VOL. I
2ND COPY

U.S. ARMY
MATERIEL commano — COMMITTED TO PROTECTION

OF THE ENVIRONMENT —

[

IRA-F AIR QUALITY MONITORING PROGRAM
FINAL REPORT
Version 2.0

VOLUMEI
July 1991
CONTRACT NO. DAAA15-88-D-0024

EBASCO SERVICES INCORPORATED
Applied Environmental, Inc.
CH2M HILL DataChem, Inc.

R. L. Stollar & Associates, Inc.

BIS : CTED 8
Appro'..'(‘d for public rel;;asel DT’IE QUAI-‘I'YY mm
Distribution Unlimit

ROCKY MOUNTAIN ARSENAL ¢ COMMERCE CITY, COLORADO - 80022-2180




91347RO01
VOL. T

2ND coPy

TECHNICAL SUPPORT FOR
ROCKY MOUNTAIN ARESNAL

IRA-F AIR QUALITY MONITORING PROGRAM
FINAL REPORT
Version 2.0

VOLUMEI
July 1991
CONTRACT NO. DAAA15-88-D-0024

Accesion For

Prepared by:
NTIS CRA& %
DTIC TAB EBASCO SERVICES INCORPORATED
Unannounced 0 CH2M Hill, Inc.
Justification R.L. Stollar and Associates, Inc.
Applied Environmental
By DataChem, Inc.
Distribution |
Availability Codes
Dist Avag'pj‘é‘;gf‘“ Prepared for:
\ ‘ Program Manager’s Office for the
W’I Rocky Mountain Arsenal

THE VIEWS, OPINIONS, AND/OR FINDINGS CONTAINED IN THIS REPORT
ARE THOSE OF THE AUTHOR(S) AND SHOULD NOT BE CONSTRUED AS
AN OFFICIAL DEPARTMENT OF THE ARMY POSITION, POLICY, OR
DECISION, UNLESS SO DESIGNATED BY OTHER DOCUMENTATION.

THE USE OF TRADE NAMES IN THIS REPORT DOES NOT CONSTITUTE AN
OFFICIAL ENDORSEMENT OR APPROVAL OF THE USE OF SUCH
COMMERCIAL PRODUCTS. THIS REPORT MAY NOT BE CITED FOR

PURPOSES OF ADVERTISEMENT.
Rocky Mountain Arsenal
CEsmETev Sy Iormation Center

e iy

Approved f ublic relegse: m"n '
v for publc rlscse merce Eity, Colorado




o

REPORT

DOCUMENTATIO

N PAGE

Form Approved
OMB No. 0704-0188

Davis Highway, Suite 1204, Arlington, VA 2

gathering and maintaining the data needed, and completing and reviewing | 2 "
Collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate Tol

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
the collection of information. Send comments regarding this burden estimate or any other aspect of this
r Information Operations and Reports, 1215 Jefferson

2202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY (Leave blank)

2. REPORT DATE
07/00/91

3. REPORT TYPE AND DATES COVERED

4. TYHAE E,NRxﬁuc?JAIﬁv MONITORING PROGRAM, FINAL REPORT, VERSION 2.0

6. AUTHOR(S)

5. FUNDING NUMBERS

DAAA15 88 D 0024

EBASCO SERVICES, INC.
LAKEWOOD, CO

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

8. PERFORMING ORGANIZATION
REPORT NUMBER )

91347R01

COMMERCE CITY, CO

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES)

ROCKY MOUNTAIN ARSENAL (CO.). PMRMA

10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED

12b. DISTRIBUTION CODE

AROUND BASIN F,

ORGANICS,

13. ABSTRACT (Maximum 200 words)

THIS REPORT FOCUSES ON ACTIVITIES OF THE INTERIM RESPONSE ACTION F (IRA-F)
MONITORING PROGRAM AT RMA, AND IT PROVIDES AN ANALYSIS OF AIR QUALITY CONDITIONS
BOTH DURING AND AFTER REMEDIAL ACTIVITIES.
REPORT ARE THE DETAILS OF THE AIR MONITORING AND ANALYTICAL PROCEDURES FOR IRA-F
AND A SYNOPSES OF OTHER AIR MONITORING PROGRAMS.
FOR A SET OF AIRBORNE TARGET COMPOUNDS ARE SUMMARIZED.
SOME VOLATILE ORGANICS,

METAL,

INCLUDED IN THIS

THE AMBIENT AIR CONCENTRATIONS
TARGETS INCLUDE VOLATILE
ARSENIC AND PARTICULATES,
PROVIDE THE INFORMATION NECESSARY TO DESCRIBE THE POTENTIAL IMPACTS OF BASIN F
OPERATIONS AND CLOSURE ON AMBIENT AIR QUALITY,
SOURCES OF THE OBSERVED CONCENTRATIONS OF TARGET COMPOUND.

THE RESULTS

AND TO CHARACTERIZE THE POTENTIAL

14. SUBJECT TERMS

CONTAMINANTS SOURCES, SAMPLING

15. NUMBER OF PAGES

16. PRICE CODE

17. SECURITY CLASSIFICATION
OF REPORT

UNCLASSIFIED

18. SECURITY CLASSIFICATION
OF THIS PAGE

19. SECURITY CLASSIFICATION
OF ABSTRACT

20. LIMITATION OF ABSTRACT

NSN 7540-01-280-5500

Standard Form 298 (Rev. 2-89)
Fz’;%sc‘r[n)ged by ANSI Std. Z39-18




Section

EXECUTIVE SUMMARY ..

1.0 INTRODUCTION .....

TABLE OF CONTENTS

.......................................

.......................................

1.1 PURPOSEOF THEPROGRAM ..... ... ... .t
1.2 GENERAL PROGRAM SCOPE .. ... ... ittt nn

1.3 OUTLINE OF REPORT

2.0 BACKGROUND ......

.......................................

.......................................

2.1 SITE BACKGROUND INFORMATION .. .. ittt it e ieeennennn
2.1.1 Potential Contaminant SOUTCES . . . . vt vttt ittt it i e eeee e

2.1.2 South Plants Manufacturing CompleX . ... ..o ittt it

213 Basin A .......
2.14 BasinF .......

.......................................

.......................................

2.2 BACKGROUND OF PREVIOUS BASINF STUDIES ..................
2.2.1 The Basin F Air Remedial Investigation Program .................

2.2.2 Basin F Interim Action Cleanup and Air Monitoring Activities .......

2.2.2.1 Basin F Air Sampling Strategy .. .....................
2.2.2.2 Basin F Air Sampling Techniques .. ...................

2.2.3 Odor Program ..

.......................................

2.2.4 Comprehensive Monitoring Program . . .. ... ... oeee et ee oo

2.3 REGIONAL AND LOCAL METEOROLOGICAL CHARACTERISTICS .. ...
2.4 REGIONAL AND LOCAL AIR QUALITY CHARACTERISTICS . .........

2.4.1 Particulates ....
242 Metals ........
2.4.3 Gaseous Pollutants

.......................................

.......................................

......................................

3.0 PROGRAM STRATEGY AND METHODOLOGY . ....................

3.1 GENERALBACKGROUND ........t ittty
3.2 AMBIENT AIR QUALITY SAMPLING ....... ... i,
3.2.1 Sampling Methodology ........ ...,

3.2.1.1 Total Suspended Particulates . . . ......................
3.2.1.2 Respirable Particulate Matter ........................
3213 Arsenicand ICAPMetals . .. ....... ... .. i iy

; 3.2.1.4 Volatile Organic Compounds ........................
3.2.1.5 Semivolatile Organic Compounds/Organochlorine
Pesticides
3.2.1.6 Mercury
IRA6/TOCO0013.IRA 5/6/91 2:53 pm

.......................................

.......................................

2-10
2-10
2-11
2-15
2-17
2-18
2-26
2-27
2-30
2-31




TABLE OF CONTENTS
(continued)

Section

322 Sampling Schedule .......... .. i

3.23 Sampling Locations . . ..o v vvi it e e e
33 CAPAND VENT MONITORING .. ..t i it ittt tetiiteeeeeannnns

3.3.1 The Basin F Waste Pile Sampling . . ........ ..ottt
332 Basin FFloor Sampling .. ....... .ottt
333 Pond A Vent Sampling ..........c0ititiiiiinennnnnnns
334 Tank Sampling . .. ..o vveiiitiiinnneeerrnneeeaneenesenns

3.4 METEOROLOGICAL MONITORING PROGRAM ..............cocv...
3.4.1 Program ObJECHIVES . . o o v v e v v iie v ittt
3.4.2 Meteorology Program Overview .. ........ ... ttiiiiennn....
3.4.3 Monitoring Equipment and Strategy . ......... ...y
3.4.4 Meteorological Data AcQuiSition . . .. ... ..ottt
3.4.5 Data ApplICAtIONS . . ...t vt i vttt i e
3.4.6 Meteorological Databases . ... ... ..o i ittt
3.47 Meteorological Data RECOVEIY . . . v v v v ittt i i e e e
3.4.8 Dispersion Model Applications . . . ... v v vt ittt v intin e

3.5 DATA PROCESSING PROCEDURES ... ... .ttt
3.5.1 Sample VOIUMES &« v v v v vt ettt et ettt teeeete e

3.5.1.1 Sample Volumes for Total Suspended Particulates,
PM-10,and Metals .. ...ttt
3.5.1.2 Sample Volumes for Semivolatile Organic Compounds
and Organochlorine Pesticides ........................
3.5.1.3 Sample Volumes for Volatile Organic Compounds
and Mercury .. ......c.iuiii i e
3.5.2 Laboratory Results Data Reporting .............ciuienueenn..
3.5.3 Computation of CONCENTAtONS . . . . o v v v vt et et e e eennenns
3.5.4 Computation of Average Concentrations . .. ... .....oeueeeeeonnn
3.6 LABORATORY ANALYSIS PROGRAM .. ... ... . . ittt
3.6.1 PMRMA Certification Program ................. i iiienn..
3.6.1.1 Certified Reporting Limits .................... ... ...
3.6.1.2 ACCUTACY . . vt ii et ittt ittt it
3.6.1.3 Control Charts .. .......ou ittt ininnineneenens
362 MethodS ..o vi i ittt i ittt it et e et e e et et e e
3.6.2.1 Organochlorine Pesticides . . .. ........... ... ... ... ...
3.6.2.2 Semivolatile Organic Compounds .....................
3.623 Metals and ATSENMIC . . v .o vt ittt it e ittt e e
3624 MEICUTY . . ottt it ittt ittt tiie et et e
3.6.2.5 Volatile Organic Compounds ............... ... ..

ii
IRA6/TOCO0013.IRA 5/6/91 2:43 pm

3-29

3-29
3-30
3-31
3-32
3-32
3-34
3-35
3-37
3-37
3-38
3-38
3-39
3-39
3-40
3-40




TABLE OF CONTENTS
(continued)

Section

3.6.3 Nontarget COmMPOUNdS . . . v v vt vt i et e ee e en et et i
3.6.3.1 Unknown Compounds ...........couuieeunnennneen..
3.6.3.2 Identification of Unknowns ............c.ocuviuinen. ..

3.7 QUALITY ASSURANCEPROGRAM ......... ... i,

3.7.1 ResponsibilIIES . . v vt v vt ittt et et et e e e

3.7.2 Project Quality Assurance Plan ... ........c. ..

3.7.3 DOCUMENIAtION . . v v vt v vttt e et o e e naeeeoneasennee

4.0 IRA-F SAMPLING RESULTS ... ... i i e
4.1 TOTAL SUSPENDED PARTICULATES ...... ... ... ..
4.1.1 Recovery of TSP Samples . ... .. ..ottt
4.1.2 Mean TSP Concentrations . . .. .. v v vt enoee s onmnueensnnnans
4.1.3 Maximum Total Suspended Particulates Concentrations . . ...........

4.1.3.1 Total Suspended Particulate High Event:

October 25, 1980 . .. o it e

4.1.3.2 Total Suspended Particulate High Event: September 14, 1990 .

4.1.4 Comparison With Other Local Total Suspended Particulates Data . . . . ..
4.1.5 Total Suspended Particulates Sources . .............ovueeeenen..

4.2 RESPIRABLE PARTICULATES .. ... i
42.1 Recovery of PM-10 Samples .. ... ottt
422 Mean PM-10 Concentrations . . . .. v oo v vvieetenoneeeoenneens
4.2.3 Maximum PM-10 Concentrations . ............ooeueeeneennn..
4.2.3.1 PM-10 High Event: October 25,1989 ..................

4.2.3.2 PM-10 High Event: September 14,1990 .. ..............

4.2.4 Comparison With Other Local PM-10 Data . ....................
425 PM-10 SOUICES . o o oottt ettt et e et e et e e et e e e

4.3 METALS . .t e e e e
4.3.1 Recovery of Metals Samples ........... ... i,
4.3.2 Mean Metals Concentrations . . .........euvvueereronennne..
4.3.3 Maximum Metals Concentrations . ... ... ... ..oeeeueenneennn..
4.3.3.1 Metals High Event: November 18,1989 ................

4.3.3.2 Metals High Event: September 14,1990 ................

4.3.4 Comparison With Other Local Metals Data .. ...................
435 Metals SOUTCES . . v v vttt ittt ettt ettt et e ettt ee e

4.4 ARSENIC ...ttt ittt et e e e e e e e
4.4.1 Recovery of Arsenic Samples . . . ... .ottt it i e e
4.42 Mean Arsenic COncentrations . . . . ..o v v v iviveen e,
4.4.3 Maximum ArseniCc CONCeNntrations . . . ... ... .cevevweenoneennn.

iii
IRA6/TOCO0013.IRA 8/1/91 9:58 am

Page

3-4]
3.41
3.42
3-43
3-43
3-44
3-44

4-8
4-9
4-9

4-12

4-16
4-18
4-21
4-28
4-29
4-29
4-29
4-29
4-31
4-33
4-35
4-36
4-37
4-37
4-37
4-40
4-47
4-50
4-50
4-54
4-56
4-56
4-56
4-61




TABLE OF CONTENTS

(continued)
Section Page
4.4.4 Other Arsenic Sampling Programs . ... ... ...c.coiivneeeennn.. 4-61
4.4.5 ATSENIC SOUICES .+ o v v v vttt v o et eonvosoennsseeennnesennnns 4-61
45 MERCURY .ottt ittt ittt ettt ettt ettt i inaanas 4-64
4.5.1 Recovery of Mercury Samples ... ......cuvuiiiiiinnnnennnn 4-65
4.5.2 Mean Mercury Concentrations . . ... ...ov v oo eueenenoenenenns 4-65
4.5.3 Maximum Mercury Concentrations .. ...........eoueuueneennnn 4-65
454 Other Sampling Efforts . .......... ... 4-70
4.55 MEICUIY SOUICES .« o« v o v ottt teteeeteeneeeeeieeeeeenasns 4-70
4.6 VOLATILE ORGANIC COMPOUNDS .. ... i it e i e 4-71
4.6.1 Recovery of Volatile Organic Compounds Samples . . . ............. 4-72
4.6.2 Mean Volatile Organic Compounds Concentrations . . .............. 4-72
4.6.3 Maximum Volatile Organic Compounds Concentrations . ........... 4-75
4.6.3.1 Volatile Organic Compounds High Event: August 3, 1990 ... 4-77
4.6.3.2 Volatile Organic Compounds High Event: September 20, 1990 4-77
4.6.4 Analysis of Results for Target Volatile Organic Compounds ......... 4-80
4.64.1 BENZENE . . v vttt it e e e e 4-81
4.6.4.2 Bicycloheptadiene ............. .. ... o i 4-83
| 4.6.4.3 Carbon Tetrachloride .. ........ ... 4-86
' 4.64.4 1,1,1-TrChIOTOCthANE - . -« v e e e eee e e e 4-88
4.6.4.5 Chloroform . . . oo ittt i et e et ettt e 4-90
4.6.4.6 Chlorobenzene ... ... o't v it oot iinneeennn 4-92
i 4.6.4.7 Dicyclopentadiene ............... .o 4-94
4.64.8 1,2-Dichloroethane .. ..........c.co ... 4-94
4.6.49 Dimethyl Disulfide .............. ... ... . ... .. 4-97
I 4.64.10 EthyDENZENE . . oo vt vve e ettt e e e e e 4-97
4.6.4.11 Methyl Ethyl Ketone .. ....... ... ... ... .. 4-100
4.6.4.12 Methylene Chloride ..................... ... ...... 4-100
i 4.6.4.13 Tetrachloroethylene . . . ........ ... ... 4-102
46414 TOlUBNE . . . oo it e 4-104
......... 4-104
......... 4-107
......... 4-109
4.6.5 Summary of Apparent Sources of Volatile Organic Compounds ....... 4-110
4.6.6 Nontarget Volatile Organic Compounds . ....................... 4-110
4.6.7 Annual Cycle in Volatile Organic Compounds Concentrations ........ 4-119

iv
IRA6/TOC00013.IRA 8/1/91 9:58 am

i 4.6.4.15 Trichloroethylene .......................
46416 Total Xylenes . . ...,
4.6.4.17 Other Compounds . . ..........cvvunn..




TABLE OF CONTENTS

(continued)
Section Page
477 SEMIVOLATILE ORGANIC COMPOUNDS AND ORGANOCHLORINE
PESTICIDES . ittt ittt it ettt it ettt 4-124
4.7.1 Recovery of Semivolatile Organic Compounds and Organochlorine
Pesticides Samples . . ... cvi it i e e 4-124
4.7.2 Mean Semivolatile Organic Compounds and Organochlorine
Pesticides CONCENtTAtIONS . . o v v v vt v v v vt iie e ine e veee oo 4-124
4.7.3 Maximum SVOC and OCP Concentrations . .............oco0... 4-128
4.7.3.1 Organochlorine Pesticides High Event: May 29,1990 ....... 4-131
4.7.3.2 Organochlorine Pesticides High Event: July 10, 1990 ... .... 4-133
4.7.4 Analysis of Results for Target Semivolatile Organic Compounds and
Organochlorine Pesticides .. .... ..o, 4-133
4741 AIGTIN ..ot 4-135
4742 Dieldrin .. .. i it e e e e 4-137
4743 Endrin . ..ot i e e e 4-140
4744 Ts0Arin . ..o i ittt e e 4-140
4.7.4.5 Chlorophenylmethyl Sulfone ........................ 4-143
47.4.6 Other Compounds .............ccuiieiennnnnn. 4-143
4.7.5 Nontarget Semivolatile Organic Compounds and Organochlorine Pesticides
ComPOUNS . . v v vttt et e 4-144
4.7.6 Annual Cycle of Organochlorine Pesticides Concentrations .......... 4-150
4.8 CAP AND VENT MONITORING .. ... ...ttt 4-150
4.8.1 Real-Time Cap Monitoring . ..........cuiuiuirinnnnneen.. 4-152
4.8.2 Cap Sampling by Flux Chamber ........... ... ... 4-153
4.8.2.1 VOCs by Gas Chromatography/Flame Ionization Detection ... 4-153
4.8.2.2 VOCs by Gas Chromatograph/Electron Capture Detection . ... 4-156
4.8.2.3 VOCs by Gas Chromatography/Mass Spectrometry ......... 4-158
4.8.2.4 SVOCs by Gas Chromatograph/Electron Capture Detection ... 4-160
4.8.2.5 SVOCs by Gas Chromatograph/Mass Spectrometry ......... 4-162
4.8.3 Real-Time Vent Monitoring .. ........c..uuu i nnnnenen.n 4-162
4831 WastePile Vents . . ...ty 4-163
4832 Real-Time Pond AReadings . ........................ 4-165
4.8.3.3 Real-Time Tank Readings ............... ... ... ..... 4-166
4.84 Canister Sampling . . ..o v v ittt e e e 4-168
4.8.4.1 Waste Pile Vent Canister Sampling .. .................. 4-168
4.8.4.2 Canister SamplingatPond A ........................ 4-171
4.8.4.3 Canister Sampling at the Tanks . . . .................... 4-174
v

IRA6/TOC00013.IRA 8/191 10:02 am




o A -

TABLE OF CONTENTS

(continued)
Section
5.0 QUALITY ASSURANCE .. ..t ittt it ittt it ettt
5.1 FIELD QUALITY PROGRAM . . ... ittt it eiiee e
52 QA/QC -CONTROL SAMPLES ......... ...t
521 Fleld Blanks . . . v oot vttt it ittt ettt teete e e
5.2.1.1 SVOCFieldBlankResults ..........................
52.12 OCPFieldBlank Results . ............. .o ...
5.2.1.3 Metals Field Blank Results . . .. ........... ... ... ...,
5.2.1.4 Mercury Field Blank Results ........................
5.2.1.5 Volatile Organic Compounds Field Blank Results . .........
522 TrpBlanks ... ..ottt
5.2.3 Collocated Samples . . . . oo ittt i et e e e e
5.2.3.1 SVOC Collocated Samples . ......... ... ...
5.2.3.2 OCP Collocated Samples . ...........oviiineinon..
5.2.3.3 Metals Collocated Samples . . ........ ... ...,
5.2.3.4 TSP Collocated Samples . .......... ... ...,
5.2.3.5 VOC Collocated Samples . .......... ... ...,
5.2.4 Spiked Samples . . .t e e e e e
5.3 AUDIT PROGRAM ... ittt ettt e et e e e
5.3.1 Field Operations . . . v v v vt v i ie et oo oo e een it
5.32 Laboratory Audits . . . .o v oo vttt e
5.4 QUALITY CHECKS ON NONTARGET COMPOUNDS ................
5.4.1 Nontarget VOGS . . .o oottt ittt ittt e
542 Nontarget SVOCS . . ..ottt i i et
5.5 METHODOLOGY ISSUES . ... i i it e
5.5.1 PMRMA Methods F-7 and CM02: Semivolatile Compound Analysis
N AL SAMDIES .« v vt vttt et et e e e e
5.52 PMRMA Method E-7: Volatile Compound Analysis in Air Samples . . .
5.5.3 PMRMA Method G-7: ICAP Metals Analysis in Air Samples . . .... ..
5.5.4 Method H-7: Organochlorine Pesticides Analysis in Air Samples .....
6.0 COMPARISON OF RESULTS TO ACCEPTABLE AMBIENT
CONCENTRATIONS . . ittt ittt ettt e et e
6.1 METEOROLOGICAL DATA AND DISPERSION EFFECTS .............
6.2 DEVELOPMENT OF AACS .. .. i et et
6.2.1 Available Literature . . ... ... . . i e
6.2.2 Dose-Response ASSESSIMENE . . .. v v vt v e tn oot teon e enenenenan
6.2.3 Chemical SpecificData ... ...... ..ot

vi

IRA6/TOC00013.IRA 8/191 10:03 am

5-12
5-13
5-15
5-15
5-15
5-16
5-16
5-17
5-23
5-23
5-24
5-24
5-24
5-30
5-33

5-33
5-33
5-34
5-34

6-1
6-1

6-4
6-4
6-10




7.0 CONCLUSIONS ... ittt i it ittt e
7.1 TOTAL SUSPENDED PARTICULATES ......... ... ... ...
7.2 RESPIRABLE PARTICULATES (PM-10) .. ..... ... .o
7.3 VOLATILE ORGANIC COMPOUNDS .. ... ... . . i
7.4 SEMIVOLATILE ORGANIC COMPOUNDS ............ ...
7.5 MERCURY ... ittt ittt et

TABLE OF CONTENTS
(continued)

Section
6.24 RECEDIOTS « o v vt vttt ittt et i e
6.2.4.1 ON-Site WOTKET . . . o ot ittt ettt et it ettt et et et e
6242 Off-site ReSIAENLS . . . v v v vttt ittt it et neeameeeneeenn
6.3 ASSESSMENT OF AACS FOR ON-SITE WORKERS ..................
6.3.1 ACULE EXDOSUIES & v vt v v vt vv vt en e aoooasnnnonnonnssenesnn
6.3.2 ChroniC EXDOSUIES . v v v v v v v v v et e onneensnasenneeneeanaennn
6.4 ASSESSMENT OF AACS FOR NEARBY RESIDENTS . ................
6.4.1 ACHIE AACS . o ittt et i e e e e e e
6.42 ChroniC AACS .. v i i ittt it ittt et tnteenastnnenennns
f J.6 METALS ..ttt e e e e e e e e e e e e e e

6.4.3 SUMMATY . . vvvv et e it et et e e e e eae e et
7.7 ARSENIC ...t i i it e e
7.8 COMPARISON TO AACS ... .o i i
7.9 GENERAL INTERPRETATIONS ... ... ... i

80 REFERENCES .. ...t ittt ittt ittt ei e

vii
IRA6/TOCO0013.IRA 8/1/91 10:04 am




Figure
2.1-1
2.1-2
2.2-1
2.2-2
2.3-1
3.1-1
3.2-1
3.3-1
3.3-2
333
3.3-4
3.3-5

3.4-1

4.0-1
4.0-2
4.0-3
4.0-4
4.0-5

4.1-1

LIST OF FIGURES

Rocky Mountain Arsenal General LocationMap ...................
Potential Contaminant Source Locations on Rocky Mountain Arsenal .. ..
Basin F Air Quality Monitoring Locations .......................
CMP Air Quality Monitoring Locations and Meteorological Towers .. ...
Stapleton International Airport Wind Direction Rose (1982-1986) .......
IRA-F Air Quality Monitoring Locations ........................
EPA Six Day Sampling Schedule for 1990 .. .....................
Locations of Waste Pile Vents and Sandbags for Real-Time Monitoring
Schematic Diagram of Typical Waste Pile Vent . ..................
Locations of Sandbag Markers for Real-Time Basin F Floor Monitoring .
Flux Box Sampling Locations .. .......... ...,
Locations of Tank Farm, Ponds A & B, Waste Pile and Restored Basin F .

Average Wind Rose and Mean Dispersion Pattern for a Hypothetical
Basin F Source, Based on FY89 and FY90 Composite Meteorological Data

X/Q Dispersion Pattern for Phase 1 .. .......... ... .. ... ... ...
X/Q Dispersion Pattern for Phase 2, Stage 1 .. ....................
X/Q Dispersion Pattern for Phase 2, Stage 2 . . ....................
X/Q Dispersion Pattern for Phase 3 .. ............. ... ... L
X/Q Dispersion Pattern for Phase 4 .. ............. ... .. L

Mean and Maximum Concentrations for Total Suspended Particulates by
Site, by Phase .. ... .0 e

IRA6/TOCO0013.IRA 5/6/91 2:43 pm

2-3

2-13

2-16

2-25

3-6

3-11

3-14

3-15

3-17

3-19

3-20

3-28

4-4

4-5

4-6

4-7




LIST OF FIGURES

(continued)

Figure Page
4.1-2 X/Q Dispersion Pattern, Wind Rose and TSP Concentrations for

October 25, 1989 . . ... i e 4-17
4.1-3 X/Q Dispersion Pattern, Wind Rose and TSP Concentrations for

September 14, 1990 . . ... o i e 4-19
4.1-4 Composite TSP Analysis for Phase 1 Combined IRA-F and CMP Data ...  4-22
4.1-5 Composite TSP Analysis for Phase 2, Stage 1 Combined IRA-F and

CMP Datd ..ottt ittt e et e 4-23
4.1-6 Composite TSP Analysis for Phase 2, Stage 2 Combined IRA-F and

CMP Data ...ttt et ettt e e 4-24
4.1-7 Composite TSP Analysis for Phase 3 Combined IRA-F and CMP Data ...  4-25
4.1-8 Composite TSP Analysis for Phase 4 Combined IRA-F and CMP Data ...  4-26
4.2-1 X/Q Dispersion Pattern, Wind Rose and PM-10 Concentrations for

October 25, 1989 . . .. ... e 4-32
4.2-2 X/Q Dispersion Pattern, Wind Rose and PM-10 Concentrations for

September 14, 1990 . . ... o 4-34
4.3-1 Mean and Maximum Concentrations for Cadmium by Site, by Phase . . . .. 4-41
4.3-2 Mean and Maximum Concentrations for Chromium by Site, by Phase . . .. 4-42
4.3-3 Mean and Maximum Concentrations for Copper by Site, by Phase ...... 4-43
4.3-4 Mean and Maximum Concentrations for Lead by Site, by Phase ........ 4-44
4.3-5 Mean and Maximum Concentrations for Zinc by Site, by Phase ........ 4-45
4.3-6a  X/Q Dispersion Pattern, Wind Rose and Metals Concentration for

November 18, 1989 . . ... .. . i i e 4-48

ix
IRA6/TOCO0013.IRA 5/6/91 2:43 pm




Figure
4.3-6b

4.3-7a

4.3-7b

4.3-8

4.3-9

44-1
4.5-1

4.6-1

4.6-2

4.6-3

4.6-4

4.6-5

4.6-6

4.6-7

LIST OF FIGURES
(continued)

X/Q Dispersion Pattern, Wind Rose and Metals Concentrations for

November 18, 1989 (Continued) ............ .. ..

X/Q Dispersion Pattern, Wind Rose and Metals Concentrations for

September 14,1990 ... ... ... .. e

X/Q Dispersion Pattern, Wind Rose and Metals Concentrations for

September 14, 1990 (Continued) . ......... ... ...t

Mean Monthly Metals Concentrations for Phase 4 (FY90) .......

Mean Monthly TSP and Mean Monthly Total Metals Concentrations

for Phase 4 (FY90) .. .. ittt it it i e

Mean and Maximum Concentrations for Arsenic by Site, by Phase .
Mean and Maximum Concentrations for Mercury by Site, by Phase

X/Q Dispersion Pattern, Wind Rose and VOC Concentrations for

August3,1990 ...... ... ...

X/Q Dispersion Pattern, Wind Rose and VOC Concentrations for

September 20, 1990 .. ... ...

Mean and Maximum Concentrations for Benzene by Site, by Phase

Mean and Maximum Concentrations for Bicycloheptadiene by Site,

byPhase .. ... ...

Mean and Maximum Concentrations for Bicycloheptadiene During

Phase 1 and Phase 2, Stage 2 .......... .. i,

.....

ooooo

.....

.....

-----

ooooo

.....

.....

.....

-----

Mean and Maximum Concentrations for Carbon Tetrachloride by Site,

by Phase . . ...t e

ooooo

Mean and Maximum Concentrations for 1,1,1-Trichloroethane by Site,

by Phase . .....coii i e e

IRA6/TOCO0013.IRA 5/6/91 2:43 pm

.....

4-52

4-57

4-58

4-62

4-68

4-78

4-79

4-82

4-84

4-85

4-87

4-89




T N 2 T T I T W e e | _____J T Wy $YWEE $YY $TWE R $wWIN S 2z e 0

Figure
4.6-8

4.6-9

4.6-10

4.6-11

4.6-12

4.6-13

4.6-14

4.6-15

4.6-16
4.6-17
4.6-18
4.6-19a
4.6-19b
4.6-19¢

4.7-1

4.7-2

LIST OF FIGURES
(continued)

Mean and Maximum Concentrations for Chloroform by Site, by Phase . ..
Mean and Maximum Concentrations for Chlorobenzene by Site, by Phase .

Mean and Maximum Concentrations for Dicyclopentadiene by Site,
by Phase . . . oot

Mean and Maximum Concentrations for 1,2-Dichloroethane by Site,
DY Phase . . .ot i e e

Mean and Maximum Concentrations for Dimethyl Disulfide by Site,
By Phase . . . oot e

Mean and Maximum Concentrations for Ethylbenzene by Site, by Phase . .

Mean and Maximum Concentrations for Methylene Chloride by Site,
by Phase . . ..ottt e

Mean and Maximum Concentrations for Tetrachloroethylene by Site,
by Phase . . ..ot e

Mean and Maximum Concentrations for Toluene by Site, by Phase . . .. ..
Mean and Maximum Concentrations for Trichloroethlyne by Site, by Phase
Mean and Maximum Concentrations for Total Xylenes by Site, by Phase . .
Mean Monthly VOC Concentrations for Phase 4 (FY90) .............
Mean Monthly VOC Concentrations for Phase 4 (FY90) (Continued)
Mean Monthly VOC Concentrations for Phase 4 (FY90) (Continued)

X/Q Dispersion Pattern, Wind Rose and OCP Concentrations for
May 29, 1990 .. ..ot e

X/Q Dispersion Pattern, Wind Rose and OCP Concentrations for
July 10, 1990 ..ot e ettt e e e e e

xi

IRA6/TOC00013.IRA 8/191 10:05 am

4-96

4-98

4-99

4-106

4-108

4-120

4-121

4-122




LIST OF FIGURES

(continued)

Figure Page
4.7-3 Mean and Maximum Concentrations for Aldrin by Site, by Phase . ... ... 4-136
4.7-4 Mean and Maximum Concentrations for Dieldrin by Site, by Phase . . .. .. 4-138
4.7-5 Comparison of Dieldrin Concentrations from Identical Samples for

Analysis by SVOC and OCP Methods .. ............ . ... ... 4-139
4.7-6 Mean and Maximum Concentrations for Endrin by Site, by Phase .. ... .. 4-141
47-7  Mean and Maximum Concentrations for Isodrin by Site, by Phase . . . .. .. 4-142
4.7-8 Mean Monthly OCP Concentrations for Phase 4 (FY90) . . ............ 4-151
6.6-1 Directional Curves for 24-Hour and Annual Worst Case Concentrations . . . 6-3

xii
IRA6/TOCO0013.IRA 5/6/91 2:43 pm




Table
2.2-1
2.2-2
223
2.3-1
2.3-2
2.3-3
2.3-4
2.4-1
3.1-1
3.1-2
3.4-1
3.6-1
3.6-2
4.1-1

4.1-2

4.1-3

4.1-4

4.2-1

LIST OF TABLES

Summary of Available Study Data for the Basin F Area .. ............
Basin F Air Sampling Target Compounds . . ............. ... ......
Parameters and Strategies for CMP Air Monitoring .. ...............
Summary of Temperature Data in the RMA Vicinity .. ..............
Summary of Precipitation and Humidity Data in the RMA Vicinity . . . . ..
Summary of Wind and Pressure Data in the RMA Vicinity ...........
Summary of Meteorological Data in the RMA Vicinity ..............
National Ambient Air Quality Standards . . .. .....................
IRA-F Air Sampling Target Compounds . . . .......... ... . ...,
Basin F Remediation Phases and Associated Air Sampling Programs . . . ..
Summary of RMA Meteorological Monitoring for FY89 and FY90 . ... ..
Analytical Methods for IRA-F Air Quality Monitoring Program .. ......
Certified Reporting Limits for IRA-F Air Monitoring Program .........
Recovery of IRA-F Total Suspended Particulates Samples .. ..........

Geometric Mean Total Suspended Particulates Concentrations (pg/m’)
at Basin F/IRA-F Sampling Locations . ................... .. ....

Definitions of Codes and Abbreviations Used on Section 4 Graphs of
Analyte Concentrations . . . ...... ot viiit i

24-Hour Maximum TSP Concentrations (ug/m®) at Basin F/IRA-F
Sampling Locations .. .......... oot

Recovery of IRA-FPM-10 Samples . . . ........... ... ...

xiii

IRA6/TOC00013.IRA 8/191 10:06 am

2-12

2-19

2-20

2-21

2-22

2-23

2-28

3-3

3-5

3-26

3-33

3-36

4-10

4-11

4-13

4-15

4-30




LIST OF TABLES
(continued)

Table Page

4.2-2 Arithmetic Mean PM-10 Concentrations (pg/m’) at IRA-F Sampling
LOCAtioNS . . oo ve ettt e 4-30

42-3  24-Hour Maximum PM-10 Concentrations (ng/m®) at IRA-F Sampling

LOCAtONS &\ vttt ettt et e e e 4-30
4.3-1 Recovery of IRA-F Metals Samples . . ......... ... i 4-38
4.3-2 Arithmetic Mean Metals Concentrations (pg/m’) at Basin F/IRA-F

Sampling Locations . . .. ...ttt 4-39
4.3-3 24-Hour Maximum Metals Concentrations (pg/m®) at Basin F/IRA-F

Sampling Locations .. ......... ...t 4-46
4.4-1 Recovery of IRA-F Arsenic Samples .. ........ ... ... ... 4-59
44-2 Arithmetic Mean Arsenic Concentrations (pg/m’) at Basin F/IRA-F

Sampling Locations . ...... ... 4-60
44-3 24-Hour Maximum Arsenic Concentrations (ug/m’) at Basin F/IRA-F

Sampling Locations .. ..........iiiiiiiiiiiiiii i 4-63
4.5-1 Recovery of IRA-F Mercury Samples .. ........ ... .. 4-66
4.5-2 Arithmetic Mean Mercury Concentrations (ug/m’) at Basin F/IRA-F

Sampling LOCations .. ...t e 4-67
4.5-3 24-Hour Maximum Mercury Concentrations (ng/m’) at Basin F/IRA-F

Sampling Locations .. ....... ...ttt 4-69
4.6-1 Recovery of IRA-F Volatile Organic Compounds Samples ............ 4-73
4.6-2 Arithmetic Mean VOC Concentrations (pg/m®) at Basin F, RIFS and IRA-F _

Sampling Locations .. ........ouiuter i 4-74
4.6-3 24-Hour Maximum VOC Concentrations (pg/m’) at Basin F, RIFS and IRA-F

Sampling Locations .. ... ...ttt e 4-76

Xiv

IRA6/TOC00013.IRA 5/6/91 2:43 pm




S A U W T e e "

4.6-4

4.6-5

4.6-6

4.6-7

4.6-8

4.6-9

4.6-10

4.6-11

4.6-12

4.6-13

4.6-14

4.6-15

4.6-16

4.6-17

LIST OF TABLES
(continued)

Summary of Phase 1 Nontarget VOC Detections in Tenax Media (pg/m’)
Summary of Phase 2 Nontarget VOC Detections in Tenax Media (ng/m’)
Summary of Phase 3 Nontarget VOC Detections in Tenax Media (ug/m’)
Summary of Phase 4 Nontarget VOC Detections in Tenax Media (pg/m?’)

Summary of Phase 1 Nontarget VOC Detections in Tenax-and-Charcoal

Media (BE/M®) -« o v e e e et e e e e e e

Summary of Phase 2 Nontarget VOC Detections in Tenax-and-Charcoal

Media (BE/M) . oot e

Summary of Phase 3 Nontarget VOC Detections in Tenax-and-Charcoal

Media (/M) © . oottt e e

Summary of Phase 4 Nontarget VOC Detections in Tenax-and-Charcoal

Media (BEMD) .« o v e e e e et e e e e

Summary of Phase 1 Coeluting Nontarget VOC Detections in Tenax

Media (0E/M3) ..ot

Summary of Phase 2 Coeluting Nontarget VOC Detections in Tenax

Media (/M) .« oottt

Summary of Phase 3 Coeluting Nontarget VOC Detections in Tenax

Media (BE/M) .« oottt e

Summary of Phase 4 Coeluting Nontarget VOC Detections in Tenax

Media (/M) . .ottt

Summary of Phase 1 Coeluting Nontarget VOC Detections in

Tenax-and-Charcoal Media (ug/m®) . ... ...t

Summary of Phase 2 Coeluting Nontarget VOC Detections in

Tenax-and-Charcoal Media (ug/m®) .. ... ..ot non..

XV

IRA6/TOCO0013.IRA 5/6/91 2:43 pm

Page
4-112

4-112
4-113

4-113




LIST OF TABLES
(continued)

Table

4.6-18  Summary of Phase 3 Coeluting Nontarget VOC Detections in
Tenax-and-Charcoal Media (pg/m®) . ....... ...,

4.6-19 Summary of Phase 4 Coeluting Nontarget VOC Detections in
Tenax-and-Charcoal Media (ug/m®) .. ... ... ...,

4.7-1 Recovery of IRA-F Semivolatile Organic Compounds/Organochlorine
Pesticides Samples . . . ... .ottt i e e e

4.7-2 Arithmetic Mean Organochlorine Pesticides Concentrations (ng/m’) at
Basin F, RIFS and IRA-F Sampling Locations . ...................

4.7-3 Arithmetic Mean SVOC Concentrations (ug/m’) at Basin F, RIFS and
IRA-F Sampling Locations . ...t ..

4.7-4 24-Hour Maximum Organochlorine Pesticides Concentrations (pg/m’) at
Basin F, RIFS and IRA-F Sampling Locations .. ..................

4.7-5 24-Hour Maximum SVOC Concentrations (ug/m’) at Basin F, RIFS and
IRA-F Sampling Locations .. ...... ... ituiniinenneenneenn.

4.7-6 Summary of Phase 1 Nontarget SVOC Detections (pg/m®) . ...........
4.7-7 Summary of Phase 2 Nontarget SVOC Detections (ug/m’) ............
4.7-8 Summary of Phase 3 Nontarget SVOC Detections (ug/m’) ............
4.7-9 Summary of Phase 4 Nontarget SVOC Detections (pg/m’) .. ..........
4.7-10  Summary of Phase 1 Coeluting Nontarget SVOC Detections (pg/m’) . . . . .
47-11  Summary of Phase 2 Coeluting Nontarget SVOC Detections (pg/m’) .....
4.8-1 Fluxes of VOCs Analyzed by GC/FID for Each Episode and Each Site .

4.8-2 Fluxes of VOCs Analyzed by GC/ECD for Each Episode and Each Site ..

4.8-3 Fluxes of VOCs Analyzed by GC/MS for Each Episode and Each Site . .

Xvi
IRA6/TOC00013.IRA 5/6/91 2:43 pm




Table

4.8-4

4.8-5
4.8-6
4.8-7

4.8-8

4.8-9

4.8-10

4.8-11
5.2-1
5.2-2
5.2-3
5.2-4
5.2-5
5.2-6
5.2-7
5.2-8

5.2-9

LIST OF TABLES

(continued)

Page
Surface Fluxes of SVOCs Detected by GC/ECD for Each Episode and
Each Site . ...t i e e 4-161
Summary of OVA Readings (ppm) at Waste Pile Vents .............. 4-164
Summary of OVA Readings (ppm) atPond A .. ................... 4-167
Summary of OVA Readings (ppm) at The Tank Farm ............... 4-167
Concentrations of Detected Target Analytes (ppb) in Canister Samples
forthe Basin FWaste Pile Vents . . .. ........ ... . .. 4-170
Estimated Emission Rates for Chloroform (pg/sec) and Organic Vapor
Readings (ppm) for Basin F Waste Pile Vents . . .. ................. 4-172
Concentrations of Target Compounds in the Pond A Vent Emissions for
Three Episodes .. ..... ... 4-173
Concentrations of Detected Target Analytes at the Tank Farm ......... 4-175
SVOC Field Blank Results (ug) . . . ..o v i i i 54
OCP Field Blank Results (BE) . . .. oo v vttt it i i 5-5
Metals Field Blank Results (ug) .......... . ... 5-7
Mercury Field Blank Results (B2) - -« v« vvvvevnenenenennennnn. 59
VOC Field Blank Results () ... c v v viiiiiiin i 5-10
Collocated Sample Results ........... .. ... 5-14
SVOC Spiking Recoveries (Ug) . ..o oo v vii i i 5-19
OCP Spiking Recoveries ........oviiiiiinnnennnnnnnnnn. | 5-20
VOC Spiking Recoveries .. ...ttt 5-21

xvil

IRA6/TOC00013.IRA 5/6/91 2:43 pm




Table

5.4-1

54-2

5.4-3

5.4-4

5.4-5

5.4-6

5.4-7

5.4-8

5.4-9

5.4-10

5.4-11

6.2-1
6.2-2

6.2-3

LIST OF TABLES
(continued)

Summary of Phases 1 and 2 Nontarget VOC Field Blank Detections Tenax
Media (uE/sample) . . ..ot

Summary of Phases 3 and 4 Nontarget VOC Field Blank Detections Tenax
Media (Z/SAMPIE) . . . o oo v e

Summary of Phases 1 and 2 Nontarget VOC Field Blank Detections
Tenax-and-Charcoal Media (pg/sample) . ......... ... ...t

Summary of Phases 3 and 4 Nontarget VOC Field Blank Detections
Tenax-and-Charcoal Media (pg/sample) ............. ... ... ...

Summary of Phases 1 and 2 Nontarget VOC Trip Blank Detections Tenax
Media (E/saMPIE) . . . oo v

Summary of Phases 3 and 4 Nontarget VOC Trip Blank Detections Tenax
Media (ug/sample) . . ... oo

Summary of Phases 1 and 2 Nontarget VOC Trip Blank Detections
Tenax-and-Charcoal Media (pg/sample) .......... ... ... ........

Summary of Phases 3 and 4 Nontarget VOC Trip Blank Detections
Tenax-and-Charcoal Media (pg/sample) . ............... .. .......

Summary of Phases 1 and 2 Nontarget SVOC Field Blank Detections
(UE/SAmPplE) . . .o

Summary of Phases 3 and 4 Nontarget SVOC Field Blank Detections
(RE/SAMPIE) . . vt

Summary of Phases 1 and 2 Nontarget SVOC Trip Blank Detections
(RE/sample) . . ..o e

Acute Dose-Response Estimates for Contaminants of Concern . ........
Chronic Dose-Response Estimates for Noncarcinogenic Chemicals ... ...

Dose-Response Estimates for Carcinogenic Chemicals . ..............

XViil

IRA6/TOC00013.IRA 8/191 10:07 am

5-28

5-28

5-29

5-29

5-29

5-31

5-31

5-32




LIST OF TABLES

(continued)
Table Page
6.2-4 List of Target Compounds for Which AACs were Developed .. ........ 6-11
6.2-5 Chronic AACs for RMA On-Site Workers ....................... 6-13
6.2-6 Acute AACs for On-Site Workers and Off-Site Residents . . ... ........ 6-14
6.2-7 Chronic AACs for Off-Site Residents . . ........ ... oot 6-17

6.3-1 Comparison of AACs for Acute Exposure of On-Site Workers to Estimated
24-Hour Maximum Concentrations (ug/m®) .. .......ovviuinnnn.n 6-19

6.3-2 Comparison of AACs for Chronic Exposure of On-Site Workers to Projected
Highest Average Concentrations (pg/m’) at North Boundary Well

Monitoring SIt€ . . ..o v v vt e 6-20
6.4-1 Comparison of AACs for Acute Exposure of Off-Site Residents to Estimated
24-Hour Maximum Concentrations (ug/m®) .. .. ... 6-22
6.4-2 Comparison of AACs for Chronic Exposure of Off-Site Residents to
Estimated Maximum Concentrations (pg/m’) at any IRA-F Site . . . ... ... 6-24
Xix

IRA6/TOC00013.IRA 8/1/91 10:10 am




LIST OF APPENDICES
Appendix A IRA-F Field Program Standard Operating Procedures
Appendix B-1 Odor Program Data Listings
Appendix B-2 IRA-F Program Data Listings
Appendix B-3 Sample Blank Data Listings
Appendix C  IRA-F Field Program Cap and Vent Monitoring Data Sheets
Appendix D IRA-F Flux Chamber Sampling Subcontractor Data Summary
Appendix E  IRA-F Vent Sampling Canister Analytical Results
Appendix F IRA-F Collocated Sample Data Listing

Appendix G Relative 24-hour Worst Case and Annual Average Concentrations By Radial
Sector for Hypothetical Basin F Source

Appendix H  Toxicity Profiles

XX
IRA6/TOC00013.IRA 5/6/91 3:08 pm




ACRONYMS AND ABBREVIATIONS

AA Atomic absorbtion

AAC Acceptable ambient conditions

AeroVironment AeroVironment, Inc.

AES Atomic emission spectrometery

ACET Acetone

ACGIH American Conference of Governmental Industrial Hygienists
AIHA American Industrial Hygiene Association
ALDRN Aldrin

Army U.S. Army

ATSDR Agency for Toxic Substance and Disease Registry
ATZ Atrazine (2-chloro-4-ethylamino-6-isopropylamino-s-trianine)
BCHPD Bicycloheptadiene

Chlordane 1,2,4,5,6,7,8,8-octachloro-2,3,3a,4,7,7a-hexahydro-4,7-methano-1H-idene
CLDAN Chlordane

°C Degrees Centigrade

cc/sec Cubic centimeters per second

CCL, Carbon tetrachloride

CDH Colorado Department of Health

CEFC Chlorofluorocarbons

CF&l Colorado Fuel and Iron Corporation

CFR Code of Federal Regulations

CHCL, Chloroform

CH,CL, Methylene chloride

CLC(H;, Chlorobenzene

CLP Contract laboratory program

CMP Comprehensive Monitoring Program

CcO Carbon monoxide

COE U.S. Army Corps of Engineers

CPF Cancer potency factor

CPMSO P-Chlorophenylmethyl sulfoxide

CPMSO, P-Chlorophenylmethyl sulfone

CQAP Chemical Quality Assurance Plan

CRL Certified reporting limit

CS, Carbon disulfide

CVAAS Cold vapor atomic absorption spectrometery

C¢Hs Benzene

11DCLE 1,1-Dichloroethane

12DCLE 1,2-Dichloroethane

DBCP Dibromochloropropane

DCPD Dicyclopentadiene

Xxi
IRA6/TOCO0013.IRA 8/191 10:12 am




-

DDE
DDT
DIMP
DLDRN
12DMB
DMDS
DQO
ENDRN
EPA
ETC,H

FY89
FY90
g/sec
GC/MS
GC/ECD
GFAA
GFP
GMW
GT
HCBD
HEAST
H-Nu
Hyman
ICAP
IRA-F
IRDMS
IRIS
ISC
ISCLT
ISCST
ISODR
LCRL
LOAEL
LOF
LQAC
LSD
LT

ACRONYMS AND ABBREVIATIONS
(continued)

Dichlorodiphenylethane
Dichlorodiphenyltrichloroethane
Diisopropyl methyl phosphone

Dieldrin

1,2-Dimethyl benzene

Dimethyl disulfide

Data quality objective

Endrin

U.S. Environmental Protection Agency
Ethyl benzene

Degrees Fahrenheit

Fiscal Year 1989

Fiscal Year 1990

Grams per second

Gas chromatography/mass spectrometry
Gas chromatography/electron capture detection
Graphite furnace atomic absorption

Good field practice

General Metal Works

Greater than

Hexachlorobutadiene

Health Effects Assessment Summary Tables
Trade name for a photoionization type organic vapor analyzer
Julius Hyman and Company

Inductively coupled argon plasma

Interim Response Action F

Installation Restoration Data Management System
Integrated Risk Information System
Industrial Source Complex

Industrial Source Complex Long-Term
Industrial Source Complex Short-Term
Isodrin

Lower certified reporting limit
Lowest-observed-adverse-effect-level

Lack of fit

Laboratory Quality Assurance Coordinator
Laboratory Support Division

Less Than

Meter

XX1i

IRA6/TOC00013.IRA 8/191 10:14 am




mm
Malathion
MLTHN
MECH;
MEK
MIBK
mph
MRI
MST
M-xylene
NAAQS
ng
NIOSH
NOAEL
NO

NO,

NO,
NNDMEA
0O,

OoCp
OSHA
OVA
O-xylene
PEL
PRTHN
Pb
PM-10
PNA
ppb
ppDDE
ppDDT
ppm
PQAC
PSD
PUF
P-xylene
QA

QAP

QC

ACRONYMS AND ABBREVIATIONS
(continued)

Millimeter
0,0-dimethyl-s-(1,2-dicarboxyethyl) phosphorodithioate
Malathion

Toluene

Methy! ethyl ketone

Methyl isobutyl ketone

Miles per hour

Midwest Research Institute

Mountain Standard Time

Meta-Xylene

National Ambient Air Quality Standards
Nanogram

National Institute of Occupational Safety and Health
No-observed-adverse-effect-level

Nitrous oxide

Nitrogen dioxide

Nitrogen oxides

N-nitrosodimethylamine

Ozone

Organochlorine pesticides

Occupational Safety and Health Administration
Organic vapor analyzer

Ortho-xylene

Personal exposure limit

Parathion (C,;H,,NO;PS)

Lead

Respirable particulates less than 10-microns
Polynuclear aromatics

Parts per billion
p,p-Dichlorodiphenylethane
p,p-Dichlorodiphenyltrichloroethane

Parts per million

Project Quality Assurance Coordinator
Prevention of Significant Deterioration
Polyurethane foam

Para-xylene

Quality assurance

Quality Assurance Program

Quality control

xxiii

IRA6/TOC00013.IRA 8/191 10:16 am




RfD

RI
RIFS3
RRT
Sarin
sccm
Shell
SO,

SOP
Stapleton
Supona
SVOC
111TCE
112TCE
TCLEE
T12DCE
TIC

TLV
TRCLE
TSP

hg

pg/m’
pm
USATHAMA
USAEHA
vOC
X/Q
XYLEN

ACRONYMS AND ABBREVIATIONS
(continued)

Reference-dose

Remedial Investigation

Remedial Investigation/Feasibility Study, Task 3
Relative retention time

Isopropylmethane fluorophosphonate

Standard cubic centimeters per minute

Shell Chemical Company

Sulfur Dioxide

Standard operating procedures

Stapleton International Airport
2-chloro-1-(2,4-dichlorophenyl) vinyl diethyl phosphate
Semivolatile Organic Compounds
1,1,1-Trichloroethane

1,1,2-Trichloroethane

Tetrachloroethene

Trans-1,2-Dichloroethylene

Tentatively Identified Compound

Threshold Limit Value

Trichloroethylene

Total Suspended Particulates

Microgram

Micrograms per Cubic Meter

Micrometer or micron

U.S. Army Toxic and Hazardous Materials Agency
U.S. Army Environmental Hygiene Agency
Volatile Organic Compounds

Relative Concentration

Xylenes

XXxiv

IRA6/TOCO0013.IRA 8/191 10:17 am




EXECUTIVE SUMMARY

This report focuses on activities of the Interim Response Action F (IRA-F) Air Monitoring

Program at Rocky Mountain Arsenal, and it provides an analysis of air quality conditions around
Basin F, both during and after remedial activities. Included in the report are the details of the
air monitoring and analytical procedures for IRA-F and a synopsis of other air monitoring
programs. The ambient air concentrations for a set of airborne target compounds are
summarized. Targets included volatile organics, semi-volatile organics, metals, arsenic, and
particulates. The results provided the information necessary to describe the potential impacts of
Basin F operations and closure on ambient air quality, and to characterize the potential sources

of the observed concentrations of target compounds.

Sampling around Basin F began with a Remedial Investigation study in 1986 to 1987, and
continued with a program conducted during remedial activities (March 1988 to May 1989). A
special Odor monitoring program overlapped the Basin F program and extended from October
1988 to May 1989. The IRA-F program, conducted from May 1989 through September 1990,

was intended to analyze air quality conditions after the closure of Basin F.

For all target analytes, the mean and extreme concentrations during these periods are presented.
Basin F remedial activities appeared to be a source for several of the target compounds, but after
the completion of the waste pile cap, the impact of metropolitan Denver emissions on air quality
dominated any impacts from the former Basin F area. Of the volatile organics,
bicycloheptadiene, chloroform, dicyclopentadiene and dimethyl disulfide, were clearly related to
Basin F emissions during remediation, but following completion of the cap only chloroform was
detected around the former Basin F at measurable concentrations. Of the semivolatile organics,
pesticides including Dieldrin, Aldrin, Endrin, and Isodrin were still being emitted from the former
Basin F, but at a substantially reduced rate compared to emissions during remedial activities.
Both the metals and suspended particulates were also emitted during remedial activities, but ﬁpon
completion, their concentrations were representative of background urban-area levels. Chromium

and mercury levels were substantially higher during remedial activities, but were rarely detected
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following completion of the Basin F IRA. A clear seasonal cycle in the target compound
concentrations is also discussed. Volatile organics tend to have highest concentrations in the
winter months associated with the strong Denver area atmospheric inversion conditions. The
detected pesticides had the highest concentrations in late summer or early fall, associated with

the relatively warm temperatures and dry conditions at that time of year.

The IRA-F program also sampled and analyzed potential emissions from the waste pile and the
former Basin F floor caps for volatile organics and semivolatile organics, but reported no signs
of a breech or any indications of localized "hot spots." The IRA-F program sampled and
analyzed the emissions from the waste pile, storage tank, and Pond A vents. On the waste pile,
the emissions from certain vents were much higher than from other vents. Chloroform was
detected at the highest concentrations at the vents. Bicycloheptadiene and dicyclopentadiene were
also detected in the waste pile vents. At Pond A, the Freon compounds and chloromethane were
detected in the highest concentrations. At the tanks, the vapor contents were homogeneous, with
highest concentrations of chloromethane, dimethyl disulfide, and acetone. The vent sampling
effort indicated a notable increase in the concentrations of target analytes from the spring to the
late summer sampling effort, particularly at the tanks. At the waste pile vents, there was a steady

increase in emissions during the IRA-F monitoring period.

For the target analytes, a set of "acceptable ambient concentrations,"” or AACs, was developed,
based on an assumed seven-year exposure period, for the on-site workers and the off-site
residents (both small children and adults), and these were compared to the sampling results. The
comparisons were made for both the short-term (24-hour) and long-term average concentrations.
Results showed that there were no exceedences of the short-term AACs. Estimated
concentrations of dibromochloropropane, Dieldrin and chromium were above the long-term or
chronic AACs for small children off site. The measured or estimated levels were below the
chronic AACs for on-site workers and off-site adults. Except for chloroform, Aldrin and Diel‘drin
the sampled concentrations of all target compounds which exceed the AACs can be attributed to

non-Arsenal sources.
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1.0 INTRODUCTION
1.1 PURPOSE OF THE PROGRAM

Following the completion of the Interim Remedial Activities at Basin F on Rocky Mountain

Arsenal (RMA) in May 1989, the Program Manager’s Office for the Rocky Mountain Arsenal
(PMRMA) established an ambient air quality monitoring program for selected sites near Basin F.
This program was called Interim Response Action F (IRA-F) and was one of a number of larger
scale interim response activities at RMA. Under terms of its Technical Support Services contract
with Ebasco Services Incorporated (EBASCO), PMRMA issued a task order to collect and
analyze post-remediation ambient air quality samples around Basin F. The objectives of the
IRA-F air monitoring task were to determine the ambient concentrations of selected (target)
compounds, to characterize the improvement of air quality conditions following Basin F closure,
to provide baseline data for addressing potential sources of the observed concentrations, and
compare the results of the monitoring effort to health guidelines or to developed "acceptable
ambient concentrations." Secondary objectives included assessment of emissions from the
Basin F waste pile cap, the clay and synthetic cap which covers the Basin F floor, the tank farm

and the liquid waste storage pond.

One of the IRA-F sampling goals was to provide comparable follow-on data from previously
monitored sites and to complement the concurrent air quality sampling activities being conducted
under the Comprehensive Monitoring Program (CMP) at RMA. This report includes comparisons
to CMP data and to data from preceding studies where it is pertinent. The program was designed
to monitor air quality during the period from the completion of the Basin F IRA in May 1989,
through the potential award of a comprehensive air quality monitoring program at RMA which
was targeted for October 1990. Ultimately, the IRA-F program continued sampling until January

1991, when a subsequent task award assumed responsibility for monitoring at the IRA-F sites.
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1.2 GENERAL PROGRAM SCOPE

The IRA-F program included sampling for target compounds in the ambient air around Basin F.
These target compounds included volatile organic compounds (VOCs), semivolatile organic
compounds (SVOCs), organochlorine pesticides (OCPs), metals, arsenic, mercury, total suspended
particulates (TSP) and respirable particulates (PM-10). These samples were collected and
analyzed in accordance with methods that were approved by PMRMA. The data produced by
this effort were processed and stored in accordance with the Installation Restoration Data
Management System (IRDMS), also established by PMRMA. Generally the sampling techniques
followed those established and approved by the United States Environmental Protection Agency
(EPA). Ambient air quality data were collected on the EPA six-day sampling schedule at seven
sites during the first two months of the program and were collected at five sites for the remainder
of the effort. Routine sampling was conducted from May 1989 through September 1990, with
follow-on sampling conducted from October 1990 through mid-January 1991.

In addition to the regular ambient air sampling, several supplemental sampling efforts were
undertaken. A real-time Basin F cap and vent monitoring effort was conducted to sample
potential emissions from the restored Basin F floor, the waste pile cap, the tank farm and the
liquid storage pond. Under this effort total organics were monitored monthly for the first five
months, and quarterly thereafter. A sampling program which used evacuated stainless steel
canisters for grab sampling was employed to characterize emissions from the waste pile vents,
Pond A vents and the tank vents. Another short-term separate sampling effort, that employed
flux chambers to capture soil surface emissions, was used to characterize emissions during three

episodes from the clay cap covering the Basin F floor.

1.3 OUTLINE OF REPORT

This report summarizes the results of activities conducted under the IRA-F program, and includes
comparative analysis of results from IRA-F, the CMP, and previous air quality monitoring
programs at or near Basin F. Section 2 provides a brief background of the site and operations,

the air quality and meteorological conditions, and a synopsis of monitoring tasks for this and
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other air quality monitoring programs. Section 3 provides a discussion of program strategy and

methodology. Included in this section is a discussion of the field program, the special sampling
at the waste pile, Basin F cap, tanks, and Pond A, the use of meteorological data, data processing
techniques, laboratory analytical procedures, and the quality assurance (QA) program. The
analytical results for each of the target analyte groups and for the cap and vent monitoring
program are presented in Section 4. In this report, the sampling results are reported for discrete
time periods referred to as Phase 1, Phase 2, Phase 3 and Phase 4. These phases are defined in
more depth in Section 3.1. The results of the QA activities are described in Section 5, and
ambient air quality results are compared to acceptable ambient concentrations in Section 6.

Conclusions related to the monitoring program are provided in Section 7.

Throughout the report, data and conclusions from other ambient air quality programs at RMA are
cited for comparison to IRA-F data and conclusions. These programs included the Air Remedial
Investigation (RI) program, the Odor Program, the Basin F Air Monitoring Program which was
conducted during remedial activity, and the Comprehensive Monitoring Program air monitoring

effort.
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2.0 BACKGROUND
2.1 SITE BACKGROUND INFORMATION

Rocky Mountain Arsenal (RMA) encompasses more than 17,000 acres (27 square miles)

northeast of Denver, Colorado in western Adams County (Figure 2.1-1). It was established in
1942 and was initially used as a manufacturing facility for chemical and incendiary munitions,
and was used for demilitarization of chemical munitions. Industrial chemicals were manufactured
at RMA from 1947 to 1982. Over the years a number of manufacturing, storage and
transportation facilities were built to support RMA activities. The RMA facilities and
containment structures which are discussed in this report are identified in Figure 2.1-2. Other

locations have been included to illustrate the general layout of RMA.

From 1943 to 1950 RMA manufactured and distilled stocks of Levinstein mustard, demilitarized
several million rounds of mustard-filled shells, and test-fired mortar rounds filled with
smoke-producing materials and high explosives. During this period many types of obsolete
World War II ordnance were destroyed by detonation or burning. Manufacturing facilities built
by the U.S. Army (Army) between 1950 and 1953 were used in the production of
isopropylmethyl fluorophosphonate (Sarin), a nerve agent. Sarin manufacture continued until
1957, and Sarin munitions-filling operations continued until late 1969. Phosgene and cyanogen
chloride munitions were demilitarized by the Army during the period from 1965 to 1969.
Between 1943 and 1974, mustard munitions were demilitarized. Sarin munitions were

demilitarized from 1973 to 1976 (Melito & Moloney, 1978).

In 1947, the Army leased portions of RMA to Colorado Fuel and Iron Corporation (CF & I) and
Julius Hyman and Company (Hyman). Colorado Fuel and Iron manufactured chlorinated
benzenes and dichlorodiphenyltrichloroethane (DDT). Hyman produced a variety of pesticides,
insecticides and herbicides. In 1951, Shell Chemical Company (Shell) assumed portions of the

Hyman lease.
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From 1943 to 1956, water and wastewater from all RMA operations was discharged into Basin A,
located in Section 36. The area where Basin A is located was selected because it contained a
playa, a natural shallow basin. At various times during operations at RMA, other small basins
in Section 36 were used in the effluent storage system. These were incorporated into Basin A
when it was enlarged. An impoundment dike at the low end of the basin was raised 5 feet in
1952 to handle the additional waste generated by the Sarin plant. Basin F, a lined disposal pond,
was constructed in 1956 to contain liquid effluent from all the previously used basins as well as
anticipated future wastes. Transfer of liquids from other effluent storage basins to Basin F was

completed by 1958.

2.1.1 Potential Contaminant Sources

Potential sources of airborne contaminants within RMA boundaries were identified and air quality
and meteorological monitoring stations were located near them. Previous air monitoring studies
and remedial investigations conducted at RMA indicated that RMA sources of emissions existed
at the South Plants area, throughout Sections 36 and 26, and in and around Basin F. After
production and demilitarization activities ceased, there were no longer discrete or active point
sources of emissions at RMA. Instead, the sources were large area sources of fugitive organics
or particulates, whose emissions were a function of atmospheric conditions, surface cover and
the contaminants’ physical state. These sources, under typical conditions, appear not to pose a
major air quality problem. However, remediation activities such as the Basin F Interim Remedial
Action Program created temporary impacts on air quality due to excavation, dirt hauling,

materials removal and waste pile construction.

Based upon historical records of RMA disposal activities and known chemical spills, the South
Plants area, Basin A and Basin F are suspected as the largest potential sources of fugitive
airborne emissions. Other minor potential sources may also contribute to airborne levels of

contaminants.
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2.1.2 South Plants Manufacturing Complex
The South Plants area was used by CF & I, Hyman, Shell and the Army from the early 1940s

through the early 1980s to produce chemicals including pesticides, herbicides, insecticides and
chemical weapons. Although production activity has ceased at the South Plants facilities,
contaminants are still resident in soil and ground water; and under certain conditions, airborne
organic contaminants have been detected. There are presently no open waste storage basins
within the South Plants area. The bottom sediments of the small lakes near South Plants are
known to contain chemical contaminants, but are not suspected of contributing significantly to

the airborne emissions.

2.1.3 Basin A

Basin A is located in Section 36 and was the original disposal area for liquid effluent from South
Plants activities. When the North Plants complex came on line, wastes from that operation were
discharged into Basin A as well. When Basin F was completed and put on-line, discharge of
wastes to Basin A was discontinued. Currently, the basin remains dry during most of the year,
with some minor ponding of precipitation during the wetter months, particularly after a heavy
summer rain. During the winter, the basin becomes extremely dry and dusty. Strong winds
during the spring months previously caused severe dust conditions within the basin. Dust
suppressants were applied to alleviate this condition and have contributed to control of windborne

particulates.

Organics, including pesticides and Army chemical agent wastes, were discharged into Basin A
from 1943 until Basin F was put on-line. Inorganic metals and inorganic nonmetals were also
present. A sample of windblown dust collected from Basin A in September 1977 yielded a
variety of contaminants. Chemical analyses revealed the presence of Aldrin, Dieldrin, Endrin,
Isodrin, chlorophenylmethy! sulfide, chlorophenylmethyl sulfoxide, chlorophenylmethyl sulfone,

dithiane, copper, arsenic and mercury.
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2.14 Basin F
Basin F was a 93-acre, asphalt-lined basin in Section 26 with a liquid holding capacity of

245,000,000 gallons. Basin F was constructed in late 1956 to hold all industrial liquid effluent
and wastewater generated at RMA. By 1958 the liquids from Basin A had been transferred to
Basin F and effluents from both the South Plants facility and the North Plants facility were
ultimately discharged there. The 3/8-inch thick asphalt liner was covered with a 12-inch thick
layer of soil to help protect it from erosion and sun damage. Section 2.2.2 provides a discussion

of the Basin F cleanup activities.

2.2 BACKGROUND OF PREVIOUS BASIN F STUDIES

The disposal history of Basin F was well documented during its operation, therefore,
contaminants known to reside in Basin F have also been well documented. Studies on the
Basin F liquid indicated that its contaminants included metals, alcohols, fluoride, chloride,
insecticides, chlorinated organics, chlorophenylmethyl sulfone (CPMSO,), pesticides,
chlorophenylmethyl sulfoxide (CPMSO), phosphorous, p,p’-dichlorodiphenylethane (ppDDE),
sulfate, p,p’-dichlorodiphenyltrichloroethane (ppDDT), diisopropylmethyl phosphonate (DIMP),
phenols and dicyclopentadiene (DCPD). These studies also indicated that the Basin F liquids

were relatively homogeneous.

A study performed in 1982 by the U.S. Army Corps of Engineers (COE) Waterways Experiment
Station (WES) (WES, 1982) evaluated the contaminant distribution in Basin F. The study
included development of sampling protocols for Basin F materials, leach testing and chemical
analysis of numerous soil cores extracted from borings drilled beneath the basin liner. The
results of this study indicated the presence of the following contaminants: acetophenone,
fluoride, Aldrin, Isodrin, arsenic, mercury, chlorophenylmethyl sulfone, metals,
chlorophenylmethyl sulfoxide, pentachloroethane, dibromochloropropane, tetrachloroethylene,

dithiane, toluene, Dieldrin, trichloroethylene, DIMP, xylene, dimethyl phosphate and Endrin.
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The U.S. Army’s Environmental Hygiene Agency (USAEHA) sampled air near Basin F in
November 1980 (National Space Technology Laboratories, 1980). This sample contained
dimethyl acetamide, dimethylmethyl phosphonate, toluene and benzaldehyde (benzyl alcohol).
In January 1981, this agency again sampled air near Basin F and found: diethyl ether,
chloroform, 1-hexanol, benzene, hexane, n,n-dimethylaceto acetamide (NNDMA), DIMP, toluene,
dibromochloropropane, ethyl benzene and meta-, ortho-, and para- (m-,0-,p-)xylene (U.S. Army,
1981).

An ambient air quality assessment was also conducted southeast of Basin F from April to
September 1980 (USAEHA, 1981). Arsenic, cadmium, mercury, Aldrin, Dieldrin and Endrin
were detected. However, arsenic, cadmium, copper, lead and mercury levels were not significant.
The air was sampled for pesticides from September through December 1980, at which time

Aldrin, Endrin and Dieldrin were detected.

In April and May 1982, the USAEHA conducted tests to monitor airborne emissions from Basin
F liquids (USAEHA, 1982). The USAEHA evaluated various adsorption media for collecting
Basin F emissions. Although this study did not attempt to characterize ambient air emissions
near Basin F, the findings indicated potential for future studies to detect such contaminants as
Aldrin, bicyclo-2,2,1-heptadiene, chloromethylsulfonyl benzene, dichlorobenzonitrile, Dieldrin,
dimethy! disulfide, dimethylmethyl phosphonate, dimethylaceto acetamide, dipropyl amine and

isocyanomethane.

The following subsections summarize several air monitoring studies that were precursors to the
IRA-F program. These programs are described here to give a background of the previous or
concurrent air monitoring activities at RMA and around Basin F. Results from these studies have
been used for comparison to IRA-F data where supplemental data were useful. These programs
included the Remedial Investigation (RI) Study of 1986 to 1987, the Basin F Air Monitoring
Program, which was conducted as part of the Basin F Remedial Action from March 1988 to May

1989, a special Odor Program (sampling) conducted in conjunction with Basin F cleanup from
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August 1988 to May 1989, and the CMP air monitoring effort which was begun in 1988 and
continued concurrent with the IRA-F program. The pertinent sampling and analytical information
is summarized below; for extensive details, the reader is referred to individual project reports
which are cited in the text. Table 2.2-1 presents a summary of the applicable study data for the
Basin F area. Not all studies previous to IRA-F are cited in this table.

2.2.1 The Basin F Air Remedial Investigation Program

The Air RI Program began in 1987 and was to investigate the nature and extent of atmospheric
contamination existing at that time. The purpose of the data collection was support of other
remedial investigations, endangerment assessment, and feasibility studies at RMA which were
planned for the near future. Sampling began in the spring of 1987 and continued to the fall of

1988. Results were provided in the project report (ESE, 1988).

The RI air program consisted of sampling for the basic groups of target analytes, including
VOCs, SVOCs, asbestos, metals, TSP, and PM-10. Meteorological data were also collected
during this program. Total suspended particulates and PM-10 were collected on a 6-day schedule
for a 24-hour collection period, following the EPA and Colorado Department of Health (CDH)
sampling schedule. Total suspended particulates were collected at 12 sites and PM-10 were
collected at 3 sites. Asbestos was sampled for an 8-hour collection period at 4 sites every 2
weeks. Volatile organic compounds and SVOCs were sampled during "high event" episodes,
which were selected based on meteorological conditions which would enhance emission of the
target analytes. Seven VOC and five SVOC high event days were selected, and sampling was
conducted around suspected sources of the target analytes. Metals, arsenic and mercury were
sampled on 12 high event days at four fixed and four mobile sites for each event. Sampling and
analyses were conducted in accordance with recognized reference methods. Meteorological data

used by this program were collected at three separate 10-meter towers.

Results of this program are included in Section 4 in terms of comparisons to the subsequent

monitoring programs. The results showed that at RMA the air quality standards for TSP and
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Table 2.2-1 Summary of Available Study Data for the Basin F Area

Study Report Performed By Date
Project Eagle Phase II Demilitarization J. Melito and 1978
and Disposal of the M34 Cluster at the W. Maloney
Rocky Mountain Arsenal
Ambient Air Quality Assessment R. L. Hanson 1981
EDCMB Air Sampling in January 1981 U.S. Army Environmental 1981
Division Contamination
Migration Branch
Evaluation of Contamination Distribution U.S. Army Corps of 1982
in Basin F Engineers
Evaluation of Organic Vapor Emissions, U.S. Army Environmental 1982
Basin F, Rocky Mountain Arsenal, Hygiene Agency (USAHEA)
Commerce City, Colorado. Part II.
Field study Results and Health Risk
Assessment, June - August 1982.
Final Report.
Rocky Mountain Arsenal Final Technical Environmental Science 1987
Plan and Engineering (ESE)
Air Quality Assessment for the CMP R. L. Stollar 1988;
1989;
1990;
1991
Basin F Interim Action Close-Out EBASCO 1989

Safety Report




PM-10 were not exceeded, and that the highest readings for particulates were noted at the RMA
boundaries. No asbestos was detected. Volatile organic compounds were sampled around
Basin F for all seven events, and results showed detections of methylene chloride and one
detection of chloroform along with other nontarget compounds. Three SVOC sample events were
conducted around Basin A and two were conducted around Basin F. Around Basin F, Aldrin,
Dieldrin, Endrin, and Isodrin were detected. All but one of the VOC and SVOC events were
conducted from May through August of 1987. The most prevalent airborne metal was copper.
Lead was detected in a majority of samples around South Plants. Mercury was not found above

the detection limit in any samples.

Though the RI data were limited in terms of spatial extent and scope, especially in comparison
to subsequent programs, the results provided a suitable characterization of conditions at RMA
prior to the remedial action at Basin F. The results from metals and organic compound sampling
provide conscrvativé estimates of background concentrations, because these analytes were

sampled on high event days when emissions or impacts were expected to be highest.

2.2.2 Basin F Interim Action Cleanup and Air Monitoring Activities

All aqueous waste discharges into Basin F were stopped in December 1981. A major interim
response action was initiated at Basin F in early 1988. During the Basin F Interim Action at
RMA, Basin F liquid was transferred to sealed storage tanks and a double-lined holding pond.
A double-lined waste storage pile and a double-lined leachate pond were constructed, and Basin F
sludges were dried and stabilized with soil. The final stage of the cleanup involved transfer of
the mixed sludge/soil into the waste pile, grading of the waste, and capping the pile with clay,
geonet and geotextile. When the waste pile was completed, final grading and reseeding of the

waste pile and restored basin were performed.

2.2.2.1 Basin F Air Sampling Strategy
The air quality monitoring program was concerned with monitoring ambient air in the perimeter

zone (immediately surrounding the work zone) and off-site (approximately one mile from
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Basin F) during the Basin F cleanup. The main objectives of this program were to determine
ambient concentrations and to what extent off-site migration of specific contaminants was
occurring. Based on prior analyses of soils, water and air near Basin F, a selected list of target
analytes was compiled for each group of "type compounds.” Table 2.2-2 presents the target list
of compounds sampled for quantification in ambient air during the cleanup. Separate samples,
media and analytical techniques were used for these groups of compounds. An additional

objective was to provide characterizations of nontarget SVOCs and VOCs as well.

Air quality sampling was conducted by drawing a volume of air through a collection medium,
such as a filter or sorbent trap, at specified locations, frequencies and time durations. For the
Basin F cleanup program, the volumes and media were specifically selected based on several
groups of target compounds that included: particulates, metals, VOCs, SVOCs, ammonia and
mercury. Samples were collected during specific 24-hour target periods. To provide a
conservative estimate of off-site migration, and to generate data that would provide a source
characterization, the sampling methodology called for specific monitoring schedules at specific
sites. Sampling site locations for the Basin F air monitoring program were given identification
numbers for ease in data tracking. These sites were designated with the letters "BF," and their
locations are provided in Figure 2.2-1. The scope of the sampling program included on-site and
off-site ambient air sampling. On-site sampling was sampling within the perimeter and at the
work site. Off-site sampling was conducted at sites which were outside the perimeter, but within
RMA. Throughout this report, established sample sites which collected on-site samples are
referred to as "perimeter sites.” Sites BF-1, BF-2, BF-3 and BF-4 were designated as perimeter
zone sampling sites, and sites BF-5, BF-6 and BF-7 were designated as the off-site (outside the

work area) sampling locations.

2.2.2.2 Basin F Air Sampling Techniques
A variety of air monitoring and sampling measurement techniques was used to determine airborne
concentrations of compounds present at the perimeter zone and off-site areas. The collection and

analytical techniques focused on groups of compounds as well as specific individual compounds.
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Table 2.2-2 Basin F Air Sampling Target Compounds

Target Volatile Analytes Target Metals
Acetone Arsenic
Benzene Cadmium
Bicycloheptadiene Chromium
2-Butanone* (methyl ethyl ketone) Copper

Carbon disulfide* Lead

Carbon tetrachloride Zinc
Chlorobenzene Mercury
Chloroform

1,1-Dichloroethane Other Analytes
1,2-Dichloroethane

Dicyclopentadiene Total Suspended Particulates
Dimethyl disulfide Ammonia
Ethylbenzene

Hexachlorobutadiene*
Methyl isobutyl ketone
Methylene chloride
Tetrachloroethylene
Toluene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Total xylenes
m-Xylene
o-Xylene
p-Xylene

Target Semivolatile Analytes

Aldrin

Atrazine

t-Chlordane
p.p’'-Dichlorodiphenylethane
p,p'-Dichlorodiphenyltrichloroethane
Dieldrin

Endrin

Isodrin

Malathion

Parathion

Supona

* Added while the Basin F project was in progress
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National Institute of Occupational Safety and Health (NIOSH) and EPA approved methods were
used for on-site and off-site sampling. Laboratory analysis was performed by an American
Industrial Hygiene Association (AIHA)-accredited laboratory which was also an EPA Contract

Laboratory for Superfund Priority Pollutant Analysis.

Techniques employed to sample general groups of compounds included the use of several models
of General Metal Works (GMW) samplers. Volatile organic compounds were sampled using
EPA Method TO-1, followed by a variation of the gas chromatography/mass spectrometry
(GC/MS) EPA Method 624 for VOC Analysis (EPA, 1984). This technique was applicable to
volatile, nonpolar organics having boiling points in the range of 80 to 200 Celsius (°C). The
method employed a Tenax™ trap to adsorb the organic species and a backup trap of Tenax-and-
charcoal. General Metal Works (GMW) Model VOTA samplers were used for sample collection.
(VOTA is the model designation 5ssigned to this sampler by GMW.) Semivolatile organic
compounds were sampled using EPA Method T0-4, followed by variations the EPA Method 625
GC/MS Priority Pollutant Analysis and the EPA Method 608 Gas Chromatography/Electron
Capture Detection (GC/ECD) Pesticide Analysis (EPA, 1984). This method involved drawing
air through a quartz filter and into a polyurethane foam plug (PUF) to trap the SVOCs. A
modified high volume sampler GMW Model PS-1 sampler was used for sample collection.
Metals and TSP were sampled using the standard EPA High Volume sampling technique,
followed by the standard EPA Gravimetric Analysis (EPA, 1983) for TSP, NIOSH Method 7300
for inductively coupled argon plasma (ICAP) Metals Analysis (NIOSH, 1984). The glass fiber
filters used for TSP collection were first weighed to determine the concentration of TSP and then

analyzed for metals. Samples were collected using a GMW Hi-Volume (Hi-Vol) Sampler.

Other specific compounds sampled were mercury and ammonia. Each of these compounds was
sampled using sorbent tubes connected to separate sampling ports on GMW VOTA samplers.
Mercury sampling employed glass tubes filled with hopcalite sorbent (Hydrar™ manufactured by

SKC, Inc.), which was subsequently analyzed by flameless cold vapor atomic absorption
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(CVAA). Ammonia sampling utilized silica gel sorbent tubes. Analyses on these samples were

accomplished using NIOSH Method $347 with an ammonia ion-specific electrode.

Additionally, real-time monitoring was conducted within the work area and along the perimeter
at fixed and downwind locations. This monitoring included the use of organic vapor sensors
(OVAs) and photoionization detectors (HNus), ammonia (colormetric) and total particulate (dust)
monitors. Concurrent meteorological data were monitored, and a real-time air dispersion model

was employed to predict the area of maximum impact.

Results from the Basin F air monitoring program are discussed along with the IRA-F results in

Section 4 of this report.

2.2.3 Odor Program
A noticeable odor which had caused periodic complaints from nearby residents increased during

cleanup activities. Due to these complaints an odor response program was initiated on August
5, 1988. Odor complaint responses were initiated when telephone complaints were received.
Response personnel would first monitor Basin F site conditions, then would proceed to the
complaint location to monitor conditions there. Odor response monitoring continued from August
5, 1988 through May 5, 1989. The odor response program terminated with the covering of
Pond A.

In addition to the odor response program, an ambient odor sampling effort, the Odor Program,
was set up. This program was originally under the Remedial Investigation/Feasibility Study to
address odor concerns, but included support from both the Basin F remedial action contractor and
the RMA Comprehensive Monitoring Program. This effort was conducted from October 21, 1988
through May 5, 1989 in an to attempt to characterize the chemical constituents of the odors. The
locations of the sampling sites RIFS1 and RIFS2 are depicted in Figure 2.2-2. The site RIFS1
was at the northwest RMA boundary and the site RIFS2 was off-post just to the north of the
RMA boundary.
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Sampling for VOCs and SVOCs began on October 21, 1988 at RIFS1, and sampling for the
remaining target compounds began at both sites on December 15, 1988. The sampling strategy
was similar to the Basin F strategy, in that only selected samples were submitted for analysis.
These were the samples from the periods with the predicted maximum impacts. At RIFS1,
sampling was conducted on all work days, and the two sample events in each week with the
projected maximum impacts from Basin F emissions were analyzed. At RIFS2, one sample per
week was selected for analysis. The sampled days were not always the same as the days selected
for analysis of the Basin F samples. Laboratory analytical methods for this effort were identical

to those of the IRA-F program (see Section 3 for details).
The results of this effort, for each group of target analytes, are presented in Section 4. These
results were used to analyze and compare results from other programs and to establish impacts

and trends of the ambient concentrations.

2.2.4 Comprehensive Monitoring Program

The CMP at RMA has been projected as a long-term environmental monitoring program to assess
environmental conditions at RMA and to ascertain how or if these conditions might be affected
by remedial activity. Part of the CMP is an air quality monitoring element. The CMP air quality
monitoring includes sampling for target compounds similar to those identified for the preceding
programs (VOCs, SVOCs, OCPs, TSP, PM-10, metals, asbestos). A meteorological monitoring
system and a continuous air monitoring site provide additional information. The continuous air
monitoring program records ambient air readings of sulfur dioxide (SO,), nitrogen oxides (NOx),

nitric oxide (NO), nitrogen dioxide (NO,), carbon monoxide (CO), and ozone (O,).

The CMP air sampling program began in March 1988 and included sample collection at up to
12 sites spread across RMA. These sites are identified as "AQ" sites in Figure 2.2-2. Five of
the sites are located on the RMA boundary, and the others are located at interior sites near

potential sources. Mobile or portable sampling sites are also used by the CMP for special high
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event sampling. The program was suspended in October 1990, but resumed in January 1991.
The CMP sampling strategy was revised slightly with each of the three separate awards, but there
was continuity in the fundamental structure of the program. A summary table of CMP sampling
frequencies and locations is provided in Table 2.2-3. The CMP results are used for comparison
and supplemental information throughout this report. The full data record and analyses may be

found in the CMP Air Quality Data Assessment Report for the CMP (Stollar, 1991).

The meteorological monitoring program began complete operation under CMP in February 1989.
The locations of the four towers M1, M2, M3 and M4 and the continuous monitoring site (M4)
are shown in Figure 2.2-2. A composite database was developed from these sites and was used
in interpreting the IRA-F results. Section 3 describes the CMP meteorology program and the use
of data by IRA-F. The continuous air sampling program began operation in May 1989. Hourly
average readings of SO,, NOx, NO,, NO, CO, and O, were collected. While this effort provides
excellent background air quality data for the pollutants which have traditionally been regulated
as products of combustion, the data do not address impacts of Basin F remediation or other

Basin F activities.

The CMP ambient air quality data are particularly relevant to interpretation of the IRA-F results
due to the similarity of analytes and sampling periods of both programs. Both programs followed
the established EPA six-day sampling schedule. The CMP also included sampling at mobile
sites, which have from time to time been located near Basin F. In many ways, the CMP and
IRA-F efforts have complemented one another, enhancing the overall spatial and temporal
coverage for similar analytes. The results of the CMP are compared to and used to supplement

the IRA-F results in Section 4.

2.3 REGIONAL AND LOCAL METEOROLOGICAL CHARACTERISTICS
The locality of RMA is generally classified as having a mid-latitude and semiarid climate with
hot summers, cold winters and relatively light rainfall. Tables 2.3-1 through 2.3-4 provide

summaries of meteorological and climatological data in the RMA vicinity. Data were collected
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during the IRA-F period at both RMA and Stapleton International Airport (Stapleton), which is
immediately adjacent to RMA on its southern boundary. Because of the close proximity and
relative uniformity of the topography between Stapleton and RMA, Stapleton’s long-term
climatological and meteorological conditions are presumed to be representative of RMA’s long-
term conditions. The RMA on-site database was used for data interpretation and atmospheric

dispersion modeling in this report.

The mean maximum temperatures for the Denver metropolitan area range from 43 degrees
Fahrenheit (°F) in January to 88°F in July. The mean minimum temperatures are 16°F in
February and 59°F in July. Precipitation in the general region ranges from 12 to 16 inches per
year, with approximately 80 percent falling as rain between April and September. Snow and
sleet usually occur from September to May, with the heaviest snowfalls in March, and trace
accumulations possible as late as June. Thunderstorms occur frequently in the region during the
summer months, and generally bring brief rain showers, gusty winds and lightning. These storms
are occasionally accompanied by heavy showers, severe gusty winds, hail and the possibility of

tornadoes.

Wind directional frequencies reflect the drainage pattern of the South Platte River Valley, which
slopes gradually downward from south to north. Typically, surface winds in the area flow
downslope (south to north) during the night and upslope (north to south) during the daytime,
resulting in a north-south bimodal distribution. This back-and-forth drainage flow is referred to
as diurnal drainage flow. Figure 2.3-1 illustrates a wind rose for the RMA vicinity that reflects
the north to south and south to north drainage flow. Because RMA is on higher terrain than the
South Platte River Valley to the west, there is also a moderate easterly component to the drainage
flow especially under very light winds and strong inversion conditions. Winds from all 