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P lan t r  

INTRODUCTION 

Roy F. Ueston, Inc. (WESTON,), i n  conjunction w i th  Rohm and Haas Company (Rohm and Haas), conducted a 
f i e l d  p i  l o t  study t o  demonstrate the technical feas ib i  1 i t y  and cost-effect iveness o f  Ambersorb' 563 
(A-563) carbonaceous adsorbent f o r  the remediation o f  groundwater contaminated with v o l a t i l e  organic 
compounds (VOCs). 
Innovative Technology Evaluation ( S I T E )  program. 

The pro jec t  was conducted under the Emerging Technology Program o f  the €PA Superfund 

Ambersorb adsorbents are a fami ly o f  patented, synthetic, t a i l o rab le  carbonaceous adsorbents tha t  were 
developed by Rohm and Haas i n  the 1970's f o r  the treatment o f  contaminated water. I n  spec i f i c  appl icat ions, 
Ambersorb adsorbent technology may o f f e r  a cos t -e f fec t i ve  a l te rna t i ve  t o  a i r  s t r ipp ing  or  granular act ivated 
carbon (GAC), which are t y p i c a l l y  used i n  pump and t rea t  systems fo r  remediating groundwater contaminated 
w i th  organic compounds. 

Ambersorb adsorbents have been found t o  be e f fec t i ve  i n  the removal of low leve ls  o f  VOCs and other 
synthet ic organic compounds from contaminated water (I). 
have demonstrated several key performance benef i ts over GAC (2,3,4,5). 
regenerated onsi t e  using steam, solvents, o r  other techniques, permi t t ing  the recovery o f  a concentrated 
organic stream which can be disposed of o r  reclaimed. 
adsorption capacity than GAC fo r  chlor inated hydrocarbons when the contaminants are present a t  low 
concentrations. 
maintaining e f f l uen t  water q u a l i t y  below dr ink ing  water standards. 

Previous appl icat ions using Ambersorb adsorbents 

Ambersorb 563 adsorbent has a s i g n i f i c a n t l y  greater 

Ambersorb 563 adsorbent can be 

Ambersorb 563 adsorbent systems can operate a t  higher f low rates than GAC systems, while 

METHODOLOGY 

The Ambersorb technology demonstration was conducted a t  Pease A i r  Force Base (AFB) in  Newington, New 
Hampshire. 
an I n s t a l l a t i o n  Restoration Program ( I R P )  Stage 3 Remedial Inves t iga t ion  ( R I )  a t  Pease AFB over the past 
several years. Based on a review o f  groundwater data f o r  various s i t e s  a t  Pease AFB, S i t e  32/36 was 
selected fo r  the Ambersorb 536 adsorbent f i e l d  t r i a l .  The groundwater in t h i s  area i s  contaminated w i th  a 
number o f  chlor inated organics including v iny l  ch lo r ide  (VC), 1, l-dichloroethene ( l , I - D C E ) ,  cis-1,2- 
dichloroethene (cis-I,Z-DCE), t rans- I  ,2-dichloroethene ( t rans - I  ,2-DCE), and tr ichloroethene (TCE). 

The base has been included on the National P r i o r i t i e s  L i s t  (NPL) and WESTON has been conducting 

The Ambersorb technology demonstration pro jec t  under the S I T E  program used a I - g a l  Lon-per-minute (gpm) 
continuous pi l o t  system, consist ing o f  two adsorbent columns, t o  evaluate the treatment o f  groundwater from 
S i t e  32/36 a t  Pease AFB. 
1994. A s u n a r y  o f  the 
condit ions fo r  the service cycles and steam regenerations i s  provided in  Tables 1 and 2, respectively. 

The f i e l d  study was performed over a 12,week per iod during the spring/sumer of 
The tes t ing  program included four service cycles and three steam regenerations. 
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TABLE 1. SUMMARY OF CONDITIONS FOR SERVICE CYCLES 

Parameter 

Column Regenerated 
Temperature ('C) 
Time (hours) 
Total  Bed Volumes 

Paranmior 

Regeneration 1 Regeneration 2 Regeneration 3 

Cycle 1, Column A Cycle 2, Coturn B Cycle 3, Column A 
155 145 140 
16 16.5 17.5 

7.6 7.0 8.9 

cyc* 1 - 2  - 3  cvc* 4 

I M A  cole M A  w e  COLA cola CoLA cole 
I 

I 

4 
2 

0 . W . d  
Y10 
2% 

3.W1.5 

12B 

QOOO 

- 
6 
3 

0.2cvo.S' 
1.m.o 
0.Y1.0 

15.W7.5 

12411 

1 .Ooo 

Lag 
4 
2 

0.87 
10 

2.5 

3.0' 

12 

6.000 

L e d  LMd 
4 4 
2 2 

0.87 0.87 
10 10 
5 5 

1.5 1.5 

6 6 

6.000 6.000 

Lsg Lbd 
4 4 4 

2 2 2 
0.87 0.87 0.87 
10 10 10 

2.5' 2.g 5 

3.0' 3.0' 1.5 

LdB 

12 12 6 

6.000 &Ooo 4000 

*Flowrate was increased a f t e r  7 days. 
'Total system loading wi th  columns operating i n  series. 
*Estimated value predicted from model using i n f l uen t  v i n y l  ch lo r i de  concentration of  5 ug/L. 

The f i r s t  cycle consisted of  a d i r e c t  comparison of  the performance o f  Ambersorb 563 adsorbent and 
Filtrasorb. 400 (F-400) GAC. 
conditions. 
were monitored dur ing each cyc le t o  establ ish breakthrough curves. 
i n f l u e n t  f lowrate, temperature, and pressure were also m i t o r e d  a t  pe r iod i c  i n te rva l s  throughout the f i e l d  
t r i a l .  

The remaining cycles evaluated Ambersorb 563 adsorbent under varying process 
Concentrations of  VOCs in the i n f l uen t  contaminated groundwater and the t reated column e f f l uen t  

Process parameters including groundwater 

Following contaminent breakthrough, the service cycles were terminated. Steam regeneration o f  the lead 
Ambersorb adsorbent c o l m  was then performed onsite. 
cons is t ing o f  a d i s t i n c t  separable organic layer and an aqueous phase. 
were measured and analyzed t o  assess regeneration ef f ic iency.  

The regeneration process yielded a condensate 
Both the aqueous and organic phases 

A t e s t  t o  demonstrate the use of a %uperloadingtl adsorbent column t o  t r e a t  the aqueous condensate from 
a t yp i ca l  steam regeneration process was also conducted dur ing the f i e l d  t r i a l .  
takes advantage of Ambersorb adsorbent's higher adsorption capaci ty a t  h igher concentrations. 
phase from the t h i r d  steam regeneration was passed through an Ambersorb adsorbent superloading c o l m  with a 
diameter o f  2 inches and a bed height of 2 feet. 
co l l ec ted  and analyzed f o r  Voce.. 

The superloading c o l u m  
The aqueous 

Ef f luent  samples from the superloading column were 
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RESULTS 

Compound Maximum Contaminant Level' 
(ug/L) 

The average VOC leve ls  measured i n  the in f luent  groundwater during each of  the service cycles i s  
s m r i z e d  i n  Table 3. 
concentrations f o r  c e r t a i n  cycles were estimated based on the amount o f  the contaminant subsequently 
recovered during regenerstion. 

Note that  due t o  ana ly t i ca l  l imi ta t ions,  the v i n y l  ch lor ide and 1, l -DCE 

Average In f luent  Concentration (ug/L) 

Cycle 2 Cycle 3 Cycle 4 Cycle 1 

A-563 F-400 A-563 A-563 A-563 

Compound Maximum Contaminant Level' 
(ug/L) 

Average In f luent  Concentration (ug/L) 

Cycle 2 Cycle 3 Cycle 4 Cycle 1 

A-563 F-400 A-563 A-563 A-563 
I 

vc 2 
1,l-DCE 7 
cis-1,2-DCE 70 
trans-1,2-DCE 100 
TCE 5 

'National Revised Primary Drinking Water Regulations (40 CFR 141.61). 
'Estimated concentration based on recovery during regeneration of  A-563 column. 

3.4t 3.9t 4.8 5.7 11 
0.3It 0.3It 5 .8t 6.6t 4 0  
312 329 35 1 373 357 

89 101 101 121 116 
4,330 4,120 4,490 3,600 3,883 

Viny l  chloride, cis-Il2-DCE, trans-1,2-DCE, and TCE were present i n  the in f luent  groundwater a t  
concentrations exceeding.the maximum contaminant leve ls  (MCL) established i n  the National Revised Primary 
Drinking Water Regulations. 
between 3,750 ug/L and 4,330 ug/L. 

TCE was the contaminant measured a t  the highest average concentration, ranging 

vc 2 
1,l-DCE 7 
cis-1,2-DCE 70 
trans-1,2-DCE 100 
TCE 5 

The resu l ts  o f  the Ambersorb 563 adsorbent demonstration study are sumnarized f o r  each cyc le i n  
Table 4. 

3.4t 3.9t 4.8 5.7 11 
0.3It 0.3It 5 .8t 6.6t 4 0  
312 329 35 1 373 357 

89 101 101 121 116 
4.330 4.120 4.490 3.600 3,883 

compound 

vc 
1,l-DCE 
cis-Il2-DCE 
trans-1,2-DCE 
TCE 

'Results presented f o r  the lead column. 

Bed Volumes t o  Drinking Water Standard 

Cycle 1 Cycle 2' Cycle 3' Cycle 4' 

A-563 F-400 A-563 A-563 A-563 

7,900 1,740 8,500 6,500 5,000 
>12,600 4,270 > I  1,800 >7,500 > I  5,690 
9,000 3,700 10,500 8,500 9,900 

> I  2,600 4,890 >11,800 >11,450 >15,600 
7,700 4,820 9,300 5,300 7,500 

The monitoring resu l ts  f o r  Cycle 1 column e f f luen ts  showed that  both the Ambersorb 563 adsorbent and 
However, when comparing GAC achieved water q u a l i t y  below the dr ink ing water standards f o r  each compound. 

the bed volumes t reated t o  the dr ink ing  water standard breakthrough f o r  each contaminant, Ambersorb 563 
adsorbent, while operating a t  5 times the f lowrate loading as F i l t rasorb  400, treated approximately two t o  
f i v e  times the volume of  water as GAC. The TCE breakthrough curves f o r  Cycle 1 are shown i n  Figure 1. 

Comparison of  the performance resu l ts  f o r  the Ambersorb adsorbent f o r  the four cycles indicated minimal 

There was no s ign i f i can t  reduction i n  capacity fo r  any 

loss i n  adsorption capacity during the course of  the f i e l d  t r i a l .  
the dr ink ing water standard breakthrough observed in  Cycles 3 and 4 resul ted from the increase in  v i n y l  
ch lor ide concentration i n  the in f luent  groundwater. 
o f  the other contaminants. 

The reduction in  bed volumes t reated t o  
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Parameter Regeneration 1 Regeneration 2 Regeneration 3 

Total Bed Volumes 7.6 7.0 8.9 
VOC Mass Recovery i n  3 Bed Volumes (%) 70 70 90 

VOC Mass Recovery Associated wi th  Organic Phase (%) 86 90 81 - 
Total VOC Mass Recovery ( 5 6 )  79 74 *95 

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 

Bed Volumes 

Figure 1 . Cycle 1 Ambersorb 563 and Filtrasorb 400 Breakthrough Curves for Trichloroethene. 

The resu l ts  o f  the steam regenerations are provided i n  Table 5. 

The steam regeneration resu l ts  indicated that  a s ign i f i can t  recovery of  the VOC mass loaded onto the 
Ambersorb adsorbent during the serv ice cycles, ranging from 74% t o  >95%, was achieved during the 
regeneration process. The resu l ts  showed that the bulk of  the VOC mass recovery occurred w i t h i n  the f i r s t  3 
bed volumes o f  steam as condensate. Furthermore, the resu l ts  indicated that  approximately 80% t o  90% of  the 
VOC mass recovered was associated with the eas i l y  separable organic phase. 

The d i f ferences observed i n  the VOC mass recovery f o r  the three steam regenerations may be re la ted  t o  
the dehydrohalogenation o f  ch lor inated organics under elevated temperatures. 
condensate f o r  each of  the regenerations suggest the p o s s i b i l i t y  o f  a dehydrohalogenation mechanism. 

The pH p r o f i l e s  f o r  the steam 

The resu l ts  o f  the superloading tes t  ind icate that the condensate was e f f e c t i v e l y  t reated t o  leve ls  
below the dr ink ing water standards. 
VOCs (predominately TCE) was passed through the superloading column a t  an EBCT of  7.5 minutes (8.0 BV/hr). 
The e f f luen t  samples from the superloading column showed no detectable leakage of any VOCs f o r  11 bed 
volumes. 
co l lec ted  a f t e r  15 bed volumes. 

A t o t a l  o f  15 bed volumes of  condensate, which averaged 700,000 ug/L 

TCE a t  2 ug/L was the only compound detected in  the f i n a l  superloading column e f f luen t  sample 

111 



CONCLUSIONS 

Ambersorb 563 adsorbent i s  an e f f e c t i v e  technology f o r  the treatment o f  groundwater contaminated wi th  
ch lor inated organics. 
d r ink ing  water standards. 
fo l lowing ons i te  regeneration of  the adsorbent and mul t ip le  service cycles. 

The e f f luen t  groundwater from the Ambersorb 563 adsorbent system consis tent ly  met 
The adsorption capacity of the Ambersorb system remained essent ia l l y  unchanged 

D i rec t  comparison o f  the performance of  Ambersorb 563 with F i l t r a s o r b  400 using the bed volumes t reated 
t o  the dr ink ing  water standard breakthrough indicated that  Ambersorb 563 adsorbent was able t o  t r e a t  
approximately two t o  f i v e  times the volume of  water as GAC while operating a t  5 times the f lowrate loading. 

Onsite steam regene,-ation was successful ly demonstrated. The steam regenerations y ie lded a separate 
organic phase which contained approximately 80% t o  90% o f  the t o t a l  VOC mass loaded onto the adsorbent. 
ma jor i t y  o f  VOC recovery was shown t o  occur w i t h i n  3 bed volumes of  steam as condensate. 

The 

The p r i n c i p l e  o f  superloading was demonstrated as an e f f e c t i v e  treatment method f o r  the aqueous 
condensate layer resu l t ing  from the steam regeneration of  the Ambersorb adsorbent. 
containing 700,000 ug/L VOCs was treated t o  below the dr ink ing water standards using a superloading column. 

A condensate stream 
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