
• 
i . 

i 

.. 

- ---·-·-··------- --- -- -- -- - ---

AD-A235 590 
IIIII ~II m1 ~Ill ~~~ Ill~ ~I ~!I ~!11 

USATHAMA 
U.S. Army Toxic and Hazardous Materials Agency 

Task Order7 
Use of Activated Carbon 
for Treatment of 
Explosives-Contaminated 
Groundwater at the -
Milan Army Ammunition 
Plant (MAAP) 

Contract Number DAAA15-88aD-0010 

0
-T 1 c 

Report No. CE'IHA-TE-CR-90041 · 

May 1990 MAYl 0 199i S
ELECTE 

Prepared tor c 
u.s. Anny Toxic and Huardoue ....._Agel~ 
Aberdeen Proving Ground,~ 2101N401 

Prepared by 

~ 
Roy F. Weston, Inc. 
West Chiller, 
Pennsylvania 19380 

• 

REPRO~~~Wr~~NT OF COMMERCE 
U.S. 0 NATIONAL TECHNICAL 

INFORMATION SERIIICE 
SPRINGFI~~~·~~~~~~~ ___ _ 

91 5 ou , o 1s 1 



• 

The rwvtews. opilllot .. and/or flrdngs 
CCII dallied In this tWp0rt should not be 
CDnllrUed u an official Depar1ment of 
the Army posllion, policy, or cilrt::IIIQ.·., 
unle8a so designaf8d by other 
documentation. 

The use of trade names In this report 
does not const11ute an ofllcial 
endorsement or approval ot the use of 
such commercial produds. TNa report 
may not be cltecl for purposes of 
aMrtlsement. 

.... 
. . 

• <· .'·- .. ,. 



~----------~--~~~~~~~~~~~-----~ 
- ~- ---~- ......._ ~-------· ------------------------------ ----·----

GENERAL DISCLAIMER 

This document may have problems that one or more of the following disclaimer 
statements refer to: 

• This document has been reproduced from the best copy furnished by the 
sponsoring agency. It is being released in the interest of making 
available as much infonnation as possible. 

• This document may contain data which exceeds the sheet parameters. It 
was furnished in this condition by the sponsoring agency and is the best 
copy available. 

• This document may contain tone-on-tone or color graphs, charts and/or 
pictures which have been reproduced in black and white. 

• The document is paginated as submitted by the original source. 

• Portions of this document are not fully legible due to the historical nature 
of some of the material. However, it is the best reproduction available 
from the original submission. 





.. 

. · -r 

-.· .) 

.,. ; 

1113M2 
:,..;.:. ... 

USE OF ACTIVATED CARBON FOR TREATMENT OF 
EXPLOSIVES-CONTAMINATED GROUNDWATER AT THE 

MILAN ARMY AMMUNITION PLANT (MAAP) 

Final Report 
Distribution Unlimited 

May 1990 

Prepared for: 

Commander United States Army Toxic and 
Hazardous Materials Agency 

Aberdeen Proving Ground (Edgewood Area) 
Maryland 21010-5401 

Prepared By: 

·~ k~ ' (}) LU o .____ . "' . 
Walter J. w~· ;:Ph~.E. t\ ., 
Task Manager ·~ 

JJ~~j::£:e· 
William L. Lowe, Ph.D., P.E. 
Project Engineer 

Roy F. Weston, Inc. 
Weston Way 

West Chester, Pennsylvania 19380 



.· 



''',j •• ""'" ucu•n ""'""<A'"' 
REPORT DOCUMENTATION .PAGE 

1 b. RESTIIICTIV£ MARICINCiS 
::-;. Unclassified . 
!·,. ·-' la. SECURITY CL.ASSI~ICATION AUTHORITY 3 DISTRIBUTION I AVAIL.A81LITY 0~ REPORT 
;:i"o~ Distribution Unlimited; Approved for 1'\Wlic Release 
• ._I lb. DECL.ASSIFI~ TION I OOWNGRAOIN(i SCHEOVU 

.. ·_;._PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER($) 

~~ 22a1-oa-o7 CETHA•TE-01·90041 

.... IIIAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL 7•. NAME OF MONITORIN(i ORGANIZATION 

~~ Roy F. Weston, 
(11 •t>llliuble J ·. 

lnc. ; O.S. Army Toxic & Hazardous Materials Aqency 

~ ' lie. ADDRESS (City, St•re, •trd ZIP Code) 7b. AOORESS (City, Sute, •trd ZIP Code) 
l .. A'M'N: Ct"I'HA•TS•D 1 l Weston Way Aberdeen Proving Ground (Edgewood Areal 

Wes~ Ches~er, Pennsylvania 19380 Maryland 21010•5401 r· . 
~ . . .. 
~- ~Ia.. NAME OF FUNDING/SPONSORING Bb. O~~ICE SYMBOL 9. PROCUREMENT INSTRUMENT IOENTIFICA TION NUMBER I ORGANIZATION Clf •,UC•Oie) 

r ·· tJS A 'l'HAMA C!'!'!IA·TS·D DAAAl5·88·D-Q010 Task No. i 

8c. ADDRESS (City, St•te. •na ZIPCodel 10 SOURCE 0~ FUNDING NUMBERS 

:J 
ATTN: C!'!'!IA·TS·D PROGRAM PROJECT TASK WORK UNIT 
Aberdeen Prov1ng Ground <Edgewood Areal ELEMENT NO. NO. NO. ACCESSION NO. 

! ~.ary1and :1010-5401 
T .0. 7 

'· I , I TITLE (Incl.,.,. .S.cumy Cl.rsttic•rronJ 
Ose of Activated Carbon for Treatment of Explosives-contaminated Groundwater 

r· at the Milan Army Ammunition Plant CMAAPl 
' ; .
1 

tl. PERSONAL AUTHOR($) 
Ronald M. Denn1s; Walter J. Wujcik; William L. Lowe; Peter J. Marks 

' 131. TYPE OF REPORT 11Jb. TIME COVERED 
1

114. DATE OF REPORT (Yur, Month, O.y) tt:S. PAGE COUNT 8 5+ 73 .. 
Ftnal FROMAonl 1989 TO Ma:z:,l990 1990 May olus l>.ooendices I 16. SUPPLEMENTARY NOTATION 

. Wayne Sisk was the USATHAMA Pro?ect Officer 

•" COSATI CODES 18. SUBJECT TERMS (Conrrnue on ,....e._ r# ,.cesury •trd .O.nrrfy 0, OJoclr number/ 
. I FIELD GROUP SUB-GROUP TN'I'; Trinitrotoluene 

RDX; :yclotnmethylene~rin~tram~ne 

HMX; :yclo~etruethylenetetran~t.rilllllne 

' . Tetry 1; :,4,6-Trlnltrophenylmethylnitramlne I contlnued l 

. J 19 ABSTRACT (Conrrnue on ,....e._ if MC•sury •trd identify by blodr number) 
; . The pr~ry ob?ect1ve of this task vas to determ1ne the feasibility of usinq GAC to treat explosives-contaminated 

aroundvater at the Milan Army Ammunltion Plant IHAAPl in Milan, Tennessee. Laboratory GAC isotherm studies 

-I 
~ere conducted and two carbons, Atochem, Inc. GAC 830 and Calqon Filtrasorb 300, were selected for 
further tes~1ng 1n continuous flow ~C co.umn£. lhre~ p1•ot scale contlnuous tlov GAC column tests were 
performed at MAAP us1ng the two carbons selected from the l&bora~ory GAC iso~berm studi~~. The resul~s from 
the laboratory and pilot s~udies are presented in this repor~. They show that concurrent removal of 

; 
TNT, RDX, HMX, Tetryl, 2,4-DNT, 2,6-DNT, 1,3-DNB, 1,3,5-TNB, and NB, from groundwater using continuous 

·I !low granular activated carbon lS feasible. 

.. 
' 

I 
i 
l. 

I 
' 20. OISTRIIUTION I AIIAIL.ABILITY OF ABSTRACT 2,. ABSTRACT SECURITY CLASSIFICATION 

--· '. 0 UNCLASSIFIED/UNLIMITED EJ SAME AS APT 0 OTIC USERS Unclassified 
~22~. NAME OF RESPONSIBU INDIVIDUAL 22b. TELEPHONE (Ind.,.,. Are• C,..l 22t. OFFICE SYMBOL 

,. l;ayne Sisk 301-671-2054 Ct"I'HA•TS·D 

'DO FORM , 473, 84 MAR 83 APR earuon may be IIM<IIIfttllexNIIIteG. SECURITY CLASSIFICATION OF TM1S PAGE 
All otller eGrtoons .,. obtol-. Unclas11f1ed 



Unclassified. 
I&CUIUTY CLA&IIP'ICATION OP' TNII "AGI! 

18. Subj&et Terms (continued) 

2,4-DNT; 
2,6-DNT; 
1,3-DNB; 
1,3,5-TNB; 
NB; 
explosives 

2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
1,3-Dinitrobenzene 
1,3,5-TriDitrobenzene 
Nitrobenzene 

Field laboratory 
Granular Activated Carbon 
isotllerms 
Pilot plant 

(GAel 

Unclassified 
SI!CURITV CI.ASSIP'ICATION OF TNIS PAGB 



[
7.' 

"'·; 
.,·; 
~r 

c-.~ 

I 
l . 

I . 

' L 
r -~ 
i 
I . -

1 • 
I· .. : 
\ 
L. 

f .--

I ,. 
l._ : 

r··, 
I •· I 

r··-
i· .·· 
I 

(-::;;: 
I·~ !·,.i 
4· .... : 
c.;.::.' 

&ctiou, 

ES 

1 

2 

3 

4 

1113M2 

May 1990 
Revision: Final 

TABLE OF CONTENTS 

~ ~ 

EXECUTIVE SUMMARY ES-1 

INTRODUCTION 1-1 

1.1 Background 1-1 
1.2 Problem Statement 1-1 
1.3 Previous Work 1-3 
1.4 Project Objective 1-3 

BACKGROUND 2-1 

2.1 Literature UAdate 2-1 
2.2 Previous US THAMA. InvestiSations 2-1 

2.2.1 Preliminary Activate Carbon Screening 2-1 
2.2.2 Isotherm Tests 2-3 
2.2.3 Prelimin~ Column Tests 2-3 

2.2.3.1 our-in-Series Column Tests 2-3 
2.2.3.2 Effects of pH on Adsorption of 

Explosives 2-4 
2.2.4 Carbon Regeneration Properties 2-4 

2.3 Regulatory Issues 2-5 
2.3.1 Surface Water Discharge 2-5 
2.3.2 Groundwater Discharge 2-6 

ISOTHERM TESTS 3-1 

3.1 Test Proftam 3-1 
3.1.1 rocedures 3-3 
3.1.2 Preliminary Carbon Selection 3-3 

3.2 Results 3-6 
3.2.1 TNT Removal 3-8 
3.2.2 RDX Removal 3-11 
3.2.3 HMXRemoval 3-11 
3.2.4 Tetryl Removal 3-13 
3.2.5 2,4-DNT Removal 3-13 
3.2.6 2,6-DNT Removal 3-13 
3.2.7 1,3-DNB Removal 3-14 
3.2.8 1,3,5-TNB Removal 3-14 
3.2.9 NB Removal 3-14 
3.2.10 TOC Removal 3-15 
3.2.11 pH Effects 3-15 

3.3 Final Carbon Selection 3-15 

ACTIVATED CARBON TEST PROGRAM AT MAAP 4-1 

4.1 Description of Planned Test Program 4-1 
4.1.1 Test Conditions and Experimental Variables 4-3 

i 



Section 

5 

6 

7 

8 

9 

. 1113M2 

May 1990 
Revision: Final 

TABLE OF CONTENTS 
(continued) 

mla &p 

4.1.2 Operational Monitoring '4-6 
4.1.3 Evaluation Criteria 4-7 

4.2 Actual Test Program 4-7 
4.2.1 Continuous Flow Column Test Conditions 

for Test One 4-7 
4.2.2 Continuous Flow Column Test Conditions 

for Test Two 4-8 
4.2.3 Continuous Flow Column Test Conditions 

for Test Three 4-8 
4.3 Variance Analysis 4-12 
4.4 Sample An~sis 4-13 

4.4.1 An ytical Procedure for Explosives- Field 
Lab 4-14 

4.4.2 Analytical Procedure for Explosives -
WESTON's Analytics Division 4-14 

4.4.3 Analytical Procedure for Total Organic 
Carbon in Water • WESTON's Analytics 
Division 4-14 

PRESENTATION OF EXPERIMENTAL RESULTS 5-1 

5.1 Explosives 5-1 
5.1.1 Field Lab Results 5-1 
6.1.2 WESTON's Analytics Division Results 5-4 

5.2 Temperature and pH 5-4 

DISCUSSION OF RESULTS 6-1 

6.1 Effiuent Characteristics 6-1 
6.2 Operating Summary 6-9 

DESIGN CONSIDERATIONS 7-1 

7.1 General 7-1 
7.2 Process Variables and Parameters 7-1 

7.2.1 Influent and Effiuent 7-1 
7.2.2 GAC Column Operating Characteristics 7-2 

CONCLUSIONS AND RECOMMENDATIONS 8-1 

REFERENCES 9-1 

ii 



flJl 
~ 

ffl 
. . 
: 

·-·· . ' 

T'" .. 

i·. 
L:..:· 

f .... --

1 . 
I 
1" ..• ~ 

I .. 

i. 

,. 
I 
! 
l -· ~ 

i . 

l. 

r~---~ 

!.. .. 

1113M2 

TABLE OF CONTENTS 
(continued) 

ntJ.e 

May 1990 
Revision: Final 

APPENDIX A - PROPOSED TENTATIVE APPLICABLE 
OR RELEVANT AND APPROPRIATE 
REQUIREMENTS FOR MILAN ARMY 
AMMUNITION PLANT 

APPENDIX B - ISOTHERM TEST RESULTS 

APPENDIX C - FIELD LABORATORY RESULTS FOR 
EXPLOSIVES FROM TEST ONE AT MAAP 

APPENDIX D - FIELD LABORATORY RESULTS FOR 
EXPLOSIVES FROM TEST TWO AT MAAP 

APPENDIX E - FIELD LABORATORY RESULTS FOR 
EXPLOSIVES FROM TEST THREE AT MAAP 

APPENDIX F • ANALYSIS OF SPENT CARBON FROM THE 
K-51 BUILDING PILOT PLANT 

• 

iii 



TahleNo. 

2-1 

3-1 

3-2 

3-3 

3-4 

3-5 

4-1 

4-2 

4-3 

4-4 

5-1 

5-2 

5-3 

6-1 

6-2 

1113M2 

LIST OF TABLES 

nth 

Activated Carbon Manufacturers' Data 

May 1990 
Revision: Final · 

~ 

2-2 

Average Concentrations ofErl:losives in Groundwater 
Used in Batch (Isotherm) Car on Testing Blanks 3-2 

Isotherm Test Matrix 3-4 

Adsorption Properties of Five Selected Carbons 3-5 

Empirical Constants of Freundlich Adsorption 
Equation for Five Test Carbons Using Groundwater 
from Monitor Well MI051 3-7 

Maxiinum Saturation Capacities for Five 
Test Carbons 3-9 

Planned Test Conditions for Continuous Flow 
Pilot Tests 4-4 

Summary of Granular Activated Carbon (GAC) 
Columns Operating and Performance Data for 
Test One at MAAP 4-9 

Summary of Granular Activated Carbon (GAC) 
Columns Operating and Performance Data for 
Test Two at MAAP · 4-10 

Summary of Granular Activated Carbon (GAC) 
Columns Operating and Performance Data for 
Test Three at MAAP 4-11 

WESTON's Analytics Division Results for 
Explosives from Test One at MAAP 5-13 

WESTON's Analytics Division Results for 
Explosives from Test Two at MAAP 5-14 

WESTON's Analytics Division Results for 
Explosives from Test Three at MAAP 5-15 

WESTON's Analytics Division Results vs. 
WESTON Field Laboratory for Test One at 
MAAP - Column A1 (Atochem, Inc. GAC 83Q) 6-3 

WESTON's Analytics Division Results vs. 
WESTON Field Laboratory for Test One at 
MAAP- Column B1 (Atochem, Inc. GAC 830) 6-4 

iv 



! 

t -· 

I 

'-. 

' . 

! 

! . 
I 
L-

i . 

L -. 

' ,_ 

.. ,-; 

Table No. 

6-3 

6-4 

6-5 

6-6 

6-7 

6-8 

6-9 

1113M2 

I.JST OF TABLES 
(continued) 

TWe 

WESTON's Analytics Division Results vs. 
WESTON Field Laboratory for Test Two at 
MAAP - Column Al (Atochem, Inc. GAC 830) 

WESTON's Analytics Division Results vs. 
WESTON Field Laboratory for Test Two at 
MAAP- Column Bl (Calgon Filtrasorb 300) 
and Influent 

WESTON's Analytics Division Results vs. 
WESTON Field Laboratory for Test Three 

· at MAAP - Column Al (Atochem, Inc. GAC 830) 

WESTON's Analytics Division Results vs. 
WESTON Field Laboratory for Test Three 
at MAAP- Column Bl (Calgon Filtrasorb 300) · 
and Influent 

Activated Carbon Column Operation and 
Performance Data for Test Three at MAAP, 
Atochem, Inc. GAC 830 vs. Calgon Filtrasorb 300 

Activated Carbon Column Operating and 
Performance Data for Atochem, Inc. GAC 830 
from Tests One and Two at MAAP 

May 1990 
Revision: Final 

6-5 

6-6 

6-7 

6-8 

6-10 

6-11 

Activated Carbon Bed Volumes to Reach TNT and 
RDX Effiuent Levels of Approximately 1 ug/L, 
10 ug/L, and 100 ug/L from Test Three at MAAP 6-12 

v 



F:ipreNo. 

1-1 

3-l 

3-2 

3-3 

3-4 

3-5 

4-1 

4-2 

5-1 

5-2 

5-3 

5-4 

5-5 

5-6 

5-7 

1113M2 

May 1990 
Revision: Final 

UST OF FIGURES 

mitt fliP 
Site Map of Milan Army Ammunition Plant Facility l-2 

TNT Isotherms for Five GACs Using 
Groundwater from Monitor Well MI051 at MAAP 3-10 

RDX Isotherms for Five GACs Using 
Groundwater from Monitor Well MI051 at MAAP 3-12 

TOC Isotherms for Five GACs Using 
Groundwater from Monitor Well MI051 at MAAP 3-16 

Atochem, Inc. GAC 830 Isotherms Showing Effects . 
on Varying pH on TNT Removal Usin!: 
Groundwater from Monitor Well MIO 1 at MAAP 3-17 

Atochem, Inc. GAC 830 Isotherms Showing Effects 
on Varying pH on RDX Removal Usinf: 
Groundwater from Monitor Well MIO 1 at MAAP 3-18 

GAC Pilot Plant Configuration 4-2 

Pilot Plant Area Map 4-5 

RDX Concentration in Column A1 Effluent vs. 
Column Throughput Volume for Test One at MAAP 5-2 

RDX Concentration vs. Colw:mi Throughput Volume 
for Test One at MAAP 5-3 

TNT Concentration in Columns Al and B1 
Effluents vs. Column Throughput Volume for 
Test Three at MAAP 5-5 

TNT Concentration vs. Column Throughput 
Volume for Test Three at MAAP . 5-6 

RDX Concentration in Columns A1 and B1 Effluents 
vs. Column Throughput Volume for Test Three 
atMAAP 5-7 

RDX Concentration vs. Column Throughput Volume 
for Test Three at MAAP 5-8 

2,4-DNT Concentration in Columns A1 and Bl 
Effluents vs. Column Throughput Volume for 
Test Three at MAAP 5-9 

vi 



r----
1. 
L . 
'-. 

(-:-""' 
i 
L 

! 
I 
I - . 

·-
1 

f 
! 

i. 

f - . 
I . 
L. 

r- . 
I . 

r ~ 

May 1990 
Revision: Final 

LIST OF FIGURES 
(continued) 

FkmeNo. ~ 

5-8 2,4-DNT Concentration vs. Column Throughput 
Volume for Test Three at MAAP 

5-9 1,3 ,5-TNB Concentration in Columns A1 and B 1 
Effiuents vs. Column Throughput Volume for 
Test Three at MAAP 

• 

5-10 1,3,5-TNB Concentration vs. Column Throughput 
Volume for Test Three at MAAP 

5-11 Influent Water Temperature vs. Column Throughput 
Volume for Test Two at MAAP 

5-12 Influent Water Temperature vs. Column Throughput 
Volume for Test Three at MAAP 

5-10 

5-11 

5-12 

5-16 

5-17 

L . 

vii 
1113M2 





' L ... 

r~-

1. 
I .~.; 

'-i 
l -

I 
\-

, .. 

l 

• ... 
: -
I 
I 
l ... 

l -

EXECUTIVE SUMMARY 

May 1990 
Revision: Final 

The United States Army operates explosives manufacturing plants to produce 
various forms ofe~losives and load, assemble, and pack (LAP) plants to load 
explosives into military ordnance. Manufacturing activities at such plants 
also produce process wastewaters that contain both explosives residues and 
other organic chemicals. Several treatment technologies have been developed 
and are currently in use to treat these wastewaters for final discharge. 

Past waste handling practices at explosives manufacturing and LAP plants 
often utilized unlined lagoons or pits to contain process wastewaters. As a 
result of this practice, some explosives residues have leached through the soil 
and contaminated groundwater. Therefore, groundwater treatment may be 
required. Based upon process wastewater treatment experience, potentially 
applicable treatment technologies are available. However, the similarities 
and differences between process wastewaters and explosives-contaminated 
groundwater should be considered before transferring technologies from one 
application to another. 

Process wastewaters at explosives manufacturing and LAP plants are often 
treated by activated carbon adsorption. This treatment has been documented 
in the literature. Therefore, based upon process wastewater treatment 
experience, activated carbon adsorption might work for the treatment of 
explosives-contaminated groundwater. However, because of the similarities 
and differences between process wastewaters and explosives-contaminated 
groundwater, the feasibility of using activated carbon adsorption for 

. treatment of this groundwater should be determined. 

Explosives-contaminated water has percolated from the 0-line ponds at the 
Milan Army Ammunition Plant (MAAP) in Milan, Tennessee into the upper 
and middle part of the Claiborne aquifer underlying MAAP. Migration of 
these wastes is expected to continue in the groundwater flow system and 
thereby contaminate additional groundwater and possibly surface water in 
the area. The chemical wastes that are of major concern at MAAP are 
2,4,6-trinitrotoluene (TNT), cyclotrimethylenetrinitramine (RDX), cyclo­
tetramethylenetetranitramine (HMX), 2,4,6-trinitrophenylmethylnitramine 
(Tetryl), 2,4-dinitrotoluene (2,4-DNT), 2,6-dinitrotoluene (2,6-DNT), 
1,3-dinitrobenzene (1,3-DNB), 1,3,5-trinitrobenzene (1,3,5-TNB), and 
nitrobenzene (NB). 

The primary objective of this pilot study was to determine the feasibility of 
using granular activated carbon (GAC) to treat explosives-contaminated 
groundwater. The explosive contaminants studied were TNT, RDX, HMX, 
Tetryl, 2,4-DNT, 2,6-DNT, 1,3-DNB, 1,3,5-TNB, and NB. The study included 
preliminary batch (isotherm) testing followed by column testing using a 
continuous flow pilot plant. 

Laboratory GAC isotherm studies were conducted to evaluate the ability of 
activated carbon to remove TNT, RDX, HMX, Tetryl, 2,4-DNT, 2,6-DNT, 
1,3,5-TNB, and NB from the explosives-contaminated groundwater at MAAP. 

ES-1 
1113M2 
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Two carbons were selected for further testing in continuous flow GAC columns 
at MAAP. Calgon Filtrasorb 300 was selected as representative of three 
Filtrasorb carbons. Atochem, Inc. GAC 830, which is currently being used at 
MAAP to treat pink water (wastewater from LAP operations), was selected 
because the task order required that the carbon currently in use at MAAP be 
tested. However, Atochem, Inc. GAC 830 was also selected because it was 
comparable to the three Filtrasorb carbons and better than Hydrodarco 4000 
with respect to RDX maximum saturation capacity. 

Three pilot scale, continuous flow GAC column tests were performed at MAAP 
using the two selected carbons. The focus of the test program was to 
determine the feasibility of using GAC to treat explosives-contaminated 
groundwater based upon pilot-scale testing. 

Tests One, Two, and Three were run for 7.6, 16.5, and 54.5 days, respectively, 
betwee~-~tember and December 1989. The variables examined were TNT, 
RDX, HMX, Tetryl, 2,4-DNT, 2,6-DNT, 1,3-DNB, 1,3,5-TNB, and NB 
concentrations in the influent groundwater from monitor well MI051 and in 
the column effluent. Other variables examined included influent water 
temperature, pH, and flow rate. Samples were analyzed for explosives by 
high __ pressure liquid chromatography (HPLC) utilizing a modified 
USATHAMA Method UW01 in Roy F. Weston, Inc.'s (WESTON's) field 
laboratory. Six percent of the field laboratory samples were also analyzed for 
explosives using USATHAMA method UW01 by WESTON's Ailalytics 
Division in Lionville, Pennsylvania. 

At average influent explosives concentrations encountered during Test Three 
of this study, effiuent levels less than or equal to 1.0 ug!L for TNT and RDX 
and less than the detection limits for HMX, Tetryl, 2,4-DNT, 2,6-DNT, 
1,3-DNB, 1,3,5-TNB, and NB can be maintained for 26 days (~,323 bed 
volumes) with two GAC columns in series each containing 0.197 ft of either 
Atochem, Inc. GAC ¥0 or Calgon Filtrasorb 300 and operating at a hydraulic 
loading of7.6 gpmlft . 

The following conclusions were drawn from this study: 

• 

• 

1113M2 

The concurrent removal of TNT, RDX, HMX, Tetryl, 2,4-DNT, 
2,6-DNT, 1,3-DNB, 1,3,5-TNB, and NB from groundwater using 

· continuous flow granular activated carbon is feasible. 

Based upon isotherm tests and continuous flow GAC column tests at 
MAAP performed in this study, Atochem, Inc. GAC 830 and Calgon 
Filtrasorb 300 are equivalent in their ability to remove TNT, RDX, 
HMX, Tetryl, 2,4-DNT, 2,6-DNT, 1,3-DNB, 1,3,5-TNB, and NB from 
the explosives-contaminated groundwater at MAAP. 

ES-2 
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The United States Army operates explosives manufacturing plants to produce 
various forms of explosives and load, assemble, and pack (LAP) plants to load 

- explosives into military ordnance. Manufacturing activities at such plants 
also produce process wastewaters that contain both explosive residues and 
other organic chemicals. Several treatment technologies have been developed 
and are currently in use to treat these wastewaters for final discharge. 

Past waste handling practices at explosives manufacturing and LAP plants 
often utilized unlined lagoons or pits to contain process wastewaters. As a 
result of this practice, some explosive residues have leached through the soil 
and contaminated groundwater. Therefore, groundwater treatment may be 
required. Based upon process wastewater treatment experience, potentially 
applicable treatment technologies are available. However, the similarities 
and differences between process wastewaters and explosives-contaminated 
groundwater should be considered before transferring technologies from one 
application to another. 

The investigation of remedial needs and solutions at Army-controlled sites is 
managed by the U.S. Army Toxic and Hazardous Materials Agency 
(USATHAMA). USATHAMA has retained Roy F. Weston, Inc. (WESTON) to 
help develop appropriate remedial- technologies. Under this contract, 
USATHAMA has decided to investigate treatment technologies for 
explosives-contaminated groundwater. 

Process wastewaters at explosives manufacturing and LAP plants are often 
treated by activated carbon adsorption. This treatment has been documented 
in the literature [1,2,3,4]. Therefore, based upon process wastewater 
treatment experience, activated carbon adsorption might work for the 
treatment of explosives-contaminated groundwater. However, because of the 
similarities and differences between process wastewaters and 
explosives-contaminated groundwater, the feasibility of using activated 
carbon adsorption for treatment of this groundwater should be determined. 

1.2 PROBT.EM STATEMENT 

Explosives-contaminated water has p~rcolated from the 0-line ponds at the 
Milan Army Ammunition Plant (MAAP) in Milan, Tennessee (see Figure 1-1) 
into the upper and middle part of the Claiborne aquifer underlying MAAP. 
Migration of these wastes is expected to continue in the groundwater flow 
system and thereby contaminate additional groundwater and possibly surface 
water in the area. The chemical wastes that are of major concern at MAAP 
are 2,4,6-trinitrotoluene (TNT), cyclotrimethylenetrinitramine (RDX), 
cyclotetramethylenetetranitramine (HMX); 2,4, 6-trinitrophenylmethyl­
nitramine (Tetryl), 2,4-dinitrotoluene (2,4-DNT); 2,6-dinitrotoluene 
(2,6-DNT), 1,3-dinitrobenzene (1,3-DNB), 1,3,5-trinitrobenzene (1,3,5-TNB), 
and nitrobenzene (NB). 
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This pilot study was conducted to determine the best quality effiuent 
achievable using carbon adsorption to treat groundwater from monitor well 
Ml051 at MAAP. 

L3 PREVIOUS WORK .• 

Much of the currently available literature describing the use of granular 
activated carbon (GAC) for the treatment of explosives-contaminated 
wastewaters is for pink water treatment [1,2,3,4]. Pink water is the 
explosives-contaminated washwater produced from the load, assemble, and 
pack of ammunition. While the treatment of wastewater and groundwater is 
expected to be similar, there are several important differences that may affect 
the application of this technology to groundwater: 

• 

• 

• 

• 

Explosives concentrations in pink water are likely to be 
substantially higher, and the concentration levels are expected to be 
more variable than in groundwater. 

The pH of pink water is typically acidic, while the pH of 
groundwater may be neutral or variable. 

Effluent criteria for tre.ated groundwater may be more stringent 
than for pink water, particularly if recharge to groundwater is· 
required. 

Interferences and competition among other components of the 
groundwater may affect removal of the explosive components. 

L4 PROJECI' OBJECTIVE 

The primary objective of this pilot study was to determine the feasibility of 
using GAC to treat explosives-contaminated groundwater. The explosive 
contaminants studied were TNT, RDX, HMX, Tetryl, 2,4-DNT, 2,6-DNT, 
1,3-DNB, 1,3,5-TNB, and NB. The study included preliminary batch 
(isotherm) testing followed by column testing using a continuous flow pilot 
plant. -
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As discussed in Section 1, much of the currently available literature describes 
the treatment of pink water instead of explosives-contaminated groundwater. 
References are available on the use of activated carbon to remove explosives 
from pink water [1]. However, the application of this technology to 
groundwater is limited. 

2.2 PREVIOUS USATHAMA INVESTIGATIONS 

A previous USA'J'HAMA report [3] presents a multiphase study providing 
qua.p.titative data on the ability of activated carbon to remove the nitrobodies 
TNT, 2,4-DNT, RDX, and HMX from pink water. This study included the 
following phases: 

• 
• 
• 
• 
• 

Preliminary activated carbon screening . 
Isotherm tests of activated carbon . 
Preliminary column tests of selected activated carbons . 
Four-in-series column tests . 
Economic analysis of activated carbon. 

These phases are described in the following subsections. 

2.2.1 PRELIMINARY ACTIVATED CARBON SCREENING 

Using manufacturer's data (see Table 2-1) and literature reference in the 
USATHAMA report [3], activated carbon screening was conducted to evaluate 
and select various carbons for further testing. The following criteria were 
considered: 

• 
• 
• 
• 
• 
• 
• 
• 

High surface area . 
High pore volume . 
High iodine number. · 
Low average (mean) particle diameter . 
Low pressure drop (headloss) . 
Frequency of use at existing facilities . 
Low cost. . 
Manufacturer's recommendations . 

Based upon these criteria, five carbons were selected for further evaluation. 
These carbons included: 

• Calgon Filtrasorb 200. 
• Calgon Filtrasorb 300. 
• Calgon Filtrasorb 400. 
• Westvaco Nuchar WV-G. 
• Witco Witcarb 950. 
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Table 2-1 

A~tivated Carbon Manufacturers' Data 

Ca1gon Ca1qon Ca1qon 
Filtrasorb Filtrasorb Filtrasorb 

Criteria 200 300 400 

Specific Surface 850-900 
Area, m2tq 

950-1,050 1.000-1,200 

Pore Volume, NIA• 0.85 0.94 
cm3/g 

Iodine Number 850 900 1.000 

Mean Particle 0. 8-l. 0 l. 5-l. 7 0.9-1.1 
Diameter, mm 

•NIA = Not available. 
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Westvaco Witco 
Nuchar Witcarb 

WV-G 950 

1,100 1,000-1,100 

NIA• 27 

1,050 1,050 

0.9-1.2 NIA• 
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Isotherm tests were conducted on the five carbons listed above. These tests 
were used to select the ~est performing carbon for further investigation using 
continuous flow carbon columns. The results of the isotherm tests showed 
that the consistently best performing activated carbon was Witco Witcarb 
950. The results also showed that equilibrium conditions could be reached at 
the desired effluent limits (shown in Subsection 2.2.3) given a high enough 
carbon dosage (i.e., :<!:;1,000 mg!L of· carbon). However, Witco Chemical 
Corporation stopped production of all of their activated carbon in late 1985. 
Therefore, no Witco activated carbon was used in the MAAP isotherm tests. 

2.2.3 PREL.11diNARY COLUMN TESTS 

The four explosives compounds of interest were studied in column testing. The 
following point source effluent goals were used as performance criteria: 

Nitrobody 
Compound 

TNT 
RDX 
HMX 

2,4-DNT 

Effluent Limit• 
(mg/L) 

0.04 
0.03 
0.03 
0.0007 

Preliminary column tests were performed in the laboratory using "synthetic" 
pink water to develop design parameters for a pilot-scale, multiple-column 
test. To prepare this water, the four nitrobodies of interest (TNT, RDX, HMX, 
and 2,4-DNT) were first dissolved in acetone and then diluted so that the final 
acetone level was only 0.20 to 0.44 percent on a volumetric basis. The results 
of the preliminary _ column tests showed that activated carbon became 
saturated with RDX and HMX more rapidly than with TNT and DNT. In 
addition, the results showed that fewer than five columns in series were 
necessary for optimum performance. 

2.2.3.1 Four-in-Series CoJnmn Tests 

Based on the results of the isotherm and preliminary column tests, pilot-scale 
column tests were performed with four columns in series using the Witco 
Witcarb 950 activated carbon for the treatment of Army Ammunition Plant 
(AAP) pink water. The effluent criteria were generally met for RDX, HMX, 
and 2,4-DNT but not for TNT. The TNT performance limitation was 
determined to be a physicochemical phenomenon that produced little change · 
in TNT concentration beyond the first column in ~e series. Since this 
phenomenon did not appear during the isotherm tests, it stresses the need to 
perform column tests with the wastewaters to be treated. 

•Recommended interim criteria for munition compounds for protection of 
human health [3]. 
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Pilot-scale testing is usually the next step between laboratory-scale testing 
(isotherm testing) and full-scale design and construction. This testing allows 
the engineer to develop design parameters more accurately for full-scale 
systems. 

2.2.3.2 Effects of pH on Adam:ption ofEs;pluei;yo 

The effect of pH on the ability of activated carbon to remove explosive 
compounds from a munition-manufacturing waste has been evaluated [1]. 
Experiments indicate that activated carbon may have a fl"eater reserve 
capacity for TNT and other explosives if wastes applied to 1t are acidic. A 
comparison of the slopes of the isotherms showed that the adsorption 
efficiency was greater at pH 2.0 than pH 7 .6. During column tests at a neutral 
pH, breakthrough of TNT was almost immediate. In addition, the carbon was 
exhausted in less than one-half the time required to exhaust a similar column 
used to treat acidic wastes. 

2.2.4 CARBON REGENERATION PROPERTIES 

A primary factor in determining the cost-effectiveness of. activated carbon 
treatment is the extent to which the carbon can be regenerated for reuse. This 
assumes that the effluent criteria can be met with acceptably long carbon bed 
life. Regeneration of carbon that has been used for adsorption of organics is 
usually accomplished by a thermal regeneration process. If carbon cannot be 
effectively regenerated, it must be disposed, possibly as a hazardous waste. 
Cost-effectiveness of carbon adsorption is reduced both by the cost of such 
disposal and by the continuing replacement cost of virgin carbon. 

The process of carbon regeneration for explosives-contaminated carbons has 
met with mixed reviews. A report prepared for the U.S. Army Armament 
Research and Development Command describes the effectiveness and 
economic feasibility of using a rotary calciner furnace to thermally regenerate 
spent carbon containing explosives [5]. Other references reported limited 
success with thermal regeneration due to the explosive nature of adsorption 
components_ [6]. Solvent regeneration is also reported as problematic [6). 
However, activated carbon treatment systems continue to be used for the 
treatment of pink water without carbon regeneration. This continued use is 
probably due to the proven ability of activated carbon to remove the explosive 
component from wastewater streams. 

Calgon Carbon Corporation recently studied the treatment of contaminated 
groundwater from the Badger Army Ammunition Plant (BAAP). They 
concluded that spent carbon could be regenerated in their thermal 
regeneration system provided the carbon explosives concentration is low 
enough to preclude an uncontrollable auto-oxidation of explosives. Such 
auto-oxidation might damage the regeneration unit. In addition, Calgon used 
differential scanning calorimetry to estimate safe carbon explosives 
concentrations. Their preliminary recommendation ~ to Umit explosives 
accumulation to about 5 percent by weight [7]. In some applications, this 
limit, rather than carbon column breakthrough/exhaustion, may determine 
carbon bed life. 
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The Water Quality Control Division of the Tennessee Health and 
Environment Department (WQCD) has been authorized by the United States 
Environmental Protectio"n Agency (EPA) to adopt and enforce permits that 
have been issued by the EPA pursuant to §402 of the Federal Water Pollution 
Control Act, P.L. 92.500. According to the WQCD, the effiuent limit agreed to 
by the EPA and U.S. Army in the NPDES permits for arsenals is 1.0 ppm of 
total nitrobodies. This limit applies to discharges to both surface water and 
groundwater. Because the effiuent limit is technology based, the· WQCD has 
no plans to change it at the present time [8]. 

The WQCD presently has no remedial action limits for 
explosives-contaminated groundwater other than the previously described 
effiuent limit. Therefore, if the total nitrobodies concentration from any 
monitor well at MAAP exceeded 1.0 ppm, then treatment/remediation of the 
explosives-contaminated groundwater might be required. If so, any 
treatment/remediation technology must reduce the total nitrobodies 
concentration to below 1.0 ppm. According to the WQCD, the discharge from 
the selected treatment/remediation technology would not require an 
additional NPDES permit. Instead, this discharge could be handled by simply 
amending the existing one [9]. 

Because dinitrotoluene and nitrobenzene have been designated toxic 
pollutants pursuant to Section 307(a)(1) of the Clean Water Act, water quality 
criteria have been established for them pursuant to Section 304(a)(1) of this 
act. These criteria are unenforceable guidelines that may be used by states to 
set surface water quality standards. 

.The water quality criteria for dinitrotoluene for ingestion of contaminated 
water and contaminated aquatic organisms, which may r~ult in incremental 
increase of cancer risk over the lifetime (estimated at 10" ), is 0.11 ug/L [10). 
For nitrobenzene, the water quality criteria to protect public health is 19.8 
mg/L, based on available toxicity data [10]. 

In addition, unenforceable health advisories have been established by the 
EPA Office of Drinking Water and the U.S. Army for TNT, RDX, and HMX. 
These advisories are 2.0 ppb, 2.0 ppb, and 400 ppb, respectively [11]. 
Furthermore, another advisory is being prepared for 2,4-dinitrotoluene which 
will provide the basis for a future regulation of it in drinking water [11]. 

A list of proposed tentative aA~:,able or relevant and appropriate 
requirements for the Milan Army unition Plant as of July 1989 are in 
Appendix A They were prepared as part of a remedial investigation for this 
site. 

2.3.1 SURFACE WATER DISCHARGE 

Surface water discharge will require amending the . existing permit and 
meeting an effiuent limit of 1.0 ppm of total nitrobodies. This limit should not 
be difficult to achieve with carbon adsorption technology. However, the 
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ability to meet specific criteria for individual components described in 
Subsection 2.3, when and if they become enforceable, warrants investigation. 

2.3.2 GROUNDWATER DISCHARGE 

Groundwater discharge will require amending the existing permit and 
meeting an effiuent limit of 1.0 ppm of total nitrobodies. This limit should not 
be difficult to achieve. with carbon adsorption technology. However, the 
ability to meet specific criteria for individual components described in 
Subsection 2.3, when and if they become enforceable, warrants investigation. 
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The primary objective of this pilot study was to determine the feasibility of 
using granular activated carbon for treatment of groundwater contaminated 
with explosives. This determination was first made by batch (isotherm) 
carbon testing with pulverized samples of GAC. 

Batch (isotherm) carbon testing consists of a series of batch adsorption 
experiments in which multiple aliquots of wastewater are treated with 
varying dosages of GAC. The test containers are agitated until equilibrium is 
established between the liquid phase and the solid phase. The GAC is then 
filtered out of the solution and the filtrate is analyzed to determine the 
equilibrium concentration of the pollutants (or adsorbate) of interest. The 
data obtained from the analysis are interpreted by plotting the amount of 
adsorbate adsorbed per unit weight of activated carbon versus the equilibrium 
concentration of adsorbate remaining in solution. 

3.1 TEST PROGRAM 

The purpose of batch (isotherm) carbon testing was to evaluate five different 
types of granular activated carbon in terms of (1) relative adsorbability of 
explosives, (2) adsorption capacities and associated exhaustion rates for 
explosives, (3) degrees of removal based on desired effluent objectives, and (4) 
preferential adsorption of component groups. Based on these criteria, two 
carbon types were selected for continuous flow pilot testing. 

Groundwater from MAAP monitor well MI051 was used in each isotherm test 
because it was located in the general area of the traveling plume and near the 
pilot plant area and had a total explosives concentration of greater than 1.0 
mg/L. This groundwater was collected and shipped to WESTONs 
Environmental Technology Laboratory in Lionville, Pennsylvania. The 
average concentrations of explosives in the groundwater used in the batch 
(isotherm) carbon testing blanks are shown in Table 3-1, along with each 
explosive's detection limit. 

All isotherm tests were run under nearly identical test conditions to evaluate 
the effect of the type of carbon, carbon dosage, and pH on the removal of each 
explosive. Carbons were pulverized and suspended solids present in the 
groundwater were removed by a Whatman No.1 filter (11 um) prior to mixing 
the groundwater with the carbon. The removal of suspended solids helped 
reduce the potential for analytical interferences and carbon fouling. Secondly, 
all isotherm tests, except for one, were run at a neutral pH (- pH 7.0). One 
test was run at a lower pH (- pH 4.0) to determine any potential advantage of 
using lower pH values. Thirdly, all isotherm tests were run at an ambient 
room temperature of about 68°F. Finally, to efFectively mix the groundwater 
and the carbon, an agitation period of 20 hours was employed in each 
isotherm test. Studies in the literature (3] indicate that this period of time is 
more than adequate to attain equilibrium when GAC is pulvenzed. 
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Average Concentrations of Explosives in Groundwater 
Used in Batch (Isotherm) Carbon Testing Blanks 

Average Concentrationa Detection Limit 
Explosives (ug/L) (ug/L) 

TNT 493 o.1ab 

RDX 486 0.63b 

HMX 2.75 1.3ob 

Tetryl 14.9 0.66b 

2,4-DNT 7.6 o.6ob 

2,6-DNT 3. S2 o.55b 

1,3-DNB 3.11 0.6lb 

1,3,5-TNB 14.2 0.56b 

NB <1.13 1.13b 

TOC 996d 500c 

aAverage concentration of five blanks analyzed by WESTON's Ana­
lytics Division in Lionville, Pennsylvania. 

bDetection limit for explosive per USATHAMA Method UWOl, Explo­
sives in Water. 

CDetection limit for TOC per u.s. EPA Method 415.1. 

d28\ of TOC from carbon content of above explosives. The rest is 
undetermined at this time. 
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Six different carbon dosages were used for each isotherm test: 10, 200, 500, 
1,000, 2,500, and 5,000 mg/L. In addition, a groundwater sample without 
carbon was used as a control or blank in each isotherm test. All carbon 
dosages used were based on the USATHAMA report [3]. 

The groundwater samples were analyzed before and after each isotherm test 
by WESTON's Analytics Division in Lionville, Pennsylvania for the following 
parameters: TNT, RDX, HMX, Tetryl, 2,4-DNT, 2,6-DNT, 1,3-DNB, 
1,3,5-TNB, NB, and TOC. The results of these analyses were used to plot the 
isotherms for all five carbons. 

The isotherm test matrix in Table 3-2 summarizes the previously described 
test program . 

3.1.1 PROCEDURES 

Carbons to be tested were pulverized by mortar and pestle but not screened 
prior to use in the isotherm tests. This procedure assured that equilibrium 
conditions would be obtained at a faster rate. Pulverizing carbon has no 
significant effect on adsorption capacity. However, it does increase the rate of 
acfsorption so that laboratory time is not extensive. · 

Seven 250-m.L aliquots of groundwater in Erlenmeyer flasks were used for 
each isotherm. Following pretreatment of the groundwater (suspended solids 
removal and pH adjustment), preweighed amounts of pulverized granular 
carbon, based on the carbon dosages defined earlier, were added to six flasks. 
No carbon was added to the seventh flask because it was the control. Each 
flask was then covered to minimize liquid and vapor losses and agitated in a 
shaker assembly over a period of 20 hours. 

Following agitation, each flask was filtered through a Whatman GF/F glass 
fiber filter (0. 7 um effective retention) into a clean filter flask. The filtrate 
was ~alyzed by ~gh pressure _l!~d chromatogra~hy (HPLC) for the 
followmg parameters. TNT, RDX, HMX, Tetryl, 2,4-DNT, 2,6-DNT, 1,3-DNB, 
1,3,5-TNB, NB, and TOC. Each filtrate analysis, e;xcept for the one for the 
control, represented a single point on the isotherm for each parameter. The 
filtrate analysis of the control was used to determine the amount of compound 
adsorbed for a given volume of solution and the carbon adsorption efficiency. 
In addition, each filtrate's pH was measured. 

Isotherms were developed for each parameter by plotting the laboratory 
adsorption data on logarithmic coordinates as weight of compound adsorbed 
per weight of carbon, XIM or Cle• vs. the amount of compound remaining in the 
groundwater, Ce. This data presentation is called a Freundlich isotherm. 

3.1.2 PRELIMINARY CARBON SELECTION 

Based upon vendor information, literature references, a~sorption properties in 
Table 3-3, pressure drop, popular use, current use at MAAP, and cost, the 
following five carbons were selected for further evaluation using isotherm 
testing: 

• Calgon Filtrasorb 200. 
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Table 3-2 

Isotherm Test Matrix 

20-hr Isotherm Test 

Isotherm tests to select 
best-performing QAC 

Samples a 
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No. of Variables 

5 GACs 
1 temperature 
1 solution 
7 GAC dosagesc 
1 pH value 

aEach sample analyzed for TNT, RDX, HMX, Tetryl, 2,4-DNT, 
2,6-DNT, 1,3-DNB, 1,3,5-TNB, NB, and TOC. 

bouplicate flasks, using six dosages of the carbon currently 
in use at MAAP (Atochem, Inc. GAC 830), also run at a reduced 
pH value(- pH 4.0). 

csix varying GAC dosages (10, 200, 500, 1,000, 2,500, and 
5,000 mg/L) plus one blank (no GAC). 
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Adsorption Properties of Five Selected Carbons 

Adsorption 

Specific 
Surface Area, 
m2/g 

Pore Volume, 
cm3/g 

Iodine Number 

Mean Particle 
Diameter, mm 

Calgon 
Filtrasorb 

200 

850-900 

NIA* 

850 

0.8-1.0 

•NIA = Not available • 

1113M2 

Calgon 
Filtrasorb 

300 

Calgon 
Filtrasorb 

400 

950-1,050 1,000-1,200 

0.85 0.94 

900 1,000 

1.5-1.7 0.9-1.1 

3-5 

Bydrodarco 
4000 

625 

1.0 

600 

0.8-1.0 

Atocheni, Inc. 
GAC 830 

950-1,050 

0.85 

920 
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• 
• 
• 
• 

Calgon Filtrasorb 300 . 
Calgon Filtrasorb 400 . 
Hydrodarco 4000 . 
Atochem, Inc. GAC 830 . 
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Atochem, Inc. GAC 830 is the activated carbon currently being used at MAAP 
for pink water treatment. 

3.2 BESULTS 

The results of the batch (isotherm) carbon testing are presented in the form of 
the Freundlich adsorption equation: 

<1e = XIM = KCe lin 

where, 

<le = Carbon loading, mg compound/mg carbon, dimensionless. 

the amount of compound adsorbed for a given volume of 
solution, mg/L. 

M = Carbon dosage, mg/L. 

C0 = Initial concentration of compound, mg/L. 

Ce = Concentration of compound remaining in solution, mg/L. 

K = Freundlich constant, (mg!Lrlln. 

n = Empirical constant, dimensionless. 

Graphically, K is the XJM or ~ intercept of the isotherm plot at Ce = 1, and 
1/n is the slope of the line when the laboratory adsorption data are plotted on 
logarithmic paper. The XIM or <le intercept at C0 represents the maximum 
capacity of the carbon for the compound at its origmal concentration C0 . The 
greater the intercept, the more capacity a given carbon exhibits for adsorption 
of the target compound from that specific wastewater. 

The slope of the line, 1/n, is an indication of the relative adsorbability of the 
compound. A slightly sloped line indicates high adsorbability, since a small 
increase in carbon dosage greatly reduces the compound's concentration in the 
water .. However, a steeply sloped line indicates low adsorbability, since a 
small decrease in the compound's concentration results from a large increase 
in carbon dosage. 

The empirical constants of the Freundlich adsorption ~l!l!tion for the five test 
carbon isotherms are presented in Table 3-4 for TNT and RDX. These 
constants for the three Filtrasorb carbons could not be determined for TNT 
because it was present at concentrations below its detection limit in the 
filtrates. For this same reason, the empirical constants of the Freundlich 
adsorption equation for all five carbons for the other seven explosives could 
not be determined. 
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' 

Empirical Constants of Freundlich Adsorption Equationa 
for Five Test Carbons Using Groundwater From 

Monitor Well Mib51 

TNT RDX 
Activated. Isotherms Isotherms 
Carbon Type Kb line Kb 1/nc 

Filtrasorb 200 Nod NDd 0.052 0.535 

Filtrasorb.300 NDd NDd 0. 031 0. 413 

Filtrasorb 400 Nod NDd 0.049 0.555 

Hydrodarco 4000 0.128 0.828 0.0012 0.100 

Atochem, Inc. 0.136 0.642 0.045 0.630 
GAC 830 

aqe • X/M • K cel/n. 
brntercept at ce • 1.0 mg/L on the isotherm line. This intercept 

was determined by extrapolation. 
cslope of the line within the concentration range of 0.001-1.0 

mg/L. 
dND • Not Determinable. 
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The maximum saturation capacities (theoretical maximum loading) for all five 
carbons for RDX were estimated by extrapolating their isotherms to C0 . This 
gives a Cle that corresponds to a condition when all the carbon is in 
equilibrium with the initial concentration of RDX. In a continuous flow GAC 
column, this condition oecurs when the RDX concentration in the effiuent is 
the same as that in the influent. However, in practice this doesn't occur 
because normally the column service is terminated when the effiuent 
concentration reaches a predetermined effiuent limit. In addition, maximum 
saturation capacities for Hydrodarco 4000 and Atochem, Inc. GAC 830 for 
TNT were estimated by extrapolating their isotherms to C0 . Table 3-5 
presents these capacities along with those for RDX. 

Maximum saturation capacities for the three Filtrasorb carbons could not be 
estimated for TNT. This was because the Freundlich adsorption equation for 
these carbons could not be determined due to TNT concentrations below its 
detection limit in the filtrates. For this same reason, maximum saturation 
capacities for all five carbons for the other seven explosives could not be 
estimated. . -

All of the isotherm test results for the explosives as well as those for TOC and 
pH effects are presented in Appendix B and discussed in the following 
subsections. The following criteria are used in these subsections to evaluate 
GAC removal of the respective compound: 

• 

• 

Carbon Capacities and Associated Exhaustion Rates - For a given C 
on the isotherms, the carbon with the greatest XIM or <Je is the best 
one for adsorbing that particular compound out of solution. In other 
words, the best performing carbon will be the one that has its 
isotherm line closest to the top of the graph. Based on this criterion, 
the five carbons can be ranked for each compound. 

Capability of Meeting Effiuent Limits- The minimum effiuent level 
achievable by each carbon for each compound is determined by 
comparing each compound's equilibrium concentration (at higher 
carbon dosages) with the desired effiuent level. · 

3.2.1 TNT REMOVAL 

TNT isotherms for all five GACs are presented in Figure 3-1. Each GAC's 
isotherm was incomplete because, at almost all carbon dosages greater than 
10 mg/L (lo':"er 9:e ~alues), the equilibrium concentrations <qe> were below the 
TNT detectton lfinit of 0.78 ug/L. Therefore, any_ compansons of the TNT 
isotherms for the five GACs were inconclusive. However, these results did 
show that all five GACs were cap.able of TNT removal to below its detection 
limit at low carbon dosages. All of the results were based on an initial 
average TNT concentration of 493 ug/L. 

The empirical constants of the Freundlich adsorption equation were only 
obtained for Hydrodarco 4000 and Atochem, Inc. GAC 830. This was 
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Maximum 
Saturation 

Concentration, Co Capacitr, qe 
r·: Type Nitrobody (mg/L)* (mg/mg) 
I·': 
1..-..:.. 

I·:.· 

i 
l.. ·-. 

j ' 
I. -

' . I : 
' ! 

'­
I 

' '. 

i 
L. 

i · .. 
I 
l--

f.----_ 

' -I 

t__: 

Filtrasorb 200 

Fi ltrasorb 300 

Filtrasorb 400 

Hydrodarco 4000 

Atochem, Inc. 
GAC 830 

RDX 

RDX 

RDX 

TNT 

RDX 

TNT 

RDX 

0.457 0.0342 

0.469 0.0227 

0.497 0.0332 

0.546 0.0776 

0.433 0. 0011 

0.550 0.0927 

0. 572 0.0317 

*Influent concentrations were obtained from the groundwater­
samples used as controls in the isotherm tests. 
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because they were the only GACs with two equilibrium concentrations above 
the TNT detection limit. The empirical constants in Table 3-4 were obtained 
from the equation of the straight line between these concentrations. However, 
since these constants were obtained from limited data, they should only be 
considered approximations. 

The empirical constants of the Freundilich adsorption equation were then 
used along with the concentration of TNT in the blank or C0 to calculate the 
saturation capacities shown in Table 3-5. Based on these capacities, Atochem, 
Inc. GAC 830 is the better carbon for TNT removal. · 

3.2.2 RDX REMOVAL 

RDX isotherms for all five GACs are presented in Figure 3-2. Three GACs' 
isotherms (Filtrasorb 200, 300, and 400) were incomplete because, at almost 
all carbon dosages greater than 200 mg/L, the equilibrium concentrations 
were below the RDX detection limit of 0.63 ug/L. Therefore, any comparisons 
of the RDX isotherms for Filtrasorb 200, 300, and 400 with each other and 
with the other two RDX isotherms for Hydrodarco 4000 and Atochem, Inc. 
GAC 830 were inconclusive. However, these results did show that Filtrasorb 
200, 300, and 400 were capable of RDX removal to below its detection limit at 
low carbon dosages and that Hydrodarco 4000 and Atochem, Inc. GAC 830 
were not. All of the results were based on an initial average RDX 
concentration of 486 ug/L. In addition, the RDX isotherm for Atochem, Inc . 
GAC 830 did show some desorption at a carbon dosage of 5,000 mg/L; 
however, the one for Hydrodarco 4000 did not. 

The empirical constants of the Freundlich adsorytion equation were obtained 
for all five GACs from the linear portion of thell' isotherms that were above 
the RDX detection limit. This portion usually fell between the equilibrium 
concentration range of 0.001 to 1.0 mg/L. The empirical constants in Table 
3-4 were obtained from the equation of the straight line in this range. 
However, since these constants were obtained from limited data, they should 
only be considered approximations. 

The empirical constants of the Freundlich adsorption equation were then used 
along with the concentration of RDX in the blank to calculate the saturation 
capacities shown in Table 3-5. Based on these capacities, Atochem, Inc. GAC 
830 is about as good as the Filtrasorb carbons for RDX removal. However, 
Hydrodarco 4000 is not. . 

3.2.3 HMX REMOVAL . 

HMX isotherm data for all five GACs in Appendix B are not plotted because, 
at almost all carbon dosages, the equilibrium concentrations were below the 
HMX detection limit of 1.30 ug/L. Therefore, any comparisons of the HMX 
isotherms for the five GACs were inconclusive. However, these results did 
show that all five GACs were capable of HMX removal_to below its detection 
limit at low carbon dosages. All of the results were based on an initial 
average HMX concentration of2.75 ug/L. 
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Since most equilibrium concentrations were below the HMX detection limit, 
the empirical constants for the Freundlich adsorption equation could not be 
deteruuned. 

3.2.4. 1'El'RYL REMOVAL 

Tetryl isotherm data for all five GACs in Appendix B are not plotted because, 
at almost all carbon dosages, the equilibrium concentrations were below the 
Tetryl detection limit of 0.66 ug/L. Therefore, any comparisons of the Tetryl 
isotherms for the five GACs were inconclusive. However, these results did 
show that all fi-..:e GACs were capable of Tetryl removal to below its detection 
limit at low carbon dosages. All of the results were based on an initial 
average Tetryl concentration of 14.9 ug/L. 

Since most equilibrium concentrations were below the Tetryl detection limit, 
the empirical constants for the Freundlich adsorption equation could not be 
deteruuned. 

3.2.5 2,4-DNT REMOVAL 

2,4-DNT isotherm data for all five GACs in Appendix B are not plotted 
because, at almost all carbon dosages, the equilibrium concentrations were 
below the 2,4-DNT detection limit of 0.6 ug/L. Therefore, any comparisons of 
the 2,4-DNT isotherms for the five GACs were inconclusive. However, these 
results did show that all five GACs were capable of 2,4-DNT removal to below 
its detection limit at low carbon dosages. All of the results were based on an 
initial2,4-DNT concentration of 7.6 ug/L. 

Since most equilibrium concentrations were below the 2,4-DNT detection 
limit, the empirical constants for the Freundlich adsorption equation could 
not be determined. 

3.2.6 2,6-DNT REMOVAL 

2,6-DNT isotherm data for Filtrasorb 200, 300, and 400 in Appendix B are not 
plotted because, at all car?on ~o~ages, the equilibrium C?l!-centrations were 
below the 2,6-DNT detection lliDlt of 0.55 ug/L. In addition, the 2,6-DNT 
isotherm data for Hydrodarco 4000 and Atochem, Inc. GAC 830 in Appendix B 
are not plotted because the concentration of 2,6-DNT in each one of their 
blanks as well as the equilibrium concentration in each one of their carbon 
dosages was below the 2,6-DNT detection limit. Therefore, any comparisons 
of the 2,6-DNT isotherms for the five GACs were inconclusive. However, the 
results for Filtrasorb 200, 300, and 400 did show that these GACs were 
capable of 2,6-DNT removal to below its detection limit at low carbon 
dosages. All of the results are based on an initial average 2,6-DNT 
concentration of 3.52 ug/L. 

Since all equilibrium concentrations were below the 2,6-DNT detection limit, 
the empirical constants for the Freundlich adsorption equation could not be 
determined. 
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1,3-DNB isotherm data for all five GACs in Appendix B are not plotted 
because, at almost all carbon dosages, the equilibrium concentrations were 
below the 1,3-DNB detection limit of 0.61 ug/L. Therefore, any comparisons of 
the 1,3-DNB isotherms for the five GACs were inconclusive. However, these 
results did show that all five GACs were capable of 1,3-DNB removal to below 
its detection limit at low carbon dosages. All of the results are based on an 
initial average 1,3-DNB concentration of3.11 ug/L. 

Since most equilibrium concentrations were below the 1,3-DNB detection 
limit, the empirical constants for the Freundlich adsorption equation could 
not be determined. 

3.2.8 1,3,5-TNB REMOVAL 

1,3,5-TNB isotherm data for all five GACs in Appendix B are not plotted 
because, at almost all carbon dosages, the equilibrium concentrations were 
below the 1,3,5-TNB detection limit of 0.56 ug/L. Therefore, any comparisons 
of the 1,3,5-TNB isotherms for the five GACs were inconclusive. However, 
these results did show that all five GACs were capable of 1,3,5-TNB removal 
to below its detection limit at low carbon dosages. All of the results are based 
on an initial average 1,3,5-TNB concentration of 14.2 ug/L. 

Since most equilibrium concentrations were below the 1,3,5-TNB detection 
limit, the empirical constants for the Freundlich adsorption equation could 
not be determined. 

3.2.9 NB REMOVAL 

The NB isotherm data for Atochem, Inc. GAC 830 in Appendix B are not 
plotted because the concentration of the blank as well as the equilibrium 
concentration for all carbon dosages except 2,500 mg/L and 5,000 mg/L, was 
below the NB detection limit of 1.13 ug/L. According to the analytical report 
from WESTON's Analytics Division, the equilibrium concentration for the 
carbon dosage of 1,500 mg/L was elevated above the detection limit due to 
sample interference. However, no such qualification was made regarding the 
equilibrium concentration for the carbon dosage of 5,000 mg/L. N'evertheless, 
this concentration cannot be used to generate a point on the isotherm because 
it is higher than the blank. The NB isotherms data for Filtrasorb 200, 300, 
and 400, and Hydrodarco 4000 in Appendix B are not plotted because the 
concentration of NB in each one of their blanks, as well as the equilibrium 
concentration in almost every one of their carbon dosages, was. below the NB 
detection limit. Therefore, any comparisons of the NB isotherms for the five 
GACs were inconclusive. 

Since almost all equilibrium concentrations were below the NB detection 
limit, the empirical constants for the Freundlich adsorption equation cotlld 
not be determined. · 
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TOC isotherms for all five GACs are presented in Figure 3-3. The TOC 
isotherm for Filtrasorb 300 was the only one that was c;omplete. This 
isotherm is similar to the TOC isotherms presented in the Badger Army 
Ammunition Plant (BAAP) report [12) for a TOC level of ± 1 ppm .. The other 
isotherms were incomplete because, at almost all carbon dosages greater than 
10 mg/L, the equilibnum concentrations were below the TOC detection limit 
of 500 ug/L. Therefore, any comparisons of the TOC isotherms for the five 
GACs were inconclusive. However, except for Filtrasorb 300, these results did 
show that the other four GACs were capable of TOC removal to below its 
detection limit at low carbon dosages. All of the results are based on an 
initial average TOC concentration of 996 ug/L. Twenty-eight percent of TOC 
was from carbon content of the nine explosives. 

The TOC isotherm for Filtrasorb 300 did show that it was capable of TOC 
removal to below 1.0 mg/L; however, the TOC concentration in tlie control was 
only 1.3 mg/L. This concentration for the other four GACs ranged from 0.56 
to 1.2 mg/L and averaged about 1.0 mg/L for all five GACs. Because of the 
sensitivity of the TOC analysis at these low concentrations, it is not possible 
to confidently conclude that nonadsorbing compounds were present in the 
control. Nevertheless, the results indicate that, for groundwater from monitor 
well MI051 at MAAP, TOC reduction below 1.0 mg/L by an activated carbon 
adsorption treatment system may be possible. 

Since almost all equilibrium concentrations for all GACs except Filtrasorb 300 
were below the TOC detection limit, the empirical constants for the 
Freundlich adsorption equation could not be determined. In addition, these 
constants were not determined for Filtrasorb 300 because its TOC isotherm 
exhibited desorption at carbon dosages of 1,000 and 2,500 mg/L. The 
empirical constants for the Freundlich adsorption equation have no meaning 
if this phenomenon occurs. 

3.2.11 pH EF'F'EGI'S 

Figures 3-4 and 3-5 present the isotherms for TNT and RDX, respectively, for 
Atochem, Inc. GAC 830 at pH 7.0 and pH 4.0. Similar isotherms for the other 
seven compounds and TOC are not plotted because their isotherm data in 
Appendix B had a large number of equilibrium concentrations that were below 
their respective compounds detection limit. Because of this and the limited 
data in Figures 3-4 and 3-5, a valid conclusion could not be made regarding 
the effect of_ p_H on activated carbon adsorption of the groundwater from 
monitor well MI051located at MAAP. 

3.3 FINAL CARBON SEJ.ECTION 

Since TNT and RDX were the compounds present at the highest 
concentrations in the groundwater from monitor well MI051 at MAAP, the 
carbons that best treated these compounds were looked· upon more favorably. 
Based on the results in Subsections 3.2.1 and 3.2.2, all three Filtrasorb 
carbons were capable of removing both compounds to below their detection 
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limits. While Hydrodarco 4000 and Atochem, Inc. GAC 830 were capable of 
removing TNT to below its detection limit, they were not capable of doing this 
for RDX. Although the latter two carbons may not provide removal to below 
detection limits, they may provide adequate treatment to meet effluent limits 
(which have not, as yet; been determined). If final effluent limits are such 
that all of the carbons would provide adequate removal, other fact01"s, such as 
saturation capacity and overall economics, may have a greater significance in 
carbon selection. 

In terms of maximum saturation capacity, all three Filtrasorb carbons were 
comparable with respect to RDX (see Table 3-5). Atochem, Inc~ GAC 830 had 
a slightly lower RDX maximum saturation capacity. The RDX maximum 
saturation capacity of Hydrodarco 4000 was substantially lower that the other 
carbons tested. As discussed previously, TNT maximum saturation capacities 
could not be determined for the Filtrasorb carbons. Hydrodarco 4000 had a 
substantially higher TNT maximum saturation capacity than did Atochem, 
Inc. GAC 830. 

Filtrasorb 300 was selected as representative of the three Filtrasorb carbons 
for further testing in continuous flow GAC columns at MAAP. In addition, 
Atochem, Inc. GAC 830, which is currently beinJ used at MAAP to treat pink 
water, was selected because the task order reqwred that the carbon currently 
in use at MAAP be tested. However, Atochem, Inc. GAC 830 was also selected 
because it was comparable to the three Filtrasorb carbons and better than 
Hydrodarco 4000 with respect to RDX maximum saturation capacity. 

Because of the inconclusive results on the effect of pH on: the activated carbon 
adsorption of the groundwater from monitor well MI051 at MAAP, the 
continuous flow GAC columns at MAAP were run at pH 7.0. This decision 
was supported by the results on the effect of pH described in the Badger Army . 
Ammunition Plant (BAAP) report [12]. In this report, the results of the 
isotherm tests for Filtrasorb 400, using explosives-contaminated groundwater 
from monitor well PBN82-02C at BAAP, showed that relatively higher 
adsorption capacities were obtained at neutral pH (7.0) than at acidic pH 
(4.0). Even though the results in the literature [3] showed the opposite to be 
true for TNT and other nitroaromatics, greater weight was given to the BAAP 
report because it represented the most recent experience with 
explosives-contaminated groundwater. 
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ACTIVATED CARBON TEST PROGRAM AT MAAP 

The objective of the test program was to determine the feasibility of using 
activated carbon adsorption to treat explosives-contaminated groundwater 
based upon pilot-scale testing. Subsection 4.1 describes the planned test 
program presented in the Test Plan and Subsection 4.2 describes the actual 
test program conducted at MAAP. 

The GAC performance evaluation was conducted in a skid-mounted, granular­
activated carbon/ion exchange (GAC/IE) pilot plant designed and built by 
WESTON. This plant has three skids and an accessory tankage. One skid 
has the motor control center, feed pumps, and utility pumps. The other two 
skids each have four plexiglas columns that could be used to test either 
activated carbon or ion exchange treatment systems. The GAC/IE pilot plant 
was designed to provide a high degree of operating flexibility by using 
variable bed lengths and flow arrangements. 

Additional tankage and associated pumps were added to the GACIIE pilot 
plant f.rimarily to allo'! for ground~ater retention, pH adjustme;nt, and flow 
contro . Two 3,000-gal influent holding tanks were added to receive and hold 
groundwater from monitor well MI051. One 2,000-gal equalization tank was 
also added between the influent holding tanks and the control panel for pH 
adjustment and flow control. Furthermore, one 3,000-gal effiuent holding 
tank was added after the GAC columns to retain treated effiuent for disposal 
by MAAP. This was done in case the treated effiuent could no longer be sent 
to the Wolf Creek Ordnance Plant STP for disposal through the NPDES 
permitted outfall. 

The GAC pilot plant used in this test program had two parallel trains (A and 
B). Each train had two 4.25-in. ID (5-in. OD), 6-ft high columns that were 
arranged in series. and operated in a packed bed down flow mode. These 
columns were designed for ·up to 4 ft of bed depth and 50 percent bed 
expansion during backwash operations. The two columns in train A had one 
of the two carbons selected and the two columns in train B had the other one. 
With two parallel test setups, two continuous flow runs could be evaluated 
simultaneously . 

The GAC pilot plant configuration previously described is sketched in Figure 
4-1. 

4.1 DESCRIPTION OF Pr.ANN1ill TEST PROGRAM 

The primary goal of this program was to evaluate the performance of granular 
activated carbon to treat explosives-contaminated groundwater. This goal 
was pursued through a combination of batch (isotherm) testing and 
continuous flow pilot plant.testing. 
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Batch (isotherm) testing was discussed in Section 3 of this report. The 
planned continuous flow pilot plant testing program is described below. The 
discussion of the actual test program is presented in Subsection 4.2. 
Variances between the .Planned and actual test programs are discussed in 
Subsection 4.3. 

The continuous flow pilot plant testing was to be carried out using the GAC 
selected from the batch (isotherm) test results and the carbon currently being 
used in operations at MAAP. The primary objectives of performing GAC 
groundwater treatment pilot plant tests at MAAP were: 

• 

• 

• 
• 

• 

To determine, in the absence of site-specific effiuent criteria, the 
best quality effiuent achievable using carbon adsorption to treat 
groundwater from monitor well MI051. 

To select the better of the two GACs, based on effiuent achieved and 
relative rate of adsorption. · 

To determine the carbon empty-bed contact time . 

To determine adsorp~ion capa~ities of the carbons for TNT, RDX, 
HMX., Tetryl, 2,4-DNT, 2,6-DNT, 1,3-DNB, 1,3,5-TNB, and NB. 

To determine if lowering the pH will enhance GAC adsorption . 

The test conditions, experimental variables, operational monitoring, and 
evaluation criteria for the test program are presented in the following 
subsections. 

4.1.1 TEST CONDITIONS AND EXPERIMENTAL VARIABLES 

The planned test conditions for all four tests are summarized in Table 4-1. 
For each test, a common feed stream was to split between two trains, A and 
B, at different proportions, depending on the required hydraulic loadings. The 
two columns in trains A and B were to contain carbon types A and B (selected 
from previous isotherm testing), respectively. 

All the tests were to be conducted at ambient temperatures in the pilot plant 
area in Building K-51 (see Figure 4-2). Outdoor tem.r,eratures were expected 
to vary widely from an average of approximately 42 F in the winter to over 
80°F in the summer [13]. The groundwater temperature was approximately 
55°F when it left the monitor well. Depending upon ambient conditions, this 
temperature was expected to either increase or decrease after the 
groundwater entered the influent tanks. Therefore, the influent temperature 
during the test runs was not to be controlled; however, it was to be monitored 
continuously. 

Influent pH was to be monitored during testing and adjusted, if necessary, to 
maintain a 6.0 to 9.0 range using sulfuric acid and sodium hydroxide during 
Tests One, Two and Three. Test Four was to be performed at a pH of 4.0 if 
the isotherm data indicated enhanced removal at a lower pH. If no enhanced 
removal at a lower pH was determined from isotherm data, Test Four was to 
be conducted at the same pH as Tests One, Two, and Three. 
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Planned Test Conditions for Continuous Flow Pilot Tests 

Empty-bed 
Flow Hydraulic Bed Contact 

Carbon Rate Loadin~ Depth Time a 
Test Train Type (gpm) (gprnlft ) ( ft) (min) Influent 

One A A 1.0 10 4 3.0 pB = 6 to 9 
B B 0.2 2 4 14.7 

Two A A 0.2 2 4 14.7 pH = 6 to 9 
B B ·1.0 10 4 3.0 

Three A A 0.7 7 4 4.Z pH = 6 to 9 
B B 0.7 7 4 4.2 

Four A A o.s 5 4 5.9 pH = 4.ob 
B B o.s 5 4 5.9 

aEmpty-bed contact time (EBCT) is equal. to the volume of the empty bed 
divided by the flow rate. EBCT is conventionally used to characterize GAC 
filter operation. 

bTest Four vas to be conducted at a pB = 4.0 if the isotherm data 
indicated enhanced removal at a lover pH. 
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During the tests, the hydraulic loadings were to be 2, 5, 7, and 10 gpmlft2. 
These values are within the range of hydraulic loadings that are normally 
used in full-scale operation of GAC systems. In an earlier study by 
USATHAMA, TNT, RDX, HMX, 2,4-DNT, and 2,6-DNT isotherms showed 
carbon capacities of 0.17 lb TNT/lb carbon, 0.037 lb RDX/lb carbon, 0.058 lb 
HMX/lb carbon, 0.005 lb 2,4-DNT/lb carbon, and 0.03 lb 2,6-DNT!lb·carbon for 
Calgon Filtrasorb 400 [3]. Based upon these capacities, the explosives 
concentration data for monitor well MI051, potential run lengths (elapsed 
time to breakthrough) for individual contaminants were expected to be quite 
long. However, eventhough complete breakthrough was not likely to occur 
during the duration of the test program, the presence of multiple 
contaminants was expected to reduce the overall run length. Up to four tests 
in each carbon train were to be conducted: However, the final length of each 
test and the total number of tests would depend upon the actual adsorption 
characteristics of the contaminated groundwater. 

The results of the isotherm tests showed good agreement with the earlier 
study by USATHAMA [3] with respect to the carbon capacity of RDX. 
However, these results showed the carbon capacity of TNT to be half of that 
obtained in this study. Therefore, the final length of each test was expected to 
be about the same or less than that predicted from the earlier study. 

Adsorption and breakthrough characteristics were to be studied in the first 
column of each parallel pair. The function of the second column was to 
maintain effiuent (discharge) quality within acceptable limits while allowing 
contaminant leakage up to influent levels (total exhaustion of capacity) of the 
first column. Therefore, during the planned tests, the two columns within 
each train were not to be switched around as the first column (lead) reached 
exhaustion. The exhausted carbon in the first column was to be replaced with 
fresh carbon and put back for service as the lead column once again. This 
mode of operation was to ensure that fresh carbon was used for' all of the test 
nms. 

Based upon approximately 10 lb of carbon per column at a depth of 4ft, the 
total amount of carbon required for all four tests was expected to be 80 lb 
(maximum).· This amount does not include the carbon replacement 
requirement for the second column of each train. H the carbon bed in the 
second column. was replaced at the same time as the first column, the 
estimated total carbon requirement would be 160 lb. 

4.1.2 OPERATIONAL MONITORING 

Effiuent sam~les from the first column of each train were to be taken at 
regular ·time mtervals as per the sampling program described in Subsection 
2.3.2.1 of the test plan [14]. According to this plan, influent samples were to 
be taken twice a day during each test run. However, additional influent 
samples were to be taken when additional groundwater was added to the feed 
tank. 

SamP.les were to be taken at the outlet of the second column, as necessary, to 
momtor the effluent from the pilot plant. MAAP received permission from the 
Tennessee Department of Health and Environment to discharge the pilot 
plant effluent into the Wolf Creek Ordnance Plant STP. Here it would be 
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discharged through outfall 009 of the MAAP NPDES permit [15]. Depending 
on the mass loading of contaminants and the effiuent concentrations, the 
carbon in the second column was to be replaced with fresh carbon. This was 
to be done at the same t~e as the first column's replacement. 

Flow measurements, as indicated by the flow meters at each column's inlet, 
were to be recorded at regular time intervals during each test run. Influent 
and effiuent (first column as well as second column) pH and temperature were 
to be monitored at regular time intervals and logged in the site logbook. ·Inlet 
and outlet pressures at each column were to be monitored by pressure gauges 
mounted on the column. This information would give the pressure drop 
across each column and determine when the columns should be cleaned by 
backwashing. 

4.1.3 EVALUATION CRITERIA 

The performance of the two carbons to be used in the continuous flow pilot 
plant testing was to be evaluated on the basis of adsorption rate and 
adsorption capacity under the same flow conditions. For this evaluation, the 
analytical data gathered during pilot test runs were to be used to plot the 
breakthrough curves. The concentration of the adsorbed substance (TNT, 
RDX, HMX, Tetryl, 1,2,4-DNT, 2,6-DNT, 1,3,5-TNB, 1,3-DNB, NB) in the 
column effiuent was to be plotted against the volume of water treated. 

These breakthrough curves were to be plotted for each contaminant of concern 
that was detected (TNT, RDX, HMX, Tetryl, 2,4-DNT, 2,6-DNT, 1,3-D~, 
1,3,5-TNB, and NB) and for each hydraulic loading (2, 5; 7, and 10 gpmlft ). 
As previously mentioned, the slope of the breakthrough curve would 
determine the adsorption rate and the service life of a particular carbon. The 
carbon with the steepest breakthrough curve would have the longest service 
life. Therefore, it would be considered for application in a full-scale treatment 
system to remove nitroaromatics from groundwater at MAAP. 

The carbon exhaustion rates in terms of lb of carbon per 1,000 gal of 
wastewater were to be calculated from the breakthrough curves. The carbon 
exhaustion rates for each contaminant were then to be plotted as a function of 
empty-bed contact time. This curve was to be used to evaluate the economic 
balance between empty-bed contact time for a single fixed bed, which 
translates into capital cost, and carbon exhaustion rate, which translates into 
direct operating expense [16]. This type of evaluation was to be carried out 
for both carbons. -

4.2 ACTUAL TEST PROGRAM 

During the field test program conducted at MAAP, three continuous flow 
column tests were performed, each using two carbon column trains. These 
tests will be described in the following subsections. Variances between the 
actual and planned tests programs will be discussed in ~ubsection 4.3. 

4.2.1 CONTINUOUS FLOW COLUMN TEST CONDITIONS FOR TEST ONE 

In Test One, the groundwater flow rate for column Al was 1.0 gpm and the 
groundwater flow rate for Bl was 0.2 gpm. The hydraulic loading in column 
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A1 w~ 10.15 gpmlft2, and the hydraulic loading in column B1 was 2.03 
gpmlft . Columns A1, A2, B1, and B2 contained Atochem, Inc. GAC 830. In 
addition, the bed depth in all four columns was 4 ft. The empty-bed contact 
times in columns. A1 a~d B1 were 3.0 and 14.7 minutes respectively. The 
parameters previously discussed are presented in Table 4-2. 

Test One was started on 7 September 1989 and shut down on 15 September 
1989. This test was run for a total of 7.6 days, at which time it was decided 
by WESTON and USATHAMA that breakthrough would not be .reached in a 
reasonable amount of time for study purposes using the operating parameters 
in Table 4-2. 

Except for RDX, none of the contaminants of concern in Table 4-2 was 
detected in the effiuent samples. RDX was detected in column Al's effiuent 
sample but at a concentration that was only about 1 percent of its influent 
concentration. 

4.2.2 CONTINUOUS FLOW COLUMN TEST CONDITIONS FOR TEST 
TWO 

In Test Two, the ~oundwater flow rates for columns A1 a~d B1 were 0.7 
gpm. The hydraulic loading in the columns was 7.11 gpmlft . Columns A1 
and A2 contained Atochem, Inc. GAC 830, and columns B1 and B2 contained 
Calgon Filtrasorb 300. In addition, the bed depth for all four columns was 4 
ft. The empty-bed contact time in columns A1 and B1 was 4.2 min. The 
operating parameters previously discussed are presented in Table 4-3. 

Test Two was started on 19 September 1989 and shut down on 6 October 
1989. This test was run for a total of 16.5 days, at which time it was decided 
by WESTON and USATHAMA that breakthrough would not be reached in a 
reasonable amount of time for study purposes using the operating parameters 
in Table 4-3. 

None of the contaminants of concern (in Table 4-3) was detected in the 
effiuent samples. 

4.2.3 CONTINUOUS FLOW COLUMN TEST CONDITIONS FOR TEST 
THREE 

In Test Three, the groundwater flow rates for columns A1 and B1 were 0. 75 
gpm. The hydraulic loading in the columns was 7.6 gpmlft . Columns Aland 
A2 contained Atochem, Inc. GAC 830 and columns Bl and B2 contained 
Calgon Filtrasorb 300. In addition, the bed depth for all four columns was 2 
ft. The- empty-bed contact time in columns A1 and Bl was 2.0 min. The 
operating parameters previously discussed are presented in Table 4-4. 

Test Three was started on 16 October 1989 and shut down on 15 December 
1989. This test was run for a total of 54.5 days at which time, because of cold 
weather, it was decided by WESTON and USATHAMA that the unit should 
be shut down so that no damage would occur to the system. 
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Summ~ry of _Granular Activated Carbon (GAC) Columns 
Operating and Performance Data for Test One at MAAP 

Starting Date: 7 September 1989 
Ending Date: 15 September 1989 
Column Inner Diameter: 4.25 in. (0.354 ft) 
Column Area: 0.0985 ft2 
Bed Volume: 0.394 ft 3 (2.94 gal) 

GAC Used 

Flow Rate 
Hydraulic Loading 
Bed Depth 
Empty-Bed Contact Time 

Final Effluent Levels. ug/L 

niT (Influent 433 ug/L) 
RDX (Influent 487 ug/L) 
HMX (Influent 3.4 ug/L) 
Tetryl {Influent ND) 
2,4-DNT (Influent 10.8 ug/L) 
2,6-DNT (Influent ND) 
1,3-DNB (Influent 3.2 ug/L) 
1,3,5-lWB (Influent 21.4 ug/L) 
NB (Influent ND) 

Run Time 

Notes: ND =Not detected. 

Column Al 

Atochem, Inc. 
GAC 830 

1.0 gpm 
10.15 gpm/ft 

4 ft 
3.0 min 

ND 
7.05 ug/L 
ND 
ND 
ND 
ND 
ND 
ND 
NO 

7.6 days 

Column Bl 

Atochem, Inc. 
GAC 830 

0.2 gpm 
2.03 gpmlft2 

4 ft 
14.7 min 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

7.6 days 

Concentrations in parentheses are average influent concentrations. 

4-9 
!113M2 



Table 4-3 

May 1990 
Revision: Final 

Swnmary of .Granular Activated Carbon (GAC) Columns 
Operating and Performance Data for Test Two at MAAP 

Starting Date: 
Ending Date: 

19 September 1989 
6 October 1989 

Column Inner 
Column Area: 

Diameter: 4.25 in. (0.354 ft) 
0.0985 ft 2 

Bed Volume: 0.394 ft 3 (2.94 gal) 

GAC Used_ 

Flov Rate 
Hydraulic Loading 
Bed Depth 
Empty-Bed Contact Time 

Final Effluept Levels. ug/L 

TNT (Influent 508 uglL) 
RDX (Influent 536 ug/L) 
HMX (Influent 3.7 ug/L) 
Tetryl (Influent ND) 
2,4-DNT (Influent 11.8 uq/L) 
2·, 6-DNT (Influent NO) 
1,3-DNB (Influent 3.8 ug/L) 
1,3,5-TNB (Influent 25.7 uq/L) 
NB (Influent NO) 

Run Time 

Notes: NO = Not detected. 

Column A1 

Atochem, Inc. 
GAC 830 

0.7 qpm 
7.11 qpmlft 2 

4 ft 
4.2 min 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

16.5 days 

Column Bl 

Calgon 
Filtrasorb 300 

0.7 qpm 
7.11 gpmlft 2 

4 ft 
4.2 min 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

16.5 days 

Concentrations in parentheses are average influent concentrations. 
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Summary of ~ranular Activated Carbon (GAC) Columns 
Operating and Performance Data for Test Three at HAAP 

Starting Date: 16 October 1989 
Ending Date: 15 December 1989 
Column Inner Diameter: 4.25 in. (0.354 ft) 
Column Area: 0.0985 ft 2 

Bed Volume: 0.197 ft 3 (1.47 gal) 

GAC Used 

Flow Rate 
Hydraulic Loading 
Bed Depth 
Empty-Bed Contact Time 

Final Effluent Leyels. ug/L 

TNT (Influent 734 ug/L) 
RDX (Influent 549.1 ug/L) 
HMX (Influent 3.8 ug/L) 
Tetryl (Influent ND) 
2,4-DNT (Influent 12.2 ug/L) 
2,6-DNT (Influent ND) 
1,3-DNB (Influent 4.2 ug/L) 
1,3,5-TNB (Influent 26.6 ug/L) 
NB (Influent ND) 

Run time 

Notes: ND = Not detected. 

Column Al 

Atochem, Inc. 
GAC 830 

0.75 gpm 
7.6 gpmlft2 

2 ft 
2.0 min 

88.6 ug/L 
315 ug/L 
ND 
ND 
3.6 ug/L 
ND 
ND 
9.91 ug/L 
ND 

54.5 days 

Column Bl 

Calgon 
Filtrasorb 300 

0.75 gpm 
7.6 gpm/ft2 

2 ft 
2.0 min 

192 uq/L 
344 ug/L 
ND 
ND 
ND 
ND 
ND 
14.9 ug/L 
ND 

54.5 days 

Concentrations in parentheses are average influent concentrations. 
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Over the Thanksgiving holiday, the unit was shut down for 5.5 days. Water 
was maintained in the columns to keep the carbon from drying out; however, 
the rest of the system was shut down. Upon returning from the 5.5-day 
shutdown, the feed pumps were started and column flow was re-established. 
The carbon in the columils was still saturated. It did not visibly appear to be 
affected by the shutdown. 

During the last 2 weeks of the test, problems with frozen and broken lines 
caused difficulties in maintaining flow through the GAC unit and pumping 

· groundwater from the monitor well into the inlluent holding tanks. All of the 
lines that were utilized for backwashing were either frozen or cracked. As a 
result, no backwashing of the columns could be performed and the in and out 
pressures in column Al rose to about 13 psi and 22 psi, respectively. These 
pressures were normally 3 _psi and 6.5 psi, respectively. At the same time, it 
was discovered that the effluent line transporting the treated effluent to the 
Wolf Creek Ordnance Plant STP was frozen. Hence the effiuent was leaking 
from this line in several places. WESTON and MAAP then decided to bypass 
this line and send the effiuent to the holding tank in Building K-51. From 
here it could be pumped out and transported to the STP. 

During the last days of the test, temperatures began to drop well below 
freezing at night and rise to only a few degrees above freezing during the day. 
On 13 December 1989 at approximately 8:30 a.m., one of the flow valves 
serving column Al was found frozen shut. As a result, flow to column Al was 
stopped and it was completely drained. After the valve was thawed, column 
Al was filled back up and flow was restored to it. The estimated time that 
the column was dry was about an hour to an hour and a half. Electric heaters 
were then borrowed from MAAP and placed in building K-51 and around the 
GAC unit to deter freezing. However, this was unsuccessful. Therefore, 
WESTON and USATHAMA decided to end the test on 15 December 1989 
before damage to the GAC unit occurred. 

4.3 VARIANCE ANALYSIS 

A total of four tests was pl8.lllled, three with a constant pH between 6.0 and 
9.0 and· one with pH of 4.0. All four tests were to use the two carbons selected 
from the batch (isotherm) testing, Atochem, Inc. GAC 830 and Calgon 
Filtrasorb 300. 

Only three of the four tests planned were run. The first three tests with a 
constant pH between 6.0 and 9.0 were run. However, the fourth test with a 
pH of 4.0 was not run because the batch (isotherm) testing results on the 
effect of pH on activated carbon adsorption of groundwater from monitor well 
MI051 at MAAP were inconclusive. Furthermore, the Badger Army 
Ammunition Plant (BAAP) report [12] showed that relatively higher 
adsorption capacities were obtained at neutral pH (7.0) than at acidic pH (4.0) 
for Filtrasorb 400, using explosives-contaminated groundwater from monitor 
well PBN82-02C at BAAP. Nevertheless, Test Four was originally planned to 
run at the same pH as Tests One, Two, and Three, but weather conditions 
precluded any additional tests after Test Three. 

Because Filtrasorb 300 was unavailable at the time, Test One was run with 
Atochem, Inc. GAC 830 in both trains instead of just train A The flow rates, 
hydraulic loadings, bed depths, empty-bed contact times, and pH were as 
originally planned for Test One. 
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The original Test Three was run for Test Two. This was done because in Test 
One the adsorption was better than anticipated. In addition, except for RDX 
breakthrough in column A1, no breakthrough of the contaminants of concern 
occurred in Test One. Therefore, in Test Two, the flow rates, hydraulic 
loadings, bed depths, ei:npty-bed contact times, and pH were as originally 
planned for Test Three. · 

Except for pH and carbon type, Test Three was run under different conditions 
than originally planned. This was primarily due to the failure to achieve 
breakthrough in Test Two. Flow rates were increased from 0. 70 to 0. 75 gpm, 
which was the maxi~um flow rate for the ~d pump. This gave a hydraulic 
loading of 7.6 gpmlft instead of 7.0 gpm/ft . In addition, the bed depth was 
decreased from 4.0 ft to 2.0 ft. This gave an empty-bed contact time of 2.0 
min. instead of 4.2 min. Because of the below freezing temperatures and the 
longer than anticipated time to reach complete breakthrough or exhaustion, 
Test Three was stopped around 60 percent of complete breakthrough for RDX 
in columns A1 and B1 effiuents. These conditions also made it not practical 
to run Test Four. -

4.4 SAMPLE ANALYSIS 

The first column's influent samples were taken at the second hour, 24th hour, 
48th hour, and so on, and analyzed. This sampling schedule assumed that the 
composition of the influent to the GAC unit did not change duri.J:lg a test. If it 
did, the performance of the GAC unit would be affected. Therefore, the 
sampling frequency would have to be adjusted. In addition, effiuent samples 
were taken every 2 hours. If there was not significant difference in analyses 
between the first-hour and 24th-hour effiuent samples, the other 10 effiuent 
samples were discarded. However, if there was a difference, the effiuent 
sample taken at 12 hours was analyzed and the other 2-hour effiuent samples 
were analyzed to determine when the composition· of the effiuent chan3

1
~. 

The 2-hour effiuent samples not analyzed immediately were stored accor · g 
to the analytical method guidelines and either analyzed within the prescribed 
holding time or discarded. 

When initial breakthrough was detected, sufficient column effiuent samples 
were taken at either 1-hour or half-hour intervals until complete 
breakthrough or exhaustion was reached or the test was ended. The results of 
the analyses of these samples were used to construct a breakthrough curve. 
From this curve, the time at which the concentration of the contaminant of 
concern exceeded its effluent objective concentration and the time at which 
the carbon was completely exhausted could be determined. 

The analytical parameters for all tests were TNT, RDX, HMX, Tetryl, 
2,4.DNT, 2,6-DNT, 1,3-DNB, 1,3,5-TNB, and NB. A total of 750 samples was 
analyzed for these parameters at the field laboratory at MAAP. These 
samples included influent samples to the GAC unit and effiuent Sa!J1E_les from 
columns A1, A2, B1, and B2. In addition, 42 samples were sent to WESTON's 
Analytics Division for similar analysis. These samples·represented 6 percent 
of the field laboratory samples analyzed and verified field lab performance . 
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Copies of the sampling and analytical methods are in Appendix A of the test 
plan [14]. . . 

4.4..1 ANALYTICAL PROCEDURE FOR EXPLOSIVES- FIELD LAB 

Samples were analyzed for explosives by HPLC utilizing USATHAMA Method 
UWOl, Explosives in Water. The following modifications to Method UWOl 
were made for field use: 

• An injection volume of 10 mL. 

• Calibration curves of 0.5x, lx, 2x, 5x, lOx, 20x, 50x, and lOOx. 

• Daily QC of blank, lx, and lOx spike. 

• Final lOx calibration standard. 

These modifications were made to increase efficiency with a minimal effect on 
method performance. 

4.4.2 ANALYTICAL PROCEDURE FOR EXPLOSIVES- WESTON'S 
ANALYTICS DIVISION 

Samples were analyzed for explosives by liquid/liquid extraction and HPLC 
using USATHAMA Method UWOl, Explosives in Water. 

4.4.3 ANALYTICAL PROCEDURE FOR TOTAL ORGANIC CARBON IN 
WATER- WESTON'S ANALYTICS DIVISION 

Samples were analyzed by U.S. EPA Method 415.1. 
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PRESENT~TION OF EXPERIMENTAL RESULTS 

This study of activated carbon for treatment of explosives-contaminated 
groundwater was conducted over a 4-month period. Three tests were run from 
September to December 1989. Tests One, Two, and Three ran for 7.6, 16.5, 
and 54.5 days, respectively. The variables examined were the con-centrations 
of nine explosives in groundwater, pH, and effiuent flow rates. The results of 
the three tests are presented in this section. 

5.1 EXPLOSIVES 

For Tests One, Two, and Three influent and effiuent groundwater sa!llp!_e_s 
were taken and analyzed for the following nine explosives: TNT, RDX, HMX, 
Tetryl, 2,4-DNT, 2,6-DNT, 1,3-DNB, 1,3,5-TNB, and NB. These samples were 
analyzed in the field laboratory and by WESTON's Analytics Division in 
Lionville, Pennsylvania. Samp_l~s analyzed in the field laboratory totalled 
750, and samples analyzed by WESTON's Analytics Division totalled 42. The 
results of the analyses are presented in the following subsections. . 

5.1.1 FIELD LAB RESULTS 

The field laboratory results from Test One are presented in Appendix C. 
Tables C-1 to C-9 give the concentration of each explosive in the influent and 
the effiuents from columns A1 and B1 along with the respective column's 
throughput volume. Table C-10 gives the concentrations of all nine explosives 
in the effiuents from columns A2 and B2. In Test One, both primary columns 
(Al and Bl) contained the same carbon, Atochem, Inc. GAC 830. However, 
their effiuent flow rates were different. Column Al's effiuent flow rate was 
1.0 gpm and column Bl's was 0.2 gpm. 

Because final effiuent concentrations for eight of the nine explosives in Test 
One were not detectable throughout the test, only two figures are presented. 
Figure 5-1 shows the RDX concentration in column A1 effiuent versus column 
throughput volume. The RDX concentration in column Bl was not plotted in 
this figure because it was below the RDX detection limit of 0.63 ug/L for the 
entire test. E~~~ft for the addition of the RDX concentration in the influent, 
Figure 5-2 is a· · ar to Figure 5-1. 

The field laboratory results from Test Two are presented in Appendix D. 
Tables D-1 to D-9 give the concentration of each explosive in the influent and 
effiuents from columns Aland B1 along with the influent water temperature 
and column throughput volume. Table D-10 gives the concentrations of all 
nine explosives in the effiuents from columns A2 and B2. In Test Two, both 
primary columns had the same effiuent flow rate of 0. 7 gpm. However, they 
did not contain the same carbon. Column A1 contained Atochem, Inc. GAC 
830 and column Bl contained Calgon Filtrasorb 300. 

Because final effiuent concentrations for all nine explosives in Test Two were 
not detectable, no figures of explosive concentration versus column 
throughput volume are presented. 

6-1 
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The field laboratory results from Test Three are presented in Appendix E. 
Tables E-1 to E-9 give the concentration of each explosive in the influent and 
effiuents from columns A1 and B1 along with the influent water temperature 
and column throughput volume. Tables E-10 to E-18 give the concentration of 
each explosive in the effluents from columns A2 and B2. In Test Three, both 
primary columns had the same effluent flow rate of 0. 75 gpm. However, they 
did not contain the same carbon. Column A1 contained Atochem, Inc. GAC 
830 and column B1 contained Calgon Filtrasorb 300. 

Because final effluent concentrations for five of the nine explosives in Test 
Three were not detectable (HMX, Tetryl, 2,6-DNT, 1,3-DNB, and NB), only 
eight figures are presented, Figures 5-3 to 5-10. Figures 5-3, 5-5, 5·7, and 5-9 
show the explosive concentrations in columns A1 and B1 effluents vs. column 
throughput volume for TNT, RDX, 2,4-DNT, and 1,3,5-TNB, respectively. 
These figures do not show these concentrations after 5:00 a.m. on 
13 December 1989 because the flows to columns A1 and B1 were interrupted 
for about 1.5 hours by a frozen influent line to column A1. This interruption 
of flow made it impossible to accurately determine the column throughput 
volume for each column during this time period. Therefore, even though the 
explosive concentrations in columns A1 and B1 effiuents after 5:00 a.m. on 13 
December 1989 are reported in Tables E-1 to E-9, they are not plotted versus 
column throughput volume in Figures 5-3, 5-5, 5-7, and 5-9. Except for the 
addition of the explosive concentrations in the influent, Figures 5-4, 5-6, 5-8, 
and 5-10 are similar to Figures 5·3, 5-5, 5-7, and 5·9. 

5.1.2 WESTON'S ANALY'l'ICS DIVISION RESULTS 

Samples were taken of each primary column's effluent, shipped to WESTON's 
Analytics Division and analyzed for all nine explosives. These samples 
represented 6 percent of the field laboratory samples taken and analyzed. 
Tl:i.e results of the laboratory analysis of the samples from Tests One, Two, 
and Three are presented in Tables 5·1, 5-2, and 5-3, respectively. 

Samples were also taken of the influents in Tests Two and Three, shipped to 
WESTON's Analytical Division, and analyzed for all nine explosives. The 
results of the laboratory analysis of the samples from Tests Two and Three 
are presented at the bottom of Tables 5-2 and 5-3, respectively. 

Five samples of spent carbon from the pilot plant were sent to the Martin 
Marietta Environmental Laboratory at Milan, Tennessee, . for nitrobody. 
analysis. One sample of spent carbon from each column after Test Three and 
a control were analyzed by first extracting the nitrobody with acetonitrile 
overnight and then analyzing the extract with a LDC-Milton Roy Liquid 
Chromatograph. The results are presented in Appendix F. 

5.2 'J'EMPERATURE AND PH 

Temperature and pH were measured in the field on the influent to the GAC 
unit. Plots of the influent water temperature verstis column throughput 
volume for Tests Two and Three are shown in Figures 5-11 and 5-12, 
respectively. The temperatures below the freezing point of water in 
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WESTON's Ana1ytics Division Results for Explosives from Test One at HAAP 

TNT RDX HHX Tetry1 2,4-0NT 2,6-0NT 1,3-0NB 
(u9/l) (u9/l) (u9/l) (u9/l) (u9/l) (u9/l) (u9/l) 

<0.78 0.81 < 1 .30 <0.66 <0.60 <0.55 <0.61 

<0.78 0.93 ( 1.30 <0.66 <0.60 <0.55 <0.61 

<0.78 1.10 <1.30 <0.66 <0.60 <0.55 <0.61 

<0.78 0.96 <1.30 <0.66 <0.60 <0.55 <0.61 

<0.78 0.88 <1.30 <0.66 <0.60 <0.55 <0.61 

<0.78 I. 10 <1.30 (0.66 <0.60 <0.55 <0.61 

<0.78 0.86 <1.30 <0.66 <0.60 <0.55 <0.61 

<0.78 1.14 <1.30 <0.66 <0.60 <0.55 <0.61 

<0.78 1.07 <1.30 <0.66 <0.60 <0.55 <0.61 

<0.78 1.16 ~1.30 <0.66 <0.60 <0.55 <0.61 
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1,3,5-TNB NB 
(u9/L) (u9/l) 

<0.56 <1. 13 

<0.56 <1.13 

<0.56 ( 1.13 

<0.56 < 1.13 

<0.56 ( 1.13 

<0.56 < 1.13 

<0.56 < 1.13 

<0.56 <1.13 

<0.56 <1.13 

<0.56 <1.13, 
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Table 5-2 

WESTON's Analytics Division Results for Explosives from Test Two at KAAP 

TNT RDX HHX Tetryl 2,4-0NT 2,6-0NT 1,3-0NB 1,3,5-TNB NB 
Sample ID (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)· . (ug/L) (ug/L) 

Column AI (Atocha., Inc. 
GAC 830) 

20 Sept. 1989 - 4:30 AH <0.78 0.66 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 <1.13 

20 Sept. 1989 - 16:30 PH <0.78 0.85 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 < 1. 13 

Zl Sept. 1989 - 16:30 PH <0.78 0.95 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 < 1.13 

22 Sept. 1989 - 16:30 PH <0.78 <0.63 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 <1.13 

23 Sept. 1989 - 16:30 PH <0.78 1.33 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 <1.13 
--

Ul Column 81 (Calgon 
I filtrasorb 300) ..... 
~ 

20 Sept. 1989- 4:30 AH <0.78 0.86 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 <1. 13 

ZO Sept. 1989 - 16:30 PH <0.78 0.93 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 <1.13 

21 Sept. 1989 - 16:30 PH <0.78 0.86 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 < 1.13 

22 Sept. 1989 - 16:30 PH <0.78 <0.86G• <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 <1.13 

23 Sept. 1989 - 16:30 PH <0.78 0.79 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 (I. 13 
--
Influent 

22 Sept. 1989 - 16:30 PH 454 453 3.06 <66.0 9.89 <0.55 3.44 19."9 <1.13 

•G = lndi cates eleva ted detection 1 i11it due· to sample· interference. 

1113HZ 
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Table 5-3 

WESTON's Analytics Division Results for Explosives from Test Three at HAAP 

TNT RDX HttX Tetryl 2,4-DNT 2,6-DNT 1,3-DNB 1,3,5-TNB NB 
SaiiiPle ID (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/L) (ug/L) 

Column AI (Atochem, Inc. 
GAC 830) 

17 Oct. 1989 - 5:00 AH <0.78 1.42 < 1.30 <0.66 <0.60 <0.55 <0.61 <0.56 ( 1. 13 

17 Oct. 1989- 17:00 PH <0.78 1.58 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 ( 1.13 

18 Oct. 1989 - 17:00 PH 1.52 3.51 ( 1.30 <0.66 <0.60 <0.55 <0.61 <0.56 ( 1. 13 

19 Oct. 1989 - 17:00 PH 2.76 4.37 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 ( 1.13 

20 Oct. 1989 - 17:00 PH <0.78 2.45 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 <1.13 

8 Dec. 1989 - 5:00 AH 126 408 ( 1.30 3.34 1.67 <0.55 1.08 8.64 <1.13 

U1 8 Dec. 1989- 17:00 PH 121 316 < 1. 30 2.81 1.56 <0.55 0.71 7.87 <1.13 
I .... 

U1 Column 81 (Calyon 
Fi 1 trasorb 300 

17 Oct. 1989 - 5:00 AH <0.78 1.14 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 < 1.13 

17 Oct. 1989- 17:00 PH <0.78 1.13 <1.30 <0.66 '(0.60 <0.55 <0.61 <0.56 <1.13 

18 Oct. 1989 - 17:00 PH <0.78 1. 70 < 1.30 <0.66 <0.60 <0.55 <0.61 <0.56 <1. 13 

19 Oct. 1989- 17:00 PH <0.78 1.64 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 < 1.13 

20 Oct. 1989 - 17:00 PH <0.78 4.55 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 <1.13 

8 Dec. 1989 - 5:00 AH 206 368 <1.30 4.40 2.47 <0.55 1.26 11.8 <1.13 

8 Dec. 1989 - 17:00 PH 187 318 "( 1. 30 5.28 2.63 <0.55 1.12 11.7 <1. 13 

Influent 

I Dec. 1989 - 5:00 AH 740 456 2. 74 38.0 14.0 <0.55 7.15 26.9 < 1.13 
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Figure 5-12 were obtained when the temperature probe was exposed to the air 
rather than the influent water during the latter portion of Test Three. A 
similar plot was not done for Test One because of the short run length. 

No plots were made of pH versus column through put volume because the _pH 
of the groundwater samples only varied slightly between pH 6.0 and pH 6.5 in 
all three tests. 
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This section provides discussion and interpretation of the data presented :ln 
Section 5. 

6.1 EFFLUENT CBARtWtEKISTICS 

Influent and effiuent concentrations for all nine explosives in Tests One, Two; 
and Three, have been presented in Appendices C, D, and E, respectively. In 
addition, these concentrations for RDX, TNT, 2,4-DNT, and 1,3,5-TNB have 
been presented graphically in Figures 5-1 through 5-10. All of these 
presentations clearly showed that granular activated carbon in continuous 
flow columns produced very low effiuent concentrations for all nine explosives, 
generally in the low part per billion (ppb) range during the early portions of 
each test. 

In Test One, columns A1 and B1 each contained 0.394 ft3 of Atochem, Inc. 
GAC 830 but were operated at different influent flow rates. Columns A1 ~ 
A2 were operated at 1.0 gpm, which gave a hydraulic loading of 10.15 gpmlft , 
and columns B1 and ~2 were operated at 0.2 gpm, which gave a .hydraulic 
loading of 2.03 gpmlft . During Test One, only RDX exceeded its detection 
limit of 0.63 ug/L in column Al's effiuent. This occurred after about 8,000 gal 
(2,715 bed volumes) of influent containing an average RDX concentration of 
487 ug/L passed through the column (see Figures 5-l and 5-2). When Test 
One was terminated at a column A1 throughput volume of 10,920 gal (3, 705 
bed volumes), the RDX concentration in this column's effiuent was 7.05 ug!L .. 

Test Two had 0.394 ft3 of Atochem, Inc. GAC 830 in column Al and 0.394 ft3 
of Calgon Filtrasorb 300 in column Bl but both columns were operated at the 
same ~uent flow rate of 0.7 gpm, which gave a hydraulic loading of 7.11 
gpmlft . Even after 16,632 gal (5,644 bed volumes) of influent passed through 
both columns, the effiuent concentrations of all nine explosives were below 
their detection limits, which are all around 1.0 ppb. 

In Test Three, ~lumn A1 had 0.197 ft3 of Atochem, Inc. GAC 830 and column 
B1 had 0.197 ft of Calgon Filtrasorb 300. Both columns were operated at ~ 
influent flow rate of 0.75 gpm which gave a hydraulic loading of 7.6 gpmlft . 
Since the maximum pumping rate for the system was 1.5 gpm, one flow was 
split evenly between two sets of columns. This flow rate was the maximum 
per set of columns. Only TNT, RDX, 2,4-DNT, and 1,3,5-TNB exceeded their 
detection limits in columns Al and Bl effiuents. HMX, Tetryl, 2,6-DNB, 
1,3-DNT, and NB were all below their detection limits even after 56,160 gal 
(38,112 bed volumes) of influent had passed through both columns. However, 
Tetryl, 2,6-DNT, and NB were already below their detection limits in the 
influent, and HMX and 1,3-DNB's influent concentrations were low, 3.8 and 
4.2 ug/L, respectively . 

6-1 
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In Test Three, the average TNT influent concentration was 734 ug/L and its 
final effluent levels in columns A1 and B1 were 88.6 and 192 ug/L, 
respectively. Even though these levels indicate that Atochem, Inc. GAC 830 
performed slightly better than Calgon Filtrasorb 300, both carbons performed 
about the same (see Figure 5-3) for most of the test. In particular, the 
apparent breakthroughs for both carbons ocCWTed at about the same column 
throughput volume of 30,000 gal (20,359 bed volumes). Apparent 
breakthrough is the point on the breakthrough curve where the concentration 
of the column effluent first ~egins to rise above its initial column leakage 
concentration. The average RDX influent concentration was 549.1 ug/L and 
its final effiuent Ievels in columns A1 and B1 were 315 and 344 ug/L, 
respectively. Even though these final effiuent levels indicate that Atochem, 
Inc. GAC 830 performed slightly better than Calgon Filtrasorb 300, both 

. carbons performed about the same (see Figure 5-5) for most of the test. In 
particular, the apparent breakthroughs for both carbons oCCWTed at about the 
same column throughput volume of 12,000 gal (8,144 bed volumes). 

The average 2,4-DNT influent concentration in Test Three was 12.2 ug/L and 
its final effiuent level of 3. 6 ug/L was the same for columns A1 and B 1. 
During this test, both carbons performed nearly identically (see Figure 5-7). 
The apparent breakthroughs for both carbons ocCWTed at a column 
throughput volume of 42,120 gal (28,584 bed volumes). In addition, the 
average 1,3,5-TNB influent concentration was 26.6 ug/L and its final effiuent 
levels in columns A1 and B1 were 9.91 and 14.9 ug/L, respectively. Even 
though these levels indicate that Atochem, Inc. GAC 830 performed slightly 
better than Calgon Filtrasorb. 300, both carbons performed about the same 
(see Figure 5-9) for most of the test. In particular, the apparent 
breakthroughs for both carbons ocCWTed at about the same column 
throughput volume of 15,120 gal (10,261 bed volumes). 

In comparing Figure 5-12, which shows the influent water temperature vs. 
column throughput volume, with Figures 5-4, 5-6, 5-8, and 5•10, which show 
explosive concentration vs. column throughput volume for TNT, RDX, 
2,4-DNT, and 1,3,5-TNB, respectively, the effect of temperature on the 
breakthrough curves is inconclusive. This result is not surprising since, 
according to Weber [17], "normal temperature variations generally have onir 
minor effects on adsorption processes in water and wastewater treatment.' 
However, temperature might be one reason why it took so long to achieve 
breakthrough in the columns. The original estimate of time to achieve 
breakthrough was based on adsorption capacities obtained from laboratory 
isotherm tests at room temperature. However, the latter portion of Test 
Three was nm at temperatures much lower than this. Lower temperatures 
are known to decrease the rate of adsorption and increase the adsorption 
capacity. If the increase in adsorption capacity was greater than the decrease 
in rate of adsorption, then it would take longer to achieve breakthrough in the 
columns. 

Tables 6-1 through 6-6 show 'ood agreement between the analyses performed 
by WESTON's Analytics DiVIsion and the WESTON field laboratory for all 
three tests. Except for TNT and RDX, the analytical results from both 
WESTON's Analytics Division and the WESTON field laboratory show all 
explosive concentrations in columns A1 and Bl below their detection limits in 

6-2 
1133M2 



r::_.:::l f::>·J r~· . ., 
r~ 

.--.-.-. 
·''. •I . , ,. .l 

\"•, .''a",' ' ' _,-;~, ... ., -· 

Sample ID 

lionville laboratory Results 

8 Sept. 1989 - 6:00 AH 

8 Sept. 1989 - 18:00 PH 

9 Sept. 1989- 18:00 PH. 

10 Sept. 1989 - 18:00 PH 

0\ 10 Sept. 1989 - Z4:00 PH 
I 

w 

Field laboratory Results 

8 Sept. 1989 - 6:00 AH 

8 Sept. 1989 - 18:00 PH 

9 Sept. 1989 - 18:00 PH 

10 Sept. 1989 - 18:00 PH 

10 Sept. 1989 - Z4:00 PH 
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Table 6-1 

WESTON's Analytics Division Results vs. WESTON Field laboratory 
Results· for Test One at HAAP- Column AI (Atochem, Inc. GAC 830) 

TNT RDX HHX Tetryl Z,4-0NT Z,6-0NT 
(ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) 

<0.78 0.81 <1.30 <0.66 <0.60 <0.55 

<0.78 0.93 <1.30 <0.66 <0.60 <0.55 

<0.78 1. 10 <1.30 <0.66 <0.60 <0.55 

<0.78 0.96 <1.30 <0.66 <0.60 <0.55 

<0.78 0.88 <1.30 <0.66 <0.60 <0.55 

<0.78 <0.63 ( 1.30 <0.66 <0.60 <0.55 

<0.78 <0.63 <1.30 <0.66 <0.60 <0.55 

<0.78 <0.63 <1.30 <0.66 <0.60 <0.55 

<0.78 <0.63 < 1.30 <0.66 <0.60 <0.55 

Fl ~ - .. :.:- ~ .· .. - .. ~·:~.;-.]. 

1 ,3-DNB 
(ug/l) 

<0.61 

<0.61 

<0.61 

<0.61 

<0.61 

<0.61 

<0.61 

<0.61 

<0.61 

hP~ f.{~ \~·· . 
··-· -.li.;: 
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1,3,5-TNB NB 

m~ '\- 'J'fllrl. 

(ug/l) (ug/l) 

<0.56 .<1. 13 

<0.56 < 1.13 

<0.56 ( 1.13 

<0.56 <1.13 

<0.56 <1.13 

<0.56 <1.13 

<0.56 ( 1. 13 

<0.56 ( 1.13 

<0.56. <1.13 

~ 



Sample ID 

Lionville Laboratory Results 

8 Sept. 1989 - 6:00 AH 

8 Sept. 1989- 18:00 PH 

9 Sept. 1989 - 18:00 PH 

10 Sept. 1989 - 18:00 PH 

10 Sept. 1989 - 24:00 PH 
0\ 
I .. Field Laboratory Results 

8 Sept. 1989 - 6:00 AH 

8 Sept. 1989 - 18:00 PH 

9 Sept. 1989 - 18:00 PH 

10 Sept. 1989 - 18:00 PH 

10 Sept. 1989-- 24:00 PH 
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Table 6-2 

WESTON's Analytics Division Results vs. WESTON Field Laboratory 
Results for Test One at HAAP - Column 81 (Atochem, Inc. GAC 830) 

TNT RDX HHX Tetryl 2,4-0NT 2,6-DNT 
(ug/L) (ug/L) (ug/l) (ug/L) (ug/L) (ug/L) 

<0.78 1.10 <1.30 <0.66 <0.60 <0.55 

<0.78 0.86 < 1.30 <0.66 <0.60 <0.55 

<0.78 1.14 < 1.30 <0.66 <().60 <0.55 

<0.78 1.07 <1.30 <0.66 <0.60 <0.55 

<0.78 1.16 <1.30 <0.66 <0.60 <0.55 

<0.78 <0.63 <1.30 <0.66 <0.60 I <0.55 

<0.78 <0.63 <1.30 <0.66 <0.60 <0.55 

<0.78 <0.63 <1.30 <0.66 <0.60 <0.55 

<0.78 <0.63 < 1.30 <0.66 <0.60 <0.55 

1,3-DN8 
(ug/l) 

<0.61 

<0.61 

<0.61 

<0.61 

<0.61 

<0.61 

<0.61 

<0.61 

<0.61 

Hay 1990 
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1,3,5-TN8 N8 
(ug/L) (ug/l) 

<0.56 < 1.13 

<0.56 <1. 13 

<0.56 < 1.13 

<0.56 ( 1.13 

<0.56 < 1. 13 

<0.56 <1. 13 

<0.56 ( 1.13 

<0.56 ( 1. 13 

<0.56 <1.13 
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Saq~le ID 

lionville Laboratory Results 

20 Sept. 1989 - 4:30 AH 

20 Sept. 1989 - 16:30 PH 

21 Sept. 1989 - 16:30 PH 

22 Sept. 1989 - 16:30 PH 

23 Sept. 1989 - 16:30 PH 

Field laboratory Results 

20 Sept. 1989 - 4:30 AH 

20 Sept. 1989 - 16:30 PH 

21 Sept. 19~9 - 16:30 PH 

22 Sept. 1989 - 16:30 PH 

23 Sept. 1989 - 16:30 PH 
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WESTON's Analytics Division Results vs. WESTON Field laboratory 
Results for Test Two at HAAP- Column Al (Atochem, Inc. GAC 830) 

TNT RDX HHX Tetryl 2,4-DNT 2,6-0NT 
(ug/l) (ug/l) (ug/l) (ug/l) (ug/l) (ug/l) 

<0.78 0.66 <1.30 <0.66 <0.60 <0.55 

<0.78 0.85 < l.30 <0.66 <0.60 <0.55 

<0.78 0.95 <1.30 <0.66 <0.60 <0.55 

<0.78 <0.63 < 1.30 <0.66 <0.60 <0.55 

<0.78 1.33 ( 1.30 <0.66 . <0.60 <0.55 

<0. 78 <0.63 <1.30 <0.66 <0.60 <0.55 

<0. 78 <0.63 <1.30 <0.66 <0.60 <0.55 

<0.78 <0.63 <1.30 <0.66 <0.60 <0.55 

<0.78 1.17 <1.30 <0.66 <0.60 <0.55 

[~?~], ~7P1 [/;;';,1 ~ ' . 

f~ 
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1,3-0NB 1,3,5-TNB NB 
(ug/l) (ug/l) (ug/l) 

<0.61 <0.56 <1 .13 

<0.61 <0.56 < 1.13 

<0.61 <0.56 <1. 13 

<0.61 <0.56 <1. 13 

<0.61 <0.56 <1. 13 

<0.61 <0.56 <1.13 

<0.61 <0.56 ( 1.13 

<0.61 <0.56 <1.13 

<0.61 <0.56 < 1.13 



Hay 1990 
Revision: Final 

T.able 6-4 

WESTON's Analytics Division Results vs. WESTON Field Laboratory 
Results for Test Two at HAAP -Column 81 (Calgon Filtrasorb 300) and Influent 

TNT RDX HHX Tetryl" 2,4-0NT 2,6-DNT 1,3-DNB 1,3,5-TN8 N8 
Saq~le ID (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/l) (ug/L) 

Lionville Laboratory 
Results -Column 81 

20 Sept. 1989 - 4:30 AH <0.78 0.86 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 <I. 13 

20 Sept. 1989 - 16:30 PH <0.78 0.93 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 ( 1.13 

21 Sept. 1989 - 16:30 PH <0.78 0.86 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 (I. 13 

22 Sept. 1989 - 16:30 PH <0.78 <0.86G• <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 (I. 13 

23 Sept. 1989 - 16:30 PH <0.78 0.79 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 <I. 13 
-

Lionville Laboratory 
0\ Results - Influent 
I 

0'1 22 Sept. 1989 - 16:30 PH 454 453 3.06 <66.0 9.89 <0.55 3.44 19.9 <I. 13 
-

Field Laboratory 
Results -Column 81 

20 Sept. 1989 - 4:30 AH 

20 Sept. 1989 - 16:30 PH <0.78 <0.63 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 <I. 13 

21 Sept. 1989 - 16:30 PH <0.78 <0.63 <1.30· <0.66 <0.60 <0.55 <0.61 <0.56 <1.13 

22 Sept. 1989 - 16:30 PH <0.78 <0.63 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 (I. 13 

23 Sept. 1989 - 16:30 PH <0.78 0.543 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 ( 1.13 
--
field Laboratory 
Results- Influent 

22 Sept. 1989 - 16:30 PH 509 542 3.47 <0.66 11.4 <0.55 1.94 24.9 <I. 13 

•G = Indicates elevated detection limit due to sa~le interference. 

1133HZ 
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Table 6-5 

WESTON's Analytics Division Results vs. WESlON field Laboratory 
Results for Test Three at HAAP - Column AI (Atochem, Inc. GAC 830) 

TNT RDX HHX Tetryl 2,4-0NT 2,6-0NT 1,3-0NB 1,3,5-TN8 NB 
Sa111ple ID (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/l) 

Lionville Laboratory Results 

17 Oct. 1989 - 5:00 AH <0.78 1.42 < 1.30 <0.66 <0.60 <0.55 <0.61 <0.56 <1.13 

17 Oct. 1989 - 17:00 PH <0.78 1.,58 (I .30 <0.66 <1).60 <0.55 <0.61 <0.56 <1.13 

18 Oct. 1989 - 17:00 PH 1.52 3.51 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 <1.13 

19 Oct. 1989 - 17:00 PH 2.76 4.37 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 <I. 13 

20 Oct. 1989 - 17:00 PH <0.78 2.45 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 <1.13 

8 Dec. 1989 - 5:00 AH 126 408 <1.30 3.34 1.67 <0.55 1.08 8.64 (I. 13 
0\ 
I 8 Dec. 1989 - 17:00 PH 121 316 <1.30 2.81 1,.56 <0.55 0.71 7.87 <1.13 ...... 

field Laboratory Results 

17 Oct. 1989 - 5:00 AH <0.78 0.668 ( 1.30 <0.66 <0.60 . <0.55 <0.61 <0.56 <1. 13 

17 Oct. 1989 - 17:00 PH 0.769 1.27 ( 1.30 <0.66 <0.60 <0.55 <0.61 <0.56 ( 1.13 

18 Oct. 1989 - 17:00 PH <0.78 0.729 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 ( 1.13 

19 Oct. 1989 - 17:00 PH 4.67 3.74 <1.30 <0.66 <0.60 <0.55 <0.61 <0~56 ( 1.13 

20 Oct. 1989 - 17:00 PH 2.82 4.11 <1.30 <0.66 <0.60 <0.55 <0.61 <0. 5'6 ( 1.13 

8 Dec. 1989 - 5:00 AH 109 277 ( 1.30 <0.66 <0.60 <0.55 <0.61 5.35 <1.13 

8 Dec. 1989 - 17:00 PH 111 269 <1 .30 <0.66 <0.60 <0.55 <0.61 4.95 (I. 13 

1133H2 
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WESTON's Analytics Division Results vs. WESTON field Laboratory 
Results for Test Three at HAAP - Column Bl (Calgon Filtrasorb 300) and Influent 

TNT RDX HHX Tetryl ·2,4-DNT 2,6-DNT 1,3-0NB 1,3,5-TNB NB 
Sample ID (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) 

Lionville Laboratory Results -Column Bl 

17 Oct. 1989 - 5:00 AH <0.78 1. 14 <1.30. <0.66 <0.60 <0.55 <0.61 <0.56 <1.13 

17 Oct. 1989 - 17:00 PH <0.78 l.h <1.30 <0.66 ~0.60 <0.55 <0.61 <0.56 < 1. 13 

18 Oct. 1989 - 17:00 PH <0.78 1. 70 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 ( 1. 13 

19 Oct. 1989 - 17:00 PH <0.78 1.64 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 <1.13 

20 Oct. 1989 - 17:00 PH <0.78 4.55 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 ( 1.13 

8 Dec. 1989 - 5:00 AH 206 368 <1.30 4.40 2.47 <0.55 1.26 11.8 < 1.13 

8 Dec. 1989 - 17:00 PH 187 318 <1.30 5.28 2:63 <0.55 1.12 11.7 <1. 13 

0'1 
I Lionville Laboratory Results - Influent 

Q) 

8 Dec. 1989 - 5:00 AH 740 456 2.74 38.0 14.0 <0.55 7.15 26.9 ( 1. 13 

Field Laboratory Results -·Column 81 

17 Oct. 1989 - 5:00 AH <0.78 0.558 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 ( 1.13 

17 Oct. 1989 - 17:00 PH 1.30 0.558 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 <1.13 

18 Oct. 1989 - 17:00 PH <0.78 0.619 ( 1.30 <0.66 <0.60 <0.55 <0.61 <0.56 <1.13 

19 Oct. 1989 - 17:00 PH <0. 78 1.09 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 ( 1.13 

20 Oct. 1989 - 17:00 PH <0.78 1.83 <1.30 <0.66 <0.60 <0.55 <0.61 <0.56 < 1. 13. 

8 Dec. 1989 - 5:00 AH 162 249 <1.30 <0.66 1.13 <0.55 <0.61 7.93 < 1.13 

8 Dec. 1989 - 17:00 PH 154 240 ( 1.30 <0.66 0.87 <0.55 <0.61 7.40 ( 1.13 

Field. Laboratory Results- Influent 

8 Dec. 1989 - 5:00 AH 796 481 <1.30 <0.66 7.75 <0.55 <0.61 18.4 < 1. 13 

1133H2 
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all three tests. WESTON's Analytics Division's analytical results for TNT 
and RDX in columns A1 and B1 were for the most part slightly higher than 
the WESTON field laboratory's in all three tests. However, the WESTON 
field laboratory's analytical results for TNT and RDX in the influent were 
slightly higher than WESTON's Analytics Division's in Tests Two and Three. 

6.2 OPERATING SUMMARY 

Table 6-7 summarizes the operating characteristics for Test Three and Table 
6-8 summarizes the operating characteristics for Atochem, Inc. GAC 830 for 
Tests One and Two by flow rate. Using the flow rate, the difference between 
the influent and effluent concentrations, and total operating time, the mass 
loadings of TNT, and RDX to each column were calculated. Next, using the 
total amount of carbon in each column and the specific adsorption capacity of 
the carbon for TNT and RDX (as determined from the isotherm tests and the 
average influent concentration), the total column capacities for TNT and RDX 
were calculated. Finally, by dividing the mass loading of each explosive by 
the column's total capacity for that explosive, the percent utilization of 
column capacity was calculated. 

Table 6-7 shows 59.2 percent and 52.2 percent utilization for TNT in columns 
A1 and B1, respectively. Table 6-7 also shows 121 percent and 163 percent 
utilization for RDX in columns A1 and B1, respectively. These greater than 
100 percent utilizations may be attributed to microbiological activity on the 
carbon surfaces. This activity has been documented in the literature [18-23). 
In addition, earlier studies [24] have shown that RDX can be biodegraded 
even though it and most explosives are relatively resistant to biodegradation. 
Based on the percent utilizations in Table 6-7, Calgon Filtrasorb 300 appears 
to be slightly better for TNT removal and Atochem, Inc. GAC 830 appears to 
be slightly better for RDX removal. However, since the calculations of these 
utilizations are based on the extrapolation of limited isotherm test data, one 
cannot conclude that one carbon is definitely better than the other for removal 
of TNT and RDX. 

Table 6-7 shows the percent utilizations of Atochem, Inc. GAC 830 at three 
different hydraulic loadings for TNT and ~ Even after 7.6 days at the 
maximum hydraulic loading of 10.15 gpmlft , percent utilizations for TNT 
and RDX were only 4.6 percent and 14.6 percent, respectively. 

Table 6-9 shows the activated carbon bed volumes to reach TNT and RDX 
levels of approximately 1 ug/L, 10 ug/L, and 100 ug/L from Test Three. Based 
on these results, both Atochem, Inc. GAC 830 and Calgon Filtrasorb 300 
appear to be equivalent in meeting the three effluent levels for both TNT and 
RDX. The results also show that if either columns A1 and A2 or columns B1 
and B2 were used as two columns in series instead of as single columns, a 
better effiuent would be obtained over a longer period of time. 

6-9 
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Table 6-7 

Activated Carbon Column Operating and Performance 
·oata for Test Three at MAAP 

Atochem, Inc. GAC 830 vs. Calgon Filtrasorb 300 

Starting Date: 16 October 198.9 
Ending Date:. 15 December 1989 
Column Inner Diameter: 4.25 in. (0.354 ft) 
Column Area: 0.0985 ft 2 

Bed Volume: 0.197 ft 3 (1.47 gal) 

Atochem, Inc. 
GAC 830 

Flow Rate 0.75 gpm 
Hydraulic Loading 7.6 gpmlft2 

Bed Depth 2.0 ft 
Empty-Bed Contact Time 2.0 min. 

TNT Influent Concentration ( avg.) 734 ug/L 
RDX Influent Concentration ( avg.) 549.1 ug/L 

TNT Capacity (Rate)* 0.112 lb/lb 
ROX Capacity (Rate)*. 0.031 lb/lb 

Weight of Carbon in Column 5.1 lb 

Column '1W! Capacity (wt.) 0.571 lb 
Column RDX Capacity (wt.) 0.158 lb 

Total 'mT Loading to Column 0.338 lb 
Total RDX Loading to Column 0.191 lb 

TNT Capacity Utilized 59.2' 
RDX Capacity Utilized 121, 

Run Time 54.5 days 

Calgon 
Filtrasorb 

0.75 gpm 
7.6 gpmlft2 

2.0 ft 
2.0 min. 

734 ug/L 
549.1 ug/L 

0.124 lb/lb 
0.024 lb/lb 

5.1 lb 

0.632 lb 
0.122 lb 

0.330 lb 
0.199 lb 

52.2'\. 
163' 

54.5 days 

*Calculated using isotherm data and average influent concentration. 

6-10 
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Activated. Carbo~ Column Operating and Performance Data for 
Atocbem, Inc. GAC 830 from Tests One and Two at MAAP 

Column Inner 
Column Area: 

Diameter: 4.25 in. (0.354 ft} 
0.0985 ft 2 

Bed Volume: 0.394 ft 2 (2.94 gal) 

Flow Bate 

Hydraulic Loading 
Bed Depth 
Empty-Bed Contact Time 

TNT Influent Concentra­
-tion ( avg. ) 

BDX Influent· Concentration 
( avg.} 

TNT Capacity (Rate)* 
RDX Capacity (Rate)* 

Weight of Carbon in Column 

Column TNT Capacity (wt.} 
Column RDX Capacity (wt.) 

Total TNT Loading to 
Column 

Total RDX Loading to Column 

TNT Capacity Utilized 
RDX Capacity Utilized 

Run Time 

0.2 gpm 
(Test One) 

2.03 gpmlft2 

4.0 ft 
14.7 min. 

433 ug/L 

487 ugtL 

0.080 lb/lb 
0.029 lb/lb 

10.2 lb 

0.816 lb 
0.296 lb 

0.0076 lb 

0.0086 lb 

0.9'\o 
2- 9'\o 

7.6 days 

0.7 gpm 
(Test Two) 

7.11 gpmtft2 

4.0 ft 
4.2 min. 

SOB ug/L 

536 ug/L 

0.088 lb/1b 
0.030 lb/lb 

10.2 lb 

0.898 1b 
0.306 lb 

0.0722 lb 

0.0751 lb 

8.0'\o 
24. S'\o 

16.5 Clays 

1.0 gpm 
(Test One) 

10.15 gpmlft2 

4.0 ft 
2.9 min. 

433 ug/L 

487 ug/L 

0.080 lb/lb 
0.029 lb/lb 

10.2 lb 

0.816 lb 
0.296 lb 

0.0379 lb 

0.0431 lb 

4.6'\o 
14.6'\o 

7.6 Clays 

*Calculated using isotherm Clata and average influent concentration. 
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Activated Carbon Bed Volumes to Reach TNT and RDX Effluent 
Levels of Approximately 1 uq/L, 10 ug/L, and 100 ug/L 

From Test Three at MAAP 

Columns A1 and A2: 
Columns B1 and B2: 
Hydraulic Loading: 
Bed Volume: 0.197 

Atochem, Inc. GAC 830 
Calgon Filtrasorb 300 
7.6 gpmlft2 

ft 3 (1.47 gal) 

Average Influent Concentration to Columns A1 and Bl: 
Range of Influent Concentration to Column A2: <0.78 
Range of Influent Concentration to Column B2: <0.78 

~!2lllllll. Al ~!2l!.!l!!ll. 

Effluent Level Bed Effluent Level 
· (ug/L) Vgh!!l!eS Cug/L) 

0.769 733 1. 30 
10.9 12,093 3.82 
92.1 30,783 92.3 

'!2lWDD A~ ~QhllllD 

Effluent Level Bed Effluent Level 
Cug/L) VglWDts lug/L) 

<0.78a 37,745a <0.78a 

8 Ef!"luent level and bed volume at end of test. 

734 ug/L 
to 232 ug/L 
to 397 ug/L 

IU 
Bed 

Vglumes 

733 
12,093 
30' 050 

B~ 

Bed 
Vohpnes 

37,745a 

bEffluent level and bed volume for first sample taken on 10 November 1989. 

Notes: <0.78 = Detection limit of TNT. 
<0.63 = Detection limit of RDX. 
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Activated Carbon Bed Volumes to Reach lNT and ROX Effluent 
Leve~ of Approximately 1 ug/L, 10 ug/L, and 100 ug/L 

From Test Three at MAAP 

Columns Al and A2: 
Columns Bl and 82: 
Hydraulic Loading: 
Bed Volume: 0.197 

IrnX 

(continued) 

Atochem, Inc. GAC 830 
Calgon Filtrasorb 300 
7.6 gpmlft2 

ft 3 (1.47 gal) 

Average Influent Concentration to Columns Al and Bl: 549.1 ug/L 
Range of Influent Concentration to Column A2 for: 

2.3 ug/L Effluent Level 0.668 144 ug/L 
10 ug/L Effluent ~evel 0.668 - 236 ug/L 
35.4 ug/L Effluent Level 0.668 - 419 ug/L 

Range of Influent Concentration to Column 82 for: 

1.38 ug/L Effluent Level <0.63 - 129 ug/L 
10 ug/L Effluent Level <0.63 - 223 ug/L 
42.2 ug/L Effluent Level <0.63 - 434 ug/L· 

!:gl.!.!!!Jilo Al !:glJ.ll!!n I.U 
Effluent Level Bed Effluent Level Bed 

(ug/L! Volumes (ug/L) yol,umes 

0.729 1,466 1.09 2,199 
8.27 7,329 !5.17 7,696 

95 16 ~307 111 16,491 

!:gl.!.!!!JI:! A~ !:gll.ll!lD az 
Effluent Level Bed Effluent Level Bed 

(!.!!illl.l Vgl.l.ll!lU ! !l.!il£:t:.l VgllolllliUi 

2.3b 18,323b 1. 38b 18,323b 
2.93 24,919 10.6 25,286 
35.4e 37,7458 42.2 8 37,745a 

8 Effluent level and bed volume at end of test. 
bEffluent level and bed volume for first sample taken on 10 November 1989. 

Notes: <0.78 =Detection limit of TNT. 
<0.63 = Detection limit of ROX. 
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SECI'ION7 

DESIGN CONSIDERATIONS 

7.1 GENERAl. 

May 1990 
Revision: Final 

The primary goal of this project was to determine the feasibility of using GAC 
to treat explosives-contaminated groundwater. From the data presented in 
this report, some preliminary conclusions about design and operating 
parameters can be drawn. 

7.2 PROCESS VARIABT.ES AND PARA.MJ!ttEKS 

7 .2.1 INFLUENT AND EFFLUENT 

Influent- and required effiuent characteristics are the primary factors to 
consider in the development of a GAC treatment system. 

TNT and RDX concentrations in the groundwater used in batch (isotherm) 
carbon testing and continuous flow pilot plant testing were found to be higher 
than those reported from historical data in the test plan [14]. In this plan, 
the average concentration of TNT from monitor well MI051 is 62.9 ug/L. 
However, the average influent concentration of TNT during Test Three was 
734 ug/L. According to the test plan, the average concentration of RDX from 
monitoring well MI051 is 134.8 ug/L. However, the average influent 
concentration of RDX during Test Three was 549.1 ug/L. In addition, the TNT 
and RDX concentrations in groundwater used for batch (isotherm) carbon 
testing were 493 and 486 ug/L, respectively. For the other seven explosives 
(HMX,. Tetryl, 2,4-DNT, 2,6-DNT, 1,3-DNB, 1,3,5-TNB, and NB), better 
agreement was found between their concentrations in the groundwater used 
in this project's test programs and those reported from historical data in the 
test plan (14]. 

Because of the higher concentrations of TNT and RDX in the groundwater 
used in this project's test programs, design and operating information 
obtained from the project shoUld be more than adequate to develop a GAC 
treatment system. 

As previously discussed, the effective operating life of a GAC column is 
primarily determined by a defined lireakthrough concentration. This 
concentration is usually based upon acceptable (or permitted) effiuent 
concentrations. Effluent permit limitations for a particular groundwater 
remediation are usually determined by the appropriate regulatory agency on a 
site-specific basis. As the/resent time, the Water Quality Control Division of 
the Tennessee Health an Environment Department has no remedial action 
limits for explosives-contaminated groundwater other than the effluent limit 
agreed to by the EPA and U.S. Army in the NPDES _permits for arsenals, 1.0 
ppm of total nitrobodies. However, the United States Army Biomedical 

. Research and Development Laboratory (USABRDL) criteria and other public 
health standards may dictate significantly lower effluent limits. Therefore, 
1.0 ppm of total nitrobodies may not be the breakthrough criterion used in the 
future to evaluate the performance of a GAC treatment system for 
explosives-contaminated groundwater. 

7-1 
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Two GAC columns in series, each containing 0.197 ft3 of either Atochem, Inc. 
GAC 830 or Calgon Filt~asorb 300, can provide run lengths of 26 days (18,323 
bed volumes) and obtain effluent levels less than or equal_ to 1.0 ug/L for TNT 
and RDX, and less than the detection limits for HMX, Tetryl; 2,4-DNT, 
2,6-DNT, 1,3-DNB, 1,3,5-TNB, and NB. This performance assumes the same 
average influent concentratio~s for TNT and RDX as in Test Three, a 
hydraulic loading of 7.6 gpmlft , and the constraints discussed in the previous 
section. If higher effluent levels are acceptable and/or the hydraulic loading is 
decreased, longer run lengths are possible .. 

Based upon the data obtained in this study, both carbons, Atochem, Inc. GAC 
830 and Calgon Filtrasorb 300, are -~quivalent in their ability to remove TNT, 
RDX, HMX, Tetryl, 2,4-DNT, 2,6-DNT, 1,3-DNB, 1,3,5-TNB, and NB from the 
explosives-contaminated groundwater at MAAP. 
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CONCLUSIONS AND RECOMMENDATIONS . . 

The following conclusions and recommendations are drawn from this study: 

• 

• 

• 

1133M2 

Based upon the isotherm tests performed in this study, Calgon 
Filtrasorb 300 was selected _as representative of the three. Filtrasorb 
carbons for further testing in continuous flow GAC columns at 
MAAP. In addition, Atochem, Inc. GAC 830, which is currently 
being used at MAAP to treat pink water, was selected because the 
task order required that the carbon currently in use at MAAP be 
tested. However, Atochem, Inc. GAC 830 was also selected because 
it was comparable to the three Filtrasorb carbons and better than 
Hydrodarco 4000 with respect to RDX maximum saturation 
capacity. The testing of these two carbons in continuous flow GAC 
columns at MAAP showed that they were equivalent in their ability 
to remove TNT, RDX, HMX, Tetryl, 2,4-DNT, 2,6-DNT, 1,3-DNB, 
1,3,5-TNB, and NB from the explosives-contaminated groundwater 
atMAAP. · 

The concurrent removal of TNT, RDX, HMX, Tetryl, 2,4-DNT, 
2,6-DNT, 1,3-DNB, 1,3,5-TNB, and NB from groundwater using 
continuous flow granular activated carbon is feasible. At average 
influent explosives concentrations encountered during Test Three of 
this study at MAAP, effiuent levels less than or equal to 1.0 ug/L for 
TNT and RDX and less than the detection limits for HMX, Tetryl, 
2,4-DNT, 2,6-DNT, 1,3-DNB, 1,3,5-TNB, and NB can be maintained 
for 26 days (18,323 bed volumes) with two GAC columns in series, 
each containing 0.197 ft3 of either Atochem, Inc. GAC 830 or C~gon 
Filtrasorb 300 and operating at a hydraulic loading of7.6 gpmlft . 

In the absence of remedial action limits for explosives-contaminated 
groundwater other than a NPDES effiuent limit of 1.0 ppm of total 
nitrobodies, potential bed lives in full-scale operating facilities could 
not be predicted. 

8-1 
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PROPOSED TENTATIVE APPLICABLE OR RELEVANT 
AND APPROPRIATE REQUIREMENTS FOR 

Mn.AN ARMY AMMUNITION PLANT 
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B
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' 

lo' .• 

~-,---=. 

I. ·. 

I;. 

, __ ... 

iropoaed tentative Applicable or 
Relevant and Appropriate Reauir-nta 

tor lf.ilan Amy "nm•pition Plant 
July UBI 

I. 2'enneaaee Deparement of Realt:ll and BDv~t 

• 

A. 2'enne••ee water Qualitycaacrol Act (!Z'CAJ, Section IJ-3-l03(32) 

B. Underground IniectJ.on Control (UIC) RegulatiOlla, Rule Cbapter 
!200-4-6-.05 

c. Ha•ardous Waste Management Act, Part I !Z'CA, Section IB-41-lOl 
~seq., Rule Chapter l200-l-ll,l2 ' 13; Part II !Z'CA, Section 
IB-46-201 ~seq., Rule Cbapter 1200-l-ll-14 

II. SaLe Drinking Water Act 

A. Site-Specific Coatamtnant• lfitll HCL• on HCLG• 

Contaminant• 

Ben•ene 
CadmiWII 
Carbon tetrachloride 
Chloroform 
ChrOIIIiWII 
Z..ad 
Hercury 
Nitrate, as N 
NJ.trJ.te, a• N 
2'oluene 

Buman Healt:ll Ba•ed 
Nlllllber• (ppb) 

5 
.to•• 

5 
100 • 

50*• 
50*• 

2 
10,000 
1,000 
2,000 

HCL • H-UINm CoataW2ant r.e-1 
HCLG • H-.u.um Cont411W2ant Z..vel Goal 

HCL 
HCL 
HCL 
HCL 
HCL 
HCL 
HCL 
HCL 
IICL 
IICLQ 

•:rbe •um of the coaceatraUoaa ot all tr.ihalametllane• abould 
not -ceed 100 ppb. 

•• Changes J.n HCL• UZJder consicferatJ.oa are: · 

CadmiWII 
ChrOIIIiWII 
Lead 

5 ppb 
100 

5 
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N'rmbe£1 Cppb l 

cyelotr.U.t:hylenetr.initruW2e ( llDZ) 
2,4-D.in.ttrotolu.ne (2,4-D~J 
2,6-Dinitrotuluene (2,6-D~} 
Netbyle~e Chloride 

Ni~aue 

2,4,6-rrinierotolue~• ('ni'I') 
OCt&hydro-l,3,5,7-teatr&D!tro-

l,J,5,7-tetraaociDe (BHX) 

Z,J,5-rr.in.ttrobenaene (:HSJ 
2,4,6-Trin!trophenylmetbyl!nitramine 

(2'etryl} 

lD5 
D.D5 • 
D.05 • 
D.l9 • 
4.76 • 

17.5 
17.5 

1750 
l.75 

6J 

UD 
UD 
DA 

•rheae numbera ue b&8ed on a l Z zo-6 ri•k level and t:he 8tandud 
•••~tion• of a 70kg per•on dr~g 2 litera of water per day. 

UD • verified BPA Agency-vide Reference Do•• 
BZA • Health Bffect• ~•e•c.eat 

ANOC • Ambient Vater Qval!ty criteria 
CM • Carc.inogen ~·••~~~Nnt Group 

DA • Department of the Az:my 

c. Site-Specific Contaminant• vit:h NO curre~t roz!colgical Criteria. 

Z,J-Dinitroben••~• (DRB) 
oet&hydro--Z,J,5,7-te•tr&D!tro Z,J,5,7-tetraaocine (BHX) 

1,3,5-Trin!trobenaene (:HS) 
III. Clean Vater Act 

Bacqrow:~d 

BacJcgroUZJd 
BacJcgroUZJd 

A. Federal Ambient Vater Qvality Criteria (See attached ·~ 
table.) 

B. No Ob•erv&ble Bffect Le-l (NOla.) 
J111ole effluent tazi.city te•tiDg vill be required to demon•trate 
that ue in-•ere .. concentrat.to.a of t:he efflue:Jt u l••• t:h&ZJ ue 
NOBL. 

c. Wetland Area• 

Prolt!b.ttione aet forth in 40 erR. pan 230 el:lall be .. c. 
OZJacceptable adver•e effect• on vildlUe &ZJd t.tel:lery uea• are 
prohibited by Section 404(c) of tile Act. No tfredged or fill 
JD&terial IIJIJY be dUcharged to -tlant:t.. 

IV. Requ.i.rmente for Soil• 

The ~ ahould propoae a eite-epecif.tc aoil columo leach teat co 
ahov t:hat .Zeachate vill nol: ~-d groundlrater acanduda for 
cont&miDat•• of concer.n. 
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TKT RDX HMX Tetryl 

Carbon Ce qe Ce qe Ce qe Ce ~ 
Dosage (mg/L) (mglmg) (mg/L) (mglmg) (mgll) (mglmg) (mg/L) (mglmg) 
(mg/L) 

Blank 
(0) 0.423 - 0.457 - 0.00311 <11.00066 -

1G 0.0557 3.7 -2 0.223 2.3 0.0107 ·7.6 -4 <11.00066 0 
X10 X 10"2 X10 

200 <1!.00078 >2.1 0.00292 2.3 -3 <11.0013 >9.1 .a <1!.00066 0 
X 10-3 X10 X10 

500 <1!.00078 >11.4 0.00073 9.1 -4 <1!.0013 >3.6-a <1!.00066 0 
X10-4 X10 X10 

1,000 <1!.00078 >4.2 <0.00063 >4.6 <0.0013 >1.8 <11.00066 0 
X10-4 X 10-4 X10.a 

2,500 <0.00078 >1.7 <0.00063 >1.8 <0.0013 >7.2 <1!.00066 0 
XI0-4 X 10_. X 10'7 

5,000 <0.00078 >8.4 <0.00063 >9.1 -5 <1!.0013 >3.6 <11.00066 0 
X 10-s X10 X 10"7 

-' B42-31411 

~\- ~ 

2,4-DNT 2,6-DNT 1,3-DNB 

Ce q. Ce q. Ce q. 
(mgJL) (mglmg) (mg/L) (mglmg) (mg/L) (mglmg) 

0.01 <0.0055 0.0032 -

0.00067 9.3 <11.00055 >5.0 <0.00061 >2.6 
X 1lJ-4 X 10-4 X 10-4 

<11.0006 >4.7 <11.00055 >2.5 <1!.00061 >1.3 
X 10·5 X 10·5 X 10·5 

' 

<11.0006 >1.9 <1!.00055 >9.9 <1!.00061 >5.2 
X 10·5 X 10-a X 10-a 

<0.0006 >9.4 <11.00055 >5.5 <1!.00061 >2.6 
X 10-11 X 10-11 X 10-a 

<11.0006 >3.8 <0.00055 >2.0 <0.00061 >1.0 
XI0-11 X 10-11 X 10-a 

<0.0006 >1.9 <0.00055 >9.9 7 <0.00061 >5.2 7 
X 10-11 X 10· X10-

~-
1,3,5-TNB NB TOC 

Ce 
(mgfl) 

0.0153 

0.00303 

<11.00056 

<1!.00056 

<0.00056 

<0.00056 

<0.0056 

qe Ce q. Ce ~ 
(mglmg) (mg/1.) (mglmg) (mg/1.) (mglmg) 

<11.00113 0.56 
I 

1.2 -3 <11.00113 0 1.8 -1.2 ·1 
X10 X 10 

>7.4 <11.00113 0 0.56 0 
x 1o·s 

>3.0_5 <11.00113 0 <11.50 >1.2 
. X 10 X10_. 

I 

>1.5 <11.00113 0 <0.50 >6.0 
X 10-s X 10-5 

>5.9 <0.00113 0 <1!.50 >2.4 
X 10-11 X10-5 

>1.9 <0.00113 0 -
X 10-a 

.. 
TABLEB-1 ISOTHERMTESTRESULlSFOR 

CALOON FILTRASORB 200 
B-lr-6- I 

..;. 





~ 

TNT RDX HMX Tetryl 2,4-DNT 2,6- DNT 1,3-DNB 1,3,5-TNB NB TOC 

Carbon Ce q. Ce qa Ce qa Ce Cia Ce q. Ce q. Ce q. Ce q. Ce q. Ce ... Dosage (mgll.) (rnglmg) (mgiL) (mg/mg) (mg/L) (mgtmg) (mg/L) (rng/mg) (mg/L) (mgtmg) (mg/L) (mgtmg) (mg/L) (mgtmg) (mg/L) (mglmg) (mg/L) {mglmg) (mg/L) {mglmg) 
(mgJL) 

Blank 
0.467 0.469 (0) 0.00269 <0.0066 - 0.0096 <0.0055 . 0.00311 0.0144 <0.00113 . 1.3 

10 0.0936 3.7 -2 0.284 1.9 <0.0013 >1.4 <0.00066 >5.9 0.00144 8.2 <0.00055 >5.0 0.00075 2.4 0.00419 1.0 -3 <0.001t3 0 0.92 3.8 -2 
X 10 X 10"2 X 10 .. X 10-4 X 10-4 X 10-4 X to-4 X10 X tD 

200 <0.00078 :>2.3 -3 0.00189 2.3 -3 <0.0013 >7.0 -8 <0.00066 >3.0 <0.0008 >4.5 <0.00055 >2.5 <0.00061 >1.3 <0.00056 >8.9 <0.00113 0 0.72 2.9 
X10 X10 X 10 X 10"5 X 10"5 X 10·5 X 10·5 X 10-s X10-3 

500 <0.00078 >9.3 <0.00063 >9.4 .. <0.0013 >2.8 <0.00066 >1.2 5 <0.0008 >1.8 5 <0.00055 >9.9 <0.00061 >5.0 <0.00056 >2.8_5 <0.00113 0 0.52 1.6 -3 xto-4 X10 xta-e X 10· X 10· X 10-a X 1Q-a X 10 X 10 

1,000 <0.00078 >4.7 -4 <0.00063 >4.7 <0.00t3 >1.4 <0.00066 >5.9 <0.0008 >9.0 <0.00055 >5.0 <0.00061 >2.5 <0.00056 >t.4 <().00113 0 0.72 5.8 
X tO x to"" X to-8 X10-8 X 10-e X tO·& X 10-11 X 10·5 X t0-4 

2,500 <0.00078 >t.9 <0.00063 >1.9 <0.00t3 >5.6 <0.00066 >2.4 <0.0008 >3.6 <0.00055 >2.0 <0.00061 >t.O <0.00056 >5.5 <0.00113 0 0.81 2.0 
x to"" Xt0-4 x to·7 X 10-e X 10-a X 10-& X 10-e x to-& X t0-4 

5,000 <0.00078 >9.3 <0.00063 >9.4 5 <0.0013 >2.8 7 0.00411G" 5.0 <0.0006 >1.8-6 <0.00055 >9.9 7 <0.00061 >5.0 7 <0.00056 >2.8 -8 <0.00113 0 0.52 t.e 
x to-s X 10· X 10· x to·7 X10 X 10· X 10· X10 xto"" 

042-31o&b ·o - b)dlcates elevaiBd detection llmlt due 10 amnp1e 111111ffafenoa. TABLE B-2 ISOlltERIITEST RESULTS FOR 

~-!).-~ 
CALGON FILTRASORB 300 {)._ 

B-2 -L..J 





TNT RDX HMX Tetryl 2,4· DNT 

Carbon Ce Ce Ce Ce Ce qe qe qe Cia q. 
Dosage (mg/L) (mg/mg) (mgll) (mglmg) (mg/L) (mglmg) (mgJL) (mglmg) (mgll) (mglmg) 
(mg/L) 

Blank 
0.479 0.497 0.00284 <0.00066 0.00928 (0) 

10 <0.00078 >4.8 2 0.262 2.4 <0.0013 >1.5 <0.00066 0 <0.0006 >8.7 
X 10· X 10·2 X10~ X 10~ 

200 <0.00078 >2.4 -3 0.0045 2.5 -3 <0.0013 >7.7 .e <0.00066 0 <0.0006 >4.3 
X10 X10 X 10 X 10'5 

500 <0.00078 >9.6 <0.0063G" >9.8~ <0.0013 >3.1 .e <0.00066 0 <0.0006 >1.7 5 
X 10"' X 10 X 10 X10-

1,000 <0.00078 >4.8~ <0.00063 >5.0 <0.0013 >1.5 <0.00066 0 <0.0006 >8.7 
X 10 X10~ X10.e X 10-e 

2,500 <0.00078 >1.9 <0.00063 >2.0 <0.0013 >6.2 <0.00066 0 <0.0006 >3.5 
x1o"' X10~ X 10·7 X 10-e 

5,000 <0.00078 >9.6 <0.00063 >9.9 -5 <0.0013 >3.1 <O.OOD73G" >-1.4 <0.0006 >1.7 
X 10-s X10 X 10·7 X10.e X10.e 

G42-314c "G • lndlcal88 eleval8d detsction llml1 due ID sample lmerfere~. 

0"3-()r 

_,__,_,_ 

2,6-DNT 1,3-DNB 

Ce Ce q. q. 
(mg/L) (mglmg) (mgll) (mglmg) 

<0.0055 0.00311 -

<0.00055 >5.0 <0.00061 >2.5 
X 10~ X10~ 

<0.00055 >2.5 <0.00081 >1.3 
X 10·5 X 10·5 

<0.00055 >9.9 <0.00061 >5.0 
X 10-e X 10-e 

<0.00055 >5.0 <0.00081 >2.5 
X 10-e X 10-e 

<0.00055 >2.0 <0.00061 >1.0 
X 10-e X 10-e 

<0.00055 >9.9 1 <0.00061 >5.0 1 
X10' X10-

-~---
1,3,5-TNB NB TOC 

Ce Ce qe c. ' qe q. 
(mgll) (mglmg) (mg/L) (mglmg) (lllg/L) {mg/mg) 

0.0159 <0.00113 0.82 -

0.00358 1.2 -3 <0.00113 0 0.72 1.0 ·2 
X10 X10 

>0.00056 >7.7 <0.00113 0 <0.50 >1.6 -3 
X10-5 X 10 

>0.00056 >3.1 -5 <0.00113 0 <0.50 >6.4~ 
X10 X10 

>0.00056 >1.5 <0.00113 0 <0.50 >3.2 
X 10-5 X10~ 

I 

>0.00056 >6.1 <0.00113 0 <ll.50 >1.3 1 

X 10.a X10~ 

>0.00056 >3.1 <0.00113 0 0.52 8.0-5 
X 10-e X10 

TABLE B-3 ISOntERII 'MST RESULTS FOR 
CALGON FILTRASORB 400 , .... 
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TNT RDX HMX Tetryl 2,4-DNT 

Carbon 
Ce Ce Ce Ce Ce Dosage q. q. lie q. q. 

(mg/L) 
(mg/L) (mglmg) (mg/L) (mglmg) (mg/L) (mg/mg) (mg/L) (mglmg) (mg/L) (mglmg) 

Blank 
0.546 0.433 (0) 0.00264 <0.066 0.00856 

10 0.204 3.4 ·2 0.422 1.1 0.00189 7.5 ·5 <0.00066 >6.5 0.00215 6.4 
X10 X 10-a X10 X 10·3 X10-4 

200 - -

"' 

500 0.00287 1.1 0.0223 8.2 ~ <0.0013 >2.7 -6 <0.00066 >1.3 <0.0006 >1.6 
X10.a X10 X10 X10~ X 10"5 

1,000 ..:0.00078 >5.5~ 0.00456 4.3 <0.0013 >1.3 <0.00066 >6.5 <0.0006 >11.0 
X10 X 10_. X 10-e X 10·5 X 10-e 

2,500 <0.00078 >2.2 0.00289 1.7 <0.0013 >5.4 <0.00066 >2.6 ..:0.0006 >32 
X10~ X 10~ X 10·7 X 10·5 X 10-e 

5,000 <0.00078 >1.1 0.00217 8.6 <0.0013 >2.7 7 <0.00066 >1.3 <0.0006 >1"6 
X 10~ X 10"5 X 10· X 10·5 X 10-e 

G42-314cl 

e>-'\- """' 

2,6-DNT 1, 3- DNB 

Ce q. Ce q. 
(mg/L) (mglmg) (mg/L) (mg/mg) 

<0.00055 0.00313 

<0.00055 0 0.00081 2.3 
X 10~ 

-

<0.00055 0 <0.00061 >5.0 
X 10-e 

<0.00055 0 <0.00061 >2.5 
X 10-e 

<0.00055 0 <0.00061 >1.0 
X 10-e 

<0.00055 0 <0.00061 >5.0 7 
X 10· 

~1!1~1 

1,3,5-TNB NB TOC 

Ce 
(mg/L) 

0.0137 

0.00581 

-

..:0.00058 

..:0.00056 

<0.00056 

<0.00056 

Ce Ce q. q. lie 
(mglmg) (mg/L) (mglmg) (mg/L) (mglmg) 

<0.00113 1.1 

2.3 ~ <0.00113 0 0.7 4.0 ·2 
X10 X10 

- <0.50 >3.0 
X10.a 

>2.6.5 <0.00113 0 <0.50 >1.2 -3 
X10 X10 

>1.3 <0.00113 0 <0.50 >6.0 
X 10·5 X 10~ 

>5.3 ..:0.00113 0 <0.50 >2.4 
X 10-e X 10-4 

>2.6 -6 <0.00113 0 <0.50 >1.2_. 
X10 X10 

TABLE B-4 ISOTHERM TEST RESUL 1S FOR 
HYDRODARCO 4000 

B-4- B 
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~-~ 

TNT RDX HMX Tetryl 2,4-DNT 2,6-DNT 1, 3-DNB 1,3, 5-lNB NB TOC 

Carbon Ca qa Ca qa Ca qa Ca qa Ca qa Ca qa Ca qe Ce qe Ce qe Ce qe 
Dosage (mg/L) (mg/mg) (mgll) (mg/mg) (mgll) (mglmg) (mgll) (mg/mg) (mgll) (mg/mg) (mg/L) (mg/mg) (mg/L) (mg/mg) (mg/L) (mglmg) (mg/L) (mg/mg) (mg/L) (mglmg) 
(mgJL) 

Blank 
0.550 0.572 (0) - - 0.00246 - 0.00068 <0.0006 - <0.00055 0.003 0.0119 <0.00113 - 1.2 

10 0.149 4.0 -2 0.343 2.3 <0.013 >-1.1-3 <0.00066 >2.0 0.00257 -2.0 <0.00055 0 0.00118 1.8 0.00563 >6.3~ <0.00113 0 0.61 5.9 ·2 
X10 X 10"2 X10 X10.a X10~ X 10~ X10 X10 

200 0.00223 2.7 -3 0.0121 2.8 -3 <0.0013 >5.8-8 <0.00066 >1.0 <0.0006 0 <0.00055 0 <0.00061 >1.2 >0.00056 >5.7 <0.00113 0 <0.50 >3.5 
X10 X 10 X10 X 10'7 X 10-5 x1o·5 X10-3 

500 <0.00078 >1.1 0.00382 1.1 -3 <0.0013 >2.3-e <0.00066 >4.0 <0.0006 0 <0.00055 0 <0.00061 >4.8 >0.00056 >2.3 -5 <0.00113 0 0.51 1.4 -3 
X 10-3 X10 X10 X10.a X 10-8 Xll;l X10 

1,000 <0.00078 >5.5 -4 0.00272 5.7 <0.0013 >1.2 <0.00066 >2.0 <0.0006 0 <0.00055 0 <0.00061 >2.4 >0.00056 >1.1 <0.00113 0 0.61 5.9 
X10 X 10~ X 10-8 X10.a X 10-8 X 10·5 X10~ 

2,500 <0.00078 >2.2 0.00226 2.3 <0.0013 >4.6 <0.00066 >6.0 <0.0006 0 <0.00055 0 0.00789G" -2.0 >0.00056 >4.5 dl.00111G" 8.0 <0.50 >2.8 
X10"' X10_. X 10"7 X10.g X.10-a X 10-a X10.g X1o"' 

5,000 <0.00078 >1.1 0.0139G" 1.1 <0.0013 >2.3 <0.00066 >4.0 <0.0006 0 <0.00055 0 <0.00061 >4.6 >0.00056 >2.3 -8 0.00198 -1.7 7 0.61 12 
X 10~ X10_. X 10"7 X10.g X 10-7 

X 10 X 10- X10~ I 

042-3138 "G • lndlcal88 elevated ~ limit due to B8J11111e lnterlarence. TABLE N ISOTHERM TEST RESULTS FOR 
ATOCHEII, INC. GA.C 830 ,J 

B-6-- l-' 
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TNT RDX HMX Tetryl 2, 4-DNT" 

carbon Ce Ce Ce Ce Ce Dosage 
qe qe qe qe <Itt 

(mg/L) 
(mg/L} (mg/mg) (mgll) (mg/mg) (mg/L} (mg/mg) (mg/L} (mg/mg) (mg/L} (mgllnf 

Blank 
0.550 0.572 0.00246 0.00068 <0.0006 (0) - - - - -

10 0.116 4.3 2 0.319 2.5 <0.0013 >1.2 -4 <0.00066 >2.0 0"00223 -1.& 
X 10· x to·2 X 10 Xt0-6 X 10·3 

200 0.00212 2.7 -3 0.0303 2.7 ·3 <0.0013 >5.8 -6 <0.00066 >1.0 <0.0006 0 
X10 X 10 X 10 X 1Q·7 

500 <0.00078 >1.1 0.0166 1.1 -3 <0.0013 >2.3 -6 <0.00066 ::>4.0 <0.0006 0 
X 10-3 X10 X 10 Xt0-8 

1,000 <0.00078 >5.5 -4 0.0021 5.7 <0.0013 >1.2 <0.00066 >2.0 <0.0006 a 
X10 X 10 4 X 10-6 X 10-a 

2,500 <0.00078 >2.2 0.00173 2.3 <0.0013 >4.6 <0.00066 >8.0 <0.0006 0 
X10 4 x to"" x to·7 X 10·9 

5,000 <0.00078 >1.1 0.00169 1.1 -4 <0.0013 >2.3 7 <0.00066 ::>4.0 <0.0006 0 
X10 4 X10 x to· x 10·9 . 

G42-3131 

I 





·DNT 2,6· DNT 1, 3· DNB 

qe c, 
-~ Ce _,. 

I (mglmg) (mg/L) -- --· (mg/L) , ..... ·-

- <0.00055 . 0.003 . 

I -1.8 <0.00055 0 0.00097 2.0 
X 10-3 X10~ 

; 0 <0.00055 0 <0.00081 >1.2 
X 10·5 

. 

i 0 <0.00055 0 <0.00081 >4.8 
x1o-t 

i 0 <0.00055 0 <0.00081 >2.4 
X10-41 

0 <0.00055 0 <0.00081 >9.6 
X 10·7 

0 c0.00055 0 <0.00061 >4.8 
X 10"7 

\".i'j~ 

1, 3, 5·THB NB TOC 

c, 
(mg/L) 

0.0119 

0.00484 

~.00058 

~-00056 

~.00056 

~-00056 

~.00056 

Ill c. ... c. -~ (mglmg) . (mg/L) (mglmg) (mg/L) 

- <0.00113 - 1.1 -

7.3 ~ <0.00113 0 0.70 •. o -2 
X10 X10 

>5.7 <0.00113 0 
x 10-5 

<0.60 ..s.o 
X104 

>2.3 -5 <0.00113 0 cO.SO >1.2 -3 
X10 X10 

>1.1 c0.00113 0 <0.60 ..e.o 
X 10·5 X10~ 

>4.5 <0.00113 0 <0.60 .. u 
Xt0-41 Xt~ 

>2.3 
x1o• 

<0.00113 0 <0.60 >1.2 
x1o~· 

TABLE M IB01ltERII TEST RESUL18 FOR 
ATOCHEM, INC. CIAC 83D 
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TNT RDX HMX Tetryl 2,4-DNT 

Carbon Ce qe Ce qe Ce qe Ce qe Ce qe Dosage (mg/L) (mg/mg) (mg/L) (mg/mg) (mg/L) (mg/mg) (mg/L) (mg/mg) (mg/L) (mg/mg) (rngll) 

Blank 
0.550 0.572 (0) 0.00246 0.00068 <0.0006 

10 0.116 4.3 ·2 0.319 2.5 <0.0013 >1.2_. <0.00066 >2.0 0.00223 -1.6 
X10 X 10'2 X10 X10-li X 10·3 

200 0.00212 2.7 -3 0.0303 2.7 -3 <0.0013 >5.8-ll <0.00066 >1.0 <0.0006 0 
X10 X10 X10 X 10-1 

500 <0.00078 >1.1 0.0166 1.1 -3 <0.0013 >2.3-ll <0.00066 >4.0 <0.0006 0 X 10-3 X10 X10 X10-ll 

1,000 <0.00078 >5.5_. 0.0021 5.7 <0.0013 >1.2 <0.00066 >2.0 <0.0006 0 
X10 X 10_. X 10-ll X10-8 

2,500 <0.00078 >2.2 0.0017:.1 2.3 <0.0013 >4.6 <0.00066 >8.0 <0.0006 0 X 10_. X10_. X 10·7 X 1o-s 

5,000 <0.00078 >1.1 0.00169 1.1 <0.0013 >2.:.1 1 <0.00066 >4.0 <0.0006 0 
X 10_. X10_. X 10' X10-9 

-
-0<2-3131 

tJt- I+ 

2, 6- DNT 1,3-DNB 

Ce qe Ce qe 
(mgll) (mg/mg) (mgll) (mg/mg) 

<0.00055 0.003 -

<0.00055 0 0.00097 2.0 
X10_. 

<0.00055 0 <0.00061 >1.2 
X 10'5 

<0.00055 0 <0.00061 >4.8 
X 10-6 

<0.00055 0 <0.00061 >2.4 
X 10-8 

<0.00055 0 <0.00061 >9.6 
X 10·7 

<0.00055 0 <0.00061 >4.8 
X 10'7 

~~~L 

1,3,5-TNB NB TOC 

Ce lie Ce Cle c. qe 
(mg/L) (mg/mg) (mg/L) (mg/mg) (mg/L) (mg/mg) 

0.0119 <0.00113 - 1.1 

0.00464 7.3 ... <().00113 0 0.70 4.0 -2 
X10 X10 

>0.00056 >5.7 <0.00113 0 <0.50 >3.0 
X10-5 X10-3 

>0.00056 >2.:.1 -5 <0.0011:.1 0 <0.50 >1.2 -3 
X10 X10 

I 

>0.00056 >1.1 <0.00113 0 <0.50 
>8.0 I X 10-s X10_. 

>0.00056 >4_5 <0.00113 0 <0.50 >2.4 
X 10-e X1o-4 

>0.00058 >2.3 -e <0.00113 0 <0.50 >1.2_. 
X10 X10 ' 

-- - .... -

TABLEN ISOTHERMTESTRESULlSFOR 
ATOCHEM, INC. GAC 830 .J 
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May liiiiU 
Revision: Final 

Date 

7 September 1989 

8 September 1989 
9 September 1989 

10 September 1989 

11 September 1989 

12 September 1989 

13 September 1989 

14 September 1989 

15 September 1989 

Table C-1 

Field Laboratory Results for TNT 
From Test One at MAAP 

Atochem, Inc. Atochem, Inc. 
GAC 830 GAC 830 
1. 0 gpm 0.2 gpm 

-------------- --------------
GAC Column Column A1 Column B1 

Influent Effluent Effluent 
Concentration Concentration Concentration 

Time (ug/L) (ug/L) ( ug/ L) 

18:00 Pl1 333 
19:00 Pl1 < < 
18:00 Pl1 395 < < 
6:00 Al1 403 

18:00 PH 389 < < 
6:00 API 442 

18:00 PM 408 < < 
24:00 Pl1 < < 

6:00 A11 440 
18:00 Pl1 439 < < 
6:00 Al1 442 

18:00 PH 442 < < 
6:00 AH 463 

18:00 PH 467 <. < 
20:00 PH < 
6:00 AH 471 

18:00 PH 4ao < < 
6:00 API 475 < < 
8:00 AH < < 

Notes: --- = No sample collected. 
< = Below TNT deted.iOD limit of 0. 78 ugtL. 

C-1 
1133M2 

.Column A1 
Throughput 

Volume 
(gal) 

0 
60 

1440 
2160 
2880 
3600 
4320 
4680 
5040 
5760 
6480 
7200. 
7920 
8640 
8760 
9360 
10080 
10800 
10920 

Column B1 
Throughput 

Volume 
(ga 1) 

0 
12 
288 
432 
576 
720 
864 
936 

1008 
1152 
1296 
1440 
1584 
1728 
1752 
1872 
2016 
2160 
2184 



Table C-2 

Field Laboratory Results for RDX 
From Test One at MAAP 

Atochell, Inc. Atochem, Inc. 
GAC 830 GAC 830 
1. 0 gpm 0.2 gp• 

May 1990 
Revision: Final 

-------------- --------------
GAC Column Column A1 Column 81 Column AI 

Influent Effluent Effluent Throughput 
Concentration Concentration Concentration Volume 

Date Time (ug/L) (ug/L) (ug/L) (ga 1) 

7 September 1989 18:00 PM 396 0 
19:00 PH < < 60 

8 September 1989 18:00 PH 463 < < 1440 
9 September 1989 · 6:00 All 469 2160 

18:00 PK 474 < < 2880. 
10 September 1989 6:00 AK 489 3600 

18:00 PK 467 < < 4320 
24:00 PK < < 4680 

11 September 1989 6:00 All 489 5040 
18:00 PK 492 < < 5760 

12 September 1989 6:00 AK 485 6480 
18:00 PK 479 < < 7200 

13 September 1989 6:00 AK 508 7920 
18:00 PH 515 6.14 < 8640 
20:00 PK 5.38 8760 

14 September 1989 6:00 AK 527 9360 
18:00 PK 527 7.71 < 10080 

15 September 1989 6:00 AK 530 6.64 < 10800 
8:00 AK 7.05 < 10920 

Notes: .;.__ • No sam_p!e collected. 
< ... Below RDX detection limit of 0.63 ug/L. 

C-2 
1113M2 

Column 81 
Throughput 

Volume 
(gal) 

0 
12 
288 
432 
576 
720 
864 
936 

1008 
1152 
1296 
1440 
1584 
1728 
1752 
1872 
2016 
2160 
2184 



l 

Table C-3 

Field Laboratory Results for HMX. 
From Test One at MAAP 

Atochem, Inc. Atochem, Inc. 
GAC 830 GAC 830 
1.0 gpm 0.2 gpm 

-------------- --------------
GAC Column Column A1 Column 81 

Influent Effluent Effluent 
Concentration Concentration Concentration 

Date Time ( ug/ Ll ( ug/ Ll (ug/ Ll 

7 September 1989 18:00 Pl1 3.46 
19:00 P11 < < 

8 September 1989 18:00 P11 3.02 < < 
9 September 1989 6:00 Al1 3.72 

18:00 P11 3.22 < < 
10 September 1989 6:00 Al1 3.19 

18:00 Pl1 2.86 < < 
24:00 Pl1 < < 

11 September 1989 6:00 Al1 3.26 
18:00 Pl1 3.29 < < 

12 September 1989 6:00 Al1 2.99 
18:00 Pl1 3.00 < < 

13 September 1989 6:00 Al1 3.68 
18:00 Pl1 3.31 < < 
20:00 Pl1 < 

14 September 1989 6:00AM 4.11 
18:00 P11 3.71 < < 

15 September 1989 6:00 AM 3.97 < < 
8:00 Al1 < < 

Notes: ••• = No sample_c:ollected. 
< • Below HMX detection limit of 1.30 ug/L. 

C-3 
1113M2 

II 

May 1990 
Revision: Final 

Column A1 Column 81 
Throughput Throughput 

Volume Volume 
(gal) (ga 1) 

0 0 
60 12 

1440 288 
2160 432 
2880 576 
3600 720 
4320 864 
4680 936 
5040 1008 
5760 1152 
6480 1296 
7200 1440 
7920 1584 
8640 1728 
8760 1752 
9360 1872 
10080 2016 
10800 2160 
10920 2184 



Date Time 

7 September 1989 18:00 PM 
19:00 PM 

8 September 1989 18:00 PM 
9 September 1989 6:00 "" 

18:00 PM 
10 September 1989 6:00 AH 

18:00 PM 
24:00 PM 

11 September 1989 6:00 Al1 
18:00 PM 

12 September 1989 6:00 "" 
18:00 PM 

13 September 1989 6:00 AM 
18:00 PM 
20:00 PM 

14 September 1989 6:00 "" 
18:00 PM 

15 September 1989 6:00 Al1 
8:00 Al1 

Table C-4 

Field Laboratory Results for Tetryl 
From Test One at MAAP 

Atochem, Inc. Atochem, Inc. 
GAC 830 GAC 830 
1.0 gpm 0.2 gpm 

-------------- --------------
GAC Column Column AI Column 81 

Influent Effluent Effluent 
Concentration Concentration Concentration 

(ug/L) (ug/Ll (ug/L) 

< 
< < 

< < < 
< 
< < < 
< 
< < < 

< < 
< 
< < < 
< 
< < < 
< 
< < < 

< 
< 
< < < 
< < < 

< < 

Notes: - = No sample collected. 
< = Below Tetryl detection limit of 0.66 ug/L. 

' 

C-4 
1113M2 

May 1990 
Revision: Final 

Column AI Column Bl 
Throughput Throughput 

Volume Volume 
(ga 1) (ga 1) 

0 0 
50 12 

1440 288 
2150 432 
2880 575 
3600 720 
4320 864 
4680 936 
5040 1008 
5760 1152 
6480 1296 
7200 1440 
7920 1584 
8640 1728 
8760 1752 
9360 1872 
10080 2016 
10800 2160 
10920 2184 
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Date Time 

7 September 1989 18:00 PP1 
19:00 PP1 

8 September 1989 18:00 PP1 
9 September 1989 6:00 AP1 

18:00 PP1 
10 September 1989 6:00 AP1 

18:00 PP1 
24:00 PP1 

11 September 1989 6:00 AP1 
18:00 PP1 

12 September 1989 6:00 AP1 
18:00 PP1 

13 September .1989 6:00 AP1 
18:00 PP1 
20:00 PP1 

14 September 1989 6:00 AP1 
18:00 PP1 

IS September 1989 6:00 AP1 
8:00 AP1 

Table C-5 

Field Laboratory Results for 2,4-DNT 
From Test One at MAAP 

Atochem, Inc. Atochem, Inc. 
GAC 830 GAC 830 
1. 0 gpm 0.2 gpm 

-------------- --------------
GAC Column Column Al Column Bl 

Influent Effluent Effluent 
Concentration Concentration Concentration 

(ug/L) (ug/L) (ug/L) 

10.7 
< < 

9.42 < < 
9.89 
9.62 < < 
10.8 
9.97 < < 

< < 
10.9 
10.7 < < 
10.5 
10.4 < < 
12.2 
10.9 < < 

< 
12.1 
11.8 < < 
11.5 < < 

< < 

Notes: -- = No sample collected. 
<=Below 2,4-DNT detection limit of0.60 ug/L. 
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Column Al Column 81 
Throughput Throughput 

Volume Volume 
(ga 1) (ga 1) 

0 0 
60 12 

1440 288 
2160 432 
2880 576 
3600 720 
4320 864 
4680 936 
5040 1008 
5760 1152 
6480 1296 
7200 1440 
7920 1584 
8640 1728 
8760 1752 
9360 1872 
10080 2016 
10800 2160 
10920 2184 



Date 

7 September 1989 

8 September 1989 
9 September 1989 

10 September 1989 

11 September 1989 

12 September 1989 

13 September 1989 

14 September 1989 

IS September 1989 

Table C-6 

Field Laboratory Results for 2,6-DNT 
From Test One at MAAP 

Atochem, Inc. Atochem, Inc. 
GAC 830 GAC 830 
1. 0 gplll 0.2 gpll 

-------------- --------------
GAC Column Column A1 Column 81 

Influent Effluent Effluent 
Concentration Concentration Concentration 

Time (ug/L) (ug/L) (ug/L) 

18:00 PPI 0.471 
19:00 PPI < < 
18:00 PPI < < < 
6:00 M < 

18:00 PPI < < < 
6:00 M < 

18:00 PPI < < < 
24:00 PPI < < 
6:00 API < 

18:00 PPI < < < 
6:00 M < 

18:00 PPI < < < 
6:00 M < 

18:00 PI! < < < 
20:00 PI! < 
6:00 All < 

18:00 PI! < < < 
6:00 API < < < 
8:00 M < < 

Notes: - • No sample collected. 
< • Below 2,6-DNT detection limit of 0.55 ug/L. 
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Column AI Column Bl 
Throughput Throughput 

Volume Volume 
(ga 1) (ga 1) 

0 0 
60 12 

1440 288 
2160 432 
2880 576 
3600 720 
4320 864 
4680 936 
5040 1008 
5760 1152 
6480 1296 
7200 1440 
7920 1584 
8640 1728 
8760 1752 
9360 1872 
10080 2016 
10800 2160 
10920 2184 
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Date 

7 September 1989 

8 September 1989 
9 September 1989 

10 September 1989 

II September 1989 

12 September 1989 

13 September 1989 

14 September 1989 

15 September 1989 

Table C-7 

Field Laboratory Results for 1,3-DNB 
From Test One at MAAP 

Atochem, Inc. Atochem, Inc. 
GAC 830 GAC 830 
1. 0 gpm 0.2 gpm 

-------------- --------------
GAC Column Column AI Column 81 

Influent Effluent Effluent 
Concentration Concentration Concentration 

Time (ug/L) (ug/L) ( ug/ LJ 

18:00 PH 1.96 
19:00 PH < < 

·18:00 PM 2. 77 < < 
6:00 AM < 

18:00 PH < < < 
6:00 AH 3.23 

18:00 PH 2.96 < < 
24:00 PH < < 
6:00 AM < 

18:00 PH < < < 
6:00 AH 5.72 

18:00 PM 2.84 < < 
6:00 AM 6.26 

18:00 PH 3.09 < < 
20:00 PM < 
6:00 AH 1.72 

18:00 PH 7.73 < < 
6:00 AM 7.72 < < 
8:00 AM < < 

Notes: -- = No sample collected. 
< = Below 1,3-DNB detection limit of 0.61 ug/L . 
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Column AI Column Bl 
Throughput Throughput 

Volume Volume 
(ga 1) (ga 1) 

0 0 
60 12 

1440 288 
2160 432 
2880 576 
3600 720 
4320 864 
4680 936 
5040 1008 
5760 1152 
6480 1296 
7200 1440 
7920 1584 
8640 1728 
8760 1752 
9360 1872 
10080 2016 
10800 2160 
10920 2184 



Date 

7 September 1989 

8 September 1989 
9 September 1989 

10 September 1989 

11 September 1989 

12 September 1989 

13 September 1989 

14 September 1989 

15 September 1989 

Table C-8 

Field Laboratory Results for 1,3,5-TNB 
From Test One at MAAP 

Atochern, Inc. Atochem, Inc. 
GAC 830 GAC 830 
1.0 g~ 0.2 gpll 

-------------- --------------
GAC Column Column AI Column Bl 

Influent Effluent Effluent 
Concentration Concentration Concentration 

Time (ug/L) (ug/L} (ug/Ll 

18:00 p" 17.5 
19:00 p". < < 
18:00 p" 24.7 < < 
6:00 Af1 19.1 

18:00 p" 24.2 < < 
6:00 Af1 20.7 

18:00 p" 19.2 < < 
24:00 p" < < 
6:00 Af1 21.7 

18:00 p" 19.9 < < 
6:00 A" 21.1 

18:00 p" 21.6 < < 

6:00 "" 23.6 
18:00 p" - 22.7 < < 

20:00 "" < 
6:00 A" 22.7 

18:00 p" 23.1 < < 
6:00"" 22.6 < 0.592 
8:00 "" < < 

Notes: - • No sample collected. 
< • Below 1,3,5-TNB detection limit of0.66 ug/L. 
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Column AI Column Bl 
Throughput Throughput 

Volume Vo 1 ume 
(gal} (ga 1) 

0 0 
60 12 

1440 288 
2160 432 
2880 576 
3600 720 
4320 864 
4680 936 
5040 1008 
5760 1152 
6480 1296 
7200 1440 
7920 1584 
8640 1728 
8760 1752 
9360 1872 
10080 2016 
10800 2160 
10920 2184 
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Date Time 

7 September 1989 18:00 PH 
19:00 PH 

8 September 1989 18:00 PH 
9 September 1989 6:00 Al1 

18:00 PH 
10 September 1989 6:00 AH 

18:00 PH 
24:00 Pll 

II September 1989 6:00 AH 
18:00 PH 

12 September 1989 6:00 AH 
18:00 PH 

13 September 1989 6:00 Al1 
18:00 PH 
20:00 PPI 

14 September 1989 6:00 Al1 
18:00 PH 

15 September 1989 6:00 Al1 
8:00 Al1 

Table C-9 

Field Laboratory Results for NB 
From Test One at MAAP 

Atochem, Inc. Atochem, Inc. 
GAC 830 GAC 830 
1.0 gpm 0.2 gpm __________ ,. ___ 

--------------
GAC Column Column A1 Column 81 

Influent Effluent Effluent 
Concentration Concentration Concentration 

(ug/L) (ug/L) (ug/Ll 

< 
< < 

< < < 
< 
< < < 
< 
< < < 

< < 
< 
< < < 
< 
< < < 
< 
< < < 

< 
< 
< < < 
< < < 

< < 

Notes: -- = No sample collected. 
<=Below NB detection limit of 1.13 ug/L. 
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Column A1 Column 81 
Throughput Throughput 

Volume Volume 
(ga 1) (gal) 

0 0 
60 12 

1440 288 
2160 432 
2880 576 
3600 720 
4320 864 
4680 936 
5040 1008 
5760 1152 
6480 1296 
7200 1440 
7920 1584 
8640 1728 
8760 1752 
9360 1872 
10080 2016 
10800 2160 
10920 2184 
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Table C-10 

May 1990 
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Field Laboratory Results fo_r E~losives 
From Test One at MAAP 

Atochem, Inc. Atochem, Inc. 
GAC 830 GAC 830 
1. 0 gpm 0.2 gpm 

-------------- ·-------------
Column A2 Column 82 
Effluent Effluent 

Concentration Concentration 
Time Explosives ( ug/ L) (ug/L) 

IS September 1989 8:00 All TNT < <-
ROX < < 
HI! X < < 

Tetry 1 < < 
2,4-DNT < < 
2,6-DNT < < 
1, 3-DNB < < 

1,3,5-TNB < < 
NB < < 

Note: < = Below explosive detection limit. 
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Table D-1 

May 1990 
Revision: Final 

Field Laboratory Results for TNT 
From Test Two at MAAP · 

Atochtt~, Inc. Colgan 
GAC 830 rlltruorb JOO 
0. 7 91111 o.7 91111 ....................... ... ................................. 

GAC Cal..., Cal- AI Col- 81 Influent Colu., 
Influent ((fluent Effluent Woter Throughput 

Concentrahon Concentration toncentrot I on Tetoperature ~ol.,., 

Date Tl• (ug/L) (ug/L) (ug/L) (deq F) (gall 

19 Sopteobtr 1989 17:30 .... 1]7 < < 83.7 42 
20 Septeobor 1989 4:30 All 128 71.2 501 

16:30 '" 432 c < 91.8 1008 

21 Septeabtr 1989 4:30 All 152 1C.2 1512 

16:30 .... 158 < < 96.2 2016 

22 Septtlbor 1989 1:30 All 199 81.2 2520 

16:30 .... 509 < < 81.9 3024 

23 Sopttlber 1989 4:30 All 507 78.9 3528 
16:l0 .... 162 < < 81.7 4032 

24 Sopttlber 1919 4:30 All 171 62.2 1536 

16:30 .... 156 < < 71.2 5040 

25 Septtlber 1989 4:30.,. < < 71.0 5541 

16:30 .... 503 < < 77.4 60U 

26 Septtlber 1989 1:30 All c < 71.7 6552 

16:30 .... 199 < < 86.1 7056 

27 Septtlber 1989 1:30 All < 67 .l 7560 

16:30 .... 522 < < 85.2 8061 

28 Septtlbor 1989 1:30 All < < 71.8 8568 

16:30 .... 199 < < 75.0 9072 

29 Septdllor 1989 1:30 All < < 72.3 9576 

16:30 '" 598 c < 77.6 10080 

30 Septeobor 1989 1:30 All < < 75.0 10581 

16:30 .... 621 < < 79.0 11088 

I October 1989 1:30 .,. < c 17 .Q 11592 

16:30 '" 563 < o.aos 93.0 12096 

2 October 1989 1:30 All < < 12.0 12600 

16:30 '" 522 < c 91.6 13101 

3 October 1989 1:30 All c < 71.1 13608 

16:30 '" 533 c < 96.7 11112. 

I October 1989 1:30 oYI < c 67.3 11616 

16:30 '" 569 < c 19.9 15120 

5 October 1989 16:30 '" 58& < c 93.1 15128 

6 October 1989 2:30 oYI 556 71.2 16511 

1:30 "" c c 70.5 t&m 

Notes: --- = No sample collected. 
<=Below TNT detection limit of0.78 ug/L. 

D-1 
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Table D-2 

Field Laboratotw Results for RDX 
From Test o at MAAP 

Atochtll, Inc. Calgon 

GAC 830 rnvuortl 300 

0.7 ~~ 0.7 ,,. ....................... ...................... 
GAC Coha'l Col- AI Col- II lnflutftt 

lnflullllt Elflufftt Effluent Wlttr 
Cone tnt ret l 011 Conctntrtt 1011 Content rat 1011 le.pentu,.. 

Oltt fl• (UV/L) <uvtLl (llg/l) (d" f) 

19 Septnober 1989 17:30 "" 507 c c 83.1 

ZO Stptnbtr 190 4:30 M ''" 71.2 

16:30 "" 501 c < 91.1 

21 Septnbtr 1989 1:30 M 191 14.2 

16:30 "" 198 < c 96.2 
22 Septnober UU 4:30 All 527 81.2 

16:30 "" 542 c < 81.9 

Zl Septnbtr 1981 1:30 All Sl4 "·' 16:30 "" 522 1.17 0.543 &1.7 

21 Stptlllkr US9 4:30 M 502 6Z.Z 
16:30 "" 507 c < 74.2 

25 Sept.-bor 19&9 4:30 M < 1.16 71.0 

16:30 "" 539 < 1.04 11 •• 
U Sept.-hr 19&9 4:30 All < < 74.7 

16:30 PI! 53Z < < 86.4 

27 Septeoober 1989 1:30 All < 67.3 
16:30 PI! 51& < 1.01 as.2 

21 Stptnober 1919 4:30 All < c 71.1 

16:30 "" 519 0.692 1.06 75.0 

29 Septt'IIMr 19&9 1:30 M 0.611 0.611 72.3 

16:30 "" 514 0.511 0.543 77.1 
30 Septt'IIMr 1919 1:30 All < < 75.0 

16:30 "" 571 c < 79.0 

I October 1989 4:30 All < o.7zt n.o 
16:30 "" 581 0.655 l.DI 93.0 

2 Octolltr 1919 4:30 All < < az.o 
16:30 "" 540 < < 91 •• 

3 Octolltr 19&9 4:30 All c < 1\.& 

16:30 "" 551 c c 96.7 
4 Octobtr 1919 1:30 All < c 67.3 

16:30 "' 569 < < 19.9 
5 Octolltr 19H 16:30 "" 56~ < 0.618 93.1 
6 Oclober 1919 2:30 All 569 71.2 

•:30 All < < 70.5 

Notes: - • No sample collected. 
<=Below RDX detection limit of0.63 ug/L. 
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Col..-
Tllro..oghllllt 
~.,.. 

(gal) 

42 
504 
1001 
1~12 

2016 
zszo 
3024 
ma 
4032 
1536 
5040 
5544 
6041 
6552 
7056 
7560 
1061 
8561 
9072 
9576 

10010 
10514 
\1011 
m92 
12096 
12600 
13104 
13601 
11112 
!f6!6 
15120 
16121 
1651& 
166~ 
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Date TiM 

19 Septreber 1989 17:30 "" 
20 Septeool>er 1919 1:30 ~ 

16:30"" 
21 Septellber 1989 4:30 ~ 

16:30 PM 
22 Sept..Oer 1989 1:30 M 

16:30 PM 
23 Septmer 1989 1:30 M 

16:30 PM 
Z' Stptealler 1989 1:30 M 

16:30 "" 
25 Septnbe r 1989 1:30 ~ 

16:30 "" 
26 Sept.-ber 1989 1:30 ..... 

16:]0 "" 
Z1 SeptN!Ier \989 4:30 .... 

16:30 "" 
21 Septeaber 1919 1:30 .... 

15:30 "" 
29 Septeool>er 1989 1:30 ..... 

16:30 "" 
30 Sept..t>er 1919 1:30 .... 

16:30 "" 
1 O.:tober 1989 1:]0 ..... 

15:30 PM 
2 O.:tober 1989 1:30 .... 

16:30 "" 
3 October 1989 1:30 .... 

16:30 PI! 
I October 1989 1:30 M 

16:30 "" 
5 0.: t ober 1989 16:30 "" 
6 October 1989 2:30 ..... 

1:30 ~ 

Table D-3 

Field Laboratory Results for HMX 
From Test Two at MAAP · 

Atochn, Inc. Calgon 
6AC 830 f 11 t rasorb JOG 
0.7, ... a.7,,. ......................... .. ........................... 

&AC Col.- Col.- AI Col.., II Influent 
Influent Effluent Ufluent Water 

toncontratlon toncentrat I on toncontratlon T-reture 
(ug/ll tug/L) (ug/L) (deg F) 

],6) c c 1]. 7 
3.61 11.2 
J.so c c 91.1 
3.C4 71.2 
3.17 c c 96.2 
3.42 11.2 
3.11 < c ,.., 
3.61 71.9 
3.39 c c 81.7 
].57 6Z.2 
3.65 c c 74.2 

< < 71.0 
).51 < < 77.4 

< c 74.7 
l.S7 < c ••• 

c 67 ,] 
3.60 c c as.2 

< < 71.1 
].57 < < 75.0 

< < 72.] 
3.91 < < 17.6 

< < 75.0 
3.14 < c 79.0 

< < 17.0 
1.11 < < 93.0 

c < 82.0 
1.11 < c 91.6 

< < 11.1 
3.17 < < 96.7 

< < 61.] 

1.31 < < 89.9 
1.11 < c 93.1 
3.11 71.2 

c < 70.5 

Notes: ••• "' No sam~ollected. 
< = Below . detection limit of 1.30 ug/L. 
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Col.-
, I"'Ughput 

Vol-
(gal) 

42 
504 
1008 
1512 
2016 
2520 
]OlC 
JSZI 
1032 
1536 
5040 
5561 
60'8 
6552 
7056 
7560 
1064 
1561 
9072 
9576 

IGGaO 
10511 
11088 
11592 
12096 
12600 
13104 
13601 
14112 
11116 
15120 
16121 
16511 
16632 



TableD-4 

Field Laboratory Results for Tetryl 
From Test Two at MAAP 

Atoch8, Inc. Calgon 
GAC 830 Fil truorll 300 
0.7 g~ 0.7 g~ 

-------------- ------------
liAC Col,_ Col,_ •1 Col,_ .81 lnflyent 

lnflYent Effluent Effluent Vater 

May 1990 
Revision: Final 

Col.., 
Throughput 

Concentrat !on Concentrat !on C011cent rat 1011 Taperatyre VolUM 
DIU Tl• (ug/L) (ug/Ll (ug/L) (deg n (gal) 

19 Sept ... r 1989 17:30 "" < < < 1].7 62 
20 Septftlllr 1989 6:30 All < 71.2 50. 

16:30 "" < < < 91.8 1008 
21 Septftber 1989 4:30 All < 74.2 1512 

16:30 "" < < < 96.2 2016 
22 Septftber 1989 6:30 All < 14.2 2520 

16:30 "" < < < 14.9 3026 
23 Sept ... r 1989 6:30 All < 78.9 3528 

16:30 PI! < < < 81.7 4032 
26 SeptNber 1989 4:30 All < 62.2 4536 

16:30 PI! < < < 76.2 50.0 
25 Sept ... r 1989 6:30 All < < 76.0 5546 

16:30 "" < < < 77.4 &a.8 
26 SeptNber 1989 4:30 All < < 76.7 6552 

16:30 "" < < < 86.4 7056 
27 SeptNber 1989 4:30 All < 67.3 7560 

16:30 "" < < < 85.2 8014 
28 SeptNMr 1989 4:30 All < < 71.8 8561 

16:30 "" < < < 7S.o 9072 
29 Septear 1989 4:30 All < < 72.3 9576 

16:30 "" < < < 77.6 10080 
30 Septalllr 1989 6:30 All < < 7S.o 10514 

16:30 "" < < < 79.0 liON 
I Octollel' 1989 4:30 All < < 77.0 11592 

16:30 "" c < < n.o 12096 
2 October 1989 4:30 All c < 82.0 12600 

16:30 "" < < < 91.6 lll04 
3 October 1989 4:30 All c < 71.1 1]601 

16:30 "" c < < 96.7 14112 
4 Octollel' 1989 4:30M < < 67.3 14616 

16:30 "" < < < 89.9 15120 
5 October 1989 16:30 PI! < < < n.a 16128 
6 Octoller 1989 2:30 All < 71.2 16548 

4:30 All < < 70.5 16632 

Notes: - = No sa~le collected. 
<=Below etryl detection limit of0.66 ug/L. 

D-4 
1113M2 



I 

1 

I 

Table D-5 

Field Laboratory Results for 2,4-DNT 
From Test Two at MAAP 

Atochee, Inc. CllfOII 
GAC 830 Flltrnoril 300 
o. 7 911'1 o. 7 911'1 

................................... ... ................................. 
GAC Col~ Col..-. AI Col.., 81 

lnflulnt Effluent Effluent 
Concentrlt I on ConcentratIon Concentr1tlon 

o.u Tl• (ug/L) (ug/Ll (ug/LI 

19 Septesber 1919 17:30 "" 10.8 < < 
20 Sept.Uer 1989 4:30 M n.z 

16:30 "" 10.7 < c 

Z I Sept .Uer 1919 4:30 M 10.9 
16:30 "" 10.1 < c 

22 Sept .. ber 1919 4:30 "' 11.9 
16:30 "" 11.4 c < 

Z3 Sept.Uer 1989 &:10 "' 11.9 
16:30 "" 10.5 < < 

24 Septnller 1919 4:30 "' 12.0 
16:30 "" 10.1 < < 

25 Septeeber 1989 4:30 All < < 
16:30 "" 11.5 < < 

26 Sept .. ber 1989 4:30 ..,. < < 

16:30 "" 11.4 < < 
27 Septeeber 1989 4:30 ..,. < 

16:30 Pll II. 5 c < 

za Septeeber 1919 4:30 M < < 
16:30 "" 12.2 < < 

29 Sept.Uer 1989 4:30 .,. < < 

16:30 "" 14.5 < < 
30 Septnller 1989 &:30 "' < < 

16:30 "" 12.1 < < 
I October I 989 4:30 All < c 

16:30 "" 11.7 < < 
2 October 1919 4:30 .,. < < 

16:30 "" 12.0 < < 
3 October 1919 4:30 ..,. < < 

16:30 "' 11.9 < < 

I October 1919 4:30 "' < < 

16:30 P!l 14.9 < < 
5 October 1989 16:30 "' 12.1 c < 

6 October 1989 2:30 "' 12.4 
4:30 .,. < < 

Notes: --- = No sample collected. 
<=Below 2,4-DNT detection limit of0.60 ug/L. 
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Influent Col-
vner ThJ"'IU9hput 

Te.penturt ¥ol-
(det ,, (gil) 

13.7 42 
71.2 SOt 
91.1 1001 
7'.2 1512 
96.2 2016 
au 2520 
14.9 3024 
7&.9 3521 
II. 7 4032 
&2.2 4536 
74.2 so-o 
74.0 5544 
71.& 6041 
74.7 6552 
16.4 7056 
&7.3 7560 
15.2 1064 
71.1 8561 
75.0 9072 
n.1 9576 
71.6 10010 
75.0 10514 
79.0 111111 
77.0 11592 
93.0 12096 
82.0 12600 
91.6 1310t 
71.1 ll601 
96.7 l'liZ 
67.3 U616 
89.9 15120 
93.8 16121 
71.2 m-. 
70.5 16632 
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DIU Tl• 

19 SeptniMr 1989 17:30 "' 
20 Sept-r 1989 4:30 All 

16:30 "' 
21 SeptniMr 1989 4:30 All 

16:30 "' 
22 StptNIItr 1989 4:30 All 

16:30 "' 
2l SeptNIItr 1989 1:30 All 

16:30 "' 
21 Sept-.MP 1919 4:30 All 

15:30 Pll 
25 Septn~Mr 1919 4:30 All 

16:30 "" 
26 Sept~ 1989 1:30 All 

16:30 "' 
27 Sept-.Mr 1919 1:30 .,., 

16:30 "' 
28 Sept -.Mr 1989 4:30 lUI 

15:30 "" 
29 Stpt-.Mr 1989 4:30 All 

16:30 "' 
lO S.pt-.Mr 1989 1:30 All 

16:30 Pll 
I OctoHr 1989 1:30 All 

16:30 "" 
2 October 1989 1:30 All 

16:30 "" 
l October 1989 1:30 lUI 

16:30 "' 
I October 1989 1:30 All 

16:30 "' 
5 October 1989 16:30 "' 
6 October 1919 2:30 All 

4:30 All 

Table D-6 

Field Laboratory Results for 2,6-DNT 
From Test Two at MAAP 

Atoche•. Inc. Calg011 
GAC 830 Flltr11orll lOO 
0.7 , .. 0.7 , .. 

-------------- ............................... 
GAC Colu.. Col.- AI Col.- II lnfluCIIt 

Influent Effluent Efflutllt WlttP 
Cone flit ru I 011 Concentrlt I on ConctntratiOII T-raturt 

("'l/L) ("'l/L) ("'l/L) (dt9 F) 

< < < 83.7 
< 71.2 

• • < 91.8 
< 74.2 

• < < 9&.2 
< 84.2 

• • < 84.9 
< 71.9 
< < < 81.7 
< 62.2 
< < < 74.2 

< < 74.0 
< < • 77.4 

< < 74.7 
< < < 86.4 

< 67.3 
< < < 85.2 

c < 71.1 
< c < 75.0 

c < 72.3 
< < < 77.6 

< < 75.0 
c c c 79.0 

< < 77.0 
< < < 93.0 

c < 12.0 
c < < "91.6 

< < 71.1 
< c < 96.7 

< c &7.] 
< < < 89.9 
< < c 93.8 
< 71.2 

c < 70.5 

Notes: -- ,. No sample collected. 
< .. Below 2,6-DNT detection limit of 0.55 ug/L. 
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Col.-
Tli1'0U9 h put 

Vol.-
(gal) 

42 
soc 
100& 
1512 
2016 
2520 
3024 
3528 
1032 
4536 
5040 
5514 
60C8 
6552 
7056 
7560 
8064 
8561 
9072 
9576 

100&0 
10584 
llOII 
11592 
12096 
12600 
moe 
13601 
II liZ 
11615 
15120 
16128 
1654& 
16612 



l 

• 

Date Thoe 

19 Septeoober 1989 17:30 Pll 
20 Septnller 1989 4:30 AI'! 

16:30 "" 
21 Sept.-Hr 1989 4:30 AI'! 

16:30 "" 
22 Septeaer 1989 4:30 AI'! 

16:30 "" 
23 Septetlber 1989 4:30 All 

16:30 Pll 
24 Sept..O.r 1989 4:30 All 

16:30"" 
25 Septetlber 1989 4:30 All 

16:30 Pll 
26 Sept.,.l~er 1989 4:30 AI'! 

16:30 "" 
27 Sept-.r 1989 4:30 AI'! 

16:30 Pll 
28 Sept..Oer 1989 4:30 AI'! 

16:30 Pll 
29 Septeoober 1989 4:30 All 

16:30 "" 
30 Sept..Cer 1989 4:30 AI'! 

16:30 Pll 
I OCtoHr 1989 4:30 AI'! 

16:30 "" 
2 OCtober 1989 4:]0 AI'! 

16:30 "" 
3 OCtoHr 1989 4:30 All 

16:30 Pll 
4 OCtober 1989 4:30 AI'! 

16:30 "" 
5 OctoHr 1989 16:30 "" 
6 OctoHr 1989 2:30 All 

4:30 AI'! 

Table D-7 

Field Laboratory Results for 1,3-DNB 
From Test Two at MAAP 

AtochHI, Inc. Calgon 
GAC 830 Flltrasortl 300 

0.7 g .. 0.7 g .. -----------··· ...................... 
~c Col.-. Col,_ AI Col.-. Bl Influent 

Influent Effluent Effluent Vater 
Concentrat ton Concentrat ton Concentration f"!lerttUN 

(ug/l) (ug/L) (ug/L) (deg F) 

3.81 c < 13.7 
2.89 71.2 
3.39 c c 91.8 
3.~ 74.2 
7.82 < c 96.2 
3.97 84.2 
1.94 < c 84.9 
4.06 78.9 
6.48 c < 81.7 
4.34 62.2 
]. 79 < < 74.2 

c c 74.0 
8.31 < < 77.4 

< < 74.7 
< < < 86.4 

< 67.3 
4.07 < < 85.2 

< < 71.8 
< < < 75.0 

< < 72.3 
4.31 < < 77.6 

< < 75.0 
].99 < < 79.0 

< < 77.0 
4.02 < < 9].0 

< < az.o 
4.10 < < 91.6 

< < 71.8 
3.97 < < 96.7 

< < 67.3 
4.47 < c 89.9 
2.81 < < u.a 

< 71.2 
< < 70.5 

Notes: -- = No sample collected. 
<=Below 1,3-DNB detection limit of0.61 ug/L. 
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Col..., 
Throug~put 

VolUM 
(gal) 

4Z 
sa. 
1008 
1512 
2016 
2520 
3024 
3528 
4032 
4536 
5a.o 
5544 
6a.8 
6552 
7056 
7560 
8~ 

8568 
9072 
9576 

10080 
10584 
11018 
11592 
12096 
12600 
ma. 
13608 
14112 
14616 
15120 
16128 
16548 
16632 



DIU TiM 

19 Septewaer 1989 17:30 Pll 
20 Septftlltr 1989 4:30 All 

16:30 Pll 
21 SeptNber 1989 4:30 All 

16:30 Pll 
Z2 Septftller 1989 4:30 All 

16:30 Pll 
23 Septftller 1989 4:]0 All 

16:30 Pll 
24 Septttoller 1989 4:30 All 

16:30 Pll 
25 Septttoller 1989 4:30 All 

16:30 "" 
26 Septesber 1989 1:30 All 

16:30 Pll 
27 Septlllber 1919 4:30 All 

16:30 Pll 
21 Sept""" 1989 4:30 All 

16:30 Pll 
29 Septnllar 1989 4:30 All 

16:30 Pll 
30 Septetlber 1989 4:30 All 

16:]0 Pll 
I OctoMr 1919 4:30 All 

16:30 Pll 
2 October 1989 4:30 All 

16:30 Pll 
3 Octobar 1989 4:30 All 

16:30 Pll 
4 October 1989 4:30 "" 

16:30 Pll 
5 October 1989 16:30 Pll 
6 October 1989 2:30 All 

4:30 All 

Table D-8 

Field Laboratory Results for 1,3,5-TNB 
From Test Two at MAAP 

Atachea, inc. Calgon 
GAC 830 F11 trasorll 300 

0.7 , .. 0.7 , .. 

··------------ ------·-------
GAC Colu. Col..., AI Col,_ II Influent 

Influent Effluent Effluent Wattr 
Concltltrnion Concentration Concentration T"C~eruure 

(ug/L) (ug/L) (ug/L) (deg Fl 

zo.9 < < 83.7 
21.5 71.2 
22.7 < < 91.8 
22.1 H.z 
22.7 < < 96.2 
24.2 84.2 
24.9 < < 84.9 
25.9 78.9 
23.6 < < 81.7 
2&.2 62.2 
25.5 < < 74.2 

< < 74.0 
26.7 < < 77.4 

< < 74.7 
26.1 < < 86.4 

< 67.3 
26.4 < < 85.2 

< < 71.8 
27.4 < < 75.0 

< < 72.3 
29.2 < < 77.6 

< < 75.0 
21.5 < < 79.0 

< < 77 .o 
26.7 < < 9].0 

< < az.o 
27.8 < < 91.6 

< < 71.8 
27.4 < < 96.7 

< < 67.3 
30.8 < < 89.9 
27.6 < < 93.8 
27.4 71.2 

< < 70.5 

Notes: - "' No sample collected. 
<"'Below 1,3,5-TNB detection limit of0.56 ug/L. 
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Colu., 
Thi"'Ughput 

Vol-
(gal) 

42 
so. 
1008 
1512 
2016 
2520 
3024 
3528 
4032 
4536 
50.0 
55U 
60.8 
6552 
7056 
7560 
8064 
8568 
9072 
9576 

10080 
10584 
11088 
11592 
12096 
12600 
mo. 
13608 
14112 
1461& 
15120 
16121 
16548 
16632 



! 

• 
• 

f 

l 

l 

• 

• 

Date Ti~ 

19 SeptNber 1989 17:30 '" 
20 Septeeer 1989 4:30 ~ 

16:30 '" 
21 SeptNber 1989 4:30 ~ 

16:30 '" 
22 SeptNber 1989 4:30 ~ 

16:30 '" 
23 Septnller 1989 4:30 ~ 

.16:30 '" 
24 Septftber 1989 4:30 ~ 

16:30 '" 
25 Septftber 1989 4:30 ~ 

16:30 '" 
26 SeptNber 1989 4:30 ~ 

16:30 '" 
27 SeptMber 1989 4:30 ~ 

16:30'" 
28 SeptMbtr 1989 4:30 M 

16:30 '" 
29 Septeeer 1989 4:30 M 

16:30 "" 
30 SeptNber 1989 4:30 ~ 

16:30 "" 
1 Oc:tober 1989 4:30 M 

16:30 "" 
2 Oc:tcber 1989 4:30 ~ 

16:30 "" 
J Oc:tcber 1989 4:30 ~ 

16:30 '" 
4 Oc:tcber 1989 4:30 M 

16:30 '" 
5 Oc:tober 1989 16: JO I'll 
6 Oc:taller 1989 2:30 M 

4:30 M 

Table D-9 

Field Laboratory Results for NB 
From Test Two at MAAP 

Atochelll, Inc. Calgon 
.GAC 830 Ftltrasorb 300 
0. 7 9PII 0.7 9PII 

...................................... ... ............................ 
6AC Cohan Col.., -1 ColUII'I 81 Influent 
lnflue<~t Effluent Effluent Vater 

Con<entrat ion Content rat ion Content ration T011perature 
(ug/l) (ug/l) (ug/ll (deg F) 

< < < 83.7 
< 71.2 
< < < 91.8 
< H.2 
< < < 96.2 
< 84.2 
< < < 84.9 
< 78.9 
< < < 81.7 
< 62.2 
< < < H.2 

< < 74.0 
< < < 77.4 

< < 74.7 
< < < 86.4 

< 67.3 
< < < 85.2 

< < 71.8 
< < < 75.0 

< < 72.3 
< < < 77.6 

< < 75.0 
< < < 79.0 

< < 77.0 
< < < 93.0 

< < 82.0 
< < < 91.5 

< < 71.8 
< < < 95.7 

< < 57.) 
< < < 19.9 
< < < 9).8 
< 71.2 

< < 70.5 

Notes: -- = No sam~e collected. 
< = Below detection limit of 1.13 ug/L. 
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Co1UII'I 
Tllroughput 

¥0111111 
(gal) 

42 
504 
1008 
1512 
2016 
2520 
3024 
3528 
4032 
4536 
5040 
5544 
6048 
6SS2 
7056 
7560 
8064 
8568 
9072 
9576 

10080 
10584 
11088 
11592 
12096 
12600 
ll104 
ll608 
14112 
14616 
15120 
16128 
16548 
16632 
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Table D-10 
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• 

Field Laboratory Results for Explosives 
From Test Two at MAAP 

Atochem, Inc. Atochem, Inc. 
GAC 830 GAC 830 
0.7 gpm 0. 7 gpm 

-------------- --------------
Column A2 Column 82 
Eff 1 uent Effluent 

Concentration Concentration 
Time Explosives ( ug ILl (ug/L) 

6 October 1989 3:15 AH TNT < < 
RDX < 1.16. 
HHX < < 

Tetryl < < 
2,4-0HT < < 
2,6-DHT < < 
1,3-DNB < < 

1,3,5-TNB < < 
HB < < 

Note: < = Below explosive detection limit. 

D-10 
!113M2 



I 

I 

1 

1113M2 

I 

APPENDIXE 

May 1990 
Revision: Final 

FIELD LABORATORY RESULTS FOR EXPLOSIVES FROM 
TEST THREE AT MAAP 





! 

Olte TiM 

't 
• 16 Octo~r 1989 17:00 PI! 

17 October 1989 5:00 ~ 
17:00 PI! 

18 October 1989 5:00 ~ 
17:00 PI! 

19 October 1919 5:00 ~ 
17:00 PI! 

20 October 1989 5:00 PI! 
17:00 PI! 

21 October 1989 5:00 ~ 
17:00 PI! 

I 22 October 1989 5:00 ~ 
17:00 PI! 

23 October 1989 5:00 M 
17:00 PI! 

21 October 1989 5:00 ~ 
17:00 PI! 

25 October 1989 5:00 ~ 
17:00 PI! 

26 October 1989 5:00 ~ 
17:00 PI! 

27 Octob<" 1989 5:00 M 
17:00 PI! 

28 Octo~r 1989 5:00 ~ 
17:00 PI! 

29 October 1989 5:00 ~ 
17:00 PI! 

30 October 1919 5:00 M 
17:00 PI! 

31 October 1989 5:00 M 
17:00 PI! 

I MowNbor 1989 5:00 M 
17:00 I'll 

2 Mow .. ber 1989 5:00 ~ 

17:00 "' 
3 Now .. ber 1989 5:00 ~ 

17:00 I'll 
4 llow .. btr 1989 5:00 ~ 

17:00 PI! 

5 Mo• .. ber 1989 5:00 ~ 
17:00 PI! 

6 Mo•eaber 1989 5:00 ~ 
17:00 I'll 

7 IIOwtllber 1989 5:00 ~ 
17:00 I'll 
23:00 I'll 

8 Mo•eaber 1989 5:00 ~ 
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Field Laborato~esults for TNT 
From Test T ee at MAAP 

Atochn, Inc. Ctlgon 
GAC 830 Filtruorll 300 

0.75 9~ 0.75 9~ 

-------------- ---·--·-······ 
GAC ColUWI Col.., AI Col- 81 Influent Col-

Influent Effluent Effluent Vtter Th.,ughput-

Concentretion Concent rlt ion Concentret ion Tetll)eraturt Volu• 

(119/L> (ug/Ll (ug/L) (deg n (gil) 

600 < < 90.8 0 
< < 83.9 540 

6'4 0.769 1.30 67.7 1010 

628 < < 56.3 1620 
< < 46.4 2160 

2.97 1.05 43.1 2700 

621 4.67 < 50.1 3240 
4.76 < 40.4 3780 

559 2.82 < 65.7 4320 
).97 0.923 H.l 4860 

629 3.75 o. 791 83.8 5400 
).27 < 51.6 5940 

530 3.10 < 90.1 6'80 
3.10 < 72.2 7020 

659 3.77 < 92.7 7560 
2.16 < 73.8 8100 

677 2.42 < 94.6 8640 
2.18 < 56.0 9180 

672 5.91 1.26 92.8 9720 
2.42 < 55.6 10260 

624 2.16 0.960 9).3 10100 
4.43 1.62 53.1 11340 

6&Z 1.19 ).16 91.9 11880 

512 1.15 2.91 54.0 12420 
4.73 2.51 91.6 12960 

637 5.01 2.33 60.3 mao 
1.61 1.91 82.4 14010 
5.11 2.31 55.1 14510 

764 5.00 2.01 15.3 15120 
5.68 1.96 u.o 15660 

768 6.88 3.64 70.5 16200 
1.47 ).0) 40.0 16710 

7)) 1.47 3.32 65.9 17280 

10.9 3.82 13.0 17820 

687 17.9 6.69 6Z.I 18360 
15.1 1.97 34.5 18900 

684 19.6 10.1 60.1 19140 

578 18.4 9.87 39.1 19980 
17. z 9.57 61.3 20520 
II. 4 10.6 63.0 21060 

553 12.0 8.15 77 .I 21600 
13.0 7.54 69.4 22140 

953 25.1 11.7 75.1 22680 
20.1 8.89 72.8 23220 

199 19.2 7.92 82.1 23760 
1.64 ao.a 240)0 
10.7 15.0 71.6 24300 

E-1 



Dltl TIM 

17:00 "" 
9 Move-Hr 1919 5:00 All 

17:00 Pll 
10 ........ 1989 S:OO All 

17:00 Pll 
II More.ber 1989 S:OO All 

17:00 "" 
12 Nov..Oer 1989 S:OO All 

II :00 All 
17:00 Pll 

13 ........ 1989 S:OO"" 
17:00 Pll 

u ........ 1989 5:00 All 

17 :QO- "" 
15 Novnbtr 1989 S:OO All 

1):00 "" 
17:00"" 

16 Nar..O.r 1989 5:00 All 
17:00"" 

20:00 "" 
17 Movftllltr 1919 S:OO All 

U:OOPII 

17:00 "" 
11 ....... 1919 5:00 All 

10:00 All 
13:00PII 
17:00 Pll 

19 NovtiiMr 1919 5:00 All 
17:00PII 

20:00 "" 
21:00 "" 
23:00 Pll 

20 ........ 1919 5:00 All 
1:00 All 

11:00 All 
12:00"" 
14:00 "" 
17:00 Pll 
23:00"" 

21 llawee.r 1989 S:OO All 
II:OOAII 
17:00"" 

22 ---· 1919 
5:00 All 

27 Novnllar 19&9 17:30"" 
28 ....... 1919 S:OO All 

17:00 "" 
29 MowtiiMr 1919 5:00 All 

1133M2 
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May l~~u 
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Field Laboratory Results for TNT 
From Test Three at MAAP 

(continued) 
AtoChell, Inc. C&lgon 

GAC 830 Flltrasorll 300 
0.75 9~ D. 75 91111 

---------··--- --------------
GAC Cah1111 Cal.., AI Col.- 11 !nflutt't Cal.., 

!nfhent Effluent Effluent Vater Throughput 
Concentrlt I.., Concentration Concentrat ton T.-ptroture Vol-

\119/L) (ug/LI (ug/L) (deg F) (gall 

671 10.1 14.2 80.2 21110 
13.1 11.7 42.2 25380 

647 \4.5 !6.1 67.3 25920 
588 U.4 16.1 59.1 26460 

11.6 19.1 70.1 27000 
631 15.7 21.5 64.0 27540 

17.1 23.5 88.2 28010 
642 15.9 11.2 69.5 28620 

19.9 91.5 28890 
16.6 19.7 17,4 29160 

723 !8.1 11. s S9.4 29700 
17.5 22.2 12.9 30210 

702 15.4 IS. 6 77 .I 30710 
22.4 20.1 77.2 31320 

718 29.6 23.4 10.9 31860 
36.1 8l.2 32220 

23.S 42.6 sa. 5 32100 
143 32.& 30.0 47.2 32940 
741 42.7 )1.7 40.6 33480 

46.3 45.6 39.0 33615 
794 54.7 50.5 20.7 34020 

55.0 S4.2 34310 
54.4 61.0 49.5 34560 

792 SO.I 59.1 37.7 35100 
Nl 56.1 35325 .. 66.4 35460 

57.& 61.3 59.1 35640 
742 61.6 65.2 37.7 36180 

5s.a 62.3 71.0 36720 
51.0 59.7 64.7 36855 
5o. a 63.5 36900 
52.1 60.7 59.0 36990 

779 53.0 53.1 56.7 37260 
aa.s 63.1 37395 
5o.a 52.3 75.) 37530 
51.7 12.2 71.5 1m5 

"·' 76.8 &S.4 37665 
42.o 75.6 79.2 37800 
39.4 74.3 60.0 38070 

775 45.9 83.3 51.3 38340 
39.5 73.6 61.2 38610 
39.9 92.1 63.2 38880 
as.a 125 53.2 39420 

709 34.) 32.0 U.9 39443 
7U 39.2 46.1 S9.1 39960 

41.4 68.2 49.3 40500 
753 61.7 87 .1, 21.6 41040 

E-2 
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Field LaboratoTh Results for TNT 
From Test ree at MAAP 

(continued) 

Atoche•. Inc. Calgon 

GAC 830. Fll uasorb 300 
0.75 g~ 0.75 g~ 

-------------· --··------·--· 
&AC Col..., Col..., AI Col.- 81 Influent Colu.n 

Influent Effluent Effluent Water Throughput 

Conctntrat lon Concentration Concentrlt I on T81)erature volUM 

Date Tl• (ug/Ll (ug/Ll (ug/Ll (deg F) (gal) 

11:00 "" 67.4 I~ 44.7 US80 

30 llov .. ber 1919 5:00 Nl 76.6 103 31.2 42120 

17:00 "' 742 68.8 19.3 51.3 42660 

I Oec!NIIer 1919 5:00 Nl 80.4 91.3 33.6 43200 

17:00 "' 72.1 90.7 51.2 43740 

2 Dec !NIItr 1989 5:00 .... 616 76.2 92.3 45.8 44280 

17:00"" 96.1 115 54.9 uazo 
3 Oeceeber 1989 5:00 Nl 92.1 115 23.4 45360 

17:00 "" 713 124 151 35.4 45900 

4 Deceeber 1989 5:00 Nl 959 157 189 26.0 46440 

17:00"' 164 191 57.6 46980 

5 Deceeber 1989 5:00 Nl 1014 172 220 41.9 47520 

17:00"" 159 195 61.5 48060 

6 Deceeber 1989 5:00 Nl 1064 139 166 64.6 48600 

17:00"" llZ 161 70.4 49140 

7 Deceeber 1989 5:00 Nl 824 Ill 130 44.5 49680 

17:00"" 104 164 46.D 50220 

8 Dec .. ber 1989 5:00 Ul 796 109 162 34.5 50760 

17:00"' Ill 154 26.9 5ll00 

9 Oecuber 1989 5:00 Nl 778 .... 235 26.1 51840 

17:00 "' 152 252 44.7 523&0 

10 OeciNIIer 1989 5:00 Nl 915 209 259 34.4 52920 

17:00 "' 184 258 51.1 53460 

11 Dec eeber 1919 5:00 Nl 846 124 217 51.2 S.ooo 
17:00 "" 115 212 4]. 7 54540 

12 Oeceeber 1919 5:00 Nl 1168 232 397 26.0 55080 

17:00"' 227 371 29.1 55620 

13 Doc .. ber 1989 5:00 Ul 1093 97 348 4.0 56150 
9:00 Nl 467 24.0 

10:00 Nl .-u 32.1 

13:30 "' 745 44.9 

17:00 "" 1)4 555 31.5 

14 DeciNIIer 1919 5:00 Ul no 166 309 21.8 

17:00"" IU 356 37.6 

15 Dece•ber 1989 5:00 Nl 415 91.8 193 46.4 

17:00 "' 88.6 192 13.9 

Notes: --- = No sam_ple_taken. 
<=Below TNT detection limit of0.78 ug/L. 

NR = Not reported. 

1133M2 
E-3 



Table E-2 

Field LaboratThr Results for RDX 
from Test ee at MAAP 

Atochew, Inc. Ca1oon 
GAC 830 Flltrnortl 300 
0.75 , .. 0.75 g .. ..................... .. ..................... 

GAC Col..- Col- AI Col- II 
Influent Effluent Effluent 

Concentration Concentration Concet~tratillft 

Dlte TIM (.g{L) lug{L) l.g{L) 

16 October 1919 17:00PII 451 0.151 0.178 
17 October 1989 5:00 foil 0.661 0.551 

17:00 Pll U6 1.27 0.551 
II October 1989 5:00 All Ul o. 705 0.741 

17:00 Pll o. 729 0.619 
19 October 1989 5:00 foil ].12 < 

17:00 Pll 504 ]. 74 1.09 
20 October 1989 5:00 Pll 4.]7 U3 

17:00 Pll 521 1.11 1.13 
21 Octo~er 1989 5:00 All 5. 75 2.10 

17:00 Pll 525 5.91 2.01 
22 Octobef 1989 5:00 All 5.89 1.36 

17:00 Pll 491 6.47 2.01 
23 October 1989 5:00 foil 6.19 2.22 

17:00 Pll 561 8.01 2.17 
24 October U89 5:00 All 5.89 1.76 

17:00 "' 545 6.47 2.43 
25 October 1989 5:00 foil 4.99 2.17' 

17:00"' 535 11.6 3.51' 
26 Octobor 1989 5:00 All 1.51 2.10 

17:00 "' 531 8.27 ].17 
27 October 1989 5:00 All 12.1 6.17 

17:00 Pll 557 1).1 24.1 
28 October 1919 5:00 All 45.9 zs.o 

17:00 "' 560 45.] 24.9 
29 October 1919 5:00 All 602 43.1 24.1 

17:00 Pll 46.4 26.1 
30 October 1989 5:00 All 11.8 25.1 

11:00 Pll 513 47.9 27.5 
31 October 19&9 5:00 All 52.1 27.1 

11:00 Pll 59) 54.5 ]0.4 
I Mownber 1919 5:00 All 49.3 ze.z 

17:00 Pll 592 53.3 31.2 
2 MowNber 1989 5:00 All 53.4 31.1 

17:00 Pll 551 60.2 40.2 
3 MowNber 1919 5:00 All 57.5 46.4 

17:00 "' m 66.5 50.1 
4 Mow .. r 19&9 5:00 All 410 67 .I 41.9 

17:00PII 70.7 52.9 
5 Mownber 19&9 5:00 All 67.2 56.6 

17:00 Pll 482 70.3 59.7 
6 Mow.-ber 1989 5:00 All 71.7 51.1 

17:00 Pll 540 aa.J 60.5 
1 Mow.-ber 1919 5:00 foil 91.4 u.z 

17:00 Pll 531 96.9 &1.5 
23:00 Pll 95 

a -o·-•r 1919 5:00 foil JU Ill 

1133M2 E-4 

i~J.ay .l~:1u 

Revision: Final 

Jnflue~~t Col-
Water Thi'"OU<lh put 

f.-perature VolUM 
(deg F) (gal) 

90.1 0 
83.9 540 
67.7 1080 
56.] 1620 
46.4 2160 
43. I 2700 
50.1 3240 
40.4 3780 
65.7 4320 
47.1 4860 
83.1 5400 
51.6 5940 
90.1 6480 
72.2 7020 
92.7 7560 
7],1 8100 
94.6 8640 
56.0 9180 
92 .a 9720 
55.6 10260 
93.3 10800 
5].4 11340 
91.9 11110 
54.0 12420 
91.6 12960 
60.3 nsoo 
82.4 14040 
55.1 14580 
85.3 15120 
u.o 15560 
70.5 16200 
40.0 16740 
65.9 17210 
43.0 171120 
62.4 11360 
34.5 11900 
60.1 uuo 
39.1 19980 
61.3 20520 
63.0 21060 
77.1 21600 
69.4 Z2140 
75.1 22610 
72.1 23220 
IZ.l 23760 
so. a 24030 
71.6 24300 



I 
:May 1990 

· . Revision: Final 

Table E-2 

Field LaboratoTLr Results for RDX 
. from Test ee at MAAP 

(continued) 
Atochl!ll, Inc. C1lg1M1 

GAC 830 FlltrltOrb 300 
D. 75 gs- 0.75 ,,. 

........................... ------·-------
&AC Coluiln Col.., AI Col.., 81 Influent Cot.., 

Influent Effluent Elflue~~t Water Throughput 
Cllftcentrat ton Concentration Concentru 1on Tftllerature Volll8f 

I Date Ti• (ug/L) (ug/L) (ug/L) (deg n (gal) 

17:00 "" 554 Ill liZ so.z 21UO 
9 llov Nber 1989 5:00 All 1l7 101 42.2 25380 

17:00"" S25 m us 67.3 25920 
IO llovaller 1989 5:00 ..... 483 137 120 59.1 26460 

17:00 "" 138 129 70.1 27000 
II llov.-ber 1989 5:00 AI! 553 Ill 132 64.0 27540 

17:00 "" 158 I3S 88.2 28080 
12 llov..Oer 1989 5:00' ..... 505 159 135 69.5 28620 

II:OOM 159 91.5 28890 

17:00 "" 162 140 87.4 29160 
ll NovNber 1989 S:OO ..... S61 177 141 59.4 29700 

17:00 "" 173 155 82.9 30240 
14 llov..Oer 1989 S:OO ..... 541 191 ISO 77.8 30780 

17:00 "" 201 153 77.2 lll20 
IS Novellber 1989 S:OO ..... 557 209 170 80.9 31860 

13:00 "" NA 83.2 mzo 
17:00"" 207 199 58.5 32400 

16 Nov..Oer 1989 S:OO AM 579 zos 164 47.2 32940 

17:00 "" 594 190 170 40.6 33480 

20:00 "" NR •• 39.0 33615 
17 Novtllber 1989 5:00 All 60S 207 181 20.7 34020 

13:00 "" •• 54.2 34380 

17:00 "" 214 196 49.5 34560 
18 Nov...Oer 1989 5:00 All 558 201 198 37.7 35100 

10:00 All 208 56.1 35325 
13:00 "" 2'20 66.4 35460 
11:00"" 236 2116 59.8 35640 

19 llovtllber 1989 S:OO All 565 226 2116 37.7 36180 
17:00 "" 231 212 71.0 36720 

20:00 "" 225 215 64.7 3685S 
21:00"" 233 63.5 36900 

23:00 "" 250 219 59.0 36990 
20 llo•...Oer 1989 5:00 All 577 253 223 56.7 37260 

8:00 ..... 247 63.1 37395 
11:00 All 271 218 75.3 37530 
12:00 "" 326 269 78.5 3157S 
14:00 "" 305 268 85.4 3766S 
17:00 "" liS 2S6 79.2 37800 

23:00 "" 296 272 60.0 38070 
21 lovftller I 989 5:00 ..... 592 296 27S 51.3 38340 

II :00 M 260 246 61.2 38610 

17:00 "" 212 285 63.2 38180 
22 Mov..Oer 1989 5:00 All lOS 211 53.2 39420 
27 NovNber 1989 11:30 "" 624 223 203 83.9 39443 
28 NovNber 1989 5:00 All 603 260 226 59.1 39960 

17:00 "" 268 259 49.3 40500 
29 Mo•..Oer 1989 5:00 AM 620 272 269 28.6 11040 

E-5 
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Table E-2 

Field Labora~ults for RDX 
from Test at MAAP 

(continued) 

Atochn, Inc. Calgon 
GAC 830 Fll trasorll 300 
o. 75 gs- o. 75 gs-

---------···-- ·-------------
GAC Col.- ColUIII Al ColUIII II !nflutt~t 

Influent Efflulflt Effluent Water 
Concentration Concefttrat I on Concentration T~rature 

Date TIM (ug/L) (ug/L) (ug/L) (deg F) 

17:00 "" 273 280 44.7 
30 lloonber 1919 5:00 "" 261 261 !1.2 

17:00 "" 611 306 216 51.3 
I DtcnHr 1989 5:00"" 325 281 33.6 

17:00 "" 271 244 51.2 
2 OeceUtr 1989 5:00 "" 529 293 213 45.1 

17:00 "" 321 263 54.9 
3 Dec etlber 1919 5:00 "" 299 263 23.4 

17:00 "" 458 323 299 35.4 
I Dec!'llller 1989 5:00 "" 520 292 2U 26.0 

17:00"" 300 287 57.1 
5 Decetlber 1989 5:00 "" 550 ll7 291 48.9 

17:00 "" 351 291 68.5 
6 Dee-r 1989 5:00 "" 575 339 301 64.6 

17:00 "" lSI 27J 70.4 
7 Decnller 1989 5:00 All 183 342 219 44.5 

17:00 "" !12 277 46.0 
8 Decnller 1989 5:00 All Ill 277 219 34.5 

17:00"" 219 240 26.9 
9 DteNber 1989 5:00 All 520 335 339 26.1 

17:00 "" 331 357 44.7 
10 Decaber 1989 5:00 All 515 341 337 34.4 

17:00 "" 3 .. 330 51.1 
II Decftbtr 1989 5:00 All 770 311 389 51.2 

17:00 "" 317 421 4].7 
12 oec-.r 1989 5:00 All &27 419 434 26.0 

17:00 "" 395 405 29.1 
13 ~cetlber 1989 5:00"" 571 311 319 4.0 

9:00 All 441 24.0 
10:00 All 441 32.1 
13:30 Pill 521 44.9 

17:00 "" 316 449 ]1.5 
14 ~celllltr 1989 5:00 All 559 325 332 21.1 

17:00 Pill 317 313 37.6 
IS Dee-r 1989 5:00 All 507 lSI 390 U.4 

17:00 "" 315 344 ll.9 

Notes: - • No sample taken. 
<=Below RDX detection limit of0.63 ug/L. 

NR • Not reported. 
• = A calculated value (peak height). 
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Co!UIII 
TIII"'OJ9hpu t 

Vol-
(gall 

11580 
12120 
12660 
13200 
13740 
44210 
44&20 
45360 
45900 
46140 
46980 
47520 
18060 
48600 
49140 
49680 
50220 
50750 
51300 
51140 
52380 
52920 
53450 
51000 
54540 
55060 
S56ZO 

- 56150 
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Date Ti• 

I 16 Oc Iaber I 989 17:00 PI! 
17 October 1989 5:00 ... 

17:00 PI! 
18 October 1989 5:00 ... 

17:00 PI! 
19 October 1989 5:00 ... 

17:00 PI! 
20 October 1989 5:00 PI! 

17:00 PI! 
21 October 1989 5:00 ... 

17:00 PI! 
22 October 1989 5:00 ... 

17:00 PI! 
23 October 1989 5:00 ... 

17:00 PI! 
24 October 1989 5:oo ... 

17:00 PI! 
25 October 1989 5:00 ... 

17:00 PI! 
26 October 1989 5:00 ... 

17:00 PI! 
27 October 1989 5:00 M 

17:00 PI! 
28 October 1989 5:00 ... 

17:00 PI! 
29 October 1989 5:00 M 

17:00 PI! 
30 October 1989 5:00 M 

17:00 PI! 
31 October 1989 5:00 ... 

17:00 PI! 
I llov..tler 1989 5:00 ... 

17:00 PI! 
2 llov..tler 1989 5:00 M 

17:00 PI! 
3 llov..tler 1989 5:00 ... 

17:00 PI! 
& lloveMer 1989 5:00 M 

17:00 PI! 
5 llo•eMer I 989 5:00 ... 

17:00 PI! 
6 llovnber I 989 5:00 ... 

17:00 PI! 
7 IIOvM!Ier 1989 5:00 M 

17:00 PI! 
23:00 PI! 

8 "••Miler 1989 5:00 M 

1113M2 
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Table E-3 

May 1990 
Revision: Final 

Field Laborato1't. Results for HMX 
from Test ee at MAAP 

Atochetll, Inc. Calgon 
GAC 830 l11trasorb 300 
0.75 9 .. 0.75 g .. 

-------------- ------------·-
GAC ColUWI ColUWI AI CalUWI Bl Influent Cal.-

Influent Effluent Effluent Water Throughput 
Concentration Concentration Concentration T~N~~erature Volu• 

lug/Ll lug/ll (ug/ll (dtg F) (gal) 

3.45 < < 90.8 0 
< < 83.9 540 

3.51 < < 67.7 1080 
&.02 < < 56.3 1620 

< < &6.4 2160 
< < &3.1 2700 

2.7& < < 50.8 3240 
< < &0.4 3780 

3.56 < < 65.7 &320 
< < &7 .I 4860 

3.66 < < 13.8 5400 
< < 58.6 59&0 

3.99 < < 90.1 6480 
< < 72.2 7020 

3.02 < < 92.7 7560 
< < 73.8 8100 

4.32 < < 94.6 8640 
< < 56.0 9180 

3.80 < < 92.8 9720 
< < 55.6 10260 

3. 77 < < 93.3 10800 
< < 53.4 11340 

4.55 < < 91.9 11880 
3.63 < < 54.0 12420 

< < 91.6 12960 
3. 71 < < 60.3 13500 

< < 12.& 14040 
< < 55.1 14580 

4.03 < < 85.3 15120 
< < 63.0 15660 

4.29 < < 70.5 16200 
< < 40.0 16740 

4.25 < < 65.9 17280 
< < 43.0 17120 

4.10 < < 62.4 18360 
< < 3&.5 18900 

1.29 < < 60.8 19UO 
3.11 < < 39.1 19980 

< < 61.3 20520 
< < 63.0 21060 

3.12 < • 77 .I 21600 
< < 69.4 22110 

4.30 < < 75.8 22680 
< < 72.8 23220 

4.21 < < 82.1 23760 
< 80.8 24030 
< < 71.6 21300 

E-7 
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17:00 PI! 
9 ~~ov.-.r l 989 5:00 M 

17:00 PI! 
10 No•I!IIOer 1989 5:00 M 

17:00 PI! 
II llo•eoober 1989 5:00 M 

17:00 PI! 
12 llo•ellier 1989 5:00 M 

II:OOM 
17:00 PI! 

ll llov Nller I 989 5:00 M 
17:00 PI! 

II llo•eoober 1989 5:00 M 
17:00 PI! 

IS llo•NIMr 1989 5:00 M 

ll:oo "" 
17:00 PI! 

16 llovi!IIOer 1989 5:00 M 
17:00 PI! 
20:00 PI! 

17 llovNIMr 1989 5:00 M 
ll :oo PI! 
17:00 PI! 

18 llo•OIIber .1989 5:00 M 
10:00 M 
ll:OO PI! 
17:00 PI! 

19 llovNIMr 1989 5:00 M 
17:00 PI! 
20:0ol PI! 
21:00 PI! 

23:00 "" 
20 llo ...... 1989 5:00 M 

8:00 M 
II :00 M 
12:00 PI! 

14:00 "" 
17:00 PI! 
23:00 PI! 

21 llovnMr 1989 5:00 M 
II:OOM 

17:00 "" 
22 No•NIMr 1989 5:00 M 
27 llo•.-.r 1989 17:30 PI! 
28 llo•nier 1989 5:00 M 

17:00 PI! 
29 No•ellll•r 1989 5:00 M 

1113M2 

Table E·3 

Field Laboratory Results for HMX 
from Test Three at MAAP 

(continued) 
Atochn, Inc. Calgon 

GAC 830 Fll!rasorll 300 
0.75 , .. 0.75 , .. -------------- . ............................. 

~c col..., Col..., AI Col- 81 lnflu111t 
Influent Effluent Effluent Wll.r 

Content rat ton Concentration Cancentrlt tan Teooperature 
(ug/Ll (ug/Ll (ug/Ll (deg F) 

].13 < < 80.2 
< < 42.2 

4.26 < < 67.3 
1.'9 < < 59.1 

< < 70.1 
4.04 < < 64.0 

< < aa.2 
].52 < < 69.5 

< 91.5 
< < 87.4 

3.78 < < 59.4 
< < 82.9 

3.86 < < 77.8 
< < 77.2 

4.30 < < 80.9 
NA 83.2 

< < 58.5 
4.51 < < 47.2 
4. 74 < < 40.6 

NA NA 39.0 
].96 < < 20.7 

•• 54.2 
< < 49.5 

2.41 < < 37.7 
NA 56.1 
Nl 66.4 
< < 59.8 

4.03 < < 37.7 
< < 71.0 

•• •• 64.7 .. u.s 
•• •• 59.0 

4.13 < < 56.7 

•• 63.1 

•• < 75.3 
< < 78.5 
Nl •• 85.1 
< < 79.2 
< < 60.0 

1.91 < < 51.3 
Nl NA 61.2 
< < 63.2 
< < 53.2 

5.18 < < 83.9 
1.47 < < 59.8 

< < 49.3 
4.84 < < 21.6 
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Cal..., 
Tln·ougnput 

valu• 
(gall 

24840 
25380 
25920 
26460 
27000 
27540 
28080 
28620 
28890 
29160 
29700 
30240 
30780 
31320 
31860 
32220 
32100 
32940 
33480 
3361~ 

31020 
34380 
34560 
35100 
35325 
35460 
35640 
36180 
36720 
35155 
36900 
36990 
37260 
37395 
37530 
37575 
37665 
37800 
38070 
38310 
38610 
38810 
39420 
39443 
39960 
40500 
11040 



Table E-3 

Field Laboratory Results for HMX 
from Test Three at MAAP 

(continued) 

Atoch~m. Inc. Calgon 

GAC 830 Fll trasorb 300 
o. 75 gc- 0.75 gc-

·-----·------- ............................ 
GAC Colua'l Col.,., AI Col.,., 81 Influent 

Influent Effluent Effluent Wat~r 

Concentration Concentration Conctntrat ion T~erature 

Date TiM (ug/Ll (ug/Ll (UV/Ll (d~ F) 

17:0D "" < < 44.7 
3D "ov..Oer 1989 5:00 Al1 < < 31.2 

17:0D "" 1.61 < < 51.3 
I Dec..Oer 1989 5:00 M < < 33.6 

17:00 "" < < 58.2 
2 Dec Nber 1989 5:00 Al1 3.85 < < 45.& 

17:00 "" < < 51.9 
3 DecNber 1989 5:DO Al1 < < 23.1 

17:0D "" ID.S < < 35.1 
4 Oeceeber 1989 5:00 M 6.61 < < 26.0 

17:0D "" < < 57.6 
5 Decnber 1989 5:DO M 6.9D < < q,g 

17:00 "" < < 61.5 
6 Dec Nber 1989 5:00 Al1 9.66 < < 64.6 

17:00 "" < < 70.1 
7 Dec .. ber 1989 5:00 Al1 < < < 44.5 

17:00 "" < < 16.0 
8 Dec nber 1989 5:00 Al1 < < < 31.5 

17:00 "" < < 26.9 
9 DecNber 1989 5:00 Al1 < < < 26.8 

17:00 "" < < 41.7 
10 Oecnber 1989 5:00 M < < < 31.4 

17:00 "" < < 51.6 
11 Oecnber 1989 5:00 M < < < 51.2 

17:00 "" < < 13.7 
12 Oeceeber 1989 5:00 Al1 < < < 26.0 

17:00 "" - < < 29.6 
13 Dec .. be r 1989 5:00 M < < < 4.0 

9:00 Al1 < 24.0 
10:00 M < 32.1 

13:30 "" < 41.9 

17:00 "" < < 38.5 
IC Oec .. ber 1989 5:00 M < < < 21.8 

17:00PII < < 37.6 
IS Oecttlbtr 1989 5:00 M < < < 46.1 

17:00 "" < < 13.9 

Notes: -- = No sample_~aken. 
< = Below HMX detection limit of 1.30 ug/L. 

NR = Not reported. 
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Colua'l 
ThroughP\It 

Vol-
(gall 

41580 
42120 
12660 
13200 
137&0 
14280 
11820 
15360 
45900 
46UD 
16980 
47520 
18060 
18600 
49140 
19610 
50220 
50760 
SllOO 
51840 
52380 
52920 
53460 
51000 
54510 
55080 
55620 
56160 



Oate Tille 

16 October 1989 17:00 '" 
17 October 1989 5:00 Nf 

17:00 "" 
18 October 1989 5:00 Nf 

17:00'" 
19 October 1989 5:00 Nf 

17:00 '" 
20 October 1989 5:00 '" 

17:00 '" 
21 October 1989 5:00 ... 

17:00 "" 
22 October 1989 5:00 Nf 

17:00 '" 
23 October 1989 5:00 Nf 

17:00 '" 
24 October 1989 5:00 ... 

17:00'" 
25 October 1989 5:00 Nf 

17:00 "" 
26 October 1989 5:00 ... 

17:00'" 
27 October 1989 5:00 Nf 

17:00 "" 
21 October 1989 5:00 Nf 

17:00 '" 
29 October 1989 5:00 Nf 

17:00 '" 
30 October 1989 5:00 Nf 

17:00 '" 
ll October 1989 5:00 All 

17:00 '" 

I "'"""" 1989 
5:00 ... 

17:00 Pll 
2 110·-· 1989 5:00 ... 

17:00 '" 
l 110•8ber 1989 5:00 Nf 

17:00 '" 
4 llow...,.r 1989 5:00 All 

17:00'" 
5 110•-· 1989 5:00 ... 

17:00 '" 
6 ilo•-r 1989 5:00 M 

17:00 '" 
7 110• Nber 1989 5:00 ... 

17:00 Pll 
23:00 Pll 

8 llo·-· 1989 5:00 M 

1113M2 
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Table E-4 

Field Laboratothr Results for Tetryl 
from Test ee at MAAP 

Atoch~. Inc. Calga~~ 

GAC 830 Flltruorb 300 
0.75 ,,. o. 75 ,,. 

............................ .. .......................... 
liAC Col.., Col.., AI Col- 81 Jnflue~~t 

Influent Elf luent Effluent Water 
Conctntrat ion Conce~~trat ton Concentrat i011 Tt~~~~erature 

lug/Ll (ug/Ll (ug/Ll (deg F) 

33.96 < < 90.8 
< < 83.9 

< < < 67.7 
< < < 56.3 

< < 46.4 
< < 43.1 

< < < 50.8 
< < 40.4 

< < < 65.7 
< < 47. I 

< < < 83.8 
< < 58.6 

< < < 90.1 
< < 72.2 

< < < 92.7 
< < 73.8 

< < < 94.6 
< < 56.0 

< < < 92.8 
< < 55.6 

< < < 93.3 
< < 53.4 

< < < 91.9 
< < c 54.0 

c < 91.6 
< < < 60.3 

< < 82.4 
< < 55.1 

< < < 85.3 
c < 63.0 

< < < 70.5 
< < 40.0 

< c < 65.9 
< < 43.0 

< < < 62.4 
< < 34.5 

< < < 60.8 
< < < 39.1 

< < 61.3 
< < 63.0 

< < < 7 7. 1 
< • 69.4 

< < < 75.8 
< < 72.8 

• < • 82.1 
< 80.8 
< < 71.6 
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Col.-
Throughput 

Vol..-
(gall 

0 
540 
1080 
1620 
2160 
2700 
3240 
3780 
4320 
4860 
5400 
5940 
6480 
7020 
7560 
8100 
8640 
9180 
9720 

10260 
10800 
11340 
11880 
12420 
12960 
13500 
14040 
14580 
15120 
15660 
16200 
16740 
17280 
17820 
18360 
18900 
19440 
19980 
20520 
21060 
21600 
22140 
22680 
23220 
23760 
24030 
24300 



l 

Date 

9 No• e.ber 1989 

10 Nowetlller 1989 

II Now~r 1989 

12 Now.Uer 1989 

13 Nownober 1989 

14 Nownober 1989 

15 No•Nber 1989 

16 Nowetlller 1989 

17 No•nober 1989 

18 Nowellber 1989 

19 Mo•nober 1989 

20 No•nobor 1989 

21 Nownober 1989 

22 Nownober 1989 
27 Nownober 1989 
28 Nownober 1919 

29 NOYnobtr 1989 

1113M2 
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May 1990 
Revision: Final 

Field Laboratory Results for Tetryl 
from Test Three at MAAP 

(continued) 
Atochem, Inc. C1lgon 

GAC 830 Ftllruol'll 300 
0.75 9~ 0.75 , .. 

................................ .. ............................... 
GAC Col..., Col.., AI Col.., II lnfluont Col.., 

lnfluont Effluont Effluont Wlter Tll,ughput 
Concontrat ion Concentration Conct'lltretlon Taperature Vol-

n. {ug/l) {ug/L) (ug/L) (deg f) (gall 

17:00 PM < < < eo.2 24810 
5:00 _.. < < 12.2 25380 

17:00 "" < < < 67.3 25920 
5:00 All < < < 59.1 26160 

17:00 "" < < 70.1 27000 
5:00 All < < < 61.0 27510 

17:00 "" < < 18.2 28080 
5:00 All < < < 69.5 28620 

11:00 All < 91.5 21890 
17:00 PM < < 87 .I 29160 
5:00 All < < < 59.1 29700 

17:00 "" < < 82.9 30210 
5:00 All < < < 77.8 30780 

17:00 PM < < 77.2 J1320 
5:00 _.. < < < 80.9 J1860 

13:00 PM NR 13.2 32220 
17:00 "" < < 58.5 32100 
5:00 All < < < 17.2 32910 

17:00 PM < < < 10.6 ]3480 
20:00 PM NR MA 39.0 33615 
5:00 All < < < 20.7 31020 

13:00 PM NA 54.2 31380 
17:00 PM < < 19.5 34560 
5:00 _.. < < c 37.7 lSIOO 

10:00 _.. MR 56.1 35325 
13:00 PM NR 66.4 35160 
17:00 PM < c 59.8 35610 
5:00 All < < < 37.7 36180 

17:00 PM < < 71.0 36720 
20:00 PM NA NA 61.7 36855 
21:00 PM NR 53.5 36900 
23:00 PM NR MA 59.0 36990 
5:00 _.. < < c 56.7 37260 
.8:00 All NR 63.1 37395 

11:00 All NR < 75.] 37530 
12:00 PM < < 78.5 37575 
14:00 PM NA u 85.1 37665 
17:00 PM < < 79.2 37800 
23:00 PM < < 60.0 38070 
5:00 All < < < 51.] 38310 

11:00 All NA NA 61.2 38610 
17:00"" < < 63.2 38880 
5:00 All < < 53.2 39120 

17:30 "" < < < 83.9 39113 
5:00 All < < c . 59.8 39960 

17:00 PM < < 19.] 40500 
5:00 All < < < 21.6 41010 

E-ll 



Table E-4 

Field Laboratory Results for Tetryl 
from Test Three at MAAP 

(continued) 

AtochN, Inc. Calgon 
GAC 830 F11trasort 300 
0.75 gs- 0.75 gs-.......................... --------------

GAC Col.- Col,... AI Col.- II Influent 
Influent Effluent Effluent Water 

Concentration concentration Concentration T~erature 

Date n. (ug/Ll (ug/Ll (ug/Ll (df9 F) 

17:00 Pll < < U.7 
30 lloY-.r 1989 5:00 All < < 31.2 

17:00 Pll < < < 51.3 
I Oecsber 1989 5:00 All < < 33.6 

17:00 Pll < < 58.2 
2 OecNtler 1989 5:00 All < < < 45.8 

17:00 Pll < < 54.9 
3 DecetiDer 1989 5:00 All < < 23.4 

17:00 Pll < < < 35.4 
4 DecNIIer 1989 5:00 All < < < 26.0 

17:00 Pll < < 57.6 
5 DecNIIer 1989 5:00 All < < < 48.9 

17:00 Pll < < 68.5 
6 OecNIIer 1989 5:00 All < < < 64.6 

17:00 Pll < < 70.4 
7 DecNIIer 1989 5:00 All < < < u.s 

17:00 Pll < < 46.0 
8 OecNIIer 1989 5:00 All < < < 34.5 

17:00 Pll < < 26.9 
9 Oeclllller 1989 5:00 All < < < 26.8 

17:00 Pll < < U.7 
10 OecNIIer 1989 5:00 All < < < ]4.4 

17:00 Pll < < 51.1 
II Dee-r 1989 5:00 All < < < 51.2 

17:00 Pll < < 43.7 
12 DecNber 1989 5:00 All < < < 26.0 

17:00 Pll < < 29.6 
13 OecNIIer 1919 5:00 All c < < 4.0 

9:00 All < 24.0 
10:00 All < 32.1 
13:30 Pll c 14.9 
17:00 Pll < < 38.5 

14 OecNber 1989 5:00 All < c c 21.8 
17:00 Pll c < 37.6 

I 5 DtcNtler 1989 5:00 All < < c 46.4 
17:00 Pll < < 13.9 

Notes: - = No sample taken. 
< = Belolt'Tetryl detection limit of0.66 ug/L. 

NR = Not reported. 
G • Listed but not probable. 
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Col.., 
Throughput 

Vol.-
(gal) 

41580 
42120 
42660 
43200 
43740 
44280 
U820 
45360 
45900 
46440 
46980 
47520 
48060 
48600 
49140 
49680 
50220 

. 50760 
51300 
51840 
SZ380 
52920 
53460 
54000 
51540 
55080 
55620 
56160 
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Table E-5 

Field Laboratory Results for 2,4-DNT 
from Test Three at MAAP 

Atocb .. , Inc. Calgon 

&AC 1!0 Ftltrasorll 300 
o. 75 gpe o. 75 I pit 

........................... --------------
GAC Col- Col.,., AI Col- II 

lnflufftt E-ffluent Effluent 
Concentration Concffttrat ion Conct~ttrat ion 

Date Tt• ("'J/L) (ug/L) (ug/Ll 

1 16 October 1989 17:00 PI! 9.07 < c 
17 October 1989 5:00 All c < 

17:00 PM 9.66 < < 
18 October 1989 5:00 All 9.38 < < 

17:00 PI! < < 
19 October 1989 5:00 All < < 

17:00 PI! 11.5 < < 

20 October 1989 S:OO PM < < 
17:00 PI! 11.4 < < 

21 October 1989 S:OO All < < 
17:00 PI! 12.2 < < 

I 22 October 1919 5:00 All < < 
17:00 PM 11.5 < < 

23 October 1989 5:00 All < < 
17:00 PM 12.3 < < 

24 October 1989 5:00 All < < 
17:00 PM 12.3 < < 

25 October 1989 5:00 All < < 
17:00 PI! 9.40 < < 

26 October 1989 5:00 All < < 
17:00 PI! 12.] < < 

27 October 1989 5:00 All < c 

17:00 PI! 12.4 c < 
28 October 1989 5:00 All 5.)1 c < 

17:00 PI! < < 
29 October 1919 5:00 All 11.9 < < 

11:00 PI! < < 
30 October 1989 5:00 All < < 

17:00 PM 12.9 < < 
31 October 1989 5:00 All < < 

17:00 PI! 13.4 < < 

1 ••• .. ber 1989 5:00 All < < 
17:00 PI! 13.2 < < 

2 No• .. b• r 1919 5:00 All c < 
17:00 PI! 11.9 < < 

3 No•..Oer 1919 s :00 All < < 
17:00 PM 11.8 < < 

4 No•eeber 1989 5:00 All 9.14 < < 
17:00 PI! < < 

S Noweeber 1989 S:OO All c < 
17:00 PI! 9. 67 c < 

6 NowHbe r 1919 5:00 All < < 
17:00 PI! 14.6 < < 

7 No ... ber 1989 5:00 All < < 
17:00 PI! u.s < < 
23:00 PI! < 

8 No•Hber 1989 5:00 All < < 

E-13 
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lnflufftt Col.-
Water Tllrough~~Ut 

TN~~eruurt VolUM 
(dog F) (gal) 

90.8 0 
13.9 ~0 

&7.7 1080 
56.] 1620 
46.4 2160 
4].1 2700 
50.1 3240 
40.4 3710 
15.7 4]20 
47.1 4860 
u.1 5400 
sa.& 5940 
90.1 6480 
72.2 7020 
92.7 7560 
73.8 1100 
94.6 86<10 
56.0 9110 
92.1 9720 
55.6 10260 
93.] 10800 
53.4 JllfO 
91.9 IIAO 
54.0 12420 
91.6 12960 
60.] moo 
12.4 14040 
55.1 14510 
85.3 15120 
&3.0 15660 
70.5 16200 
40.0 16740 
65.9 17210 
0.0 17120 
62.4 11360 
)4.5 11900 
60.1 19440 
39.1 19980 
61.3 zoszo 
63.0 21060 
77.1 21600 
69.4 22140 
75.1 22610 
72.1 23220 
12.1 23760 
80.8 240]0 
71.& 24300 



Table E-6 

Field Laboratory Results for 2,4-DNT 
from Test Three at MAAP 

(continued) 
Atothft, Inc, Calgon 

SAC 830 Flltruora 300 
0.75 g.- 0.75 , .. .......................... --------------

GAC Col.., Col.., AI Col.- II lnflut~~t 

lnflutllt Efflutllt Effluent Vater 
Conct~~trat 1on Concentrat ton Concentration Tft!Otrnure 

Data Ti• (ug/L) (ug/L) (ug/L) (dog F) 

17:00 Pll 11.1 < < 80.2 
9 Nov..Oer 1989 5:00 M < < 42.2 

17:00 Pll 11.4 < < 67' 3 
10 Nowftber 1989 5:00 M 11.4 < < 59.1 

17:00 Pll < < 70.1 
11 llov ftllar 1989 5:00 M 13.6 < < 64.0 

17:00 Pll < < 88.2 
12 llowftbtr 1989 5:00 All 11.8 < < 69.S 

11:00 M < 91.S 
17:00 Pll < < 87.1 

IJ Nov..Oer 1989 S:OO M 12.7 < < 59.4 
17:00 Pll < < 82.9 

14 llo• ftblr 1989 5:00 M 12.3 < < 77.8 
17:00 Pll < < 77.2 

IS llovftbtr 1989 5:00 M 12.7 < < 80.9 

13:00 "" NR 83.2 
17:00 Pll < < sa. s 

16 NOYftber 1989 5:00 M 13.1 < < 47.2 
17:00 Pll 12.8 < < 40.6 
20:00 Pll NR NR 39.0 

17 lloY..Oar 1981 5:00 M 12.8 < < 20.7 
ll: 00 Pll NR 54.2 
17:00 Pll < < 49.S 

18 lloYftbtr 1989 5:00 M 12.5 < < )7.7 
10:00 M NR 56.1 
ll :00 Pll NR 66.4 
17:00 Pll < < 59.1 

19 llouear 1989 5:00 .,. 1]. 5 < < 37.7 
17:00 Pll < < 71.0 
20:00 Pll NA NR 64.7 
21:00PII NR u.s 
23:00 Pll NR NR S9.0 

20 llo•ftber 1989 5:00.,. 13.1 < < 56.7 
8:00 .,. NA 63.1 

11 :00 .,. NA < 75.3 
12:00 Pll < < 78.5 
14:00 Pll NR NR 8S.4 
17:00PII < < 79.2 
23:00 Pll < < 60.0 

21 llo•ftbtr 1989 5:00 .,. 14.S < < 51.3 
II :00 Ail NR NR 61.2 
17:00 Pll < < 63.2 

22 llo•ftber 1989 5:00 M < < 53.2 
27 llo•e8tr 1989 17:30 Pll 1].0 < < 83.9 
28 llo¥ftbtr 1981 5:00 .,. 13.2 < < 59.8 

17:00 Pll < < 49.3 
29 lloY..Oer 1989 S:OO Nl JJ. 7 < < 28.6 

E-14 
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. Col.-
l'll~hpllt 

Volu• 
(gal) 

24840 
25380 
25920 
26460 
27000 
27540 
28010 
28620 
28890 
29160 
29700 
30240 
30780 
31320 
31860 
32220 
32400 
32940 
33480 
3361S 
34020 
34380 
34560 
35100 
35325 
35460 
35640 
)6180 
36720 
368SS 
36900 
36990 
37260 
37395 
37530 
37575 
37665 
37800 
38070 
38340 
38610 
38880 
39420 
39443 
39960 
40500 
41040 



l 

Table E-5 

Field Laboratory Results for 2,4-DNT 
· from Test Three at MAAP 

(continued) 

~toch ... Inc. Catgon 
&AC 130 Ftttrasortl 300 
o. 75 81111 o. 75 91111 -------------- --------------

&AC Co11181 CofUIII AI Col.- 81 Influent 
Influent Effluent Effluent Wlter 

Concentrlt ion Concentra! 1 on Concentration T~rature 

Date Tl• (ug/L) (ug/L) (ug/L) ldeg F) 

17:00 "' < < U.7 
30 Noveeber 1989 5:00 ... 0.91 !.U 31.2 

17:00 "' 12.8 0.81 1.27 51.3 
I Oecellller 1989 5:00 ... 1.08 1.12 33.6 

17:00 "' o.gg 1.17 58.2 
2 oec et~t~er 1989 5:00 ... II. 7 1.09 1.08 45.8 

17:00"' o. 56 0.68 51.9 
3 Oe<Mber 1989 5:00 ... c 0.72 23.1 

17:00 "' u.z 0.91 I.IJ 35.1 
I Decellller 1989 5:00 ... 13.6 1.17 1.61 26.0 

17:00 "' 1.65 1.65 57.6 
5 Oe<Mber 1989 5:00 ... 1!.9 1.65 !.84 48.9 

17:00 "' 1.56 I. 70 68.5 
6 Oecellller 1989 5:00 ... 13.3 1.38 1.43 64.6 

17:00"' 1.19 1.35 70.4 
7 Oecellller 1989 5:00 ... 10.1 1.67 1.00 u.s 

17:00 "' 0.90 1.4~ 46.0 
8 Oec .. ber 1989 5:00 ... 7.75 < l.IJ 34.5 

17:00 "' < 0.87 26.9 
.9 Oec Mber 1989 5:00 ... 10.6 0.91 1.35 26.8 

17:00 "' o.n 1.52 U.7 
10 Decellller 1989 5:00 ... 22.9 0.19 0.97 34.4 

17:00 "' < < 51.6 
II O.cMber 1989 5:00 ... 9.95 1.01 < 51.2 

17:00 "' 0.79 I. 53 4].7 
12 Deemer 1989 5:00 ... 14.0 1.56 ).15 26.0 

17:00 "' 1.47 < 29.6 
13 OecMber 1989 5:00 ... 15.7 < 3.19 1.0 

9:00 ... 1.57 24.0 
10:00 ... 4.63 32.1 

13:30 "' 8.42 11.9 
17:00"' < 6.8) 38.5 

II Oec .. ber 1989 5:00 ... 13.3 1.7) 3.58 21.8 
17:00"' 1.53 ).76 37.6 

IS Oecellller 1989 5:00 ... 12.6 1.68 ).49 46.1 

17:00"' 3.60 3.60 13.9 

Notes: - "' No sample taken. 
< • Below 2,4-DNT detection limit of 0.60 ug/L. 

NR =Not reported. 
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ColUIII 
l'llroughpu! 

Vol.-
(gal) 

11580 
12120 
12~60 

13200 
13740 
14280 
14820 
15360 
15900 
46140 
16980 
17520 
48060 
18600 
19140 
19680 
50220 
507~0 

51300 
51840 
52380 
52920 
53460 
54000 
51510 
55080 
55620 
56160 



Table E-6 

Field Laboratory Results for 2,6-DNT 
from Test Three at MAAP 

Atochn,• Inc. Cal9011 
GAC 830 Ft ltrasorb 300 
o. 75 91111 o. 75 91111 ............................ -----------·--

!lAC Col.., Col- AI Col_, II lnfluont 
Jnfluont Efflu.nt Efflufftt Water 

COfiCffttrat 1011 Conce~~trat i011 C011centrat 1on f.-perature 
Dati n. {ug/L) {ug/L) (ug/Ll {deg F) 

16 Octoiff 1989 17:00 PI! .. .. < 90.1 
17 October 1989 5:00 All < < 83.9 

17:00 PI! .. < < 67.7 
II October 1989 5:00 .,. < < < 55.] 

17:00 PI! < < 45.4 
I 9 October 1989 5:00 All < < 43.1 

17:00 PI! .. < < 50.1 
20 October 1989 5:00 PI! < < 40.4 

17:00 PI! < < < 65.7 
21 October 1989 5:00 All < < 47 .I 

17:00 PI! .. < .. 83.8 
22 October 1989 5:00 All < < 58.5 

17:00 PI! .. < < 90.1 
23 October 1989 5:00 .,. < < 72.2 

17:00 PI! < < < 92.7 
24 October 1989 5:00 .,. < < 73.8 

17:00 PI! < < < 94.5 
25 October 1989 5:00 All < < 56.0 

17:00 PI! < < < 92.8 
26 October 1989 5:00 .,. < < 55.6 

17:00 PI! < < < 93.3 
27 October 1989 5:00 All < .. 53.1 

17:00 PI! .. < < 91.9 
28 October 1989 5:00 All < < < 54.0 

17:00 PI! < < 91.5 
29 October 1989 5:00 All < < < 50.] 

17:00 Pll < < 82.4 
30 Octoier 1989 5:00 .,. < < 55.1 

17:00 Pll < < < 85.] 
31 October 1989 5:00 All < < 53.0 

17:00 PI! .. ,< < 70.5 
I IIOw.-r 1989 5:00 All < < 40.0 

17:00 Pll < < < 55.9 
2 lkl•.-r 1989 5:00 .,. < < 4].0 

17:00 Pll < < < 62.4 
3 110•-r 1989 5:00 All < < 34.5 

17:00 PI! c < < 50.8 
4 IIO•Nber 1989 5:00 All < < < 39.1 

17:00 Pll < < 51.3 
5 llo•Nber 1989 5:00 .,. < < 63.0 

17:00 PI! < < < 77.1 
6 llo• ellller 1989 5:00 .,. < < 69.4 

17:00 Pll c < < 75.8 
7 llow-r 1989 5:00 All < < 72.8 

17:00 Pll c < < 82.1 
23:00 PI! < 8o·.a 

8 llo• ellller 1989 5:00 All < < 71.5 
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Col-
Through1111t 

Vol-
<gall 

0 
540 
1080 
1620 
2150 
2700 
3240 
3780 
4320 
4860 
5400 
5940 
6480 

. 7020 
7550 
8100 
8640 
9180 
9720 

10250 
10800 
11340 
11880 
12420 
12950 
13500 
14040 
14580 
15120 
15550 
16200 
16740 
17280 
17820 
11350 
18900 
19UO 
19980 
20520 
21060 
21600 
22140 
22640 
23220 
23750 
24030 
24300 



l 

Date Tt• 

t 17:00 "" 
9 No• nber 1989 5:00 "" 

17:00 "" 
10 Novftlller 1989 5:00 "" 

17:00 "" 
11 Nov..O.r 1989 5:00 "" 

17:00 "" 
12 Novttlber 1989 5:00 "" 

11 :00 "" 
17:00"" 

13 IIOvftber I 989 5:00 "" 
17:00 "" 

II Nov..Oer 1989 5:00 "" 
17:00 "" 

I 5 Nowttlber 1989 5:00 "" 
13:00 "" 
17:00 "" 

16 Now..Oer 1989 5:00 "" 
17:00 "" 
20:00 "" 

17 Nov ..Oer 1989 5:00 "" 
13:00 "" 
17:00 "" 

18 Movttlber 1989 5:00 "" 
10:00 "" 
13:00 Pll 
17:00 "" 

19 ........ 1989 5:00 "" 
17:00 "" 
20:00 "" 
21:00"" 
23:00 "" 

20 No• .. ber 1989 5:00 "" 
8:00 "" 

11:00 "" 
12:00 "" 
14:00 "" 
17:00 "" 
23:00 "" 

21 No• .. ber 1989 5:00 "" 
II:OOAM 
17:00 "" 

22 Nov..Oer 1989 5:00 "" 
27 Now .. ber 1989 17:]0 Pll 
28 Now .. ber 1989 5:00 "" 

17:00 "" 
29 lovttlber 1989 5:00 "" 

1113M2 
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Table E-6 

Field Laboratory Results for 2,6-DNT 
from Test Three at MAAP 

(continued) 
Atochem, Inc. Calgon 

GAC 830 filtrasarll 300 
0.75 91111 0.75 91111 

.................................... .. ............................... 
&AC Co1UIIl Col- AI Col.., 81 Influent 

lnfluint Effluent Effluent Water 
Concentration Cancontret ton Concentration T~erature 

(ug/L) (ug/L) !ug/L) {deg F) 

< < < ao.2 
< < 42.2 

< < < 67.3 
< < < 59.1 

< < 70.1 
< < < 64.0 

< < aa.2 
< < < 69.5 

< 91.5 
< < 87.4 

< < < 59.4 
< < 12.9 

< < < 11 .a 
< < 77.2 

< < < 80.9 
NR 83.2 

< < 58.5 
< < < 47.2 
< < < 10.6 

NA NA 39.0 
< < < 20.7 

MA 51.2 
< < '9.5 

< < < 37.7 
MA 56.1 
NA 66.4 
< < 59.8 

< < < 37.7 
< < 71.0 
MA lA 61.7 
lA 6).5 
MA NR 59.0 

< < < 56.7 
NA 63.1 
NA < 75.3 
< < 78.5 
MA MA 85.4 
< < 79.2 
< < 60.0 

< < < 51.3 
MR lA 61.2 
< < 63.2 
< < 53.2 

< < < 83.9 
< < < 59,8 

< < 19.3 
< < < 28.6 

E-17 

May 1990 
Revision: Final 

Col.., 
Throughput 

Vol-
(gel) 

24840 
25380 
25920 
26460 
27000 
27540 
28010 
28620 
28190 
29160 
29700 
30240 
30780 
31320 
31860 
32220 
32400 
32910 
33180 
33615 
34020 
31380 
]1560 
35100 
35325 
35460 
35640 
36180 
36720 
36855 
36900 
36990 
37260 
37395 
37530 
37575 
37665 
37800 
38070 
38310 
38610 
38880 
39420 
39Ul 
39960 
10500 
11040 



Table E-6 

Field Laboratory Results for 2,6-DNT 
from Test Three at MAAP 

(continued) 

Atochem, Inc. Calgon 

GAC 830 Ft ltruot'i 300 
0.75 91111 0.75 91111 

--------·----- ........................... 
6AC Col.., Col.., AI Col- II [nflulftt 

lnflulftt Ettlulftt Effluent Water 
Concentrat ton Concent r Itt on ConcentriC ton Te.peraturt 

DIU Tt• (ug/L) (ug/Ll (ug/LI (deg Fl 

17:00 PI! < < ~~.7 

30 NowNber 1919 5:00 .,. c < 31.2 
17:00 I'll < < < 51.3 

I DecNkr 1989 5:00 .,. < < ]].6 
17:00 PI! < < 58.2 

2 DKNber 1989 5:00.,. < < < 45.8 
17:00 PI! < < 54.9 

3 Oecnller 1989 5:00.,.' <. < 23.4 

17:00 "" c c < 35.4 
~ 0Ketlber 1989 5:00 .,. < c c 26.0 

17:00 PI! < < 57.6 
5 Decetlber 1989 5:00 .,. c c c ~8.9' 

17:00 PI! < < 68.5 
6 Oeceeer 1989 5:00.,. < < c 6&.6 

17:00 PI! < < 70.4 
7 Oec..O.r 1989 5:00 .,. < < < u.s 

17:00 PI! < < 46.0 
8 OecNblr 1989 5:00.,. < < < 34.5 

17:00 "" < < 26.9 
9 Oeceeller 1989 5:00.,. < c < 26.8 

17:00 PI! < c 44.7 
10 Deemer 1989 5:00 .,. c < < 31.4 

17:00 PI! < c 51.6 
II Oec mer 1989 5:00 .,. < < < 51.2 

17:00 PI! < < 13.7 
12 oec.-er 1989 5:00.,. c < < 26.0 

17:00 "" < < 29.6 
13 OK.-er 1989 5:00 .,. c < < 4.0 

9:00 .,. c 24.0 
10:00 .,. c 32.1 
ll: 30 PI! < 44.9 
17:00 PI! < c 38.5 

I~ OK.-er 1989 5:00 .,. c c < 21.& 
17:00 PI! < < 37.6. 

15 OK..,er 1989 5:00 .,. < c c 46.4 
17:00 PI! < < 13.9 

Notes: - = No sample taken. 
< a Below 2,6-DNT detection limit of 0.55 ug/L. 

NR = Not reported. 

E-18 
1113M2 

May 1990 
Revision: Final 

Colu., 
Tlu'oug~!M't 

VO!UM 
(gal) 

usao 
42120 
42660 
~3200 

C37CO 
u2ao 
4~azo 

45360 
45900 
4~~0 

46980 
47520 
48060 
48600 
49140 
49680 
50220 
50760 
51300 
51840 
52380 
52920 
53~60 

51000 
54510 
55080 
55620 
56160 



One n .. 

16 October 1989 17:00 "" 
17 October 1989 5:00 M 

17:00 "" 
18 October 1989 5:00 M 

17:00 "" 
19 October 1989 5:00 M 

17:00 "" 
20 October 1989 5:00 "" 

17:00 "" 
21 Octob.- 1989 5:00 M 

17:00 "" 
22 October 1989 5:00 M 

17:00 "" 
23 October 1989 5:00 M 

17:00 "" 
24 October 1989 5:00 M 

17:00 "" 
25 October 1989 5:00 M 

17:00 "" 
26 October 1989 5:00 M 

17:00 "" 
27 October 1989 5:00 M 

17:00 "" 
28 October 1989 5:00 M 

17:00"" 
29 October 1989 5:00 M 

17:00 "" 
30 October 1989 5:00 M 

17:00 "" 
31 October 1989 5:00 M 

17:00 "" 
1 lloveaber 1989 5:00 M 

17:00 "" 
2 Noveab.- 1989 5:00 lUI 

17:00"" 
3 llo .. uer 1989 5:00 M 

17:00 "" 
4 Nov..Oer 1989 5:00 lUI 

17:00 "" 
5 llo• ..o.- 1989 5:00 lUI 

17:00"" 
6 llov .. ber 1989 5:00 M 

17:00 "" 
1 Nov .. ber 1989 5:00 lUI 

17:00 "" 
23:00"" 

8 llo•ftber 1989 5:00 M 

1113M2 
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Table E-7 

Field Laboratory Results for 1,3-DNB 
from Test Three at MAAP 

Atachn, Inc. C1lp 
&.IC 830 Ftltrnorb 300 
0.75 g .. 0.75 g .. 

-------------- ... .................................... 
GAC Col_, Col_, AI Col_, II Influent 

Influent £fflulflt Efflultlt Vater 
Concentration Concentration Conce~~trat ion Tflllllrlture 

(ug/ll (ug/l) (ug/l) (deg F) 

2.57 < < 90.8 
< < 13.9 

3.03 < < 67.7 
3.37 < < 56.3 

< < 46.4 
< < 43.1 

2.90 < < 50.8 
< < 40.4 

4.22 < < 65.7 
< < 17.1 

4.08 <· < 83.8 
< < 58.6 

3.88 < < 90.1 
< < 72.2 

3.30 < < 92.7 
< < 73.8 

4.19 < < 91.6 
< < 56.0 

4.10 < < 92.8 
< < 55.6 

3.63 < < 93.3 
< < 53.4 

4.10 < < 91.9 
3.65 < < 54.0 

< < 91.6 
3.45 < < 60.3 

< < 12.4 
< < 55.1 

2.52 < < 85.3 
< < &l.O 

4.30 < < 70.5 
< < 40.0 

3.74 < < 65.9 
< < 43.0 

4.21 < < 62.4 
< < 34.5 

4.19 < < 60.8 
2.80 < < 39.1 

< < 61.3 
< < 63.0 

< < < 17.1 
< < 69.4 

3.49 < < 75.8 
< < 72.8 

1.29 < < ez.l 
< 80.8 
< < 71.6 
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Colu.~ 

Throughput 
VOl liM 

(gel) 

0 
540 
1080 
1620 
2160 
2700 
3240 
3780 
4320 
4860 
5100 
5940 
6180 
7020 
7560 
8100 
8640 
9110 
9720 

10260 
10800 
11340 
11810 
12420 
12960 
13500 
14010 
14580 
15120 
15660 
16200 
16740 
17210 
17820 
11360 
18900 
19440 
19980 
20520 
21060 
21600 
22140 
22680 
23220 
23760 
24030 
24300 



Table E-7 

Field Laboratory Results for 1,3-DNB 
from Test Three at MAAP 

(continued) 
Atoch .. , Jnc. Calgon 

GAC 830 Fll truorll 300 
0.75 , .. 0.75 , .. 

. ------------- -------------
iOAC Col,_ Col ... Al Coli.WI 11 Influent 

Influent £ff1utnt Effluent Water 
Concentration Concentration Conctntrat ton r...,erature 

Date Tt• !ug/L) (ug/L) (ug/L) (deog f) 

17:00 PI! 4.35 < < 80.2 
9 llov.-.r 1919 5:00 All < c 42.2 

17:00 PI! 4.30 < < 67.3 
10 llov.-.r 1919 5:00 ... 4.08 < < 59.1 

17:00 PI! c c 70.1 
II llov.-.r 1989 5:00 ... 4.50 < c 64.0 

17:00 PI! < < 88.2 
12 llov.-.r 1919 5:00 ... 3.97 < < 69.5 

ll:OO.vl < 91.5 
17:00 "" < < 87.4 

13 llov.-.r 1919 5:00 ... 1.22 < < 59.4 
17:00 PI! < < 82.1 

14 llov.-.r 1919 5:00 ... 4.29 < < 77.8 
17:00 "" < < 17.2 

15 llov.-.r 1919 5:00 ... 4.51 < < 80.9 
ll :00 PI! NR 83.2 
17:00"" < < 51.5 

16 ~~ov.-.r 1919 5.:00 ... 1.71 < < 47.2 
17:00 PI! 1.45 < c 40.6 
20:00 PI! •• NR 39.0 

17 llovftlller 1919 5:00 ... 4. 35 < < 20.7 
1]:00 "" ·-- NR sa.z 
17:00 PI! < < 49.5 

18 llovftlller 1919 5:00 All 4.21 < c 37.7 
10:00 ... •• 56.1 
ll :00 PI! •• 66.4 
17:00 PI! < < 59.8 

19 llov.-.r 1919 5:00 ... ].97 < c 37.7 
17:00PII < < 71.0 
20:00 PI! NR NR 64.7 
21:00 PI! NA u.s 
23:00 PI! Nl NA 59.0 

20 _..._, 1989 5:00 ... 4.l2 < < 56.7 
1:00 ... ••• 63.1 

ll:OOAII NA < 75.3 
12:00 "" < < 71.5 
14:00 PI! •• NR as.• 
17:00 "" < < 79.2 
23:00 PI! < < 60.0 

21 lloY- 1989 5:00 ... 10.2 < c 51.] 
11:00 ... •• • • 61;2 
17:00 PI! < < 63.2 

22 llovftller 1919 5:00 ... < c 53.2 
27 llov-.r 1919 17:30 PI! 3.57 < < 8].9 
28 llow ..... r 1919 5:00 ... 5.99 < < §9.8 

17:00 "" < c 49.] 
29 llovOIIMr 1989 5:00 ... 3. 59 < < 28.6 
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ColUIII 
Throughput 

Yol,_ 
(gal) 

24840 
25380 
25920 
26460 
27000 
27540 
28080 
28620 
28890 
29160 
29700 
30240 
30780 
31320 
31860 
32220 
32400 
32910 
33180 
33615 
34020 
31380 
34560 
35100 
35l25 
35'60 
35640 
35180 
36720 
36855 
36900 
36990 
37260 
37395 
37530 
37575 
37565 
37800 
38070 
38340 
38610 
38880 
39420 
39443 
39960 
40500 
41040 
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Revision: Final 

Field Laboratory Results for 1,3-DNB 
from Test Three at MAAP 

(continued) 

Ato<h .. , Inc. Calgan 
&AC 8l0 Flltrnorb 300 

. 0.75 g~ 0.75 g~ 

-------------- -------------
liAC Colue Colue AI Col.- 81 Influent Colue 

Influent Effluent Effluent Wlttr Tllroughput 
C011centrat ton concentration Concentrlt ton Taperatu,.. Vol ... 

Date Tt• {ug/L) {ug/L) {ut/L) (deg F) (gal) 

17:00 "" < < 44.7 41580 
30 NovNber 1989 5:00 M < < 31.2 42120 

17:00 "" 4.52 < < 51.3 42660 

I DecNber 1989 5:00AM < < 33.6 43200 

17:00 "" < < 51.2 43740 

2 Deemer 1989 5:00AM 4.02 < c 45.8 44280 

17:00 "" < < 54.9 14820 

3 Oecnber 1989 5:00 M < < 23.4 45350 

17:00"" 3.50 < < 35.4 45900 

4 Decnber 1989 5:00AM 2.49 < < 26.0 46440 

17:00 "" < < 57.6 46980 
S DecNber 1989 5:00 M 2.94 < < 48.9 47520 

17:00 "" < < 68.5 48060 

6 OecNber 1989 5:00 M < < c 64.6 48600 

17:00 "" < < 70.4 49140 
7 Oecnber 1989 5:00AM c < < 44.5 49680 

17:00"" c < 46.0 50220 
8 Oec Nber 1989 5:00 M < c < 34.5 50760 

17:00 "" < < 26.9 51300 
9 Oecnber 1989 5:00AM 13.9 < < 26.1 51840 

17:00"" < < 44.7 52380 

10 DecNber 1989 5:00 M 7.18 < < ]4.4 52920 

17:00 "" < < 51.6 53460 
11 Decnber 1989 5:00AM 6.19 < < 51.2 54000 

17:00 "" < < 43.7 54540 

IZ DecNber 1989 5:00 M 4. 71 < < 26.0 55080 

17:00"' < < 29.6 55620 
13 Oeceeber 1989 5:00 M 10.7 < < 4.0 56160 

9:00 M < 24.0 

10:00 M c 32.1 
13:30"' < 44.9 

17:00 "' < < 31.5 
14 DecNbtr 1989 5:00 All 6.49 < < 21.1 

17:00 "" < < 37.6 
15 Dec...,er 1989 5:00 M ].91 < < 46.4 

17:00 "' < < 13.9 

Notes: - .. No sample taken. 
< • Below 1,3-DNB detection limit of 0.61 ug/L. 

NR ... Not reported. 
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Table E-8 

Field Laboratory Results for 1,3,5-TNB 
from Test Three at MAAP 

Atoch ... Inc.< CIIIOII 
&AC 830 Ftltr1sor11 300 

0.75 ·~ 0.75 ·~ ........................ --------------
f.AC Col.- Col.- AI . Col.- II lnfhlllt 

Influ111t Effluent Effluent Wlttr 
Conc111tr1tion Concentration Concent r1t ion T~rlture 

01t1 Ti• (ut/Ll (ug/L) (ug/L) (d"l F) 

16 OctoMI' 1989 17:00 Pll 16.1 < < 90.1 
17 October 1989 5:00 All < < 1].9 

17:00 Pll 19.5 < < 57.7 
II October 1989 5:00 All 11.5 < < 56.] 

17:00 Pll < < '6.4 
19 October 1989 5:00 All < < 4].1 

17:00 Pll 25.1 < < 50.1 
20 October I 989 5:00 Pll < < 10.1 

17:00 Pll 25.5 < < 65.7 
21 October 1989 5:00 All < < 17 .I 

17:00 Pll 26.9 < < n.8 
22 October 1919 5:00 All < < 58.6 

17:00 Pll 25.2 < < 90.1 
Zl October 1989 5:00 All < < 72.2 

17:00 Pll 28.1 < < 92.7 
21 October 1989 5:00 All < < 73.1 

17:00 Pll 27.5 < < 94.6 
25 October 19&9 5:00 All < < 56.0 

17:00 Pll 27.2 < < 92.8 
26 October 1989 5:00 All < < 55.6 

17:00 Pll 26.7 < < 9].] 
27 October 1989 5:00 All < < 53.1 

17:00 Pll 21 .a < < 91.9 
21 October 1989 5:00 All 25.1 c < 51.0 

17:00 Pll < < 91.6 
29 October 1989 5:00 All 27 •• < < 60.3 

17:00 Pll c < 82.1 
30 Octow 1989 5:00 All < < 55.1 

17:00 Pll 21.1 0.757 I. 76 15.3 
ll October 1989 5:00 All c < 53.0 

17:00 Pll 21.3 < < 70.5 
I lloYI'Iblr 1989 5:00 All a. 101 < IQ.O 

17:00 Pll 29.5 0.782 c 65.9 
2 NovtMir 1989 5:00 All 0.759 < 13.0 

17:00 Pll 27.9 0.981 0.686 62.1 
J Novlllblr 1919 5:00 All 0.910 o. 759 31.5 

17:00 Pll 27.3 1-11 I.aa 60.8 
I NovtMir 1989 5:00 All 23.7 0.952 0.831 39.1 

17:00 Pll 0-952 1.09 61.3 
5 NovtMir 1919 5:00 All a.aao 0.952 6].0 

17:00 Pll 24.1 0.918 1-04 77 .I 
5 lloYNIIer 1989 5:00 All !.Jl 1.42 69.4 

17:00 Pll 31.1 I. 71 1.61 75.8 
7 lloYtMir 1989 5:00 All !.70 !.62 72.8 

17:00 Pll 29.6 1.89 !. 71 82.1 
23:00 Pll 1.02 · 8o.a 

8 NovtMir 1989 5:00 All 2.36 2.99 71.6 

1113M2 
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Col.-
Throughput 

Vol..., 
(gal) 

a 
510 
10&0 
1620 
2160 
2700 
3240 
3780 
1320 
1860 
5100 
5940 
6480 
7020 
7560 
8100 
8610 
9180 
9720 

10260 
laaOD 
IIllO 
11880 
12120 
12960 
13500 
11040 
11580 
15120 
15660 
16200 
16710 
17210 
17820 
18360 
18900 
19410 
19980 
20520 
21060 
21600 
22110 
226&0 
23220 
23760 
21030 
21300 



l 

Date 

9 Movrllller 1989 

10 Novellller 1989 

II llovNber 1989 

12 Nov .. ber 1989 

13 No•ellller 1989 

U Moveaber 1989 

IS Novellller 1989 

16 Mov..Oer 1989 

17 llovellller 1989 

II Mo•Nber 1989 

19 Mov .. ber 1989 

20 "ovellller 1989 

21 Nov .. ber 1989 

22 Nov .. ber 1989 
27 No•ellllor 1989 
28 NovNber 1989 

29 No• ellller 1989 

1113M2 
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Table E-8 

Field Laboratory Results for 1,3,5-TNB 
from Test Three at MAAP 

(continued} 
ltoch... Inc. talgan 

GAC BlO I Flltruorb 300 
0.75 ~~ 0.75 ~~ ............................. ............................ 

GAC Col..., Col..., AI Col..., 81 Influent 
Influent Effluent Effluent ~ater 

Concentration Concontnt; on Concentrnlon T~raturc 

Ti• (ug/L) {ug/LI (ug/LI (deg Fl 

17:00 "' 27.2 2.22 2.92 80.2 
5:00 All 2.30 2.52 42.2 

17:00 "' 26.0 2.3~ 2.68 67.3 
5:00 All 25.0 2.20 3.08 59.1 

17:00"' 2.13 3. 17 70.1 
5:00 All 28.9 2.35 3.11 64.0 

17:00"' 2.38 3.~6 88.2 
5:00 All 26.7 2.36 3.13 69.5 

ll:OOAII 2.44 91.5 

17:00 "' 2.46 3.48 17.4 
5:00 All 28.2 2.51 3.62 59.4 

17:00"' 2.63. 3.86 82.9 
5:00 All 26.8 2.62 3.49 77.8 

17:00"' 3.11 3.80 77.2 
5:00 All 27.7 3.25 3.92 10.9 

l3 :DO P11 •• 13.2 

17:00 "' 3.16 4.87 58.5 
5:00 All 27.5 3.17 3.85 47.2 

17:00 "' 27.2 3.51 ~.02 ~0.6 

20:00 Pill .. "' 39.0 
5:00 All 28.7 ].81 1.82 20.7 

13:00 Pill NA 54.2 
17:00 Pill 4.15 4.99 49.5 
5:00 ... 25.5 

~-·· 
5.08 37.7 

10:00 All MR 56.1 

13:00 "' MR 66.1 
17 :DO P11 4.~6 5.39 59.8 
5:00 All 29.1 4.59 5.64 37.7 

17:00"' 4.10 5.64 71.0 

20:00 "' •• MR 64.7 

21:00 "' •• 63.5 

23:00"' "' •• 59.0 
5:00 All 27' 6 4, 75 5.79 56.7 
8:00 All •• 63.1 

11:00 All •• 6.09 75.3 

12:00 "' 5.65 7.95 78.5 
14:00"' NA NR 15.1 

17:00 "' 5.52 7.36 79.2 

23:00 "' 5. II 7.60 60.0 
5:00 All 28.8 4.93 8.11 51.3 

II :00 All NR NR 61.2 
17:00"' 4.54 8.08 63.2 
5:00 ~ 6.30 8.12 53.2 

17:30 "' 23.0 4.01 4. 77 83.9 
5:00 M 25.0 4. 35 5.60 . 59.8 

17:00 Pill 4.60 6.85 49.3 
5:00 ~ 27.7 5.25 ) . 38 28.i 
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Col..., 
Throuqh pu I 

VolUM 
(gall 

24810 
25380 
25920 
26460 
27000 
27540 
28080 
28620 
28890 
29160 
29700 
30240 
30780 
31320 
31860 
32220 
32400 
32940 
3)180 
)3615 
34020 
3080 
34560 
35100 
35325 
35460 
35640 
36180 
36720 
]6855 
36900 
36990 
37260 
37395 
37530 
37575 
37665 
37100 
38070 
38310 
38610 
38880 
39420 
39U3 
39960 
•o5oo 
41040 



Table E-8 

Field Laboratory Results for 1,3,5-TNB 
from Test Three at MAAP 

(continued) 

Atoch ... Inc. Ctlgon 

GAC 830 Ftl t~ltOri )00 
0.75 9~ 0.75 9~ 

-------------- -------------
J;AC Col_, Col.- AI Col,_ II Influent 

Influent Efflueftt Effluent lltttr 
Concet~t~lt ton Conctfttratton tonctftt~ltton Teoopereture 

Date Tl• (ug/Ll (ug/Ll (ug/Ll (deg Fl 

17:00 "" 5.)] 7. !19 44.7 
30 -. •••• 1919 5:00 ... 5.76 a. sa 31.2 

17:00 "" 27.3 5.19 8.32 51.) 
1 De<Nkr 1989 5:00 ... 6.38 7.15 3J.6 

17:00 "" 5.94 7.8] 58.2 
2 De<ftller 1989 5:00 ... 25.8 6.19 7.71 45.1 

17:00"' 6.64 8.34 54.9 
3 Decftller 1989 5:00 ... 5.19 8.36 23.4 

17:00"' 2&.9 7.29 9.5) 35.4 
4 Decftller 1989 5:00 ... 28.4 7.80 9.58 25.0 

17:00 "" 7.79 9.54 57.6 
5 Dec.U.r 1989 5:00 ... 21.7 8.59 9.89 48.9 

17:00 "' 8.25 9.81 &a.5 
5 Dec..Ur 1989 5:00 ... 29.5 1.42 9.50 54.6 

17:001'11 7.94 9.44 70.1 
7 Pec...,r 1989 5:00 ... 24.5 9.ll 8.25 44.5 

17:00"' 6.78 9.12 45.0 
8 Oecea.r 1989 5:00 ... 18.1 5.35 7.93 31.5 

17:00 "" 4.95 7.10 25.9 
9 Ot<...,r 1919 5:00 ... 2&.3 a.5& 11.7 2&.1 

17:00 "" 9.28 12.5 44.7 
10 Dt<eeber 1919 5:00 ... 23.1 1.17 11.7 34.4 

17:00 "' 7.95 11.6 51.& 
II De<ah~ 1919 5:00 ... 25.9 1.73 12.5 51.2 

17:00 "' 8.92 12.6 43.7 
12 Oectlllle~ 1919 5:00 ... 31.0 11.1 15.6 2&.0 

17:00 "" 11.2 15.1 29.5 
13 o.c.-.r 1919 5:00 ... 33.7 1.59 1&.2 4.0 

9:00 ... 11.4 21.0 
10:00 ... 11.6 32.1 

ll:30 "' 21.1 44.9 

17:00 "' 9.37 22.1 38.5 
14 Dec...,r 1989 5:00 ... 28.4 10.9 15.& 21.8 

17:00"" 10.5 15.0 37.& 
15 D.cftller 1919 5:00 ... 2&.6 10.8 15.7 46.1 

17:00"' 9.91 "·' 13.9 

Notes: - • No sample taken. 
<=Below 1,3,5-TNB detection limit of0.56 ug/L. 

NR =Not reported. 
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Col.-
T'hi'OU9hput 

Yo1U8e 
(gall 

41510 
42120 
42660 
43200 
43710 
44210 
44820 
45350 
45900 
15440 
45980 
41520 
48050 
48600 
49140 
49610 
50220 
50760 
moo 
51810 
52310 
52920 
53160 
54000 
54540 
55080 
55620 
56160 
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Table E-9 

Field Laboratory Results for NB 
from Test Three at MAAP 

•tochN, Inc. Calp 
&AC 830 Flltruorll 300 
0.75 91111 0.75 91111 

-------------- --------------
6AC Col.., Col.- AI Col_. 81 

Influent Effluent Effluent 
ConcentratIon Concentration Concentration 

Due Ti• (ug/L) !ug/Ll lug/Ll 

15 October 1989 17:00 PI! < < < 
17 October 1989 5:00 AM c < 

17:00 PI! < < < 
18 October 1989 5:00 AM < < < 

17:00 PI! < < 
19 October 1989 5:00 AM < < 

17:00 PI! < < < 
20 October 1989 5:00 PI! < < 

17:00·1'11 < < < 
21 October 1989 5:00 AM < < 

17:00 PI! < < < 
22. October 1989 5:00AM < < 

17:00 PI! < < < 
23 October 1989 5:00 AM < < 

17:00 PI! < < < 
24 October 1989 5:00 AM < < 

17:00 PI! < < < 
25 October 1989 5:00 AM < < 

17:00 PI! < < < 
26 October 1989 5:00 AM < < 

17:00 PI! < < < 
27 October 1989 5:00 AM < < 

17:00 PI! < < < 
28 October 1989 5:00 AM < < < 

17:00 PI! c c 
29 October 1989 5:00AM < < < 

17:00 PI! < < 
10 October 1989 5:00 AM < < 

17:00 PI! < < < 
31 October 1989 5:00 AM < < 

17:00 PI! < < < 
I No•..t>er 1989 5:00 "" < < 

17:00 PI! < < < 
2 llo•-er 1989 5:00 "" < < 

17:00 PI! < < < 
3 No•eQer 1989 5:00 "" < < 

17:00 PI! < < < 
4 No• Rber 1989 5:00 "" < < < 

11:00 PI! < < 
5 llo• .. btr 1989 5:00 "" < < 

17:00 PI! < < < 
6 No• Iaber 1989 5:00 AM < < 

17:00 Pll < < < 
7 !lo• Mber 1989 5:00 AM < < 

17:00 PI! < < < 
21:00 PI! < 

8 llo• Mber 1989 5:00 AM < < 
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Col_. 
Throughput 

fftllerature Vol.-
ldeg F) (gal) 

90.1 0 
13.9 540 
57.7 1010 
55.3 1520 
46.4 2160 
43.1 2700 
50.8 3240 
40.4 3780 
65.7 020 
47.1 4860 
13.8 5400 
58.6 5940 
90.1 6480 
72.2 7020 
92.7 7560 
73.1 1100 
94.6 8640 
56.0 9180 
92.1 9720 
55.6 10260 
93.3 10100 
53.4 11340 
11.9 11880 
54.0 12420 
91.6 12960 
60.3 13500 
12.4 14040 
55.1 14580 
15.3 15120 
n.o 15660 
70.5 15200 
10.0 16740 
65.9 17280 
4].0 17120 
12.4 18160 
14.5 18900 
60.8 19440 
19.1 19980 
61.1 zoszo 
63.0 21060 
77.1 21600 
69.4 22140 
75.8 22.680 
72.1 23220 
12.1 23760 
ao.a 24030 
71.6 2UOO 



DIU Tt• 

17:DO Pill 
9 llo•Nber 1989 5:DO'AII 

17:DO Pill 
10 llo•ftbe• 1989 S:DO All 

17:DO Pill 
II lloYnber I 989 5:00 N4 

17:DO Pill 
12 llo•-.r I 989 S:DO All 

II:DO All 
17:00·PIII 

13 llo•fllller I 989 5:DO All 
17:DO Pill 

14 llo•-· 1989 5:DO All 
17:DO Pill 

IS llovftber 1989 5:DO All 
13:DO Pill 
17:00 Pill 

16 llov..o.r 1989 5:DO All 
17:DOPIII 
20:DO·PIII 

17 llovftbe~ 1989 5:DO All 
13:DOPIII 
17:DO Pill 

18 llo•..o.r 1989 5:DO All 
10:DO All 
13:DO Pill 
17:DO Pill 

19 llovftbe~ 1989 5:DO,. 
17:DO Pill 
20:DO Pill 
21 :DO Pill 
23:DO'PIII 

20 llovftller 1989 5:DO All 
I:DO All 

11 :DO All 
12:DO Pill . 
14:DO Pill 
17:DO Pill 
23:DO Pill 

21 No•ftber 1919 5:DO. All 
II :DO All 
17:DO Pill 

22 llo•Hber 1989 5:00 All 
Z7 llo•-· 1989 17:30 Pill 

28 No·-· 1989 5:DO All 
17:00' Pill 

29 llo•-· 1989 S:Oo All 

1113M2 
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Field Laboratory Results for NB 
from Test Three at MAAP 

(continued) 
AtochN, Inc. Calgon 

GAC 830 Fllt~IIOrb lGO 
0.75 9~ 0.75 g~ ------------- ----------

GAC Col.-. Col.-. A1 Col.-. 11 Influent Col.-. 
Influent Effluent Effluent Water Tlii"'U9h put 

Concen"otton Concentrat ton Conclftt~atton Tftl'lrlture Vol ... 
h19/LI (ug/LI (ug/LI (dl9 Fl {gal J 

c c c ao.2 24110 
< < 42.2 25380 

c < < 67.3 25920 
c < < 59.1 26t60 

< < 70.1 27000 
< < < 64.0 27540 

< < 88.2 28080 
c < < 69.5 28620 

< 91.5 28890 
< < 17.4 29160 

< < < 59.4 29700 
< < 82.9 30240 

< < < 77.8 30780 
< < 77.2 31320 

c < < 80.9 31860 

~· 
83.2 32220 

< < 51.5 324DO 
< < < 47.2 32940 
< < < 40.6 33480 

NA Ml 39.0 33615 
< < < 20.7 34020 

~· 
sa.2 34380 

< < 49.5 34560 
< < < 37.7 351DO 

Nl 56.1 35325 
Nl 66.4 35460 
< < 59.1 35640 

c < c 37.7 36180 
< < 71.0 36720 
Nl •• 64.7 36855 
Nl 63.5 36900 

•• •• 59.0 36990 
c c < 56.7 37260 

NR 63.1 37395 

~· 
< 75.3 37530 

< < 78.5 37575 
Nl Nl 15.4 37665 
< < 79.2 l18DO 
< < 60.0 38070 

< < < 51.3 38310 
Nl Nl 61.2 38610 
< < 63.2 38880 
< < 53.2 39420 

< < < 83.9 39443 
< < < 59.1 39960 

< < 49.3 405DO 
< < < 21.6 41040 
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Table E-9 

Field Laboratory Results for NB 
from Test Three at MAAP 

(continued) 

~toch ... Inc. CalgOI'I 
&AC 830 Flltrasarb 300 
0.75 , .. 0.75 , .. ---------·---- ·--------····· 

liAC tal- Calu. AI Cal,_ II Influent 
Influent Effluent Effluent Water 

1 
COI'IcentrattOI'I COI'IcentrattOI'I CCIIIcontrat 101'1 Te.!~er&ture 

DIU Tl• (ug/Ll (ug/Ll (ug/Ll ldl'!l Fl 

17:00 "" < < 44.7 
lO Movtlliltr 1989 5:00 All < < 31.2 

17:00 "" < < < 51.] 
I Decellller 1989 5:00 All < < 33.6 

17:00 "" < < 58.2 
2 Decellller 1989 5:00 All < < < 15.8 

17:00 "" < < 54.9 
3 Dtcellller 1989 5:00 All < < 23.4 

17:00 "" < < < )5.4 
4 Oetelliler 1989 5:00 All < < < ze.o 

17:00"" < < 57.6 
5 OecNber 1989 5:00 All < < < 48.9 

17:00 "" < < 68.5 
6 oec..Oer 1989 5:00 M < < < 64.6 

17:00 "" < < 70.1 
7 O.celliler 1989 5:00 All < < < u.s 

17:00 "' < < 46.0 
8 O.c..Oer 1989 5:00 All < < < 34.5 

17:00"" < < 26.9 
9 Dec elliltr 1989 5:00 All < < < za.a 

17:00 "" < < 14.7 
10 Oec..Oer 1989 5:00 All < < < 34.4 

17:00 "' < < 51.6 
11 Oecelliler 1989 5:00 All < < < 51.2 

17:00 "" < < 43.7 
12 Deceeber 1989 S:OO M < < < 26.0 

17:00 "' < < 29.6 
13 Dec .. ber 1989 5:00 All < < < 4.0 

9:00 All < 21.0 
10:00 All < 32.1 
13:30 "' < 14.9 

17:00 "" < < 31.5 
II Decellllor 1989 S:OO All < < < 21.8 

17:00 "" < < 37.6 
IS Dectllber 1989 5:00 M < < < 46.4 

17:00 "" < < 13.9 

Notes: --- • No sample taken. 
< = Below NB detection limit of 1.13 ug/L. 

NR = Not reported. 
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CalloW! 
Throughput 

Vol,_ 
(gal) 

415&0 
42120 
42660 
43200 
43710 
14280 
44820 
15360 
15900 
16110 
46980 
41520 
48060 
48600 
49140 
49680 
50220 
50760 
51300 
Sle-D 
52380 
52920 
53460 
54000 
54510 
55010 
55620 
56160 



Table E-10 

Field Laboratory Results for TNT 

May 1~~0 
Revision: Final 

from Test Three at MAAP - Columns A2.. and B2 

A!och ... Inc. (119011 

GAC 8l0 Ftl truor1t 300 
0.7S 91111 0.75 91111 

--·-·-·····- .. - ---·----------
Col.., A2 Col.., 82 

Effluent Effluent 
ConctfltntiOII Concentru ian 

Dltt Tt• !ug/U (Uij/~l 

10 MOYeUer 1989 17:00 "" < < 
II IIOY Nber 1989 5:00 All < c 

17:00 "" < < 
12 liD• Nlltr I 919 5:00 All c c 

17:00 "" < c 
13 MOYNIItr 1989 5:00 All < < 
II IID•NIItr I 919 5:00 All c c 
15 IIDY..Otr 1989 17:00 "" < < 
16 IIDvNIItr 1919 17:00 "" c c 
17 IIDvNHr 1919 17:00 "" c c 
II llovNber 1989 17:00 "" < c 
19 IIDvNIItr 1989 17:00 "" < c 
20 llo•-· 1919 17:00 "" < < 
21 IIDvNber 1919 17:00 PI! < < 
27 IIDv-r 1919 17:30 "' < < 
21 NovNber 1919 17:00 "" < c 
29 llo•Nber 1919 17:00 "" < c 
30 IIDvNIItr 1989 17:00 "" < c 
I Dtcnlltr 1989 11:00 "" < c 
2 Dtcee.r 1919 17:00 "" < c 
3 DtcNIItr 1989 17:00 "" < < 
I DtcNber 1919 17:00 "" < c 
5 OKNber 1919 17:00 "" < c 
I DKNber 1919 17:00 "" < c 
7 DtcNIItr 1919 17:00 "" < c 
I Dec..otr 1919 17:00 "" < < 
9 Dec Nber 1989 17:00 "" < <· 
10 Oe<-r 1919 17:00 "" < < 
II Dee-r 1989 17:00 "" < < 
12 DK-r 1989 17:00 "" < < 
n Doe-r 1989 17:00 "" c 11.0 
II OocNIItr 1919 11:00 "" c < 
15 DtcNIItr 1989 17:00"" < < 

Note: < = Below TNT detection limit of 0. 78 ug/L. 
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Table E-11 

May 1990 
Revision: Final 

Field Laboratory Results for RDX 
from Test Three at MAAP • Columns A2 and B2 

Atoch ... Inc. CtlgOft 
GAC 830 rfltr&IOrD 300 

o. 75 gpa o. 75 gpa ---·--------·- ----------·---
Col.-. AZ Col_, 1Z 

Effluent Effluent 
Concentration COflcentrat ton 

Date T1• (ugH) (ug/L) 

10 No•eeer 1989 17:00 "" 2.3 1.31 
II Nowftbtr 1989 5:00 .,. 1.76 1.07 

17:00 "" 1.74 < 
12 llovnDer 1989 5:00 All < < 

17:00 "" < < 
13 ._.. .... 1989 5:00 All < 1. 54 
!I IIOYftiltr 1989 5:00 M < < 
15 IIOv..Oer 1989 17:00 "" 2.28 1.21 
16 Novaber 1989 17:00 "" 2.18 0.91 
11 Noveeer 1989 17:00 PI! ].24 0.94 
II No .... ,.. 1989 17:00 PI! ).53 1.36 
19 Nowaber 1989 17:00 PI! 2.93 c 

20 No·-·· 1989 17:00 PI! 18.2 10.& 
21 No•eeer 1989 17:00 PI! 1&.6 (3.4 
27 IIOvellller 1989 17:30 "" 11.4 8.41 
28 No•-· 1989 17:00 "" 12.0 1.92 
29 No•eeer 1989 17:00 PI! 9-ZI 7.04 
30 110• ... 1989 17:00 "" 11.7 7.31 
I Oecftbtr 1989 17:00 "" u.J 7.10 
2 Oecellber 1989 l7:00PII 13.5 9.39 
l Oecellber 1989 17:00 "" 14.3 9.49 
4 Oecellber 1989 17:00 PI! 11.1 11-9 
5 Oecftlller 1989 17:00"" 20.1 13.7 
6 Oecftlber 1989 17:00 PI! 21.1 13.0 
7 Decellber 1919 17:00 PI! 37.5 26.2 
8 Oecellller 1989 17:00 PI! 25.0 20.9 
9 Oec-r 1919 17:00 "" 31.1 21.2 
10 Dee-r 1989 17:00 "" 29.2 ]0.0 
II Dee-r 1989 17:00 Pll 36.3 39.4 
12 Dee-r 1989 17:00 PI! ]5.4 42.2 
13 Oecftlber 1989 17:00 PI! 25.9 94.0 
14 Oecftlber 1989 17:00 "" ]3.9 41.9 
15 Oecftlber 1989 17:00 "" 2&.9 «.7 

Note: <=Below RDX detection limit of0.63 ug/L. 
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Table E-12 

May 1990 
Revision: Final 

Field Laboratory Results for HMX 
from Test Three at MAAP - Columns A2 and B2 

-toch .. , loc. Calgon 
lioiC UO Flltrasol"b JOO 

0.75 'illll 0.75 !IIIII 
.......................... _ .............................. 
Colu.~ Colu. 12 
Efflulllt Effluent 

C011centr1t t011 C011centrat1011 
DIU TIM (ug/LI (ug/LI 

10 No•aiNr 1119 17:00 Pll < < 
II llo•tear 1911 5:00 All .. < 

17:00 PI! < < 
12 llo•aiNr 1119 5:00 All c < 

17:00 Pll c c 
13 No• Nber I 919 5:00 All < < 
14 No• Nber I 919 5:00 All c < 
15 llo•tear 1919 17:00 Pll < < 
16 wo • ..o.r 1181 17:00 Pll < < 
17 llotaiNr 1911 17:00 Pll < < 
II llotaiNr 1181 17:00 Pll < < 
19 llo•NOtr 1981 17:00 Pll < < 
20 llo•eetr 1989 17:00 PI! < < 
21 llotNOtr 1981 17:00 Pll < c 
27 llote.Mr 1181 17:30 Pll < < 
21 llo•e.Oer 1989 17:00 Pll < < 
29 NoYeetr 1919 17:00 PI! < < 
JO No• e.Der 1981 11 :DO Pll < c 
I De<Hber 1919 17:00 Pll < < 
2 Dec ...... 1119 17:00 Pll < < 
3 DftWIIer 1919 17:00 Pll < < 
• Dec ...... 1919 17:00 Pll < c 
5 Deceohr 1919 17:00 Pll < < 
6 DecHber 1919 17:00 Pll < < 
7 DftNOtr 1981 17:00 Pll < < 
I lle<Hber 1181 17:00 Pll c c 
9 DKHber 1911 17:00 Pll < c 
10 lle< ... r 1981 17:00 Pll < < 
II DecNDtr 1989 17:00 Pll < < 
12 DecHber 1981 11:00PII < < 
13 DecHber 1981 17:00 Pll < c 
14 DecHber 1989 17:00 Pll < < 
15 DecHber 1989 11:00 Pll c < 

Note: < = Below HMX detection limit of 1.3 ug/L. 

E-30 
1113M2 



I 

l 

I 

I 

Table E-13 

May 1990 
Revision: Final 

Field Laboratory Results for Tetryl 
from Test Three at MAAP - ColUDUlS A2 and B2 

uoch ... Inc. Calgon 
GAt 830. Fl ltrasorll 300 

0.75 g~ 0.75 9~ 

-------------- --------------
Col..,~ Col.., B2 
Effluent Efflut'nt 

CIIIICtntrlt IIIII (OIICflltrlt ion 
DIU TIM (ug/L) (ug/LI 

10 llovHber 1989 17:00 Pll < < 
11 lloYe.Der 1989 5:00 All < < 

17:00 Pll < < 
IZ llo•eeDer 1989 5:00 M < < 

17:00"' < < 
U llo¥11111tr 1919 5:00 All < < 
u llo•Hbe• 1989 5:00 M < < 
15 llo•eeDer 1989 17:00 Pll < < 
16 llo•nber 1989 17:00 Pll < < 
17 llovnber 1989 17:00 I'll < < 
II lloYnber 1989 17:00 "' < < 
19 llovnber 1989 17:00 I'll < < 
20 llo•e.Der 1989 17 :oo I'll < < 
21 lloYeUtr 1989 17:00 Pll < < 
27 llo·-·· 1989 17:30 I'll < < 
21 llo• ~Mer 1989 17:00"' < < 
29 llo•aber 1989 17:00 Pll < < 
30 llovaber 1989 11:00"' < < 
I Declllber 1989 17:00"' < < 
2 OeceeDer 1989 17:00 "' < < 
3 Oecl!lber 1989 17:00 "' < < 
4 OeciUer 1989 17:00 "' c < 
S Oecellllotr 1989 17:00 I'll c < 
6 Oeclllber 1989 17:00 "' < < 
7 .Oecellller 1989 17:00 "' c c 
8 Oec-er 1989 17:00 I'll c < 
9 Declllller 1989 17:00 "' < < 
10 Oe<.uer 1989 17:00 I'll < c 
II Oe<-r 1989 17:00 I'll c < 
12 Dee-r 1989 17:00 I'll < < 
U Oe<.uer 1989 17:00 I'll c < 
14 Oecellller 1989 17:00 I'll < < 
15 DeciUer 1989 17:00"' < < 

Note: <=Below Tetryl detection limit of0.66 ug/L. 
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TableE-14 

May 1990 
Revision: Final 

Field Laboratory Re_sults for 2,4-DNT 
from Test Three at MAAP - Columns A2 and B2 

-toch ... Inc. 
GAC 130 Calgon 

I t• 110. 03090 Ft 1 trotorll 300 
0.75 g~ 0.75 g~ 

----------·-- -----·-------
Col-~ Col.., 1Z 
Effluent Effluent 

Concefttru 1 on C011eentrat Ion 
Oat• n. lyg/L) (yg/Ll 

10 IIOwNber 1919 17:00 Pll < < 
II lloY.eer 1919 5:00 Nl < < 

17:00 Pll < < 
12 llo•e.Der I 989 5:00 Nl < < 

17:00 Pll < < 
13 llowellkr I 989 5:00 .,. < < 
14 llov-.r 1989 5:00 Nl < < 
15 llowellkr 1989 17:00 Pll < < 
16 llo'rl!'llller 1919 17:00 Pll < < 
17 llo'r.eer 1989 17:00 Pll < • 
IS llowl!'llller 1989 17:00 Pll < < 
19 lloy.eer 1919 17:00 Pll < < 
20 llow-r I 919 17:00 Pll < < 

21 --· 1919 
17:00 Pll < < 

27 llo'rl!'llller 1919 17:30 Pll < < 
28 llovl!'llller 1989 17:00 Pll < < 
29 llo'rellkr I 919 17:00 Pll < < 
30 llo'rftMr I 989 17:00 Pll < < 
1 Dee-r 1919 17:00 Pll < < 
2 Deceetr 1919 . 17:00 Pll < < 
3 DKNber 1919 17:00 Pll .. .. 
4 OK..._ 1919 17:00 Pll < < 
5 DKftMr 1919 17:00 Pll < < 
6 DecS.r 1919 17:00 Pll < < 
7 Oecellkr 1919 17:00 Pll < < 
a o.eee.r 1919 17:00 Pll < < 
9 Decl!'llller 1919 17:00 PI! < < 
10 o.e.-.r 1919 17:00 PI! < < 
II Oec..._ 1919 17:00 Pll < < 
12 OecNIIer 1919 17:00 Pll < < 
13 OecNIIer 1919 17:00 Pll < < 
14 OecNIIer 1919 17:00 Pll < < 
15 OecNIIer 1919 17:00 PI! < < 

Note: < • Below 2,4-DNT detection limit of0.60 ug/L. 
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Table E-15 

May 1990 
Revision: Final 

Field Laboratory ~ults for 2,6-DNT 
from Test Three at MAAP - Columns A2 and B2 

Atoeh ... Inc. 
&AC 830 Calgon 

II• llo. 03090 rt 1t rasortl lOG 
0.75 gpa 0.75 gpa 

-------------- --------------
Col..., A2 Col..., B2 
Efflueftt £fflue11t 

Concmtration Conce~~trat ton 
Gate Tt• (ug/L) (ug/L) 

10 llow.Uor 1989 17:00 Pll < < 
II llow..tler 1989 5:00 M < < 

17:00 Pll < < 
12 llowaber 1989 5:00 M < < 

17:00 Pll < < 
l3 !low ..tier 1919 5:00 M < < 

.14 llow..tler 1989 5:00 M < < 
15 lloYaber 1989 17:00 Pll < < 
16 llowaber 1989 17:00 Pll < < 
17 IIO•aber 1989 17:00 Pll < < 
II IIO•..tlor 1989 17:00 Pll < < 
19 llo•-· 1989 17:00 Pll < < 
20 IIO•aber 1919 17:00 Pll < < 
Zl llo•aber 1989 17:00 Pll < < 
27 ......... 1989 17:30 Pll < < 
28 11ow..a.r 1989 17:00 Pll < < 
29 llo•aber 1989 17:00 Pll < < 
lO llow..O.r 1989 17:00 Pll < < 
I Dec.-er 1989 17:00 Pll C' < 
Z Dec..O.r 1989 17:00 Pll < < 
3 Decnber 1989 17:00 Pll < < 
4 Deceeer 1989 17:00 Pll < < 
5 Decellber 1989 17:00 Pll < < 
6 Deceaer 1989 17:00 Pll < < 
7 Decftller 1989 17:00 Pll. < < 
8 Dec.-er 1989 17:00 Pll < < 
9 Dee..Oer 1989 17:00 Pll < < 
10 Decaber 1919 17:00 Pll < < 
II Deceeer 1989 17:00 Pll < < 
12 Dec..O.r 1989 17:00 Pll < < 
13 Dec..O.r 1989 17:00 Pll < < 
14 Oecaber 1989 17:00 Pll < < 
15 Oecaber 1989 17:00 Pll < < 

Note: < .. Below 2,6-DNT detection limit of 0.55 ug/L. 
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Table E-16 

May 1990 
Revision: Final 

Field Laboratory Re_sults for 1,3-DNB 
from Test Three at MAAP • Columns A2 and B2 

Atoch ... Inc. 
GAC no · Calgon 

It• 110. 03090 Ft llrasori 300 
0.75 g~ 0.75 9~ ··----------- --------------

Col,_, AZ Col.- 82 
Efflutnt Effluent 

Conctntrat1on Concentration 
Date Tt• (ug/Ll (ug/Ll 

10 llo¥MIIr 1989 17:00 Pll < < 
11 ..... , 1989 5:00 All .. .. 

17:00 Pll < < 
IZ llo¥-.,. 1989 5:00 All < < 

17:00 Pll < .. 
ll llo¥MIIr 1989 5:00 All < .. 
14 llo¥Nber 1989 5:00 All < .. 
15 llo•MIIr 1989 17:00 Pll < .. 
16 IIO•Nber 1989 17:00 Pll < < 
17 .... , 1989 17:00 Pll < .. 
18 llo•MIIr 1989 17:00 Pll < < 
19 llo¥aber 1989 17:00 Pll < .. 
zo •• .,, net 17:00 Pll < < 
Zl llo••r 1989 17:00 Pll < .. 
27 ...... 1989 17:30 Pll .. .. 
ze IIO¥Nber 1989 17:00 Pll < .. 
29 ~~o.ea.r 1989 17:00 Pll < < 
30 llo¥MIIr 1989 17:00 Pll .. < 
I o.c-.r 1989 17:00 Pll .. .. 
2 o.c-.r 1989 17:00 Pll < < 
3 l)ec-.r 1989 17:00 Pll < < 
4 DecMIIr 1989 11:00 Pll .. < 
5 Dec- 1989 17:00 Pll < .. 
6 o.c-... 1989 17:00 Pll < .. 
7 Decftlllr 1989 17:00 Pll < < 
8 DecMIIr 1989 17:00 Pll < < 
9 Dec.....,. 1989 17:00 Pll < c 
10 o.c-.r 1989 17:00 Pll < c 
u l)eceeer 1989 . 17:00 Pll < < 
12 l)eclllblr 1989 17:00 Pll c < 
ll l)ecMIIr 1989 17:00 Pll c < 
14 l)ecft!Mr 1989 17:00 Pll < c 
IS l)ecetlblr 1989 17:00 Pll < < 

Note: < • Below 1,3-DNB detection limit of0.61 ug/L. 
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Table E-17 

Field Laboratory Results for 1,3,5-TNB 
from Test Three at MAAP - Columns A2 and B2 

Atoch .. , Inc, 
&AC 830 C1lg011 

Ita 10. 03090 Ft 1tnsol"b 300 
0.75 gpa 0.75 gpa -------------- --------------

Col.- A2 Col.,.. 12 
Effluent Effluent 

C011centratton Concentration 
Dlte TIM (UIJ/~) (ug/~) 

10 IO•ftbtr 1989 17:00 PI! < < 
II IOweeer 1989 5:00 All < < 

17:00 PI! < < 
12 10 ..... 1911 - 5:00 All < < 

17:00 PI! < < 
13 10 ..... 1919 5:00 All < < 
1• IIOY-r 1989 5:00 All < < 
15 IO•eW!er 1989 17:00 PI! < < 
16 IO•ftller 1989 17:00 "" < < 
17 _...,.. 1989 17:00 "" < < 
18 10 ..... 1989 17:00 PI! < < 
19 - .... 1989 17:00 "" < < 
20 10..... 1989 17:00 "" < < 
21 IIO• ... r I 981 17:00 "" c < 

27 --·· 1989 
17:30 "" < c 

21 Ito ..... 1919 17:001'1! < < 

29 --· 1989 17:00 "" < c 
30 _...,.rl981 17 :oo "" < c 
I Dee-r 1919 17:00 PI! c < 
2 Oecftbtr 1919 17 :oo "" c c 
3 OecOIIMr 1989 17:00 "" c c 
4 Oecftbtr 1981 17:00 PI! c c 
5 Oec-..r 1919 17:00 PI! c c 
6 OecOIIMr 1919 17:00 PI! < c 
7 Oecnber 1989 17:00 "" c < 
I Oecnber 1919 17:00 PI! < < 
9 OecOIIMr 1919 17:00 PI! < c 
10 Oecnber 1919 17:00 PI! c < 
II aec-..r 1989 17:00 "" < c 
12 Dee-r 1989 17:00 PI! < < 
13 OecOIIMr 1989 17:00 PI! < < 
14 Oec-..r 1989 17:00 "" < < 
IS Oecnber 1989 17:00 PI! < < 

Note: < • Below 1,3,5-TNB detection limit of 0.56 ug/L. 
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Table E-18 

May 1990 
Revision: Final 

Field Laboratory _Results for NB 
from Test Three at MAAP - ColWDDS A2. and B2 

Atochftl, Inc. 
GAC 830 C1lg011 

I tft 110. 03090 Fll truorll 300 
0.75 gpe 0.75 , .. ------------- ........................... 

Col- A2 Col- 12 
Effluent Effluent 

Canc111trat1011 Cancentr1t 1011 
01t1 T1• (ug/L) (ug/L) 

I 0 lloweolller 1919 17:00 '" < < 
11 lloY-r 1919 5:00 M < < 

17:00 '" < < 
12 Jloy ...... i989 5:00 M < < 

17:00 '" < < 
13 lloweolller 1919 5:00 M < < 
14 lloYeolller 1989 5:00 M < < 
15 Jloy ..... 1919 17:00 '" < < 
16 lloweolller 1989 17:00 '" < < 
17 lloY-r 1919 17:00 '" < < 
II lloweolller 1919 17:00 '" < < 
19 Jloyftkr 1919 17:00 '" < < 
20 JloyftHr 1919 17:00 '" < < 
21 JloyftHr 1919 17:00 '" < < 
27 lloweolller 1919 17:30 '" < < 
21 llovellber 1919 17:00 '" < < 
29 lloYellber 1919 17:00 '" < < 
30 llo•"'"• 1919 17:00 '" < < 
I Decellber 1919 17:00 Pll < < 
2 Decftkr I 919 17:00 I'll < < 
3 Decftller 1919 17:00 Pll < < 
4 Decftkr I 919 17:00 '" < < 
5 Decfllller 1919 17:00 '" < < 
6 Decftller 1919 17:00 Pll < < 
7 Dec- 1919 17:00 '" < < 
1 Decfllller 1919 17:00 '" < < 
9 Deceolller 1919 17:00 Pll < < 
10 Gee ..... 1919 17:00 '" < < 
11 Dec .... 1919 17:00 '" < < 
12 Oec-.r 1919 17:00 '" < < 
13 OeceMer 1919 17:00 Pll < < 
14 Qecellber 1919 17:00 I'll < < 
15 Decellber 1919 .17:00 Pll < < 

Note: < • Below NB detection limit of 1.13 ug/L. 
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ANALYSIS OF SPENT CARBON FROM THE 
K-51 BUILDING PILOT PLANT 
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-------- --

1 - nASTEB - ANALYTICAL BESULT SHEET 

AIW.IST __ C:!::.V~A:!.------- TinE Analysis of Spent Carbon From The K-51 Bldg. DATE _ __:1:..-..:1:.:1;...-~9~0 _________ _ 

Five (S) Samples of Spent Carbon from the K-51 pilot plant for the USATHAHA ground water treatment study were received 
by the Environmental Laboratory for nitrobody analysis. The samples were extracted with acetonitrile overnight and 
analysed with an LDC-Hilton Roy Liquid Chromatograph. The results are as follows in ppm: ' 

Sample Sample '\ I.D. Date HHX RDX 1,3,5-TNB 2,4,6-TNT 2,6 DNT 2~4-DNT ' Total·· Nitrobodiea (ppm) 

No. 679 
1 .... I.. 

Cont. 14 9-19-89 ND 53.95 2.15 ND ND .ND ... . . . 
56.1 

Al 12-15-89 8.32 2027.0 393.4 1S.02 3.28 ND ••• . 2447 ·~ 
. ~ 

~-A2 12-1$-89 3.42 1007.0 30.31 ND .86 ND 1042 
! r Bl 

. 
• . .: ";. 

_194?_r·· 12-lS-89 4.07 1737 197.1 7.00 1.74 ND 
. 

" . 
: . . 

~-- . ' ~ .. .. ' .. ~ •, B2 12-15-89 1. 41 873.4 28.05 .85 • 18 ND . ,. .... , -· • ,90 • .. .. . -~. ~ .. . 
. . . 

cc: H. Harria 
B. Blaylock 
File 

MM-477-Ell7 
SIGSED BY ~j(. ~ 1/11/q~· 

TBOS •. A. ALLES . .- .. I_ I . 
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