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The Allied-Signal Aezospac~at CO operates a production 
facility in Kansas city, 
the U.S. Department sf Energy ( r the years the operation oi 
the DOE Kansas Cfty Plant has r 
groundwater with chlorinated ~ y ~ ~ o ~ a ~ ~ o ~ s ~  ~ n ~ l U ~ i n g  trichloroethene 
(TCE). One of the plumes of cont insted groundwater, the underground 
tank farm (UTE‘) plume, was select for reanediation with an advanced 
oxidation process 1 consisting of sfrnultaneous t tment by ozone 

the use of AOPs is 
groundwater, information on desi , costs, performance, and 
operating experience is not well 
Therefore, the Oak Ridge Nationa (OIWL) was requested to 
evaluate the treatment process e 

results of the initial year of the l ~ ~ t ~ ~ n ~ ~  F’Y 1988, have been 
published previously (Ga 
least through lFlc 1990, 
treatment plant and the e treatment process. Next, the 
methodology and the resu n are discussed. Finally, 
conclusions and recome 

the cantanalnation of 

(0,) , ultraviolet; radiation, and hydrogen perox (H&). Since 
ratively new far the removal o 

in the literature. 

This report documents the wor erformed through iEu 1989. Tlhe 

the evaluation will continue at 
t. briefly describes the 
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a .  

Groundwater cantmination by halogenated organic ~ ~ ~ ~ ~ ~ n ~ a ~  such as 
TCE, i s  o f  national conesm. The U,S9 IEnviromentd Frotection Agency 
(EPA) has specf f%sd t w o  best avaiEahle technologies (BATS) for the 
removal af halogenated organic C O ~ I ~ X W ~ S  fraa drinking water: packed 
tower aeration and actgvated carbon f i l tratJon ( E M  1987). A 
disadvantage ~ 8 t h  these BAT5 Is that they transfer the contmhnant from 
the water medium to the air OK to the carbon medium, respectively, 
rather than destroy it. 
chemical oxidat:.kon of halogenated organic campalands with AOPs is being 

In an g f f o ~ t  to cagrercome this liability8 

eonsidered. 
The various AOPs thac can be used are as follows (Glaze and 

Rang 1988): 

The. graundwster treatment plant at. the DOE Kansas C i t y  P l a n t  uses the 
last A6P.  The remainder o f  this section describes the groundwater 
treatment plant and the process mechanfsms, 

me gwoundwaterc treatment plant a5 the DOE Kansas city Plant uses 
the AOP of O,, U V  radlatian, and H,O, far the I- 

provided by U l t r u x  International (Ultrox International. 1987) and was 
rated for a groundwater throughput sf 8.1 m3$min ( 2 5  gal/mi-n) when 
purchased. A pt-ocsss flaw diagram Is aho-m-t i n  Ffg. 1. The reaction 

cer has a volume of  2-9 air3 (98 ft3 or 725 gal) and i s  divided by 
baff les  into s i x  stages, which cause a labyrinthhe flowpath for the 
water, 0, is supplied by a generatar with a rated production of 9.SZ kg 
( 2 1  1b) of 8, per  day ai 2% 0, by weight and enters the reactor through 
~SPSUS diffusers located i n  each of the six stages. 

1 , 2 - t r ~ s d i c E n l a ~ ~ ~ ~ ~ ~ ~ ~  (DCE], and vinyl ~Zl lo r  

The air dryer is 
designed to supply clean, dry a l r  [-65"C(-6OoF)] to the 8, generator at 
83-103  KP, (12 to 15 p s i g g .  m e  H,O, feed syscem mixes up to 22.6 kg 
(50 lb/day) of M,O, with the tnfluent groundwater. 
of the reactor eonkaina 12 q u s r t z - s h e ~ ~ l ~ e d ,  law-pressure 22% BWhr  
(65 -wsat t )  W imps immersed in the wager from the top of the reaction 
chamber. Details on the eyulpmient sire c~ntained in  the Operation and 
Maintenance NanuaZ {Ultrox PnternatPonal 1987). 

Each of the 6 stages 
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The influent groundwater is extracted from the UI"F plume at 
tely .00025 m3/s (4 galjmin), &e in- cartridge 
BKtiGUlBtrP? mbltteZ, aRd eb SElcond P s iron and ese 

This second in-line filter was added during 
H of 1989 by Wltrox International during an intensfve 
ce project t.o prevent the precipitation of iron and manganese 

tion by 6,. 

in the reaction ch er. It w a s  not really operational during FY 1989. 
eiated grounawater bs discharged t o  Kansas c 
and must meet the city's pretreatment stan 

Table 1. 

The reactions that take place when AQPs are used to oxidize 
organics In groundwater can be explained on the basis of the 
shown in Fig. 2 (Peytsn and Glaze 19 eaction 1 is the photolytic 

reaction producing the hydroxyl radical (OH'). Reaction 3 shows the 
photolytic production 0f OM' from H202. In the presence of oxygen, many 
organic compounds react wlth OH' in Reaction 4 to % o m  superoxide (02-) 
in Reaction 5 and/or H,O, in Reaction 7. in Reaction 4 and H,O, 
in Reaction 8 react further with 8, to produce # which is the 
active specFes for the destruction of organic . The existence 
of multiple pathways for the production o f  OH* i s  a major advantage of 
the 0,flV radiation process because the reaction pathways can adjust to 
the sitmation. 

Groundwater also contains other compounds, suck as 
bicarbonates m i a ,  iron, manganese, sulfides, and h 
that react wit and OH", exert a competing demand, a 
preferentially cons f? the Oxidants, AdditPanal infOIXK3tiQn on the 
process niechanisms, process selection, and ~ K O C ~ E S S  performance is 

production o f  H202 from c%que~gas Os, 8 t i o n  2 iS a Sf2ConUhry 

Both 

contained in the FY 1988 r epor t  (Garland 1989). 
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Table 1. Effluent: water uality standards f o r  the 
treatment plant (I. milligrams per %iter unl 

otherwise noted) 

Parameters” MaXhiutn discharge l i m i t  Monitoring frequency 
... 
Cadmium Q,S9 Monthly 
C h r o m i u m  2 . 7 7  Non th I y 
Copper 3 . 3 8  M0llBthly 

Nickel 3 . 9 8  MoIH9-I’Ey 
Zinc 2 . 6 1  Qnt1d-y 
Iron 1048 onthly 
Manganese 20 onthly 
Boaran 1 Monthly 
BOD” id0 ne Daily 

Arsenic .25 onth ly  
as@ -16  0nthly 
SUI fides 10.0  onthly 
O i l .  and grsase 100 0nthl-y 
cyani ae 2 Wan tbly 

L&?aa 0 . 6 9  Monthly 

TSSC N<rne Daily 
Flaw (gal./d) L O ,  000 Continuous 
pH (units) * 510 or1 t inu0u.S 
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ORNL-DWG 88M-15377 

R,Hf 

Fig. 2 .  Reaction cycles in advaxlced oxidation processes. 
Numbered r eac t ions  are explained in t.he t ex t .  Source: Peyton arid 
Glaze 1988. 
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3 .  HE H 

1. determine if the treatment plant can meet the pretreat 
standards for  dischar e to the Kansas c i  

2. determine the operati &or the treatment 
plant I 

3 .  compare the c o s t s  with 
4 .  evaluate eo 
5 .  a s s i s t  in o 
6 .  estimate the capacity sf the treatment plank, and 
7. predict the treatment plane: s ize  necessary to han 

the contaminated g r o ~ ~ d ~ a t e ~  plumes. 

feipaE sewer system, 
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Table 2. Groundwater treatment plant rnonltoring plan, 
FY 1989 

Frequency Parame tera  LO c a t i onb 

Continuous PH 
Flow 

Daily BOD 
TS S 

Weekly Sulfite 
Sulfate 
Sulfides 
Nitrite 
Nitrate 
Ammonia 
Iron 
Ferrous ion 
Manganous ion 
Manganese 
TOX 
Priority volatile 

TOC 
pollutants 

Monthly 

Qiiar t e r 1 yd 

Cadmium 
Chromium 
Copper 
Lead 
Nickel 
Zinc 
Boron 
Arsenic 
Sulfides 
Oil and grease 
Total cyanide 
W absorbance at 

2 5 4  mc 
Hydrogen peroxide' 
Carbonatec 
Hicarbonate' 

T o t a l  plate count 
Off-gases (TOX, ozone) 

Particulates 
Sediment 

OZOIIQ' 

E 
I 

I, AF, E 
I, AF, E 

I, AF, E 
I, A F ,  E 
I, AT?, E 
I, AF, E 
I, AF, E 
I, AF, E 
I, AF,  E 
I, AF, E 
I, AF, E 
1, AF, E 
I, AF, E, ST 

I, A F ,  E, ST 
1, AF, E, ST 

I, AF,  E 
I, AF, E 
I, AF, E 
I, AF, E 
r ,  AF, E 
I, AF, E 
1, AF,  E 
I, AF,  E 
I, AF, E 
I, A F ,  E 
I, A F ,  E 

I, AF, E, ST 

I, AF, E ,  ST 
I, AF, E ,  ST 
I, AF, E ,  ST 
I, AF,  E 
T 

In- line filter 
Reac t ion chamber 

I, AF, e ,  ST 
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Table 2. (continued) 

Frequency Parme ter  ~ o c  at ionb 

Once' Calc fum 1, M ,  E 
Magnes itarn 1, m, E 
Sodium I, AF, E 
Po tas s iuxn 1, AF, E 
C h P  o r  i de 1, AF, E 
Flu0 ri de 1, =, E 
Phosphate 1, PiF", E 
Carbonate I, AF, E 
B Icarbona t e I ,  AF, E 



contaminant concentration, which is the estimated i 
additional eon inated groundwater plume A projection of this 

predict results under t e hypothetical. conditions. 
turn, be based on infor atian that i s  available f ~ o m  an analysis of the 

was not available at the begbnning o f  the project. 
necessary to design experfments and adapt analytical technbques to 
acquire that information. It w a s  hoped that the results from these 
experiments wou143 a lso  help to opt1 ize the operation of the reactor. 

act of add%ng two 

based on some anathemati a1 model that can be used to magnitude must 

present performance a capabilities of the reactor. This infomation 

The model must, in 

It was therefore 
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The r e su l t s  from the normal operation of she treatment plant are  
presented in  this section. The results include 
M 1989 t o  a s s i s t  i trends. Ab% of th 
in Appendix 2 ,  and tained fn th 
data for the gro Pant for each 
Data for  t o t a l  s pp1, bioche 
(BOD), s u l f i t e ,  n i t r i t e ,  n i t r a t e ,  

and grease ( 1 BLKE? PfSted e vahes in Table 4 are 
averages of analyses. S en a t  eke inf luent  before the 
f i l t e r  ( I B F ) ,  the influent a e r  (IAF), and the plant 
e f f l  (EPF) 

represent averages for all analyses. 
IAF, and EFF. 

values represent averages for  all 
a t  the IBF, IAF ,  EFF, ehe reaction chamber. 

resu l t s  for the trace met;oPs are  in Table 5 .  These values 
les were taken at  he IBF, 

The T66, "rx, and ided in Table 6. ese 
l e s  were collected 

4 . 3  

e e 0, generator was no t  ~K~~~~~~~ as muc as it S & O U ~ ~  have 
been. Pndicathons were tha was ~ ~ Q ~ ~ ~ ~ ~ g  ~ n l - j ~  approximately 

determline the 0, ~ r o d ~ ~ t ~ ~ ~  
0, concentration Ln the o f f -  

filters were replaced with three-stage filters. 

20% Of the rated Capacf t y .  3 monitor was instalfed to 
e: 13, generatox an 

from the reaction chamber. 
* The air f i l t e r s  were d i r t y  s t i a l l y  clogged, and the two-stage 
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Table 3 .  Flow data far the groundwater 
t r c e w t m m t  plant 

Average 
Flow flow rate Percentage of 
(gal 1 (ga1/min) design flow' Month 

Kay 
JWle 
July 
August 
September 
October 
November 
December 
Average 

January 
February 
March 
April 

June 
July 
August 
September 
Over all 
Average 

Kay 

145,490 
133,290 
238,440 
284,110 
57,652 
7,099 

69,854 
14,859 

0 
83,976 
25 ~ 7 2 5  

101,302 
48,737 
101 ~ 990 

0 
63,805 

111,903 

107,508 

1988 

3.7 
4.0 
11.8 
8.9 
5.7 
0.45 
2.31 
0.52 
4.7 

1989 

0 
2.2 
1.1 
2.6 
1.1 

71 
0 
2 .5  
2 , 6  

4.1 

15 
16 
47 
36 
23 
2 
9 
2 

0 
9 
4 
10 
4 

283 
0 
10 
10 

16 

'The design flow is 25 gal/min. 



13 

Table 4. Miscellaneous data for the groundwater treatment planta 
(in milligrams per liter unless otherwise noted) 

EFFb I SFb IAFb 
(Grab) (Grab) Parameter 

Grab Compos it e 

TSSC 
PH 
BODd 
SUI fit@ 
Sulfide 
Sulfate  
Nitrite 
Ni mate 
Ammonia 
Total i r o n  
Ferrous i on  
To tal manganese 
Manganous ion 
Total plate count 

(coPonies/*nL) 
Oil and grease 

87 
6 . 9  
7 
<a.s 
0 . 9 8  
7 1  
4 . 1  
xo.1 
0 .85  
1 7 . 3  
0 . 9  
6 . 4  
6 . 6  
2602 

2 .1 2 

a 1  
7 . 1  
4 
€0 .5  
0,68 
7 5  

xo.1 
0.89 
4.0 
0 . 5  
6 .  
9 6 . 8  
488 

25 
8.1 
4 
<0,5  
<8.5 
6 8  

3 " 4  
0 . 7 9  
4 .0  
0 . 3 3  
6.0  
3.1 
46 3 

8 .62  

26 
8 .2  
5 
NSO 
co.5 
NS 
NS 
NS 
NS 
3 . 4  
%S 
5 - 1  
NS 
NS 

0 . 6 0  

avalues are averages for all analyses. All grab samples are 
collected weekly C ? X C q t  f o r  BOD, which ? s  collected daily, and 
toead_ plat-e count I w h i c h  I s  colllec~ecl mcsnchky. AIL composite 
samples are 24-11 composites col lec ted  msntthly exceptt far BOD, 
which I s  eoalecl  ad daily. SanlnpLeS w e r e  coPLected f rom Kay 1988 
through September 1989,  

"IBF Q f n f l u a n t  before  F i l t e r ;  I A F  - Influent after filter; 

CTSS = total suspended sal  ids 
and EFF - affLzncnt:. 

dBQD - l a  i ocbennical oxygen demand I 

'MS = no t  sampled. 



Table 5. Trace metal results for the groundwater treatment 
plans" in milligrams per liter 

Ass eni c 
Boron 
C a d m i u m  
Chromium 
Copper 
Lead 
Nickel 
Total cyanide 
Zinc 

0.045 
0.135 
0.012 
0.013 

0.055 
0.027 

<o .001 
1.05 

10.4 

0.024 
0.111 
0.004 
0.011 
0.050 
0.031 
0.015 

<o. 001 
0.06 

8.022 
0.095 
0.003 
0.014 
0 .074 
0.033 
0.016 

<o. 001 
0.07 

0.023 
0,110 
0.003 
0.020 
0,034 
0.028 
0.021 

<o. 001 
0.04  

aValiies are averages €or all analyses. All grab 
samples were collected once per m o n t h ,  and the composite 
samples were 24-h composites collected once per month. 
Samples were collected frsin May 1988 through September 
1989. 

b~~~ = i.rifluent before filter; IAF - influent after 
filter; and EFF - effluent, 
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Table 8 .  Groundwater traatmant plant downtime 

Shutdown period 
(d) 

Month Reason for downtime 

1 Spargers cleaned 

June 5 Excessive ozone in building caused 
ShUtdoWll; OperaCWK Out Of t o m  

July 8 Operator on vacation 

August 

September 

13 ExcessPve ozone in building caused 
shutdown; spargers cleaned and replaced 

22 Escape o f  excessive ozone in the exhaust; 
spargers replaced 

October 17 Spargers replaced 

November 0 

December 23. 

January 

February 

March 

April 

Hay 

June 

July 

AUgUSt 

September 

24 

9 

14 

0 

0 

30 

29 

3 

0 

Special  study conducted one week; ozone 
generator malfunctianed 

Ozone generator repaired; cold weather 
caused shutdawn twice 

Ozone generator repaired; spargers cleaned 

Air dryer seiviced 

Haintenmix and modification to the 
equipment 

Ozone leaks and wet compressed a i r  

Ozone leaks 

The plant operated every day but 
experienced almost daily shutdowns due 
to a faulty ambient air ozone monitor 



The glass and s ta in less  s t e e l  d ie lec t r ics  i n  the 0, generator were 
cemented together with dark orange-brown partfclas  with a cement- 
l i ke  consistency. The color and nature of the substance suggested 
tha t  n i t r i c  acid ay have been generated from wet, contaminated 
aLr. The d i e l ec t r i c  c e l l s  were cleaned by imers ion  i n  an alcohol- 
acetone bath to  loosen the par t ic les  and then brushing with a f ine-  
b r i s t l e  brush to remove ehem. 
The 0, rotameters on the i n l e t  manifold of the reaction chamber and 
the 0, feed tubing were coated with a dark orange-black material 
tha t  severely limited flow. 
n i t r i c  acid i n  the 0, ra tor .  The rotameters were cleaned. 
The s ight  windows and amps were severely coated. The s ight  
windows had become op 
were covered with a light-brown metall ic oxide coating 
approximately 0.79 ntnn (1/32 in.> thick that  reduced if not: blocked 
the UV transmission. 
bath. 
Water drained from the reactor was black i n  color and contained a 
large quantity of sediment and precipi ta te .  This sedrment was 
removed from the reactor with a hand shovel, bucket, and wet-dry 
shop vacuum. 
The 0, diffuser  i n  age 6 was broken and coated similarly to  the 
s ight  windows and lamps. The ocher diffusers  were not coated. 
The diffuser  w a s  repalred. 
The water Bevel gauges were extremely d i r ty  and were cleaned. 
The eEfluent sampling port w a s  relocated. 
A pretreatment system was ins ta l led  to  remove iron and manganese. 
0, is used t o  oxidize the iron and manganese, and a f i l t e r  is used 
t o  remove the precipi ta te .  
A d i g i t a l  dew point monitor was instralled to  determine moisture 

"his also suggests the production of 

from the residue. A l l  72 of the W lamps 

The W lamps were cleaned i n  a 5% HC1 acid 

content of the atr supply. 

In October 9. line f i l t e r  and the water 

In  January 1 89 the equfprnenk i n  th enerator tha t  converts C 

In April 1989 the air supply 

Earom well nmber ch could r e s t r i c t  flow. 

to D malfunctioned and was replaced. 

before and aftrer the a i r  dryer,  
the Q, generatar was: sampled 
results showed tha t  the air dryer 

e ina'het. a i r  suf f ic ien t ly .  
1989 to reduce? the mofsture 

content fur ther .  A I L  of the w '9. 
operated d l  of  t: 

Y 

The results of Ex erinenc P are s 3 and 4. .  On 
November 23 sand 2 8 ,  the power se t t ings  on the enerator were 
50% (Experiment la) and 100% ~ ~ ~ ~ @ r ~ ~ e ~ ~  It>, respeetfvely. 

The r e su l t s  for  Experiments 2 and 3 are summarized i n  Figs. 5 
and 6 ,  respectfvely. 
F ig ,  7 .  

The resu l t s  f a r  Experiment 4 are displayed i n  
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I- 

200 

I 

8 11/28/88 

cs  

20 

ORNL-DWG 89M-9797 

Fig. 3. Volatile organic compound (VOC) removal during 
Experiments la (11./23/883 and l b  (11/28/88). IAF - influent after 
f i l t e r .  Source: Peyton 1989. 
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0.7 

0-6 

0.5 

.2 

0. 

0 

ORNL-DWG 89M-9789 

I 

0 EXPERiMENT 1 a (1 1/23/88) 
e ~ X ~ E ~ I M E ~ ~  1 b (1 1/28/88) 

- 
PERMJT LEVEL --- ---------- 

I 

3 4 5 6 EFF IAF 

Fig. 4. Total organic halogen (TOXI levels in Experiments la 
(11/23/88) and l b  (11/28/88). 
EFF - eff luent .  Source: Peyton 1989. 

IAF - influent after f i l t e r ,  and 
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0 
6) 
3 
c - 

e, 

-0.4 

-0.6 

-1.0 
0 

-om5 

-1.8 

I I 

Ftg. 5. Firsc-order plots of (a> 1,2-dichloroethene sparging and 
(b) 1,1,2-trichlo~oethene sparging for Experirnenc 2. For plot (a) the 
initial concentration, stages 1 and 2, was 765 ppb; fOK plot (b) the 
initial concentration was 300 p p t  (data shorn for stages 1 tlarough 4 ) .  
C, is initial concentration, and C is the concentration at any 
subsequent time. 
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IAF I 3 

IAF 1 2 3 

Fig. 7. Disappearance of volatile organic compounds (VOCs) during 
ozonefiydrogen peroxide t reatment  (Experiment 4 ) .  IAF = influent after 
filter; DCE = 1,2-transdichloroethene; TCE - tr ichlorsethene; 1,l-DCE, 
1,l-dichloroethene; DCE = tetrachloroethane; Vie1 = vinyl chloride; 
1,l-DCE = 1,l-dichloroethene; l,l,l-TCA = l,l,l-trichloroethene. 
Saurce : Peyton 1989.  
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The results for Experiment 5, the normal operation of the treatment 
plant, are presented in Sects. 4.1 and 4 . 3 .  



A major effort during ET 1989 was the evaluation of the capacity of 
the plant, and the discussion initially deals with the findings of this 
evaluation. Next, the discussion evaluates the. ability of the plant to 
meet its gemit. FoZlaving that, the treatment plant's effect on other 

is discussed, and Y study plan Esr FY 1990 is proposed. 
garmeters is described. Finally, operaartions and maintenance experience 

me purpose of this stuay to cfet~raiiine if the existing; 
groundwater tlX?atinePrt plas?t CpdW BCG6 o&te f l o w  from the TCE still area 
(TCESA) and tihe northeast  rea ( N U )  p l m e s  in addition to that from the 
UTF plume. Currently, the average flaw rate from klae UTF plume is 

The TCESA plume will cozisisf- s f  approximately .0009 m3/n 
(14 gal/miri). Some wells from the TCESA average as high as 7400 pg/L of 
1,2-dichloroethene (1,2-DCEE) and 12,108 yg/E of TCE, although the 
overall average should be 'lower. Addition of this stream t n  the 
treatment plant influent therefore reprsacnts an increase in flow o f  

approximately 0.00025 m y s  ( 4  gaL/min) . 

2 to 2.5 tillles as Well aS a pOSSibl€? C O i W e n t K a t H O n  itlCreaSie. 

The Q L P I ~ I  plume t o  be added to the treatmenh: p lan t  is the NEA. The 
N U  plume was estimated at the time aE the study to be an additional 

Smples  from these wells have shorn 1,2-D@E 
concentrations of 13 mg/E and TCE concentrations sf 17 mgBL. Additlon 
of this stream cxmstttutes a 209% increase in flow belng t~eiated and a 
tenfold increase in VOC concentration. 

increase of 400 to 560% and a concentration 'ancrease by a factan of 
2 to 5. 

0.000% m 3 / s  (11 gal/min). 

AdditLoti o f  both the TCESA and the N U  plumes C O I X ~ S ~ Q I I ~ S  to a flow 

A critical factor  in estinating the ~~x~~~ capability of the 
existing treatment plant is the projection of the 
e x i s t h g  genesator will be able to produce, becam 
organics i s  dib-ectly related ta the nmber o f  OHe z-adicahs fsmed from 
the 0,. The first s t a p  in that  projection i o  the determination of the 

ount of 0, that the 

0, yield under presem conaitions. 

Table 9. During the period of operntlon at 3.00 
varied between (.$I6 and 2.63 kg/g) (1.8 and 5. 
9 t o  28% of the rated output [9.53 kg/g (21 I b / b y ) ] .  A considerable 

The calculated values of 0, yield and utilized dose are shown in 
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Table 9 .  Ozone y i e l d  and utilized dose 

Transfer UtSl-bzed Ozone 
Date efficiency ozone dose yield 

( % >  (mg/k) (lbs/day) 

2 / 2 3 / 8 9  31 15.1 3 . 3  

2/21/89 35 15.8 3 . 0  
2/10/89 58 17.5 2 . 0  

12/19/88 5% 27 " oa 3 . g a  
11/2 8/88 76 3 4 . 2  3 . 8  
11/2 3/88 38 10.7 1. 
11/22/8 8 6 2  3 3 .  3 . 6  
11/21 / 8  8 54 24 " 3 . 1  
11/20/8 8 3 3  7 1 . 9  % *  
11/9Y/B8 87  614 * 6 5 . 0  
nl/-ks/s 8 84 5 2 . 3  4.1 
11/22/88 97 7 1 " 7  5. 

2 / 2 2 / 8 9  13 5.0 2 . 6  

aCaleulated using extrapolated data. 
Source: 6 .  E. Peyton, Feas ib i l i ty  of  adding 

TCE still. area and northeast a r ~ a  plumes to 
uatraviolet rad%atPOn OZ6apz6?, hydrogen peroxide 
groundwater treatment plant, Z)epartraemt of 
Energy Kansas C i ty  Plant ,  ~ ~ ~ / ~ ~ b ~ ~ ~ - ~ ~ 2 9 2 ~ ~ 1 ~  
Oak Ridge National. Laboratory, 
Oak Ridge, Tennessee, 1989. 



Another crucial faci;or P n  estimat:%ng the capacity of the existing 
i3Il.t plaX3t its abi l i ty  to tKi3nSfgtr %he g@PneX'ated 0, illto 
on. Only the fraction o f  0, that  1s transferred in to  solution 

participates i n  the grauw&mtsr treatment process. 
The transfer efficiency sf $3, is the fraction of the applied dose 

that  is transferred i n t o  the liquid phase. 
efficiency is usually indicative of poor mass transfer resulting from 
bubbles that are too large and/or clogged spargars. 

treatment p l a n t  are shorn i n  ~ a ~ e  9. '1~"zrese values: are also p l o t t e a  i n  
~ i g .  a.  A g e n e r ~ ~  deterioration of 0, trat~sfer e f f . i~ i ency  ~ C X U - ~ ~ E K I ,  EXKI 

transfer 9Pficie.ncies dropped to appxoximaately 56% a f t e r  1 1/2 months of 

For AOPs a law transfer 

Transfer efficiencies calculated Esr operation of the existing 

operation, 
spargers and reduced flow t h ~ ~ ~ g , l h  the individual stage rot 
was verified during the work by Ultmrof TnCe~auitianaL (Sect 
w h l &  che 0, rotameters and feed tubing were clogged and 
in stage 6 o€ the reactor were broken axad coated, 
were broken, large bubbles WBXX released, which ~educed  the transfer 
efficiency. 

This was abceompanied by operator r e p z ~ ~ t s  o f  clogging 

Since the spsrrgexs 

I t  i s  also possible that. the coated I N  Imps decreased the 
photcrlysis to o,, lowering the utilization of 0,. 

Cleaning of the sparg&?cS, the 0, rot eters, the feed tubI.ng, and 
the UV lamps may became frequent rcauttne maintenance i t s m a s  because the 
miaunt of 0, that can be %ransferred into sslutfcsn w i l l  be the 
determining factor  in whether the treatment goals can be met. 
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Removal. by sparging was found t o  aecowt fox a. relatively law 
percentage o f  the Cots1 VO6 re Val- A 10garic ic plot (Fag. 5) sf the 
data vs tPine i o  linear, indica 328 a first-orae XOCESS, expeetea, 
with a. sparging rate constant o f  1-9 x in -I for 1,2-D@E and 3.1 x 

1-1 for TCE, Calculation show chat, if no other trea 
ng, approximately 90% re oval of l,2-DCE would QCCUPT 

spanging alone. This should be compared with 95% ~ e ~ i  Val in only ma 
stages by O,/W radiatfon\B,O, in Experiment 1. Thus, spargfng 
accounted far only 13 to  14% of VOC removal during Experiment 2,  

This experiment was sun to deea $we what poxtion Of voc renraval 
w a s  due to H202 phstolysls, which also produces OH. radHcaPs. 
addition, since the photoPysis pragertiea o f  H,O, are well kno 
disappearance w a s  to serve as a measure of s&tual uv inteTPSIty inside 
the reactor. Unfortunately, the H,O, samples were not analyzed 
immediately as Pnstructed bu t  were taken back to the laboratory before 
the colorimetric reagent w a s  added, thereby nulJffyfng the H,Q, data. 
It was discovered at this point that this had also been the case for the 
liqul d-phase oxidant measurements made during Experixent 1 = 

The VOC data frocu Experiment 3 ,  however provided valuable insight 
into the process. Removal o f  VQCs by M,O,/W radiation was found to be 
slower than p r e l i  inary calculations hod predictxd, This w a s  probably 

intensity reaching the solution and/or a lower actual applfed H,O, dose 
than that which was thoaaght. As is the case with O,, the operator can 
only ad just  8 power setting to peonzag:, that is supposed to furnish a 

the operator can da to essn-rff-rx~ %hat: the dose I s  actually what he sets it 
to be. 

In 

due to coating that  fe,rnras on Cha w lamp wells and recJllres the 

predetermined W,O, dasa r a t e .  i s ,  in practice, very little t ha t  

Th@ f i r S t - O r d t ? K  K a t e  C O n S t a l ? t  cL3~CulZited for 1,z-DCE PeI&lOVL%l by 
H2(9,,&m KadEaCPOn dUL"tlXg C h i s  eXpt3XbWC.t VrOS 1.1 X lo-* B i ~ I l - ' .  mfS W i l S  

slower thana tbe sparging rate foucd i n  ExperTmenC 2. 
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i 

destruction rate,  e disappearance of l,2- 
Fig. 7. As in Expe lnent 1, the cclncentratf 
reduced by about an order of neagnftude batween 
stage l poirat., Unfortunately, no concentration 
measurements were made by the cant 
experinent, so more-detailed colaparisans with 

radiation tare not possible. 
The first-order rate constant 

during this experimt?nt: w a s  1.4 x b 

ata obtained during operation PdLowing startoJlgt h 

me x'sacsto 
se obtained during ehe p r io r  ex ~~~~e~~~ " For 
ea are referred to as Ekper1nen.t: 5"  

better than during Expe ng greater th 
magnitude more rexstova8 

ably Bscause the re o w n c e  was not yet adversely 
p05r 0, genczatfon, spargers* 8, rotmet feed 
scal%ng, The first- ate. constant: for 1,2- removal 

stage. 2 w a s  1.5 

a r  r a t s  constants obtained in  
1Xect:ed in Table 3.0 for co9apairlsona From 

these data it I s  pass l a  to interpret  the relative xate constant data 
and draw the fa1  inf43rences asoncemlmg the treament that 1s 
taking place in  

or VOQ; removal mechanis 
ent, Since sp 

order process ~~r~~~~~~~~~~ to VOC ~~~~~~~~~~ 

more vocs as the concemtrati 

an increase in 0, generation ency is required 
for the treatment of  hose o st i l l  not expected 
to be the major removal n ~ c ~ ~ ~ i ~ ~ ~  

fation) i s  not very 
Of the cOZ3t lElg  888 

ter with high levels 

5atfon disinfection 
ic cleaning of the 

down and e ~ ~ ~ y ~ n ~  the reactor, 
osa% of the acid, and restart of 

(Glaze et ax. 1484 e reactor has no 

w e l l  cleaning may 
e et al. 1984). 

cleaning. This 
operator tfme 

r e p u l ~ e d ,  by the regular use of acid cleaning, efther on a batch 
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Experiment Treatmenta Rate constant, k 
( m i n - l )  

~ 

1 

2 

3 

4 

5 

0.095 

0 ~ 019 

0.011 

0.14 

0.15 

a03 = ozone; W - ultraviolet radiation; and 

Source: G .  R .  Peyton, Feasibi l i ty  o f  adding TCE 
W,O, - hydrogen peroxide. 
s t i l l  area and northeast area glumes t o  ultraviolet 
radiatlon, ozone, hydrogen peroxide groundwater 
treatment plant ,  Department: of Energy Kansas City Plant,  
ORNL/Sub/89-SD212Vl~ Oak Ridge National Laboratory, 
Oak Ridge, Tennessee, 1989. 
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basis or in a recirculating system. The data in Table 10 indicate 
that such a system is not presently justified, but the possibility 
should be kept in mind for consideration after the results from 
addition of the other groundwater streams are obtained. 
The O,/H,O, reaction appears to be responsible for the major 
portion of VOC removal, possibly because of the scale on the 
W lamps, which limits their usefulness. This should be checked 
when another p l  e is added. It is also possible that 0, alone 
would effect removal of the VOCs. It has been observed that 0, 
treatment of some natural waters gives results equivalent to that 
of the AQPs, due presumably to free-radical reaction promoters that 
are naturally present in the water (Peyton et a1. 1989). No 
ozonation experiments were performed in the present project. 

3 .  

Validfty of the 

Rigorous interpretation of the data obtained in the treatment 
experiments was not possible because of the lack of 
concentration data. It was therefore necessary to u 
model for extrapolation of the data to the projectad treatment 
situstlon. The need for such a nnodel Ps Illustrated in Fig. 9 .  The 
present operating conditions in terms of flow rate and concentrarion are 
represented by the box in the lower left corner of the figure. 
conditions after addition of the TGESA an g l u e s  are represented by 
the box at the lower r€&t edge OS: the figure, and the conditions after 
a concentration excumrsian of three times the average concentratian are 
represented by the upper right corner of the figure. The 

The 

lly giVrtXl by the @ol3CentK€%t%On 

in view of the lack of ~ ~ ~ ~ ~ ~ ~ ~ r i ~ a ~ ~ ~ ~  0%  he reactor with respect to 
varfabbas such as photon and transfer cuefficlents. 

# the calculations to $63 de sd represent the first 
application of this miaodel ta real-worf s. Therefme, 

estimates and t 
testing be ~~~~~~~~~ aft@ 
to the treatment plant, in order to recalib 
andlor modrfy the conclusi.ons. 

the ~Q~~~~~~~~~ 

The model is based an the known properties of free radfcals, which 
are the species responsible for organic coqoumd destruction by the 
AOPs. It is well known that the ON" radical reacts so quickly with most 
organic C Q Q ~ O U ~ ~ S  that its half-life is usually measured in fractions of 
microseconds. Under these conditions, the fate of the radicals is 
determined by the kinetics, that; i s ,  by the rates of the reactions. 



20,o 

- PRESENT - PRESENT 

0 10 20 30 
TOTAL FLO 

Fig. 9. Extent of extrapolatican ~ e q  the goals of 
UTP - Underground tank faarm.;  TCESA - TCE still area; the present st.udy. 

and N U  - northeast  area. Source: Peyton, 1989. 



, When material other than the contaminant is present; in the 
groundwater to be treated, this material can compete for the OM' 
radical, so that not: all. of the radicals are use for eonttvninant 
destruction. Examples o f  these mate als, called scavengers, are tAe 
metals and natural at axe present in surface water 
and groundwater. r these condit the relative mounts of OH" 
radicals that attack contaminants and imocuous scavengers are 
determined by the relative rates at which the various species can react 
with the OH" radical. 

calibrated with data taken from ~ p e ~ a t i ~ n ~ .  
normal operati. a c i d  ~ X ~ ~ K ~ r n e ~ ~ ~  described above. 

The model was pfe data fxam 
Experiments 1 thro destruction calculated 
from the model eriments 1, 4, and 5 is 
shown in Figs. tructian closely 
predicts the a 
by Peyton (198 

Pc substances 

Because the model ~ o ~ t a i ~ S  empirical parameters, it must be 
The data wed were from 

el is described in detail 

1, TCESA p l  
2. both TCES 

3 .  three tfm@s the inned in ocenarko 2 .  
(UTF d- TCESA + N 

e Past: scenari because of the ~ o ~ ~ a w i ~  
inties in dete concentration in the comb 

1. Concentration data are Thirnlted in 
2. Existing data are for  smp3 .e~  taka Zing wells, whereas 

the EP@tUB% fhaw will be from ~ r o a ~ ~ ~ ~ ~ ~  wells. e concentrations 
t n  the sampling wells vary w2deI.y wfth 
is no reason to belteve thac they acew tePy represent the 
concentration of the c 

3 .  ~ ~ n c e n t r a t ~ ~ ~ ~  w i l l  va l u e s  move through the 
well f i e l d .  

Inclusion of a3.1 of the VBCs in the model would have resulted in a 

epth and location, so there 

as f te  production well flows. 

very complicated calculation, 
considerably by noting t h a t  rthe trace VOCE. are always removed long 
before the more concentrate ones, based on the existing data. 

The process can be! sim~li~ied 
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CALCULATED 

0 6.5 1.6 1.5 2.0 2.5 
OZONE GENERATOR YIELD, Y (IWday) 

~ i g .  10, emparison af experimental volacile organic compound 
disappearance w i t h  tha t  callculated from the model: Experiments la and 
lb. source: Peyton 1989. 
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1000 , 
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TAL 
MI EXPERI 
e EXPERt 

Fig. 11, Co 
disappearance with 
Source: Peytsn 19489. 



38 

ma results of the calculations a m  ahsvn in Figs. 12 through 14. 
Fig. 12 shows the de!crease i n  voc ssneentratian as a function of 

a t ransfer  af€fciet.acy of 50% 

0, generator yie ld ,  
operating at 28% of its eapaeity, adquatx trea 

It i s  apparent that  even wtth the 0, genera to^ 
t can be expected if 

i s  maintained. 
Fig. 13 shows the calcuSated BestPucCian 0 si from the combined 

UTF + TCESA + NEh plumes. The cdculaCisn goredlets that  the groundwater 
can be adequately treated w i t h  the 8, generator producing a t  half o f  its 
rated capacity,  even w€th a relativeby law ss transfer efficdiancy 
(50%). With f u l l  0, generator eaapacity, there is a large mar 
safety,  even a t  very low transfer efficiency. 

a @owcel1tration gxcursisn of three tfnes the calculated average 
Show in P%g,  14 EQre Elkt2 Ca~cUh3ted diSapg@aPt%?2.Ce C U W B S ,  BBS 

concentsa%lsw. 
capaclbty [9.53 kg:/d (21 Ibs;/day)] the treatment goals can be m e t  i f  508 
transzex efficiency can be maintained, the rated generator capacity may 
not be adequate if the transfer efficiency drops to a lower value. 

extrapolation technique has been used to ~ s t i m x t s  the per Earmanee of the 
sya teata at the projected opesat ng conditions and that a recalculation 
and a model cs8ibratEon check a f t e r  the nsii~: plume has beet? brought on 
l i n e  are essent"*R71. 

mereas "che calculstlon predicts that at full generator 

At this point i t  should again be stressed that an unproven 

The model predicts  that if the treatment plant, gartieuZarly the 

60 to 8Q%, &he plant should be capable o f  laandling the combined flows 
from all three plumes,  
canrtected to the t-reatment plan?:, t h e  ssrodel calculations shoddl be 
refined a 

overhaul by Ultrox Pntermstfona~. 
efficiency should be calculated datby to anticipate performance 

0, genezratss, is opera.t€ng properly and the 0, transfer eEficiency is 

A f t e w  either the TCESA or the NFA plwnes are 

The 0, g e n e r a t ~ r  appears to prodtaca at i t s  rated eapacity af ter  the 
The 0, gensrakor yie ld  and transfer 

prol~lems ~ 
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Fig. 1 2 .  Predicted volatile C S K ~ ~ Z I ~ C  compound (VOC) destruction 

far combined underground tank farm (UTF) and trichloroethylene still 
area (TCESA) pumpage at three ozone transfer efficiencies (25,  50, and 
7 5 % ) .  Source: Peyton 1989.  
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Beyton 1989. 
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42 

Table 11 compares 1;he plant discharge standards, the average plant  
effluent quality, and the average plant influent quality. As seen ~ K O ~ B  

th is  table9 the effluent from the ~~~~~~~~~ plant meets all of the 
discharge standards. I n  f a c t ,  all o f  the plant influent (untreated 
g r ~ u n d ~ a m r ~  nt?~?t~;: the atocharge ~ t a n h w d ~  except  OF c~bppi~r ana TOX. 
Consideration should be given to riivising the dischange p e m h t  to 
eliminate t s l m m e t ~ ~ ~ a ~ g ~  msnitsring after the two  additional plumes BPB 
added to the treatwent plant  and sufficient data are available to show 
that  the influent quality has nat changed significantly. 

What i s  masked i n  the average vaBues of T Is 11 but can be seen in 
Tables fir and 12 and App@ndPx 2 i s  the increase of TOX eoncentratSsns 
between stage 6 of the reaction c11a.mbez a d  the effluent. T h i s  i n c ~ e a ~ e  

standard has not beec exceeded, the trend is disturbing. The cause o f  
t h i s  flizcsease: is not known, but it is expected to be an analiytlcal 
artifact, As seen in Table 6 ,  f€ltering Zhe effluent sample prior to 

the TUX is axsociaiked w i t h  particulate mattex. However, this does not 

has beet1 observed 3.11 vistually every sample. Even though the elischarge 

aP?lalysis for TUX reduces the TUX concentrations, so certainly some of 

explatn the increase betusen stage 6 and the effluent, 

the? TOX vaEu", scays essenkial ly  const;ant throug1;'iiczut the last four ,  

I%e reason for the 

Figs. 3 and 4 show the VOC %xad TOX remo~a1, respectively, during 
two days in November 1988. 

despite the f a c t  that t r ea tmnt  coatinues in those stages as w e l l .  This 
pattern is mirrored in the TQC dsae,% (Table 6 ) .  
increase in TOX bemeen stage 5 a ~ d  the efflrnetaci is no$ knom but 
appears to be an ar t t fac t .  'POX I s  a s ~ ~ r o g a t e  parameter that, while 
seanelt.he.s useful, is often subject to artlfarzts and. interferences. 

Comparison o f  the TOX values s f  smples  I r o m  any stage with the TOX 
that can be ca4culated from the; s u m i  of the VOGs shows ehat the TOX value 

halogen present in the s m L r l e .  
in the IAF,  whereas it is about 60 ygjL higher ~ h a n  the sum of the 
voiatiles in the latter stages, It should be recalled tha t  
semivolatiles and BCBs w ~ r e  f ~ ~ n d  to be absent from these groutidwaters, 
making it unlikely that the renaainlmg 50 pg/L of apparent TOX is red, 
This quantity, which may be an a r t i f a c t ,  represents 38% of the value 
allowed lry the dlscharge permit, Purthemnorz, the value i n  the effluent 

TOX i s  used as (1 meam to detect a broad range of compounds, and Pt 

After dropping during E& first two stages, 

&AS not g ive  a t~-'lile repressst-aikion sf the W I O U ~ ~  of Carbon-bouAd 
The Tax io low by fi factor of almost 4 

jumps to 63% o€ the permlPl IEmit. 

is successPul at  achieving ita purpose o f  scsesning for a large number 
of compounds. Howwer, the fact  that the t e s t  i s  a broad generic 

ac"bua8 ~ o n ~ e n t ~ a t f o n ~  o f  compounds OK for identifying specific 
compoimds. Appendix 3 contains a discussisn s f  the problems inherent 
w k t h  the TQX analysis. 

Because of thest factors, TOX appears to he inapprspriate ~ Q K  

regulatory purposes, and another pa'r~s~~eter such as TCE and/or 1,2-%PGE 
should be substhtuted. Future work should stress the inappropriateness 
of TOX rather than why it: increases. 

Screening test TW3keS I t  IkXi.pprOgrhtC? for acCUrate%y guaneifying the 
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Table El. Discharge standartisnaverage effluent 

the groundwater treatment: plant: in  
milligrams per l i t e r  (unless 

otherwise noted) 

quality, and average influent quality for 

Parame tera 
Average effluent? Discharge Average 

standards Grab composite influentb 

Arsenic 0.25 
Boron 1.0 
Cadmium 0.69  
Chromium 2.77 
copper 3.38 
Cyanide 2. 
I r o n  100 
Lead 0 . 6 9  
Manganese 28 
iCkE1 3 . 9  

8&GC PO0 
pH (units) 6-10 
Sulfides 1 I 
T0XC 0.16 
TOX ( f i  1 tered) NSd 
",nc 2 . 6 1  

1023 
.I10 

,020 
.034 

<0 081 

5.2 

0 . 6 0  
8 . 2  
<os 05 
0 f 0 '7 4 
MD" 
8.04  

0.045 
0 .  I36 
0 * 012 
0.013 
10.4 
<0 ~ 001 
17.3  
0 . 0 5 5  
6 . 4  
0 027 
2 .2  
6.9 
0 . 9 8  
0 . 3 5 4  
ND 
1.05 

"Barameeers refer te> t n t i l P  where app1LeabI.e. 
"The single, monthly 24-h composite samples are used to 

determine conig1.Lancs w i t %  &he standards while the weekly grab 
samples are  used for evaluation purposes j) 

W&e: - oil and grease, and TCaX = total  halogenated 
hydrocarbons. 

dNS = no standard. 
*Ean = no data cnllected. 



Table 12. Total organlc halogens 191. sta l? 6 and in the 
effluent at the ~ K O W A ~ W ~ ~ ~ K  treatment plant in 

milligrams pes liter 

Effluent 
Stage 6 

Grab Compo s i t e 
... Y 

Average 0.055 0.078 0.094 

Maximum 0.125 0.147 0.1.37 

Minimum 0.010 0.010 0.648 

Discharge standard NSa NWb 0.16 

"NS - no standard. 
bND - no data collected. 



From Table 6 it can be seen that only seven of the VO@s are  
detectable i n  the inf luent ,  t ha t  the ~~~ concentrattans decrease through 
the reactor,  and t ha t  all VOC concentrations are  below detectable l i m i t s  
by stage 3. Table 13 shows the V N s  detected i n  the plant influent and 
t he i r  average concentration t . h ~ o u ~  the reaction chamber. 
essent ia l ly  the same ones Eound last year and at. simLlar concentrations. 
The monitoring prograrn should eliminate all, of those VQ@s not l i s t e d  in 
Table 13. Furthermore, smpling for  VOCs f t e r  the in-line f i l t e r  
should be eliminated. 

Concentrations persist in  he reactor 
whereas TQX i s  reduce 
detectable li its, 
but E t  could 
sampling and alytlcral e r ror ,  treatment inefficiency, racaldtrant 
~rganics, ax che f ac t  that T 
than does VOC arem~)vd, which uires only one, ring the next year 

They are  

The TO% increase in the eff luent  reviously. TOG 

by 77$, and ths VOCs tare r 
The reason f ~ k  the persistence sf TQC is not known, 

related &a adherence of organics to part iculate  matter, 

r i s  now working 
enisnee should keep 

the treatment plan&. 

increase i n  VOCs t h ~ o u ~ ~  the in-llne f i l t e r  y be a t t r ibu ted  to  

April 1989. e report ~ A ~ ~ ~ ~ ~ i x  6 )  Q the sampling fiamd that. the 

causes the sample starem to be turbulent and foam. O n  t h i s  occasion the 
W C  vial was not flllecf immediately, so, the sample continued to degas. 
The HBF sample 1s collected by 
the three wells, ?'his mixing s t e p  causes a IQSS o f  VBCs.  
problems cer tainly contrfbuce t o  the anomalies i n  <he VOC r 
may explain them. Mew valves sb~uld be installed sa that 
can be collected without turbulence. 

Since the C Q I I ~ % ~ U O U S  TQX ~ ~ C T Q Z X S ~  i n  the? eff luent  and the February 

sampling andl analyt ical  error, the mpI.ing of VO@s was observed i n  

valves used t colPsct the 18F and EFF siunples are too r e s t r i c t ed ,  which 

ixing equal sample volumes from each of 
These 
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The average groundwater flow rate for the entire study is 
0.0003 &'Is (4 gal,hin), which is 26% o f  the design flow rate of 
,0016 m3/s (25 gal~min~ (Table 31,  This low flow rate makes the 
optimization of the plant and the camparison o f  operating costs with 
other treatment technologies difficult, study to determine the 
treatment plant capacity (Peyton 1989) as d flow rates similar to 
those seen in FY 1988. 
conservative in terms of flow rate, 
combined TCE and P,2-DGE conce 
have greater concentrations. 
capacity study after either the TCESA or N 
treatnent plant, 

bacteria were found in the wells, and they s sed wfth chlorine 
for removal.. The operator needs to manitlor regularly so that 
changes can be seen early and action taken to correct the problem and to 
adjust the operating parameters of the treatment plant. 
rate should be reported by the operator in gallons per month and gallons 
per minute, respectively, per well and o ~ e ~ a % l  so that actual operating 
time can be considered more easily in determining the €low rate. 

e ditsckilarge permit for the plant a'ilaws 3 7 , 9  m3/d 

Therefore, Ehe findings o f  the study are 
ut they may underestimate the 
ns because &e new plumes appear to 
P another reason to perform the 

glurne. is added to the 

One cause for this ow flow rata is p clogging. Iron 

Flow and flow 

gal/day) to be discha ~~w~~~~~ if the plant were operating 
at its design capacity of 0.0 l/mrmfn>, then 137 m3/d 
(36,000 gal/day) would be dis 
could become one when the new r;i are Entroduced to the plant. 
Either the permit should be revised, 
should be limnited, 

expected (Table 4 ) .  
'6BF is generdly lowe 1988 ( A ~ ~ e ~ ~ i x  21 ,  and the 

is not a problem now but 

the operating time each day 

Approximately 87 f the TSS is removed by the in-line filter, as 

appears fro be do 
QnCWlfXatiOn i n  the 
QWt?V&r:, t h i S  iS dUC luent TSS csncemcra%ion during the 

months af plant operatfon, Sinasre ~~~~~~~ 1988, ehe TSS 
concentra&ions f ve decreased and a m  sfmiXar to the 
concentrations in the 7 l e s ,  This Day b@ f r m  prec 
the reaCtBr, as he sedim?nt removal ?xi 
Ultvax Hnternationa% I )  that the di%fus.ers i n  are repaired 

sv\laluatlan purpips 
manganese f i l t e r  

1s 4 it can be seen that ehe p ia1ereases from 
approximately 7 to 8 in th is was also see during FY 1988. 
As stated then (Garland 1 9  
formation of organic acids, e pH increase is not 
known. 

it i s  unaffected in the react 4). S h c e  TOG and TOX are 

said the iron and impact on TSS should 
1 h g  should be? reduesd to mont 

ling paint aftex ehs new iron an 

ease was expect 

Approximately 43% of %he emoved by the Fn-line filter, and 

y the filter, the am to have a large particulate 
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D io not really an appropriate onitoring parameter for 
plant, and the discharge pemi  should be revised to 

delete it. It should not be continue for evalloation purposes. 
'The concentrations of su ites and sulfates were unaffected by the 

treatment plant whereas slalfi 8 W ~ K @  r~~~~~~ in the in-line filter and 
in the reaction chamber (Table 4) 
monthly next year to assess the 

se analyses should be performed 
of the new wells. 

'Jllhe nitrate concentration below detectable l i m i t s  

re not affected (Table 4). This was found last year as well 
xpected. Nitrite analyses should be eli inated, and nitrate 
ia should be redu 

If the. s 

E) to 3 . 4  mgpk. in the t pliant, whereas nitrite and 

onitoring at the IBF and EFF 
e when the new wells are only in FY 1990. 

added to the treat nitrate and 
eliminated. 

line filter and is unaffected in ehe reaction chamber. The ferrous ion 
(Table 4) is removed in both the in-line filter and the reaction 
c h m b e ~ ,  This is consistent with last ear's findings. However, the 
average values do not reflect the tren 
ferrous ion concentrations below detection lid. ( 0 . 0 5  mg/L) This 
trend is also carried over to the IAF and EFF s les. In F'Y 1990 a 
ample should be taken after the iron and 

whereas last year it was removed about equally by the in-line filter and 
the reaction chamber, The manganous ion i s  reduced by approximately 54% 
in the reactton chamber and is unaffected in the in-line filter. In 
F'Y 1988 the manganous ion was reduced by 80%.  Both manganese and 

in May 1989, 

Total iron (Table 4 )  is removed by approximately 77% in the in- 

started in early 1988 of in-let 

Total manganese 1s not  affected by the treatment plane (Table L P ) ,  

stnganous ion started decreasing In concentr on in the plant influent 
During FY 1990 an additional s ould be collected 

after the iKOn and mangalcnese f i l t er ,  
During the maintenance and upgrade effort  by Ultrox International, 

a pret~eatment process far the removal of iron and manga 
implemented. Because of Che sediment in the reaction ek 
coating on the W 1 8 ,  it w a s  presumed that this  gretr 
was needed. 
and manganese in a reactor tank and then la filter t o  remove the iron and 
manganese. f loc .  Baaed on the results described previously, the 
precipitatisn of iron and manganese may no t  be a problem, so an 
evaluation of the impact of the pretreatment process should be 

trea 
plant, the iron and manganese concentrations are expected to hncrease, 
and an enlarged pretre~tment process should be needed. An evaluation 
was performed to dete fne the best ~ K Q C E ~ S S ~  and the conclusion was to 
oxidize the iron and manganese with Q, and to remove the in a filter. 
However, a laboratory study should be perfamed to dete ine the 0, dose 
and reaction t h e ,  The details of this evaluation are in Appendix 4. 
If the pretreatment process is imple s p e ~ f ~ ~ ~ ~ n c e  should be 

Ultrox International should be analyzed during FY 1990 to determine if 
it is  a hazardous waste, 

The pretreatment ~ % - Q G ~ S S  uses Q, f o r  oxidation o f  the iron 

perfor1ued. en the TCESA and NFA pluanes are added to the 

eValUatX!d to deW380p peKfOIXletnce Cg% e filter installed by 
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a in Table 4, bacteria are reduce. by approximately 81% 
lter and approxbately 5% in the eaction chamber for 

an overall removal of 82%. This rate is worse than laat year9s overall 
removal. rate of 99.9%, cn decrease that is expected. 
1988, the influent bactexia quantity began declining, whereas the 
effluent bacteria q tity began increasing, typically to values greater 
than the influent. 
determined. Bacter termination should be discontinued in FY 1990. 

affected by the reaction chamber (T . This analysis should be 
discontinued next year for evduati oses snd should be eliminated 
from the permit because of its tity and the low 
concentrations er compared with those in the 
standard (100 m ~on~entrat~ons in the 
influent have been below dete 

not affected by the reaction chmh 
the trace metals are as EcaSItaws: 

Starting in late 

cause for thts discrepancy has not Been 

O&G concentrations are r line filter but are not 

As expected, all of the trace ed by the filter but 
moval percentages for 

In Table 3.1 the plana: discharge stsn ds ar4f compared w i t h  the 
average plant influent for &race meals -  
discharge standard, and the other parmet 

sampled for trah: t a l s *  If dre ~~~~~~~t t 
the same after t 
should be revised to ekinln 

of Cd, Pb, Zn, Mi, and Cu ( e ~~~~~~~X 2 ) .  e most elevated were Cd, 
Pb, and Cu. The samples: e~llected after rhe in-lfne f i l t e r  contained 
normal concentrations, Zinc appears t tarted an upward trend in 
October 1988 that  peaked in Feb 
these selected tra 

(Appendix 5) revea valves on the treatment plant were made 
of brass and were badly and variabl 
explain some of the increased tarace rat$ons * It. was 
recomended that the valves be replaced with noncorrosive materials such 
as plastic or stainless steel. 
for the trace metals, with the elevated analyses excluded for purposes 
of comparison. 

standard. Duriaz 9990 omnay the plant fnf 

dition of the new p3 
e all trace metals except copper. 

In February 1989, the F smplas  sontsi elevated concentrations 

e monthly analysis for 

A review of s ducted in April 1989 

fS COrroSiOn 

Table  14 also shews the average value 

5 . 6  OPERATPONS AM 

y combining the operations an 
he flow data (Table a > ,  the average. 
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Table 14. Elevated trace metals results for the plant 
influent at the groundwater treatment plant 

(in milligrams per liter) 

Month Cadmium Copper Lead Nickel Zinc 

May 
June 
July 
August 
September 
October 
November 
Be c emb e r 

January 
February 
March 
A p r i l  

June 
July 
August 
September 
Average 
Average without 
high valuesb 

May 

0.010 
0.004 
0 004 
0.005 
NAa 

0.007 
0.005 

o = ooa 

0.049 
0 .006  

0.006 
NA 
NA 
NA 

0.025 
0.011 

0 .  ooa 

0.008 

0.230 
0.180 
1.070 
0,298 
NA 
1.240 
3.760 
0.160 

---d-- 18 50 

2.25  
1.71 
NA 
NA 
NA 

11.07 

1.21 

0,100 
0.068 
0.089 
0.012 
NA 

0.033 
0.049 
0 * 022 

0 .154  
0 .023 
0.080 
0.016 
NA 
NA 
NA 

0.033 
0.057 

0.048 

0.016 
0.019 
0.026 
0 .033  
NA 
a 0 047 
0 .02s  
0 .013  

0.049 
0.013 
0.011 
0.024 

NA 
NA 
NA 

0.037 
0 .028 

0.023 

0.540 
0.263 
0 .464 
0.722 
NA 

-111 1 . 3 2 0  
1.880 
1.420 

3.140 
0.419 
0.952 
0.136 
NA 
NA 
NA 
- 1 . 5 3  
1 .066 

0.499 

‘NA = not analyzed. 
bThe values underlined are excluded from t h i s  average. 
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treatment plant is found to be approximately $32.5/m3 ($122/lQQO gal) 
(Table 15). 
(Table 3)  and 38% downtime (Table 8 )  and because the cost should not 
increase significantly as the flow rate approaches the design flow rate 
of 0.0016 m3/s ( 2 5  gal/min) with little downtime (5%) I it should be 
corrected for purposes of comparison with other treatment processes. 
Assuming the design flow rate of 0,0016 m3/s (25 gal/min) 
and no sampling and analysis costs, the cost would be $3.9/m3 
($12.7/1000 gal). 
will not be affected by a change in flow rate. 
order of magnitude greater than the costs predicted by Ultrox 
International and those of last year (Garland 1989). 
Tables 3 and 7 for flow rates and c~sts, respectively, it is seen that 
costs have remained fairly constant but that flow rate has decreased 
considerably during FT 1989 .  Personnel casts are not being reported, so 
they are not Encluded in the treatment capst, an the future they should 
be reported. effort: spent by U'ltrox 
International in performing ~aint~nan~e on t lane, the effort spent 
on routine maintenance should be increase will increase the! 
costs further, Also,  the analytical cost t included in the 
routine cost figures, but some mount of p 
required, which wlll increase the S=OSH;S f For all of these 
reasons, the treatment costs are not cons efingtive and must be 
reevaluated as flow rates increase. 

In reviewing the operations history of the treatment plant. 
described in Sect, 4 . 3 ,  it Bs clear that the plant: has inadequate 
process control instrumentation, fna q u t e  routine maFntenanee 

operations and maintenance. Now that  the instr  entation is available 
and the flow w b l l  increase fro additional wells, operating conditions 
should result that will allow 
level o f  effore needed. In order to EUISUK~ that zbe plant operates as 
intended as the new wells are added that tt continues to meet 
discharge standards, it is recommem that the plant be operated by a 
contractor for at least 1 year, 
contractor will determine optimum operating conditions, prepare an 
operations manual and routine maintenance plan, and determine plant 
modifications, if any, that are neede OW that the treatment plant 
has undergone a major maintenance and upgrade program, sufficient effort 
should be expended to keep it operating properly and find out if the 
problems being experienced are Inherent in the technology. 

Because this cost is associated with a very low flow rate 

5% downtime, 

Since O3 and H20, doses are already at maximum, they 
This east is still an 

In looking at 

Based upon the mount of time 

contn:ol analyses is 

instructions, and an ~ d e ~ ~ ~ t i ~ a t ~ ~  vel of effort required for routine 

better appraisal of O W  costs and the 

In addition to operating the plant, the 

5 . 7  STUDY P 

The Study P l a n  containe in A ~ ~ ~ n d ~ x  1 and summarized in Table 2 
should be revised ts reflect the manltoring changes recommended 
previously above. and to reorient its principal thrust from organics 
removal to des bgn C+i h?r.b, operatill conditions, and operating costs. 
Due to the low flaws and the maintenance roblems experienced so far, 
these issues have not been eval ately. Table 16 summarizes 
the proposed sampling plan f o r  nd Appendix 6 contains a 
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Table 15. Groundwater treatment p l  nt operation and 
maintenance ( O M )  c o s t s  based on total flow 

om costs 
($1 

Flow Cost per volume 

1 8 1 , 9 9 2  5604 1 , 4 8 8 , 2 4 2  3 2 - 5  1 2 2  





e treatment plant meets the discharge pe it. for all parameters, 
However, the effluent T concentration is consistently higher than the 
stage 6 concentration, 

vio%attions later, 'It is ha e .maintenance work c 
Ulitrox International 1dena;ifisd the causes and corrected 

pasmeter for the discharge permit. There appears to be an artifact in 
the TQX measurements that at times exceeds half of the allowed value in 
the eff luent .  Evidence thaa: t h i s  residual TOX is an artifact foPPsws: 

persistence oE TO@ and TOX i n  the 
plant, Elay ilsdicate t problem that will c 

ta indicate that Tax io not an 

8, The TOX drops as the VOCn axe removed, either by sparging or by 
oxidation. Once the VOGs have been K ~ W N ~ ,  no further decrease in 
'POX is: seen. It Bs highly tnnlikely that  the residual. TQX is due to 
stme halogenated species t ha t  :s totally refractory to OM* radical. 

B Cmplete priority pollutant analysis has csnfd. 
halogenated priority pollutants are present other than the VQCs. 

me data R B S O  show that a11 of the twsres Is except C O ~ ~ R K  are 
well below the dischiirge staa~dards prior to t emt. This is also 
true for sulfides. If thPs holds true af ter  the TGESA and N 
are added to the treatment plant:, then the discharge permit 
renegotiated to eliminate them entirely 0% to  educe the level of 
monitoring to annua1Zy OK semiannually r verification purposes. 

BOD and O K  axe lnapp~oprlake  par ters to be used for this 
discharge and slhoukd be eliminated from the peml t .  
as proposed above, a more appropriate measure of the organics being 
released w i l l  be used, 

comparable limit on the VQCs 0% limits on TCE and/or 1,2-D@E, 

introductlon of the two additional. plumes should be prepared to 
determine if the dischar e peranit should be revised to increase the 

rate o f  O.QQl6 m3/sec (25 gal/mtm) will d i s d ~ r g e  137 

By monftoring VOCs 

It is K ~ C O  ended that a renegotiation of the 
onitoring parameters be at-tempte w i t h  'SOX being replaced by a 

The Qpt?r;atPIlg phH1 f O K  Che treatment plant following the 

discharge from 3 . 9  m3/d (la, 000 gal/day), but the design flow 

(36,090 gal/day). 

Before Ehe overhaul by Ultrox Internattonal, the 0, generator was 
operating at about 10% oE its rated capacity, even though the power was 
turned up to 108t, This was probably at least  pa~t1alI.y due Ro 
inadequate drying of the feed gasE, and new air dryers were installed to 
remedy this situation. Moisture cantent of the air should be Bonitored 
and reported routine1y. A f t e r  the sverhaul by UBtrox International, the 
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generator has produced its rated yield. 
the full capacity of this 0, generator be available as the other 
groundwater streams are added, it is recommnded that the 0, generator 
yield and transfer efficiency be calculated daily to monitor performance 
and to anticipate performance problems. 

installed in such a manner that feed gas and off-gas may be monitored. 
This will allow the operator to determine 0, generator yield and O3 mass 
transfer efficiency on a daily basis. This information will provide the 
means to anticipate difficulties, schedule routine maintenance at: 
opttmum intervals, and avoid being aut of compliance with the permlt 
requirements. 

Because it is essential that 

In order to make these calculations, the 0, monitor must be 

6.3 EUIWA'ENAIUCE PBOGW 

"PIP@ existing data indicate Chat much of the trouble with transfer 
efficfency is due to clogging of the spargers, the 0, r~tameters, and 
the feed tubing and that the problem w i t h  generation is caused by wet 
air. Additionally, the UV lights become coated very rapidly. It is 
recommended that a routine maintenance program be established t o  
minimize the effects of clogging and scaling in order to avoid serious 
deterioration in the performance of the reactor. 

may account for the reduce 
chlortne to ePiminata the 

A regular saaintenance 
difficulties and 
specifications, It $5 re@ ;k a contractor operate the 
treatment plant for l year 

and routine ~ a i n t e ~ ~ n ~ ~  p l  ~ o ~ i ~ ~ ~ a t i o ~ ~ .  

Indications are. that same of the wells contain iron bacterta, which 
a wells should be dosed with 

taPd be sea: up to anticipate 
ant ~ ~ r ~ ~ ~ ~ . n ~  up ts 

dditional flow i s  brought to the 
i s  contractor WL operating manual 

The model predicts that if the ane is operating properly ( % . e . ,  
if the 0, generator produces the rat: 
is 60 to 8 0 % ) ,  the treatment plant should be capable of treating the 
additional streams from the TCCESA a the N@W plumes. Under these 
conditions, the treatment plant sho also be able to handle a 
concentration excursion of three t imes the predicted combined stream 
concentration. 

conclusions. 
extrapolation should be kept in monfnd when using these conclusions €or 
planning puqoses, particularly since this is the first use of this 
model. After the additPan of flow from eicher the TCESA or NEA plumes 
to the treatment plant, correspondence of the results to the predicted 

yield and the transfer efficiency 

Numerous assumptions have been made in arriving at these 
The uncertainty of the results of such a large 



values should be checked, and the 1 ~ e f i n e d  if necessary. This will 
allow anticip t%On Of pK"Ob1eIBs th occur when the third stre 

only approxim tely 16% of the 
design flow rate, and the plant has Been inoperable 3 % of the time. 

are suspect an 
Because of thi the estimated O W  osts of ($0.38/~3) ($le 22/1000 

should be vleriffe during FY 1990 as the flow increases. 
fallowing the extensive rehater attention needs to be paid to 

aintenance and upgrading performed b trox International, It is  
clear tha t  the trea ent plant when originally constructed had 
adequate process contr~l inst g u t e  routine 
intenance instructions, and a ewe1 of effort. required 

for routine O M .  These deficiencies should be corrected. 

From the rate constants (Table 10) calculated during the 
experiments tQ detemtne the capacity of the treat ent plant, it appears 
that the 0, and M,8, reaction i s  responsfble for the majority of VOC 
removal. The apparent lack of need far IN radiation may be due to the 
scale on the lampsi, which limited thelr usefulness. This is another 
reason to conduct the experiments again after one of the new plumes is 
added to the graundwacer treatment plant. 
radiation i s  again confirmed, then consideration should be given to 
eliminating it from the treatment process, 

If the lack of need for W 

Sparging and H,O, photolysis 
were foulld to be relatively minor reac'tions. 

A work plan for 5990 is contained in Appendix 6 .  The emphasis is 
on shifting from r o q l i a n c e  with dlseharge stan 

those for other technologies. 

ras to developing 
design criteria ana operating par eters and ts comparing costs with 
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PURPOSE 

The purposes of this evaluation are to: 

determine if the technology can meet the discharge standards, 
determine if the technology can meet its specifications, 
determine the operation and maintenance costs of the technology, 
compare the capital, operation, and maintenance costs with other 
technologies, 
evaluate contaminant removal mechanisms, 
assist in o p t h i z i n g  the operation of the process, 
estimate the capacity of the existing plant, and 
predict the treatment plant size necessary to handle all three of 
the contaminated groundwater plumes. 

OPERATING PHASES 

operation of the ultraviolet (UV) radiation/ozone (Q,)/hydrogen 
peroxide (H,O,) groundwater treatment plant will take place in several 
phases. Phase 1 is the start-up and commissioning performed by and for 
the vendor to insure that the treatment system works. 
operational phase is the batch operation necessary to demonstrate that 
the plant can meet its discharge standards. 
plant cannot be discharged to the community sanitary sewer until this is 
demonstrated. 
discharge standards has been demonstrated, then Phase 3 of the operation 
will start. 
at a flowrate of approximately 5 gallons per minute (gpm), 
necessary during this phase to perform optimization studies to determine 
how  fin^ the treatment system can be turned-down from its design flowrate 
of 25 gpm to the actual flow of 6 g p m .  
incrementally by deereasing the ozone flow and then decreasing the 
number of W lights that are turned-an. When these levels are selected, 
then the N20, dose can be decreased. 
phase to sample along the length of the 0, reaction chamber to see where 
the discharge standards are being met. If they are met prior to the end 
of the reaction chamber, then the W lights and possibly the 0, f l o w  to 
the remainder o f  the t a d  can be stopped. In order to perform this 
sampling, the sample caps should e 4mCalled in aPZ s i x  sections of the 
reaction chamber. Phase 4 w i l l  then begin following the optimization 
study when steady state conditions at. ~ p ~ ~ o x ~ ~ ~ ~ ~ l ~  6 gpm will prevail, 

flowrate af  25 pn. At t h i s  time the op i z a t l o n  study will be redone 

necessary. This should be done as discu en the 
optimization is complete, and a steady state? 5s; reached, then phase 6 
will begin which will be the long-term operation at 25 gpm. 

level the optLmization study will have to take place, 

The second 

Treated water from the 

When the ability of the treatment plant to meet the 

During this phase the plant will be operated continuously 
It will be 

This should be done 

it will be helpful during this 

Phase 5 wL%P occur when the flowrate Is increased to the design 

to determine th mount  of a,, number of mount of M,O, 

If the flowrate increases incrementally to 25 gpm, then at each 
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111. EVALUATEON P 

A .  Introduction 

In order to evaluate the performance sf the groun ater treatment 
plant and achieve the objectives stated above, a plan for s 
analysis, data collection, and data interpretation t s  necessary, 
Therefore, the following evaluation plan w i l l  be discussed in terns of 
sampling, operations and ~ ~ ~ n t ~ ~ - t ~ ~ c ~ ~  and design and construction. 

B. Sampling 

h r h g  pha§e 1 a Certain &fROUnt Of S d analysis was 
perfomed to check the equip n and determine if 
the contaminants wexe being removed. This i ion should be 
provlded to the evaluator. 

Phase 2 to demslnstr e its ability to m e e t  the discharge standards. 
During this Phase s 
various time intern 
discharge permit, T h i s  infamation should be provided to the evaluator 
also 

During Phases 3 through 6 operations will be continuous, and three 
types of monitoring will be performed-routine, evaluation, and 
geochemical, Routlns moanttsr€ng w i l l  be conducted continuously, daily, 
or monthly and primarily involves those parameters regulated by the 
discharge permit. 
in-line filter, and after the 0, raactlon tank. 
monitored as p a r t  of routine monitoring are shown in Table 1, 

interest to evaluating the actual performance of the groundwater 
treatment plant. T h i s  monitoring will take place weekly for most 
parmetens at the influent, after the in-line filter, and after the 0, 
reactton tank. The off gases will be sampled at the vent P K ~ O K  to the 
0, destruct  unit and analyzed for total organic halogens and 0,- Total 
organic halogens and priority vo1arciI.e pollutants also will be sampled 
at each o f  the six smpllng taps along the 0, reaction tank. 

rern~val along the length of the. 0, react 

bicarbonate will be sampled at a l l  sampling locations once per week for 
a month and then montl-tly thereafter. The particulate matter retained by 
the in-line filter and prectgitated in the reaction ch 
analyzed quarterly or whenever s These analyses 
will include bacteria and inorganics, s . g . ,  iron and manganese, The 
parametsers to be anitored as part a% evaluation monitoring are shown in 
Table II. 

influent, after the filter, and after the 0, reaction tank once during 
the project. These parameters are sham in Table 111, 

The batch testing of the treatment facility was conducted as 

les ware collected from the reaction chamber at 
far analysis of those parameters regulated by the 

Sampling will take place at the influent, after the 
The parmeters to be 

Evaluation monitosing invalves those parameters that tare of more 

The 
monitoring at the six sa Ping taps is ti) determine the rate of organic 

W absorbance at 254 nanometers, H, rbonate, and 

les can be collected. 

A geochemdcal analysis of the water will be determined of the 
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A comprehensive monitoring plan showing the parameters to be 
monitored, the frequency of monitoring, and the location of sampling is 
contained in Table TV. 

As the monitoring is taking place, and the results are analyzed, 
then the above sampling schedule may change to reflect what is found. 
Also, some additional analyses may be needed to determine the 
degradation products of the treatment process. 

and analysis is critical to the reliability of the results and their 
interpretation. Therefore, the quality control plan of the laboratory 
should be provided to the evaluator. 

Quality control of the sample collection, handling, transportation, 

C .  Operations and 

Any observations concerning operations and maintenance made during 
Phase 1 when the manufacturer's representatives were starting-up the 
treatment plant should be reported so that the ease of start-up and any 
problems encountered can be documented. 
Phase 2 during the batch operation. 

record of operations and maintenance expenses and time and an operations 
log. 
each day during the operator's vis i t ,  should document the amount of time 
spent and any special maintenance performed, and should racord any 
observations made, e.g., the col f the water, the mount of foaming, 
and the amount of scaling on 

Since 0, generation and 
operations, the mount  of electricity used at the treatment plant should 
also be documented. Some means of measuring trhe power usage should be 
installed. Chemical costs and spare parts costs should be available 
from purchase orders, but their quantity and costs should be gathered 
and summarized on a regular basis, perhaps as part of a. monthly 
operations report. Also, the cost of monitoring should be maintained 
since this will represent an on-going cost. 
of time a water treatment plant is operational, the operations cost can 
amount to 40-80% of the total cost ,  so it is important to document these 
costs. 
rate, the percentage of 0, in the gas, the amount of H,O, used, the 
number and location of UV lights used, the duration and reasons for any 
downtime, and any other unusual happenings. 

is should also be done for 

For Phases 3 through 6 emphasis should be placed on maintaining a 

The operations l og  should be a cheeklfst of what is to be done 

re energy intensive 

Dependling upon the length 

The monthly operations report also should contain the gas flow 

D. Design and Construction 

The cost associated with the design and construction of the 
groundwater treatment plant need to be reported so that they can be 
factored into the cost of this type of treatment. This should include 
any bench and pilot testing that was performed. 
be collected and provided to the evaluator. 

This information should 



IRED ACTIONS 

In order to complete? the evaluation plan described above, it is 
necessary that the aperations check list and log be developed, the 
sample taps be installed along the 0, reaction chamber, a 
measuring and recording power usage be installed, arrangements for the 
monitoring be made, design and construction cost data be gathered, and 
the laboratory's quality control plan be obtained. These actions m u s t  
be done by personnel at the plant. 

V. PROJECT D 

At the end of Fiscal Year 1988 an a 1 report wPll be issued that 
will summarize the E'fndings during that year and make reeo 
and conclusions based upon those findings, Since the plant will not. be 
operating at the design flsw rata of 25 gpm, a thorough evaluation of 
the plant's performance will not be possible  BurBng the first year. 

A letter report will be issued in December 1988 that will estimate 
the capacity oE the existing plant, predict the size of plant necessary 
to treat all. three contaminated grraunbwiater plumes, and predlct optimum 
operating condttians. 

In November, 1989, a second year annual report will be published, 
and in April, 1990, a final report will be issued, Subsequent 
operational evaluation may be perfamed k f  deemed necessary. 

VI. PROJECT 

Sidney B. Garland IC?. is the Principal Investigator for this 
project, and Nie Korte will be the Project Manager. 
o f  contact with the Bendix Kansas City  Plant 1s Denise 

The primary point 
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Table I. Routine monitoring plan parameters 

Cadmium BOD 
Total suspended solids Chromium 
Copper Flow 

Nickel Arsenic 
Zinc Sulfides 
I ran Oil and grease 
Manganese T o t a l  cyanide 
Boron Total organic 

Lead PH 

Halo gens 
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Table 11. Evaluation monitoring plan parameters 

Sulf i te  
N i t r i t e  
N i t r a t g :  
Ammonia 
Sulfate 
P r i o r i t y  vo-atils po 
Ferrous ion  
Manganous i o n  

lutants 

T o t i 1  organic carbon 
Total plate count 
Ultraviolet: absorbance at 254 nanomekers 
Hydrogen peroxide 
Carbonate 
Bicarbonate 
Ozone 
Parttculate i n  f i l t e r  and reaction 
Chamber 
O f f  gasesa 

a'Phe off gases will be analyzed for total 
organic halogens and ozone. 
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Table 111. Geochemical monitoring plan parameters. 

Calcium 
Magnesium 
Sodium 
Potassium 
Sulfate 
Ghlor ide 
Fluoride 
Phosphate 
Carbonate 
B i carboria t e 
Iron 

zLIn addition to concentration, the results 
f o r  these analyses will also be shown in a Stiff 
Diagram, or similar graphical presentation, 
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Table ZV. Comprehensive 

Frequency Parme ter Locat i ona 

Continuous PI3 

Daily BOD 

PPOW 

TSS 

Weekly Su l f i t e  
Sulfate 
Sulfides 
Nitrite 
Nitrate 
Amnonia 
I r o n  
Fer rous  Ion 
Mangsnov-s Ion 
&inga"e 5 e 
TOX 
Pr ior i ty  Volati le 

TOC 
Pol.lu t;ants 

Monthly C a d m i u m  
ell r 0 m ium 
Copper 
Lead 
Nickel 
Z imc  
Boron 
Arsenic 
Sulfides 
O i l  & Grease 
T o t a l  Cyanide 
W Absorbance ac 

256 Nanometersb 
Hydrogen peroxideb 
CarSona r eb 
I3 i carbonateb 
O Z o l l e b  

Total  p l a t e  cornnl: 
Off gases (TOX, ozone> 

Quarterly' B a r t  i c U. 1 a t  9 8 

SedimWAt 

E 
I 

I ,  A F ,  E 
I, AF, E 

I, AF,  E 
I, AE', E 
I, AF,  E 
I, AF,  E 
I ,  A F ,  E 
I ,  AF,  E 
I ,  AF,  E 
I, A F ,  E 
I ,  A F ,  E 
I ,  AF,  E 
I, AF,  E ,  ST 

I, AF,  E ,  ST 
I, AF, E ,  ST 

I, AF, E 
I, AF, 1E 
I, AF,  E 
I, AF,  E 
I ,  A F ,  E 
I ,  A F ,  E 
I ,  AF, E 
I ,  AF,  E 
I ,  A F ,  E 
I ,  A F ,  E 
I ,  AF, E 

I ,  A F ,  E ,  ST 
I ,  AF, E ,  ST 
I, A F ,  E ,  ST 
I, AF, E ,  ST 
I, A F ,  E:, ST 
I, AF,  E 
T 

In- l ine  f i l t e r  
Reaction 



Table IV. (continued) 

Frequency Parameter Locat ion* 

Chamber 

Onced Calcium 
Magnes iura 
Sodium 
Po tas s ium 

Phosphate 
arbonate 
icarbonate 

I, AF, E 
I, AF, E 
I, AF, E 
I, AF, E 
I, A F ,  E 
I, AF, E 
I, AF, E 
I, AF,  E 
I, AF,  E 

aI - i n f l u s n t ;  AF 4 a f t e r  the in l ine  f i l t e r ;  E = 
ef f luent  from ozone reaction tank; ST = 6 sample taps on 
ozone reaction tank; arid T 1~ sample t a p  on a i r  vent.  

bThese parameters w i l l  be monitored weekly fo r  one 
monch and then monthly thereaf te r .  

'These analyses w i l l  be performed quarter ly ,  i f  
possible.  For the sediments Pn the reaction chamber the 
sediment should be sampled whenever the plant  is  not 
operating. 

be shown i n  a S t i f f  Diagram or  i n  a s imilar  graphical 
presentation. 

addition ta concentration, Chese r e su l t s  w i l l  
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MAY '88 145,490 3 . 7 4  1 5 %  

1 1 GROUNDWATER TREATMENT PLANT 1 
I FLOW MONITORING 
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, 05/27/88 0.230 0.140 0.035 c.01 Q 
0 6 / 2 4 /  8 8  0.1 80 70.01 0.033 <.010 





FILTERING 
MG/L 

FILTERING EFFLUENT EFFLUENT 
MG/L MGIL MG/L 
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1 ,I ,I -TAICHLOF@ETHANE 

(101201891 0 011 I 0 024 I - 1  18% I 0.007 I c.005 I c.005 I < 005 I c.005 I c.005 <.005 
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I I I I 
GROUNDWATER TREAlMo\cT PLAM - 

I 1 

# .-I---%+ # . 09/29/89 # # # # # I  # 
10/06/89 e.010 c.010 c.010 <.010 c.010 1 <.010 c.010 e.010 
10/20/89 . c . O l O  e.010 <.010 <.010 <.010 I <.010 c.010 <.010 I c.010 
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INTRODUCTION 

The government is continually devising new standardized tests for 
to be very well researched water quality assessment, These t e s t s  se 

and documented, and are, t h ~ ~ e f ~ ~ e ,  very l i ab le .  Tests are, however, 
just a tool far specialists to utilize. 
o r  interpreted incorrectly, a tea% i s  no longer reliable,  T h i s  report 
will discuss a commonly used water test, the organic halogen test, 
detail the problems associated with it, and display the ease with which 
it can be misinterpreted. 

en used in the wrong context 

The organic halogera test, TQX, is used to check for hazardous waste 
contaminatLon in water samples, One of the lems associated with 

category. Testing far each individual cont t, a'bthOUgh Very 
accurate, i s  extremely ~ k m e  consm!ng and expensive. The TQX test was 
developed as a means to detect a broad range o f  cont inants, namely all 
haloginated organic material, in one trial, The TQX test is successful 
at achieving its intended purpose o f  screening €or a large array of 
contaminants. By the nacure of the kese: however, as expected with any 
broad, generic test, TQX is inappropriate for accurately quantifying the 
actual concentration of contaninants QT defining what specific 
contaminants are present. 

of Water and Wastewater. In it, five possible uses for TO;# are 
identified: 

detecting hazardous w a s t e  is the ~ W ~ B T  of cala that fill that 

The TOX test is described in 1 

"~rox measurement is an inexpextsive and u s e f u l  method for 
screening large numbers of samples Before specific (and often  
more comp'lexg aaadysis; fer extstmsive f i e l d  surveying for 
pollution by certain classes of synthetic organic compounds in 
natural waters ;  far mapping the extent of srganohalide 
contamination in groundwater; €or anitorling the breakthrough 
of  some synthetic organic compounds in water treatment 
processes; and €or estimating the levels of: formation of 
chlorinated organic by-products after disinfection with 
chlorine." 

The test is s i m p l y  a contamfnatdun deCection device and should no t  
be used for actual numeric data. "In general, a pasttive TOX test 
result inmdi.cates the ceed far Identifying amd q u a n t i f y h g  specific 
substances '* 

DETAILED DESCRXFTlON OF TOX 

The TOX t e s t  e m  be dissected I n t o  four basic s t e p s :  adsorption of 
the organic material on activated carbon, removal af residual inorganics 
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on the carbon, burning the carbon to convert all the organics into CO, 
and HX, and then measuring the mount of HX released. 

batch adsorption. When using the! microcolumn, start by adding HNO, to 
the sample to achieve a pH of 2 .  
present should be measured, because they will be lost in the following 
filtration. 
Filter the sample through a glassfiber filter using vacuum, along with a 
filtration blank and a standard. 
activated carbon adsorption c o l m s  set up in series at a filtration 
rate of 3 mL/min. 
on an estimate of the halogen concentration in the sample. 

a pH of 2 is reached. The amount of volatile organic halides are then 
determined directly with a special instrument. Next, prepare a carbon 
suspension by adding high-quality carbon to high-purity, deionized, 
carbon filtered water to a density of 10 mg carbon/mL. Add the 
prepurged sample and an additional 20 g carbon, and stir for 45 minutes 
in a high-speed mixer. Filter through a membrane filter under vacuum 
and save the filtrate. Add 20 mg more of carbon to the filtrate, stir 
in the high-speed mixer, and filter that also. 
complete, if the halide content of the filtrate is greater than 10% of 
the halide content of the original sample, then repeat the process again 
with the second filtrate. 

At this point the granular activated carbon has adsorbed all the 
organic and inorganic halides. The inorganic halides will be removed 
through competitive displacement by nitrate ions (NO3-). Wash the 
carbon samples in a NO3- solution, so that the sample and solution are 
in contact for at least 15 minutes. This will strip the carbon of all 
the inorganic halides. 

The third step involves exposing the organic halide so that it can 
be detected. This is done by introducing the granular activated carbon 
Into a furnace and pyrolyzing it. 
transformed into carbon dioxide (COz)  and hydrogen halide (HX). 

The final step is to measure the amount of HX released from 
pyrolysis by using a microcoulometric detector. This device has two 
s o l i d  silver electrodes in a titration cell that maintains a constant 
concentration of silver-ions. An electric potential is applied to an 
electrode to produce silver ions in the cell solution, As hydrogen 
halide enters the cell in the carrier gas, it is partitioned into the 
acetic acid solution where it precipitates as silver halide. This 
produces a current that is integrated over the period of pyrolysis. 
integrated area under the curve is proportional to the number o f  moles 
of halogen recovered. 

The first step can be performed by using either a microcolumn or 

The amount of volatile organic halides 

This can be done directly by use of a special devise. 

Send the sample through two granular 

The amount of sample filtered should vary depending 

Batch adsorption is also started by adding HNO, to the sample until 

When the test is 

All the organic halide will be 

The 

PROBLEMS WITH TOX 

Because of the nature of chemistry, any procedure has certain 

Several of the more commonly noticed 
pitfalls and drawbacks. TOX, being such a broad test, has many problems 
with accuracy and precision. 
problems will be explained next. 
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The first inherent problem wsith TQX i s  its reliance on carbon 
filtering. Apparently, granular activated carbon can vary greatly in 
composition and purity. state5 : 

"Nonhomogeneous with a high background 
value affects the method reliability at low Concentrations of 
TOX. A high and/or variable bl value raises the minimum 
detectable concentration. aaitlve bias, in part due 
to the ease o f  carbon cant during use, necessitates 
analyzing duplicate of sac 

This &QWS that although TOX can still prove that organic halogens are 
present, i c  is noc that reliable at dete 
is. Standard Me- goes on to s ar activated carbon used 
to concentrate organic material fr  
variability in the analysis an 
detectable COnCentKatiGn.' 

g what their concentration 

e is a major source of 
i t  has a dramatic ef fect  on the nrninirnugo 

There is also an unavoidable SOUK~C~ of error in the 
mlc~ocoulomet~ic detector. Thio detector is based on the chloride ion, 
so any other halide will produce skewed results, Standard Methods 
explains : 

"The mass concentration of organic halides is reported as 
an equivalent concentration ~f organically bound chloride in 
micrograms per liter. 
from males of halide to mass concentration in terms of 
chloride, the accuracy of the method is a function of the 
particular halides present." 

As a consequence of this conversion 

Again, this is ~ n i m p ~ r t a t ~ t  if one I s  only trying to determine if there 
is any contadnation, as the test was intended. However, this error 
becomes significant; when quantifying actual concentrations. 

sampled. If the suspected concentrations of organic halogens is 
suspected to be. low, the chemist e tempted ta filter 
through the carbon. This is caut against in Standard 

Another possible source of error could occur if too much water was 

"...avoid filtering volumes greater than 180 
the maximum adsorptive capacity of the GAG [grand 
carbon] may be exceede leading to carbon breakthrough and 
loss of TQX. Larger s le volumes filtered lead to an 
increased quantity sf inorganic halide accumulated on the GAC 
and may ~esult: in a positive interference," 

The final chief cause of inaccuracy in TOX is inorganic halide 
interference. TOX obeains its €Trial. result by measuring the 
halogen recovered. Unfortunately, the halogens are found not only in 
the organic moLecuPes, but also in inorganic molecules and directly in 
the w a t e r .  These other halogens are theoretically screene 
the reading is taken, but inorganic halides can end up i n  the product 
anpay. This: results in a measured TOX reading: that is higher than what 
is actually present I 
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EXECUTIVE SUMMARY 

-The Department of Energy (DOE) Kansas City Plant operates a 
groundwater trearment plant. for the removal of organics. However, the 
process also oxidizes inorganics, such as iron and manganese, which can 
precipitate in  the reaction chamber and clog the diffusers. When 
additional groundwater plumes with higher iron and manganese 
concentrations are introduced to t h e  treatment plant, pretreatment for 
iron and manganese removal may be  necessary. 

Iron and manganese are normally soluble in groundwater, but they are 
oxidized and become insoluble w h e n  the. groundwater is brought to 
surface and exposed to oxygen. 
the oxidizing agent, p H ,  alkalinity, organic content, and catalysts. 

The rate of oxidation is dependent upon 

Iron arid manganese can be removed by oxidatican and 
filtration, iori exchange, stabilization to prevent precipitation, and 
precipitation. 
Plant is oxidation with ozone followed by filtration. However, since the 
groundwater characteristics are going to change and design criteria are 
site-specific, i t  is recommended that a bench scale study be conducted 
to determine ozone dose, reaction and contact time, and filter 
characteristics, It  also needs to be proven that the removal of iron and 
manganese will significantly improve operation of the treatment plant .  

The most appropriate technique at the DOE Kansas City 
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'The Department of Energy (DOE) Kansas City Plant operates a 
groundwater treat ent plant to remove organic contaminants, 
primarily trickloroethem, 1-2, dichloroethene, and vinyl  chloride. The 
treatment process utilizes ozone, ultraviolet radiation, and hydrogen 
peroxide to oxidize the organics. 
organics, the treatment process also oxidizes inorganics, such as iron and 
manganese, which can precipitate in  the reactor and scale on t h e  
ultraviolet lights. In order to reduce. the  problems with iron and 
manganese, a pretreatment system was installed that uses ozone for 
oxidation and filtration for removal of iron and manganese. 

However, in addition to oxidizing 

When two additional contaminated groundwater plumes are pumped to 
the groundwater treatme t plant, the flowrate is expected to be 25 to 
36) gal/min with iron and manganese concentrations of 25 to 30 mg/l 
and 8 to 10 rng/l, respectively. 
and manganese concentrations, an evaluation of alternatives to remove 
iron and manganese was conducted. 

Because of the increased flow and iron 

The remainder of this report presents background information on iron 
and manganese, evaluates alternatives for iron arid manganese removal, 
and describes t h e  recommended course of action. 

The Appendix contains a list of vendors and consultants contacted as 
part of this evaluation. 

PROBLEMS WITH IRON AND MANGANESE 

The presence of iron and manganese in  water supplies is objectionable 
for aesthetic and operational reasons. Iron and tiianganesc can discolor 
water, stain plumbing fixtures and clothes, cause tea. to tu rn  black, and 
darken vegetables. 

Iron and rmanganese stimulate the gr-owth of microorganisms in water 
distribution systems w h k h  causes unpleasant taste and  odor and can 
clog pipelines, meters, and valves. A t  concentrations greater t h a n  
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several milligrams per liter, iron and manganese impact ;I rnerailic taste 

to water. 

Iron and manganese also precipitate irr  pipelines and watcr treatment 
processes which  can reduce the  flowrarcs or interfere with she 
operations, 
Plant. 

This is what iIpQeiXS to be occurririg at the &iais3s City 

~ ~ n ~ ~ n ~ ~ ~  are maturaily-occurring constituents in  
groundwater caused by the solution o f  rocks and minerals. In 
groundwater iron and manganese typically exist as ferrous iron and 
manganous manganese which are the reduced, soiublc forms. When the 
groundwater is brought to the surface, carbon dioxide and  hydrogen 
sulfide are released, the plf  is therefore raised, anti zxposiire to oxygen 
creates an oxidizing environment. The reduced forms of iron and 
nianganese then transform to stable, oxidized, insoltm hle forms. The rate 
of oxidation is dependent upon the oxidizing agcnt, pH, alkal iniry,  
organic content, and catalysts. 

Iron is norrnaily expected to precipitate as a hydroxide fo l lowing  
oxidation. However at  alkalinity concentrations greater than  250 mg/l 
as CaCo3, i t  may precipitate as a carbonate 
1975). 
with strong oxidants, the precipitate will  be 3 hydroxide; whereas, i f  the 
iron is oxidized slowly with aeration, the precipitate strill he carbonate i f  
the alkalinity is high. 
iron and slow down oxidation. 1 herefore, sufficient oxidation ~ I U S K  

occur eo break the complex and oxidize the iron. 
material is oxidized, the rate of iron oxidation may be inhibited, and  the 
precipitate may be held i n  solution (iIWWt1 1971). 

(O'Connor 1989; Cleasby 
Cleasby's (1975) work indicates that i f  i ron  is oxidized rapidly 

Organic materials in  the water c;w complex w i t h  
r -  

Until. the organic 

anganese appears to precipitate as ICln0OI-I rarhcr than iClnO2, ;IS 

commonly expected (Kessick and Morado 1975 j. Oxida t ion  of 
manganese is complicated by a raiisunderstandin:: o f  re::iction chcraaistry, 
s 1 ow reac t i  om rates rI u 111 e ro u s (2 x i d :i I i o n  s t :I re s , 
(James EYI. Montgomery 1985). The organic complexes n u s r  he broken, 
IPS for iron, before manganese can 1~: oxidized. 

11 d organ i c c o 1-n p 1 e T e s 

increased pH values increase t h e  ra t?  ~f iron and  niang:\~icse oxid;i t ion,  
[Sturnm and Lee 1961) rcport t h a t  f o r  every pI4 r i i i i t  incr-eases t!it: rate 
of  iron oxidation incrcascs 100 fold. 
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Based on the above discussion, i t  is clear that the proper oxidant at  the 
correct pH is necessary for total oxidation. With other demands on the 
oxidant, sufficient oxidant must be used to meet the tot31 dennand with 
a little excess. 

REMOVAL OF IRON AND iMANGrZIU-ESE 

Iron and manganese removal is accomplished by four techniques-- 
oxidation and filtration, ion exchange, stabilization to prevent oxidation 
and precipitation. 

Oxidation, 
oxidation by aeration followed by detention and f i l  tiation. However, 
since the  most important factor in  the oxidation of iron and manganese 
is that adequate oxidation occurs for complete removal, stronger 
oxidants, such as chlorine, chlorine dioxide, potassium permanganate, 
and ozone, are sometimes used, particularly for manganese. 

The most common technique used in the United States is 

The detention time required for complete oxidation is also very 
important and often is underestimated, For aeration systems oxidation 
of iron and rrranganese requires 5 to 60 niin to form a filterable floc 
(James M. Montgomery 1985). If  chlorine is used as the oxidant, 30 to 
60 minutes contact time may be required (James M. Montgornery 
1985). A survey of 32 plants i n  Illiirois indicated that a primary design 
deficiency is inadequate reaction time and recommended that reaction 
time be determined for each site (AWWA 1971). Since ozone is already 
available at the DOE Kansas City groundwater treatment plant ,  and 
aeration will strip volatile organics, the only oxidation process to be 
considered fur ther  is ozonation. 

I_. Ion Exchange.  Ion exchange is a common and effective means of 
removing iron and manganese from groundwater. IIowever. i t  is 
generally used for groundwater with iron and rnanganese 
concentrations much lower t h a n  those at the DOE Kansas City Plant 
because the exchange resin i s  exhausted too quickly. Zeolite exchange 
media has beern reported ;is inappropriate when iron and manganese 
concentrations exceed 0.5 1 7 7 ~ / 1  (.4WWA 1971). I f  dissolved oxygen i n  
the  groundwater oxidizes iron and ninngmese, the mcdia can become 
fouled and coated (James bl. Montgomery 1985). 'The exchange capacity 
cat1 be restored by dissolving the iron and manganesc precipitate, but 
this also reduces t h e  life of the resin. 
considered for the DOE Kansas City Plant. 

This technique will not be 
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Stabi l iza t ioR.  
with and hold the i ron and manganese in solution. 
this technique is not  worrying about how to remove the iron and 
manganese. However, this technique is expensive 
(James M. Montgomery, 1985) and is not suitable when the  iron and 
manganese concentration exceeds 1.0 mg/l (0' Connor 1969 and AWWA 
1971). 
Plant either. 

Stabilization involves the use ot polyphosphates to react 
The advantage of 

This process will no longer be considered for the DOE Kansas City 

Precipitation. Iron and manganese can be precipitated as carbonates by 
the addition of lime or soda ash. 
precipitate almost completely at pH valves above 8 and 8.5, 
respectively; while ferrous and manganous hydroxides require the pH 
to be 11 (AWWA 1971). Precipitation is generally more expensive than 
other processes because of the high capital costs (James M. Montgomery 
1985). 
softened anyway. This technique will not be considered any further for 
the DOE Kansas City Plant. 

Ferrous and manganous carbonate 

Therefore, it is usually considered only if the water is to be 

IN'IXODUCTION 

Based on the previous discussion of the  iron and manganese removal 
techniques, oxidation of iron and manganese with ozone followed by 
filtration is the most appropriate technique for use at the DOE Kansas 
City Plant. Another alternative that must be considered, however, is to 
do nothing. The fol lowing discussion addresses these two alternatives 
and then draws some conclusions. 

OXIDATION WI'TH OZONE 

Since the DOE Kansas City Plant already generates ozone for the 
treatment of groundwater, i t  is reasonable to continue using ozone for 
the pretreatment of the groundwater for iron and manganese removal, 
Since the iron and  rnanganese :ire exerting an ozone demand anyway, 
no additional ozone will be required. I f  another method of 
pretreatment were used,  then additional ozone would be available for 
the removal of organics, B u t  th i s  disadvantage is far outweighted by 



the operational problems an 
new tech no 1 o g y . 

costs associated with the introduction of a 

The principles of iron and manganese removal are well established, but 
practice shows that reaction times and removal efficiencies are 
dependent upon the water apd the oxidant. 
the oxidant in groundwater contaminated with organics is sparse. Since 
the organics can complex the iron and manganese, i t  is possible that iron 
and manganese cannot be oxidized until  the demand exerted by the 
organics, as well as other inorganic constituents, is met, Therefore, it is 
recommended that bench scale tests arid possibly pilot tests be 
conducted prior to desi n of a pretreatment system to determine ozone 
dose, reaction and contact time, filter media selection, filtration rates, 
and filter backwash rates and frequency. 

Experience with ozone as 

Rather than  treat the filter backwash water, it is recommended that the 
backwash water be discharged to the sewer. The backwash water 
should not cause any violation of the pretreatment standards, nor 
should i t  be a hazardous waste. 
studies, this should be confirmed. 

During the bench scale and pilot scale 

A component of the bench scale study should evaluate the use of 
hydrogen peroxide as the oxidant. Hydrogen peroxide is already 
available at the treatment, is less expensive than ozone, and would 
reduce t h e  demand on the ozone generator. 

I t  is possible that pretreatment of the  groundwater for the removal of 
iron and manganese is neither necessary nor has a value that is 
commensurate with the effort. Other than circumstantial evidence and 
opinions, there is no confirmation that iron and manganese precipitation 
is the primary causes for clogging of the diffusers or coating of the 
ultraviolet lights. I n  fact, experience with pilot plant operations shows 
that the coating of the ultraviolet lights can continue even without iron 
and manganese in the water (person 1 communication, Gary K. Peyton). 
Operating data from the treatment plant does not show much iron and 
m an g a n e s re M o v a I oc c u rr i n g 

As the new groundwater plumes are brought to the treatment plant, the 
flowrate, i ron  and manganese concentrations, and general groundwater 
ch;mcteristics will change, and i t  may be prudent to do nothing un t i l  
experience with the new operating conditions can be gained. 
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CONCLUSIONS 

It is recommended that nothing be done immediately u n t i l  t h e  impact 
of the existing filter be assessed and a bench scale study be completed 
on the new combined flow.srreams. 
need for iron and manganese removal can be assessed, and the 
necessity of a pilot scale study can be determined. 

When these are completed. the 
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APPENDIX 
VENORS COWACED 

Cams Chemical Co. S weetwater Technologies 

Fe &. Mg removal 
(8 15)233-2500 (7 14) 472-6020 

Chemply Div. of United 
Chemicals Inc. 

(412 )384-5353  
Fe & Mg removal 

Capital Controls 

Ozonators 
(2 15)822-2901 

Culligan 

ion-exchange equipment 
( 3  12)498-2000 

Hungerford & Terry 

ian-exchange equipment 
(609)889 - 3 2 0 0  

In  filco B egreme n t 

ion-exchange equipment 
(804)756-7600 

Ionics 

ion-exchange equipment 
( 6  17)926-2580 

Johnson- Microfloc 

Filters 
(612)636-3980 

‘Tech nical Products Corp. 
(804) 483-7374  

Western Water Management 
(8 16)842-0560 

Roberts Filter 

Filters 
( 2  15)583-3  1 3  1 

Walker Process Corp. 

Filters 
( 3  12)892-7921) 

Ozone Research & Equip. 
Corp. 

(602)-272-265 1 
Bzon at or 

Griffin Technics, Inc. 

Ozonator 
201- ’778-213  1 

Merikel Corp. Emery Group  

Ozonator 
513-530-7705  
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C. M. Kazmier & Associates, Inc. 

Equipment tk Design 
(404) -475-2242 

Nalco Chemical 
( 3  12)96 1 -95OO 

Olin Corp. 

ozonatos 
(203)356-2000 

J. Thomas Kirk 
Consul tan t 
Iron&Manganese Removal 

Stiles-Kam Div. of Met-Pro C o p .  
(3  12)746-8334 
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APPENDIX 5 

REVIEW OF SAMPLING PROGRAM FOR THE !EREA!L'MENT PLANT 
APRIL 1989 
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Roma Jenkins 
Senior Environmental Protection Specialist 
Allied-Signal Corporation 
Benaix Kansas City Division 
2000 E. 95th Street 
Kansas 6ity. Missouri 64141 

Dear Roma: 

-. 
A p r i l  2 4 ,  1989 

Beview of S amp 1 1 'nv Propram o f  the W/Ozone System 

I have several comments concerning the sampling at the W/ozone system. 

1. The valves used to collect the IBF and Effluent samples are too 

- 

restricted. Thus, the sample stream is so turbulent that the sample 
actually foams when collected. This severely compromises samples f o r  
volatiles. 3: also observed that the sampler did not immediately fill the 
volatiles vial. Meanwhile, the sample still appeared to be degassing 
because of the turbulence with which it w a s  collected. When I questioned 
the sampler, he said that he usually filled the volatile vial fiKst and 
had forgotten this time. 

I believe these items explain the variable results obtained for volatiles f o r  
the IBF and the Effluent. 

The I E F  sample i s  collected by mixing ? ; . ~ a l  volumes of sample collected from 
each of the three pump lines. Again, ;iiis mixing step will cause loss of 
v o l a t i i e s .  

Reccimendation: Few valves are needed s-.:.:-, that the sample can be collected 
w i  t'no.LC zurbulence . 
2 .  The  valves on the individual secticzs of the ozone tank do permit 

collection of a good volatiles sample. 
sample can be poured directly into the volatiles vial. However, these 
valves are made of brass and they i:-c 'sadly and variably corrodad. 
corrosion explains the variable and Increasing results for some of the 
metals. 

The flow is slow and steady and 

T'nis 
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Recormendation: Replace all. the sampling valves and associated linem w i t h  
-.in_ ..&. corrosive rarerials either PVC or stsinless steel. 

Please call if you have any questions. 

Sincerely, 

Nic Korte 
Chemical. Proj ec ts Manager 

ec: T. A .  Cronk 
S. B. Garland 
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APPENDIX 6 

REVISED STUDY PLAN FOB FY 1990 
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PURPOSE 

The purposes of this evaluation are to: 

determine the operation and maintenance costs of the technology, 
compare the capital, operation, and maintenance costs with other 
technologies, 
evaluate contaminant removal mechanisms, 
develop design criteria, 
assist in optimizing the operation of the process, and 
verify that the existing treatment plant can handle all three of 
the contaminated groundwater plumes. 

OPERATING PHASES 

Operation of the ultraviolet (W) radiation/ozone (O,)/hydrogen 
peroxide (H202) groundwater treatment plant has taken place in several 
phases, 
the vendor to insure that the treatment plant worked. 
operational phase was the batch operation necessary to demonstrate that 
the plant met its discharge standards. Treated water from the plant was 
not discharged to the community sanitary sewer until this w a s  
demonstrated. When the ability of the treatment plant to meet the 
discharge standards was demonstrated, then Phase 3 of the operation 
started. 
flowrate of approximately 6 gallons per minute (gpm). 

increased by the addition of one or two additional groundwater plumes. 
At this time the study will be oriented toward determining the 
appropriate operating parameters. Also, the plant capacity study will 
be redone to verify the predictions. 

Phase 1 was the start-up and commissioning performed by and for 
The second 

During this phase the plant was operated continuously at a 

Phase 4 will occur in fiscal year 1990 when the flowrate I s  

111. EVALUATION PLAN 

A .  Introduction 

In order to evaluate the performance of the groundwater treatment 
plant and achieve the objectives stated above, a plan for sampling and 
analysis, data collection, and data interpretation is necessary. 
Therefore, the following evaluation plan will be discussed in terms of 
sampling data, operations and maintenance experience, and design and 
construction information. 



B. Sampling Data 

A comprehensive onitoring plan showin 
monitored, the frequency of sampling, and t e location of sampling is 
contained in Table I, The thrust of the monitoring during fiscal year 
1990 will switch from compliance with standards to optimization of the 
operation, verification of the plant capacity, and development of design 
criteria 

As the monitoring is taking glace, land the results are analyzed, 
then the above sampling schedule may change %s reflect what is found. 
Also, some additional analyses may be needed to determine the 
degradation products of the treatment process. 

and analysis is critical to the reliability of the results and their 
interpretation. l’he-~.efore, the quality control plan o f  the laboratory 
should be provided to the evaluator. 

Quality control of the sample collection, handling, transportation, 

e .  Operations and Maintenance 

Emphasis should be placed on aintaining a record of operations and 
maintenance expenses and t h e  and an operations Peg, The operations log 
should be a checklist of what is to be done each day during the 

s visit, should docwnent the aunt o f  time spent and any 
aintenance performed, arid should record any observations made, 
color o f  the water, the unt of foaming, and the amount of 

scaling an the UV lights. 
The monthly operations report also should contain the gas flow 

ra te ,  t:he percentage of 0, in the gas, the o ~ n t  of HZQ, used, the 
number and location of W lights used, the duration and P ~ ~ S Q ~ S  for any 
d s w z n t L m e ,  and any other unusual happenings. 

D. Design and Construction 

The cast associated with any design and construction associated 
w i t l a  the groimdwater treatment plant needs to be reported so that they 
can be factored into the cost o f  this type of treatment. 

IV. PROJECT DURATION 

An annual report will be issued that will arize the findings 
through September 1990, and w i l l  make reco ns and conclusions 
based upon those findings. SubsequenP; operational evaluation may be 
performed if deemed necessary. 



169 

V .  PROJECT MANAGEMENT 

Sidney B .  Garland I1 is the Principal Investigator for this  
project, and N i c  Korte w i l l  be the Project Manager. 
of contact with the DOE Kansas City Plant is Scott White. 
w i l l  advise as a subcontractor t o  ORNL. 

The primary point 
Gary Reyton 
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Gas flow rate 

Daily 
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Ozena generator and each reactor 

et w i t h  rotameters 
ozone genaretor 

Hydrogen peroxide pump 

IFF 
E 

IBF, I@> XASF, EFF 
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IBF, EFF, T A W ,  sa 
IBP, I@, XASP, ST, EFF 

IBF, EFF 
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IBF,  EFP 
IBR,  EFF 
IBP,  E n  
EIP, E r n  
PBF, E r n  
I W ,  EFF 
XBF, EFF 
%BF, EFF 
X U ,  IASP (before H202 injection), 
IASP (befo~s reactor but after 
H,O, injection),  ST 

I S F ,  EFF 
ZBF, IAF, XASF, EFF 
IBP, EFF 
IAF, IASF, ST, FG, OG 

Botil filters 
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