f  the 
content s of  each repor t .  

NRC R EPOR TS 1 9 7 7-19 81 

March 2, 19 7 7 ,  Letter Report 

The f i rs t le t t e r  report contains t he commi ttee ' s  review 
of  the pre l iminary des ign analy s i s  and spec i f icat ions , 
prepared by Ma lco lm Pirnie ,  Inc . , for the experiment a l  
wa ter treatment p l ant unde r deve lopment by the Corp s o f  
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Eng ineers.  It also  inc ludes a report from the 
commi t tee ' s Pane l on Processes . The committee and panel 
reviewed the Corp s ' Des ign Memorandum - Experimental  
Es tuary Water Treatment Plant , 1 9 7 6 l and the 
prel iminary submission ,  September 19 7 6 ,  of the proposed 
Des ign Ana lys i s  and Spec ifications 2 for t he p l ant . 
Comment s  we re made on the proposed t reatment processes , 
inc lud ing the f i l t rat ion and chlorinat ion step s , 
e l imination o f  the alum coagulation mod if ication , 
breakpoint chlorinat ion , adding o f  a deep bed f i ltration 
sys tem, two-st age recarbonation ,  and air  injec t i on for 
activated c a rbon backwashing .  

August 4 ,  19 7 7 ,  Le t ter Report 

The second lette r report reviews the proposed testing 
and evaluat ion program for the experimental water 
treatment p l ant . Severa l  of t he committee ' s comments 
that merit  spec ial at tent ion invo lve the need for a 
c learly def ined objec t ive of the overa l l  projec t; 
necess i ty of us ing eff luent from B lue Pla ins Wastewater 
Treatment Plant  of the same qua l i ty as that re leased 
into the Pot omac es tua ry ;  merits  o f  restrict ing the 
treatment process  conf igurations to be tested ; comparing 
qual i ty of  output water from the p lant wi th  qual ity of 
drinking water present ly suppl ied to the me t ropol i tan 
Washington area ; evaluat ion of  output water in t e rms of 
consumer palatabil ity;  and neces s i ty of toxicologica l 
tests  on the p lant ' s output water. 

March 22,  19 79,  Let ter Report 

The third report reviews t he Corps ' f ina l dra f t  report 
t i t led Deve lopment of  a Te s t ing and Eva luat ion Program 
for the Experimental Es tuary Water Treatment Plant, 
Washington, D.c.,3,4 dated Oc tober 19 78. The 
commit tee expressed concern that the Corps had not 
devoted suff ic ient at tent ion to  unders tanding the 
qua l ity of  the input water that wi l l  require treatment. 
A basic que s t ion that the commit tee cons idered not 
adequately answered was : What percentage of wastewater 
e f f luent would be in the estuary during operat ion of a 
ful l-sca le e stuary water treatment plant and how would 
this vary over time? Top ic s covered are spec if icat ion 
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o f  input wate rs and proc e s s  e ffectivenes s  and output 
water qua l i ty. 

November 6, 1 981 , Letter Report 

Th i s  letter  report to the Corp s was prepared by the 
committee ' s Pane l on Qual ity Criteria for Water Reuse . 
It c onveyed the committee ' s views on the pi lot plant ' s  
testing and evaluation program being carried out for the 
Corps by James M.  Montgomery Consult ing Eng ineers , Inc . 
The committee endorsed the pane l ' s  conc lusion that the 
Co rps ' experimental plants for the p i lot  plant we re in  
need o f  improvement in two important a reas : ( 1 )  
pred ictive t e s t ing for adverse health  e f fects and ( 2) 
more comprehens ive organic analy s i s. A fina l 
rec ommendat ion was that the Corps shou ld make prompt 
e f forts  t o  secure add i t iona l funds in  orde r t o  
inc orporate the recommended addit ional te s t s  to  their  
program. 

POTOMAC ESTUARY EXPERIM ENTAL WATER TREATM ENT PLANT 

The plant wa s des igned by Malc olm Pirnie , Inc . ,  of White 
Pla ins , New Yo rk , and c ons truc t ion of  the plant was 
completed in January 1980 at  a total  cost o f  
$9 , 4 70, 0 00. An add i t ional $1 1 , 9 3 0, 000 wa s required to 
support the operation , test ing , and evaluation program. 
It wa s located on 2 acres adj oining the Di s t ric t o f  
Columbia  Blue Plains Advanced Was te Treatment Plant and 
was rated at  0.5 mi l l ion gal lons per day (mgd ) with a 
maximum of  1 . 0 mgd , and incorporated state-of-the-art 
water t reatment proces ses and techniques .  

The two-year test ing program was conduc ted by the 
Wa shing ton Aqueduc t Divi s ion o f  the Ba ltimore D i s t rict , 
Corps o f  Eng ineers , using the f i rm of  James M .  
Montgomery Consult ing Eng ineers , Inc . ,  to  operate the 
plant and conduc t a l l  water  qua l i ty analyses and test s .  
In order t o  s imulate the water qual ity expec ted i n  the 
estuary during period s of extended drought , t he inf luent 
to the plant wa s a b l end o f  es tuary wa ter and nitrif ied 
secondary e f f luent from t he Blue Plains Advanced Waste 
Treatment Plant. The b lended water was subj ected to 
aeration , coagulation , f locculation , sedimentat ion ,  
pred is infec t ion , f i l t ration , carbon adsorp t ion , 
postdisinfec t ion in succession , with  samp l i ng points 
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before and a fter each proces s .  The treated water was 
discharged t o  t he Blue P l a ins Advanced Wastewater 
Treatment Pl ant . Chemical  and biologica l test s were 
performed on s amp les t aken from several points located 
throughout the treatment process . Comparisons were made 
with the dr inking water present ly supp l ied by three of 
the major ut i l ities serving the me t ropo l i t an Washington 
area ,  with t he EPA Drinking Water S t andards , and with 
water qua l i ty goal s  deve loped by the Corp s or  the i r  
c ontrac tor. Toge ther,  these t e s t s  and comparisons were 
used as the bas i s  for eva luat ing the effic iency of the 
treatment process  and the qua l i ty of the water produced 
at t he p i lot plant . 

QUAL ITY CRITERIA FOR WATER REUSE 

In 19 7 9  the commit tee appo inted the Pane l on Qual ity 
Cr iteria for Water Reuse and charged it  wi th advising 
the commit tee on the criteria needed for dete rmining t he 
suitab i l ity of  water supplies produced from unacceptab le 
or po l luted sources , such as wastewater.  The committee 
took this  s tep because of  the lack of standards for 
def ining potab ility of  a drinking water source that has 
been subj ec ted to h igh levels of c ontaminat ion.  
Moreover ,  current drinking water st andards in genera l  do 
not  address  water  qual ity i s sues o f  this  nature .  

In i t s  1982 report (Qua l i ty Cri teria for Water 
Reuse) , 5 the panel at tempts  to  o f fer the be st  
prac t ic a l  sc ient ific  statement concerning heal th effec ts  
criteria for the evaluat ion of reused wa ter intended for 
human consumpt ion. It  was not pos s ible to eva lua te the 
health ef fec t s  of  t he many compounds de tec ted in the 
aquat ic environment; thus , the pane l rec ommended that 
the qual ity of  the reused water be compared with that of 
convent iona l drinking water supplies , which are assumed 
to be safe . In assess ing wa ter be ing c ons idered for 
potab l e  reuse , comparison shou ld be made with the 
highes t-quality water locally availab le . In the Corps 
study the qua l i ty of  wate r from three major leve l water 
treatment systems was compared with that from the 
EEWTP. Whe ther any or a l l  of the three would be 
representat ive of the "h ighe s t  qual ity water local ly 
ava i l ab le" is d i ff icult  to evaluate s ince the Corps was 
not charged in their  study with ident ifying what other 
water suppl ies might be ava i lab le for us e .  Under the 
c ircumst ances , the comparisons appear reasonab le for 
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thi s pre l iminary evaluation. The panel recommended that 
whole-anima l toxicologic a l  tes t s  be done to eva luate the 
e f fec t s  of exposure to concentrates of t he mixtures of 
organic chemica l s  present in water. This  approac h  
cons ist ing of  three phases would more c losely represent 
actual human exposure ( see Tab le  1 below ) . 

TABLE 1 
TOXI COLOGICAL TESTS 

PHASE 1 

Convent iona l Water and Reus ed Water 

In V i tro : 
----

Mut agenic i ty 

In v i t ro trans format ion 
----

In Vivo : 
---

Acute toxic ity 

Te ratogenic i ty 

Short-term,  repeated dose s tud ies - 14 day 
( inc ludes cytogenetics  assay )  

PHASE 2 

Subchronic 90-day s tudy in at leas t  one rodent 
spec ies , pre ferab ly in two spec ies 

Reproductive toxic i ty 

PHASE 3 

Chronic l ife t ime feed ing study in one spec ies of rodent 

SOURCE : Nat iona l Research Counc il  ( 1982)  Qual ity 
Cr iteria for Water Reuse . 
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STATEMENT OF SIGNIFICANT FIND INGS BY THE CORPS OF 
ENGI NEERS AND NRC COMMITTEE EVALUATION 

In this  chapter each of the Corp s  of Engineers ' 
Signi f icant Find ings i s  re s tated , with the NRC 
c ommit tee ' s eva luat ion fol lowing . Each finding is  
l i s ted in the same order as  presented in  the Corps ' 
f inal , 1983 report , Executive Summary . 6 

SELECTION OF INFLUENT WATER QUAL ITY 

Conclusi ons by Corps of Bngineers 

1 .  An equal blend (1 : 1 ) of treated 
wastewater and POtomac Ri ver estuary water was 
selected to simulate the expected water quali ty 
condi tions in the POtomac Ri ver estuary at  
Cha in Bridge ,  (a possible location of an 
estuary water treatment plant) under 1930 
drough t  condi tions wi th projected water s uppl y 
demands for the gear 2030.  

2 .  ftle l: l blend was found to be a 
conservati ve simulation of expected water 
qual i ty i n  the estuary at Cha in Bridge ,  based 
on a comparison of water qual i t y  projections 
developed bg the Dynami c Es tuary Hodel (DBH), 
and the water qual i ty observed in the blended 
infl uent . 
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NRC Comait tee Evaluat ion 

Raw Water Sources for Es tuary Experimental Water 
Treatment Plant 

The "1 : 1  b lend" of t reated wastewater and Potomac 
es tuary water  s ignifies a mixture of 50 percent t reated 
effluent from the Blue Pla ins reg ional sewage t reatment 
fac i l i ty and 50 pe rcent Potomac estuary water .  

The Blue Pla ins p lant processes wastewater orig inat ing 
in the Dis tric t of Columb ia and surround ing count ies  in  
Mary land and Virginia.  The t ributary sewerage sys tems 
inc lude both separate and combined sewe rs .  The 
was tewater rece ived at the Blue Pla ins p l ant i s  
princ ipal ly domest ic sewage occasiona l ly mixed w i t h  aoae 
surface-water runoff . Indus trial wa ste ia  not current ly 
a s ignificant prob lem, but cou l d  become ao if no t 
carefully moni tored and contro l led . The basic t reatment 
system inc ludes primary t reatment by sedimentat ion and 
secondary t reatment by the ac t ivated s l udge proces s .  A 
third stage o f  t reatment includes phosphorus removal by 
chemical prec ipitat ion and nitrificat ion for ammonia 
reduc t ion. The fina l treatment stage cons i s t s  o f  
filtrat ion and d i s infec t ion wi th chlorine . 

The Experimental Estuary Water Treatment Plant ( EEWTP) 
ia  located adj acent to  the Blue Pla ins plant . One o f  
the sources of  raw water for the EEWTP was the effluent 
from the n i t r ificat ion s t age of t reatment at the Blue 
Plains sewage t reatment plant . At this  point in the 
Blue Pla ins sewage t reatment proces s ,  the sewage ha s 
been clar i f ied and biochemical ly stab ilized , but has not 
been f iltered or d i s infec ted wi th chlorine . 
Consequent ly ,  that frac t ion of  the sewage d iverted to 
the EEWTP rece ived leas t reatment than that which wa s 
(or  will be ) provided for the bu lk flow o f  wastewater.  
This introduces pos s ible element s o f  uncertainty into 
the water  qua l i ty s imulat ion proces s .  The qua l i ty of 
the part ially t reated sewage pumped to  the EEWTP wi l l  in 
many , but no t all , respec t s  be inferior to  tha t 
d i scharged t o  the estuary following the f inal s t ages o f  
t reatment a t  the Blue Plains plant . Filt rat ion 
treatment wi l l  remove a subs t ant ial proport ion of 
res idual nonsettleable solids (organic and inorganic )  
from the ni t r i f ied was tewater, a s  well a s  large numbers 
o f  bac teria.  Chlorine dis infec t ion of  t he was tewate r 
prior t o  i t s  d i scharge should , in some respec ts , provide 
better  effluent quality than that available following 
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the prior nitrificat ion stage.  A d isadvantage is  that  
whi le improving the  microbiolog ical qual ity , the 
chlorinat ion process  may somewhat degrade chemical 
quality as a result of interac t ion of the chlorine with 
res idua l organic s  in the t reated wastewater. The resu lt  
may be  the format ion of small amount s  of chlorinated 
organic compounds that are d ifficu l t  to  remove by water 
treatment processes and are of poss ible health 
s ignific anc e .  

I t  i s  doubt ful that the e lement s o f  quality 
uncertainty int roduced by the above-c i ted se lec t ion o f  
ni t r i f ied e f fluent as  part of the raw water source for 
the EEWTP a re of  major s ignificance as  far as the 
overall water treatment inve s t igat ion i s  c oncerned . 
Nevertheless, i t  i s  the commit tee1s view that at  least a 
brief explanation of this mat ter should have been 
included in the Corps report of this inves t igat ion. 

The s ource o f  the other 50 pe rc ent o f  the EEWTP raw 
water supp ly was the Potomac River estuary .  Up t o  1 . 0  
mill ion gallons per day (mgd ) o f  water c ould be 
delivered to t he plant , but the amount ac tually pumped 
during normal operat ion of the EEWTP wa s usually much 
les s ,  about one-fourth  of  a million gallons pe r day . 
Th i s  port ion of  the es tuary i s  a "t idal fresh zone , "  and 
unde r normal hydrolog ic  c ond i t ions the total dissolved 
mineral solid s do not exceed the background 
concentrat ions of TDS in the flowing river.  

The EEWTP wa s des igned for a maximum hydrau l ic 
capac ity  o f  1 mgd , but normal operat ing c apac i ty was 
established at approximately 0 . 5  mgd . For a 1 : 1  b lend 
and ope rat ion at norma l c apac ity , this  corresponds to  
about 0 . 25 mgd of  Blue Pla ins ni tri f ied wastewater and a 
like amount of  Potomac Rive r es tuary water.  

Projec ted Water Quality for Future Es tuary Treatment 
Plant 

Water Quality Models 

Va rious water qua l i ty modeling e f fort s we re undertaken 
for the purpos e  of predict ing future es tua ry wate r 
quality at  or near the s i te o f  the intake for a poss ible 
full-sc ale es tuary water  treatment plant . A majo r  
limitat ion o f  init ial modeling e f fort s was ident i f ied a s  ·the u s e  o f  monthly average inflows to  t he estuary . 
These monthly average values apparent ly produce a 
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"smoothing "  effec t tha t res tric t s  the ability o f  the 
model to  re spond to  water qual ity changes produced by 
short period s o f  unusually low flow. Revised modeling 
was undertaken , employ ing the U . S .  Environmental 
Protec t ion Agency ' s Dynamic Estuary Model ( DEM). Th i s  
two-c omponent mode l c an be used to  pred ict water 
movement and water  quali ty in t he es tuary . Ready 
application of the DEM re quires tha t  the qual ity 
parame ters investigated behave in a conservat ive 
(s t able) fashion; i . e . , they a re no t subj ec t to 
biochemical  degradat ion , prec ipitat ion , volat ilization,  
e t c . Ino rganic pa rameters such as total d i s solved 
solids , chloride , sulfate , calc ium , magnes ium, and 
cert a in t race me tals  are examples of  parame ters that a re 
or may be cons idered conservat ive .  Nonconservat ive 
parameters include coli form organisms , algae , organic , 
rad iological substances , etc . Ammonia and nitrate a re 
usually c ons idered nonconservat ive ,  but the i r  rate o f  
degradat ion i s  low , and rough e s t imates o f  the i r  
conc entrat ion perhaps can b e  proj ec ted , on the basis  o f  
as sumed conservat ive behavior,  within the t ime frame o f  
the modeling pe riod . 

Ac c urate charac terizat ion o f  mos t  nonconservative 
quality parameters i s  virtually impos s ible cons ide ring 
the mult iplic ity of  complex , natura l  proces ses and 
fac tors cont rolling the i r  degradat ion and 
trans format ion . The prec ise nature and kine t ics  of  
the s e  reac t ions in the  es tuary a re currently unknown. 

Base Cond i t ions for  Employment of Dynamic Estua!Y 
Model ( DEM) 

The following summarizes base cond i t ions that were 
established for the predic t ion o f  future wat e r  quali ty 
during an ext reme drough t . 7 

• Po t omac River inflow to  the es tuary at Cha in Bridge 
was based on observed flows corrected for removals by 
the Wa shington Aqueduc t ' s Dalec arlia plant . The 183-day 
s imulat ion cove red the period Ju ly through December 1930. 

• Fo r the year 2030, correc ted 1930 flows were 
further adj usted by deduc t ing an add i t ional 450 cub ic 
fee t per second ( ft 3/ s )  in c ons iderat ion of further 
upstream withdrawals by various wat e r  authorities . 

• Du ring the s imulat ion pe riod , flowby was 0 on one 
day , but greater  than 100 mgd ( 1 5 5  f t3 / s )  during moat  
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of the remainder of  the 183-day drough t period . 
Anacos t ia River  inf low wa s he ld c ons tant at about 13 mgd 
( 20 ft 3/s ) . 

• Municipal demand , inc lud ing that furni shed by the 
fu l l-scale es tuary plant , was he ld  constant at 1 ; 000 mgd 
( 1 , 5 50 f t3/s)  during the s imu lat ion period .  

• The intake for the fu l l-sca l e  es tuary water 
treatment p lant was located ne ar Cha in Br idge and the 
plant was operated at  fu l l  capac ity , 200 mgd from 14 
Augus t through 15 December. 

• "Consumpt ive" use  o f  wa te r withdrawn wa s e s t imated 
at 10  pe rcent ; e . g . , for each 100 mi l l ion ga llons 
wi thdrawn from the river  and e s tuary , 10 mi l l ion gal lons 
wou ld be evaporated or otherwi se divert ed from the f low 
eventual ly returned in the form of t reated wa stewater. 

• Dome s t ic , commerc ia l ,  and indu s t rial  use of the 
water withdrawn re sulted in a total  d i s solved s o l ids  
( TDS ) inc rease (use  increment ) o f  400  mi l l igrams per 
l i ter (mg/ L)  in the re turn f l ow.  ( Th i s  use inc rement 
wa s subsequent ly revised . )  

• Pot omac River  wa ter and a l l other  source  wa ter wa s 
assumed to  have a background TDS leve l of  180 mg/L .  

• Ove r 7 5  perc ent o f  wa s tewater f l ow from the 
met ropo l itan area originated at  the Blue Plains p l ant . 

Int ake Loc at ion at  Po tomac Park 

The DEM was a l so ut i l ized for water qual i ty predict ions 
under ident ical  drought cond it ions with the fu l l-scale  
( 200 mgd )  water t reatment p lant intake located near 
Potomac Park rather than near Chain Br idge . Po tomac 
Pa rk, a po ss ible fu l l-scale  p l ant s i te , is  located 
approximate ly 6 mi les  downs tream from Chain Bridge . 
Th i s  locat ion wa s cons idered the lowe s t  point on the 
es tuary suitable  for a plant s i te .  From a pub l ic water 
supply s tandpoint , the d i sadvantage o f  this intake s ite 
is  that  i t  p laces  the es tuary water  treatment plant  
intake much c loser to  the  B lue Pla ins out fa l l  sewer, and 
therefore reduc es the t ime avai lab le for the forces  o f  
e s tuary se l f-purif icat ion to  ac t upon any re s idual 
po l lutant s present in the Blue Plains e f f luent . This 
c ou ld resu l t  in the fa irly rapid development of seriOus 
water qua l i ty prob lems at the es tuary wa ter treatment 
plant in the event of a major proc e s s  breakdown at  the 
Blue P l ains was tewater t reatment works . Water  supply 
withd rawa l through an intake at Po tomac Park would , in 

Copyright © National Academy of Sciences. All rights reserved.

The Potomac Estuary Experimental Water Treatment Plant:  A Review of the U.S. Army Corps of Engineers, Evaluation of the Operation, Maintenance and Performance of the Experimental Estuary Water Treatment Plant
http://www.nap.edu/catalog.php?record_id=19342

http://www.nap.edu/catalog.php?record_id=19342


-18-

effec t .  approximate a 100 percent wastewater reuse 
system.  The bene f ic ial influence of inflow to  the 
estuary would be cons iderab ly reduced and the re wou ld be 
a greater bu ildup in the maximum concent rat ion of TDS 
and othe r  conservat ive qua l i ty parameters at t he Potomac 
Pa rk intake locat ion than at the Cha in Br idge locat ion .  
used in the base mode l .  Th i s  inc reas e .  shown by the 
mode l run . was approximate ly 20 pe rcent . With a water 
supp ly intake at  Potomac Park and no flowby at Chain 
Br idge . the mode l c an s imu late a c ond i t ion o f  overuse of 
the Potomac Rive r or  othe r  s ituat ion that res t ric t s  the 
f l ow at  Cha in Br idge for a substant ial t ime period . 
Under these  adverse condit ions . the re is  a maximum 
bu i ldup o f  the TDS concentrat ion .  in a 3-month drought 
pe riod . to  a value of  about 750 mg/L.  Based on these 
ext reme cond i t ions . predic ted maximum c oncent rations of 
conservat ive parameters are about 70  pe rcent greate r 
than those predic ted under the base mode l ing cond it ions . 
which as sumed an intake location at Chain Bridge . 

Breakdown of Ni trif icat ion Fac i l i t ies at Blue Pla ins 

Th i s  invest igat ion was de s igned to  study the poss ible  
qual ity effec t s  o f  was tewater  t reatment plant 
breakdown. Ammonia i s  a s igni f icant parame ter in both 
water and was tewater treatment and was the principa l  
parame ter o f  intere s t  i n  this model ing s tudy . S 

Ammonia (usua l ly expressed in t e rms of n i t rogen, i . e . , 
NH3-N) i s  a key sub stance i n  water  d i s infec t ion with 
chlorine . Consequent ly , i t s  concentrat ion in a raw 
water supp ly is a mat ter of c oncern. Ammonia in raw 
wa ter c an be de stroyed ( c onverted to e l emental  n i t rogen) 
by ch lorine , but objec t ionab le  s ide reac t ions ( format ion 
of  t r iha lomethanes) oc cur and the chlorine requirement 
i s  qu ite  large (usua l range : 7 to  15  t imes the NH3-N 
concent rat ion . but pos sib ly greater9 ) .  For norma l 
Blue Pla ins operations , the e f f luent c oncentrat ion was 
e s t imated at  1 . 0  mg/L  of NH3-N. Background 
concentra t i on in the estuary was fixed at 1 . 0 mg/L  and 
the use increment at 10. 0 mg/L. 

The pos sib le effec t s  of  short- and long-term fai lure 
of the Blue Pla ins n i trificat ion process  were mode led 
under the previous ly given drough t cond i t ions . An 
add it iona l important as sumpt ion wa s that the ammonia 
d ischa rged wou ld  behave as  a conservative parameter.  
Th i s  i s  approximat e ly true under winter condit ions , but 
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during t he summer the ammon ia  concentrat ions in the 
e s tuary could  be reduced substant ia l ly through 
b iochemic a l  convers ion to  nitrite  and nitrate .  
Neverthe less , this was a worthwhile invest igation 
because i t  provided an estimate of the highe s t  pos s ible  
c oncentrat ion of NH -N that cou ld be encountered as a 
resu l t  o f  nitrifica(ion breakdown at  Blue Plains . For 
an intake locat ion at  Chain Bridge ,  the es tuary provides 
a breakdown t ime de lay of  about 40 days as compared to  
very l it t le t ime at  a locat ion near Potomac Park. After 
40 day s ,  the NH3-N bu ildup proceeds at  about the same 
rate a t  bo th intake locat ions . Th i s  de lay ,  provided by 
the estuary , plus the likelihood of s igni ficant summer 
ammonia reduc t ion by estuary b i ochemical ac t ion , 
emphas izes the probab le  advantage s of  a Cha in Bridge 
intake locat ion . Similar c omment s probably apply , more 
or less , to  othe r  contaminants  released to the es tuary 
bec ause o f  wastewater t reatment p lant breakdown; e . g . , 
coliform organ isms , b iochemica l  oxygen demand ( BOD) , and 
suspended solids . 

Revis ion of Maximum Projec ted Concentrat ions 

"Us e Inc rement s" des ignated " 1 9 8 1  Orig inal" are 
presented in  Tab l e  2 .  For examp l e , t he "1981 Origina l" 
TDS gain as a result  o f  wa te r use in the me tropol itan 
area i s  g iven as 400 mg/L. "Background Concentration" 
of TDS , l i s ted in the same tab le ,  i s  180 mg/L. The 
" 1983 Revised Use Increment s , "  a l s o  l isted in this  
t ab le ,  we re obtained by subt rac t ing the "Background 
Concentrat ion , " as l i s ted , from the arithme t ic mean 
conc entrat ion of Blue Pla ins e f f luent , as measured over  
the two-year period o f  operat ion of the  EEWTP. This 
tab le l is t s  24  parame ters : major cat ions , anions , and 
nut rients , plus t race metals , such as cadmium, chromium, 
lead , mercury , nicke l , and zinc .  

The revised use increment s we re in many cases 
cons iderably lower than those or igina l ly mode led , and 
emp loyment of the revised use increments in mode l runs 
re sulted in lower  maximum projec ted c oncentrat ions for 
mos t  parame te rs . On the othe r  hand , the revis ions led 
to higher use  increment s for nitrate ( 1 1 .4 mg/L N ve rsus 
6 . 7 mg/L N) , to tal  phosphorus ( 0 . 33 mg/L P versus 0 . 3 1 
mg/ L P) , and sul fate ( 54. 2 mg/ L  ve rsus 43 mg/ L su lfate 
ion) . Revised use inc rement s  for t race ae tals  we re 
general ly lower. Several use increment s ,  inc lud ing 
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TABLE 2 
MAXIMUM PROJECTED WATER QUAIJTY PARAMETER CONC ENTRA'nONS 

AT CHAIN BRIDGE INTAKE 
(Z030 WATER DEMANDS, JULY - DECEMBER 

1930 HYDROLOGIC CONDmONS) 

Muimum Projected 
U1e Incrementa Concentrationa 

Backpoound 1981 1983 1981 1983 
Concentration Original ReYiaeda Original ReYiled 

Parameter (milL) (milL) (milL) (milL) (milL) 

Major CatiO!!!J ADiO!!!J ad Nutrient• 

Total Diuolved Solidi 180 400 195 447 3 1 0  
Calcium Z6 . 9  30 Z9 . Z  47 46 . 4  
Hardneu ( u  C aC03) 9 1  1 00 83 . 1  1 58 146 . 5  
Mapeaium 5 . 9  6 . 0  Z . 4  9 . 9  7 . 5  
Potulium Z . 3  7 . 0  6 . 4  7 . 0  6 . 6  
Sodium 8 . 0  85 3 5 . 9  65 3Z . O  
AlkaliDity ( u  CaC03l 63 100 _ _ _  b 130 63C 
Chloride 9 . 4  107 6 l . Z  8 1  50 . 3  
Nitrc>�en-N03-N 1 . Z7 6 . 7  1 1 . 4d 5 . 7  8 . 9d 

Nitr01en-NH3-N 0 . 06 1 . 9 o . s  1 . 3 0 . 4  
Total Phoaphorue-P 0 . 09 0 . 3 1  0 . 33e 0 . 30 0 . 3 1e 
Sulfate Z7 . z 43 54 . Z  56 6Z . Z  

Trace Metala 

Aluminum 0 . 83 o . z  _ _ _  b 0 . 96 0 . 83C 
Cadmium 0 0 . 1 o . oo11 f 0 . 07 o . ooo1f 
Chromium O . O l Z  0 . 17 _ _ _  b 0 . 13 o . ouc 
Copper 0 . 006 0 . 1 0  o . oo87f 0 . 07 o . oo87f 
Iron 1 . 36 0 . 1  O . ZS53 1 . 4 1 . 53 
Lead o . ooz 0 . 1  o . oooz 0 . 07 o . ooz 
Mangueae 0 . 096 o . z  0 . 147 O . Z3 0 . 194 
Mercury 0 0 . 0014 0 . 0003 0 . 00 1  o . oooz 
Nickel 0 . 0 1 0  o . os _ _ _  b 0 . 04 0 . 01c 
Silver 0 o . oz 0 . 001 1 0 . 01 0 . 0007 
Strontium o . zz o . z  NMI 0 . 3 5  o . zzc 
Zinc O . OZ6 0 . 04  O . OOZ4 o . os o . oza 

a. Calculated uling reported bacltJround concentration� ud Blue PlaiDI Nitri­
fied Effiuent arithmetic meu valuea meuured during EEWTP operatiOD. 

b. BacltJround concentration IP'eater than Blue PlaiDI Nitrified Effiuent arith-
metic mean; thua, the1e parameten could not be calculated. 

c. Backll'ound concentration lilted u •wont cue• eatimate. 
d. Nitrc>�en-Nitrate+ Nitrite concentration� uaed. 
e. Orthophoaphate concentration uaed. 
f. Concentration� u meuured by AAS, u oppo1ed to ICAP, uaed. 
I• Not meuured in thil atudy. 

SOURCE : U . S .  Army Corps of Engineers ( 1 983) , Main �· 
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those for alka l inity , aluminum, chromium, and nicke l ,  
c ould not be ca lculated because es tuary background 
leve l s  exceeded the concent rat ions found in the Blue 
Pla ins nitrified eff luent . 

Revi sed use increment s ,  gene ral ly lower in va lue than 
t hose original ly emp loyed in the mode l ,  led t o  
cons iderab ly reduced concentrat ions projec ted for mos t  
parame te rs . For examp l e ,  the origina l projec ted maximum 
TDS wa s 44 7 mg/ L, but the revi sed 1983 va lue wa s only 
310 mg/L. The re we re increases in t he projec ted 
concentrat ions for nitrate N ( 5 . 7 to 8 . 9  mg/ L) , to tal 
phosphorus as  P ( 0 . 30 to 0 . 3 1  mg/L ) , and sulfate a s  
S04 ion ( 56 t o  62 . 2 .  mg/L) . 

Parameters No t Mode led 

Lmportant nonconservative parame ters d i fficult or 
impos s ib le to  mode l  were physica l/aesthe t ic parame te rs 
(e . g . , turbidity , t emperature , c o lor) ; microb iolog ical 
parameters (e . g . , tota l  coliform organisms , fecal 
c o l iform organisms , s tandard p l ate c ount ) ;  organic 
parameters (e . g . , tot a l  organic carbon , total organic 
ha l ide , total  t r iha lomethanes) ; and rad iological 
parameters (e . g . , gro s s  alph a ,  gro s s  beta) . 

The fo l lowing tabulat ion summarizes the ari thmet ic 
mean concentrat ion of various unmode led parameters  as 
measured in the EEWTP b l end tank. 

Tempe rature 
pH 
Dissolved oxygen 
TUrbid ity ( grab samp le )  
Tot a l  suspended sol id s  
Apparent c o lor 
MBAS 
Gross alpha 
Gros s be ta 
Tot al col iform 
Fec al col iform 
S tandard p late count 
Salmonel la 
Endotoxin 

Arithme t ic Mean ( Rounded ) 
EEWTP Blend Tank 

1 8 . 6°c 
7 . 0  
8 . 4  mg/L 

14 NTU 
1 6  mg/L 
3 7  color uni t s  

0 . 068 mg/ L  
0. 52  pCi/L 
6 . 46 pCi/L 

3 3 , 000 MPN/100 ml 
6 , 300 MPN/ 100 ml 

1 7 , 000 co lonies/ml 
< 1 .  MPN/ 100 ml 
62 ng/ml 
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Tot a l  organic carbon ( TOC) 
Compos ite samp les 
Grab samples  

To t a l  organic ha l ide ( TOX) 
Tot a l  THM ( by LLE ) 
Te t rachlorethene ( by LLE ) 
Trichlorethene ( by LLE ) 

4. 6 mg/L a s  C 
4 . 6 mg/ L  as  C 
9 . 5  �g/L 
2 . 4 �g/L* 
0 . 9 7  �g/L 
0 . 13 �g/L 

*THM concentrat ions exhibited c ons iderab le seasona l 
variat ions , but neve r approached EPA ' s maximum 
contaminant leve l  of 100 �g/L.  

Note : Only l imi ted informat ion ( s ing l e  samp l e s )  
reported o n  a lgae and asbe s tos . 

The above va lues are l isted  mere ly to  provide a rough, 
gene ral idea of the magnitude o f  the va rious pa rame ters 
l is ted . It i s  emphas i zed that the concent rations l i s ted 
are arithmet ic mean va lues as  measured at the EEWTP. 
They give no indicat ion of t he dispers ion o f  ind ividual 
measurements above and be low the arithme t ic mean va lues . 

Projec ted Drought Qual i ty Versus qua l i ty of EEWTP 
Blended Inf luent 

Tab le 3 presents 1 9 83 Revised Maximum Pro j ec ted 
Concentrat ions ( RMPC) of  23 inorgani c  parameters , 
inc lud ing e l even trace me ta l s .  Th e  1 983 revised maximum 
proj ected TDS concent rat ion is  3 10 mg/L  as  compared with 
the orig ina l  e s t imate of  447 mg/L ( See Table  2 ) . 

It  a l so inc ludes  arithme t i c  mean and 90 percent i le 
conc entrat ion va lue s for the EEWTP b l ended inf luent . 
The mean value of the TDS concentrat ion in the blended 
inf luent is 2 7 3  mg/ L ;  the 90 pe rcent i l e ,  329  mg/L. 
Thus , the 90  percent i le TDS value for the blended 
inf luent i s  greater than the 1983 Revised Maximum 
Proj ec ted Concent rat ion . The same i s  t rue of  the 90 
pe rc ent i l e  va lues of a l l  other b l ended inf luent 
parameters . For ove r ha l f  of the parameters l is ted , t he 
mean va lue of  the b lended inf luent is  greater than the 
1983 RMPC . 

Mic robiological parameters we re no t mode led and are 
no t inc luded in Tab l e  3 ,  but i t  i s  probab le that 
bac terial numbers in the EEWTP b l ended inf luent wi l l  
exceed those that would be encountered i n  the Po tomac 
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TABLE 3 
COMPARISON OF MAXIMUM PROJECTED WATER QUALITY PARAMETER CONCENTRATIONS 

TO OBSERVED EEWTP INFLUENT CONCENTRA110NS 

Parameter 

1983 Re'ri8ed 
Mulmum 
Projected 

Coacentratlon 
(RMPC)(mi/L)• 

M!for CatlO!!!, ADlo!!!, and Nutrient• 

. Total Dlllol•ed SoUdl 
Ca 
HardD- (• CaC03) 
Ma 
It 
Na 
AlkaUnlty (M CaC03) 
Cl 
N03-N 
NH3-N 
Total P 
so" 

Trace Metue 

A1 
Cd 
Cr 
Cu 
Fe 

310 
46 . 4  

146 . 5  
7 . 5  
6 . 6  

3 Z . O  
_ _ _  b 

50 . 3  
8 . 9  
0.4  
0.31  

6Z . Z  

_ _ _  b 

0 . 0001 
_ _ _  b 

0 . 0087 
1 . 53 

EEWTP Blended IDfluent 

Arithmetic Mean 
(mi/L) 

Z73 
46 . 8  

150 . 8  
8 . Z  
6 . 0  

Z9 . 5  

45 .8  
7 . 3  
O. Z6C 
o . 38d 

63 . 5  

o . oooz 

0. 0450 
1 . 37 

90 PercentUe 
(ms/L) 

U9 
58 . 0  

185 . 0  
10 . 5  

7 . 1  
36 . 9  

58 . 0  
9 . 1  
0.1c 
o . 63d 

85 . 0  

0 . 0004 

0 . 0 140 
Z . 38 

Compan- of mnrTP 
SlmulatloD to Projected 

Coacentratioal 
U!iy the DEY 

RMPC < EEWTP �Ue 
RMPC < EEWTP mean 
RMPC < EEWTP mean 

.. RMPC < mnrTP mean 
RMPC < !EWTP �Ue 
RMPC < EEWTP �Ue 

RMPC . < EEWTP �Ue 
RMPC < EEWTP �Ue 
RMf'C < mnrTP �Ue 
RMPC < EEWTP mean 
RMPC < mnrTP mean 

RMPC < EEWTP mean 
RMRC < mnrTP �Ue 

(Continued) 

I 
N 

'f 
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TABLE 3 ( Continued)  
COMPARISON O F  MAXIMUM PROJECTED WATER QUALITY PARAMETER CONCENTRA110NS 

TO OBSERVED EEWTP INFLUENT CONCENTRA110NS 

1983 Re'riaed EEWTP Blended lnfiuent 
Mulmum Comparleon of mnrTP 
Projected Simulation to Projected 

Concentration Arithmetic Mean 90 PercentUe CODcentratton. 
Parameter (RMPC)(ma/L) (maiL) (milL) U1!g the DDf 

Pb o . ooz 0 . 003 0 . 006 RMPC < mnrTP mean 
MD 0. 1M 0. 197 0 . 340 RMPC < mnrTP mean 
Rg o . oooz 0. 0005 0 . 0001 RMPC < EBWTP Mean 
Ni _ _ _  b 
Ag 0. 0007 0. 0006 0 . 0014 RMPC < mnrTP 90%Ue 
Zn o . oza O . OZ6 0 . 047 RMPC < EBWTP 90%Ue 

a. �lnc July - December 1930 1tream now, Z030 water demandl, and intake at Chain Brlclae. 
b. ReYiled - increment• could not be calculated becllllle CODcentratlODI in Blue Plalnl effiuent wa1 1- than the 

UIUIDed backpoound concentratlou. 
c. Blue Plalu Nltrate+Nitrlte concentration .-d. 
d. Blue Plalu ortbopbolpbate concatration UHd. 
e. Blue Plalu CODcatration M me&l'llred by AAS, a1 oppoMd to ICAP, Uled. 

SOURCE : U . S .  Armv C: o r o s  o f  E n tz. i n e e r s  ( 1 9 8 3 ) , Ha il! yPlume . 

I 
N 
� 
I 
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Rive r estuary in the future , e spec ial lY at the Chain 
Brid'e intake s i t e .  The major frac t ion ( 90 percent 
p lus of c o l i form bacteria , e tc . , in the EEWTP raw water 
was de rived from t he Blue Plai n s  plant e ffluent that was 
pumped d i rec t ly t o  the EEWTP b l end t ank. Under 
fu l l-s c a l e  ope rat ina c ond i t ion a , with an int ake at Chain 
Br idae , there would be a auba t ant i a l  reduc t ion in 
c o l i fo rm number• due to d i a infec t ion o f  B l ue Plain• 
e f f luent and t o  norma l  d i e-away in the e s tuary . The 
blend emp loyed at t he !EWTP , the refore , probab l y  
contains c ons iderably larger numbers o f  c o l i form 
bac teria than would  confront a fu l l-scale  plant , 
espec ial ly one having an intake at Chain Bridge . 

Organic parameters in the EEWTP b lended water were 
contributed pr inc ipal ly (approximately 60 t o  7 0  percent ) 
by the nitrified eff luent from Blue Plains . · The 1 : 1  
b lend of  es tuary and Blue Pla ins nitri f ied e f f luent 
provided suffic ient organic s  to cha l l enge the plant 
removal proc esses . Tot a l  organic carbon ( TOC) in the 
EEWTP b lended inf luent genera l ly ranged from 4 . 0 to 10 . 0  
mg/ L  over the 19 81- 1 9 83 samp l ing period . Other organic 
parame ters for t he same period exhib i t  the fol lowing 
approx imate ranges : tota l organic ha l ide ( TOX) 50 to  200 
( �g/L) ; tota l trihalomethane ( TTHM) 1 to 10 � g/L ; 
tetrachlore thene , < 1 to 8 � g/L. These parame ters are 
uns tab le (nonconservative )  and , therefore , could  not be 
mode led . The organic leve l s  that the es tuary 
experimenta l  plant "saw" during the 19 81-1983 period 
were probab ly higher than those that would be 
encountered at  a fu l l-sca l e  plant , espec ial ly one whose 
intake i s  located at Cha in Br idge , we l l  upstream from 
t he Blue Plains eff luent . In the estuarine environment , 
the concentrat ion o f  organic s would be reduc ed by 
chemica l , phys ica l , and b iologi c a l  forc e s  o f  
se l f-purif icat ion.  Th i s  i s  in sharp contrast  to  
c ond i t ions at  the EEWTP , whe re the Blue Plains nitrified 
e f f luent , the pr inc ipal source  o f  these organic s ,  wa s 
pumped direc t ly and quickly to  the EEWTP blend tank . 

Rad iolog ical parameters we re monitored , but not 
mode led , to  inc lude gro s s  a l pha , gross  bet a , trit ium, 
and s t ront iuur90. Ar i thme t ic me an EEWTP b lend-t ank 
c oncentrat ions (March 1981-March 1983 ) we re as fol lows : 
gros s  a l pha , 0 . 5 2 pioc urie per l i ter  ( pCi/L) ; gros s  
bet a ,  6 . 46 pCi/L. The Blue Plains eff luent was the 
sourc e o f  about ha l f  of  the gross  a l pha ac t ivi ty and 
about two-thirds of the gros s be t a  ac t ivity . 
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Few data  were reported on asbe s t os and a lgae 
concentrat ions . Tab le 4 ind ic ates asbes tos f iber leve l s  
of  4 . 9 and 36 . 9 mi l l ion f ibe rs pe r l i ter i n  the Blue 
Pl a ins e f f luent and the Po t omac e s tuary ,  re spec t ive ly . 
Algae numbe rs in t he es tuary are a l s o  reported in this  
t ab le ,  as  1 , 500  pe r mi l l i l iter (ml ) . 

Qua l i ty Variat ions Among the Three Phases of  Opera t i on 

Tab le 5 presen t s  a comparison o f  geomet ric means of 10 
parame ters for the three phases of  operation of  the 
EEWTP. The se parame ters inc lude key qua l i ty component s ,  
such as  turbidity ,  color,  ni trate N ,  ammonia N ,  
c o l i form& , TOC , and TOX. While  the re we re differences 
during the three pha ses,  they were probably no t  of 
sufficient magni tude to a f fec t the performance of  the 
EEWTP in the three operational pha s e s .  Th e  va rious 
phase s  were of d if fe rent durat ion , and operat ions were 
conduc ted during d i fferent seasons . The greates t  
numeric a l  d i f ference was in blended inf luent c o l i form 
numbers be tween Phases  IA  ( a lum c oagulat ion + two- s t age 
chlorinat ion) and IB (alum coagulation + ozonat ion/ 
chlorinat ion) . Th i s  d i fference probab ly re f lec t s  
certain eff luent variat ions at  t he Blue Plains p lant , 
the source  o f  about 90 percent o f  the total  c o l iform& i n  
the EEWTP b lended influent . Another  pos s ib l e  
explanat ion i s  combined sewer overf lows into the 
es tuary , which cou ld contribute to sudden ,  large 
excurs ions in c o l i form numbers . 

After  reviewing the sec t ion of the Corps repo rt  on 
Se lec t ion o f  Inf luent Wa ter Qua l i ty and i t s  s ignif icant 
f inding s , t he commit tee be l ieve s that 

• The c onc lus ion that an inf luent b l end ra tio  of  1 : 1  
wi l l  s imulate  expec ted water qua l i ty cond i t ions in the 
Po tomac River es tuary at Chain Br idge under 19 30 drought 
cond i t ions wi th projec ted water supp ly demands for the 
year 2030 i s  e s sent ial ly correc t and i s  supported by the 
informat ion presented and the data obt ained . 

• The conc lus ion that the 1 : 1  blend was a 
conservat ive s imulat ion of  expec ted wa ter qual i ty 
cond i t ions i s  al so essent ial ly correct  and i s  supported 
by the informat ion pre sented and the data ob tained . 
Howeve r ,  this conc lusion assumes no s igni f icant 
industrial  d i scharges in the fu ture . 
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TABLE 4 

SUMMARY OF AVAILABLE MONITORING DATA IN 
EEWTP SOURCE WATERS FOR PARAMETERS MOT MODELED 

(AS OF MARCH 1931) 

Blue Plaiu 
Nitrified Potomac 

Parameter UDlta Effiuat EatUU'Y 

Turbidlty1 NTU 18!14 
Tss2 maiL 17!17 

TOC3 maiL - C 10 7 
rox4 l4l/L - Cl 250 160 

Sum of Purge-
able OJ'IaDlc 
Compounda5 l4liL 25 - 32 0.9 - 4.0 

Aabeatoa6 MFL 4.9 36.9 

Radlolotfcal 
GI'OU A1�6 pCi/L 0+3.8 0.5+4.2 
Groaa Beta6 pCl/L 1 1 .5!30.1 17.8,!:30.3 

Algae1 (no./ml) 1 ,500 

1. U.S. Army Corpa of Engineers Potomac River eatuuy baaeline study, 1975 -
1979. 

2. From Blue P1aiDa moDltoring data, August 1980 - February 1981 (dally 
composite aamplea ad lnfluat moDltoriDI). 

3 .  Influat moDltoring, December 1980 - February 1981. 
4. Averap of three aamplea, February 1981. 
5. R�m�e of two aamplea (13 compounda quutlfled, 3 detected but below 

quutlflcatlon limlt of 0. 1 l4l/L). 
6. SiDgle sample, MFL • mUlion fibers per liter 

SOURCE : u . s .  Army Corps of Eng ineers ( 1 983) , Main Volume . 
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TABLE 5 
COMPARISON OF EEWTP BLENDED INFLU ENT WATER QUALITY 

FOR THREE PHASES OF OPERATION 

Geometric Meu Concentration 

Parameter Units Phase IA Phase m  Phue IIA 

Turbidity NTU 1 1 . 07 1 5 . 32 8 . 7Z 
Color color units 33 . 7  44 . 9  47 . 3  
Sodium mg/L Z9 . 1  ZZ . 5  30 . 8  
Nitl'Oien , N03+N0z mg/L-N 6 . 90 6 . 66 7 . 7Z 
Nitrogen , NH3 mg/L-N 0 . 1 3 0 . 13 0 . 18  
Lead mg/L 0 . 00 1 6  O . OOZ 1 O . OOZI 
Manguese mg/L 0 . 1646 O . Z366 0 . 1 1 04 
Total Coliform• MPN/ 1 00 ml 63553 Z16Z4 Z8990 
TOC mg/L-c 4 . 50 4 . 63 4 .46 
TOX mg/L-Cl 85 . 0  76 . 7  1 1 5 . 8 

SOURCE : U . S .  Army Corps of Engineers ( 1 983) , Main Vo lume . 
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• An explanat ion of the rea s on for t he cho i c e  of Blue 
Plains n i t r i f ied e f f luent , rather than f i l t e red­
d i s infec ted e f f lue nt , aa one of the raw wa ter s ourc e s  
f o r  t h e  EEWTP shou ld have been inc luded . AI previou s ly 
ind i c a ted , t he c ho i c e  of t he n 1 t r 1 f 1ed e f f luent cou l d  
introduce c e r t a in e l emen t s  o f  uncertainty into the 
qua l i t y o f  the experiment a l  p l ant ' s  raw wat e r  sourc e ,  a 
1 : 1  b l end o f  B lue P l a ins e f f luent and Po t omac River 
e s t uary wate r .  

• The ra ther d i f f icult and e l us ive ma t ter of the 
pos s ib le eut roph1cat 1on o f  the uppe r  Po t omac Rive r 
e s t uary by B lue Pla ins e f f luent i s  no t addressed i n  the 
Corps o f  Engineers ' fina l report . Admit ted.ly , the 
proj ec t ion of  the impac t of  eut rophication on future 
water qua l i ty is exceed ing ly d i ff icul t ,  but the re port 
shou ld have inc luded a d i scus s i on of such impac t .  If  
the f u l l- s c a le es tuary plant ' s intake i s  located at  
Chain Bridge and i s  expected to  pe rform at  des ign rate 
( 2 00 mgd )  under extreme drought c ond i t ions , wi th a 
f l owby of  100 mgd , then there wi l l  be a s l ow movement of  
Blue  P l a ins e f f luent up the es tuary . Th i s  e f f luent 
c ou ld contain 10 mg/L or more of nit rogen ( from nitrite 
and nitrate) and pos s ibly as  much as  0 . 5 mg/L o f  
phosphorus (as  P) . Thi s  cond i t i on wou ld probab ly occur 
in the late s ummer or early fa l l  when the es tuary wa ter 
is clear,  i t s  tempe rature fai r ly high , and solar 
rad iat ion p l ent i fu l .  The combinat ion of  fert i l izat ion 
by nitrogen and phosphorus , plus the other  fac tors , 
produces a lmos t  idea l cond i t ions for sudden heavy a lgal 
b looms , which could produc e es tuary water qual ity  
prob lems and consequent se rious operat ing prob lems at  
the water treatment plant ; e . g . , obnoxious taste  and 
odor, increased c o lor, coagu lat ion d i f f icult ies , high 
chlorine demand , obnoxious s ludge , short  f i l ter  runs , 
and toxic i ty prob lems . The s i tuat ion briefly described 
is the wors t po s s ib le one and may oc cur infrequently .  
Ne vertheles s ,  the commit tee be l ieves that the Corps 
report should have inc luded an assessment of  the 

rob lems that mi ht  re sul t from es tua eutro hicat ion.  
I t  should be note that dur1ng the summer o 19 , a 

s igni ficant prob lem wi th b lue-green a lgae took place in 
the Potomac River.  Thi s  resul ted even though the 
Washington , D . C. , region pre sent ly has some of  the mos t  
s tringent eff luent standard s anywhe re i n  the U . S .  The 
Me tropo l itan Counc i l  o f  Governments  along wi th the U . S .  
Environmenta l  Protec t ion Agency were beginning t o  look 
into the c ause and poss ible correc t ive ac t ion needed to 

manage an unexpected seve re blue-green a lgae bloom when 
this  report went to Pre s s . ]  
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EVALUATION OF FINISHED WATER QUALITY 

Monitoring Program and Da ta  Ana lys is 

con clus ions b!l COrps of Bngineers 

In the Corps of Bngineer• report on the llBtf'rP 
pilot •tudgl no •paci fi c finding• or 
recommendation• were made about the moni toring 
program or the da ta anal!{•i• · However i t  i •  
clear th a t  the way the moni toring was performed 
(choi ce of parameters 1 frequency 1 techn1 que, 
methods of analysis) and the way the resulting 
data were s tati sti cally analyzed is vi tally 
important in the final evaluation of the 
plant 's performance . 'lflerefore 1 the commi ttee 
has eval uated the moni toring program and data 
analysis as follows . 

NRC Commi t t ee Evaluat ion 

The c ommi t tee found that both the monitoring program and 
method s of  data ana ly s i s  we re we l l  done and we l l  
c ommunicated . There wa s extens ive interac t ion wi th the 
NRC commi t tee on the moni toring program bo th before i t s  
incept ion and during the midcourse correct ions . Sinc e  
some of  t he just ificat ions f o r  modificat ions i n  p i l o t  
p l ant operat ion we re based o n  t h e  d a t a  ana ly s i s , i t  
wou ld have been informat ive for the Corps to state  wha t  
aspec t s  o f  t h i s  ana lysis  led to these dec is ions . An 
append ix on the de tai l s  of the midcourse data ana ly s i s  
and how i t  impac ted o n  the mod i f icat ions sugges ted would  
have bee n he lpfu l .  

The choice o f  a data d i s t r ibut ion mode l  for 
stat ist ic a l  ana ly s i s , the procedure for deal ing with 
mi s s i ng or  unde tec ted data , the proc edures used for 
hypothe s i s  test ing fo r comparisons with water qual ity 
goal s ,  and with data from other fac i l i t ies , and the 
procedures for evaluating data frequency and serial 
c orre lat ion a l l  seem appropr iate . 

Moni toring Program 

A monitoring program wa s conduc ted at the EEWTP s i te and 
also  at  othe r  loc a l  water  t reatment s i tes  to gain 
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c ompar i s ons of the EEWTP output water with othe r  loc a l l y  
ava i l ab le pub l ic water supply . At meet ings wi th the NRC 
commi t tee we l l  be fore the estab l ishment of the 
mon i toring program, both the types of data to be 
col lec ted , the location for collect ion ,  and the 
c o l lec t ion frequency we re examined in great depth. 
Sugges t ions before the fac t we re incorporated in the 
Co rp s  p lan that re sul ted in the f irst-year monitoring 
program. More than 200 d i f fe rent ind ividual parameters 
we re monitored during the ent ire monitoring program. 
These  are l is ted in Tables  6 and 7.  The sample  
fre quency definit ions for these parameters are l i s ted in 
Tab l e  7-A. 

Af ter  several  months o f  operat ion ,  the sampl ing 
program was revised based on the monitoring resu l t s .  
Changes we re based o n  samp l ing log i s t ics , the need fo r 
inc reased sampl ing at  selec ted s i te s ,  and engineering 
j udgment on the cos t-bene f i t  o f  spec i f ic ana lyses . 
Howeve r ,  no deta i l s  on the unde rlying fac tors that led 
t o  these dec i s ions we re pre sented . The maj or highl ights  
o f  the  revised program we re the fo l l owing : 

• Samp l ing was increased at the Blue Pla ins and 
estuary raw water intake s to pe rm i t  quant ificat ion of 
the sourc e  of c ontaminants to the EEWTP. 

• Inc reased samp l i ng was ins t i tuted within the EEWTP 
proc ess  train to permit dete rminat ion of ind ividua l 
proc e s s  pe rformance . 

• Sampl ing wa s increased at the three loc a l  wa ter  
t reatment plant s such that  all  p lant s we re monitored 
wi th the same frequency and for the same parameters . 

• Fec a l  col i form and tas te  analys es  were 
d i scontinued . Endotoxin samp l ing wa s reduc ed to 
quarte rly . 

• Ad d i t ional toxicological t e s t s  us ing the Ame s as say 
we re inst i tuted within the EEWTP proc e s s  sequence . 

Wh i le these s teps seem log ic a l ,  the Corps report does 
not exp lain how the resu l t s  of this f i r s t  operationa l 
period provided the mot ivat ion for the later changes in 
procedures . 

Da t a  Ana lysis  Techniques 

In the monitoring program more than 400, 000 data po ints 
we re gene rated . Fo r each cons t ituent the re was a need 
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TABLE 6 

SUMM ARY OF WATER QU ALITY PARAMETER S IN 
MONITORING PROGRAM 

Physical/ Aesthetic 

Asbestos 
Chlorine residual 
C olor 
Dissolved oxygen 
Methylene Blue Active Substances (MBAS) 
Odor 
O zone residual 
Particle size 
pH 
Taste 
Temperature 
Total suspended solids 
Turbidity 

Major C ations, Anions, and Nutrients 

Alkalinity 
Bromide 
C alcium 
Chloride 
Cyanide 
Electroconducti vity 
Fluoride 
Hardness 
Iodide 
Magnesium 
Nitrate + Nitrite 
Nitrogen, Ammonia 
Nitrogen, Total Kjehldahl 
Phosphate (ortho-) 
Potassium 
Silica 
Sodium 
Sulfate 
Total dissolved solids 

Trace Metals 

Aluminum 
Antim ony 
Arsenic 
Barium 

( Con t i nueJI 
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TABLE 6 ( Cont inued) 
SUMMARY OF WATER QUALITY PAR A M ETER S IN 

MO NITO RING PROGRAM 

Beryllium 
Boron 
C adm ium 
Chromium 
Cobalt 
C opper 
Iron 
Lead 
Lithium 
Manganese 
M ercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Tin 
Tit anium 
Vanadium 
Zinc 

R adiological 

Gross alpha 
Gross beta 
Radium 
Strontium-90 
Tritium 

Trace Organics (by analytical technique) 

Acid extraction, GC/MS 
Base-neutral extraction, GC/MS 
Closed-loop stripping 
Purge and Trap, GC/M S 
Liquid/liquid extraction (Pentane) , GC (Tribalomethanes) 
Liquid/liquid extraction (methylene chloride) , 

GC (berbicides/pesticides/PC Bs) 
Tot al organic carbon (TO C )  
Total organic halide (TO X )  

SOURCE : U . S .  Army Corps of  Engineers ( 1 983 ) , Execut ive Summary . 
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TABLE 7 
PLANT IOI I TOR I IIG  PROGRAM 

16 March 1981 to 31 Novl!lllber 1981 

Dua l  
B l ue Recarb- Medi a  lead F i nal  

P l ains Potouc B l end- onatlon F l l tra- Carbon Carbon EEifTP lfTP1 lfTP2 lfTP3 
N i t r i f ied R i ver ed Tank t l on Col ,_  Col ,_  F i n i sh .  F i n i sh .  F i n i sh .  F i n i sh 

Effluent Estuary lnf . Ef f .  Eff . Eff . Eff . Water Water Water Water S l udge 

PHYS I CAL/AESTHET J C  
Teooperature H2 H2 H2 H2 OR OR OR 
pH H4 H4 H4 H4 H4 H4 OR OR OR 
0 I s  so 1 ved Oxygen 06 06 06 06 H12 Hl2 Hl2 06 
Part lcul ate Par-ters 

Turb i d i ty H4 H4 H2 H2 H4 114 H2 
Tot a l  Suspended Sol ids DC DC DC DC DC DC FG 
Asbestos IIC IIC IIC IIC IIC IIC IIC IIC IIC 

Co l or DC DC DC DC I 
IIIAS DC DC DC DC DC w 
Odor DC DC � 
T aste DC DC I 

Ch l orine Res i dual ( Free ' Tota l ) H4 114 OR OR OR 

INORGANIC 
Major Cations and Trace lletal sl DC DC DC DC DC DC FG 
Ani ons 

Total Dissol ved Sol ids DC DC DC DC DC 
E lectroconduct l v l ty H2 
Alkal i n i ty DC DC DC DC DC 
BrOMide DC DC DC 
Ch lori de DC DC DC DC DC 
Cyan ide DC DC DC DC DC 
F l uoride DC DC DC 
Iod i de  DC DC DC DC DC 
S i l ica DC DC DC DC DC 
Sul fate DC DC DC DC DC 

Nutrients 
ll l trogen, � I a  DC DC DC oc oc 
ll l tf'Oglll, llttrate/llttrtte DC DC DC oc 
Ni trogen, Total rtjehlclehl IJ(; 
Pllospllorus Ortllo�ate oc DC oc oc 

lied to lottcelt lit lit lit lit lit lit 

( Cont inued) 
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TABLE 7 ( Cont inue d )  
PlANT MOIII TOR I II6  PROGRAM 

16 llarc h  1981 to 31 Mov�r 1981 

Dual 
B l ue Recarb- lledl a  lead F inal 

P l a i ns Poto.ac Blend- onatlon F l l tn- Carbon Carbon EEIITP IITP1 IITPZ IITP3 
Nitrified R i ver ed Tank t l on Col.- Co l.- F i n i sh .  F i n i sh .  F i n i sh .  F i n i sh 

E ff l uent Estuary J n f .  Eff.  Eff.  Eff . Eff.  llater llater llater llater 

MICROBIOLOGICAL 
Total Co1 t for11 FG FG FG FG FG 116 
Fecal Co1 t for11 FG FG FG FG FG 116 
Standard P l ate Count F& F& FG F& FG 116 
Endotox in 116 116 116 116 116 
Sal.,nel l a  116 116 116 116 116 116 
V I ruses IIX IIX IIX IIX IIX IIX IIX 
Paras i tes IIX IIX IIX IIX IIX IIX IIX 

ORGANIC 
Tota l Organic Carbon �Off-site)  DC DC DC DC DC DC 

On-s i te)  H8 118 118 118 118 118 
Tota l Organi c  Ha l i de  DC DC DC DC DC DC 
Synthet lc Organ ics 

l lquld/1. lquld E xtract i on 
scl sc3 ( Off-site)  sc sc sc sc 

( On-si te) S& S& S& S& S& S& 
Base/lteutral and Ac id E xtractions R3 R3 R3 R3 113 
Vol at i l e  Organ ics Anal ys t s  RC RC RC RC RC 
Herbi c i des Rl R3 R3 R3 R3 
Pest i c i des and PCBs Rl R3 R3 R3 R3 

TOX I COLOGI CAL 
Alles IIX IIX IIX 
M-l tan Cel l Transfor���t l on IIX IIX IIX 

1. Major cations and trace •tal s :  ah•lnUII, antl.,ny, arsenic,  barlu., beryl l lu., boron, cacitlu., calclu., chi"CCII•, 
coba l t ,  copper, Iron, lead, l t thlu., •gnesl llll, •nganese, •rcury, .,lybde-, n i cke l ,  potas sl•, selenl•, s i l ver, 
sodl 1111, thal l lu., t i n ,  t l tanl1111, vanadl 1111 and z i nc ;  a l so hardness at the fol l owing s i tes : Potc.ac R i ver E stuary, 
EEIITP Blended I nf l uent, F i nal Carbon Col .- Eff luent , EEIITP F i n i shed llater and IITP1 F i n i shed llater. 

116 
116 
116 

116 
IIX 
IIX 

DC 

DC 

R3 
liC 
113 
R3 

IIX 
IIX 

Z. Radiological  par-ters : gross alpha, gross beta, and trl t l u.  
Rad lu. I s  analyzed I n  a l l  Sllll'les for wh i c h  gross alpha ( p l u s  Z-st,..) exceeds 5 pC t /1. .  
StrontiUII-90 t s  analyzed t n  a l l  Sllll'les for wh i ch gross beta ( p l us Z-st ,.. ) exceeds 8 pCt /1. .  

3 . A t  these s t tes, wekly grabs were scheduled for seven day ter��lnal THM analys t s .  

SOURCE : u . s .  A rmy  Corps o f  Engineers ( 1 9 8 3 ) , !min Vo lume . 

S l udge 

I 
w 
VI 

I 
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TABLE 7-A 
SAMPL• nt•QUDCY DD'INlTlONI 

Hourly 
Hf Grab eftiT f Jin  
HZ Grab .. _,. Z Jan 
HI Grab eftiT etpt lloun 
HlZ Grab .. _,. 1Z Jan 

Dally 
DC Dally U llr Compoelte (1 ... pies/week) 
DG Dally Grab (1 ... pl.-/week) 
Dll lleadlq/Meuuremat •• _,. U lloun obtalae4 boJII oa-.ltt 

Pl•e Daya pel' Week (Dally except weekacll) 
J'C Dally U llr Compoelte (5 ... pl-tweek) 
PG Dally Grab (5 ... pies/week) 

Altenate Daya 
AC • ...,. Otbu Day U..Jaour Compoelte (f ... pies/week> 

S..lwHitly 
SC S..lwHitly U llr Compoelte 
SG S..lwHitly Grab 

Weekly 
WC WHitly U llr Compoelte 
WG WHitly Grab 
WX WHkly CODcatl'atiOD 

BlwHitly 
BC Biweekly U llr Compoelte 
BX Biweekly CODcauatloD 

TrlwHitly 
JlC Triweekly U llr Compoelte 
Jl3 TrlwHitly 7Z llr Compoelte 

MODthly . 
MC MODthly U llr Compoelte 
MG MODthly Grab 
MX MODthly Collc.tl'atlOD 

Quarterly 
QG Quuterly pab (ODe ... pie • ...,. four mODtlla) 

SOURCE : U. S .  Army Corps of Engineers ( 1983) , � !!?.!!!!!!· 
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for an appropr iate d i s t ribut ion mode l .  Al so needed were 
suff i c ient data for hypothe s i s  t e s t ing . In gene ra l  
the se procedures were we l l  conceived and appl ied . There 
were some problems in t he writ ten description ,  but no t 
in the performance of  these tes t s .  On page 5-3-2 in the 
Corps Ma in Vo lume , S the examp le chosen to  demons trate 
tes t s  o f  hypothe s i s  regard ing d i f ferences  between two 
means i s  incons is tent wi th the de tailed descript ion 
g iven in Append ix B ( page B-1- 1 7  and B-1-18) . The main 
report deals  wi th a one-t a i l  t e s t , whi le the append ix 
dea l s  with a two-t a i l  tes t .  In Volume 1 ,  Append ix B on 
pages B-1-16  and B-1- 17 , a sec t ion on a comparison of  
EEWTP resu l t s  with a set  goa l begins with a statement of 
the nu l l  hypothesis  that the mean is  less than the 
goa l .  Howeve r ,  i n  the examp le g iven two paragraphs 
later the nu l l  hypothesis  is rede f ined to be where the 
mean is equa l to the goa l .  The calculations provided as 
examp les , however,  indicate that these t e s t s  were 
c arried out correc t ly even though the descript ion was 
c ontradic tory .  

Phys ical-Ae s thet ic Parameters 

Conclusions b!l Corps of Bngineers 

27le keg phgs i cal-aestheti c wa ter qual i tg 
parameters include turbidi tg , color , odor , and 
pH. 271ese parameters are incl uded in ei ther 
the primarg or secondarg drinking water 
regulations . 

1 .  27le three treatment process combinations 
moni tored (Phases IA, IB and IIA) produced a 
finished wa ter qual i tg that rarelg exceeded the 
Haximum Contaminant Levels ( HCLs ) for 
turbi di tg , and color, but frequentlg exceeded 
the HCL for odor. Al though l evels of pH were 
lower than the s tandard of pH 6 . 5  during the 
fi rst few months of Phase IA operation 
adjustments in plant operation ma intained 
finished wa ter pH between the desi red l imi ts of 
6 . 5  to 8 . 5 .  

2 .  Geometric mean val ues of turbidi tg i n  the 
finished waters during al l phases of operation 
were less than the h i ghest geometri c  mean 
turbidi tg val ue in one of the local water 
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treatment plants , as deaons trated by 

appropriate statistical comparisons . •  
3 .  Odor levels during Phase IA operation 

exceeded the secondary IICL threshold odor 

number of 3 roN in more than 95 percent of the 
sampl es .  Bowever, the odor testing panel was 
judged to be especial l y  sensitive ,  and 

comparison wi th other panel results or 
standards is not val i d .  ftlus , for this 
parameter, comparison of B�P values wi th 
val ues from the local 'N'l'Ps was selected as the 
best basis for judging acceptabil i ty of the 
finished water qual i t y wi th respect to odor. 

SUch comparisons indicated that B�P odor 
levels were general l y  comparable to l evels 
observed in local water treatment plants , 

although the geometric the mean val ue exceeded 
the h i ghest geometri c mean odor level in one 
local plant during thi s  phase of operation . 

4 .  f.he Phase IIA process reduced the odor 
levels considerabl y ,  wi th the geometri c mean 
val ue during this phase of operation being 

signifi cantl y  less than the h i ghest value 
observed in a local plant . llore than ei ghty 
percent of the odor samples during this phase 

had l evel s  lower than the l evels observed in 
one local plant . 

•Hypothesi s  testing was used to determine i f  
the geome tri c mean values o f  water qual i t y  
parameters i n  the BBWTP fini shed wa ters were 
signifi cantl y  different compared to geometri c  
mean val ues o f  the same parameters observed in 
the moni tored local water treatment plants . 
ftle di fference was considered to be 
statistical l y  signifi cant based on a five 
percent l evel of significance using the 
standard Student •s t -test . ftli s meant that 
there was a fi ve percent chance that a false 
conclusi on may have been inferred from the 
results of the hypothesi s testing . 

NRC Commit t ee Evaluat ion 

In reviewing the conc lus ions of any p i lot  s tudy , one 
mus t  review the assumpt ions and the obj ec t ives of t he 
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proj ec t .  In the case of the EEWTP proj ec t ,  the 
obj ec t ive was to review the technical feas ib i l ity of 
us ing the Potomac River es tuary as  a supp lementa l  raw 
water supply source for the me tropo l itan Washington area 
to mee t  potent ial  water shortages that might oc cur 
during severe drought . 

The a ssumpt ion made for the s t udy wa s that at the t ime 
o f  severe drought , the qual ity of the Potomac Rive r 
e s tuary at Cha in Br idge would be an equivalent b l end of  
Blue Plains nitrified eff luent and Potomac River water.  
Through use of  the Dynamic Es tuary Mode l ( DEM) , a 1 : 1  
b lend was ant ic ipated to  be a conservative s imulat ion of 
expec ted water qual ity .  

Turbid i ty , co lor , odor, and , t o  a lesser degree , pH 
are important aesthe t ic water qual ity paramete rs because 
they c an be read i ly noted by the consuming pub l ic .  The 
c ommit tee found the conc lus ions reached in the Corps 
report supported by the informat ion presented . The data 
for Phase I IA cover only 28 weeks , but the commit tee is  
o f  the op inion that the use of  granular ac tivated carbon 
( GAC ) wi th a 30-minute empty-bed contac t t ime fol lowed 
by ozonat ion and chlorine d i s infec t ion would have 
yie lded the same conc lus ions i f  the plant had been 
operated for one fu l l  year. The water supp ly industry 
has sat i s fac torily treated surface wate rs for which 
phys ical-aes the t ic parameters were o f  lesser qual ity 
than the 1 : 1  b lend . The pos s i b i l i t y  of odor prob lems 
resul t ing from a lgal b looms on the Potomac es tuary were 
not eva luated as  a part of the Corps s tudy ( s ee sec t ion 
above on Selec t ion o f  Inf luent Water Qua l i ty ) . 

The qua l i ty of the Blue Plains eff luent and the 
Potomac River water are not the same as  found in many 
other river bas ins , so  care mus t  be taken when applying 
these conc lus ions to other location s .  

Major Cat ions , Anions , and Nutrients 

Conclusions by Corps of Engineers 

Th i s  parameter group includes ei ghteen 
inorgani c parameters , three of whi ch  are 
included in the primary drinking water 
regulations (ni trate , sodi um, and fluori de) , 
and three of whi ch  are included in the 
secondary regulations (chlori de , sulfate, total 
dissolved solids) . cyani de is also included in 
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this group , as i t  i s  currentl y  being considered 
for inclusion in the regulations because of 
potential adverse heal th effects .  

1 .  In general , the fini shed water qual ity 
from the BBN'I.'P during all phases of operation 
exhibi ted hi gher levels than the local plants 
for the parameters included in thi s  group , a 
consequence of increased levels of di ssolved 
salts in the treated wastewater portion of the 
blended influent , and the inabil i ty of the 
process combinations tested to remove these 
dissolved salts . 

2 .  2'he l evels of ni trate in three percent of 
the BBN'I.'P finished water sampl es exceeded the 
primary IICL of 10 mg/L-N, during Phase IA . In 
all cases , this occurred when the blended 
influent consisted of ni trified effluent only . 

3 .  Ni trate levels in the BBN'I.'P finished 
waters were significantly hi gher than val ues 
observed in the local water treatment plants . 
2'he 90th percentile val ues of ni trate observed 
during the three phases of operation reached 9 
mg/L-N, compared to the primary IICL of 10  
mg/L-N. 2'he 90th percenti l e  values observed 
also match the maximum projected value of 
ni trate expected in the estuary during drought 
condi tions . Because the hi gh ni trate levels 
would provi de almost no safety factor for this 
parameter compared to the IICL, the levels of 
ni trate represent a potential heal th issue 
should an estuary plan t  be constructed . 

4 .  In addi tion t o  ni trate, the ari thmetic 
mean val ues of those parameters of health or 
aes theti c  signifi cance in thi s  parameter group 
were s i gn i ficantly greater than the hi ghest 
ari thmetic mean val ue observed in the local 
water treatment plants . 2'hese parameters 
include total dissolved sol ids , sulfate , 
chloride and sodi um .  Cljanide levels in the 
BBN'I.'P were low ( < 0 .003 mg/L) and not 
si gnifi cantly di fferent from the local water 
treatment plants . 2'he levels of sodium 
exceeded the suggested BPA optimum level of 20 
mg/L, but the observed levels were similar to 
median val ues observed in wa ter systems in the 
u.s. lbne of the observed levels of these 
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parameters are expected to pose signifi cant 
adverse health risks to consumers , however . 

NRC Commit tee Evaluat ion 

General ly s peaking , one would ant ic ipate higher leve l s  
o f  cat ions , anions , and nutrient s i n  the EEWTP eff luent 
than found in the three metropolitan Washington area 
( MWA) plant s , based upon the treatment processes  and the 
inf luent qual ity to the EEWTP. However,  many potable  
wat e r  supplies  exceed the tota l dissolved sol ids ( TDS ) 
f ound in the EEWTP e f f luent . Host  of the t ime the 
b lended EEWTP eff luent contained between 200 and 300 
mg/ L  TDS and se ldom exceeded the secondary maximum 
c ontaminant leve l s  ( SHCL ) of 500 mg/L. TDS leve l s  found 
in the EEWTP e f f luent would not pre sent a health concern 
in a future raw water suppl y .  

Cons idering the concern over occasional ly high nitrate 
and nitrogen leve l s  in the EEWTP eff luent , nitrogen in 
the form of  ni trate can be removed to accep table  va lue s 
of nitrate by seve ra l  cost-effec t ive t reatment 
processes .  Ni t rate nitrogen should no t be a l imiting 
HCL or a "potent ial  hea lth  is sue" i f  proper t reatment is  
provided . 

Higher leve l s  of s od ium appeared to occur during the 
winter months . This wou ld lead one to be l ieve that the 
sod ium was orig inat ing from s t reet-salt ing programs and 
could pos s ib ly be reduced i f  i t  were real ly a hea lth  
i s sue .  It  should be pointed out  that our average daily 
intake of  sod ium exceeds 2 , 000 mg /day .  It  i s  difficult 
t o  re late to short-term exposures of 10  to 15  mg/L, 
i . e . , 30 to  40 mg/day add i t iona l sod ium,  as being a 
serious or  even a s igni f icant health i s sue ,  for any 
future supply . 

The c ommit tee fee l s  that the conc lus ions are 
supportab le and that the concerns out l ined here may be 
overstated as they re late to the major cat ions , anions , 
and nut rient s .  For the Potomac es tuary under the 
c ond i t ions contemplated and for the t ime period tested,  
the conc lusions are proper .  
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Tr.ce Ketal• 

Conclusions by Corp of BDgineers 

ftfenty-four individual .etals ��ere included in 
this paraaeter group , ei gbt of wbicb are 
included in the priaary drinJclng water 
regulations (arseni c ,  bariu•, cad8i w., 
cbro•i w., lead , .ercury , seleni w., and s ilver) 
and four in the secondary regulations (copper, 
iron , aanganese, and zinc . ) 

1 .  l'Or those .e�ls of heal th or aesthetic 
significance ,  the ge011et.ric .ean values in the 
BBII'l'P finished waters during one or aore of the 
operational phases exceeded the hi gbest 
geoaet.ri c mean val ue observed in the local 
plants only for the follor.-ing .e�ls : mercury , 
manganese, nickel , and zinc. 2'he observed 
ari thmetic and ge011et.ric JDean values for 
.ercur!J were bel or.- the ICL, hotrfever, and not 
considered to pose increased health risks . 2'he 
geoJDet.ri c mean mercury levels during Phase IIA 
operation were reduced belor.- the hi gbest 
geometri c mean observed in one local water 
t.reaaaent plant . 

2 .  fli th the exception of JDercury and 
manganese , concentrations of metals in the 
B�P finished waters never exceeded the 
specified maxiiiJUm contaminant levels . cnl!J 
during Phase IA of operation di d the JDercury 
levels exceed the HCL (three samples or about 
one percent of the total samples taken) . 2!le 
9oth percentile val ue for mercur!J was 0 . 0007 
mg/L, less than one-hal f of the HCL of 0 . 002 
mg/L . 

3 .  During Phase IA operation ,  the secondary 
ICL for manganese was exceeded in 34 percent of 
the samples . Oxidant addi tion (permanganate in 
Phase IA and ozone in Phase IB )  combined wi th 
adjustments to pH were successful in reducing 
manganese to level s cons istentl!J below the HCL . 
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NRC Commit tee Eva luat ion 

The c omparison made and c onc lusions derived for the 24 
t rac e meta l s  found in the EEWTP and the loca l  
me t ropo l itan water p lant s are va l id .  For these 
materia l s  the leve l s  found in the eff luent from the 
EEWTP might a l so be c ompared t o  leve l s  of t race me tals  
f ound in potab l e  waters throughout the United S tates . 
Thi s  informat ion has been iummarized in Chapter 5 of 
Dri nking Wate r  and Hea l th,  0 pub l i shed by the Nat ional 
Researc COuncil . 

Concentrat ions of  lead exceeded the MCL of  0 . 05 mg/ L  
o n l y  onc e in the b lended inf luent . While many of  the 
va lue s that have been reported for lead nat iona l ly are 
for water  taken from distribut ion systems and tend to  be 
a l i t t le higher than for plant e f f luent s ,  the mean va lue 
o f  lead found in sampling 1 , 57 7  raw water supplies  wa s 
0 . 023  mg/L.  The refore , EEWTP effluent water i s  
c omparab l e .  

Mangane se leve l s  found in the survey of 1 , 5 7 7  raw 
waters lO va ried from a minimum of 0 . 0003 mg/L, a 
maximum 323  mg/ L ,  and a mean o f  0 . 058 g/L.  The mean 
va lue of manganese found in 380 f ini shed waters was 
0 . 026 g/L.  Inf luent mangane se  leve l s  for the EEWTP d id 
exceed the SMCL of  0 . 05 mg/L  most o f  the t ime , but could 
be reduc ed to  acceptab l e  leve l s  by proper treatment . 
High c onc entrat ions of mangane se are only of c oncern 
bec ause of  undes i rab l e  taste  and disco lorat ion. With 
respec t to  human health,  the NRC report s t ates  that "the 
potent ial  for harm from manganese  at 0 . 05 mg/L i s  
virtually nonexistent . "lO The refore , high mangane se 
c oncentrat ions need not be a maj or  conc e rn  with use of 
Pot omac e stuary water. 

I t  would be of interest  to  know whe ther the mercury 
found in the EEWTP eff luent was methy lmercury or 
inorganic merc ury . Methylmercury is the form that has 
majo r  hea lth s ignif icanc e to  man.  The value s found for 
mercury exceeded the MCL o f  0 . 002 mg/L only three t imes 
in  two years , and shou ld present l i t t l e  heal th concern 
wi th e i ther short- or  long-term exposure . The Corps ' 
c onc lus ion i s  supportab l e  o n  the bas i s  of the 
informat ion suppl ied . The commit t ee wou ld have 
preferred that the study addre s s  the sourc e  o f  the 
mercury and ana lyt ica l ly d ifferentiate if  the mercury 
found was organic mercury or  inorganic mercury. 

Nicke l is not inc luded in the Nat iona l Interim Primary 
Dr inking Water Regulat ions ( NIPDWR) or in the Nat iona l 
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Sec ondary Dr inking Water Regulat ions ( NSDWR) . A recent 
study c ompleted by the Nat ional Academy of Sc ienc e sll 
on the medical and biolog ical e f fec t s  of nicke l s upports 
the recommendat ion of  the U . S .  Environmental Protec t ion 
Agency that no s t andard be set  for nicke l in drinking 
water.  It  was interesting to note that inc reased va lues 
we re noted in summer and autumn. Thi s could possibly be 
correlated to lowe r  river flows . These conc lus ions are 
supportable by the informat ion supplied . 

The arithmetic mean leve l of  selenium from the b lend 
tank from March 1981 to  March 1983  was 0 . 0010 mg/L well 
below the 0 . 01 mg/L MCL. The t ime series plots  of 
selenium in September 1981 and June 1982  suggest an 
indus trial d ischarge. It  would be interesting to  
correlate the va lue s found t o  historic water quality  
va lue s in t he estuary and the  river  basi n .  

Sourc e Contribut ions of Trace Meta l s , Tab le 8 ,  
ind icates  that the trac e meta l s  present were not 
originating in a s i ngle-source water. For a raw water 
sourc e and from the standpoint o f  trace metal s ,  t he two 
sources  we re good . Metals pre sent in Potomac estuary 
water need not be of concern i f  used as  a drinking water 
sourc e .  

Rad iolog ical Parameters 

Conclus ions by Corps of Bngineers 

T.he moni tored radiologi cal parameters included 
gross alpha , gross beta , tri t i um and 
strontium-90, all  of whi ch  are included in the 
NIPIMR . 

1 • Levels of these parameters in the 
fini shed wa ters from the BBWTP never exceeded 
the HCLs . 

2. Gross beta radionucl ides in the BBHTP 
finished waters were greater than the levels 
observed in the local water treatment plants 
during al l of the BBWTP operational phases . 
Levels of strontium-90 and tri t i um were well 
below the HCLs and were not at levels expected 
to cause any measurable increase in adverse 
heal th ri sks . 
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TABLE 8 
SOURCE CONTRIBUTIONS OF 

TRAC E METALS 

Source Contribution 
Arithmetic (Percent) 

Mean 
Blend Tank Blue Plaina Potomac 

Parameter (ms£L) WWTP Eatu!!I 

Aluminum 0 . 469 
Antimony 0 . 0006 
Anenic 0 . 00 1 Z  
Barium 0 . 033 
Beryllium NDZ 

Boron 0 . 0 5 1 3  
Cadmium 1 o . oooz 
Cbromium 1 0 . 0067 
Cobalt 1 o. oosz 
Copper1 0 . 0089 
Iron 1 . 370 
Lead 0 . 0030 
Lithlum 1 0 . 0059 
Manaanese 0. 197 1 
Mercury 0. 00048 
Molybdenum 0 . 00 1  
Nickel 0 . 0049 
Selenium 0 . 00 1 0  
SUver 0 . 0006 
Thallium 0 . 0005 
Titanium O . O l Z  
Vanadium 0 . 0048 
Zinc O . OZS6 

1 .  Calculated using data u meuured by AAS. 
z. ND = Not detected in blended influent. 

18 
so 
35 
3Z 

NA3 

77 
30 
65 
73 
65 
56 
1Z 
6Z 
63 
6Z 
44 
54 
43 
78 

NA3 
7 5  
66 
63 

3.  NA = Not Applicable, values ND in source waters. 

SOURCE : u . s .  Armv Coros o f  En�ineers ( 1983) , t�iE �· 

8Z 
so 
65 
68 

NA3 

Z3 
70 
3 5  
Z7 
3 5  
44 
88 
38 
37 
38 
56 
46 
57 
zz 

NA3 
zs 
34 
37 
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NRC Committee Evaluat ion 

The values for gross  alpha , gross  be ta,  and stront ium-90 
d id not exceed the NIPDWR value s at any t ime .  While 
gross  alpha levels d id not exceed the cr iterion for 
radium, it would have been interest ing to know the 
rad ium values at peak period s  of  radioac t ivity .  
However ,  the radiological parameters appear within 
recommended limits  and do not present an undue health 
concern . The conc lus ions reached are supportable . 
However, there remains the ¥uest ion of what removal 
eff1ciency and effluent qua ity c an be obtained if at 
some t ime high c oncentrat ions of radioac tivity were to 
occur in the plant influent . 

Microbiological Parameters 

Conclusions by Cbrps of Engineers 

T.his parameter group consisted of seven 
parameters ; viruses , parasites , Salmonella 
bacteria ,  endotoxin , standard plate count , 
fecal and total col iforms . <llly total 
coliforms are included in the primary drinking 
water regulations . T.hese parameters have known 
or potential acute health effects when present 
in drinking water . 

1 .  Al though detected in the blended 
infl uent , no viruses , parasi tes or Salmonel la 
bacteria were detected in the finished waters 
produced by the BBHTP. 

2 .  Standard plate count levels were 
generall y  low in the BBW'I'P finished waters 
(median value less than 1 colony/ml ) ,  during 

· all phases of operation .  Levels were 
s i gnificantly lower than the hi ghest geometri c 
mean values observed in two of the three local 
water plants , and well below the National 
Research Counci l recommended level of less than 
100 colonies/ml for treated waters obtained 
from heavily contaminated sources . 

3 . DJring Phase IA operation ,  fecal and 
total col iform levels in the BBW'I'P finished 
waters exceeded the levels observed in the 
local water treatment plants . Al though total 
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col i form levels never exceeded the primary HCL 
of l HPN/1 00 ml , pos i t i ve coliform counts were 
observed in over seventy percent of the 
samples . 72le h i gh volume coliform techni que 
used permit ted detection of col iforms to a 
level of 0 . 02 HPN/1 00 ml . 72lese results were 
due primari l y  to the presence of hi gh ammonia 
concentrations and insufficient levels of free 
chlorine during the first four months of the 
Phase IA operation . Improved process 
performance after the fi rst four months of 
operation reduced the coliform levels below 0 . 1  
HPN/100 ml i n  ninety percent of the samples . 

4 .  72le Phase IIA process reduced the BBW'l'P 
fecal and total col iform levels below that 
observed during Phase IA. 7fle percent posi ti ve 
samples were onl y  sl i ghtly above that observed 
in the local water treatment plants . Over 
ninety percent. of the samples were less than 

the detection l imi t  of 0 . 02 HPN/100 ml .  

NRC Commit tee Evaluat ion 

The c onc lus ion that the EEWTP produc ed hazard-free water 
acc eptable  for human c onsumpt ion was based upon 
demons t rat ion of f inished waters with microbiolog ical  
parameters cons idered t o  be  of  acceptab le levels . 
Process Phases IA and I IA we re c ons idered c apab le of  
providing acc eptab le mode s of t reatment if carefu l 
c ont ro l of f ina l d i s infec t ion was ma int ained . 

The val idity  of the conc lusions depend s upon whether 
the microbiolog ic parameters determined represent a 
val id assessment of  acceptab le f inished waters . The 
report accepts  the parameter� as reasonab le cr iteria of 
wate r  qua l i t y  and , with one except ion , offers data to 
substant iate the conc lus ions presented . The excep t ion 
is endot oxin , for which insuf f ic ient informat ion was 
presented t o  support a conc lus ion. The remaining 
microbio log ic parameters purported ly show gros s ly 
po l luted waters to  have been t reated ef fec t ively,  with 
produc t ion of  f inished waters wi th a health-hazard ri sk 
presumed to be low or neg l ig ible . 

It must  be emphas ized that the degree of freedom from 
a health hazard c an only be pre sumed to be low. The 
accept ab i l i ty of  us ing bac teria l indices pe r se t o  
eva luate water qual ity has been questioned where 
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protozoa and virus pathogens are concerned . 
Quant i f icat ion of reduc t ion of  bac terial ind ic es as an 
ind icat ion of the degree of remova l of the se pathogens 
cont inues to be the subj ec t of debat e .  The ana lyt ic 
method s described for detec t ion of protozoan parasites 
are of  suff ic ient sens i t ivi ty and rel iab i l i ty t o  justify 
acceptanc e o f  the resu l t s  of d i rec t test s  as  evidence  of 
the ir absenc e  in f inished waters . The ana lytica l  
methods described for viruses are less  sat isfac tory. 
The method s used represent state of the art , but their 
sens i tivi ty and rel iab i l i ty for detec t ion of even the 
routine ly cultivab le enteric viruses are subjec t to 
variat ion and atho ens such as  he at i t i s  A and 

astroenterit i s  viruses were not looked for bec ause of 
lack of sat isfac tory rout ine procedures • 

Fai lure t o  detec t viruses in EEWTP f inished waters , 
therefore , i s  ne ither an acceptab le d i rec t measurement 
of virus pathogen absence  nor c onf irmat ion of the i r  
bac terial ly ind icated absenc e .  Detec t ion of  viruse s in 
inf luent water  and fai lure of detec t ion in f inished 
water show that a reduc t ion in numbers of at least some 
detec t able viruses  occurred . A presumed reduc t ion 
equiva lent to  that obtained for c o l iform reduc t ion 
c annot be accepted pe r se because d iffe rent ial  removal 
of bac teria and viruses during t reatment procedure s 
occurs , and a differi ng sens it ivity  to dis infectant 
inac t ivat ion is known to re sult in a d i f fering surviva l  
c apab i l it y . 

The superiority of  the Pha se I IA process over the 
Phas e  IA process  i s  supported by data showing a gre ater 
reduc tion of fecal  and total c o liform leve l s  by the 
former. Carefu l contro l of f ina l dis infec t ion nece s sary 
with Phase IA processes p lac es undue dependenc e  upon 
d i s infec t ion to  provide heal th-hazard-free wat e r  and 
ignores  the importance of  earl ier coagulat ion ,  
sed imentat ion , and f i lt rat ion procedures . 

Aithough the health-hazard r i sk i s  e s t imated t o  b e  
low , the degree of  freedom from virus-assoc iated hea lth 
hazard s  c annot be s t ated accurate ly .  

Organic Parameters 

conclusions by Oorps of Engineers 

Of the 1 51 primary (targeted )  compounds 
specifi cally moni tored in this parameter group ,  
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onl y  seven compounds (four pesticides , two 
herbici des and total trihalomethanes ) are 
included in the primary drinking water 
regulations . Another six volatile 0rganic 
chemi cals are current ly under consi deration for 
inclusion in the regulati ons . Organi c  
parameters moni tored during th i s  project 
include three categories ; surrogate parameters 
(total organi c  carbon ( 'I'OC) and total organic 
halides ('I'OX) ) ;  primary or targeted organic 
compounds (compounds targeted for analysis 
us ing s tandards for confirmed identification 
and quantification ) , and secondary or 
non-targeted compounds (tentati ve 
i dentifi cation ,  approximate quantification ) . 
The latter category included an addi tional 300 
organic compounds detected in influent waters 
and the finished waters . 

1 .  'I'he HCLs for pestici des and herbi ci des 
were never exceeded in any of the fini shed 
waters . 'I'he regulated pesti cides and 
herbi cides were not detected in the BBW'I'P 
finished waters . 

2 .  'I'Otal trihalomethanes ('I''I'BH )  in the BBW'l'P 
finished waters never exceeded the val ues 
observed in the local water treatment plants ,  
wi th geometri c and ari thmeti c  mean values 
s i gnifi cantly less than at all three local 
water treatment plants . 

3 . For al l other targeted organic compounds , 
onl y  thirteen compounds were quant ified 
frequently enough to permi t quant i tat i ve 
estimates of sample population statistics . 
Wi th the exception of the trihalomethanes , the 
esti mated geometri c means of the other 
quantified compounds were l ess than 1 1.1 g/L (one 
part per billion ) .  

4 .  'I'he observed levels of all but three 
moni tored organic compounds in the BBHTP 
finished waters were lower than values observed 
in the finished waters from the local water 
treatment plants . 

s .  For those syntheti c organic chemi cals 
(SOCs ) for whi ch an BBHTP finished water had 
hi gher estimated geometri c mean concentrations 
(PCB, napthalene , and 1 , 3/1 , 4-Xr}lene ) , the 
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BIIfiTP val ues were o . os p g/L or less . 77Je 
chron i c  health risks associated wi th thes e  
levels can be assUDted to be negl i gibl e .  P'Or 

exiJIIIple ,  the lo-6 risk l evel for PCB i s  
4 . 5  JJg/L, approximatel!J 100 ti•es greater than 
the estimated geoaetric mean in BBHTP finished 
waters . 

6 . 2!Je numbers of targeted and non-targeted 
(secondarg ) organic co•pounds detected at least 
once in the finished waters were observed to be 
lOffer in the BIIfiTP finished waters than in the 
local water treatment plants . 

7. 2btal organi c hal ide ,  a measure of the 
total quantit!l of halogenated organic compounds 
in the finished waters , was lOffer in the BBHTP 
finished waters than in the local finished 
waters b!l a factor of three to ten . Lowest 
values were observed during the Phase IIA 
process , due to the el imination of free 
chlorine from the process .  

8. Based on observed concentration levels of 
the targeted compounds and other tentati vel!l 
identified SOCS in the finished waters from the 
BIM'I'P, i t  i s  concluded that the water qual it!l 
produced b!l all three process combinati ons 
would be of equal or better qual i t!l than that 
of the local plants for compounds whi cb  could 
be detected and identified b!l the techniques 
used on this project .  

9 .  Because onl!J a smal l fraction of the 
organi c compounds included in the total organic 
carbon and total organic hal ide measurements 
can be detected b!l currentl !l  available 
anal!ltical techniques , it is not currentl!l 
possibl e to evaluate the absolute risks 
associated wi th ingestion of the finished 
waters produced b!l the BIM'I'P, or b!l other wat er 
treatment plants . 

NRC Commit tee Eva luat ion 

A reasonab ly extens ive ef fort was made in the two-year 
monitoring program to  evaluate the presence of  organic 
contaminants in the b lended inf luent and eff luent of the 
EEWTP. Ana lytical  and monitoring programs we re des igned 
to eva luate the ef fec t ivene s s  of the t reatment op t i ons 
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to c ompare the measured organic wate r  qua l i ty o f  the 
EEWTP e f f luent wi th the e f f luent s of three water 
treatment p lant s in the met ropo l i t an Washington are a .  

However, the resu l t s  o f  even good aquat ic organic 
monitoring programs can be ove rinte rpreted . The 
analy t ic a l  methodology appl ic able  to  t race organic 
analy s i s  of c omplex aquat ic samples  is current ly in a 
rap id s t ate of  deve lopment . Many methods that might be 
cal led state of the art have been verif ied* ( proven to 
detec t a known de liberate ly induced compound ) but not 
val idated ( proven to produc e measurement s o f  
conc ent ration at c ons i stent ly reasonab le leve l s  of  
accuracy between laboratories) . Progre s s  i s  s l ow for 
known reasons ; i . e . , there are a va st numbe r of o rganic 
compound s in water and waste  sample s , usua l ly in 
ext remely d i lute c oncent rat ion; no s ing le method 
isolates  a l l  c ompound s and not a l l  detec t ion device s  a re 
compound-spec i f ic .  In comprehens ive assessment s of the 
kind undertaken in the EEWTP study i t  i s  necessary , 
there fore , t o  use  many proc edure s ,  each of which must  be 
ver i f ied for c ompound s of  inte res t .  It i s  also  he lpfu l 
to u s e  va l idated methods that othe r  workers are using 
whe re pos s ible , a lthough add it iona l methods mus t  
somet imes b e  developed to analyze c ompounds unique to 
the s tudy in quest ion. The sum o f  a l l  ident if ied 
organic  s pec ies must  a l so be re lated to the va lue s 
obtained for tot a l  surrogate parameters ( TOC, TOX) .  
Given the c omp lexity of  even st ate-of-the-art 
methodo logy , it is import·ant that scient i f ic cone lus ions 
regard ing organic water qual ity do not go beyond those 
actua l ly supported by ve rified measurement s . 

The EEWTP organic monitoring program re sulted in two 
years o f  dat a on tot a l  organic produc t surrogates ( TOC 
and TOX) , and 151  synthe t ic organic compounds ( SOC) 
us ing seve ra l  different iso lat ion/ ident i f icat ion 
technique s  based upon priority po l lut ant analytical  
protoc o l s  ( EPA Method s 6 24 ,  625 , and 608) . Other EPA 
methods were employed for spec ia l categories ( TOC ,  
triha lomethane s , and trihalomethane format ion 
potent ial) ,  and severa l addit ional spec ial i zed methods 
were app l ied ( po lynuc lear aroma t ic hydrocarbons , 
he rb ic ide s ,  d iha loac etonitriles , and othe r  po lar 

*No c ons istent def init ion of the terms verif icat ion and 
va l idat ion i s  in popular use . The def init ion above 
app l ie s  only t o  the usage herein.  
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organic s) . Al l method s were verif ied for c ompounds 
targeted , and appropriate qual ity as surance programs 
were c onduc ted . Samp l i ng frequency for the second year 
was appropr iately adjusted based upon the resu l t s  of the 
f i rs t -year monitoring result s .  

In genera l ,  the method se lec t ion ref lec ts  an awareness 
of the ana lyt ic a l  c omplex i t ies  referred to above , and 
the program c o l lec t ive ly c onst itutes a thought ful  
approach to  a comprehens ive organic parameter survey of 
thi s kind .  Ex t ra ef fort was made during the Corps s t udy 
t o  ident ify organic c omponent s appearing on the 
chromat ograms that were not due to  targeted c ompound s .  
Th i s  effort c onsi sted primari ly o f  tentat ive 
ident if icat ions at the c ont rac tor' s of f-s i te lab 
( low-resolution quadrupo le) , although some tent ative 
ident i f icat ions were st rengthened with ac curate mas s  
measurement s using different ma s s  spec trometers a t  other 
experienced labo ratories ( Ha rvey Labs and Unive rs i ty of 
North Carol ina [ UNC ] at Chape l Hi l l ) . Tentat ive 
ident i f icat ion of more than 300 addi t i onal compound s 
( 100 in  f ini shed water s ites ) resulted from thi s 
ef fort . Fina l ly ,  a few samp les of carbon from the GAC 
t reatment uni t  were sent to the UNC laboratory for 
ana lysis  of ad sorbed c ompounds , which resulted in  
ident if icat ion of 26 c ompounds , 10 of which had not been 
ident if ied by the other  proc edure s .  

One weakness  in  thi s otherwise enl ightened approac h  is 
that only the origina l 151  targeted c ompounds were 
quant if ied . Al though the samp l i ng frequency was 
modi f ied ( sec ond year) on the bas i s  of init ia l  re su lt s ,  
the verif icat ion and quant if ication of  a t  least  some of 
the more than 300 addit ional c ompounds tent at ive ly 
ident if ied was not pursue d .  It cons t itutes an important 
weakne ss in  the data s i nc e  only 13  ( 4 THMs and 9 SOCs ) 
of the 1 5 1  tar  eted com ounds we re found more than 15  

ercent of the t ime fre uenc re u1red to  c a lculate a 
geometric mean , whereas 2 7 of the additional c ompounds 
we re de tec ted at least this frequent ly. 

Although the conc lus ion that only 9 of  the SOCs were 
detec tab le more than 15 percent of the t ime i s  supported 
by the two-year dat a base , thi s outc ome was not 
unexpec ted . In i t s  recommendat ion to  the Corps of  
Engineers in  Novembe r 1981  ( See Append ix A) , the  NRC 
Review Committee and i t s  Pane l on Qua l ity Criteria for 
Reuse st ated : 
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The pane l ' s  conce rn is that mos t  of the organic 
c ompos i t ion wi l l  probably not be priority po l lut ant s ,  
but may b e  othe r chromat ographab le o rganic 
c ons t i tuent s appearing on the recons truc ted gas 
chromatograms ( RGC ) of the priori ty pol lutant 
frac t ions • • • •  

In addition ,  the frac t ions of purgeab le and 
nonpurgeab l e  o rganic chemicals  ident i f ied and 
quant i f ied by the GC and GC-HS analyses should be 
e s t imated.  A usefu l approach wou ld be  to c ompare the 
purgeab le and nonpurgeab le o rganic carbon measured in  
t he unconcent rated samples  to the va lues calcu lated 
from the summat ion of individua l ly quant if ied organic s 
in the concentrated vo lat i le and nonvolat i l e  
frac t ions , respec t ive ly .  

Alt hough the Corps f inal report make s no reference  to 
t hese recommendat ions , it  i s  obvious that the study 
d e s ign was af fec ted by them. The extra ef fort put into 
nontargeted qual it at ive ident if icat ions , and the l imited 
u s e  of outs ide laboratories are both c ons istent with 
t hese  rec ommendat ions . No effort was made , howeve r ,  to 
e st imate the frac t ion of total organic mat ter ( TOC or 
TOX ) that was accounted for by quant if ied measurement s ,  
a lthough the f ina l c onc lus ion i n  the Organic Parameters 
s ec t ion of the Main  Vo lume states that this frac t ion is 
sma l l . *  

----

The se omissions , i . e. , the failure to i terate the 
quant itat ive monitoring program on the bas i s  of ini t ial 
result s ,  and the lack of emphas i s  g iven to  total  carbon 
accounting make the dat a less  useful than they might 
have been in  terms of the princ ipa l  purposes of the 
s t udy , one of which was to  de termine whethe r  the EEWTP 
f ini shed water was of  acceptable quality for human 
c onsumpt ion. It mus t  be pointed out that the l ike l ihood 
of ident i fying even a signif icant frac t ion of the TOC 

*Indeed , i t  i s  smal l .  The geometric  mean va lue for 
Phase I IA f ini shed water TOC is  6 7 0 g C/L to  which the 
larges t  measured contributors were the four THMs at  
1 . 0  g/L  ( t otal) . As s uming 7 vo lat i le organic compound s 
( VOCs ) , 9 targeted SOCs and 19  other SOCs present ove r 
15 percent of the t ime average 0 . 1 g/L ( hi gh accord ing 
to reported va lue s )  and a l l  molecules contain 50 percent 
C ,  the TOC ac counted for i s  approximately 0 . 3 pe rc ent . 
A s imi lar est imate for TOX accounted for cou ld be made .  
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(or TOX) was recognized as slight froa the outset  of the 
study ,  and this was a princ ipal reason that the 
c omparat ive s trategy (other water t reatment plant s )  was 
adopted and extens ive t ox ic ological test ing was 
recom.ended ( see com.i ttee letter report of November 
1981 , Append ix A) . 

The report ' s conclusions regarding compound 
ident if icat ion , concentrat ion levels , treat.ent e ffects 
at the EEWTP, and all of the data-baaed comparisons with 
the three area water t reatment plant s  (WTP) are probably 
valid and are supported by t he two-year organic 
paramete r  monitoring dat a .  FUrthermore , t h i s  dat a base 
will be a useful add i t ion to  the sc ient if ic literature 
on thi s  subjec t .  The inherent weaknesses in the data, 
however� are t hat most  of  the organic c ontent was not 
identif 1ed and that most  of  those compounds that were 
ident i f ied were not validated and quant i fied . Ibi s 
c ond i tion does not permit adequate judgment s to be made 
about the de ree of safet for human c ons t ion. 

The act s  that EEWTP e uent espec 1a y Phase  I I )  
c ontained lower total organic parameter values and 
generally fewe r ident ified c omponent s  than the 
c omparison water treatment plant s ' do not of  themselves 
support the speculat ion that these waters are of  
equivalent r i sk. The re are no sc ient i f ic data  to s how 
that the unident ified materials ( the vas t  majority) are 
the same .  The latter as sump tion must be made t o  support 
the conc lusions offered in the Corps report . 

The c onclus ions listed under "Organic Parameters" in  
the Co rp s ' Executive SUIIID8ry6 appear focused on 
ex ist ing MCLa and the relationship of measured EEWTP 
organic charac teri s t ic s  to those of the c omparison water 
treatment plants .  The se are f ine as s imple 
observat ions , but the re i s  the def inite implica t ion that 
the f ini shed water from the EEWTP is j ust  as safe as or 
safer for human consumpt ion than is water from the 
comparison WTPs . 

The limit at ions are alluded to in  the Corps ' 
c onclusions conc erning organic parameters but not 
ref lec ted s ignif ic antly in the tone and order of the 
other s t atement s .  

Pr1nc 1pal c onc lusions sc ient i f ic ally supportable by 
the data i nclude the following. Fi rst ,  the two-year 
organic parameter data base resulted in ident i f ic at ion 
of only a small frac t ion of the total organic carbon 
known to  be pre sent for e i ther the EEWTP or the 
comparison WTP finished waters . Sec ondly, in terms of 
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compound s that were ident if ied and quant ified,  the EEWTP 
e f f luent was of comparab le  or  superior qual i ty t o  the 
c om arison  water  treatment lant s . Third , sinc e onl a 
sma l l  frac t ion les s than 1 pe rcent of the organ1c 
carbon present in the EEWTP and the comparison plant s '  
f i ni s he d  waters could  b e  measured,  i t  i s  not  pos s ib le 
wit h  t hese dat a  a lone t o  eva luate the absolute risks 
assoc iated with human ingestion of  any o f  these f inished 
wat e r s . Fourth, with current technology it i s  mos t 
d i f f ic u l t t o  measure the majority of c omponent s ,  and 
indeed if one could, the i r  health s ignif icanc e  wou ld 
s ti l l  be  unknown. It is thus nec e s sary t o  make use of 
othe r  technique s  for eva luating health risks such as  
t ox ico logic a l  eva luat ions i n  who le  anima l systems . S 

Tox ico logic a l  Parame ters 

Conclusions by Corps of Engineers 

The two in vi tro toxicological parameters 
moni tored in the BBWTP were the Ames Salmonella 
mi crosome test and a mammal ian cell 
transformation test using a special mouse cell 
l ine (C3H/l 0Tl /2) . These tests represent two 
of the tests recommended by the National 
Research Counci l  (NRC) Commi ttee on Water 
Qual i ty Cri teria for Reuse , for determinati on 
of the relative acceptabi l i ty of a drinking 
water for human consumption , regardless of the 
source water qual i ty .  Nei ther of these 
parameters i s  currently regulated . In 
addi tion ,  the absolute values of the test 
results cannot currentl y  be used to estimate 
potential health risks . Finally , it i s  
diffi cul t t o  compare resul ts observed on this 
project wi th values reported in other finished 
drinking waters becaus e of non-standardi zed 
sampl ing and analytical protocols .  Thus , 
results can only be di scussed based on 
comparisons between sampl ing si tes speci fic to 
thi s  project .  

1 .  POs i ti ve Ames assay results , as measured 
by ei ther the specifi c activi t y  or the 
mutagenic ratio (two measures of mutagenic 
act i vi ty ) , were observed in the finished waters 
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fro• both the BBII'l'P and the local water 

treataent plants . ftle n uaber of positive 
assays in both salaonella tester strains ('l'A 98 
and 'l'A 100) was lover in al l of the BBfl'l'P 
finished waters than in the local water 
plants . ftlis was based on aore than 
twenty-five assays conducted during the Phase 
IA process and aore than twenty assays during 
the Phase IIA process . 

2 .  Although positive assay results were 

observed in the BBfl'l'P finished waters , the 
health impl ications of these results are 
unknown . Bowever, because the frequency of 

pos i t i ve mutageni c assays !l'as lower in the 
treatment plants , it is concluded that BBfl'l'P 
finished waters would not increase potential 
chroni c heal th risk.s identified by the ArEs 
assay . Wi th respect to this toxicological 
parameter, the BBfl'l'P finished ll'aters are judged 
acceptable for human consuaption . 

3. Median values for the specific activi t i es 
(revertants/L) in the BBtl'l'P finished !l'ater 
during all phases of operati on were sl i ghtly 
lower than values observed in the local plants 
for both Salmonella tester strains . 2flese 
results again indicate the relat i ve  
acceptabil i t y  of the finished waters for human 
consumption .  

4 .  Of the 23 to 25 manaal ian cell 
transformation assays completed at each 
finished water s i te ,  three samples in the BBtl'l'P 
fini shed !l'aters and one to three sampl es in 
each of the local water plants (a total of s ix 
positives in the local plants ) were positive 
for transformation acti vi ty . Hhere posi tive 
samples were observed , the number of plates 
wi th transformed cells was low, and generally 
similar to results observed in the local water 
treatment plants . 

s .  Based on the c0111parative results of the 
mammal ian assays , i t  is concluded that the 
BBWTP finished waters did not indicate an y  
increase in potential chroni c health effects 
whi ch  may be detected by transformation assays 
compared to the three local water treatment 
plants . 
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NRC Committee  Evaluation 

The two in  vitro t e s t s  conduc ted by the Corps , the 
Ame s s almone l l a  revers ion assay us i ng s t rains TA 98  and 
TA 1 0 0  and an in v i tro c e l l  t rans format ion as say us ing 
the C3H/ 10Tl/ 2  mouse ce l l  l ine , appear to have been we l l  
c onduc ted ,  c ons idering the nature o f  the test  material 
examined and condit ions surroundi ng the preparat ion and 
de l ivery of test  samp les . It must  be noted that acetone 
e luat e s  from XAD res ins ( a  Rohm and Haas produc t )  we re 
stored for  periods up to two weeks and that such e luate s  
were too toxic  t o  be app l ied d i rect ly t o  test  systems . 
Thi s  c ond i t ion neces s itated d i lut ion of such e luates  
with d imethy l su lfoxide ( DKSO ) that  resulted in test 
c oncentrat ions represent ing 4 . 0 t o  8 . 0  l i ters o f  water 
per test p l ate . It must  also be noted that tes t s  
conduc ted during the course of  t h i s  project  indicated 
that the XAD columns used adsorbed 1 5  to  30 percent of 
the c olumn inf luent total organic carbon and 10 to  54 
percent of  the tot a l  organic hal ide . 

The two test  systems emp loyed we re a port ion of the 
te s t  sys tems recommended by the NRC Pane l on Qual ity 
Cri teria for Water Reuse for a Phase I evaluat ion of 
wat e r  c oncentrates ( Let ter  Report  to  Corps of Engineers , 
November 1 9 81 , see Appendix A) . Phase I tests  
ident i f ied by the  committee that we re not  performed due 
to t ime and money c ons tra int s inc luded : 

1 .  mamma l ian ce l l  gene mutation assay 
2 .  acute t oxic ity 
3 . teratogenicity  evaluat ion 
4 .  short-te rm  repeated dose s t udy in rodent s--14 days 

( inc lude s in vivo cytogene t ic as say) 

The e l iminat ion of  the who le-animal tests  severe ly 
res t r ic t s  the evaluat ion of EEWTP f inished water 
potab i l ity .  Al though the Ame s as say re su l t s  indicated 
tha t , on a c omparative bas i s , EEWTP water qua l i ty was 
equivalent to o r  better than the three local water 
treatment p lant produc t s  examined , thi s  is  no t 
suf f ic ient evidence on which to  j udge EEWTP water 
acceptab le for human consumpt ion. It i s  not poss ib le 
from the analysis  performed to ascertain whether  
pos i t ive resu l t s  from the EEWTP c oncentrates were due to  
the same or d i f ferent compounds that gave posit ive 
resu l t s in the three water treatment plant 
concentrates . The se resu l t s  do ind icate that mutagenic 
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substances  c an occur over t ime in both EEWTP o r  the 
other WTP f inished waters . Indeed t hey occur in water 
supplies  throughout the country. The pos s ib l e  human 
health hazards assoc iated with this ac t ivity at t he 
concentrat ions experienced by human beings remain to be 
asses sed by more extens ive toxicolog ical  evaluat ions of 
such water concentrate s .  Eva luat ing mixtures o f  
substances in water concent rates  by more ex tens ive 
anima l test ing has c ons ide rab le  mer i t  due to a number of 
fac tors , inc lud ing these : ( 1 )  It is the cond i t ion of 
exposure for human be ings , and ( 2 ) It i s  almost  
impos sible  cons idering t ime and resource fac tors , t o  
ident ify  every chemica l c omponent and perform extens ive 
toxicological  evaluat ions on each. However, it  mus t  be 
recognized that such tes ting has l imitat ions due to the 
loss  of o rganic carbon in the concentrat ion processes  
used  and prob lems in inte rpre t i ng resu l t s  from mixtures .  

The data from in vi tro trans format ion stud ies a l s o  
ind icated that EEWTP water was c omparab l e  in qual i t y  to 
WTP wa ter. However, the extent of such test ing was not 
adequate  for forming f i rm  conc lus ion s .  Thes e  dat a do 
ind icate that substances produc ing c e l l  trans format ion 
occur i n  both EEWTP and WTP f inished waters . Eva luation 
of poss ib le health hazards  would a l s o  be cont ingent on 
fac tors previous ly  ment ioned . 

The c oncept of toxicolog ical as ses sment of mixtures of 
chemica l s  in water supp l ie s  i s  a re lat ive ly new 
development in evaluat ing the potab i l ity of water. It 
i s regre ttab l e  that the Corps was unab l e ,  due t o  
cons tra int s ident ified i n  the report , t o  conduc t mo re of 
the NRC committee rec ommendat ions for toxicologic a l  
test ing of water concentrate s .  If the remainde r o f  the 
tes t s  suggested for even a Phase  I asses sment had been 
conduc ted, a better apprec iation of  potent ial hea lth  
e f fec t s  wou ld have been pos s ib l e .  It i s  only through 
such an apprec iat ion that a more crit ical  reapprai s a l  of 
the adequacy of current drinking water standards can be 
achieved . 

PROCESS PERFORMANCE 

concl us i ons bg COrps of Engineers 

During the t wo-gear opera t i on of the BBWTP, three 
treatment process combina t i ons were evalua ted as to 
their techni cal feas i bi l i ty for producing a wa ter 
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acceptabl e for human consumption .  Ba ch  process 
combination was moni tored extens i vel y to determine 
the capabil ities of indi vi dual processes for 
controll ing water qual i ty parameters wi th known or 
s uspected heal th effects . �e process combinations 
have been s ummari zed in Table 8. 3-1 . 

Phase IA 

1 .  �e finished water from the Phase IA process 
combination exhibi ted three water qual i ty problems , 
compared to the fini shed water qual ity in the local 
water treatment plants ; hi gh odor levels , hi gh 
manganese l evels , and hi gh and fecal total coliform 
l evels . 

2 .  �e process combination tested during Phase IA 
was demonstrated to be a technical l y  feasible 
combination for producing a finished water wi th 
acceptabl e  qual i t y , provided that appropriate levels 
of process chemi cals are added to maintain target pH 
levels following sedimentati on and target free 
ch l orine residual levels following final 
dis infection . 

3 .  TO reduce total coliforms to acceptable 
l evels , a free chlorine res idual greater than 2 . 5  
mg/L following s i xty minute contact wi th a pH o f  7 . 4  
t o  7 .  7 was required . 

4 .  TO control solubl e manganese levels below the 
s econdary HCL of 0 . 05 mg/L, control of pH between 
7 . 5  and 8 combined wi th an oxidant (potassi um 

permanganate) added ahead to coagulati on was 
required . 

5 .  Hi gh odor l evels in Phase IA were reduced by 
maintaining the finished water pH above 7, and the 
final free chlorine residual above 2 . 5  mg/L . 

6.  During the winter months ( Lecember through 
Ma rch ) , ammonia l evels in the EBW'I'P influent reached 
val ues of 1 to 2 mg/L-N, due primari l y  to disruption 
i n  the ni trification faci l i ties at Bl ue Pla ins . 
Breakpoint chlorinati on pri or to gravi ty fi ltration 
was required to permi t free chlorine di sinfecti on 
fol lowing GAC adsorpti on .  Fl uctuations in ammonia 
l evels during these months and the requi red hi gh 
chlorine doses caused several water quali ty problems 
including low pH val ues , the need for increased 
amounts of NaOH, an increase in potent ial 
corros i vi ty of the fini shed water, several hi gh odor 
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sampl es in the finished water ( TON > 50) , and h i gh 

levels of TOX in the GAC infl uent , leading to more 
rapid exhaustion of the GAC for TOX removal . 

7. The Phase IA process combination exhibi ted 
satisfactory process rel iabil i ty in meeting al l the 
HCLs in the primary drinking water regulations . The 
90th percentile values for al l parameters included 
in the regulations were general l y  a factor of two or 
more lower than the HCL wi th the exception of 
ni trate . 

8 .  The Phase IA process combination exhibi ted 
lower process rel iabil i ty compared to Phases IB and 
IIA in meeting the secondary HCLs for odor and 
manganes e .  Both of these water qual i ty problems can 

be controlled by appropriate process operating 
strategies , however .  

Phase IB 

1 .  In the second process combination tested , 
Phase IB, improved process rel iabil i t y  was obtained 
for control of manganese by the addi tion of ozone 
ahead of the gravi ty fil ters . Maintenance of the 
target free chlorine residual 
( > 2 . 5  mg/L wi th a pH of 7. 5) also signifi cant ly 
improved the process reliabi l i ty for reducti on of 
total col i forms . 

· 

2 .  The process combination tested during Phase IB 
was demonstrated to be a techni cal l y  feasibl e 
process when treating an influent water of the 
qual i t y  observed. UDder condi tions of hi gh influent 
ammonia levels , however, this process combinati on 
would l ikel y experience di ffi cult process control 
problems in achi eving breakpoint chlorination . It 
is  l i kel y that under these condi tions ,  finished 
water qual i ty mi gh t  exhibi t unacceptable l evels of 
total col i forms in the finished water. Thus , this 
process was not consi dered to be s ufficiently 
rel iable for producing a water qual i t y  acceptable 
for human consumption under influent water qual ity 
condi tions s imilar to that observed during the full 
year of moni toring . 

Phase IIA 

1 .  The Phase IIA combinat ion was demonstrated to 
be a techni call y  feasible process for producing a 
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fin i shed water wi th acceptabl e  qual i t y ,  under all 
observed influent water qual i ty condi tions , and al l 
operating condi tions tested .  

2 .  Process rel iabil i ty for Phase IIA was s uperior 
to that demonstrated for Phases IA and IB wi th 
respect to total coliforms and manganes e .  Odor 
levels in Phase IIA were also lower than observed in 
the alum processes , but levels still exceeded the 
secondary HCL threshol d  odor number of 3 TON. T.he 
hi gh odor l evels were at tributed to the conditions 
of the analytical test , especiall y  wi th respect to 
the sens i t i vi ty of the odor panel as discussed . T.he 
geometri c mean odor l evels in the finished water 
from Phase IIA were l ower than the hi ghest geometri c 
mean levels in the local water treatment plants . 

NRC Commit tee Evaluat ion 

The c onc lus ions are based on t horough test ing of the 
proc e s s e s  and are supportab le based on the data 
obtained .  Th e  findings give an exce l lent basis for 
se lec t ing the sequence of processes  most l ike ly to 
produce the best  quality of water in nearly every 
respec t .  

The prob lems o f  us ing the breakpoint chlorinat ion 
proc e s s  to  contro l  ammonia were c learly estab l ished in 
Phase IA when unexpec tedly high ammonia concent rat ions 
were found in the sewage treatment plant eff luent . For 
examp l e ,  a much h igher concentrat ion of total organic 
hal ide ( TOX) was observed in the produc t water.  The 
chemic a l  c ompos it ion and health e f fec t s  of this material 
are poorly def ined , and because of  this i t s  
concentrat ion should be minimized as  much as poss ib le . 
The mut agenic ity and toxic ity testing that was inc luded 
in thi s study was not suf f i c ient t o  ful ly estab l ish 
eithe r  safe or haiardous leve l s  of TOX. 

Unfortunately , the high ammonia concentrations in the 
inf luent did  not recur after Phase IA, so one can only 
specu late  about how the processes  used in Phase  IB and 
I IA would respond . The authors of the Corps report 
discus s pos s ib le d i f f icul t y  in achieving suitab l e  
bac teriolog ical  qual ity i f  high concent rations were 
experienced for the processes used in Phase IB ; but in 
add i t i on ,  in Phase I IA, possible  adve rse ef fec t s  inc lude 
extens ive b io logical growth on the dua l media and GAC 
f i lters t hat c ould cause anaerobic cond i t ions , severe 
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odors , and other prob lems . These  effec t s  may be 
aggravated i f  ozone , such as  wa s used in  Phase IB , was 
appl ied before dual media and GAC f i l t ration .  

It mus t  a l so b e  noted that because of  the raw water 
s ource certain water qua l i ty cond i t ions may occur in the 
future which did  not oc cur during the t ime of operat ion 
of the p i lo t  plant . For example , certain organic 
chemica l s  may necessitat e  more frequent regene rat ion of 
the GAC , or may requi re the add it ion of  a more efficient 
st r ipping process  to the t reatment sequenc e .  The 
ab i l i t y  of the plant to remove organometa l l ic c ompounds 
such a s  methylmercury wa s not tested , and the algal 
b looms that may deve lop i f  nitrified eff luent i s  
d i scharged to  t he e s tuary under drought cond it ions may 
c ause  severe operating prob lems . The occurrenc e o f  
nitrate i n  exces s  o f  i t s  HCL would a l so require that 
anothe r  proces s be added to  the treatment p lant t o  
remove i t .  The des ign o f  a f u l l-scale plant should take 
into account the periodic ,  adverse water qual ity  
c ond i t i ons t hat might occur as  we l l  as t he qual ity t hat 
was expe rienced during the t ime of operat ion of the 
pilot p lant . 

The t e s t ing program showed that the water produced by 
the treatment plant was o f  good qual ity , but more 
at tent ion s hould have been g iven to qual ity changes that 
might take p lac e in the d i s tribut ion system. The h igh 
free res idual chlorine used in the latter part of Phase 
IA, for example , is l ike ly to  accelerate corros ion . 
Some reduc t ion by dechlorinat ion would l ike ly prove 
neces sary. Furthe r ,  although ozone and monoch loramine , 
as used in Phase I IA, produc ed water  o f  s at i s fac tory 
microb io logic a l  qua l ity ,  th i s  water may resul t  in  
s ignif icant problems with  b i of i lms in d istribut ion 
sys tems . The ozone wi l l  increase the amount o f  
b iodegradab le organic mat ter,  and monochloramine may not 
be suffic ient ly s t rong to prevent the growth o f  
microorganisms in the f o rm  of s l imes o n  p ipe wa l l s .  
These s l imes can cause odors , promote corros ion , 
increase the amount of energy required to  d i stribute  the 
water , a s  we l l  as  other effec t s .  A more severe prob lem 
wi th b i olog ical  s l imes is  expec ted if  a high ammonia 
concent rat ion is in the water to be t reated and if it is 
not removed during t reatment . 

Inc lus ion in the treatment scheme of  a proc e s s  that is 
de s igned t o  remove b i odegradab le  organic matter  and any 
ammonia that might appear i s  des irab l e  in orde r t o  
produce a water that is  b iolog ic a l ly s t ab le and to  
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provide be t ter operation of the rap id f i lters and GAC 
f i l ters . If s uch a process  wa s one o f  the f irst used , 
and i f  ozone was appl ied for d i s infec t ion and oxidat ion 
be fo re f i ltrat ion ,  the GAC would remove any remaining 
b iodegradab l e  compounds in addi tion to  i t s  adsorpt ion 
func t ion. Lower leve l s  of f inal d i sinfec tant c ould then 
be app l ied to protec t the qua l i t y  in the d i s tribution 
system .  

COSTS O F  PROCESSES MONITORED 

Conclus ions by the Corps of Bngineers 

capi tal and annual costs have been es timated 
for a hypothetical 200 HGD estuary water 
treatment plant us ing the processes moni tored 
in the Phase IA and Phase IIA treatment 

combinations . Because of uncertainties in the 
location and operating characteristi cs of any 
estuary water treatment plant , costs are 
summari zed for the treatment plant onl y ,  
excluding influent an d  finished water treatment 
plant components that woul d  be needed for an 
actual estuary plant . Cos ts are based on 
continuous operation at the ful l  200 MGD desi g.n 
capaci ty . 

l .  capi tal Cos ts for the Phase IA and Phase 
IIA processes are approximatel y �122 and �174 
mi l l ion ,  respecti vely (Apri l  1983 dollars ) . 

2. Annual uni t costs , based on the operating 
strategies used at the BBHTP (e . g . , actual 
carbon usage rate ) and including amortization 
(ei gh t  percent , twenty years ) ,  are �0 . 34/1 , 000 
gallons and �0.48/1 ,000 gal lons , for the P.hase 
IA and Phase IIA processes , respectivel y .  
Operati on an d  maintenance costs account for 
approximately fifty percent of the uni t  costs . 

3. Annual uni t costs for the Phase IA 
process are approximately twice the costs of a 
conventional water treatment plant treating a 
ri ver wa ter source wi thout the use of granular 
activated carbon . 

4 .  Some cost reductions in the GAC process 
could be achieved in the actual operation of a 
full-scale es tuary water treatment plant by 
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selection of less conservati ve regeneration 
cri teria for the GAC. It has been shown that 
operation of GAC contactors in parallel , �i th a 
target finished �ater TOC level of 2 mg/L-c 
(the regeneration cri teri a used during Phase 
IA) could reduce the carbon usage rates us ed in 
the above cost estimates up to sixty percent . 

5 .  If GAC regeneration i s  based on TOC 
cri teria for the blended effluent of many 
columns operated in parallel , a TOC goal of 1 
mg/L may be more prudentl y  compared to the goal 
of 2 mg/L . llnder this more conservati ve 
regeneration cri terion , uni t operating costs 
are estimated to be �0 . 32/1 ,000 gallons and 
�0 . 41/1 ,000 gallons for the process 
combinations from Phases IA and IIA, 
res pecti vel y .  

6 .  If air stripping i n  a packed to�er i s  
included i n  the Phase IA process combination as 
an addi tional treatment barrier for control of 
volatile organi c chemicals , the un i t  costs 
�ould increase by about ten percent to 
�0 .37/1 ,000 gallons . 

7 .  Should i t  be necessary to remove several 
dissolved inorganic parameters of potential 
health or aesthetic concern (ni trate , sodi um, 
hardness , TDS) ,  a reverse osmosi s  process would 
be added to treat half of the 200 HGD plant 
capaci t y .  T.he uni t costs for Phase IA 
combination �i th RO replacing GAC would be 
to . 69/l ,OOO gallons . 

NRC Committee Eva luat ion 

Cos t s  were determined and summarized in the Corp s f inal 
report for a ful l-scale water  t reatment p lant , des igned 
spec i f ical ly to use the Pot omac e s tuary as a raw water 
sourc e .  The treatment processes  proposed for use in the 
ful l-scale p lant are based on t hose evaluated at the 
EEWTP. Because of uncertaint ies regard ing locat ion,  
date o f  cons truc t ion and mode of  operat ion of the 
ful l-scale p lant , cos t s  assoc iated with intake and 
intake pump ing , f inished water pump ing ,  land purchase ,  
and other i tems were omit ted from the  cost  est imates . 
Therefore , the costs  c ons ide red are those of t he 
treatment processes themselves , toge ther with neces sary 
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struc t u re s , sitework , and administ rat ive , laboratory , 
and ma intenance fac i l i t ie s .  

Two a l te rnat ive treatment p lant s were cons idered : ( 1 ) 
aluaVGAC/chlorine ( s imilar to  the Phas e  IA process 
evaluated for the EEWTP) and ( 2) l ime/GAC/ozone/ 
chloramine ( s imilar to the Phas e  I IA process  for the 
EEWTP) . Both p lants  were a s sumed to  operate at  full  
capac i t y  ( 200 mgd ) year-round , withou t interrupt ion. In 
addi t i on ,  se lec ted process modif icat ions were reviewed , 
inc lud ing poss ib l e  GAC cost  saving s , the use o f  air  
stripping , and the addi t ion of  reverse osmos i s .  

Treatment cost e ,  based o n  ful l-t ime operat ion , were 
est imated t o  be 34 cents per 1 , 000 gallons ( gal)  for the 
aluaVGAC/chlorine proces s ,  and 48 cent e/ 1 , 000 ga l for 
the l ime/ GAC/ozone/chloramine proces s .  These coste  are 
compared to  an e s t imate o f  1 9  cent e/ 1 , 000 gal for 
convent ional wa ter t reatment . Al l c os t e  are s t ated in 
Apri l  1983 dol lars . Mod ificat ions in the GAC uni t  
proce s s  are e s t imated to  reduce overa l l  cost  b y  up t o  
4 . 4  cent e/ 1 , 000 ga l for the aluaVGAC/chlorine proces s ,  
and up t o  9 . 3 cent e/ 1 , 000 ga l  for the 
l ime/GAC/ozone /chloramine proces s .  Packed towe r  a ir 
stripp ing would add 2 . 9  cent s/ 1 , 000 gal to total cos t e ,  
whi l e  reverse osmos i s  in place of GAC would increase 
cos te  by  3 5 . 1 cent e/ 1 , 000 gal ( see Tab le E . l l- 3 ,  Corps ' 
Execut ive Summary) . 

The c os t  data were deve loped in a convent ional way , 
and the assumptions and data used are d i scussed ful ly in 
the report . Independent e s t imates  by the c ommit tee 
confi rm  the reasonab l ene s s  of the const ruc t ion cost  
est imat e  for the c onvent ional t reatment p lant (used a s  a 
point o f  referenc e for the othe r est imates ) ,  and the 
construc t ion and c ap ital c o s t s  of  other  unit processes  
seem within the range of present experience . Subjec t to  
the a e sum t iona used the cost  e s t imates  a ear to be  
re 1a e an u y supporte by ava1 a e ata .  
Howeve r, several of the unde rlying as sumpt ions bear s ome 
examinat ion, as they may lead t o  future misuse of  the 
resu l t s  of  this s t udy. 

• S i te-related costs  are omi t ted . The se cos t s ,  which 
inc lude the cos t s  of raw water pumping and intake , 
f inished water pump ing ,  transmis s ion ma ine to the 
exis t i ng water sys tem, land cost s , sol ids hand l ing and 
disposal ,  e tc . , may be cons iderab l e , perhaps as much a s  
an add i t ional $ 100 m i l l ion in cons truc t ion c o s t  ( 1983  
pr ice leve l s) . So l ids  hand l ing and d i sposa l  costs,  
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a l one , may be surpris inglY high. While the report  i s  
qui t e  exp l i c i t  as  t o  i t s  scope , the resu l t s  may b e  used 
in t he future l ong after the c aveat s are forgotten.  

• Capital  costs  are based on an 8 pe rcent intere s t  
�· Th e  c os t s ,  a s  now s tated , appear to  re ly o n  debt 
f inanc ing through t ax-exempt munic ipa l bond s .  The 
intere s t  rate used , 8 pe rcent per year,  i s  typ ic a l  of  
thi s marke t s ome months  ago ,  and s omewhat lowe r  than the 
10 percent leve l s  current at  the end o f  1983.  The 
ac tua l p l ant , should  i t  be bui l t , wi l l  not nece ssari ly 
use this  me thod of  f inanc ing .  Long-term Treasury bonds ,  
for example , now yie l d  nearly 12 pe rcent . The 
sens i t ivit  of the s t ated c o s t s  ( ex ressed in 
c ent s 1 , 000 ga l t o  t he intere s t  rate  a s sumpt ion should 
have been d i scussed, reduc ing the pos s ib i l i ty for future 
misunderstandings . 

• Cos t  e s timates a s sume f u l l-t ime operat ion. Water 
supp ly c ond i t ions wou ld make fu l l-t ime operat ion of  such 
a c omp lex and c os t ly system seem unl ike ly .  At the same 
t ime , t he report  argue s convinc ing ly agains t 
intermittent o r  f luc tuat ing f lows . If such a p lant is 
buil t , it  might be used on a seasona l bas i s , with 
operat ions beginning when low r iver f l ows are f irst 
forecas t ,  and ending after water use  leve l s  drop ( in the 
fall) . Operat ion may begin with a period of  d i scha rge 
to was te , unt i l  proper proces s operation c an be 
e s t ab l i shed and ve rif ied . The operat ing season may end 
with a period o f  "mothba l l ing" des igned t o  minimize 
corrosion and deteriorat ion during the inac t ive s e ason. 
Such an operating mode wou ld imp ly c os t s  very d i f ferent 
from those e s t imated . Cap ital  c os t s  would be s pread 
ove r many fewe r uni t s  of output , and ope rat ing c o s t s  
would be incurred when water wa s n o t  be ing produced 
(during startup and , t o  some degree , when the p lant was 
not in use) . Under this  a s sump t ion , ac tual cost/ 1 , 000 
ga l may be as much as 3 t imes the stated amount s ,  even 
though s uch operat ion may be c ons istent with minimizing 
the tota l  cost  of  reg ional water s upply . 

• Ex i s t ing MWA water treatment plant s do not inc lude 
GAC c apabi l i ty. The ec onomic comparison of  t he e s tuary 
p l ant t o  convent ional water  treatment fac i l i t ie s  would 
be radical ly changed if both of two event s occur in the 
future : ( 1 )  add it iona l water t reatment c apac i ty i s  
requ i red t o  meet  maximum-day demands ; and ( 2) future 
water qua l i t y  condit ions in the Potomac or the Occ oquan 
r ivers require the instal lat ion of GAC fac i l i t ie s  at any 
new or expanded treatment p lant s .  At present , it seems 
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unl ike ly that both conditions would occur in the short­
or med i�term future ( the region present ly has exces s 
t reatment c apac ity) . However ,  i f  or when these event s 
do oc cur, the cost of  an e stuary p lant s imilar to that 
diacuaaed here , espec ial ly if  lower-cos t GAC operating 
modes prove feas ible , could be very s imilar to 
incremental  cos t a  of new treatment fac i l i t ies elsewhere. 
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RITA R.  OOLWELL 
Dr .  Co lwe l l  received her Ph . D . in marine microbiology 

from t he University o f  Washington in 1961 . S ince that 
time she has been an assis tant profes sor of microbiology 
at Georgetown Univers i ty ; assoc iate professor in 1964 . 
Since  1 9 74, she ha s been a professor o f  biology at the 
University of Maryland and is current ly Vice-Pres ident 
for Ac ademic Af fairs , Univers i ty of Mary land ( System) . 
She i s  also  Pres ident-Elec t o f  the American Soc iety  for 
Microbiology . Dr. Co lwe l l  has se rved on several NRC 
commi t tees and was a member of this  commi ttee from 1976 
to 1979  and a l so cha i rman o f  the Pane l on Microbiology . 

EARNEST F .  GLOYNA 
Dr. Gloyna rece ived h i s  doc torate in sanitary 

engineering and wa te r resources from Johns Hopkins 
Univers i ty in 1 9 53. From 1 9 5 2  to 1 9 7 0  he was professor 
of eng ineering and Director of the Center for Research 
in Water  Re sources at  the Univers ity o f  Texas at 
Aus t in .  Present ly , he i s  Dean of  the Co l lege of 
Eng ineering and holder of the Be t t ie Margaret Smi th 
Chai r  in Environmental  Hea l th Engineering at The 
Univers i ty o f  Texas at Aust in. Dr .  Gloyna is a member 
of the Nat ional Ac ademy of Enginee ring and has served on 
various NRC c ommit tees and was a member of th is 
commi t tee from 1976 to  19 7 9 .  

PAUL D .  HANEY 
Mr. Haney received a B . S .  in chemical engineering from 

the University o f  Kansas and an M. S .  in  sanitary 
eng ineering from Ha rvard Univers ity .  Hi s  assoc iat ion 
with Black and Veatch Enginee rs-Architec t s  began in 1954 
and ha s cont inued to  the present t ime .  Be fore j oining 
Black and Veatch,  Mr. Haney was assoc iated with the 
Kansas S t ate Board of Health  and was appointed St ate 
Sanitary Engineer in 1942 .  Later he served as  assoc iate 
pro fessor in the Graduate School o f  Pub l ic Hea l th of  the 
Univers ity  of North Carol ina and as  a commiss ioned 
engineer o f ficer in the Regular Corps o f  the U . S .  Pub l ic 
Health Service.  Mr .  Haney was e lected to t he Nationa l 
Ac ademy o f  Eng ineering in 1 9 74 and has served on several 
NRC c ommi t tee s .  He has been a member of  this committee 
s ince i t s  incept ion in 19 76.  

ROBERT H.  HARRIS 
Dr .  Harris rece ived his  Ph . D . in environmental 

scienc e s  and engineering from Harvard Univers i t y  in 
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1 9 71 .  He has worked with Ralph Nade r ' s Corporate  
Ac c ountab i l ity Research Group on s tud ies concerning 
drinking water and water pol lut ion. From 19 7 1  to  1973 ,  
h e  was as s i s tant professor of  c ivi l eng ineering a t  the 
Univers ity  of  Mary land and taught courses i n  
microbiology , ecology , and pol luted waters and 
int roduc t ion to environment a l  engineering . Dr. Harris 
also worked for the Environmental De fense Fund a s  
As sociate Direc tor of  the Toxic  chemica l s  program in 
Wa shington , D . C .  

In 1 9 80, Dr. Harris was appointed t o  the Pre s ident ' s  
Counc i l  on Environmental  Qual ity . He i s  now a t  
Pr inceton Univers i ty .  Dr .  Harris served on this  
commi t tee from 19 7 6  to  1980 . 

THURSTON E .  LARSON 
Dr . Larson rece ived his  Ph . D . from the Univers i ty of 

Il l inois . S ince 1932 , he ha s been emp loyed by the 
Il l inois S t ate Water Survey . Dr .  Larson is the author 
of 80 pub l icat ions on corros ion , water  chemis t ry , 
analyt ical me thods , and wa ter treatment . He is  a member 
of the Na t iona l Academy of Engineering and has served as 
a member of this commit tee from 1 9 7 6  to  1 9 79.  

FRANK L .  LYMAN 
Dr .  Lyman rece ived h i s  B . A. degree in b iology f rom 

Swarthmore Co l lege in 1943 and his  M . D .  from Hahnemann 
Med ical Co l lege in 1 946. He wa s employed as a 
phys ician ,  coach ,  and instruc tor o f  biology at  Wi l l iam 
Penn Co l lege from 1947  to  1948. He was in private 
prac t ice in Iowa unt i l  1955 when he was commis s ioned an 
o f f icer in the Navy serving ac t ive ly un t i l  1 9 5 7. He 
recent ly re t i red from the reserve s as  a captain. From 
1 9 60 to 1 9 7 6  he wa s Direc tor of Industrial Medic ine for 
the C IBA-GEIGY Corp . He is now a consu l tant in 
toxicology and an adjunc t as soc iate pro fes sor at Temple 
Univers ity  Schoo l of Med ic ine . He served on thi s 
commi t tee from 1 9 7 6  to  19 79,  wa s a member of  the 
Experimental  Des ign Pane l and chairman of the Pane l on 
Tox ico logy . 

DAVID H .  MARKS 
Dr .  Marks rece ived his  Ph . D . in environmental 

enginee ring from Johns Hopkins Unive rs i t y  in 1969 .  
S ince then he ha s been a pro fes sor of  c ivil eng ineering 
at the Massachuset t s  Ins t i tute of Techno logy . Hi s area 
of spec ial interest  is the appl icat ion of opera t ions 
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research and systems ana lys i s  to environmenta l 
prob lems . Dr .  Marks served as chairman of  an NRC 
Conference on Cooperat ion in Urban Water Management in 
1982. He has been a aember of this commit tee s ince 
19 76 , and also  served as  chairman of  the committee ' s 
Pane l on Experimental Des ign. 

JOSEPH L.  MELNICK 
Dr. Me ln1ck received a Ph. D .  in  b iochemis t ry  from Ya le  

in  1939 . He has  been a professor o f  virology and 
ep idemiology at the Bay lor Co l lege of Medic ine in 
Houston , Texas , s ince 195 7 .  Dr . Me lnick has served as a 
member o f  various expert pane l s  on virus d iseases , 
cance r ,  al lergy , and infec t ious diseases .  He has been a 
member o f  this c ommi ttee s ince 1 9 79.  

KENNETH J .  MILLER 
Mr. Mi l ler received a B . A. in chemis t ry from the 

Unive r s ity of Co lorado.  He  i s  Direc tor of  Water 
Eng ineering at CHtM-Hi l l  in Denver and is  respons ible 
for ma intaining f1rmwide technical exce l lence , qual i ty 
contro l ,  technologic a l  development , and cos t-effec t ive 
pro j ec t execut ion. Prior to this be served as d i rec tor 
of Planning and Water Resources for the Denver Wate r 
Department where he s tayed for 1 7  years . Mr. Mi l ler ha s 
served the NRC as  a member o f  thi s committee s ince 19 76 . 

DANIEL A. OKUN 
Dr .  Okun rece ived an Sc . D .  in sanitary engineering 

from Harvard Univers ity  in 1948. He served on this 
commit tee from 1 9 76 to 1981 , wh ile  a l so serving as 
Chairman of the Commit tee to Review the Metropo l itan 
Washington Area Water Supp ly Study . He was as s i s tant 
sani tary eng ineer  for the u . s .  Pub l ic Heal th Service for 
Washington , D . C . ,  Oh io , New Jersey and New York from 
1940 t o  1942 .  Dr . Okun was an associate to Malcolm 
Pirnie Engineers and went from a ssoc iate profes sor of 
environment al  engineering at  the Univers ity  of North 
Caro l ina in  1952 to head , Department of Environmenta l  
Scienc e s  and Engineering in 1 9 5 5 .  H e  h a s  been a 
consultant to the World Hea l th Organizat ion , 
Environmenta l  Protect ion Agency , and the Agency for 
Internat ional Deve lopment . Dr. Okun ' s expert i se is in 
water qual i ty management and was tewater treatment .  He 
is a member o f  other NRC c ommit tees , the Nat ional 
Academy of Engineering , and the Ins t itute of  Med ic ine . 
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VERNE RAY 
Dr .  Ray rece ived his  Ph . D .  in microbiology f rom the 

Univers ity  of Texas in 1959. Hi s profess iona l 
experience inc ludes microbial gene t ic s tud ies in  
fermentat ion , chemotherapy o f  infec t ious disease s ,  water 
microbiology and toxicological evaluat ion of drugs and 
othe r  chemica l s .  S ince 19 70 , he has direc ted t he 
Gene t ic Tox icology Uni t  at Pf i zer, Inc . and is c urrent ly 
As s i stant Direc tor of Drug Safety Evaluat ion. Dr. Ray 
i s  a pa st Pres ident of the Envi ronmental  Mut agen Soc iety 
and has been a member o f  severa l boards and commis s ions 
both in the U . S .  and overseas . He ha s served on several 
NRC commit tees and was a member of  the Pane l on Qual ity 
Cr i teria for Water Reuse . 

VERNON L .  SNOEYINK 
Dr. Snoeyink rece ived a Ph. D .  in wa ter re sources 

eng ineering from the Univers ity  of Michigan. He joined 
the faculty at the Un ivers ity of I l l inoi s  in 1969 and 
prior to that was with Metca l f  and Eddy Enginee rs for 
one year. Hi s expert ise i s  in process  engineering and 
the des ign of water t reatment plant s to meet  variab le 
drinking wa ter criteria.  He ha s been a consul t ant to 
the World Hea lth Organizat ion and the Environmental  
Protec t ion Agency.  Dr.  Snoeyink has been a member of 
this  commit tee s ince 1979 .  

NRC Projec t Direc tors 

CHARLES R.  MALONE 
Dr .  Ma lone rece ived a Ph. D in ecology in 1967  from 
Rutgers Univers ity.  His profess iona l experienc e 
inc ludes re search programs at Oak Ridge Nat ional 
Labora tory on the fa te and effec t s  o f  chemica l s  on 
ecosys tems and use of microcosms to predict 
envi ronmenta l  impac t s .  He was a princ ipa l staff  off icer 
with the NRC ' s Envi ronmental  Stud ies Board from 1970  to 
1976 and became execut ive secretary of  the Commit tee on 
Wa ter Supp ly Reviews in  1 9 7 6. He served as  s t udy 
direc tor of both the NRC water supp ly study review and 
the trea tment p l ant review from 1 9 7 6-1 982. Pre sent ly , 
he i s  with EG&G Idaho , Inc . 
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SHEILA D .  DAVID 
Ms .  David has been s tudy d i rector for the NRC ' s reviews 
of the Metropo l i t an Washinaton Area Water Supply Study 
and the Treat .. nt P lant Project  s ince 1982 and assis ted 
in t he aanage .. nt of these studies s inc e 19 76 . She has 
be en a s t aff o f ficer with the Wa ter Sc ience and 
Techno logy Board s ince 19 79 and has organized and 
managed other NRC coaai t tees and conferences on such 
topic s as Coa l Mining and Ground Water Resources  in the 
u . s . ; Safety o f  Exist  ina Dams ; and Cooperat ion in Urban 
Water Manageaent . Prior to he r work with the NRC she 
worked as c onference coord inator and assistant ed itor 
for Forua for the Advance .. nt of Students in Sc ience and 
Tec hno logy ( FASST) in Washinaton. D . C .  
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LETTER REPORT OF MARCH 2 ,  19 7 7  
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March 2 ,  197 7 

Mr . Danie l J .  Mahoney 
u. s . Di s trict  Corps of Eng ineers 
Department of the Army 
Ba l t imore District 
P . O .  Box 1 71 5  
Ba l t imore , MD 21 2 03 

Dear Mr . Mahoney : 

I am writ ing to report on a s i gnif icant aspec t o f  the 
second meet ing of the Commit tee to  Review the Potomac 
Es tuary Experimental  Wa ter Treatment P lant Pro j ec t , held 
in  Washington , DC , November 17 and 18 ,  1976.  Thi s 
commit tee wa s estab l i shed by the Na t ional Re search 
Counc i l  to  perform the work spec i f ied in Cont rac t Number 
DACWJ l- 7 6-C-0069 be tween the Na t ional Ac ademy of  
Sc iences and the Department of the Army , Ba lt imore 
Di s trict , Corp s of Eng ineers . The primary task of the 
commi t tee is to  review and report on the Experimenta l  
Wa ter Trea tment P lant Pro j ec t  f o l lowing comp l e t ion o f  
the projec t  by the Ba lt imore Di stric t .  Add i t iona l ly ,  
the contrac t  c a l l s  for comment s  on various aspec t s  and 
phases of the projec t during the planning and 
cons truc t ion , such as the proposed De s ign Ana lys is  and 
Spec ificat ions for the plan t .  

To a s s i s t  i n  these tasks , the commit tee es tab l i shed 
severa l panel s ,  and each wa s ass igned a spec i f ic subj ect 
are a .  Ac c ord ing ly ,  t h e  Pane l o n  Processes wa s composed 
to s tudy and comment on the treatment processes proposed 
for the experimental  p lant and the effec t iveness o f  the 
processes in producing a safe and potab le fini shed water 
supp ly . At the reques t  of the commit tee , the pane l me t 
on November 9 ,  19 7 6  to d i scus s the treatment processes  
as  presented in the De s ign Memorandu�-Experimental 
Es t uary Wa ter Treatment P lant , 1 9 7 6  and the pre l iminary 
submiss ion ,  September 1976 , of  the proposed Des ign 
Ana lys is  and Spec if icat ions for the plant . 

On November 18 , 19 76 , the Cha i rman o f  the Pane l on 
Proces ses , Perry L .  McCarty , reported the pane l ' s 
del iberat ions to the commi t tee . As resu l t  of  the 
presentat ion and ensuing d i scus s ion ,  the commi t tee wants 
to make severa l  suggest ions and comment s that your 
o f f ice might f ind he lpfu l .  These comments are briefly 
no ted below and e laborated upon more ful ly in the 
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panel ' s "Rationa le" statement which was prepared for the 
commit tee and attached to  this  letter. Please note that 
the rat i ona le from which the comment s were derived are 
based upon a number of  as sumpt ions made by the pane l 
pertaining to the charac teri s t i c s  of t he influent water 
to be t reated by the experimental p l ant and the des ired 
quality of the finished produc t water.  The assumptions 
are out l ined on page s 86-88  of the at tached s tatement . 

The commi t tee ' s comment s on the proposed t reatment 
processes for the Experimental  E s t uary Water Treatment 
Plant are as fo l lows : 

1 . Cons iderat ion should be given to obtaining blend 
water from the Blue Plains Treatment Plant afte r ,  rather 
than be fore , the f i l t rat ion and chlorinat ion steps { see 
pages 8 6-88 of the "Rat iona le" ) . 

2. Cons iderat ion shou ld be given to e l iminat ion of 
the alum mod ificat ion o f  chemi c a l  t reatment { see pages 
88-90 of the "Rat ionale" ) .  

3. The des irab i l ity of regenerat ion of  l ime sludges 
shou ld be furthe r eva luated {see pages 88-90 of the 
"Rat ionale" ) .  

4. The des irab i l ity of moving the pred is infec t ion 
step to a point between a first  stage and second stage 
of ac t ivated carbon ad sorp t ion shou ld be cons idered . 
Provis i on of  suffic ient capac ity for breakpoint 
chlorinat ion a l so shou ld be cons idered { see pages 90-9 2  
o f  the "Rat iona le" ) . 

5 .  The des irab i l ity of  add ing a deep bed f i l t rat ion 
system a fter ac t ivated carbon adsorpt ion shou ld be 
reviewed . The need for f i l trat ion prior to  ac t ivated 
carbon adsorpt ion shou ld be eva luated during the 
proposed s tudy { see pages 90-92  of the "Rat ionale" ) .  

6. The des i rab i l ity of two-s tage recarbonat ion and a 
more opt ima l softening sys tem for chemical treatment 
with l ime and provision for recyc le of c larifier 
underf low to  the inf low to  the chemical  t reatment 
c larifie r shou ld be cons idered {see pages 92-93 of the 
"Rat iona le" ) • 

· 

1. Provis ion of air  inj ec t ion for ac t ivated carbon 
backwashing shou ld be cons ide red { see pages 92-93 of the 
"Rat iona le" ) .  

8. Provi s ion for add it ion of  alum or other coagulant 
aid pri o r  to f i lt rat ion shou ld be cons idered {see page 
90-9 2 of the "Rat ionale" ) . 

9 .  S pec ial  at tent ion shou ld be g iven in the treatment 
plant des ign and in the des ign of the samp l ing sys tem to  
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us ing materia l s  tha t  wi l l  not contaminate samp l e s  or  
wa ter with organics ( see pages 93-94 of  the "Ra t ionale" ) . 

The commi t tee wou ld l ike to say a few word s about the 
methodo logy of the pane l review.  The pane l wa s 
confronted wit h  reviewing a document on Des ign Analys is 
and Spec i f icat ions that ran to about 1 , 500 pages . Tb do 
thi s within the period required by t he Corp s  fo r 
comp let ing this  pha se , the pane l adopted a s t rategy of 
reviewing as  a body the major is sue s in deta i l ; the 
ba lance of  the document wa s d ivided among the members 
accord ing to  the i r  spec ial  fields  o f  expert ise  and spot 
checked by them.  

It is  the commit tee ' s observat ion that  some o f  the 
conc lus ions and suggest ions made he re for the Corp s ' 
cons iderat ion , i f  adopted , cou ld be incorporated in any 
mod ificat ions of  the pi lo t  plant at  some future t ime . 

If the Corps ' projec t  engineers require more 
e l aboration of the concerns and conc lus ions of t he panel 
and c ommit tee , I wi l l  be pleased to  ask the members to 
provide additiona l ana lys is  and de tai led comment s .  The 
commit tee would we lcome the Corps ' reac t ion to  this  
report , and wou ld find it  espec ial ly he lpfu l to  be  
informed o f  any changes made in the des ign o f  the 
t reatment processes as a resu l t . 

I expres s  the apprec iat ion o f  the commit tee for the 
cont inued coope rat ion of  the Corp s ' staff  assoc iated 
with the experimental treatment p lant projec t , in  
part icu lar for the i r  d i scuss ions with t he commi t t ee 
during the November 1 7-18 meet ing . 

At tachment 

Sincere ly yours , 

Gerard A.  Rohl ich ,  Chairman 
Commit tee to Review the 
Potomac Estua ry 
Experimental  Water 
Treatment Plant Pro j e c t  
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March 2 ,  19 7 7  
At tachment o f  letter to  Mahoney from Rohl ich 

RATIONALE FOR COMMENTS ON THE PROPOSED DESIGN 
OF THE EXPERIMENTAL ESTUARY WATER TREA'IMENT PLANT 

INTRODUCTION 

Sec t ion 8 5  o f  the Water Re sources Deve lopment Ac t  of  
1974  authorized by  the u . s .  Army Co rps of Engineers to  
cons truc t and test  an experimental water treatment plant 
on the Potomac River es tuary as  part o f  a study on the 
feas ibi l i ty of us ing the estuary as  a source of  potab le 
water for the Washington , DC met ropo l i t an area . The 
legis lat ion further d i rec ted the Corps to reque s t  that 
the Nat i ona l Academies  of  Sc iences  and Engineering 
(ac t ing through the Nat iona l Re search Counc i l ) review 
the Co rp s ' work and comment on the sc ient i f i c  base s  of 
its f i nd ings . In re sponse to  the Congres s ional 
direc t ive the Co rps ' Bal t imore Di s t ric t init iated the 
Experimental E s t uary Water Treatment P lant Projec t  and 
contrac t ed with the Nationa l Academy of Sc iences for a 
review o f  the study . 

The Nat ional Research Counc il  appointed a Commi t tee to  
Review t he Potomac Estuary Experimental  Water Treatment 
Plant Project as the uni t  re s pons ible for conduc t ing the 
review, and the commi t tee in turn estab l ished severa l  
pane l s  t o  advise i t  on various aspec t s  o f  the s tudy . A 
Pane l on Proces ses  wa s ass igned the task of critiquing 
the treatment processes proposed by the Corps ' des igning 
enginee rs for the experiment a l  plant . As a result  o f  
this a s s ignment , the pane l me t on November 9 ,  1 9 7 6  t o  
d iscu s s  the proposed processes as  presented i n  the 
De s ign Memorandum, the pre l iminary De s ign Ana lys is  and 
the Spe c i ficat ions , a l l  prepared by Ma lco lm Pirnie , Inc . 
for the experimental wa ter t reatment p lant . 

On November 18 , 19 76  the Chai rman of  the Pane l on 
Proces ses , Perry L.  McCarty , pre sented the pane l ' s views 
to the commi t tee . The commit tee conc luded that seve ra l  
o f  t h e  pane l ' s comments were suffic ient ly important t o  
merit being cal led to the Co rp s ' at tent ion.  Because the 
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rat iona le behind the comment s  made by t he pane l and 
d i scussed by the commit tee are lengthy , the c ommit tee 
requested the pane l to report on t he Rat iona l e . 
Ac cording ly ,  this  "Ra t iona le" s t atement , based upon its  
d i scuss ion of  November 9 ,  1976 , was prepared b y  t he 
pane l .  

RATIONALE 

A maj o r  obj ec t ive of the experimenta l  p lant ope ra t ion 
wi l l  be to determine the capab i l i ty and re l iabi l i ty of 
state-of-the-art techno logy for removing virus e s , heavy 
meta l s ,  and mos t  important , trace organic chemical s .  
Th i s  objec t ive i s  centra l to  cons iderat ions o f  p l ant 
des ign and operat ion. 

Before d i scus s ing the pre l iminary de s ign , and in 
determining the capab i l i t ie s  required of  the t reatment 
p lant , i t  was necessary for the pane l to make various 
assumpt ions about the charac teristic s of the wat e r  to be 
t reated by the experimental  p lant and about the de s ired 
charac teri s t ic s  of the finished produc t wat e r .  
Al ternat ive process  flow schemes f o r  treatment sys tems 
which might have these  capab i l i t i e s  we re d i scussed , with 
the conc lus ion that the processes proposed by the 
des igning engineers inc luded those wi th the great e s t  
promise f o r  mee t ing the overa l l  obj ec t ives of  the 
proj ec t .  The des ign fac tors used for each propos ed 
process  and the proposed sequenc ing of the proces s units  
within t he overa l l  sys tem also were d i scussed . On t he 
ba s i s  o f  the informat ion avai lab le , the pane l determined 
that some aspec t s  of the des ign fac tors and the 
sequenc ing deserved further eva luat ion by the Corp s ' 
des igning engineers . These po int s and the reasoning 
support ing them are di scus sed be low. 

As sumpt ions Regarding Inf luent and Eff luent 
Wa ter Cha rac ter i s t ics  

The future qua l ity of  t he Po tomac River estuary water 
tha t wou ld be treated by a fu l l-scale  plant is  not ye t 
we l l  def ined , nor is  the qua l i t y  of the various b lends 
of wa ter to be t reated in the experimental plan t . In 
making the fol lowing comment s ,  i t  wa s necessary for the 
pane l to as sume certain cha rac teris t ic s  for the wa ter to 
be treated . For example , it wa s assumed that t he water 
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would contain more than 20 percent nitri fied and 
biological ly treated munic ipal wastewater. The total  
dissolved solids on occas ion c ould  range from 600 to  900 
mg/ 1 ,  large ly as a result of  some sea water intrus ion 
into the uppe r es tuary . The total  nitrogen content of 
the b lended inf luent wa s a s sumed to be be low 10 mg/ 1 so 
that exc e s s  nitrate  ni trogen concent rat ion wou ld no t 
exceed dr inking water s t andard s  proposed by the u. s .  
Environmental  Protec t i on Agency.  The ammon ia nit rogen 
concentrat ion wa s as sumed to be 1 mg/ 1 or lea s .  

Determining t he c apab i l i t y  f o r  organic  remova l i s  a 
primary objec t ive o f  the experimental plant , and for 
this reason the experiment al  p lant shou ld t reat water 
containing as c lose as  pos s ible the b lend of  organic s 
expected in the future estuary waters . The proposed 
plan i s  to use nitrified , but not f i l tered and 
chlorinated , secondary eff luent from t he Blue Plains 
wastewater t reatment plant as  part of  the b lend water to  
simulate future Potomac estuary water.  It  i s  sugges ted 
by the pane l that the f i l tered and chlorinated e f f luent 
be cons idered for use in orde r to bet t e r  s imulate the 
e stuary wa ter. For add i t ional more real i s t ic 
s imulat ion,  cons ideration shou ld be given to  storing t he 
blended wa ter for some "ag ing" because chlorinat ion and 
storage c an resu l t  in s ignificant t rans format ions i n  
some organic ma teria l s .  

Th e  d e s i red charac teri s t i c s  of  the finished produc t 
water a l s o  have not ye t been spec ified . For the pane l ' s 
critique , some genera l ly des ired charac teri s t ics  for the 
treated waters we re assumed .  These  as sumed 
characteristics  have no t been adequate ly evaluated by 
the pane l and should not be cons idered for any use other 
than th i s  pre l iminary eva luat ion. It wa s as sumed first  
that the  water shou ld be  at  lea s t  as  good in qua l ity as 
the pre s ent water supply for the Di s trict of Co lumbia . 
Furthe r ,  i t  wa s as sumed to be of prime importance that 
the finished produc t wa ter be as  free as prac t icable of 
trace organic chemical s ,  heavy me tals , and pathogens .  
Mu lt iple t reatment processes wh ich can assure this  are 
essent ia l .  As a genera l measure of organic content , the 
concent rat ion of  total organic carbon ( TOC) shou ld not 
exceed 2 to  3 mg/ 1 ,  which i s  near the average 
concent rat ion of  surface wa ter suppl ies in the Un i ted 
State s .  Preferab ly the concent rat ion shou ld be lower 
than th i s  as  TOC is  on ly a general parameter and not 
truly indicat ive of  the organic materia l s  s ignificant to 
heal th. It wa s a l so a s sumed tha t the treated es tuary 
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water must at  least  meet the l imi t s  of  current ly 
proposed EPA drinking wa ter standards as  we l l  as  the 
1962 PHS drinking water standard s .  In add it ion . it was 
assumed that economic and aes the t ic parameters such as 
total disso lved sol id s  and hardne s s  shou ld not exceed 
concentrat ions in the present wa ter supply for the 
Dis t ric t of Columbia which were e s t imated to be about 
250 mg/ 1 and 120 mg/ 1 .  respec t ive ly . 

Treatment Capab i l ities  and Process  Flow Schemes 

Treated e s tuary wa ter could in the future be inj ec ted 
d irec t ly into t he water d i stribut ion system. or it could 
be d i scha rged into the Pot omac River above water supply 
int akes and thus be used for f l ow augmentat ion. The 
qual ity needs for these  two a l ternat ives would d i f fer. 
The pane l observed that the proposed treatment scheme 
for the experimental plant shou ld be c apab le o f  mee t ing 
the more s tringent needs of  the forme r a l ternat ive . The 
treatment scheme a l so should be capab le of  provid i ng  
informat ion which wou ld b e  needed to eva luate  the 
feas ibil ity for the second a l ternat ive . In addi t ion . 
the pane l conc luded that . with river flow augmentat ion. 
the total d i ssolved s o l ids  c oncentrat ion would be less  
critical  because of the d i lut ion afforded by Pot omac 
River wa ter. 

The pane l agreed that the t reatment scheme proposed by 
the des igning enginee rs contained the processes  which 
wou ld be the moat  l ike ly choices for meet ing the qual ity 
requirement s fo r either al ternat ive . For ups t ream 
d i scharge . chemical coagulat ion . ac t ivated carbon 
adsorpt ion . and dis infec t ion probab ly wou ld  be 
required . For d i rec t inj ec t ion into a d i s tribu t ion 
sys tem . f i l t rat ion and demineral izat ion probab ly would 
be required in addi t ion. 

Process  Alternatives  

The proposed design for the treatment plant inc ludes 
more than one alternat ive for some of  the individual 
processes . The pane l expres sed concern about the 
ab i l i ty of the Corps to adequately  eva luate the 
performance o f  each alternat ive within the t ime 
constra int s of  the expe rimental  projec t .  Therefore . 

Copyright © National Academy of Sciences. All rights reserved.

The Potomac Estuary Experimental Water Treatment Plant:  A Review of the U.S. Army Corps of Engineers, Evaluation of the Operation, Maintenance and Performance of the Experimental Estuary Water Treatment Plant
http://www.nap.edu/catalog.php?record_id=19342

http://www.nap.edu/catalog.php?record_id=19342


-89-

conside ration vas given to the . e l imination of some 
alternat ives in order to ease this prob lem .  

Th e  need for a n  aeration s t e p  as  one ini t i a l  process 
vas que s t ioned . In genera l ,  the pane l cons idered that 
litt le of  value wou ld resu l t  from ae rat ion , but opinions 
were not s t rong enough to sugges t that this process  be 
conside red for e l iminat ion. 

Alternat ives for chemical t reatment in the proposed 
design inc lude alum t reatment and l ime treatment . The 
va lue of studying the alum a l ternat ive vas que s t ioned 
because l ime treatment has severa l add it iona l advantages 
with l i t t le or no added coa t .  Removal of ha rdness and a 
reduc t i on in tot a l  dissolved sol ids i s  pos s ib le with 
lime t reatment , thus reduc ing subsequent 
deminera l izat ion cost a .  Alum treatment on the other 
hand , achieves no reduc t ion in d i s solved sa l t s  and can 
significant ly add to the sulfate concentrat ion. Other 
benefits  of l ime a re : the pH as soc iated wi th i t s  use 
results  in good dis infec t ion ; i t  i s  superior to alum for 
heavy me tal  remova l ;  prob lems wi th s ludge hand l ing a re 
less than with alum ;  regene rat ion o f  l ime has les s 
potent ial  for recyc l ing of  organic s  than regeneration o f  
alum.  

Regard ing s l udges , there va s concern that the 
regene ra t ion of e ither l ime or alum s l udges as proposed 
.. Y lead to comp l icat ions wh ich would s ignif icant ly 
detrac t from the overa l l  objec t ive s of the experimental 
plant . Despite  the fac t that contaminant s may be 
present in  recyc led coagulants and that the i r  potential 
effec t on f ini shed water qual ity u l t imately should be 
evaluated , the increased cost  and operator t ime required 
for regenerat ion in an experimental  plant may be 
exces s i ve in comparison with the informat ion which may 
be obtained . The opinion that regenerat ion should be 
eliminated vas not unanimous within t he pane l , but the re 
vas conc ern that the experimental de s ign needs to g ive 
more recognit ion to this prob lem and pos s ib ly l e s s  
empha s i s  t o  evaluating the s l udge rec lamat ion variab les . 

Three alternat ives for deminera l i zat ion have been 
proposed for the experimental  plant des ign : reverse 
osmosis , ion exchange , and e lec trodialys i s .  Some pane l 
members quest ioned whether e lec t rodialys is would be 
compe t i t ive in advantage or cost  with t he other  two , but 
there appeared to be no c ompe l l ing reason for evaluat ing 
the el iminat ion of  this  al ternat ive . 

The experimental plant ha s provis ion for evaluat ing 
both a dua l media  and mul t imedia f i l t rat ion , and for 
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eva luating upflow and downflow ac t ivated carbon 
ad sorp t ion.  These d i fferent mod i f icat ions are worthy o f  
eva lua t i on ,  a l though d i f ferences  in pe rformance are no t 
expec ted to be great . 

Process  Location 

The re wa s cons iderab le d iscuss ion on the locat ion wi t h in 
the ove ra l l  treatment system of  two processes : 
predis infec t ion and f i l t rat ion. In the des ign p lans 
reviewed , pred is infec tion is proposed after  chemic a l  
treatment and be fore f i lt rat ion and ac t ivated c a rbon 
adsorpt ion. Eithe r  chlorination or ozona t ion c an be 
provided . It is sugges ted that ( 1 )  pred i s infec t ion wi t h  
chlorine , providing for ch lorinat ion t o  a free res idua l 
(b reakpoint chlorinat ion) , be c ons idered so that more 
effec t i ve d i s infec t ion can be obtained , and ( 2 )  the 
d i s infec t ion be c arried out be tween two s t ages of  
ac t ivated carbon adsorpt ion rather than at  the locat ion 
pre sent ly proposed by the de s igning eng ineers . 

Recent laboratory and field  sca le  s tudies ind icate 
that breakpoint chlorinat ion a fter chemical treatment of  
wastewate r ,  as  proposed , resu l t s  in the format ion o f  
re lat ive ly high concentra t ions o f  ch lorinated organi c s , 
many o f  whi ch are not read i l y  removed by ac t ivated 
carbon ad sorp t ion. Inc luded in this  c lass  are 
ch loroform and othe r  triha lome thane compound s .  
Breakpoint chlorinat ion after ac t ivated carbon 
adsorpt ion resul t s  in the format ion of much lower 
concentrat ions of chlorinated organic s .  However,  some 
less  po lar  chlorinated organic s  which might otherwi s e  be 
removed by ac tivated carbon a re a l so no doubt formed by 
pos t-carbon chlorinat ion. Chlorinat ion after one s t age 
of  ac t ivated carbon t reatment would re sult in minima l 
format ion of  chlorinated organ ic s , and subsequent 
passage th rough a second s tage of  ac t ivated c arbon 
shou ld resu l t  in remova l of at lea s t  the re lat ive ly 
nonpo lar and hence read i ly ad sorbab le compound s that may 
be formed.  The adverse effec t s  from chlorinat ion shou ld . 
be minimized by this proc edure . 

Ozonat ion also  resul t s  in s igni f icant al ternation o f  
organic mo lecule s .  With our current l imited 
unders tand ing of the organi c  material  present in t reat ed 
was tewaters , it appears be s t  to remove the majority o f  
organic s be fore app lying oxid izing dis infectant s , and 
then to pas s  the d i s infec ted wa stewater again through 

l !  
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activated carbon for remova l o f  newly formed organic 
materials . this a l ternat ive , together wi th 
post-dis infec t ion by a variety of alternat ives , shou ld 
provide maximum d i sinfec t ion wi th formation of a minimum 
of potent ial ly harmfu l organic material s .  

In the proposed des ign, f i lt rat ion i s  provided prior 
to act i vated carbon adsorpt ion. Whethe r  fil tration 
aight be tter be placed after ac t ivated carbon adsorp tion 
or , perhaps , be provided in both  places  was d i scussed by 
the pane l .  In the proposed locat ion , f i l t rat ion would 
protec t the ac t ivated carbon columns from addit iona l 
suspended so l ids load ing and perhaps from scale 
format i on.  The pane l questioned whethe r  these prob lems 
would be s igni f icant , espec ia l ly if two-stage 
carbonat ion were pract iced . Concern was expressed over 
whether the e f fluent from ac t ivated carbon adsorp t ion 
aight exceed the recommended EPA standard of one 
turbid ity unit because of poss ible fermentat ion and 
re lease of biological  growth from t he ac t ivated carbon 
and because o f  the re lease of ac t ivated carbon fines . 
This may not be a problem i f  subsequent deminera l izat ion 
is prac t iced , but could be otherwise . the pane l noted 
that f i l trat ion after ac t ivated carbon adsorpt ion wou ld 
be des irab le to ensure agains t the pos s ibil ity of high 
effluent turbid i t ies . But because of the added cost of 
addit ional f i lters and the uncertainty of the degree of 
need , no suggest ion was made to cons ide r add i t iona l 
filters . 

In the pre sent experimenta l  de s ign,  e f f luent from the 
act ivated  carbon columns wi l l  be passed through 
cartr idge f i l ters pr ior to demineral izat ion. Cartridge 
fil ters are usua l ly not rea l i s t ic for a fu l l-sc a l e  
treatment p lant , and if  indeed such f i l t rat ion i s  
neces sary prior to deminera l i zat ion , then perhaps a more 
rea l i s t ic f i lt rat ion system should be cons idered . 

Because of the que st ions about f i l t ration ,  
cons iderat ion should b e  given to inc lud ing a s t udy o f  
the e f fec t of no f i l t rat ion be fore ac t ivated carbon 
adsorp t ion.  With the pre sent p l ant des ign , the f i l ters 
cannot be used after carbon adsorpt ion. The pane l was 
informed that  provi sion of  th is a l ternat ive would be 
soaewhat di fficul t .  The pane l did no t take a s t rong 
posit ion on this i s sue to recommend changing the f i lter 
locat ion ,  but it suggested that i f  pos t -f i l t ration is 
required it probab ly could be be tter evaluated with 
short-term studies using pi lot-sca le fi l ters . 
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Fina l ly , provis ion for add i t ion of alum or coagulant 
aids prior to f i lt rat ion i s  very much worth c ons idering . 

Process  Des ign 

Time d id not permit the pane l to  c ons ider in detai l the  
des ign o f  individual processe s .  Certain fac tors we re 
thought to  deserve further c ons iderat ion by the 
des igning enginee rs and these are brief ly discus sed in 
this  sect ion. 

As proposed , the major component s of the experimenta l  
plant are des igned w i t h  a norma l c apac i t y  of 0 . 5 mgd , 
and a maximum c apac i ty o f  1 . 0  mgd . In genera l ,  the 
des ign fac tors appear reasonab le  for a flow of 0 . 5 mgd , 
but the plant may be s t res sed at a f low rate of  1 . 0  
mgd . I t  wi l l  be important t o  cons ide r this  aspect  in 
the overal l  experimental des ign for the operat ion of the 
plant . Add i t iona l c ons iderat ion shou ld be given to  t �e 
de s i rab i l ity of  the proposed extens ive operat ion ne a r  
1 . 0  mgd s inc e t h i s  may no t effect  the treated wate r 
qua l i ty de s i red . 

In order to  achieve re l iab le and adequate 
dis infec t ion , i t  was be l ieved that chlorinat ion to 
provide a free re s idual i s  desirab l e .  Th e  quantity o f  
chlorine which must  be added f o r  thi s purpose  wi l l  be  
determined to  a major ex tent by the concentrat ion o f  
ammonia present . Approximate ly 8 mg o f  ch lorine are 
required for each mg of ammonia n i t rogen to achieve a 
free res idua l .  It is  not known what concent rat ion o f  
ammonia n i t rogen to  expec t in the wa ter to b e  t reated , 
and the current ly planned dosage of 10 mg/ 1 for chlor ine 
may be inadequate.  It wa s sugges ted that th i s  be g iven 
addit iona l cons iderat ion.  

The current ly proposed chemical t reatment wi th l ime 
provides only s ing le-s t age recarbonat ion. Add it ional 
c ons iderat ion shou ld be given to the inc lus ion of  two 
s t ages o f  recarbonat ion with the bene f i t s  o f  add i t iona l 
softening and demineral i zat ion which would re sult . An 
evaluat ion he re wou ld requi re be tter informat ion on t he 
expec ted mineral qual ity of  the inf luent wa ter. It 
could be tha t operation as a sof tening p lant may re sult  
in suffic ient ha rdness  and TDS remova l so that during 
many t imes of the year deminera lization of es tuary water 
may no t be requ ired . 

Providing for recyc le of  l ime s l udge from the 
c larifier unde rf low fo r mixing wi th the influent s t ream 
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shou ld provide more effec t ive and economic a l  l ime 
treatment .  Cons iderat ion might a l so be g iven to 
two-stage l ime treatment as  we l l  a s  to  two-stage 
recarbonat ion. If l ime we re f irs t added to e f fec t 
Ca00 3 prec ipitat ion only , the resul t ing s ludge might 
be more sui tab le for regenerat ion and recyc le because i t  
would no t contain magnes ium and as  much of the heavy 
meta l s . A second stage of l ime treatment at e l evated Ph 
would t hen e f fec t magnes ium and heavy me tal  remova l ,  and 
the re s u l t ing s ludge c ould be d isposed separately.  

Ha l f  o f  the ac t ivated carbon columns are des igned for 
upflow and ha l f  for downf low.  This  wi l l  al low an 
evalua t i on of the two d i f ferent systems to be mad e .  
Some d i scuss ion c oncerned t h e  des irab i l ity of  having 
each c o lumn provide both upflow and downflow so that 
more f l exibil ity would be avai lable . However, it was 
argued that current ly avai lab l e  equipment was genera l ly 
des igned for e i ther a l ternat ive , but not for both, and 
that the bes t  upflow and downflow sys tems ava i lab l e  
should b e  sought in order t o  successfu l ly evaluate the 
two a l te rnat ives . It  was suggested that lowe r backflow 
rates  than current ly proposed , together with air  
injec t ion , may give bet te r  backwashing e ffic iency.  
At tent ion should be  given to  obtaining ac t ivated carbon 
with minimal tendency for attrit ion so that the 
potent i a l  prob lem of fines in the e f f luent c an be 
minimized . 

As a general comment , spec i f ic charac teri s t ics  of  
chemi c a l s ,  ac t ivated carbon , and ind ividua l pieces of  
equipment c an have s ignif icant e f fect on wa ter qua l ity . 
It i s  s ugges ted that this be given extens ive 
cons iderat ion be fore se lec t ions of materials and 
equip�Dent are made.  The l is t s  o f  materia l s  and 
equipment contained in the De s ign Memorandum and the 
prel iDDinary Des ign Ana lys i s  and Spec i ficat ions thus 
should be cons idered as  pre l iminary and not final . 

Samp ling Need s 

One o f  the ma in fac tors to be eva luated by the 
experimental  plant is organic materia l s  remaining in the 
fini shed produc t water. Many of  the plast ics used in 
piping , organics used in lubricant s ,  and pipe and tank 
protec t ive coat ings c ontain organic s  which s l owly leach 
into waters wi th which they come into contac t . 
Exper ience at some advanced wastewater t reatment sys tems 
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near the size  of the proposed experiment a l  plant 
ind icates that this often can be a se rious problem and 
could  negate effort s to demonstrate  the effic iency o f  
advanced wa stewater sys tems for remova l o f  many 
organic s .  Three major problems c an resu l t .  Fira t , t he 
apparent ef fic iency o f  the t reatment sys tem for organic 
remova l as  determined with contaminated samples  wi l l  be 
lower than the real  e f f ic iency;  second , the leached 
organic s frequent ly mask t he presence of other organic s 
which may have greater health  s igni f icance;  and t h i rd ,  
plastic  samp l ing tubes may adsorb and thus remove 
organic materials  in the wa ter wh ich are of hea l t h  
intere s t .  Thus , the u s e  of  plas t ic tubing pipe s  for 
samp l ing in the treatment sys tem , such as  those made o f  
PVC or tygon , and organic coat ings o n  pipes and t anka 
may add organic s ,  remove organic s ,  or mask the pre s ence 
o f  organic s in samples for analys i s , thus leadi ng t o  
inc onc lus ive resu l t s .  Th i s  i s  a prob lem of which we are 
j u s t  becoming aware . Because of  the spec i a l  importanc e 
of  organic analyses in the proposed experimental  s tudy , 
this . prob lem need s  much greater at tent ion in t he system 
de s ign. 
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LETTER REPORT OF AUGUST 4 ,  19 7 7  
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August  4 ,  1 9 7 7  

Hr . Danie l J .  Mahoney , Projec t Direc tor 
Department of the Army 
Ba l t imore Distric t ,  Corps of Enginee rs 
P. O .  Box 1 7 1 5  
Ba lt imore , Mary land 2 1 2 03 

Re :  Contrac t No . DACW31-7 6-C0069 

Dear Hr . Mahoney : 

The Committee to Review the Potomac Es tuary 
Experiment a l  Water Treatment Plant Proj ec t has reviewed 
the proposed t e s t ing and evaluating program for the 
experimenta l  water  t reatment plant . The report attached 
to this  l e t ter describes the b a s i s  of the review and 
d i scusses  in de ta i l  the comments of the committee.  A 
l i st  o f  the commit tee membe rs a l so i s  at tached to the 
report .  

There a re severa l of  the c ommi t tee ' s comment s tha t  
merit  spec ia l cons ide ration because o f  the i r  important 
bearing on the success  of the experimental proj ec t .  As 
you read the report , I hope you wi l l  bear in mind the 
fo l lowing points : 

1 .  The need to c learly def ine the objec t ive of  the 
ove ra l l  project  and to de s ign the expe rimenta l  test ing 
program accord ing ly ( d i scussed on pages 99-100) ; 

2 .  The necessity  o f  ut i l izing e f f luent from t he Blue 
Pla ins Wa s tewater Treatment P lant that i s  of  the same 
qua l i t y  as that re leased into the estuary of t he Potomac 
River ( d i scus sed on pages 9 9-1 0 2) ; 

3. The me rits  of  re stric t ing the treatment process  
conf igurat ions to be  t e s ted . ( See pages 104-105) ; 

4 .  The de sirab i l ity  of  comparing the qua l i ty o f  t he 
output wa ter from the p lant to the qual i ty of drinking 
water present ly supp l ied to the met ropol itan Washington 
are a .  ( See pages 104-1 0 5) ; 

5 .  The need to  eva luate the output wa ter for consumer 
acceptance in terms of palatab i l ity .  ( See page s 
104-1 0 5) . 

6. The neces s i ty o f conduc t ing toxicological te s t s  on 
the p lant ' s output water and o f  care fu l ly des igning such 
experiments in the context o f  the overa l l  te s t ing 
program. ( See pages 10 6-108) . 
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The c ommit t ee hopes that  the se comment s wi l l  be 
he lpfu l in cons idering mod i f icat ions of the proposed 
tes t i ng program for the experiment a l  plant . Should the 
program be revised , we would be g lad to assist  further 
with add i t iona l comment s .  If thi s or other assis tance 
wi l l  be  he lpful  to the Corps , please inform me . 

Sincere ly yours , 

Gerard A. Roh l ich , Chairman 
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August 4 , 19 7 7  
ATTACHMENT: Le t ter Report to Mahoney from Rohl ich 

COMMENTS ON THE PROPOSED TESTING AND 
EVALUATION PROGRAM 

for the 
EXPERIMENTAL ESTUARY WATER TREATMENT PLANT PROJECT 

by the 

Commi t tee to  Review the Potomac Es tuary Expe rimenta l  
Wa ter Treatment Plant Projec t  

INTRODUCTION 

Sec t ion 85 of the Wa ter Re sources Deve lopment Ac t  o f  
19 74 authorized the U . S .  Army Corps of Enginee rs to 
c ons truc t and test an experimental , or  p i lot , wa ter 
treatment plant on the Po tomac Rive r estuary as pa rt of  
a study on  the feas ibi l i ty o f  us ing the estuary a s  a 
source  of potab le water for the Washington , D . C .  
me tropo l i tan area . Th e  legislat ion further directed the 
Corps to  reque s t  that the Nat iona l Academie s  of  Sc iences  
and Eng ineering ( ac t ing through the Na t ional Re search 
Counc i l )  review and comment on the sc ient i f ic bas i s  of 
the Corps ' work. In re sponse to the Congress ional 
direc t ive the Corps ' Balt imore Di s t ric t ini t iated the 
Experimental E s t uary Wa ter Treatment Plant Projec t  and 
asked the Nat ional Academy of  Sc iences  to review the 
study . 

Ac cording ly ,  this commit tee was estab l ished and 
directed by the Nat iona l Research Counc i l  to review and 
report on the Experimental Water Treatment Plant Proj ect  
by the Bal t imore Distric t .  Addit iona l ly ,  the commi t tee 
is to comment on various aspec ts  and phases of the 
projec t during planning and cons truc t i on .  

To a s s i s t  i n  reviewing spec i f ic a spec ts  o f  the 
projec t ,  t he committee estab l i shed a pane l for each of  
the fo l lowing subj ec t areas : Proces ses , Analyt ica l  
Chemi s try , Toxico logy , Microbiology , and Experiment a l  
De s ign. The f irs t task undert aken wa s to comment upon 
the proposed des ign ana lys is  and spec ificat ions for the 
treatment processes to be incorporated into the 
expe riment a l  plant . The commit tee asked i t s  Pane l on 
Processes to  perform tha t review, and a le tter report ing 
on the pane l ' s comment s  was transmi t ted by the chairman 
of  the commit tee to the Corps on Karch 2 ,  1 9 7 7. 
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The second task unde rtaken by the commi ttee and 
reported upon here in was a review of the proposed 
test ing and evaluat ion program for the experimental  
plant . This  aspec t o f  the Corps ' pi lot plant proj ec t i s  
cruc ia l because the experiments  conduc ted upon the plant 
mus t  demons trate c onc lus ive ly whe ther wa ter from the 
Potomac River es tuary c an be rendered potable . As with 
mo st  experimental projec t s ,  there are l imited re sources 
of t im� . i>'� .-s •lnl\e l ,  and finances for test ing the pilot 
plant . There fore , the test ing and eva luat ion program 
mu s t  be careful ly des igned to accommodate these  
cons t ra ints and meet  the aims o f  the program. It is t o  
this  end that the commi ttee offe rs the comment s i n  this 
report . 

The following review wa s based on Chapter XXXIV, 
"Te s ting Program and Program Eva luat ion" of the Co rps ' 
De s ign Memorandum - Experimental Estuary Wa ter Treatment 
Pl ant.  The c ommit tee asked each pane l to  review and 
�t to the commi t tee upon t he appropriate aspec t s  of 
Chapter XXXIV, and the comment s  from the pane l s  then 
were used as the bas is  for thi s report . The majority of 
the c omments be low concern the experimental de s ign 
aspec t s  of the Corps ' proposed test ing program, but 
other a s pec t s  such as microbiology and toxico logy a l so 
are inc o rporated . 

COMMENTS 

Experimental  Des ign 

Obj ec t ive s  of the Test ing Program 

The experimental wa ter treatment p lant projec t  is be ing 
unde rtaken to determine the feas ibi l ity  of produc ing 
potable  water from the es tuary of  the Po tomac River. As 
noted above , the burden o f  tha t determinat ion res t s  upon 
the des ign of the experiment s and the test ing program. 

The c ommit tee be l ieves that a bas ic  defic iency exis t s  
i n  the  approach proposed f o r  the test ing program. In a 
typic a l  advanced t reatment proce s s  there are severa l  
important c omponent s ,  and i n  the proposed plant the 
fina l  c onf igurat ion of these is not f ixed . Rathe r ,  the 
des ig ne rs have a l lowed experimentat ion wi th d i f ferent 
conf igurat ions and with s ide s t ream experiments for 
s imu l taneous c omparison o f  processes . The se procedures  
wou ld  be o f  inte re s t  i f  there were no  doub t s  tha t 
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potab le water could be obtained , because such 
experi�ntal tests could he lp opt iaize the cost 
effectiveness  of the advanced water treatment systea by 
ident i fying good combinat ions o f  subcomponent s .  
However ,  there are aany add it iona l probleas i n  this 
part icular experi�nt that c oncern the inputs to and 
outputs froa the systea. 

The input es tuary water qual i ty varies throughout the 
year. Thus , fairly long-tiae s treaas through one p i l o t  
p lant conf iguration are necessary to ident ify wh ich 
output variat ions are due stric t ly t o  input 
variab i l ity. Al so , the wa ter source qual ity for the 
future fu l l  sca le p lant is expected by the Corps to be 
poorer than at present . Pre sent p l ans to synthesize the 
inf luent by aixing estuary water wi th eff luent from the 
Blue P l a ins Wastewater Tre atment Plant , when l i t t le i s  
known about the qua l ity t iae series of  eithe r ,  cou l d  
confound the experimenta l re su l t s .  

I n  terms o f  output s ,  quest ions reaa in as t o  what 
cha rac teri s t ic s  shou ld be measured , and to what 
standard s they shou ld be compared. Thi s  results  from 
rapid ly evolving knowledge and pub l ic and po l i t ical  
at t i tude s that cause consequent changes in the 
de f ini t ion of safe dr inking wa ter. 

In summary , the Corps plans to bui ld a pilot  p lant and 
collec t  data , but towards  what obj ec t ive? The re are 
seve ra l  c lasses of que s t ions which such an experiment 
might answer ( i . e . , process  se lec t ion,  operat ing 
information,  ove ra l l  evaluat ion , input sourc e 
eva luat ion) . It appears to the commi t tee that the 
stated purpose of determining the feas ibi l ity o f  
produc ing a pub l ic water supply from the es tuary ha s 
saa l l  l ike l ihood of  be i ng accomp l i shed by the exi s t ing 
experimental program. 

A spec i f ic hypothe s i s  re lat ing to an important new 
concept , such as using estuary wa te r ,  must gai n  or lose 
bo th t echnical and general pub l ic acceptanc e .  Th i s  
depend s upon c lear , we l l  def ined expe rimenta l  resu l t s ,  
t o  which end the committee suggests  that : ( 1 )  the Corps 
revise i t s  experimenta l des ign to encoapas s  fewe r 
experiment s in greater depth, ( 2) g ive more at tent ion to 
synthes i s  of the inputs , and ( 3 ) rethink eva luat i on o f  
the output s .  More detai led c omments on inputs , process  
sys tem,  and out puts from the pilot  plant are given below. 
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Input s  

Background 

TWo important prob lems re late to the inputs  to the pi lot  
wate r t reatment p lant . Firs t , an eventua l fu l l  sca l e  
plant would t ake es tuary wa ter at  a d i fferent locat ion 
from the present s i te of the pilot  p lant . Estuary water 
in the future i s  hypothesized by the Corps to be of  
poorer qual i t y  than the present water qua l i ty of  the 
es tuary . The problem i s  to  s imulate more rea l i s t ic a l ly 
the type o f  future input wate r to the fu l l  scale plant . 
Es t uary wa ter in the future i s  hypothes ized by the Corps 
to be o f  poore r qua l i ty than the present water qual ity 
of t he e s tua ry .  Th e  prob lem i s  to  s imulate more 
rea l i s t ic a l ly the type o f  future input water to the fu l l  
sca l e  p l ant . Second , the es tuary wa ter qua l i ty ,  present 
or future , varies ove r t ime . The re are short term 
seasonal and long term t rends , some o f  which may be 
non-stat iona ry ( i . e . , the mean qua l ity may be get t ing 
be t t e r  or worse over t ime) . Qual i ty may be be t ter or 
wors e i n  winte r than in the summe r ,  on the outgoing t ide 
rather than the incoming t ide , and during dry periods 
rathe r  than after  storms . In conduc t ing experiment s ,  
such va riables lead t o  d i f f icult ies i n  iden t i fying 
effec t s  caused by the apparatus from those caused by the 
inpu t .  To further comp l icate ma t ters , i t  ba s been 
sugg e s ted that treated sewage e ither  from the secondary 
or t e rt iary e f f luent from the nearby Blue Pla ins 
Was tewate r Treatment Plant be mixed with the estuary 
water and a l so that i t  be used d i re c t ly as the sole 
input water source . 

Spec i f ic s  

Chapter XXXIV of  the De s ign Memorandum proposes te s t ing 
the system with  ac tua l es tuary wate r in the first  
winter,  a mixture o f  B lue Pla ins e f f luent and es tuary 
wate r for a year and a ha l f ,  and then total ly Blue 
Pl a ins e f f luent for 3 months . The spec if icat ions for 
the mixed wate r have been set ma inly by looking at  data 
from the 1 9 65-66 drought . Such a procedure present s a 
prob lem because some of the s tocha s t ic proces s e s  
oc curring in the e s tuary are non-s tat ionary . Long-t erm 
variat ions in input water wou ld probab ly be  los t .  In 
add i t i on ,  two very d i f ferent wa ter s t reams are be ing 
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mixed . The Blue Plains eff luent wi l l  have much less 
temperature variat ion during the year than es tuary 
wate r ,  but is much more l ike ly to  show sudden changes i n  
other parame ters c aused , for example , by mal func t ion o f  
treatment equipment . A re lative ly good understanding o f  
the e f f luent ' s variab i l i ty c an b e  ga ined by samp l ing 
over the l i fe of the experiment to  augment exist ing 
dat a .  I t  i s  more d i f f icul t , however, t o  c apture the 
long term variab i l ity of t he es tuary by sampl ing in a 
re lat ive ly short t ime period prior to  trial  operat ion o f  
the p i l o t  plant , a s  proposed by the Co rps . 

The basic  experimental des ign que s t ions are : 

(a )  How is  the representat ive input water chosen? 
(b ) As the input wa ter wi l l  have variab i l ity in 

qua l i ty ,  how do we insure that this  variab i l i ty doe s  not 
confuse the comparisons we wish to make in the 
experiment s ?  

( c )  Wha t parameters shou ld b e  chosen and how of ten 
shou ld they be measured? ( This  mu s t  be carefu l ly 
coord inated wi th output t e s t s . ) 

At a minimum, i t  i s  sugges ted tha t t he Corps beg in 
ana lyz ing ( 1 )  wa ter qua l ity in the es tuary at point s 
near t he proposed input to t he p i l o t  plant and ( 2 )  t he 
f ina l t reated e f f luent from the Blue Plains p lant tha t 
represents the qual i ty of wastewater that wi l l  be 
re leased into the e s tuary . This lat ter point is 
important because during prolonged drought when the f l ow  
of the Po tomac River i s  minima l ,  the flow from the B lue 
Plains could  account for the majority of the water i n  
the es tuary . Thus , the treatment plant should be 
capab le  of process ing only Blue Plains effluent in t he 
event that the qua l i ty of the e s tuary c losely approaches 
that of  t he eff luent . The se programs wou ld aid in 
understanding of the t ime series nature of  wa ter qua l ity 
in each o f  t hese f lows in terms of  t he parameters upon 
which the output s wi l l  be evaluated . An ef fort o f  such 
magni tude may require an upgrad ing of t he present 
analyt ical  c apab i l i t ies of the Corps ' laboratory and 
technic ians conduc t ing the analyse s .  I n  add it ion ,  the 
Co rps c ould use a qual i f ied consu ltant in s ta t i s t ic s  to  
he l p  e s t ab l ish a procedure for  produc ing an  acceptabl e  
input t o  the p i lot p lant during the experiment .  
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The Process  Sys tem 

Background 

The proposed experimental de s ign c a l l s  for t e s t ing 
diffe rent input waters ranging from estuary water to 
Blue P l a ins e f f luent , d i f ferent f l ow vo lumes rang ing 
from fu l l  c apac ity  to twice fu l l  c apac ity , and different 
uni t  processes . La t er in th is report , the commi t tee 
sugges t s  expanding the tes t ing program for t reated 
wate r. At this  point , however, i t  shou ld be emphas i zed 
that c a re mus t be taken no t to lose s igh t of the two 
important objec t ives of determining whethe r or not a 
pot ab le  water can be produced i s  be s t  me t by opera t ing 
the experiment wi th a s ing le previously  de s ignated 
'�e s t "  conf igurat ion as  long as poss ib l e .  The second 
and minor object ive i s  to minimize operat ing and 
ma intenance c o s t s  of the t reatment fac i l ity.  The Co rps 
experimental des ign appears to s t re s s  the second 
obj ec t ive rathe r  than the f i rs t .  Given the l imited 
t e s t ing period , even if the experiment s were to  focus on 
the sec ond objec t ive ,  the data wou ld be so confounded 
with changes in input cond i t ions ( part icularly 
tempe rature ) that progress  toward s e i ther objec t ive 
wou l d  be severe ly l imi ted . 

Spec i f ic s  

Th e  c ruc ial  cons iderat ion regard ing process  i s  dec id ing 
whic h  configurat ions should be tested and for how long . 
A f i rs t  look at  the cons traints o f  the test ing pe riod ( 6  
mont hs  s t a rt-up p lus 2 years o f  experimenta l  runs ) 
suggests  that the t ime ava i lab le i s  too short to tes t 
a l l  of the fac tors of  interes t .  The amount o f  
experimental t ime avai lable apparent ly c annot be 
inc reased due to the nature of t he dec i s ion t ime scale 
for o t her  aspec ts  o f  the Corps ' Washington Met ropol i tan 
Water Supp ly S tudy , of which the p i lot  plant is a 
component . There fore , the commit tee feel s  that the 
numbe r of experiment s shou ld be dra s t ical ly decreased. 
We a l so fee l ,  based on experience in other plants , that 
a ve ry l imited number ( po s s ib ly only one of  two) o f  
c learly dominant a l ternat ive conf igurations shou ld be 
tes ted . For examp le , in i t s  s tudy and review of 
treatment processes s teps and various a l ternat ives 
inc luded in the pilot  p l ant , the commit tee suggested 
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e l iminat ion o f  the alum al ternat ive and conside ration o f  
e l imina t ing the aerat ion s tep and s l udge regenerat ion 
proces s .  ( Reference  is made to the March 2 ,  19 7 7  l e t ter  
report on  processes to  the  Corp s from the  chairman o f  
the commi t tee . )  Using such a n  approach each experiment 
could be conduc ted unt i l  suffic ient data were gathered 
to sat i s fy t he primary objec t ive of the program. 
Numerous data from other ex i s t ing ful l  scale and p i l o t  
plant s c an be used t o  evaluate the economic aspec t s  o f  
subprocess choices . Spec ifical ly ,  the commi t tee 
sugges t s  that the Corps cont rac t with a consu ltant on 
experimental de s ign who can he lp sugges t :  

( 1) whe re dat a  shou ld be col lec ted i n  a given 
proces s ,  with what frequency and which parameters ; and , 

( 2) how to  decide when enough data have been 
c o l l ec ted to  t e a t  the primary hypothe s i s  for the be s t  
c onfigurat ion s o  that a new expe riment may be starte d . 

Out puts 

Background 

To a large extent , the project  wi l l  no t be c ons idered 
succes s fu l  unless  t he outpu ts  from the treatment plant 
sat i s fy some s t andard s .  These s t andards , in the form o f  
tolerab le leve l s  of  various water qua l i ty parameters , 
are fundamental  to  whether or no t potable wa ter c an be 
produc ed from the Potomac estuary.  Unfortunately , the re 
i s  a l imited theore t ical  unders tanding of  how wa ter 
qua l i t y  af fec t s  pub l ic hea lth.  The Corps is at tempting 
to  mee t  a moving target , because the concept of s a fe 
pub l i c  wate r supp ly has in the pas t  and wi l l  cont inue to 
change over the l i fet ime o f  the Potomac Es tuary 
Experiment a l  Water Treatment Plant Projec t .  

The prob lem o f  measuring and meet ing output target s 
are a s  fo l lows : 

( 1 )  Wha t shou ld be measured? 
( 2) What frequency of measurement is required? 
(3)  Wha t are the target leve l s  each of the parame ters 

i s  to  achieve ? 
(4)  Shou ld the targets  be de termini s t ic or s t ocha s t ic 

( i . e . , i s  there an a l lowab le percentage of  t ime when a 
successful  experiment does no t meet  a target? ) 
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( 5 )  What i f  the outpu t  mee t s  mos t  but not a l l  of the 
targe t s? 

Spec i f i c s  

In o rder  t o  confront the c r i t ical  quest ion of succe s s  or 
fai lure of  the experiment , i t  i s  sugges ted that  the 
Corp s  t ake measurement s  of the p i lot p lant outputs  that 
can be c ompared with the fol lowing : 

( 1 )  Dr inking water s t andards  developed by the u. s. 
Environmenta l  Protec t ion Agency ( EPA) and in effec t when 
the p i lot p lant is operat ional . 

( 2) Drinking water qua l i t y  moni tored by EPA for other 
munic ipal  wa ter supp l ies . 

( 3 )  The qual ity of  drinking water supp l ied to  the 
me tropo l itan Washington area from exis t i ng sources  and 
in p a rt icular from the freshwater port ion of the Potomac 
River . 

It i s  a l so des irab le t hat  the output s provide a bas is  
for future researche rs in water qua l i t y  to  make � pos t 
asses sment of the success of p i lot p lant operat ion. 

To accompl ish these comparisons , ana lyt ica l 
measurement s  of water qua l i ty mus t  provide the data 
comp a t ib le wi th the nat iona l drinking water regulat ions 
deve l oped by EPA. In add i t ion , measurement s must  be 
taken in  both exi s t ing supp l ies  and for the t reatment 
plant output . The measurement s in t hese cases should 
probab l y  be more extens ive than those current ly taken by 
EPA. These measurement s should provide a basis  for 
ana lyz ing no t only the average qua l i t y  in each case , but 
the variab i l ity in qual ity.  This is  important if the 
effec t s  of  input variab i l ity a re to  be ident ified . Al so 
the re is c oncern that  the required analyt ical  test ing 
may be beyond what  the Corps c an accomp l ish eithe r  
present ly or with i t s  ant ic ipated upgrad ing of 
fac i l i t ies . It is  difficul t to  gear  up quick ly in 
re l a t i ve ly s t ate-of-the-art measurement s of water 
qua l i t y  beyond those rout ine ly tested.  Therefore , i t  is 
sugges ted that  the Corps cons ider some arrangement s with 
EPA or out s ide firms to  re l ieve the burden of trying to 
achieve a major short term inc rement in the Corps ' own 
in-house  analytical  capab i l i t ie s .  
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COMMENTS ON SPECIFIC ASPECTS OF THE TESTING PROGRAM 

The program should provide adequate testing for tas te  
and palatab i l ity of the  output from the pilot  plant . 
The c ommit tee sugges ts  that the Corps cons ider inc lud ing 
such tes t s  in the program to provide ins ight into the 
issue o f  c onsumer acceptance o f  the es tuary as a sourc e  
of drinking wate r .  

Pos s ible adverse hea l th e f fec t s  re sult ing from 
c ontaminants in pub l i c  water supp l ies  have been 
rece iving great ly inc reased nat ional at tent ion in recent 
years . EPA and water supp ly agenc ies are increas ing 
effort s to  determine the ex is tence o f  c arc inogenic and 
toxic  substances in present pub l ic drinking wate r 
supp l ies , to  evaluate their potential  ha rmful ef fec t s ,  
and t o  deve lop more stringent water qual ity 
requirement s .  Thus , a major concern of the commit tee i s  
that the testing program demon s t rate adequate remova l o f  
viruses , organic subs tances (e spec ial ly ha logenated 
compound s ) and heavy metal s .  To this end , the fol l owing 
suggest ions a re made : 

Microbiology Aspec ts : 

1 .  The input and output wa ter mus t  be adequate ly 
monitored for mic ro-organisms . The ana lytica l 
laboratory s t a f f  there fore mus t  inc lude a qual i f ied 
microbiolog i s t  and parasitologis t . 

2 .  Samp l ing for viruses and bac teria should be 
coordinated and shou ld inc lude effluent from the Blue 
Pla ins Wa stewater Treatment Plant . The mos t  current and 
be s t  sc ient ific  methodologies  shou ld be u t i l ized in  
te s t ing for a broad spec trum o f  viruses .  The need t o  
inc lude adeno viruses shou ld b e  eva luated . 

3 .  Water s amples analyzed for viruses , espec ia l ly 
those taken from the estuary , shou ld inc lude data on 
water turb id ity and temperature . 

4. Cons iderat ion shou ld be g iven to  testing 
ultra f i l t rat ion t rea tment proc e s ses for removing 
mic ro-organisms . 

Analyt ical Chemis try and Tox icological Aspec t s : 

1 .  Because some parameters l i s ted in Tab le 34-3 o f  
the De s ign Memorandum are no t useful in de l ineat ing the 
hea l th aspec t s  of  wate r qual ity , cons ide rat ion shou ld  be 
g iven t o  e l iminat ing the fo l lowing from the proposed 
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moni toring program: b iochemical oxygen demand , chemical  
oxygen  demand , carbon chloroform extrac t ,  and 
surfec tant s .  

2 .  Ne w  me thodologic deve lopment s now make it  pos s ible 
to measure purgeab le as  we l l  a s  nonpurgeabl e  tota l 
org anic carbon. It i s  sugges ted that bo th frac t ions of 
the total  organic carbon be ana lyzed frequent ly to 
obtain a comprehens ive index of  f luc tuat ions in organic 
carbon loading in the output waters . 

3 .  It would be des i rable to c onduc t rout ine 
monitoring o f  tot a l  organic chlorine , because as a 
gene ra l c lass  the chlorinated c ompounds are often more 
tox i c  than the non-chlorinated one s .  A cautionary note 
is that this parame ter some t imes c annot be measured 
becaus e  o f  interfering substanc e s  within the water 
samp le .  

4. The fo l lowing individual organic compounds 
probab ly  wi l l  be inc luded in future drinking water 
cri t e ria or s t andard s  and should be inc luded in the 
monitoring program: benzene , benz idene , benzo (a ) 
pyrene , chloroform, carbon t e t rachloride , 
diphenylhydrazine , ethy lene d ib romide ,  
paradichlorobenzene , 1 ,  1-d ichloroe thylene ( viny l idene 
chloride ) nitrosamines , hexachlorobenzene , 
hexachlorobutad iene , ni trobenzene , ni trochlorobenzene , 
pent achloropheno l , polyb rominated b ipheny l s , po lynuc lear 
aromat ic hydrocarbons ( those covered in the Wo rld Hea l th 
organi zat ion standards ) , tetrachlorodibenzopara-dioxin,  
1 ,  2 ,  4-t r ichlorobenzene , 1 ,  2-t r ichloroe thy lene , 
tric re sy lphosphate , viny l chloride , and s tyrene . It i s  
sugges ted that a survey o f  indus tries ups t ream from the 
pilot  p l ant be conduc ted to determine the types of raw 
materials  used and the produc ts  manufac tured and 
potent ial  princ ipa l was te byproduc t &  that wou ld be 
d ischarged into the wa ter. The re su l t s  of  such a survey 
may l e ad to  a modi f icat ion or  reduc t ion of the l i s t  o f  
ind ividual compounds to  b e  moni tored i n  the output wa ter. 

5.  Cons ide rat ion shou ld be g iven to inc reas ing the 
numbe r of inorganic e l ement s  as sayed and to conduc t ing 
the ana lyses s imu l taneous ly on the samples . 
Simu l taneous mu l t i-e lemental ana lys i s  can pre sent ly be 
conduc ted by a numbe r of  diffe rent techniques inc luding 
pro ton-induced X-ray emis s ion,  induc t ive ly coupled 
plasma emi s s ion , and neutron ac t ivat ion analys is . 

6 .  Water at various s t ages of t reatment and the fina l  
output water wi l l  require toxicological  test ing to 
as sure the absence of  harmful substances that might no t 
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be detec ted by chemical analyses . For test ing wa ter at 
various stages of the treatment proces s ,  cons iderat ion 
should be g iven to us ing rapid in-vi tro screening t e s t s  
such a s  Ame s bacteria l sys tems and mammal ian ce l l  
cultures . More t ime c onsuming and expens ive whole 
anima l s tudies  can be reserved for test ing the f inal 
output wa ter. 1he design o f  such a te s t ing program wi l l  
require detai l ed planning by competent toxicologi s t s  
working i n  c onjunc t ion wi th the des igners o f  the overa l l  
experimenta l  and evaluat ion program.  

7 .  In a l l  aspec ts  o f  toxicolog ical te s t ing , i t  is  
des irab le that work unde rtaken for the pilot plant 
projec t  not dupl icate wo rk be ing done e l sewhere . Th i s  
genera l  guidel ine c ou ld he lp prevent expend i tures o f  
l imited re sources for the overa l l  t e s t ing and eva luat ion 
program. 
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LETTER REPORT OF KARCH 2 2 ,  1979 
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Co lone l G. K. Withers 
Di s tric t Eng ineer 
Bal t imore Distric t , Corps of 

Eng ineers 
P. O .  Box 1 71 5 
Ba l t imore , Mary land 21203 

Dear Colone l Withers : 

March 2 2 ,  1979 

Th i s  lette r  i s  wri t ten on beha l f  o f  the Commit tee t o 
Review the Potomac Estuary Experiment a l  Water Treatment 
Plant Project  and conveys the commit tee ' s review of  the 
f ina l dra f t  repo rt ent it led "Deve lopment of  a Tes t ing 
and Eva luat ion Program for the Experimental Es tuary 
Water  Treatment Plant , Washington ,  D . C . " dated Oc tober 
19 78. The fo l lowing review is based on a meet ing of the 
commit tee on November 16-17 , 1 9 78 , during which the 
f ina l draft report wa s di scus sed with repre sentat ives o f  
the Army Corp s  o f  Enginee rs and the c onsu l tant s tha t 
prepared the report . A l i s t  o f  our commit tee members i s  
attached . 

In our second l e t ter report dated Augus t 4 ,  1 9 7 7, the 
commit tee c ommented upon a proposed test ing and 
evaluat ion program that was described in Chapter XXXIV 
in the Corps ' "De s ign Memorandum" for the Expe riment a l  
Water Treatment Plant (EEWTP) . Our present comment s  
wi l l  make frequent refe rence t o  the previous let t e r  
because i n  l a rg e  part they re iterate our earl ier 
concerns . The Augus t 4, 19 7 7  l e t te r  also  provides 
background informat ion about our commi t tee ' s ro le in the 
EEWTP proj ec t .  

The fo l lowing comment s are under head ings tha t 
correspond eithe r  to head ing s  in our earl ier let ter 
report or to  the princ ipal sec t ions in the f inal dra ft  
repo rt on  the test ing and evalua t i on program. 

SPEC IFICATION OF INPUT WATERS 

During d iscus s ions with representat ives of the Corp s  on 
November 1 6 ,  1 9 78, we learned that the plan to blend 
nitrified wastewater eff luent with estuary water to make 
up the input waters for the EEWTP ha s been a l tered . 
Th i s  s ignif icant change in the f inal dra f t  repo rt was 
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made necessary because nitrif ied eff luent is  not 
ava i l ab le from the B lue Pla ins wa stewater treatment 
plant in suburban Maryland . We learned furthe r that the 
Corp s  p lans t o  c ompensate for this unant ic ipated 
deve lopment by pre-treat ing the available  secondary 
eff luent by an ion exchange process in order to reduce 
ammonia . Thi s  appears to us a pos s ib le but regret tab le 
solut ion to  an unfortunate s i tuat ion. However, we a re 
encouraged to  find at  the top of page 32 of the fina l  
draft  report that "Shou ld any o f  these treatment 
fac i l it ies  (at t he Blue Plains plant ) not be in 
operat ion as  scheduled , the make-up of  the input and i t s  
impac t o n  the experimental  program wi l l  require 
re-eva luat ion in order to ma intain the integrity of the 
tes t ing and evaluat ion program as  presented in thi s 
report . "  

Thus , when the re-evaluat ion i s  performed , the 
commit tee urges the Corps to a l s o  determine the impac t 
of the dec i s ion not to use wa stewater e f f luent that ha s 
been f i l tered and d i s infec ted . Thi s  advice is  based 
upon the be l ief  that the e f f luent might cause such 
prob lems as t he foul ing of the ion exchange res ins and 
the screens in the EEWTP. Moreover, the chosen e f f luent 
qual ity wi l l  not be representat ive of the was tewater  
that wi l l  be  d ischarged into the e s tuary at some t ime in  
the future , when a fu l l-scale  estuary water treatment 
plant might be cons t ruc ted . Cogni zance of that 
situat ion and its imp l icat ions to the test ing and 
eva luat ion program i s  of fundamental  import ance to the 
succe s s  of the projec t .  As suggested at the bottom of 
page 3 1 of the Corps ' f ina l draft report , the s i tuat ion 
can be remed ied , i f  necessary ,  during the second year of  
the te s t ing program. 

In addit ion to  the prob lems no ted above , we find tha t 
the Co rps  has not devoted suffic ient ove ra l l  at tent ion 
and e f fort to unders tand ing the qual ity of the input 
wate r t hat wi l l  require t reatment . In this  connec t ion , 
inade quate data have been obtained on the qual ity o f the 
Blue Plains effluent , the Estuary Base line Study is  not 
provid ing a l l  the data tha t wa s once envis ioned , 
espec i a l ly regarding organic s ,  and the potent ial 
use fu l ness  o f  data from other agenc ies and s tud ies ha s 
not been ful ly exp lored (e . g . , the u . s .  Geo logic a l  
Survey Potomac Es tuary S t udy ) . The c ommit tee pers i s t s  
i n  i t s  view , a s  expressed i n  i t s  repo rt of Augus t  4 ,  
19 7 7 ,  that an early s t art shou ld be taken to c o l lec t 
ana ly t ic a l  data in orde r to charac terize the estuary 
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water to be b lended for t he raw water  input to the 
EEWTP. Signif icant lead t ime i s  needed to  evaluate the 
accuracy and prec is ion of the analyses used fo r 
detec t ing o rganic c ompounds .  

With regard t o  compos it ion o f  the input wa ter,  we f i nd 
that the proposed input blending rat io of one part 
was tewater e f f luent to  two part s e s tuary wa ter need s 
furthe r  s tudy . Such study wou ld provide maximum 
assurance that the blend wi l l  achieve a reasonable 
s imulat ion of the raw wat e r  qua l i ty that a fu l l-sc a le 
regional es tua ry wa ter t reatment plant is  mos t  l ike ly t o  
encounte r i n  the future . It i s  no t c lear t o  the 
commit tee whether the ra t io chosen was based on 
obj ec t ive , thorough , and rigorous analyses o f  adequate 
data or  on subjec t ive j udgment s imi lar to that  pre sented 
in the last paragraph on page 32  of the final dra f t  
report . 

The basic  quest ions that the commit tee cons iders 
inadequate ly answe red about the inpu t wa ter compos it ion 
is : Wha t pe rc entage o f  was tewater e f f luent wi l l  be in  
the estuary during ope rat ion of a fu l l-scale estuary 
wa ter treatment p lant , and how wi l l  this  vary over a 
s ignif icant period o f  t ime? In answering these 
quest ions , i t  would be he lpful to have a durat ion curve 
showing the probabi l ity of  fre shwa te r f lows pa st a 
ful l-scale  plant . The preparat ion of such a curve would 
require cons iderat ion of bo th freshwater flows and water  
supply wi thdrawals  ups t ream of the plant . This ,  in 
turn , wi l l  require an ana lys i s  o f  hydro logic  data and 
the e s t ab l ishment of  (a )  projec t ions of  ups tream 
withdrawa l s  for water supp ly , ( b )  est imates of the 
capac ity of a full-sc a le plant , and ( c )  calculat ions o f  
the freshwater input to t h e  estuary , espec ia l ly i n  
re lat ion to drought fre quency and durat ion.  

If  the Co rps cons ide rs it  unl ike ly that  the future 
wa ter qual ity cond i t ions o f  the es tuary can be 
sat isfac tor i l y  s imulated regard less  o f  t he b lend ing 
rat i o ,  cons iderat ion should be given during the second 
year of  test ing to the use of  input water tha t 
cha rac terizes the extreme condit ions l ike ly to be 
encountered by a fu l l-scale  plant . Thi s  migh t be done , 
for examp le ,  by us ing B lue Pla ins e f f luent a l one and by 
us ing es tua ry water during a s torm occurring whi le the 
river i s  at  or near low-f low as  types o f  input wa ter  for 
the EEWTP . 
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EVALUATION OF RESULTS : PROCESS EFFECTIVENESS 
AND OUTPUT WATER QUALITY 

Eva luat ion of  the EEWTP wi l l  depend upon adequate 
samp l ings of  t reatment proc ess  s t reams , thorough 
ana lyses of t he samples for a l l  important wate r qua l i ty 
pa rameters , and comparisons o f  the test  re sul t s  wi th a 
suitab le set  of  standard s .  The test ing and evaluat ion 
program re l ies heavi ly upon t ime-se ries analysis for 
de termining much of the sampl ing program and the 
frequency o f  many of  the parameter ana lyse s .  Wh i l e  
t ime-series  mode l s  are good in theory , they should 
receive cont inued s t udy and necessary ad jus tment , as  
t e s t  dat a  become available . Awarenes s  of this i s  
expres sed o n  pages 3 5 ,  3 8 ,  and 43 of  the f ina l draft  
report , and we be l ieve that  the  proposed integrat ion of  
mode l s  wi th real  data need s to be  rigorous ly pursued 
throughout the test ing and eva luat ion pe riod . 

Wha t  we have just  s t ated i s  espec ially t rue of  the 
samp l ing scheme chosen for organic compound s .  The 
commit tee cons iders organic c ompounds to be part icularly 
impo rtant for judging the EEWTP . The f inal draft report 
give s  insu f f ic ient at tent ion to the basis  for the 
selec t ion of  the sampl ing frequency for the de tai led 
analyses of organic compound s presented in Tab le 3 . 1 of 
the Repo rt . Thi s  aspec t of the testing program needs to 
be more c are ful ly reviewed . 

In regard to  samp l ing and analys i s  of  parameters to 
determine process e f fect iveness , we c onc lude that : 

• Wa ter qual ity data on both the raw water input to  
the p lant and the finished output wa ter should be 
corre lated with weather and othe r  significant events 
such as  chemical s p i l l s ,  which could a l ter the 
effec tiveness  of t reatment processes . 

• COns iderat ion should be given to  us ing manual 
chemic a l  oxygen demand ( COD )  ana lys i s  on a rout ine bas i s  
for back-up i n  case the automated ins trumentat ion fa i l s .  

• Toxicolog ic a l  tes t s  shou ld be made on samples  tha t  
· have been comp lete ly cha rac teri zed ana lyt ica l ly .  

Ana lys i s  f o r  synthet ic o rganics  and in vitro t e s t s  us ing 
the same t e s t  samp le should be coord inated . 

• Fo r a crit ique of the ant ic ipated toxicolog ical  
tes t ing ,  more deta i l s  than are pre sented in the fina l 
dra f t  repo rt wou ld be required on the Ames tests  and 
mamma l ian c e l l  culture t e s t s  tha t are now proposed . For 
example , how wi l l  the water samples  to be tested be 
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t aken and prepared , how wi l l  vo l a t i l e  compound s be 
hand led ,  and what spec i f ic t e s t  protocols  wi l l  be used? 

• Samp ling and test ing for virus es in raw and 
f inished water shou ld emp loy s t ate-of-the-art 
techniques--a mat te r  the commi t t ee cons iders important 
bec ause of the rapid deve lopment s  be ing made in vi rus 
detec t ion . 

A c ruc ial aspec t o f  the evaluat ion o f  the te st  re su l t s  
i s  the choice of  s tandards  agains t which t o  make 
comparisons . The Corps ha s chosen to  apply na t iona l 
drinking water regulat ions and standard s as we l l  as the 
qual ity o f  the wa ter provided by i t s  Wa shington Aqueduc t 
Divis ion. We agree with th i s  dec ision , insofar as 
qua l i ty c r i teria for munic ipal wa ter supp l ies taken from 
pol luted sources do not exis t ,  but as we stated in ou r 
Augus t 4 ,  1 9 7 7  letter report we sugges t  that the 
comparison shou ld also  be made with the other  major 
water supply sources  in the me tropol i t an Washington 
area . Thi s  pos i t ion is  based on our understand ing that 
a fu l l-scale  es tuary water trea tment p l ant could se rve 
the ent i re me t ropol itan area through a series o f  
f inished wa ter interconnec t ions . In our earl ier report , 
we suggested that the quality  of  the treated estuary 
wa ter be compared to the f ini shed wa ter supp l ies of 
othe r c it ie s  whe re reasonab ly comparab le data exi s t . 
The c ommit tee hopes that analy t ic comparisons wi th wa t e r  
e l sewhe re remains a prac t ical  cons iderat ion within the 
Co rps ' EEWTP proj ec t .  The U . S .  Envi ronmental Protect ion 
Agency has studied the drinking water of  some 80 c i t ie s , 
and there fore , data comparab le to tha t  required for the 
EEWTP are at hand . 

On page 7 of  the f ina l draft re port , under the head ing 
Eva luat ion o f  Water Qua l ity, there is a statement tha t 
eva luat ion of  the EEWTP i s  hampered because , among othe r  
things 1 the re is  "no bas is  f o r  assurance that t he pub l ic 
wi l l  accept any qual ity o f  wa ter produced from the 
es tuary source . " We t ru s t  that ins ight into the 
uncert ainties of pub l ic acceptance wi l l  come from the 
Co rp s ' ongoing Met ropo l itan Washington Area Water Supp ly 
Study . Wi thout this informat ion ,  the es tuary cannot be 
fu l ly eva luated as an a l terna t ive wa te r supp ly source . 

Our f inal c omment concerns the parameters of  wa ter 
qua l i ty to be stud ied and the samp l i ng locat ions and 
frequenc ies pre sented in Tab les 1 and 3 in the f ina l 
d ra f t  repo rt . We encourage the Corps to remain f lexib le 
about such mat ters so as  to  a l low adjus tment s  to new 
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trends in  technical informat ion and to data that become 
avai lab le during the EEWTP projec t .  As more sc ient i fic 
informat ion or  guide l ines become ava i lab le on us ing 
po l luted sources of wate r for munic ipa l supp l ie s ,  it may 
be prudent to modi fy the samp l ing and parameter analysis 
program to  inc lude e ithe r more o r  fewe r process  point s 
and qua l i ty c r i teria . We recognize that  an awarenes s  of  
thi s  i s  evident on  pages 55-5 7 of the fina l draft  
report . We add one caut ionary note : Expert advice 
shou ld be sought in dec id ing the fina l  parame te rs of 
water qual ity that wi l l  be used for evaluat ing the 
EEWTP. The Corps may find itse l f  subj ect  to critic ism 
and c ontroversy i f ,  as s tated on page 5 7  of the f inal 
dra f t  report , certain evaluat ions are ·�ased on 
guide l ines  determined to  be acceptable to  the Corps of  
Enginee rs . "  

In c los ing , the commit tee is  p leased to  c ommend the 
Corps on the overa l l  progres s  made in deve loping the 
tes t ing and eva luat ion program. Al though we f ind tha t 
seve ra l  aspec t s  of the program ought to be s t rengthened , 
as we have noted above , our gene ral  view is  that the 
program is a reasonab ly adequate one . Its succes s wi l l  
depend i n  large part on the knowledge , experience , and 
ski l l s  o f  those who ope rate , test , and eva lua te the 
EEWTP, whether they a re members of  the Corps ' staff  or 
cont rac tors . We encourage the Corps to cont inue to be 
int imate ly invo lved in and informed o f  the s t atus of the 
projec t ,  even though non-Corps personne l may have the 
day-t o-day working re spons ibi l ity for the EEWTP. 

The c ommit tee appreciates the assistance that the 
Corps ' s t a f f  and consultants have g iven us in conduc t ing 
thi s  review , and we look forward to receiving any 
comment or ques t ions that th i s  letter report may e l ic i t .  

cc : Danie l J .  Mahoney 
Mi cah H. Naftalin 
Charles R .  Ma lone 

S ince re ly yours , 

Gerard A.  Rohlich 
Chairman , Commit tee to  
Review the Po tomac Estuary 
Experiment a l  Water 
Treatment Plant Proj ec t 
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LETTER REPORT OF NOVEMBER 6 ,  1981  
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Novembe r 6 ,  1981  

Ba l t imore Di s t rict , Corps of Eng ineers 
P. O .  Box 1 7 15  
Ba lt imore , Mary land 21203 

Dear Colone l Peck : 

On March 1 8 ,  1 981 the Commit tee t o  Review the Po tomac 
Estuary Experiment a l  Water Treatment Plant Project  me t 
with members o f  your s t aff  to d i scus s  the te s t ing and 
evaluat ion program underway in the Corps ' Experimental  
Es t uary Water Treatment P lant ( E EWTP) study . This  
let t e r  c onveys our views on the program and there fore 
cons t i tutes a c ont inuat ion of  the Nat ional Re search  
Counc i l ' s  review of  the EEWTP as spec if ied in Cont ract 
Numbe r DACW3 1 7 6  C 0069 be tween the Department of  the 
Army , Corps  of Engineers , Bal t imore Dis t ric t ,  and the 
Na t ional Academy of Sc iences . 

The lette r report bas been reviewed on beha lf  of the 
Na t ional Re search Counc i l  by an independent group o f  
expe rt s ,  othe r  than membe rs of t he commi t tee , according 
to the customary procedures  approved by the Report 
Review Commit tee of  the Nat iona l Ac ademy of Sc iences , 
the Nat ional Ac ademy of  Eng ineering , and the Ins t i tute 
of Medic ine . 

BACKGROUND 

Sec t ion 85 of  the Water Resources Deve lopment Ac t  of 
1974 ( Pu b l ic Law 93-2 51)  authorizes the Corps of 
Enginee rs to  cons t ruc t , operate , and evaluate a p i lot  
pro j ec t  on the es tuary of  the Potomac River  to determine 
the feas ibi l ity o f  using the es tuary as  a water supp ly 
sourc e  for the me tropoli tan Wa shington , DC a rea . The 
legis lation spec ifies  that the wate r  t reatment project 
wi l l  be operated and tes ted for a period of  two years 
and that resu l t s  of the s tudy wi l l  be reviewed by the 
Nat ional Ac ademy of Sc iences and Nat ional Ac ademy of  
Engineering . 

When the Corps o f  Eng ineers began i t s  Experimental 
Estuary Wate r Treatment Plant ( EEWTP ) s tudy in 1 9 76 , the 
Ac ademies through the Nat ional Re search Counc i l ,  

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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e s t ab l i shed the Commit tee t o  Review the Potomac Es tuary 
Experiment a l  Wate r  Treatment Plant Projec t .  The 
commit tee ' s task has been to observe and comment on the 
s tudy at  appropriate stage s , and also  to  review and 
report on the Corps ' f inal report to Congress . 

S inc e 19 76 , the commit tee has me t seven t imes to 
review the EEWTP s t udy , and ha s prepared three letter  
repo rt s ,  subsequent ly transmit ted to  the Corps o f  
Eng ineers b y  the Nat ional Research Counc i l .  The f i rs t  
report , dated March 2 ,  1977 , commented upon the des ign 
analysis  and spec if icat ions for the EEWTP. Subsequent 
report s ,  dated Augus t  4,  1977 and March 22 , 1979 , 
commented re spec t ive ly on proposed and final p l ans for a 
te s t ing and evaluat ion program for the EEWTP. The 
commit tee ' s  1 9 79 l e t ter report addres sed i t se l f  to  the 
Oc tobe r 1978 f ina l report on the tes ting and evaluat ion 
program, t i t led "Deve lopment of  a Te s t ing and Eva luat ion 
Program for the Experimental Es tuary Water Treatment  
Plant , Washington , DC" ( pre pared fo r the Corps by 
Ma lcolm Pirnie , Inc . ) .  

At i t s  s ixth meet ing , on November 20 ,  1 9 80, the 
commit tee learned that the two-year  testing and 
eva luat ion program for the EEWTP would begin on Ma rch 
16 , 1981  and that the program wou ld be based on the 19 78 
report by Malcolm Pirnie , Inc . Because the outcome of  
the  s tudy depends so  crit ical ly on  the tes t ing and 
eva luat ion program,  the commit tee took two s teps to  
ensure that  it  was fami liar  with the program. Firs t ,  
the commi ttee asked i t s  Pane l on Qua l i ty Criteria for 
Water  Reuse to  review plans for the program as  of  
January 1 981 . Second , the  commi t tee reque s ted a Corps 
of Enginee rs briefing on the program as  ac tua l ly 
imp lemented on March 1 6 .  Such a brief ing was arranged 
for March 18 , two day s after the EEWTP test ing program 
began. 

The pane l ,  whose u l t imate  task i s  deve loping criteria 
for t he acceptab i l i ty o f  reused was tewate r ,  me t on 
January 1 9  to  d i scuss the human he alth aspect s  of the 
test ing and eva luat ion program. In February i t  
transmit ted i t s  report comment ing on the program t o  the 
commi t tee . 

Thu s ,  on March 1 8 ,  at i t s  seventh meet ing , the 
c ommit tee had avai l ab l e  to it  the pane l repo rt and 
informat ion from the Corps on the test ing and eva luat ion 
program as ac tua l ly imp lemented . After cons idering a l l  
the materials avai lab l e ,  the c ommi t tee dec ided that the 
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pane l ' s  c omments we re s igni f icant to wa rrant th is  let ter 
report . 

THE EEWTP TESTING AND EVALUATION PROGRAM 

Jame s H .  Montgomery , Consu l t ing Enginee rs , Inc . , i s  
operat ing and test ing the EEWTP for the Corps of 
Enginee r s .  An exp l ic i t  descript ion of the program, i n  
Montgomery Fi le No . 1040. 01 60, wa s made avai lable to the 
commi t tee.  Because the exi s t i ng program bui lds on the 
one init ia l ly deve loped by Ma lcolm Pirnie , Inc . , 
unde rstanding the test ing now unde rway requires a 
fami l iarity wi th Pi rnie ' s  Oc tobe r 1 9 7 8  report . 

To he l p  those fami l iar with Pirnie ' s report , we are 
appending two documents from the Montgomery material 
that ref lec t al terat ions in the comp l ex test ing and 
eva luat ion program f ina l ly imp lemented . At tachment A 
provides t he crit ica l information on the types and 
frequenc ies of tes t s  be ing c onduc ted on the EEWTP. Th i s  
informa tion i s  keyed b y  numbe rs to  spec i f ic locations  
and t reatment processes in the  p lant as shown on 
Attachment B .  To provide more informat ion than this 
would render our re port need les s ly comp lex for the 
purpose of conveying ou r c omments to the Corps . 

COMMENTS 

The EEWTP test ing and eva luat ion program , as presented 
to the commi ttee and re f lec ted in At tachments A and B ,  
appears reasonab le .  It  embod ies f lexib i l i ty that wi l l  
pe rmit future a l terat ions ba sed on analyses of 
cont inuing tes t s .  For example , i f  data on 
concentrat ions of inorganic c ompounds indicated that 
less  frequent ana lyses  wou ld suff ice , those tes ts  could 
be reduced in numbe r and frequency . Th i s  would conserve 
the program ' s scarce resou rce s ,  al lowing them to be 
concentrated e l sewhere , such as  on the health aspec ts  of 
the program. 

The c ommi t tee be l ieves i t  is  important t.o conduc t the 
program in the mos t  cost-effec t ive manne r poss ib l e ,  so 
that resourc e s  may be made ava i lab le for add it ional 
heal t h-re lated test ing . Accordingly , the commi ttee 
endorses the changes in the test ing program recommended 
by the Pane l on Qual i ty Criteria for Water Reuse 
(At t achment C ) . 
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The importance of  suffic ient tes t s  on potent ial  heal t h  
effec t s  cannot b e  overempha sized . When the EEWTP s t udy 
was conce ived during 1974-76 , the potent ial  risks o f  
organic chemicals i n  drinking water was not we l l  
unde rs tood as  it  i s  today. Thi s  aspec t of  wate r qua l i ty 
sc ience has deve loped rapidly in more recent years , so 
that i t  now dominates the succes s  of  the EEWTP. Publ i c  
acceptance o f  the concept of  wa ter reuse embod ied i n  t h e  
EEWTP s tudy wi l l  depend upon the Corps ' abil ity  to  
demons trate that the  wa ter i s  s a fe to  drink. Such a 
judgment , in  terms o f  water qua l i ty sc ience as  now 
perc e ived , wi l l  res t  heavi ly on the consequences of such 
tes t s  a s  sugges ted by the pane l .  

We recognize that these concerns we re not apparent 
when the s tudy was conce ived and tha t to take them into 
account now wi l l  requ ire modi f icat ion of  the te s t ing and 
evaluat ion program. A comp lete  reeva luat ion o f  the 
program i s  unnecessary ,  since  the plan embodies enough 
f lexib i l ity to accommodate mos t of these c oncerns . 
However, incorporat ing add it ional health e f fec ts  te s t s  
wi l l  b e  cost ly , and our fina l recommendat ion i s  tha t  
prompt e f fort s b e  made to  secure addit iona l fund s .  The 
attached pane l report ( At tachment C )  inc lude s guidanc e 
as  to  the add i t iona l t e s t s  required and their  cos t s . 

FUTURE PLANS 

The commit tee hopes to have the opportunity , at an 
appropriate stage , to s tudy res u l t s  of the EEWTP test ing 
and evaluat ion program tha t  began on March 1 6 .  Our 
underst anding of  the program ' s  schedu le sugges t s  that 
subs tant ial and s igni f icant data wi l l  be avai lable after  
s ix months o f  tes t ing . With this  in mind , we wi l l  
schedule a one-day meet ing late in 1 981 , in hopes tha t 
the Co rps can provide material for our s tudy and 
subsequent d i scuss ion. 

The cooperat ion of  the Corps and its consul tant s wi th 
the commit tee has been exemp lary .  We look forward t o  
cont inued appra isals  o f  the EEWTP test ing and eva luat ion 
program and to  future phases of  the s tudy . 

On beha l f  of the Commit tee to  Review the Potomac 
Estuary Experiment a l  Wate r Treatment Plant Proje c t  and 
i t s  Pane l on Qua l i ty Criteria fo r Water Reuse , I remain 
respec t fu l ly yours , 

Pe rry L .  McCarty , 
Chai rman of the Commi t tee 

Copyright © National Academy of Sciences. All rights reserved.

The Potomac Estuary Experimental Water Treatment Plant:  A Review of the U.S. Army Corps of Engineers, Evaluation of the Operation, Maintenance and Performance of the Experimental Estuary Water Treatment Plant
http://www.nap.edu/catalog.php?record_id=19342

http://www.nap.edu/catalog.php?record_id=19342


- 121 -

ATTACHMENTS 

A. "Frequency of Sampl ing" (at tachment C from 
Montgomery ) 

B .  "EEWTP-Au t omat ic Compos ite Samp l ing" ( a t t achment F 
from Montgomery )  

C. "Review of the Samp l ing and Ana lytical Programs of 
the Potomac Estuary Experiment a l  Water Treatment 
Plant" by the Pane l on Qua l i ty Cri teria for Water  
Reuse . 
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Siae .. eded Preaervet ion 
for Anelya ia end Hand l in& 

Analyt ic al 
Method 

50 cc 
200 cc 
100 cc 
100 cc 

200 cc 

100 cc 
10 c c  
1000 cc 
2 5  cc 

10 c c  

2000 cc 

200 
300 
10 cc 
50 c c  
2 5  cc 
200 cc 
10 cc 
10 cc 
10 cc 
1000 cc 

10 cc 
10 cc 
10 c c  
1 0 0  cc 
4000 cc 
60 cc 
25 cc 
200 cc 

2 5  cc 
2000 cc 
100 cc 
100 cc 
Up to 500 &al 
6 1 
10 cc 
Up to 500 &a l 
100 1 

100 1 

4oc 
4°C--aleaa ,  DO heed 
4oc 

chloroplat inate 
apac e tbreabo ld 

evaporation 
fil tration 40C enelyaia in 24 hra . 

in a itu conduc t ivity 
4°C--a l••• • no heed 
in aitu 
4oc--24 bra . 

a pace c o.periaon 
tbe�ter 
turbidiMter 

4°C 
40C--JiaCl2 
40C 

i-d iete 
i-d iete BOD bo t t l e  
40C--pleatic 
40C HII03pR2 
40C 
40C H1103pR2 
40C H2S04pH2 
4°C H2S04pB2 
40C H2S04 
i-diete 
in aitu 
4oc plea t i c  
40C 
40C pH 1 2  
4°C 
40C eatrec t in 7 deya 
4°C-MeSO , no heed apace 
4°C-Neso3, no heed a pace 
4 °C-Meso 3  no heed apace 

3' 
H2S04 
HII03 
Sterile 
Sterile 
Sterile 
Sterile 
S terile 
Sterile 
rea in 4oc 

eutoMted .. thyl orenae 
electron •icroacope 
ion cbro.etoarephy 

eutoMted Jla ( SCN )2 

Meaure rea iduel 

a.perc.etric 
elec trode 
euto.eted c o.pleac.e 
ICP for Ce + M& 
ion-cbro.etoarephy 
ICP 
eutoMted phenate 
euto.eted Cd redue t ion 
eu toMted eacorbic ac id 
iodo.etric 
electrode 
ICP 
euto..ted M thyltby.ol 
euto.eted c oloriMtric 
coloriMtric 
GC/GC-MS 
GC 
TOC enalyaer 
TOX enelyaer 

euto.eted phenate 
proport ional c ounter 
U.ultue .... y 
... brene count in& 
countin& f i l ter 
MP!f 
200C incubat ion 
concentrate end count 
elute fro. reain - teat 

elute fro. reain - teat 

ATTACIICDT A 

leference 

IPA 1 10 . 2  
IPA 140 . 1  
IPA 160 . 1 
IPA 160. 2 
IPA 120 . 1  
APIIA 221A 
IPA 1 170. 1 
IPA 110 . 1 
IPA 310 . 2  
IPA interi• 
IC And of lnv 
Pol lutant a ( 1971) 
IPA 3 2 5 . 2 

AS'DI 123 7 

Anelya i a  
Loc ation 

IIWTP 
••• 
IIWTP 
IIWTP 
IIWTP 
••• 
IIWTP 
IIWTP 
••• 
••• 
••• 

••• 

IIW'l'P 

APIIA 409C IIW'l'P 
IPA 360 . 1 IIWTP 
IPA 340. 3 Pea 
Ped le& iater 1 2 / 7 9  Pea 
D IONIJ.: Doc�nt Pea 
Ped le&iater 1 2 / 7 9  Pea 
IPA 350. 1 Pea 
IPA 353. 2 Pea 
IPA 365 . 1 Pea 
APRA 423A IIWTP 
IPA 150 . 1  IIWTP 
Ped leaiater 1 2 / 7 9  Pea 

b lue IPA 3 75 . 2 Pea 
IPA 335 . 3  Pea 
IPA 425. 1 Pea 
red le&iater 1 2 / 7 9  Pea 
IPA 5 01 . 2  Pea 
IPA 415 . 1  Pea 
TOJ.: Joint Teak Pea 
Group leport 
IPA 3 51 . 2  Pea 
APRA 7 03 Pea 
DIPOO Pea 
APRA 909 IIWTP 
IPA-600/9-79-001 Pea 
Modified APRA 912A I IWTP 
APRA 90 7 IIWTP 
Mod ified APRA 913 Pea 
Mutation le aeerch Pea 
31 : 34 7-64 ( 1975) 
Cancer leaeerch Pea 
33, 3239-69 ( 19 7 3 )  
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rDQUIRCY OP UMPLIRG AT S IT! # 

Type o f  
Analya i a  1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  13 1 4  1 5  16 17  18 19 20a 20b 20c Sample 

Co lor D D D D Co.poaite 
Odor D Co.poa i t e  
TDS D D D D D Co.poa ite 
TSS D D D D Co.poa i t e  
E .  C.  c c Continuoua 
Te ate D D Co.poa i t e  
Teaperature c c c c c c Cont inuoua 
Turbid ity D D C  C D D D D c c Co�a i t e  
Alka l inity D D D D Co.poa ite 
Aabe a to a  w w w  w w w w w w Co.poa i te 
Br011ide D D D C011poa i te 

Chloride D D D D D Co.poa i t e  
Chlor ine 

Deund G Grab 
Chlorine 

R u idua l G G Grab 
.Die Oxygen G C G G G Grab 
Fluor ide D D D C011poa i te 
Hard nee a D D  D D D Coapoe i te 
Iod ide D D D  D D Co.poa ite 
Me t a l a  D D D D D D D Co.poe i te 
�ia D D D D D Co.poe ite 
H03-N02 D D D D Co.poe i t e  
Ortho -P04 D D D D Co.poe ite 
Ozone G G Grab 
pH c c c c c c c c Cont inuoua 
Sil ic:a D D D D D Co.poaite 
Su l fate D D D D D Co.poe i te 
Cyanide D D D  D D C011poa ite 
MBAS D D D D D Co.poa i t e  
soc T M T T T T Coapoe ite 
Till s s S** 8** s s Co.poe i te 
TOC D D C c c c c c c c D D D D D Coapoa ite 
TOX D D D D D D D Coapoe i te 

TON D Co.poa ite 
bd iolog ic: a l  SW w w w w w Co.poa i te 
Endotoxin M M  M M M Grab 
Co l i  fora G G  G G G Grab 
Par au tea M M  M M M M M M Grab 
Salaoue l la M M  M M M Grab 
SPC G G G G G Grab 
Viruae e M M  M M M M M M Grab 
Aaea w w w w Grab 

Mat • a ban M M M M Grab 
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ESTUARY WATER 
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OFF ·SHE F IN ISHED H20 SAMPLING POINTS 

OALECARLIA WTP 120AJ 0 0  ® ® 0 
FCWA 12081 0 ®  ® 0 
WSSC ! lOC I  0 ® ® 0 

0 MANNING SAMPLER !NO PRESERVATIVE! 

0 MANNING SAMPLER IW/ NAOH FOR CVANIOEI 

® EI"A NO HEAD SPACE SAWLER IWI 
NA,SOJ FOR TOCITOXfTHMI 

® EPA NO HEAO SPACE SAMPLER INO 
PRESERVATIVE FOR TASTE. OOOR, OR SOC I 

0 !'!��N
N
O�� s::6��'6:�e��c:

L�R METALS. 

EEWP-AUTOMATIC COMPOS ITE SAMPLING 

I 
.... 
N 

t 
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ATTACIMENT C 

REVI EW OF THE SAMPLING AND ANALYTICAL PROGRAMS OF THE 
POTOMAC ESTUARY EXPERIMENTAL WATER TREATMENT PLANT 

by the 

Pane l on Qua l i ty Criteria for Water Reuse 

for the 

Commit tee to  Review the Potomac Es tuary Experimenta l  
Water Treatment Plant Projec t  

Th e  Pane l on Qua l i ty Criteria f o r  Water Reuse i s  
assemb l ing a report o n  the assessment o f  hea l th e f fec t s  
criteria f o r  water reuse .  In the proces s of  developing 
this  report the pane l was asked to review the sampl ing 
and ana lytica l programs of the Estuary Experiment a l  
Water Treatment Plant ( EEWTP) Study . In the pane l ' s 
opinion , changes in the test ing program wou ld yie ld data 
be t ter s u i ted t o  address ing the i s sue of  human hea l th 
e f fec t s  due to  chemical  const ituent s .  The primary is sue 
in eva luat ing the success of the EEWTP is the usefulness  
of the  test  programs re su l t s  in judging t he potent ia l 
heal th e f fec t s  of  reused water. Unless the program 
enab les  such judgments ,  i t  i s  que s t ionab le whether  the 
goal o f  determining potab i l i ty c an be achieved . 

The experimenta l  plans reviewed by the pane l are in 
need of improvement in two important areas : 

• Predi c t ive test ing for adverse hea l th effec t s  
• More c omprehens ive organic analyses . 

Each o f  these areas is treated brief ly in the sec tions 
that fo l low.  

PREDICTIVE TEST ING FOR ADVERSE HEALTH EFFECTS 

The pane l i s  of the opinion that the mos t  prac t ic a l  way 
to make health  e f fec t s  j udgment s  of  the wa ter from the 
Potomac Estuary is to compare the potent ial  adverse 
hea l th e f fec t s  of current ly used , c onvent ional potable  
water supplies  and water prepared from treated 
was tewater e f f luent b lended with Potomac e s tuary water.  
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(We note  howeve r ,  tha t such a comparison does not 
indicate the absolute hazard o f  e i ther source . )  

Ri sk eva luat ion res t s  on a series o f  toxicological 
procedures that re ly eventua l ly on responses in whole 
anima l s .  Trad i t iona l ly , ind ividual  chemica l s  are 
eva luated in such t e s t s . However,  reused wa ter contains 
mixture s o f  many chemical s ,  and evaluat ions of the 
treatment process mus t  take thi s  real i ty into account . 
The hea l th e f fec t s  test ing recommended here involve s  
eva luat ing the e f fec t s  of  exposure to mixtures in whole 
anima l s .  Thi s  approach depart s from t rad it iona l 
toxicological procedures , bu t i t  more c losely repre sent s 
ac tua l human exposure . Furthe r ,  the pane l recognizes 
that  genera l l y ,  in the te s t ing of  health e f fec t s  of rea l  
environmenta l  sample s , regardless  o f  environmenta l 
med ium, such mixtures shou ld be used . 

I t  wou ld be virtua l ly impos s ib l e  to  eva luate 
thoroughly and compare the hea l th e f fec t s  d i f ferences o f  
reused and "conventiona l " water based o n  analys i s  o f  
individual c ompounds a l one . Dat a  of  this type are no t  
only t ime-consuming to  obtain,  b u t  are a l s o  incapab le o f  
pred ict ing the heal th e f fec t s  of  combinat ions o f  
chemical s .  The number o f  compound s a l ready ident i f ied 
in dr inking wa ter suppl ies , a l though large , repre sent s 
only 10-15  pe rcent of the tota l  organic  carbon known t o  
b e  pre sent . I t  i s  impos s ible to  prepare accurate 
synthet ic  mixtures for use in  whole  anima l s tudies , and 
concentrates of organic cons t i tuents  from ac tua l wa ter 
samples  must  be used . 

The test ing o f  mixtures  in anima l s  does c reate 
problems in the inte rpretat ion of  resu l t s  for risk 
evaluat ion purposes , be s ides the usual prob lems of 
extrapolat ing the high concent rat ions (doses ) needed for 
test ing to  the levels  to  which humans would be exposed 
to in drinking water. The fol lowing fac tors assume 
experimental  importance , owing to the complex and 
undef ined compos i t ions of the mixture s involved : 

• The variab i l ity of  samp le compos i t ion wi th t ime 
• Add i t ive ,  synergistic  or antagonis t ic effec t s  o f  

mixture c omponent s 
• The inf luence of  concentrat ion procedures on the 

chemica l and phys ical  compos it ions of  test  material s 
• The chemical and phys ical s t ab i l ity of  concentra t e s  

wi th t ime . 
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Anima l s tudies  wi l l  require large quant ities  of wate r 
concentrates . A c oncentrate c an be obtained and used 
throughout the s tudy , or  it  can be prepared on a 
continuing basis  over the course o f  the study . The 
lat ter i s  preferab l e ,  because i t  more accurate ly 
s imu lates ac tual human exposure . Any e f fec t s  observed 
in anima l studies  wou ld be compared to  resu l t s  obtained 
with c onvent ional wa ter supp l ies us ing s imi lar 
concentrations . 

Cons iderat ions of  concentra t ion fac tors are cent ra l to 
the test ing sequenc e .  The aim i s  to  obtain high enough 
concentrat ions to get measurab le toxic e f fec t s  whi l e  
minimiz ing the formation of  art i fac ts  (effec ts  due t o  
the c oncentrat ion procedure) . Th e  potent ia l f o r  such 
effec t s  should be eva luated toxicologica l ly before 
dose-response te s t ing . Th i s  can be accomp lished in 
sho rt-term test s ,  such as t he Ames tes t , at a constant 
dose but varied c oncentrat ion fac tors . Dose-re sponse 
tes t ing can then be carried out at  a concentrat ion 
fac tor that d i sp lays no such c oncentrat ion e f fec t s .  

Because .of the uncertainty i n  t h i s  area i t  wou ld a l so 
be wise t o  prepare concentrates by at leas t two 
complementary procedure s .  Although mac roret icular 
res ins a re useful for concentrat ing aqueous samples , 
espec ia l ly for nonpolar cons t i tuent s and aquat ic humic 
material , recovery of polar c ons t i tuent s from these 
res ins i s  variab le .  Al though it  may no t be necessary 
for analytical purposes , i t  i s  recommended tha t reverse 
osmos i s  ( RO)  be emp loyed as  a complementary 
concentrat ion me thod , s ince this proc ess is  a l ready 
avai lable  as a unit  ope rat ion of the EEWTP. The bui ldup 
of s a l t  during the RO concentrat ion process mus t  be 
cons idered ; it may be necessary to desa l t  as we l l , 
perhaps by e lec trodia lys is . 

In se lec t ing the ac tual health e f fec t s  s t udies to  be 
performed , t he pane l recommend s emphas iz ing those types 
of toxic ity termed irrevers ible e f fec t s  ( inc lud ing 
carc inogenic ity , teratogenic i ty , and gene t ic effec t s ) . 
Some o f  these t e s t s  re quire chronic exposure to  samp les  
of wate r concentra te s .  Howeve r ,  s ince chron ic studies 
take l ong periods  of  t ime c ompared with the t ime course 
of thi s proj ec t ,  short-term tests  ( e . g . , mutagenic ity , 
teratogenic ity and in vi t ro t rans format ion assays)  could 
be used to  determine-t he emphas is  given to  later chronic 
exposure t e s t s .  

Po s i t ive re su l t s  i n  the short-t erm t e s t s  could form 
the bas i s  for a l terations in the treatment process . 
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Such changes , which reduce the short-term toxic i t y  of  
wa ter c oncentrates , shou ld precede the  se lec t ion of 
samples  for in vivo test ing .  Al so , seasona l variat ions 
in the c ompos i t ion of  reused wa ter mixtures  that af fec t 
the f ina l produc t from the treatment process  shou ld be 
eva luated . 

The pane l envi s ions toxicological evaluat ion o f  water 
concentrates as  cons ist ing of three separate phases . 
Pha se I inc ludes short-te rm  in vi tro ,  te s t s  and an in 
vivo , mouse  or rat s tudy . Data  from Phase I can be-­

obta ined re lat ive ly qu ickly and inexpens ively ,  and are 
indicat ive o f  mutagenic , carc inogenic ,  and teratogenic 
potent ial as  we l l  as  target  organ toxic ity . Phase I I 
and Phase I I I  testing are required to  evaluate the 
ini t ia l  toxicological t e s t  re su l t s  for re levance to 
human hea l th effec t s .  Phase I I  tes t s  involve a 
subchronic 9 0-d ay feed ing s t udy in rodent s or dogs , and 
a reproduc t ive s tudy in rodent s .  Phase I I I  te s t s  
involve chronic s tud ies of  carc inogenic i ty and other 
spec i a l  eva luat ions . The pane l recognizes that  
revers ible toxic ef fec ts  may be  as  import ant as  
i rreversib le effec t s , however the pane l d id not 
spec i f ically address  this i s sue .  Th i s  was due in part 
to t he ove ra l l  concerns with irrevers ib le effec t s  and 
a lso because it was thought that careful imp lementat ion 
of Phases I I  and III would be ab le  to  detec t reversible 
as  we l l  as  irrevers ible ef fec t s .  

Phase I tes t s , inc luding in  vit ro and i n  vivo 
component s ,  are recommended�or immediate-imp lementat ion 
in the EEWTP ana lytical  program. The fu l l  pane l repor t  
wi l l  address  a l l  phases o f  toxicological evaluat ion. 

PROPOSED PHASE I TESTING 

In Vi t ro Tes ts -- -----

Short-term t e s t s  inc lud ing mut agenic ity and in vi tro 
trans format ion mode l s ,  have been used to  predice-the 
mutagenic and carc inogenic po tent ial s of chemicals  from 
a va riety of environmental  sourc e s .  Th e  degree o f  
corre lat ion between t he resu l t s  of  these tes t s  and tho s e  
o f  whole  animal s tud ies has been high enough to  make 
these t e s t s  va luab le in sc reening large numbe rs o f  
chemicals  to  e s tab l ish the need f o r  further 
toxicologic a l  evaluations . The pre l iminary evaluat i on 
of reused water for pos s ible  health  e f fec t s  requires  

Copy r i gh t  ©  Na t i ona l  Academy  o f  Sc iences .  A l l  r i gh t s  rese rved .

The  Po tomac  Es tua ry  Expe r imen ta l  Wa te r  T rea tmen t  P lan t :   A  Rev iew  o f  t he  U .S .  A rmy  Co rps  o f  Eng inee rs ,  Eva lua t i on  o f  t he  Ope ra t i on ,  Ma in tenance  and  Pe r fo rmance  o f  t he  Expe r imen ta l  Es tua ry  Wa te r  T rea tmen t  P lan t
h t t p : / /www.nap .edu /ca ta log .php? reco rd_ id=19342

http://www.nap.edu/catalog.php?record_id=19342


-12 9-

test ing large numbers of water concentrates from 
experimental puri f icat ion p lant s ;  short-te rm  t e s t s  wi l l  
b e  needed a s  a part o f  t he ini t i a l  biological  test ing 
scheme . 

Short-te rm  te s t s  may be grouped accord ing to the 
spec i f i c  informat ion required . The Tox ic Subs tances 
Contro l  Ac t Interagency Te s t ing Commi t tee workshop he ld 
in San Antonio , Texas , in Februa ry 1 9 7 9 , recommended one 
such grouping for detect ing c a rc inogenic potent ial : 

a .  Point mutation in  Salmone l l a  typhimurium (Ames 
As say ) 

b. Gene mutat ion in mamma l ian ce l l s  such a s  mouse 
lymphoma or Chine se hams ter ovary mode l s  

c .  � vitro t rans format ion. 

These three type s of  as says , used as a bat tery ,  were 
recommended based on thei r  degree of  corre lat ion with 
rodent bioas says and t he value o f  a negat ive resu l t . 

In Vivo Te s t s 
- --

It i s  customary to conduc t acute toxic ity  tests  for 
general and terato logical toxic i ty in rats or mice . In 
thi s case  the t e s t  materia l i s  administered once o r  
severa l  t imes over a re lat ive ly short period o f  t ime , 
and the anima l s  or  the i r  offspring a re observed for 
toxic and letha l  e f fec t s .  Th i s  pane l recommends a 
14-day ora l  s tudy in mic e .  An LD so ( le tha l dose to  50 
pe rcent of  t he populat ion) shou ld be determined i f  
pos s ib le .  Th e  s t udy should inc lude i n  vivo cytogenet ic 
ana lys i s  (me taphase)  o f  bone marrow �1� 
his topatho logical analysi s  of  target  organs and c l inical  
pathology . The pane l recommend s  also  an 18 to 20-day 
ora l s t udy in mice or rats ,  to  indicate teratological 
effec t s . 

EST�TED TEST ING COSTS 

Tab le 1 summarizes the est imated cos t s  of the 
recommended t es t s ,  inc lud ing an art ifac t format ion t e s t  
and toxic ity  d o s e  range finding . Cos t s  we re obtained by 
averaging e s t ima tes  given by two private toxicological 
test ing laboratorie s .  The va lues are given as 
approximat ions and may change when detai led t e s t ing 
protoc o l s  are prepare d .  
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TABLE 1 REOOMMENDED ADDITIONAL TESTS AND 
APPROX�TE COSTS 

Cos t  per Number of Tot a l  Cos t  
Te s t  Sample ( $ )  Samples { $ ) 

Po int mutat ion 
Gene mutat ion 
In vi tro t rans format ion 
Art t fac t formation tes t  
Tox ic i ty range f ind ing 
In vivo cytogenetic s -

Mice 
Rats  

General toxic i ty and 
LD50  ( 14-d ay > 

Te ratology ( Ra t s )  

4 , 800 
6 , 000 
6, 000 

13 , 5 00 
14 , 500 

1 8 , 000 
30 , 000 

In Vi t ro Te s t s  - ---

6 
2 
1 
6 

6 
6 

28, 800 
1 2 , 000 

6 , 000 
18 , 000-87 , 00 0  

108, 000 
180, 000 

No c o s t s  a re g iven for the gene and point mutat ion 
test s , s inc e they are parts  of  the current test ing 
pro toc o l . Co s t  for the in vi tro t rans formation te s t s  
are $4 , 800 pe r sample . -

--

In Vivo Te s t s  - --

The cos t s  for an in vivo ( 14-day ) dos ing schedule 
( LD5o > us ing 1 5  mice�each sex in control and 
treatment groups and inc lud ing only gro s s  nec ropsy,  
ranges from $3 , 000-$6 , 400 pe r sample .  The add it ion of 
bone marrow cytogene t ic analys i s  would add approximately 
$ 1 3 , 500 (mic e )  or $ 14 , 500 (rat s )  pe r samp l e .  Add it iona l 
c os t s  for teratological t e s t ing in ra t s  would be $30, 000 
per sample . 

The chances o f  d i scovering any s igni f icant t a rget 
organ toxicity  by l ight microscopy after on ly 14 days of  
dos ing i s  remote ,  and comp le te histopatho logical 
examinat ion is there fo re thought to be unneces sary .  By 
us ing only gross  pathology as a gu ide and examining only  
a few t i s sues (e . g . , l iver and kidney ) the tota l price 
( Ta b le 1)  would be kept at  approx imate ly $18 , 000 pe r 
sample . 
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OOMPREHENSIVE ORGANIC ANALYSIS 

Arrangement s should a l so be made to obtain organic 
ana lyses  othe r  than those represented by t he priority 
po l lutant s .  The pane l ' s concern i s  tha t mos t  o f  the 
organic  compo s i tion wi l l  probab ly not be priority 
pol lutants ,  but may be other ch romatographable organic 
const ituents appearing on the reconstruc ted ga s 
chromatograms ( RGC) of the priority p o l lutant frac t ions . 

I t  wou ld  be prudent therefore for Montgomery 
Eng ineers to e s t imate the re sources  required to ident ify 
a l l  peaks appearing in the RGC ' s .  This  may requi re a 
gas chromatography-ma s s  spec trome try ( GC-MS ) fac i l i ty 
capab le o f  e lec t ron impac t ,  chemica l  ionizat ion , and 
mas s  measurement ac curacy in the order of 10 ppm ( -

0 . 001  mas s  uni t s) . Th i s  accuracy wou ld give the best  
chance o f  evaluat ing the elemental compos i t ions of 
previous ly unident i f ied peaks on the RGC ' s ,  and wou ld 
there fore enab le a more extens ive qua l itat ive e s t imate 
of t he eff luent ' s organic compos it ion . 

At the ri sk o f  repe t i t ion i t  should be emphas i zed 
that the priority po llutant procedures are des igned to 
ident ify only a l imi ted number of s pec if ied compound s 
( t he priority po llutant s) . In fac t ,  without t hi s  
qua l i tat ive eva luat ion there c ould be a serious fa l se 
economy in the app l icat ion o f  re lative ly sophist icated 
cctHs techniques to  the e f f luent samp les . 

In add it ion , the frac t ions of  purgeab le and 
nonpurgeable o rganic chemicals  ident ifed and quant i f ied 
by the GC and GC-MS ana lyses  shou ld be estimated . A 
useful  approach would be to  c ompare the purgeab le and 
nonpurgeab le  organ ic carbon measured in the 
unconcentrated samp les  to  the va lues c a lculated from the 
summation of individua l ly quant i fied organic s in the 
c oncentrated vo lat ile  and nonvolat ile  frac t ions , 
respec t ive l y .  

Fina l ly ,  t h i s  comprehens ive organic ana lys is  wi l l  be 
vita l ly important for charac terizing the composit ion o f  
the concentrates prepared f o r  toxico logical test ing . 
Comparison of  this  data  with s imi lar data on 
unconcent rated e f f luent wi l l  permit some j udgment on the 
pos s ib l e  art ifac t s  int roduced in the concentrat ion 
process . 

Copyright © National Academy of Sciences. All rights reserved.

The Potomac Estuary Experimental Water Treatment Plant:  A Review of the U.S. Army Corps of Engineers, Evaluation of the Operation, Maintenance and Performance of the Experimental Estuary Water Treatment Plant
http://www.nap.edu/catalog.php?record_id=19342

http://www.nap.edu/catalog.php?record_id=19342


APPENDIX B 

GLOSSARY 

De fini t ions reprinted from: Wa ter and Was tewater 
Control Engineering Glos sary Thi rd Ed i t ion, by 
permiss ion. Copyright 1981 , The American Water Works 
As soc iat ion. 

ACTIVATED SLUDGE PROCESS--A bi ological wa s tewater 
treatment process  in which a mixture of  wastewater and 
ac t ivated s ludge is agitated and aerated . The 
ac t ivated s ludge is then separated from the treated 
wa s tewater by sedimentat ion and wa sted or re turned to  
the process  as  needed . 

AIR STRIPPING--Technique for removal of  vo la t i le 
substances  from a solut ion. The process  is  des igned 
so that the solut ion containing the vo lat ile  po l lutant 
contac t s  large volumes of air .  

ALGAL BLOOM--Large ma sses o f  microscopic and macroscopic 
plant l ife , such as  green a lgae , occurring in bod i e s  
of  water. 

ANAEROBI C--(1 ) A c ond it ion in which no free oxygen is  
avai l able .  ( 2 )  Requiring , or not des t royed by , the 
absence  o f  air  or free oxygen. 

ANION--A negat ive ly charged ion , a t t rac ted to the anode 
under the influence o f  e l ec tric po tent ial . 

BIOCHEMICAL OXYGEN DEMAND ( BOD ) --The quant ity of  oxygen 
used in the biochemical ox idat ion of  organic mat ter in  
a spec i f ied t ime , a t  a spec i f ied temperature , and 
under spec i f ied cond i t ions . 
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CATION--A pos it ive ly charged ion in an elec tro lyte 
s o lut ion, attrac ted to  the c athode under the inf luence  
o f  a d i f ferenc e in potent ia l .  

COLIFORM-GROUP BACTERIA--A group o f  bacteria 
predominant ly inhabit ing the intes t ines of man or 
anima l ,  but occas iona l ly found e l sewhere . 

CONSERVATIVE PARAMETERS-�ater qual ity  paramete rs that 
are not subj ec t to biochemical degradat ion , 
prec ipitation , volatizat ion , etc . 

EFFLUENT-�a stewater or other l i quid , part ia l ly or 
complete ly treated , or  in i t s  natura l state , f lowing 
out of a reservoir, basin,  t reatment plant , or 
industrial  plant . 

ESTUARY--A passage in which the t ide meets  a river 
current ; espec ial ly an arm o f  the sea at the lowe r end 
of a river. 

EUTROPHICATION--Nut rient enrichment of  a lake or other 
wate r  body , typical ly charac terized by inc reased 
growth o f  p lanktonic a l gae and rooted plant s .  It  can 
be acce lerated by was tewate r d i scharges and pol luted 
runo f f .  

FILTRATION--The process  of  contac t ing a d i lute l i quid 
suspens ion with filter  med ia for the remova l o f  
suspended or  colloidal ma t ter,  o r  f o r  the dewatering 
of  concentrated s ludge . 

GAS CHROMATOGRAPHIC MASS SPECTROMETER ( GC-MS )--An 
ana lyt ic a l  technique involving the use of both gas 
chromatography and mass  spec trometry ,  the former to 
separate a complex mixture into i t s  components and the 
latter to  deduce the atomic and molecular we ights  of  
those component s .  It i s  part icularly usefu l  in  
identifying organic c ompounds .  

INFLUENT-�ate r ,  wastewate r ,  o r  other l iqu id flowing 
into a re servoir, basin or t reatment p l ant , or 
treatment proces s .  

INORGANIC MATTER--Mineral-type c ompounds that are 
genera l ly non-volat i l e ,  not combustib l e ,  and not 
b iodegradable .  Most inorganic-type compounds ,  or 
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reac tions , are ionic in nature , and therefore , rapid 
reac t ions are charac teri s t ic . 

MAXIMUM CONTAMINANT LEVEL ( K:L) --The maximum permiss ible 
l eve l o f  a c ontaminant in wa ter at  the free-f lowing 
out let  o f  the ultimate user o f  a pub l ic water system, 
except in the case of turbidity ,  where the maximum 
permissible  leve l is  measured at the po int of  ent ry to 
the d i stribut ion system. General ly expre s sed in mg/L. 

NITRIFICATION--The oxidat ion o f  ammonia nitrogen to 
nitrate n i t rogen in wa stewater by b iological or 
chemic a l  reac t ion s .  

NONOONSERVATIVE PARAMETERS-�ater qua l i ty parameters 
subj ec t to change by biological  decompos i t ion , or  
chemical or phys ical change . 

NUTRIENT--Any substanc e  that i s  assimi lated by organisms 
and promotes growth. 

ORGANIC--Refers to vo lat ile , c ombus t ible and some t imes 
biodegradab le  chemical  compounds containing carbon 
atoms bonded toge ther wi th other e l ement s .  The 
princ ipa l group of organic sub stances  found in 
wa s tewater are pro te ins , carbohydrates , and fats and 
oil s .  

POTABLE WATER-�ater that does no t contain obj ec t ionab l e  
pol lut ion , contaminat ion , mine ra l s , or  infect ive 
agent s and is c ons idered s a t i sfac tory for dome s t ic 
consumpt ion . 

PRIMARY TREATMENT--The f i rs t  major treatment in a 
wastewater treatment fac i l ity , usual ly sedimentat ion 
but no t bio logical ox idat ion. 

RAW WATER--Untreated wa ter ,  usua l ly the water entering 
the f i rs t  treatment unit of a wa ter treatment plant . 

REVERSE OSMOS IS--An advanced method used in water and 
was tewater t reatment wh ich re l ies on a semipermeab le 
membrane to  separate the water from i t s  impurities . 
An ex ternal force i s  used to  reverse the normal  
osmot ic flow ,  resul t ing in movement of the water from 
a s o lut ion of higher so lute c oncentrat ion to one o f  
lowe r concent rat ion . 
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SECONDARY TREAtMENT--Used inte rchangeab ly wi th concept 
o f  biolog ical wa stewater t reatment part icularly the 
ac t ivated s ludge proces s .  

SEDIMENTATION--The process  o f  subsidence and 
decomposit ion of suspended matter  carried by water,  
wa s tewater, or other l iqu id s ,  by gravi ty . 

THRESHOLD ODOR NUMBER ( TON) --The greates t  d i lut ion of a 
sample with odor-free wa te r that yields  a de f inite ly 
pe rcept ib l e  odo r.  

TOTAL DISSOLVED SOLIDS ( TDS )--The sum of  all  d i ssolved 
solids  (vo lat i le and non-volat i l e )  in a water or 
wa stewater. 

TOTAL ORGANIC CARBON ( TOC)--The amount o f  carbon bound 
in organic compounds in a sample .  Because a l l  organic 
compounds have carbon as  the e l ement , TOC measurement s 
provide a fundamental  means o f  accessing the degree of  
organic po l lut ion.  

TOTAL SUSPENDED SOLIDS ( TSS ) --The sum o f  insoluble 
solids that e ither  f loat on the su rface o f , or are in 
suspens ion in,  wa ter, wa stewater, or other l i qu id s .  
Sol id organic or inorgani c  part i c l e s  he ld i n  
suspens ion b y  agitat ion or f l ow.  

TOXICOLOGY--The s tudy of  quant itat ive e f fec t s  of  
chemicals  on  b iolog ic t i s sue part icularly in de f ining 
harmfu l ac t ions and degree of  safety . 

WASTEWATER--The spent or used wa ter of  a communi ty or 
indus t ry which contains dissolved and suspended mat te r. 

WASTEWATER REUSE--The d i rec t or ind irec t use of 
t reatment p lant eff luent for munic ipa l ,  industria l , 
agricultural , recreat iona l or water recha rge 
app l ications . 

WATER QUALITY CRITERIA--Sc ient i f ic s tandards  on which a 
dec i s ion or judgment may be based concerning the 
suitab i l i ty of  water of a spec i f ic qual ity to support 
a des ignated us e .  
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