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4.0 RESULTS OF FY90 PROGRAM

P ®
7 4.1 S OF UA VAL
.
&
! The purpose of the Air Monitoring Task of the CMP is to establish an ongoing baseline that can be
;i used to verify ambient air quality at XMA and can be used as a guide to evaluate progress being made ®
[ E in remedial actions. Asspecified in the Technical Plan, the program has several related key objectives
| as follows:
i
b
| e Verify and evaluate potential air quality heaith hazards that may exist within the °®
] RMA boundaries;
|
- e Verify progress that has been made to date in removing potential air contaminants
\—}—; resulting from previous activities; ®
1)
! e Establish a database that can be augmented to verif'y progress made in future remedial
} activities;
1 °
’\ ¢ Provide real-time guidelines, standardized procedures and data, as appropriate, to
| indicate impacts of ongoing remedial activities;
o
1 e Extend the rigorous database for further use at RMA; and ®
:
| o Describe potential impacts of other sources of air pollutants,
l!
i Both the data monitoring programs and the data verification and evaluation programs have been °
g
. directed towards these objectives. To the extent possible, the data analyses have been related to
< ! causative factors associated with contaminants detected. This requires that consideration be given to
\ a number of variables unique to air quality assessment;
[ ; o
l ¢ Transient meteorological conditions: parameters such as wind direction, wind speed, :
et cee. . ey e
'; atmospheric stability, inversions, temperature and precipitation;
T" e RMA land disturbaaces: in particular, remedial construction and excavation activities; ®
|
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e Natural surroundings including topography, soil types and vegetation; and

e Ambient contaminant levels directly upwind from the RMA area, and in particular,
metropolitan Denver.

In summary, 'measured background levels of TSP, PM-10, metals, VOC, SVOC and asbestos within
RMA cannot be evaluated in terms of the stated objectives without identifying causative and
contributing factors including off-Arsenal sources. Consequently, a computer database matrix of
ambient concentrations and significant influencing parameters has been established. As the database
is expanded over several years, it wiill have increasing statistical significance and additional
applications. For example, if ambient levels of parameters show decreasing conceatration levels under
similar meteorological and terrain activity conditions, this would indicate either that progress is being
made in remedial activities or that the natural depletion of the contaminant is taking place. If no
change in conditions is evident and contaminant lavels are above normal background expectations,
this would confirm the persistence of a given element and/or indicate the ineffectiveness of remedial

actions and the need for additional or alternate mitiéating actions.

As another example, during the FY90 period, a full year of data was collected in the vicinity of Basin
F under both the CMP and IRA-F programs. In this report, these post-remedial data are compared
with data collected at identical monitoring sites (and under similar meteorological and climatological
conditions) during the Basin F remediation period. The basis of this evaluation will be discussed
further in Section 4.1.2.

4.1.1 COMPUTERIZED DOCUMENTATION

Computerized documentation and analysis have provided the following information for this Air
Quality Data Assessment Report;

o For each sampling station, a list includirg the compounds detected at that station, the
range of concentrations reported, the maximum concentration, pertinent weather
conditions and other causative factors (i.e., close-by remedial activity). High event

monitoring activities were similarly documented and reported.

e Comparison of measured TSP, PM-10, metals, arsenic, mercury, asbestos, VOCs,
SVOCs, and OCPs with available regional data and with regulatory guidelines,
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threshold limit values (TLV), and other air toxic guidelines as approp: iate.
Comparisons with standards and guidelines are discussed further in this section for

each specific group of analytes.

Comparison of significant (high or low) contaminant levels under simiiar causative
conditions to indicate remedial progress or iack of progress. As basic examples, VOC
and SVOC values at an RMA site over a particular season could result from remedia!
activity, infusions from outside the Arsenal, or specific meteorological conditions.
Similarly, high metals levels could result from strong wind speeds from a persistei
direction, infusions from Denver, significant excavation activities, or all of the abov:
concurrently. The computer matrix compiled over the life of the CMP delineates
these causative relationships for this and future reports.

Identificaticn of meteorological conditions, excavation activivies, or discrete sources

and influences that may trigger high levels of contaminant activiiv and require specia
precautions and mitigating actions,

In addition, this CMP Air Quality Data Assessment Report for FY90 provides, for the purpose -

remediation assessment, the results of the Interim Action Basin F Cleanup Prog::un from the initiati-

of remedial activities at Basin F in 1988, through September 30, 1990. Evaluation of those dat.
includes the following by-products:

AIR-90.4
Rev. 08/15/91

Incorporation of all remedial activity monitoring data into the +..MP, and assessmen.
of these data as a subset of the overall database; and

Specific standardized guidelines and criteria for air monitoring support of excavation
and remedial activities at RMA, Criteria have been based on available literature,
existing state-of-the-art techniques, and direct FY88, FY89 and FYQ0 experience
with air quality monitoring and contaminants of concern at RMA; guidelines includs
specific instrumentation, monitoring procedures and techniques, real-time prediction
and alert procedures, and models relating to Health and Safety.
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4.1.2 REMEDIATION EVALUATION

It is noted that during the CMP FY88 and FY89 periods, Basin F remediation activities were in
progress from March 22, 1988, to May 4, 1989. The post remediation period from May 5, 1989, to
September 30, 1989, continued through the conclusion of CMP FY90. The CMP Basin F Remediation

Monitoring Program and foll 'w-on IRA-F data provide results of potential air contaminant levels

prior to, during and subsequent to the remediation program, and reflect remedial progress. The

results of this assessment are provided in this report under the phases and stages shown in Table 4.1-1.
All datz shown in tables and figures for FY90 cover the period from October 1, 1989, through

September 30, 1990.

Table 4.1-1 Basin F Remediation Phases

Phase Dates

Activity

Monitoring
Data Available

1 3/22/88 - 12/12/88

2 (Stage 1) 12,/13/88 -
2/15/89

(Stage 2) 2/16/89 -
5/5/89

3 5/6/89 - 9/30/89

4 10/1/89 - 9/30/90

Basin F clean-up.
Stockpiling of clay for
future capping of basin.

Capping of basin with clay.

Capping of basin with topsoil.
Grading and reseeding of basin
and surrcunding area. Liner
installed over holding pond.

Post-remedial period:
Pumping of accumulated
waste pile liquids

to holding pond.

Post-remedial period.

CMP FY88, CMP FY89,
Basin F Remediation
Monitoring Program,
Rtr> Odor Program

CMP FY89, Basin F
Remediation Monitosing

Program, RIFS Odor
Program

CMP FY89, IRA-F FY§9

CMP FY9, IRA-F FY%0

AIR-90.4
Rev. 08/16/91
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4.1.3 DISPERSION MODEL APPLICATIONS

Finally, the CMP/Basin F Air Quality Modeling Programs have included the development and/or
application of several standard and special purpose models for assessing potential contaminant
impacts, including the Industrial Source Complex (ISC) Model and a PUFF advection model (USEPA,
1986). Dispersion modeling has assisted appreciably in addressing impacts from potential emission
sources, both or and off the Arsenal. During FY88 and FY89, dispersion modeling was employed to
evaluate CMP monitored data at Basin F, the South Plants and Basin A. Both the ISC and PUFF
Model were also used effectively in the Basin F cleanup program to assess real-time contamination

levels during remedial activities and to provide a forewarning of potential hazardous conditions.

In this FY90 Report, which provides a joint analysis of CMP and Basin F data over a 31-month
period to evaluate remedial impacts and post-remedial progress, dispersion models were again used
to identify both potential source impacts and overriding meteorological factors. One objective for
example, is to substantiate that concentrations measured under the remedial phase periods occurred
under the influence of typical (and not anomalous} meteorological factors. Figures 4.1-1 through
4.1-5 show mean dispersion patterns for the Phrse 1, the Phase 2 Stage | and Phase 2 Stage 2
remediation periods, and the Phase 3 and Phase 4 post-remediation periods for an area source

centered at Basin F. The dispersion patterns shown here directly influence the sampling results for

each of the CMP and Basin F parameters measured during the remediation assessment periods. A
brief description of these dispersion patterns is provided below.

The disper: ion pattern, or X/Q contours, can be best depicted as a function which relates ambient
concentration X, to source strength, Q; thus incorporating all meteorological factors but not including
any actual source measurements. The X/Q contours were obtained fiom the EPA ISC Model (using
Basin F as a hypothetical area source); they reflect the influences of wind speed, wind direction,
atmospheric stability, and inversion conditions on the spread of pollutants for the monitoring period
for each phase. The X/Q values do not indicate actual ambient concentrations, but indicate relative
strength, or potential for concentration levels, based on meteorological conditions and an unspecified
source strength. Nevertheless, actual higher concentration levels generally correspond to higher X/Q
values when there is a significant source impact. As
X/Q values are close to the Basin F source and directly downwind from prevailing wind patterns.
The dispersion patterns are also skewed to the north of Basin F, reflecting the prevailing flow during
the monitoring periods; this is also clearly shown in the wind rose insert for each figure. As a

consequence of these dispersion and meteorological patterns, one might anticipate higher
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concentrations of potential Basin F source contaminants during remediation activities to be located
adjacent to Basin F and just to the north of the Basin. Moaitoring results for some compounds for
FY88 and FY89 during remediation activity substantiated this premise.

The dispersion pattern is similar for the Phase 3 and Phase 4 perinds, although there were seasonal
variations. The dispersion patterns in fact, were closely identical for each phase of the remediation
and post-remediation periods. The implication, therefore, is that any significant variations in
monitoring results are most likely a function of source emissions rather than meteorological factors,
As a brief example, high SVOC levels for several contaminants were noted during the Phase 1 period.
During Phase 2, Phase 3 and Phase 4, these potential contaminant levels decreased significantly (under
similar dic, :sion conditions), inferring that the potential Basin F emissions sources for these
compounds were effectively contained at the conclusion of the Phase 1 period. Similar consequences

for each of the monitored parameters will be discussed in following sections of this report.

4.1.4 SOURCE EMISSION FACTORS

One of the objectives of this air quality assessmeat is to identify those emission sources that
contribute to ambient air levels measured by the RMA monitoring program. During the CMP FY8§
period, it was established that Basin F was a potential source of several VOC, SVOC, and metals
compounds associated with the remedial programs. Also, high TSP levels were evident at Basin F as
a result of intense remedial construction activity. During the Phase 3 and Phase 4 post-remedial
monitoring periods, data clearly demonstrated significant decreases inambient levels for most of these
compounds, reflecting decreased emissions from Basin F and the associated remedial program (see
Section 4.2).

As Basin F emissions decrease, other potential RMA sources could come into focus, such as Basin A,
the South Plants, the Hydrazine Plant, and localized construction activities (ie. Basin A Neck, the
South Plants Subdrain activity). These sources, as of the FY90 data collection period, appear to be
at lower levels of intensity, and in most cases their impacts, if any, are comparable to VOC, SVOC
and metals levels measured in the urban environment of metropolitan Denver. In fact, it is difficult
to evaluate CMP monitoring results for most pollutants measured during FY90 without examining the
potential emission sources across the Denver urban area, and in particular, the external sources
surrounding the Arsenal.
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This problem was addressed to some extent in previous CMP Air Quality Data Assessment Reports
(RLSA, 1990). For example, considerably higher TSP and metals levels frequently occurred at RMA
perimeter sites AQl and AQ2 during 1989-90 winter inversion episodes. These conditions were
generally attributed to metropolitan vehicle activity as well as other industrial activities that
contribute to Denver "brown cloud" conditions. A number of mobile and stationary sources in
metropolitan Denver may impact RMA air quality monitoring sites, depending upen temperature,
wind direction, inversion conditions and other meteorological factors influencing the Denver area.
This report further identifies these external conditions and sources. Table 4.1-2 and Figure 4,1-6
show selected sources in metropolitan Denver that may influence RMA air quality under relevant
meteorological conditions. Several investigations relating levels of RMA-monitored gaseous pollutants
as well as TSP, metals, VOC, and SVOC with off-Arsenal sources are provided in various sections of
this report (Sections 4.2, 4.4, 4.6, 4.7 and 5.0). In addition, a study relating RMA gaseous monitoring

data under various visibility conditions including Denver "brown cloud" episodes is provided in
Section 6.0.

The following sections provide specific monitoring results and data evaluation for all parameters
collected during the FY88 through FY90 programs; the data results of the Air Remedial Investigation
Final Report (ESE, 1988) are also incorporated into the CMP database for long-term statistical
assessment and the overall contamination assessment, as appropriate.

4.2 TOTAL SUSPENDED PARTICULATES (TSP)

4.2.1 CMP FY90 TSP RESULTS

Details of the FY90 sampling program for TSP at each of the monitoring locations are given in
Table 4.2-1. Recoveries are based on the total number of planned days during the period after
initiation. Samples were considered not valid if there were equipment malfunctions or the sample

filter was damaged. According to PSD guidelines, 2 minimum of 23 hours of sampling was required
for a valid sample.

TSP data are often reported by using the annual geometric mean values. This approach is based on
early EPA guidance regarding standards, and is applied because the TSP monitoring data can be
expected to fit a log-normal distribution. Under a log-normal distribution, there are a relatively large

number of low concentrations and a small number of high concentrations. An arithmetic mean value
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Table 4.1-2  Emissions Inventory Summary for Regulated Pollutants (in tons per year)

Facility Map # Part. NOy SO, voC Cco
PSCO Cherokee Plant 1 213 14,731 11,753 56 500
PSCO Arapahoe Plant 2 21 3,098 1,511 10 90
Colo. Interstate Gas (Wat.) 3 4 718 29 162
Conoco Refining Inc. 4 116 567 2,182 3,632 240
Koch Hydrocarbon Co. (1) 5 454 15 84
Amoco Production Co. (Wat.) 6 407 9 51
Colorado Refining Co. 7 26 382 1,181 980 824
PSCO Zuni Plant 8 219 16
Wyco Pipeline 9 393
Rainbo Bread Co. 10 2 194
Sinclair Marketing il 137
Mastercraft (1) 12 2 125 7
AT&T Information Systems i3 27 105
Chase Terminal 14 185
Littleton/Englewood 15 262
Amoco Production Co. (Byrs.) 16 373 9 48
Gates Rubber Co, 17 12 275 76 39 28
Metro Denver Sewage Disposal 18 3 130 29 145
Western Paving Co. 19 43 126 26 23 8
U.S. West 20 8 116 8 8 24
Amoco Production (3rd Ctr.) 21 107 3 14
Asarco Inc. 22 370 20
Ralston Purina 23 3 51 3
U.S.A F. Buckley Air Base 24 28 290 39 19 55
Diamond Shamrock Corp. 25 95
Sunstrand Aviation Operation 26 22 2
Pillow Kingdom Co. (Kearney) 27 4 99
Samsonite Corp. 28 7 17 3
Whirlpool Kitchens Inc. 29
Shafer Commercial Seating Co. 30 99
Mesa Fiberglass Co. 31
Alitac Corporation 32 80
Pillow Kingdom Co. (2) 33 6
W.J. Whatley Co. 34
Stanley Aviation Corp. 35
AIR-TBL1.90
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ﬁ Table 4.1-2  Emissions Inventory Summary for Regulated Pollutants (continued)

®
: Facility Map# Part. NOX 502 VvOC  CO
i
:, Redfield Riflescope Co. 36 8 2 .
’ ‘ Chemrex Inc. 37 Py
f, Vessel Gas Processing Co. 38 463 3 64 257
] Gulf Energy Development 39 96 5 7
5o Oil & Solvent Processing Co. 40 59
o Scotts Liquid Gold Co. a1 a7
Y J Advance Foam Piastics Inc. 42 96 d
’ Verticel Co. 43 98
‘ Republic Paper Co. 44 4 27 54 4
! Benjamin Moore Paint Co. 45 I6 86
! Mastercraft (2) 46 99 (]
‘\ Koch Hydrocarbon Co. (AdmCty) 47 54 2 2 6
Brannan Sand & Gravel Co. 48 24 16 17 19
; Zignan Sand & Gravel Co. 49 53
| Sun Gas Dragoon Compress. 50 124 4 14 °
! Bijou Recycling 51 305
| Colo. Interstate Gas (Arap.) 52 211 27
! Phillips Pipeline Co. 53 69
: Rocky Mountain Arsenal 54 1.2 25.2 54 1.9 7.3
s R { J
' Sources: Colorado Departrient of Health EISPS Inventory, May 1990.
\ "Poisons in Our Neighborhoods.” Citizens Fund, Appendicies 11 & 1X. June 1990.
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Table 4.2-1 Summary of RMA Total Suspended Particulates (TSP) Monitoring for FY90

Station No. Samples % Recovery
AQI 59 97 ‘
AQ2 58 95 ‘
i AQ3 57 93 ®
1 AQ4 59 97
i AQS 55 90
- AQSB 56 92
. ‘ AQ6 59 97
, AQ7 60 98
! AQS 60 98 °
| AQS 57 93
l AQI0* 32 94
] AQIl0a 21 91
: AQIOb 4 100
N AQl11 58 95
I AQI2 59 97
i _ @
TOTAL: 754 95 i
_*,
*  The portable TSP monitor, AQI0, was moved from just north of Basin F to the northeast 1
corner of Section 35 on April 20, 1990 (AQ10a). It was moved again on September 5, 1990, i
| to the northwest quartoer of Section 1 in the South Plants area (AQ10b) downwind of the . @ 1
! Subdrain Remedial Activity. i
5 |
| |
. |
| | ',
j
i i
| |
| |
*
i !
y 1
i! .
| |
i & i
= —A; . |
i
|
|
) e
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would be greatly affected by the few very large values, while a geometric mean is much less affected
by these extremes.

An arithmetic mean can be characterized as:
A=(a; +3;+ay+...+a)/n

While a geometric mean is the nth root of the product of the n observations:
G =(a; a; ag ... a)!/n

Where is the nth observation (of TSP data);

an

n is the total number of valid observations;
A is the arithmetic mean of the sample; and
G is the geometric mean of the sample.

Monthly and annual TSP results for the FY90 Program for each monitoring station are summarized
in Table 4.2-2 and Figure 4.2-1. Figure 4.1-5, previously shown, provides the X/Q dispersion pattern
for the CMP FY90 monitoring period. Table 4.2-2 provides both annual arithmetic and geometric
means as well as 24-hour maximum concentrations in standard volumes measured during the
monitoring program. The arithmetic mean is provided for continuity purposes and for comparison

with previous historical data (i.e., RI data). The 24~hour sequcntial data are provided in Appendix A.

The data indicate that annual arithmetic mean values ranged from a high of 64 ug/ m? at AQI0b, just
to the north of the South Plants subdrain area, to a low of 33 ug/m3 at AQ4 on the eastern border of
RMA. Annual geometric mean values ranged from a high of 52 ug/m3 to a low of 27 ug/m3. Ttis
interesting that during FY88 and FY89, AQI0 and AQIlI, both downwind of Basin F remedial
activities, exceeded the annual standards. During FY90, both of these stations measured annual

geometric means of 30 ug/m3, or 50 percent of the secondary standard of 60 ug/m3. Table 2.1-1
shows all ambient air quality standards, including TSP,

There were two exceedances of the 24-hour primary ambient air quality standard of 260 ug/m3 for
TSP and 15 exceedances of the secondary 24-hour average ambient air quality standard of 150 ug/m®
during FY90. During FY89, there were 27 exceedances of the 24-hour TSP secondary standard; ali

of these cxceedances occurred during the Basin F remediation period and alinost all were at sites close
to Basin F cleanup activities.
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During FY90, none of the TSP exceedances were attributed to dust from Basin F. Both of the 24-
hour primary standard exceedances of 395 and 321 ug/m? occurred at AQ6, which was downwind of
earthmoving and construction activity on the Lower Derby Lake spillway during June of 1990, This
compares with numerous measurements of greater than 400 ug/m* during the Basin F remediation
period.

All of the RMA monitoring sites exceeded the secondary air quality standard of 150 ug/m® on
September 14, 1990 (almost all of the 24-hour secondary standard exceedances tor the year occurred
on this single day). Except at AQ2 and AQS, this was the only violation of the 24-hour TSP standard,
therefore, all other sites show compliance with the standard. (It is acceptable to exceed this value,
150 ug/m3, once per year.) Figure 4.2-2 shows the distribution of TSP concentrations across the
Arsenal and the Denver metropolitan area, along with the wind rose for the September 14 episode.
The influx of pollutants onto the Arsenal can be attributed to synoptic meteorological influences,
exacerbated by the proximity of the Arsenal to metropolitan Denver particulate sources. Downtown
Deaver reported TSP concentrations of greater than 200 ug/m?3 at the Camp location, while high TSP
levels were reported across eastern Colorado as well,

The high pollution episode of September 14 was caused by an intense upper level inversion and light
winds that strongly inhibited the dispersion of pollutants over a broad regional area. Frequently
referred to as a "limited mixing" situation, this condition is illustrated in Figure 4.2-3, which is the
0600 MST September 14 upper air sounding (vertical profile of temperature, dew point and winds)
from Stapleton Airport (Weaiherbank, 1990). The shallow surface inversion is evident as well as the
upper air inversion capping out at about 4,000 feet above the ground. Consequently, even after the
elimination of the surface inversion with slight daytime warming, the upper level inversion confined
poilutants to the lower boundary layer of the atmosphere until a new synoptic system moved across
the area, or very significant daytime heating ailowed the inversion to be "wiped out*. The
significance of this episode is that the worst pollution day of the FY90 monitoring period was caused
by a unique meteorological phenomenon (i.e., limited mixing). Ambient concentrations not only of
TSP, but of PM-10, metals and gaseous criteria pollutants across metropolitan Denver, as well as
RMA, were influenced by the intensity of the event. Several case studies for other parameters on this

date are discussed elsewhere in (his repori.
As another TSP example, Figure 4.2-4 shows the distribation of TSP across RMA on June 4, 1990,
The maximum 24-hour TSP concentration observed at RMA during the year was 395.5 ug/m®

measured at AQ6, close to the Lower Derby Lake spillway activity. The wind speed averaged greater
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: than 11 mph during the 24-hour period, which contributed to airborne dust from the construction
‘ activity. Nevertheless, all of the other 11 monitoring sites across the Arsenal (including AQS8 and
AQS, which were directly downwind of AQG on that day) measured TSP levels that were lower than

AQS6 by a factor of 10, illustrating the localized nature of high TSP events associated with remedial
activity.

| - .

o 4.2.2 ASSESSMENT OF BASIiN F TSP POST-REMEDIAL IMPACTS

it 4221  CMP TSP Monitoring Results

B
A

; Because of the varying source impacts from Basin F during the remedial and post-remedial

Bi" monitoring periods, results and comparisons with ail monitored data were considered with respect to
the different phases and stages of the cleanup operations. Table 4.2-3 provides a description of

,11 annual geometric mean, average and 24-hour ma<imum TSP monitoring results by mos'th from the 3
[

p start of CMP FY8$ to the conclusion of CMP FY90. At the bottom of the monthly data is a summary
‘ of the concentracions for each phase of the monitoring period. Also, in order to establish pre-
remedial baseline values, resultr of the 1986-1987 IR Program are provided (ESE, 1988) (only avcrage !
' , and maximum values are shown {or these data as geometric means were not calculated). Phase |
shows results of CMP FY88 and FY89 data which were concurrent with vemediation activity, Phase
2 (Stage 1) shows results of the FY89 program after the initial cap was placed on Basin F, but
o extensive ground moving activities were in progress; Phase 2 (Stage 2) shows results during the final
e Basin F remedial and landscuping activity. Phase 3 provides post-remedial TSP monitoring data

: during the last S months of the CMP FY89, and Phase 4 provides post-remedial TSP monitoring data

during the 12 months of CMP FY9).

it is clear fion these data that Basin IF romedial activity had an impact on those CMP stations that

o were .ocated immediately adjucent to or downwind from Basin F, espaciaily AQ10, 11, and 12. The
' highest monthly average and maximum 24-hour concentrations occurred in the latter months of Phase
) 1 and ia Phase 2, Stage 1, when earth moving activities were most intense. A maximum 24-hour TSP
8 ; value of 738 ug/m® was measured at AQIl1 on January 22, 1989. Atall stations, TSP levels decreased
iv pre-ru nediai baseiine vaiues during the post-remediation periods (Phase 3 and Phase 4). Figure

: 4.2-5 also provides a graphical depiction of this progression for arithmetic means and 24-hour
maximum values at AQ10, the CMP mobile station immediately Jownwind and north of Basin F. The
transitory impacts of remediation activity ire clearly defined in these data. TSP levels reached their

peak (uring the intense remediation of Phase 1, then decreased to pre-remedial levels during the
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post-remediation period. While maximum 24-hour values .nay have varied extensively on & day-to-
day basis, the same general trend as the average values is evident,

The RMA TSP interior and boundary monitoring stations at farther distances from Basin F showed
minimal impacts from the remediation activity, and other variations that were mostly attributed to
seasonal and meteorological conditions. This is particularly true of AQ! and AQ2 which were located
at the we.tern and northwestern boundaries of RMA, thereby receiving the greatest impacts from
metropolitan Denver. The highest levels at these stations were measured during the winter period of
January and February, 1989, coincident with days when downtown Denver experienced very high TSP
values, These were periods of intense inversions and the movement of potential "brown cloud"
conditions from downtown Denver in the direction of the Arsenal. This will be discussed

subsequently and individual cases will also il'strate these phenomena.

The results of the CMP data reflecting TSP Basin F remedial impacts are further substantiated by data
collected under the Basin F Interim Remediation Monitoring Program and the follow-on IRA-F
monitoring program discussed in the next section. '

4.2.2.2 i nitori i

During FY88, FY$89, and FY9(, the CMP air monitoring network at RMA was supplemented and
augmented by two major monitoring programs associated with Basin F cleanup activities, These were
the Basin F Interim Remediation Air Monitoring Program and the follow-on IRA-F Air Monitoring
Prograsa. These programs ran continuously from May 1988 through September 1990. The network
of stations and parameter monitors is discussed in Sections 3.3 and 3.4.

Annual geometric mean, arithmetic mean and 24-hour maximum TSP concentrations collected under
the special Basin F monitoring programs, by month and phase are shown in Table 4.2-4. Data from
Phases 1 and 2 comprise the Basin F Interim Remediation Monitoring Program, while Phases 3 and
4 coraprise data from th= ".. A-F post-remedial program. Detailed daily results from the IRA-F Phase
4 period are also prov .ed in Appendix L.

The Basin F network was designed specifically to evaluate impacts surrounding the remedial activity
during and after cleanup cperations. The progress of impacts is illustrated graphically in Figure 4.2-6
which shows TSP levels during each phase of the program at seven monitoring stations. In all cases

concentration ievels dropped significantly during the Phase 3 and Phase 4 post-remedial periods.
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; Individual station impacts reflect the distance from specific remedial activity. For example, BF1/FCl
\ located at the north end of the basin showed highest levels during the full remediation phase and
1 dropped off to typical RMA baseline levels at the conclusion of remediation work. (All Basin F
: monitoring stations fell off to RMA background levels at the conclusion of remediation.) The
| geometric mean TSP concentration at BF1/FC1 was 105 ug/m® during Phase 1, dropped to’ 78 #g/m3 .
'.‘ during Phase 2, Stage 1, 62 ug/m® during Phase 2, Stage 2, 49 ug/m?® during Phase 3, and was 39 !
R‘ ug/m3 during the Phase 4 portion of the monitoring program. A maximum 24-hour concentration
‘ of 399 ug/m® was measured at BF1 during the Phase 1 remediation period. '

Py -

Station BF2/FC2, at the northeast perimeter of the Basin F compound, downwind of prevailing wind
flow and in close proximity to extensive ground moving activities, measured the highest TSP ‘
concentrations during the remediation program. The geometric mean TSP concentration was 122
| pg/m> during Phase 1, 119 ug/m> during Phase 2, Stage 1, 81 ug/m® during Phase 2, Stage 2, and then
dropped to 39 ug/m3 during ¥ ase 3 and 36 pg/m? during the Phasc¢ 4 post-remedial period.
Maximum 24-hour concentrations of 902 pg/m> during Phase I, 687 ug/m3 during Phase 2, Stage |1,
and 514 pg/m® during Phase 2, Siage 2, were measured at this site on days when extensive remadial

'_3 activity was proceeding adjacent to the monitoring siation. The collocated Station BF2C/FC2D
: showed similar results.

- Station BF3/FC3, at the southern perimeter of Basin F measured geometric mean TSP concentrations
N of 68, 53, 55, 44, and 32 pg/m™ respectively during Phase 1, Phase 2 Stage 1, Phase 2 Stage 2, Phase 3 _
t and Phase 4. A maximum concentration of 286 ug/m® was measured during the Phase 1 period. The i
lower TSP conceatrations along the southern perimeter during the remediation periods can be
attributed, to some exteat, to the slightly greater distance from remedial and dirt moving activities.
However, the primary explanation is the prevailing wind pattern experienced over the RMA area and

the resultant pollutant dispersion pattern. The dispersion and meteorological influences are best

: illustrated in Figure 4.1-1, previously shown, which indicates the atmospheric dispersion pattern that i
| corresponds to the Phase | monitoring period. The relationship between TSP levels, dispersion factors
: and remedial causal factors will be discussed in further detail in the next section for each phase of ‘
: the remedial program. It is apparent from the dispersion pattern that the distribution of high TSP
- : ¢ond  irations from the Basin F source is skewed to the north of the remedial activity. As noted, .
! BF3/FC3 along the southern perimeter measured lesser TSP levels than the stations along the northern ' i
l perimeter. This was also true during the Phase 4 FY90 period. Station FC3 measured a geometric
mean value of 32 ug/m® during this post-remedial period, while other monitoring stations to the north

of the Basin measured geometric mean values 5 to 10 ug/m> higher. The differences were not as
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significant as during the remedial phases of the Basin F program, where, for example, FC2 to the
north measured TSP levels three times those of FC3 to the south. Nevcrtheless, the data suggest that
some minor residual TSP impacts remain over the remediated Basin F area, One explanation could
be reseeding and other occasional construction activities over .he area which temporarily loosened the
soil. This was again true of other potential contaminants such as metals, VOCs and SVOCs that may
have been emitted from Basin F (these will be discussed in subsequent sections).

Station BF4/FC4, along the northwest perimeter of Basin F, measured TSP levels equivalent to
BF!/FCI with the gecmietric mean value of 117 ug/m3 in Phase 1 decreasing to 42 and 35 ug/m3
during the Phase 3 and Phase 4 post-remedial periods. A maximum 24-hour TSP concentration of
324 ug/m3 was measured during the Phase 1 remediation period.

FC5 was installed during Phase 3 to the north of Basin F. This station measured the highest geometric
mean (44 ug/m®) and average value (62 ug/m>) of the five IRA-F monitoring stations during the
FY9C period. One explanation was the very high maximum 24-hour TSP value of 471 ug/m®
measured on September 14, 1990. As noted previously, very high TSP levels were measured across
the Arsenal and throughout metropolitan Denver on this date as a result of a "limited mixing" weather
event. Again, the very high value at FC5 may also have been associated with local construction
and/or reseeding activities in the immediate vicinity of the monitoring station. This single day event
to some extent skewed the annual averages to higher levels, particularly the arithmetic mean value,

which is statistically more susceptible to individual events than the annual geometric mean value.

In summary, the conclusions of the Basin I TSP monitoring program are that during the remediation
period the highest concentrations were confined to the immediate vicinity of the remedial activity and
directly downstream from this activity as reflected by the atmospheric dispersion patterns. At the
termination of the remediation activity, TSP levels at all monitoring stations were close to typical
interior RMA baseline values, aithough slightly higher TSP levels were measured downstream from
Basin F.

4223  Analysis of Combined CMP/Basin F TSP Monitoring Results

Figures 4.2-7 and 4.2-8, which combine CMP and Basin F data for the Phase 1 and Fhase 4 periods,
provide a comprehensive depiction of TSP levels across RMA during the intense remediation period
and the follow-on post-remediation periods, and reinforce conclusions obtained from analysis of the

individual monitoring data. During Phase I, the principal TSP impact was in close proximity to
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Basin F remedial activity and downstream from the prevailing wind flow. BF2, at the northeast
corner of Basin F and adjacent to much of the remedial ackivity, recorded the highest geometric mean
value of 122 ug/m? during the Phase 1 remedial period. On certain occasions, durir.g periods of
intense remediation activity and dirt hauling, 24-hour TSP evels reached as high as 600 ug/m? to
above 900 ug/m3 adjacent to the activity. (A maximum level of 902 ug/m3 was recorded at BF2
during Phase 1.) These high leveis, however, were iocalized; TSP monitoring sites at distances of 1
mile or more from Basin ¥ and at the RMA perimeters reflected little or no impact from the
operatious. During Phase 1, interior RMA CMFP sites showed average and geometric mean values
from 35 ug/m3 to 40 ug/m® and 24-hour maximum values from 86 ug/m3 to 97 ug/m3. In fact,
several of these stations were primarily influenced by other local and regional factors. This was
especially true of CMP Stations AQ! and AQ?2 along the western and northwestern boundaries of
RMA, which are the closest sites to metropolitan Denver. Prior to the Basin F remediation effort,
these two stations measured the highest TSP levels of the 12 RMA moniforing sites (RI Monitoring
Program, ESE, 1988). During Basin F remediation activity, TSP levels were significantly higher at

the Basin F sites; however, during the post-remedial period AQI and AQ2 again measured the highest
TSP levels acraoss the RMA complex.

During the Phase 4 remedial period, the data reflected a significant decrease in Basin F concentrations
that were more comparabie to other RMA moilitoring sites (and regional background levels). Note
that the prevailing winds and dispersion patterns (as shown in Figures 4.1-1 through 4.1-5) were
essentially the same as the early phases, and the conclusion must ve that Basin F became a minor
source of blowing dust. During Phase 4, AQ2 at the northwestern boundary of RMA reflected the
highest inean and maximum values of the 17 TSP monitoring sites; this result is consistent with the
pre-remedial monitoring results of the RI program (ESE, 1988). Also, note that almost all 24-hour
maximum TSP values during the Phase 4 period occurred on September 14, 1990, the "limited mixing"
episode previously discussed.

Figure 4.2-9 shows a bar graph distribution of TSP geometric mean values at the 12 CMP monitoring
sites, Note that AQI0 and AQI1, immediately downwiid from Basin F, and AQIi2 adjacent to
Borrow Pit dirt moving activities, show high TSP levels during the Phase 1 and Phase 2 remediation
periods and then decrease significantly during the Phase 3 and Phase 4 post-remedial periods. Other
RMA internal locations show little variation in geometric means throughout the remedial monitoring
program. However, AQl and AQ2 at the western bouadaries closest to metropolitan Denver,
maintained moderately high TSP levels for all phases of the program.
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Another interesting aspect of the 31 months of RMA data is that TSP impacts were further reduced
at all stations during the FY90 post-remedial monitoring period. This may partially be attributed to
the remediation of Basin F; however, it is particularly evident from metropolitan Denver data that
the fall-winter period of 1989-90 was less severe with respect to inversion and brown cloud
conditions. The stations most influenced by Basin F activity, AQ10, AQI11, and AQ12, had TSP levels
that were reduced significantly from Phases | and 2 (by a factor of over 2.5 at AQ10), while those
stations at greater distances from Basin F showed smaller decreases. This reflects slightly decreasing

impacts from Basin F, but primarily shows the anomalous trend of the 1989-90 fall-winter inversion
season,

42.24 ivi R ial ri

It is important to note that individual daily impacts varied substantially, depending upon the specific
meteorological conditions and the specific remediation activity. Figure 4.2-10, for example, shows
a Phase 1 day (September 24, 1988) when light to moderate winds were blowing across Basin F from
the south and southwest for several hours in the direction of the AQ11 monitor at the northeast corner
of the Basin F perimeter. Most other wind directions throughout the day were variable. The wind
rose (in the top right corner of the figure) indicates the frequency of occurrence of wind speed and
wind direction. Station AQI1 reported a TSP level of 389 ug/m® for this 24-hour period; Station
AQI2, also downwind from Borrow Pit activity, reported 64 ug/m3. All other stations reported
relatively low TSP values., AO10, close to Basin F but not directly downwind from the apparent
source, measured 55 ug/m3. AQ3, farther downwind, reported 35 ug/m?, indicating that the high TSP
values were primarily a function of local remediation activity that fell off quickly with distance from
the source. All stations upwind from Basin F measured considerably lower values. During a Phase 4
day on September 26, 1990, again with prevailing southerly wind conditions, all TSP values across
RMA were at low levels including the previously impacted Basin F sites (see Figure 4.2-11). The
wind rose shown on this figure suggests modest potential impacts from a Basin F source; however,

this was not reflected by concentrations measured at AQI1 on this post-remedial day.

4.2.3 RMA TSP CausaL EFFECTS

The impacts of metropolitan Denver on Arsenal TSP levels will be discussed further in Section 4.2.4.
Several studies were also conducted during CMP FY88 and FY89 relating the impacts of wind gusts
and source locations to TSP concentrations measured at the various monitoring locations. This section

provides a brief update on the status of these investigations. The causal effects of TSP concentrations
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at RMA monitoring sites are varied and cannot be reduced to two or three sources ¢r unique
meteorological events. The impacts of Basin F remediation activity were described in detail in the
previous sections. The impacts from metropolitan Denver are also significant and will be discussed
further in Section 4.2.4. Other factors such as wind speed, wind direction, precipitation, inversion
conditions, seasonal and climatological effects, as well as variable construction and remediation

activity at the Arsenal all infleence the short-term and long-term monitoring results.

In the CMP FY88 Data Assessment Report, a direct correlation was established between 24-hour TSP
levels and strong winds blowing downwind from a remediation source. During the FY88 remediation
period, AQl1 downwind from Basin F showed a correlation of 0.4 between TSP levels and winds
blowing from the Basin toward the station (£30°), as shown in Figure 4.2-12. Further downstream
at other RMA sites, the relationship was no longer evident, indicating that these causal effects were
not only wind speed and wind direction dependent, but also distance dependent. The data suggest
that at a distance of 1 mile, remediation impacts became minimal. During FY89 when the Basin F
remediation work was completed, th;: correlation between high TSP levels at AQ11 and winds blowing
off Basin F (shown in Figure 4.2-13) was no longer observed (the correlation was -0.03). It is
apparent from the observed data that Basin F was a major TSP source during the remediation activity,
but was eliminated during the post-remedial period except for minor residual impacts associated with

continuing reseeding and construction activities.

A long-term statistical analysis of the RMA data should also document and consider unique
remediation and construction activities associated with the data collection period. For example,
during FY88 and FY89 the Borrow Pit, which was used as fill dirt for Basin F remediation,
contributed significantly to TSP levels measured at AQ12; however, these levels decreased in FY90.

Activity from the Lower Derby Lake spiliway area strongly influenced TSR levels at AQ6 in FY90.

In addition to remediation source influences, seasonal and climatological conditions also influenced
the data reported. Although some of these effects can be identified in the 31-month database, local
and unique meteorological events have overriding influences. Table 4.2-5 shows seasonal TSP results
(average and 24-hour maximum concentrations) for each of the RMA monitoring sites. The highest
Arsenal TSP concentrations occurred in the summer, the lowest in spring, and moderate levels
occurred in both fall and winter. At AQI, AQ2, and AQS on the west, northwest, and southern
boundaries which are closest to metropolitan Denver influences, the highest concentiations occurred
in the fall or winter, while the interior Arsenal monitoring sites experienced the highest TSP

concentrations during the summer period (exclude Basin F impacted sites AQI0 and AQI1).
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Table 4.2-5 Combined Seasonal TSP Concentrations (in ug/m?)

Fall Winter Spring Summer
| AVERAGE
: AQl 62 56 40 53
! AQ2 84 68 50 75
[ AQ3 44 34 33 52
AQ4 40 29 27 47
' AQS 44 51 35 44
; AQSB 44 48 34 45
! AQ6 39 35 46 55
! AQ7 44 38 34 46
! AQS 40 36 35 47
! AQ9 39 33 2 41
| AQIO 70 52 40 68
‘ AQI1 88 114 48 66
| AQI2 52 63 37 68
| SEASONAL
| AVERAGE 53 50 38 54
I
|
? 24-HOUR MAXIMUM
| AQl 134 179 88 184
| AQ2 162 198 118 208
| AQ3 98 i3 95 194
: AQ4 79 102 52 171
; AQS 96 183 87 170
AQ5B 93 172 83 181
\ AQ6 84 143 396 321
| AQ7 91 156 86 180
x AQ8 84 130 87 188
‘ AQ9 85 127 93 164
AQI0 279 175 122 252
! AQII 542 738 214 388
ﬁ AQI2 165 467 238 590
, SEASONAL
] MAXIMUM 542 738 396 590

]
AIR-TBL1.50




Metropoelitan Denver influenced the Arsenal most in the fall and winter during intense inversion
periods.

Seasonal data also reflect the unique influences of remediation activity at sites AQI10, AQI1, and
AQIl2, For example, AQI1 experienced especially high co.ncentrations during Basin F cleanup work
on several winter days, including a maximum reported concentration of 738 ug/in. Station AQI2
was directly impacted by Borrow Pit activity during the summer of FY88 (maximum of 590 ug/m3),
resulting in a high overall summer seasonal TSP concentration at this station. During FY90,
construction activities at the Lower Derby Lake spillway resulted in very high concentrations during
the spring and summer months at AQS, downwind from the activity. The highest seasonal

concentrations at this site occurred during the spring and summer seasons.

Table 4.2-6 is a more detailed bréakdown of seasonal trends for 10 consecutive quarters from the
spring of FY88 to the fall of FY90. Average concentrations and 24-hour maximum levels varied
considerably, depending upon both the source influences and the umnique meteorological events.
Maximum values identified the impacts of Basin F remediation AQI10, AQ11 and AQI12 during the
first few quarters, as well as the impacts at AQ6 during the spring and summer quarters of FY920. The
variability of unique meteorological events was portrayed during the winter of FY89 and the summer
of FY90, when extremely high TSP concentrations occurred across the Denver metropolitan area and

the Arsenal on February 9, 1989, and September 14, 1990, influencing both maximum concentrations
and seasonal averages.

Rather than identifying strong seasonal trends, these data confirm the overriding influence of

individual saurce impacts and meteorological events. As the database is expanded, individual events

will be filtered out and certain seasonal impacts may become more apparent. As a preliminary

generalization, one may anticipate higher TSP concentrations at perimeter stations close to
metropolitan Denver, especially at AQ! and AQ2, during the fall and winter periods. On the other
hand, higher summer TSP concentrations may be anticipated at Arsenal interior stations due to more

frequent construction activity, creating soil ccnditions that are more favorable to blowing dust.
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424 DENVER METROPOLITAN AREA TSP INFLUENCES
4.24.1 CMP FY90 Period Results

It is evident from these assessments that RMA activities were not the only TSP sources that influenced
the Arsenal and its adjacent boundary areas. As previously noted, the 1986-1987 Remedial
Investigation study clearly established that prior to remediation, TSP values were highest at the
perimeter stations and lowest in the interior of the Arsenal, suggesting that the principal long-term
major sources in the area were the industrial or transportation activities of metropolitan Denver, The
Basin F Remediation Program temporarily altered this situation at several sites in the interior of
RMA; however, Denver was still a major contributor.

Table 4.2-7 shows the major stationary sources with TSP emissions of 25 tons per year (tpy) or more
surrounding the Arsenal, Several of the sources are located within 2 miles to the west and southwest
of RMA, as shown in Figure 4.2-14, and contribute a large portion of the total TSP emissions for
Adams, Arapahoe, and Denver counties (CDH, 1990). Compared to the major TSP sources, the
Arsenal accounts for a small fraction of the total TSP emissions. In addition to these external

stationary sources, dust from vehicle traffic and off-roads sources contributes greatly to the TSP
emissions.

Table 4.2--8 is a summary of Denver metropolitan area TSP data measured concurrently with the FY90
program as well as with the Basin F remediation phases. Figure 4.2-15 shows the geographic
distribution of TSP geometric mean levels across the metropolitan area, including RMA for FY90.
As noted, the highest levels were in the downtown area at CAMP (2105 Broadway), where TSP
concentrations have exceeded the ambient air quality primary and secondary standards for the past
15 years or more. During 1989, maximum 24-hour TSP concentrations in downtown Denver
frequently exceeded the 24-hour standard of 150 ug/m3 A maximum level of 472 ug/m® was
recorded at CAMP on January 4, 1989. During FY90, the annual geometric mean at CAMP was 101
ug/m3, well above the annual standard of 60 ug/m3; the maximum 24-hour TSP concentration was

363 pg/m3, again exceeding the 24-hour primary and secondary standards,

Other Denver TSP monitoring stations also exceeded the 24-hour and annual standards. On several
occasions, under intense inversion conditions, high TSP levels from the general metropolitan area also
engulfed the Arsenal. Figure 4.2-2, previously discussed, depicts a day, September 14, 1990, when

all RMA monitoring sites were in excess of 100 yg/m3. Maximum TSP concentrations on this day
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Table 4.2-7

Particulate Sources with Emissions of 25 TPY or More

Percent Percent
Emissions Tri-County  of State

County UTM/E UTM/N Plant Name (tpy) Total Total
Adams 501.7 4404.8 1 Asarco Incorporatec! 370 16.3 0.6
Adams 503.0 4406.2 2 PSCO Cherokee Plant 213 9.4 0.3
Adams 504.5 4405.5 3 Conoco Inc. 116 5.1 0.2
Adams 5079 44122 4 Purina Mills 98 4.3 0.2
Adams 512.7 4420.5 5 Brannan Sand & Gravel 78 34 0.1
Adams 511.8 4418.5 6 Zignan Sand & Gravel 53 23 0.1
Arapahoe 5315 4386.5 7 Coal Creek Resources 49 2.2 0.1
Adams 519.5 44099 8 Landfill Inc. 46 2.0 0.1
Adams 505.2 4406.3 9 Denver Feed & Grain 46 2.0 0.1
Adams 505.5 4406.1 10 Boyles Galvaniziang Co. 46 2.0 0.1
Denver 4996 4389.8 11 Robinson Brick & Tile 45 2.0 0.1
Adams 499.7 44069 12 Western Paving Constr, 43 1.9 0.1
Denver 502.1 4402.3 13 Conagra - Wynkoop 42 1.9 0.1
Adams 5036 44068 14 Conagra 38 1.7 0.1
Adams 505.3 4405.7 15 Fast Construction Co, 32 1.4 0.1
Adams 501.1 44189 16 American Fertlzr. & Chem. 31 14 0.1
Adams 500.9 44040 17 South Dakota Cement 31 1.4 0.1
Arapahoe 499.0 4385.8 18 Electron Corporation 31 1.4 Q.1
Arapahoe 520.0 4395.6 19 US Govt. Buckley Air Base 28 1.2
Adams 501.0 4404.5 20 Cobitco 27 1.2
Adams 505.8 44094 21 Front Range Asphait 27 1.2
Adams 504.7 4405.8 22 Colorado Refining Co. 26 1.1
Adams 610.0 4401.5 23 Hwy. 36 Land Dev. - BFI 25 1.1
Denver 498.7 43979 24 ABEX Corp. Cast Products 25 1.1
Adams 513.6 44083 25 RMA I
TRI-COUNTY TOTALS 2264 69.2

23

STATE TOTALS 61492

Source; Colorado Depariment of Health EISPS Inventory, May 1990.

Legend: UTM/E

Universal Transverse Mercator east coordinate

UTM/N = Universal Transverse Mercator north coordinate
tpy = tons per year
AIR-TBL1.90
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Table 4.2-8  Denver Metropolitan Area Total Suspended Particulates (TSP) (in ug/m3)

Station Phase | Phase 2-1 Phase 2-2 Phase 3 Phase 4
. (FY90)
GEOMETRIC MEANS
Adams City 87.3 103.0 61.2 71.0 66.8
414 14th Street 83.7 137.4 - - *
CAMP/2105 Broadway. 107.9 192.2 132.2 98.9 100.8
1050 S. Broadway 74.1 135.2 93.7 63.4 66.6
208 3rd Street 62.9 62.7 . 57.0 90.2 .
4857 S. Broadway 64.4 849 . - - *

24-HOUR MAXIMUM YALUES

Adams City 283.0 244.0 85.0 131.0 206.0
414 14th Street 242.0 183.0 -- -- *
CAMP/2105 Broadway 260.0 472.0 256.0 149.0 363.0
1050 S. Broadway 162.0 278.0 162.0 100.0 287.0
208 3rd Street 153.0 179.0 144.0 385.0 *
4857 S. Broadway 152.0 94.0 -- - *
* Samples are no longer collected at this station.

Annual geometric mean standard is 75 pg/mS.
Second-maximum 24-hour standard is 150 ug/m3.

Phase 1 is from March 22 to December 12, 1988,

Phase 2, Stage 1 is from December 13, 1988 to February 15, 1989.
Phase 2, Stage 2 is from February 16 to May 5, 1989,

Phase 3 is from May 6 to September 30, 1989. :

Phase 4 is from October 1, 1989 through September 30, 1990.

AIR-TBL1.90
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were 205 ug/m3 at CAMP and 196 ug/m? at 1050 S. Broadway in Denver. The wind rose pattern
shown in Figure 4.2-2 reflects the bimodal flow of potlutants from the southeast in the morning to
a northwesterly flow during the afternoon. Pollutants that dispersed northwestward were carried back

into the area when the wind shifted in the afternoon.

As a general rule, concentrations fell off from the center of Denver and were typically about 50
percent lower in the outlying suburbs, including RMA. During 1986-1987 prior to Basin F
remediation activity, the average concentration at RMA for all sites was 40 ug/m>. The boundary
sites, AQI and AQ2, averaged 56 pg/m3 and were comparable to other suburban measurements,
whereas the interior RMA sites averaged 38 ug/m3. As noted, this condition was temporarily altered
during Basin F remediation activities. However, during the FY90 post-remedial monitoring period,
the average TSP concentration for all CMP sites was 41 ug/m3, with the boundary sites averaging 55
ug/m3 and the interior sites averaging 38 pg/m3. These results are almost identical to the pre-

remedial monitoring results at RMA.

One important difference between high TSP values measured in metropolitan Denver and those at
RMA is that those experienced ia metropolitan Denver were frequently associated with high pollution
episodes in which industrial and vehicle traffic emissions were trapped under a blanketing inversion
that spread across the area. In these cases winds were generally light to moderate. Occasionally, these
metropolitan Denver impacts extended to the vicinity of RMA; however, during remedial operations
at RMA, higher concentrations were invariably associated with strong wind gusts that lifted dirt
which had been loosened by handling.

4.2.5 ANALYSIS IMPLICATIONS FOR MITIGATION AND CONTROLS

The general results of these investigations indicate that many of the RMA sources were localized and
that although very high concentrations were frequently measured adjacent to remedial activities,
concentrations fell off considerably with distance from the source. Consequently, those souices well
into the RMA interior were less likely to cause impacts of f the A rsenal, while those sources closer to
the boundaries were more likely to cause temporary impacts at the boundary when strong or gusty

winds were blowing in the appropriawe direction,

Also, certain atmospheric conditions and diurnal factors can spread pollutants greater distances from
the disturbing source. The ongoing CMP and the summarized results, with emphasis on causative

factors, form the basis for practical mitigating actions. For example, when monitoring shows
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excessive TSP levels, chemical stabilizers, covers, reseeding, and landscaping can be used over
sensitive areas, as in the case of Basin F and Basin A, and dirt excavation, hauling and unloading can
be minimized during periods of high winds and poor dispersion potential (as reflected by air quality

models), particularly when impacts would be towards nearby boundaries.

4.2.6 SUMMARY

TSP levels at RMA can be attributed to two principal sources: (1) the influx of industrial or urban
traffic emissions from metropolitan Denver, and (2) remedial activity producing wind-blown dust,
usually during high wind episodes. Because of increases remedial activity at RMA during the FY88
and FY89 CMP monitoring periods, there was a noticeable increase in TSP levels at sites adjacent to
or directly downwind from construction work, primarily at Basin F. However, the impacts from the
Arsenal-generated sources were localized and fell off rapidly with distance from the scurce. During
FY90 after the termination of the Basin F cleanup program, TSP concentrations downwind from Basin

F decreased significantly.

4.3 RESPIRABLE PARTICULATE MATTER

4.3.1 CMP PM-10 MONITORING PROGRAM

Respirable particulate matter, those particles with aerodynamic diameters less than 10 microns,
referred to as PM-10, was monitored at five separate locations for the FY90 monitoring period. A
collocated monitor also operated at Site AQS5 during the program. Two additional monitors were
added to the network during FY89 and were continued during FY90 because of the increased
emphasis placed on PM-10 impacts by the EPA and other regulatory agencies. Authorization was
received through a modification in the CMP Technical Plan in late FY90 to include two portable PM-
10 monitors in the network. The first portable station was established downwind from the South
Plants subdrain activity at AQ10. Monitoring was initiated on September 8, 1990, and four samples

were collected during the remainder of FY90. A synopsis of the PM-10 monitoring effort for FY90
is given in Table 4.3-1.
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Table 4.3-1 Summary of RMA CMP FY90 Sampling for Respirable Particulates of Less Than 10

Microns (PM-10)

Number of Percent
Station Samples Recovery
AQl 59 97
AQ2 60 98
AQ3 60 98
AQS 57 93
AQY 56 92
AQI0 4 100
AQ5D! 58 95
PROGRAM TOTAL 354 96

1 AQS5D is a collocated station. The intent and operation of collocated stations are discussed in
Section 8.4, Quality Assurance.

Average and 24-hour maximum concentrations for the CMP FY90 PM-10 program are shown in
Table 4.3-2. As shown previously in Table 2.1-1, the annual PM-10 standard is an arithmetic mean
of 50 pg/m3, and the 24-hour standard is 150 pg/m3. Twenty-four hour sequentiul data are provided
in Appendix B, There were no exceedances of the PM-10 annual or 24~hour ambient air quality
standards at RMA during FY90.

During FY90, PM-10 annual arithmetic mean and 24-hour maximum values were considerably lower
than FY89 levels at all five permanent RMA monitoring sites (AQI, AQ2, AQ3, AQ5 and AQ9). The
maximum 24-hour PM-10 values occurred at all sites on September 14, 1990. This is the same day
that produced high TSP levels, as discussed in Section 4.2.1. Excluding portable site AQ10 which
operated on only four sample days, the highest concentrations were measured at the boundaries of the
Arsenal. AQ2, at the northwestern boundary and closest to Commerce City traffic, measured the
maximum annual average of 25 ug/m> compared to a value of 33 pg/m? in FY89. The highest 24-
hour level was 90 ug/m3 at AQI0 compared to a maximum 24-hour concentration of 168 ug/m? in
FY89.
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Table 4.3-2 Concentrations of Respirable Particulates of Less Than 10 Microns (PM-10) for
CMP FY90 (in ug/m3)

Month AQl AQ2 AQ3 AQS5C  AQSD AQ9 AQIO

Summary of Arithmetic Mean Concentrations *

October 39 40 32 29 29 28
November 28 25 22 20 20 18
December 20 22 15 20 20 15
January 22 21 16 24 24 12
February 22 32 24 26 26 23
March 15 14 12 13 11 12
April 17 17 14 18 14 13
May 18 17 14 15 15 16
June 23 28 21 22 21 22
July 17 20 20 12 15 15
August 26 28 22 22 21 21
September 29 31 26 25 25 26 36
ANNUAL 23 25 20 21 20 19 36

Summary of 24-Hour Maximum Concentrations **

October 67 66 56 50 51 43
November 43 35 35 30 30 29
December 25 30 20 26 25 17
January 44 33 24 66 66 22
February 28 75 59 60 60 57
March 22 27 15 18 17 16
April 32 34 25 28 29 25
May 25 24 20 24 24 29
June 37 44 33 30 30 37
July 25 29 24 18 21 26
August 37 42 34 i3 33 30
September 72 81 72 65 67 71 90
ANNUAL 72 81 72 66 67 71 90

Annual arithmetic mean standard is 50 u§/m3.
Maximum 24-hour standard is 150 ug/m>,

Note: FY90 is the period from October 1, 1989 to September 30, 1990,
The PM-10 sampler at AQ10 was installed on September 5, 1990

[oiv) Lol 1 31 H FA.
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In general, the highest PM-10 concentrations occurred in the fall and winter periods ai most sites.

Since there were no significantly high episodes of PM-10 concentrations in FY90, the monthly

differences were not as striking as in the previous 2 years. The highest monthly concentrations were
reported in October when 40 ug/m3 was measured at AQ2 and 39 ug/m> was measured at AQl. The
highest concentration on a single day (90 ug/m3) occurred on September 14, 1990. This day was

and inversion conditions were intense, reflecting both a surface inversion and an intense upper air

*limited mixing" inversion at about 4,000 feet above the ground (see Figure 4.2-3). The widespread

i

)
somewhat anomalous, as noted in Section 4.2.1. Temperatures were below normal, winds were light,
impact of this me¢eorological phenomenon on PM-10 concentrations across the Denver metropoiitan

area and the Arsenal are shown in Figure 4.3-1.

432 BAsIN F PM-10 IMPACTS

43.2.1 CMP Data

Because of increased emphasis on PM-10 monitoring, a record of PM-10 levels during and after
remediation has been maintained. Table 4.3-3 lists PM-10 concentrations for the varivus phases of

the remediation and pest-remediation periods. A summary of the results follows.

There were no violations of any PM-10 ambient standards during the Phase 1 period. The Phase 2,

Stage 1 period (remedial landscaping/hauling) indicated occurrences of the highest PM-10 levels, but

they were most likely attributed to the winter seasonal impacts over RMA from metropolitan Denver,
The highest average concentration (52 pg/m®) for the 2-month period (December 13, 1988, through
February 15, 1989) occurred at AQ1 at the western RMA boundary, The highest 24-hour PM-10
concentration of 168 ug/m3 also occurred at AQI: this was an exceedance of the 24-hour ambient
standard of 150 ug/m3. As noted in the FY89 report, this occurred on February 9, 1989, when
metropolitan Derver and all Arsenal stations received their highest PM-10 levels for several years.
- During the Phase 4 post-remedial period, PM-10 levels were consistently low across the Arsenal,
ranging from an average value of 25 ug/m3 at AQZ to 19 ug/m? at AQ9. The cessation of remedial

activity may also have had a very minor influence in decrcasing PM-10 values.

Because the CMP did not measure PM-10 immediately adjacent to Basin F operations, it is difficult

i to identify the full impact of Basin F operations on PM-10 levels, It is likely thzt PM-10 monitoring
at AQI10 and AQII1, where very high TSP levels were monitored during the Phase | and Phase 2
periods (see Table 4.2-3), would also have resulted in higher PM-10 levels. A study conducted over

|

{
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Table 4.3-3  Concentrations of Respirable Particulates of Less than 10 Microns (PM-10) for
Phases 1-4 (in ug/m®)

)
{
: Month AQl  AQ2 AQ3 AQ5C AQSD  AQ9 AQID Q
|
|
{ Summary of Arithmetic Mean Councentratious * A
] e
; PHASE |
! March 27 26 36
s April 23 19 20
| May 19 14 15
| June 24 17 15
f July 30 23 22 ¢
l August 37 25 36 25 |
September 33 20 20 22 {
! October 38 37 34 25 27 25 ,
November 32 26 20 21 23 18 i
December 57 50 42 36 39 37 ,
% PHASE 2 - STAGE 1 d
! December 36 29 24 25 28 20
| January 44 30 24 28 30 19
8} February 80 53 47 55 61 47
|
! PHASE 2 - STAGE 2 @
|
! February 27 18 16 18 19 14 |
i March 39 25 22 27 29 21 4
! April 25 20 18 17 18 15
; May 25 19 16 15 15 14 ‘
; PHASE 3 ®
| May 29 26 21 22 24 19 .
) June 21 20 18 19 18 18 |
; Tuly 26 38 25 23 21 25 1
| August 17 22 17 17 15 17 ‘
{ September 27 26 26 23 23 22 °® 1
!
f PHASE 4 1
|
r October 39 40 32 29 29 28 '
| November 28 25 22 20 20 18 f
> December 20 22 15 20 20 15 {
. 7 January 22 21 16 24 24 12 L ;
i February 22 32 24 26 26 23 ' .
March 15 14 12 13 1 12 i
| April 17 17 14 18 14 13 3
| May 18 17 14 15 15 16 :
| June 23 28 21 22 21 22 3
July 17 20 20 12 15 15 ° i
} August 26 28 22 22 21 21 !
l September 29 31 26 25 25 26 36
!
s
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Table 4.3-3  Concentrations of Respirable Pzrticulates of Less than 10 Microns (PM-10) for Phases
1-4 (in ug/m3) (continued)
Month AQ! AQ2 AQ3 AQ5S5C AQ5D AQ9 AQI10
SUMMARY
Pre-Rem 36 33 18
Phase 1 39 30 30 22 27 22
Phase 2-1 52 36 30 35 39 27
Phase 2-2 31 22 19 21 22 17
Phase 3 24 26 21 21 20 20
Phase 4 23 25 20 21 20 19 36
Summary of 24-Hour Maximum Concentrations **
PHASE 1
March 46 34 36
April 43 39 39
May 27 19 18
June 41 i$ . 18
July 42 35 30
August 67 39 42 42
September 61 37 33 41
October 47 47 4€ 36 41 35
November 48 39 34 34 37 32
December 717 72 €0 47 51 51
PHASE 2 - STAGE |
December 51 44 40 43 45 34
January 95 65 50 71 74 44
February 1638 105 94 116 128 94
PHASE 2 - STAGE 2
February 38 23 19 23 27 19
March 56 33 30 37 41 27
April 38 29 29 25 26 22
May 25 19 16 15 15 14
PHASE 3
May 34 29 24 26 28 21
June 33 34 31 28 25 34
July 35 46 35 33 31 36
August 20 27 19 19 18 19
September 39 45 37 29 28 32
AIR-TBL1.90
® ®
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Tabie 4.3-3 Concentrations of Respirable Particulates of Less than 10 Microns (PM-10) for Phases
1-4 {in pg/m®) (continued)

B Y =N

[
Month AQlL  AQ2 AQ3 AQ5C AQSD AQ9  AQIO
PHASE 4
' [ )
Qctober 67 66 56 50 51 43
. November 43 35 35 30 30 29
December 25 30 20 26 25 17
January 44 33 24 66 66 22
February 28 75 59 60 60 57
March 22 27 15 18 17 16
"l April 32 34 25 28 29 25 ¢
May 25 24 20 24 24 29 !
June 37 44 33 30 30 37
July 25 29 24 18 21 26
August 37 42 34 33 33 30
September 72 81 72 65 67 71 90
SUMMARY *
Pre-Rem 94 90 36 }
Phase 1 77 72 60 47 51 51 b
Phase 2-1 168 105 94 116 128 94 |
Phase 2-2 56 33 30 37 41 27 :
, Phase 3 39 46 37 33 31 36 L ] !
N Phase 4 72 81 72 66 67 71 90 |
ol j
Ju’j * Annual arithmetic mean standard is 50 p§/m3. :
! * Maximum 24-hkour standard is 150 ug/m>. 1
! 1
] Note: Pre-Rem refers to data collected during the Air Remedial Investigation (Environmental ® j
A? Science & Engineering, Inc. 1988).
. \ Phase 1 is from March 22 to December 12, 1988.
4 Phnse 2, Stage 1 is from December 13, 1988 to February 15, 1989,
j Phase 2, Stage 2 is f-om February 16 to May 5, 1989.
‘ Phase 3 is from May 6 to September 30, 1989. ®
% Phase 4 is from October 1, 1989 to September 30, 1990 (FY90).
:’ AQI0 was installed in the northwest quarter of Section 1 on September 5, 1990,
_J e
| .
| |
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the 31-month CMP monitoring period indicated that PM-10 levels ranged from 36 to 63 percent of
TSP levels. Figures 4.3-2, 4.3-3, and 4.3-4 compare sequential TSP and PM-10 concentrations for
AQ2, AQS, and AQ9 during FY90. The PM-10 to TSP ratios are 0.45, 0.56, and 0.60 for AQ2, AQS,
and AQ9, respectively. This infers that stations immediately downwind from Basin F cleanup
activities (i.e.. AQI0 and AQI1) would have measured higher PM-i0 levels corresponding to the
higher TSP levels. Station AQ2 has consistently measured the lowest ratws of PM-10 1o TSP
concentrations; 36 percent in 1988, 43 percent in 1989, and 45 perceat 1n 1990 Because of the

proximity of AQ2 to the remedial area, it received mote direct umpacts from Basia b Therelore, the
lower PM-10 to TSP ratios at AQ2 suggested the premuse (in the FYBY Aursiment Kepuet) that
remedial impacts were less for smaller partuculates thaa for TSP However, AQ” 3gain bl the Sowest
ratio during FY90, when Basin F remedial impacts were mutimdi o sosuisteal A puasibic
explanation for the lower ratw would be that dust from Comamcrce City traftw umpats AQD an

contains a higher percentage of hcavier particles, resulting wa 3 ower fracton of PA1- 10 watha TSP

In addition o source influences, seasonal and chimatognal coadituras alTecten! P8 - 10 mastocing
results, as well. Table 4.3-4 shows seaswnai PM - {0 gata averaged over the entue CMP  The hogivest
average concentrations occurred ia the tall and wiater, coum dang with 1averswn of “sowa clowd®
conditions over metropohitan Denver. Coassderable variabulily ¢iists between seasomal maximum
fevels, depending on source influcnces, seasonal and chmatologwal nfluenves, amd uanque
meteorological events. Table 4.3-5 shows seasonal PM - 10 results for 10 conseculive quarten of the
CMP from the spring of 1988 10 the summer of 1990. Relatively low PM- 10 concentratons were
measured during the winter of FY90, possibly due to the lack of winter inversion impacts from
metropolitan Denver. Higher average PM- 10 concentrations, on the other hand, were experienced
during the summer of FY90 as a result of the unique meteorological conditions that occurred on
September 14, 1990 (previously discussed in Section 4.2.1).

It is difficult to generalize the principal cause of PM-10 impacts at RMA when using only a 3-year
database. Nevertheless, higher average PM- 10 levels during the fall and winter periods are consistent
with the greater number of inversion and "brown cloud" episodes that occurred in metropolitan
Denver during those months. It appears that PM-10 concentrations at the CMP monitoring stations
were not significantly impacted by remediation, except immediately adjacent and downwind of
construction activities. Levels of PM-~10 data collected at RMA are comparable to levels reported in
rural areas of Colorado (CDH, 1989),
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Table 4.3-4  Combined Seasonal PM-10 Concentrations (in pg/m3)

°
Fall Winter Spring Summer :
AVERAGE o
1 AQIB 34 36 21 24 ®
| AQ2B 33 28 20 30
! AQ3B 27 23 16 23
; AQSC 24 27 16 21
o AQSD 26 29 17 21
. ’j AQ9B 23 22 16 22
! AQIOB 36 ®
. SEASONAL
Y AVERAGE 28 27 18 25
.
| 24-HOUR MAXIMUM
it ®
o AQIB 77 168 38 7
I AQ2B 72 105 46 81
: ] AQ3B 60 94 29 72
AQ5C 50 116 39 65
AQSD 51 128 29 67
s AQSB 51 94 39 71 .
o AQI0B 90 - ®
3 SEASONAL
MAXIMUM 77 168 46 90
)
| @
® ;
i
a |
|
| ‘ i
' |
;
1 1
. |
| ;
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4.3.2.2 Basin F Data

PM-10 was not measured in the immediate vicinity of Basin F during the Basin F Interim Remedial

Monitoring Program. However, because of the increased emphasis placed on PM-10, monitoring of
this cuiteria pollutant was initiated during the IRA-F follow-on monitoring program (Phasés 3and 4)
to determine if any residual or post-remedial PM-10 impacts resulted from the Basin F remediation
activities. The program consisted of monitoring every 12 days at FC1, downwind from Basin F and
at FC3, upwind from Basin F. Results are shown in Table 4.3-6. Twzatv-four hour sequential data
are provided in Appendix M.

¥ N

During the Phase 4 period, FC1 measured an average concentration of 24 ug/m3, while FC3 measured

an average concentration of 23 ug/m3. The results of both monitoring stations were almost identical

.

to other RMA intericr monitoring sites, suggesting little or no post-remedial PM-10 impacts from the

Basin F operations over the annual period.

The maximum 24-hour PM- 10 concentrations were 102 ug/m3 and 88 ug/m3, respectively, at FCI
and FC3. These higher values again occurred on the *limited mixing" day of September 14, 1990, and
were greater than the maximum values tihat were reported at the CMP monitoring stations for that
day, which ranged from 66 to 81 ug/m3. This could be a reflection of either impacts from residual
dust of f Basin F or impacts from local remediation activity during the period of monitoring. For the
most part, results from the IRA-F stations and the CMP interio« stations were comparable during all

of FY90, suggesting that any particulate impacts off the remediated Basin F were small.

4.3.2.3 mbined Basin F and CMP D lysi 1

Individual CMP and Basin F PM-10 monit« ing data for the designated phases of the Basin F
remedial programs assessment have been shown in Tables 4.3-3 and 4.3-6. Figures 4.3-5 and 4.3-6
depict annual average and 24-hour maximum PM-10 valuer for Phases | and 4 (remedial and post-
% remedial periods). The wind roses reflecting transport of particles from a potential Basin F source 1

are also shown on these figures. As noted from the previous discussions, these data show no apparent

is the high maximum 24~hour PM-10 concentrations that occurred at stations surrounding Basin F 1

. on September 14, 1990; however, this was an anomalous event. On the contrary, TSP mean levels

were very evenly distributed across the Arsenal; the higher mean value at mobile station, AQI0,

reflects a 4-week monitoring period under thc influence of construction activity.
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Table 4.3-6 Concentrations of Respirable Particulates of Less Than 10 Microns for Phases 3
and 4 at IRA-F Sites (in ug/m3)

Month FCi FC3
Summary of Arithmetic Mean Coucentrations*
‘ Phase 3 (5/5/89 - 9/30/89)
June 18 16 e
July 35 26
August 18 18
September 21 23
Qverall 23 22
Phase 4 (10/1/89 - 9/30/90) ®
October 38 34
November 22 17
i December 15 15
January 16 17
February ‘ " 15 12
March 14 16 ®
| April 21 20
May ) 13 12
June 24 19
July 23 22
August 32 30
i September 49 44
Overall 24 : 23 ®
Summary of 24-Hour Maximum Concentraticns **
G Phase 3 (5/5/89 - 9/30/89)
[
June 18 16
July ’ 35 36 .
| August 18 18
September 27 31 !
Overall 35 36 ;
i Phase 4.(10/1/89 - 9/30/90) }
f *.
i October 54 49 |
Novembkr 31 17 |
December 15 15 1
i January 23 22 ;
; February 17 16 |
4 March 20 16 ° |
L April ' 27 25 i
‘ May 14 14 o
| June 32 24 l
i July 27 29 i
) August 39 38 |
1 September 102 88 |
! Overall 102 83 ®

* Annual arithmetic mean standard is 50 ug/m3. i
o ** Maximum 24-hour standard is 150 ug/m®>.
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Because PM-10 data were not collected immed:iately adjaceat to Basin F during remedial activities,
it cannot be concluded from these data that no PM-10 impacts resulted during the remedial program.
Some elevated PM-10 levels were likely experienced in conjunction with high TSP levels that were
occasionally measured. Data illustrated on Figures 4.3-5 and 4.3-6 during Phase | and Phase 4,
however, suggest that any PM-10 impacts from Basin F operations were highly localized and did not
spread to the RMA boundaries.

43.3 METROPOLITAN DENVER PM-10 DATA

As in the case of TSP, PM-10 concentrations were higher in metropolitan Denver than they were at
RMA. The distribution of PM-10 data across metropolitan Denver and the Arsenal suggest that there
was an influx of PM-10 into the Arsenal from the Denver area. PM-10 annual arithmetic mean and
24-hour maximum concentrations for Denver throughout the CMP including FY90 are shown in
Table 4.3-7.

During the Phase 1 remediation period, PM-10 levels were generally uniform across both the
metropolitan area and the Arsenal, with the highest average concentration of 40 pg/m3 reported at
Adams City. There was no evidence of high PM-10 levels at the Arsenal interior, although PM-10

monitoring was not conducted immediately adjacent to Basin F.

During the Phase 2 (Stage 1) winter period, downtown Denver experienced a maximum average PM-
10 level of 72 ug/m® and a maximum 24-hour value of 154 ug/m®, while Adams City reached an
average value of 73 ug/m® and a maximum value of 145 pg/ms. As noted previously, several intense
winter inversion episodes contributed to these results. During this period, the Arsenal area also
measured high PM-10 levels on several days with maximum concentrations at the western and
southern boundaries. Interior Arsenal sites indicated lower PM-10 concentrations, apparently less

influenced by dispersion impacts from the metropolitan area.

During the Phase 2 (Stage 2), Phase 3, and Phase 4 periods, metropolitan Denver PM-10 levels
decreased significantly, although the highest concentrations remained at dowatown Denver and
Adams City (in the direction of the prevailing wind flow). Figure 4.3~7 shows the distribution of
PM-10 annual average values across metropolitan Denver and the Arsenal for the FY90 period. RMA
values were again slightly higher at the western and southern boundaries; interior Arsenal stations
reported their lowest PM-10 levels for the 31-month monitoring period during Phases 3 and 4, with
one exception. The monitoring station installed at AQIOb in September, 1990 measured higher
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A } Table 4.3-7 Denver Metropolitan Area Respirable Particulates of Less than 10 Microns
| (PM-10) (in pg/m?)
1 °
|
! Station Phase | Phase 2-1 Phase 2-2 Phase 3 Phase 4
| (FY90)
ARITHMETIC MEANS *
Adams City 40.5 72.8 27.2 31.2 32.1
8101 Ralston 27.2 36.0 27.2 348 b
1633 Florence 26.7 31.2 26.3 26.0 24.1
414 14th Street 30.6 71.7% 39.3¢ 322 31.1
A CAMP/2105 Broadway 28.7 45.1 37.2 27.4 27.3 o
1050 S. Broadway 31.2 49.7* 35.2 29.7 32.1
4857 S. Broadway 23.1 399 27.4 236 22.0
24-HOUR MAXIMUM VALUES
Adams City 103.0 145.0 36.0 50.0 94.0 L
8101 Ralston 56.0 57.0 59.0 78.0 hid
: 1633 Florence 94.0 71.0 56.0 49.0 84.0
il 414 14th Street 66.0 123.0 59.0 54.0 118.0
. CAMP/2105 Broadway 123.0 154.0 62.0 45.0 82.0
© 1050 S. Broadway : 68.0 64.0 57.0 51.0 118.0
, 4857 S. Broadway 48.0 103.0 44.0 39.0 49.0 ®
* Incomplete data set.
' e Sampies are no longer collected at this station.
i l Annual Arithmetic mean standard is 50 usg/m"'.
LA Maximum 24-hour standard is 150 ug/m>, ®
I
( Phase | is from March 22 to December 12, 1988.
Phase 2, Stage 1 is from December 13, 1988 to February 15, 1989.
‘ Phase 2, Stage 2 is from February 16 to May 5, 1989.
- ;lj Phase 3 is from May 6 to September 30, 1989,
N 4 Phase 4 is from October 1, 1989 through September 30, 1990. °
|
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j ®
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: : average PM-10 concentrations due td the shorter monitoring period and its proximity to South Plants

subdrain activity.

434 SUMMARY OF PM-10 ANALYSIS

It would appear that strong gusty winds were conducive to higiier PM-10 values at "MA, but at a
l much lesser extent than for TSP (at a ratio of 40 to 60 percent). The highest PM-10 readings were
o ‘,," observed during strong aimospheric inversion conditions over metropolitan Denver. There were no
violations of the annua! or 24-hour PM-10 standards during FY90 at RMA. As in the case of TSP,
there were potentially two principal sources of PM-~10 impacting RMA and its surroundings: (1) the
influx of PM-10 emissions from metropolitan Denver, and (2) remediation activity sources at RMA,
especially during high wind episodes. Unlike the TSP assessment, the data do not indicate a
”m detectable increase in average PM-10 levels during the remedial activity. This may be the result of
the lack of PM-10 monitoring stations immediately adjacent to remedial activities; however, it would
appear that any PM-10 remediution-generated emissions were localized and fell off significantly with
distance from the activity, producing negligible off-post impacts. A modification to the ‘(echnical
Plan now provides for the placement of mobile PM~10 monitors upwind and downwind of remedial

and construction activities.

4.4 METALS

A total of six metallic ions were analyzed from the TSP filters after the filters were weighed,
including arsenic, cadmium, chromium, copper, lead and zinc, Mercury was measured using Hydrar
tubes and analyzed using the Rathje and Marcero method (AIHA, May 1976).

4 4.4.1 METALS MONITORING STRATEGIES

There were basically two components of the CMP FY90 metals monitoring effort. The first
component was routin~ monitoring which involved every 6th day sampling at two sites, as shown in
Table 4.4-1,
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®
[ Table 4.4-1 Summary of Routine Metais Sampling for FY90
¢
Number of Percent
. Station Samples Recovery
AQ3 60 98 °
AQS 58 95
AQsC! 59 97
@
PROGRAM TOTAL 177 97
1 AQS5C is a collocated station. The intent and operation of collocated stations are discussed in
Section 8.4, Quality Assurance. A collocated sampler at AQS5 was installed and operated
throughout the routine program. @
. ' The second component involved "high event" monitoring during specified high wind episodes (i.e. as
, a minimum, winds in excess of 10 mph). Twelve high event episodes were conducted for the six
: metal ion components and also for mercury. Monitoring was conducted at various locations across - @
i
N the Arsenal depending upon meteoroiogical conditions and selucted source activities or special
| .
5 interests.
Y
i The CMP FY90 high event metals program included both direct mobilization episodes around Basin ®
{
Li) F, Basin A, the South Plants, Basin A Neck, and the South Plants subdrain area, and post-analysis
' episodes at strategically located monitoring sites across the Arsenal. In most cases, winds were in 1
|
i excess of 10 mph, and gusts were frequently in excess of 25 mph, thus meeting the wind speed criteria i
j established for high event analysis. In several cases, however, post-analysis of high TSP levels ® ;
'5 provided the criteria for high event metals analyses, This approach provided a practical and cost- ]
; ' effective method of obtaining data for days with potentially high metals concentrations, Metals !
i analyses were obtained from TSP sample filters that were strategically located at interior and i
} perimeter Arsenal sites. e 1
i ;
= {
! 442 CMP FY90 METALS MONITORING RESULTS
| |
: {
Y Average and maximum concentrations for the full CMP metals monitoring program for arsenic, e g
* cadmium, chromium, copper, lead and zinc are shown in Table 4.4-2, with detailed data in
|
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Appendix C. Stations AQ3, AQS5 and AQS5C cover the entire period in accord with the Technical
Plan. All other CMP monitoring stations data including mobile sites comprise results of high event
monitoring periods, which were 24-hour periods except for a 6-hour sampling event on May 11, 1990.

Results of the CMP FY90 metals monitoring program were generally comparable to past CMP results,
Metals levels detected were very low to insignificant with respect to ambient standards and health
criteria (to be discussed in Section 4.4.5). With several exceptions, metals levels were fairly consistent
across the Arsenal and for the most part were representative of their proximity to the Denver urban
environment. For example, the highest average concentmtion§ for most metals occurred at AQI and
AQ2 on the western and northwestern Arsena! boundaries, Exceptions occurred, however, on a day-
to-day basis. Maximum average and 24-hour concentrations measured in FY90 for each metal
camponent are discussed below.

The maximum average cadmium value was 0.0021 ug/m3 measured at AQ2 and the maximum 24-hour
value was 0.0281 ug/m® measured at AQS.

Chromium was detected at only one CMP location during FY90. The maximum average value was
0.0044 ug/m? at AQS, while the maximum 24-hour value of 0.0151 ug/m> was also measured at AQS.
In FY88, chromium was detected only at AQ3 and was detected at Stations AQ7 and AQI2 during
FY89. There appears to be no specific pattern of chromium concentrations at Arsenal sites.

The highest average copper level, 0.0922 ug/m3 occurred in the Basin F area; the maximum 24-hour
value of 0.2450 ug/m® was measured at AQ3 at the northern Arsenal boundary. Copper
concentrations at some other sites across RMA were only slightly less than these values. The highest
CMP copper levels during FY88 and FY89 were also measured at AQ3.

The highest average lead value was 0.033] ug/m3 at AQ2 at the northwest perimeter of the Arsenal.
The 24-hour maximum lead value was 0.0621 ug/m® at AQS along the southern RMA perimeter. This
was consistent with previous CMP measurements. During FY88, the highest measured average lead
value was 0.0270 ug/m? and the 24-hour maximum value was 0.0576 ug/m3, both at AQ2 along the

.
wals. P, .
1

northwestern perimeter. The highest average | u¢ measured during FY8% was 0.0291 ug/m?,

A maximum average zinc level of 0.0371 ug/m® was measured at AQl. A maximum 24-hour value
of 0.1086 pg/m3 was measured at AQS. During FY88, the highest zinc levels were measured at AQI
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and AQ?2 at the western boundary. During FY89, zinc levels at these stations were next highest after
AQ7, where one isolated 24-hour measurement of 0.2908 pg/m® was recorded.

The maximum average arsenic level was 0,0005 ug/ m? and the maximum 24-hour conventration was
0.0042 ug/m3, both at a mobile site in Basin A. During FY88 and FY89, AQ8 which is close to
Basin A also measured the highest arsenic levels under the CMP. It appears that there may be a low

level source of arsenic in the vicinity of Basin A.

Mercury was not detected throughout the CMP FY90 Monitoring Program. The lower certified
reporting limit for mercury is 0.089 ug. Mercury sampling was conducted during 12 separate high
event episodes for a total of 117 samples. These samples were collected throughout the year and

focussed on a variety of sources which might have acted as potential sources of mercury emissions.

443 ASSESSMENT OF BASIN F METALS IMPACTS

4.4.3.1 CMP Data

In order to fully evaluate remedial impacts from the Basin F cleanup operations, it is necessary (o
consider all CMP, Basin F Remedial Monitoring Program, and IRA-F data for the entire remedial and
post-remedial periods. CMP FY$0 metals results were discussed in the previous section. Table 4.4-3
incorporates CMP FY$88, FY89, and FY90 data and stratifies results for each monitoring station for
the Phase 1 and Phase 2 remediation periods and the Phase 3 and Phase 4 post-remedial periods.
These data reflected no significant metals impacts from Basin F at CMP monitoring sites over the
3i-month monitoring period. For each metal element analyzed, variations (at fixed and mobile
manitoring stations) were small and likely reflucted individual wind and TSP conditions as well as
some seasonal differences. It should be noted, however, that Basin F program monitoring sites
immediately adiacent to the intense remedial activity did, in fact, identify several metal elements
(chromium, copper, zinc, and mercury) that reflected higher concentrations during the Basin F
cleanup operations. These levels decreased during the post-remedial periods, as discussed in the
following section. The lack of a significant remediation and post-remediation pattern at CMP sites,
slightly further downstream than the Basin F monitoring sites, substantiates the premise that Basin
F metals impacts were highly localized and decreased rapidly with distance from the remedial
activities. It is also interesting that the CMP metals levels measured during the remediation phases

(Phase | and Phase 2, Stage 1) that encompassed the Basin F remediation activity were comparable
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Table 4.4-4 below.

to high event metals data vollected under the 1986-1987 Remedial Investigation Program shown in

. Table 4.4-4  Metals Data Summary for 1986-1987 Remedial Investigation Program

Range of Values Above Detection Limits (ug/m3)

|
|
i
I
i
3
i
!
{
!
l.
e ﬁ As 0.003

Detection
Limit From From
Metals (ug/m%) TSP Filters! PM-10 Filters®
0.005 - 0.012 (2)* NHADL**
Cd 0.002 0.002 - 0.017 (21) 0.002 - 0.003 (4)
Cr 0.003 0.003 - 0.050 (19) NHADL
Cu 0.016 0.026 - 912 (81) 0.019 - 0.029 (3)
Hg*** 0.063 NHADL NHADL
Pb 0.008 0.010 - 0.062 (66) 0.009 - 0.037 (6)
Zn 0.610 0.128 - 10.2 (11) NHADL

¢ Source: ESE, 1988.

4432  BasinkFDaa

AIR-90.4
Rev. 08/15/91

1  Total number of TSP filters analyzed = 87.
2 Total number of PM-10 filters analyzed = 7.
*  Number of hits above detection limits.
**  NHADL - No hits above detection limits.
*+¢ g collected on Hopcalite™ media.

- 159 -

Table 4.4-5 shows average and maximum metals values for the Basin F Remedial Monitoring Program

and for the IRA-F Monitoring Program for Phases 1 through 4 of the remediation activities and post-
) remediation periods. All Phase } data and Phase 2 (Stage 1 and Stage 2) data were obtained from the
Basin F Remedial Monitoring Program and cover the period from March 22, 1988, through May 5,
1989. The Phase 3 and Phase 4 data were obtained from the IRA-F Monitoring Program and cover
a period from May 6, 1989, through September 30, 1990, Sequential data for the IRA~F program are
provided in Appendix N.

Figures 4.4-1 through 4.4-7 graphically depict maximum and average concentrations for each metal
component, The data are also stratified by the remedial phase periods. The metals summaries and

correspouding figures show that several metals componeats, in particular chromium, zinc and
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mercury, appeared to be impacted by Basin F remedial operations, especially at the sites immediately
around the Basin F perimeter. Chromium, for example, reached its highest levels during the Phase
1 reinediai operations at the four monitoring sites immediately surrounding the Basin F perimeter
(Figure 4.4-1). The maximum average valuc was 0.0200 jy,/w> ut BF4 and the maximum 24-hour
value was 0.2858 ug/m3, also at BF4; these values decreased substantiaily at ihe more distant Basin
F monitoring sites (BF5, BF6 and BF7), and were comparable to maximwa valuss ai CMP monitoring
sites.

During the Phase 2 period, chromium ievels immediately surrounding Basin ¥ decreased vy faciors
of 3 to 7 and were comparable to leveis at the more distant Basin F and CMP monito: tug sitss,
Chromium was not detected at any of the sites during Phase 3, and was detected at minima! leveis ai
FCI1, FC2, and FC5 during Phase 4.

1t would appear from these results that some chroniium impacts occurred in the immediate vicinity
of Basin F during the early stages of the remediaticn program. These impacts were highly localized
and decreased to typical background levels at the conclusion of the remediation activities. The health
impacts of the higher chromium levels during remediation, and other metals, will be discussed in
Section 4.4.5.

A similar, though less conclusive, pattern was shown for copper levels in the vicinity of Basin F
(Figure 4.4-2). Moderately higher copper concentrations were measured at the Basin F perimeter sites
during Phase | and decreased with distance. The maximum average value was 0.1539 ug/m? at BF2C
and the maximum 24-hour value was 1.4980 ug/m® at BF2. During Phase 2 maximum copper levels
at the Basin F perimeter decreased to values comparable to the more distant Basin F monitoring sites
and the CMP monitoring sites. However, during the Phase 3 monitoring period mean copper
concentrations again increased to the highest levels measured during tha 31 -month monitoring period.
One explanation is that this was a seasonal phenomenon, as almost all CMP monitoring sites across
the Arsenal also showed increased copper levels during the Phase 3 period. Copper levels continued
to decrease during Phase 4. Nevertheless, several high maximum 24-hour copper concentrations
measured near the perimeter of Basin F during the Phase 1 remediation period indicate that Basin F

may have been a source of copper emissions during more intensive cleanup activities.

Mercury measurements during the Phase |1 monitoring period were roughly equivalent at all seven
sites (Figure 4.4-3). A maximum 24-hour value of 7.3 ug/m3 occurred during Phase 1 at BF2 and

BF3. Some very sporadic, localized mercury impacts were noted during Phase 2 (Stage 1), with
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minimal to no impact recorded during Phase 2 (Stage 2), and Phase 3. However, mercury was again
detected at all Basin F sites at low levels during Phase 4.

Zinc concantrations followed an atypical pattern with the highest levels recorded at Basin F during
the Phase 2 (Stage 1) dirt moving and landscaping period, rather than the Phase 1 remediation period
(Figure 4.4-4). This could have been a function of the soil that was moved during the covering
period; however, this could also have been a function of an analytic problem in that subsequent
quality assurance review identified high zinc (and arsenic) levels in some TSP filters prior to
sampling. The maximum average zinc level recorded in Phase 2 was 0.3260 ug/m3 at BFS; the
maximum 24-hour level was 3.3576 ug/m’ at BFS. During Phase 3 and Phase 4, zinc levels at Basin
F were comparable to other CMP concentrations across the Arsenal.

Arsenic and lead concentrations reflected minimal changes during Phases 1 through 4 and weic
comparable to other measurements at the CMP monitoring sites (Figures 4.4-5 and 4.4- 6). A one time
24-hour maximum arsenic level of 0.0136 ug/m® was measured at BF5 during Phasc |; all other 24
hour maximum values 'vere equivalent to CMP levels. The maximum 24-hour Basin I lead valuc
during Phase 1, 0.0614 ug/m3 at BF2, was less than the maximum CMP 24-houi value of 0.0984
ug/m> measured at AQS during Phase 2, Stage 1 and less than the value 0.108 ug/m® measured
RIES] (at the northeast boundary of the Arsenal) during Phase 2, Stage 1. There a)cared to be no
Basin F impacts from these metals.

Cadmium concentrations indicated small differences at all Basin F stations during 1/ Phase 1 and
Phase 2 periods (Figure 4.4-7). During Phase 3, cadmium concentrations were actually slightly higher
than during the earlier Basin F remediation periods, but overall cadmium levels we) ¢ very low; the
highest average concentration was 0.0027 ug/m3® measured at BF2. There is no explanation why
cadmium levels were slightly higher in the vicinity of Basin F during the Phase 3, post-remedial
phase. Cadmium values were again lower during the phase 4 (FY90) period. The highest 24-hour
cadmium concentration, 0.0253 ug/m3, was measured at CMP Station AQS5 at the extreme southern
end of the Arsenal. As will be discussed in Section 4.4.5, all cadmium concentrations were well below

general toxic guidelines.
Ammonia was monitored during the Basin F program at three sites (BF5, BF6 and BF7) on | day per

week which was predicted to have the greatest impacts from Basin F activities. Monitoring was

conducted during both Phase 1 and Phase 2. Detectable levels were collected only during Phase 1 with
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a maximum readirg of 822 ug/m3 at BFS and a highest average reading of 284 ug/m3, also at BF5.
No ammonia sampling was conducted in Phase 3 or Phase 4.

Another approach to assessing remedial progress is to consider Basin F impacts that were observed
on individual days during the remedial and post-remedial periods. All Basin F air monitoring during
the Phase 1 period was conducted for worst-case, 24-hour periods based on dispersion model analysis
and remedial activity. An example of the dispersion of metals resuiting from Basin F remedial
activities (Phase 1) is shown in Figure 4.4-8. This figure shows metals concentrations for September
6, 1988, with X/Q dispersion values overlaying the monitoring data for seven Basin F stations. This
type of analysis identifies, to the fullest extent, the potential dispersion of metals and other
contaminants resulting from remedial actions. On this day winds were from the south-southwest at
moderate speeds. Peak levels for most metals occurred at the closest downwind sites. Sites further
downwind, as well as upwind, from Basin F measured lesser values, thereby substantiating the
dispersion pattern and identifying Basin F as a potential metals source. Consider next the dispersion
of metals on June 10, 1990, a day in the FY90 post-remedial period (Phase 4). The X/Q dispersion
pattern and the reported concentrations for this day are shown in Figure 4.4-9, The dispersion
pattern and meteorclogical conditions are similar to the Phase |1 day. However, a decrease in
concentrations is evident for several metals. These data further support the conciusion that Basin F

impacts occurred during Phase 1, but were significantly reduced by Phase 4.
4433  Combined CMP and Basia F Data Analyses

Individual CMP and Basin F metals monitoring data for the remedial and post-remedial phases of the
monitoring programs have been shown in Tables 4.4-3 and 4.4-5. Figures 4.4-10 and 4.4-10A
provide a depiction of all available average and 24-hour maximum metals datz across the Arsenal
complex during the Phase | remediation phase. Figures 4.4-11 and 4.4-11A provide the same
information for the most recent Phase 4 post-remedial period. All maximum periods are 24 hours
except for monitoring on May 11, 1990, when sampling was conducted for approximately 6 hours.
Corresponding wind roses are also shown in these figures. These data confirm individual results
previously discussed in addition to showing the influences of meteorology and atmospheric dispersion
impacts, distance from a potential source, and the source influence itself. For exampie, Figures 4.4-
10 and 4-4.4-10A show average and maximum concentrations during Phase 1 for CMP sites and seven
Basin F sites, and indicate the highest levels of chramium, copper, lead and zinc adjacent to Basin F
and immediately downwind from the source, as reflected by the prevailing wind flow. Station BF2,

which was located in the northeast corner of the Basin immediately downwind from the prevailing
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flow and which was the closest station to much of the remedial activity, measured highest
concentrations for most metals (there were several exceptions, i.e., the highest chromium levels were
at BF4). In general, except for cadmium and lead, metals values decreased with distance from the
Basin F source. It is noted that several metals compounds (i.e., cadmium, lead, and arsenic) showed
highest concentrations along the RMA boundaries during the Phase 1 period, suggesting that there
were neither Basin F nor Arsenal sources.

Figures 4.4-11 and 4.4-11A show the distribution of average and rnaximum metals concentrations at
Basin F and across RMA during the Phase 4 post-remedial period. All metals levels were typical of
background regional levels. Dispersion conditions were similar to the previous remedial phase
periods, inferring that any metals components that were indigenous to the Basin F compound were
evident only during the remediation process, aithough as previously noted, cadmivm was slightly
higher in the vicinity of Basin F during the Phase 3 period.

444 ANALYSIS OF METALS SOURCE FACTORS

It appears that metals monitored in the RMA vicinity resulted fiom many causes. Several metal
clements may have been deposited in the soil around Basin F; others may have resuited from industrial
and transportation activities in the Denver metropolitan area. There were overriding baseline levels
of all the metals components typical of the area’s semi-urban environment. With the exception of
transportation and industry related componeants, the metals were probably transported primarily by
wind-blown dust and scil particles. This was evident in a CMP study conducted in FY89 (Stollar,
1990) which showed the relationship between total metals (the sum of concentrations of all targets)
collected under the Basin F program and TSP levels at Basin F during all remediation phases for Site
BF2. Although there were typical variations in this database (the correlation factor was 0.68), the
general inference was that the higher the TSP levels, the higher the levels of metals collected in the
sample filters.

An analysis of average and maximum metals conce ntrations for FY90 indicatcd that, as in past years,
high metals concentrations at RMA monitoring sites resuited from a number of sources and occurred
under several favorable meteorological conditions, In the CMP FY88 Data Assessment Report, Table
4.2-16 showed in almost every case that the highest metal concentrations for cach element at each
monitoring site were associated with average 24-hour winds in excess of 10 mph and wind gusts in
excess of 25 mph (Stollar, 1990). In contrast, the majority of high metals episodes during FY89

resulted from "brown cloud" inversion impacts from metropolitan Denver, as shown in Table 4.4-6
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*' Table 4.4-6 (S)bserved Maximum Metals Concentrations and Associated Wind Speeds at CMP
: ites
\. l‘ .
. . .
" Maximum Maximum Average # Hours  Dominant o
Concentration Wind Speed Wind Speed  Gust Wind N
Metal (ug/m3) Phase Date Gust (mph) (mph) >22 mph Direction x
\ @
! STATION AQ1 _
[ K
1 Cadmium 000426  P2-S2  03-11-89  14.9 7.8 0 SSW C
o Chromium ND -- -- - - - - ;
. Copper 0.21695 P2-82 03-11-89 149 7.8 0 Ssw :
: Lead 0.06026 P2-82  03-11-89 149 7.8 0 SSw ; P
‘ Zinc 0.09431 P2-S2 03-11-89 14.9 7.8 0 SSW i
N Arsenic 0.00487 P2-82 03-17-89  49.5 14.9 8 WNW
i Mercury ND - - - - - -
! STATION AQ2
p Cadmium  0.00400 P4 06-28-90 23.7 11.4 0 SSW ¢
| Chromium ND - - - . - - - ‘
| Copper 0.17522 P3 05-28-89 258 10.8 3 SSw
! Lead 0.05761 Pl 03-22-88 254 9.2 5 NNE
Zinc 0.06964 P2-S2  03-11-89 149 7.8 0 SSw
} Arsenic 0.00582 P2-52 03-17-89 495 14.9 8 WNW
: Mercury ND - - - - - - ®
li. STATION AQ3
( Cadmium 0.00573 P2-§1 01-28-89 39.7 14.6 13 N
i Chromium  0.00964 | 07-i4-88  18.2 9.8 0 SSw PY
| Copper 0.28732 Pl 09-24-88 14.1 8.6 0 S ..
! Lead 0.05884 P2-51 02-09-89 17.6 59 0 S SR
‘ Zinc 0.07002 P2-S1 01-04-89 169 6.3 0 S
‘ ) Arsenic 0.00424 P2-S1 02-15-89 20.3 6.0 0 NNW 4
o Mercury ND - - - - - - ‘
- , o
| STATION AQ4 |
. Cadmium 0.00232 P4 01-07-90 269 9.0 0 SSW i
27 Chromium ND .- - - - - - 1
. Copper 0.13876 P4 06-28-90  23.7 11.4 0 SSwW ,
R Lead 0.03476 P2-82 03-11-89 14.9 7.8 0 SSw {
Zinc 0.04977 P2-82 03-11-89 149 7.8 0 SSwW ® ]
: Arsenic 0.00262 P2-82  03-11-89 149 7.8 0 SSw ;
K Mercury ND - - - -~ - - X
! ®
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Table 4.4-6 Observed Maximum Metals Concentrations and Associated Wind Speeds at CMP

Sites (continued)

Maximum Maximum Average % Hours Dominant
Concentration Wind Speed Wind Speced  Gust Wind
Metal (ug/m3) Phase Date Gust (mph) (mph)  >22mph  Direction
STATION AQS
Cadmium 0.02815 P4 12-12-89 24.1 10.7 0 v
Chromium 0.01508 P4 05-07-90 399 104 1 SSW
Copper 0.19235 P2-81 01-04-89 16.9 6.3 0 S
Lead 0.09844 P2-S1 02-09-89 17.6 59 0 S
Zinc 0.115%6 P2-S1 01-04-89 169 6.3 0 S
Arsenic 0.00455 P2-81 02-15-39 20.3 6.0 0 NNW
Mercury ND - - - - - -
STATION AQS
Cadmium 0.00165 P2-82 04-22-89 28.8 12.2 6 SSW
Chromium ND - - - - - -
Copper 0.18485 P4 06-28-90 23.7 114 0 SSW
Lead 002710 P2-82 03-11-89 149 7.8 0 SSw
Zinc 0.04859 P2-S2 03-11-89 149 7.8 0 Ssw
Arsonic 0.00243 P2-S2 03-11-89 149 7.8 0 SSwW
Mercury ND - - - - - -
STATION AQ7
Cadmium 0.00197 P2-S52 04-22-89 28.8 12.2 6 SSW
Chromium 0.01021 P2-S2 03-11-89 149 7.8 0 SSW
Copper . 0.19323 P1 04-03-89 26.8 119 4 wSw
Lead 0.05727 P3 06-21-89 317 10.5 7 Y
Zinc 0.29081 P2-82 03-11-89 14,9 7.8 0 SSw
Arsenic 0.00237 P2-82 03-11-89 14.9 7.8 0 SSw
STATION AQS
Cadmium 0.00184 P2-S2 04-04-89 419 113 7 NW
Chromium ND - - - - - -
Copper 0.19370 Pi 04-03-88 26.8 §1.9 4 WSWwW
Lead 0.02933 P2-S2 03-11-39 149 7.8 0 SSw
Zinc 0.05974 P2-52 04-22-8% 288 iz.2 6 SSW
Arsenic 0.00737 P2-S2 05-04-89 50.8 9.0 6 ENE
Mercury ND - - - - - -
AIR-TBL1.90
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Table 4.4-6 Observed Maximum Metals Concentrations and Associated Wind Speeds at CMP

Sites (continued)
Maximum Muximum Average # Hours Dominant
Concentration Wind Speed VWind Speed  Gust Wind
Motal (ug/m*) Phaso Date  Gust (mph) (mph) >22wph  Direction
STATION AQY
Cadmium 0.00124 p2-82 03-11-89 14.9 7.8 0 Ssw
Chromium ND - .- - - - -
Copper 0.16011 Pi 11-04-88 364 239 7 WNW
Lead 0.03194 P2-S2 03-11-89 149 7.8 0 SSw
Zinc 0.05455 P2-S82 03-11-89 149 7.8 0 SSw
Arsenic 0.00271 P2-S2 03-11 89 149 7.8 0 SSw
Mercury ND - - - - - -
STATION AQ16
Cadmium 0.00188 P2-S2 03-11-89 14.9 7.8 0 SSwW
Chromium ND - - - - - -
Copper 0.17385 P2-82 03-11-89 14.9 7.8 0 SSw
Lead 0.03528 P2-82 03-11-89 149 7.8 0 SSw
Zinc 0.06887 P2-82 03-11-89 14.9 7.8 0 SSw
Arsenic 0.00261 P2-82 03-11-89 149 7.8 0 SSW
Mercury ND - - - - - -
STATION AQi1
Cadmium 0.00410 Pl 05-03-88 33.0 6.5 1 ENE
Chromium ND - - - - - -
Copper 0.17148 P3 07-03-89 478 12.0 8 SSW
Lead 0.02921 P2-S2 03-11-89 14.9 7.8 0 SSw
Zinc 0.07075 P2-82 03-11-89 14.9 7.8 0 SSw
Arsenic 0.00270 P2-S2 03-11- 89 149 7.8 0 SSw
Mercury ND - - - - - -
STATION AQ12
Cadmium 0.00070 Pl 04.-21-88 25.7 10.8 5 NE
Chromium 0.01286 P2-S2 03-11-89 14.9 7.8 0 Ssw
Copper 0.18421 P3 05-28-89 25.8 10.8 3 SSw
Lead 0.03038 P2-82 03-11-29 149 7.8 () SSwW
Zinc 0.07885 P2-82 03-11-89 14.9 7.8 0 SSw
Arsenic 0.00428 P2-82 03-11-89 149 7.8 1] SSw

Note: FY89 includes data from samples that missed the laboratory holding time for analysis.
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of the FY89 Data Assessment Report (Stollar, 1990). In fact, two-thirds of the cases with the highest
metals levels occurred during three winter "brown cloud” episodes (January 4, February 9, and March
11, 1989). Very high TSP and PM-10 levels at all RMA monitoring sites were also recorded on these
dates, even though wind speeds were not very strong or gusty. Prevailing winds in all cases were from
the south or southwest, indicating that impacts were from metropolitan Denver.

Table 4.4-6 is an update of maximum 24-hour metals concentrations inciuding the FY90 motals data
anrd encompassing the entire 3 years of CMP monitoring. The majority of high concentrations for
all elements still occurred during FY88 and FY89; however, there were two elements with maximum
concentrations measured in FY90. The highest cadmium level for the 3-year period was 0.028 ug/m?
measured at AQS at the southern RMA boundary on December 12, 1989. Wind speeds on this day
averaged 10.7 mph with gusts up to 24 mph, mainly from the west, The highest chromium
concentration, 0.015 ug/m?®, was also measured zt AQ5 onr May 7, 1990. Wind speeds averaged 10.4
mph and were from the south-southwest with peak gusts of nearly 40 mph.

These data indicate that strong, gusty winds remained a principal criteria for high metals levels at
RMA during FY%. Also, even though inversion conditions were less severe during the winter of
FY9), above average metals concentrations occurred on days when a brown cloud was observed over
Denver and winds were blowing in the direction of the Arsenal. On a number of days including
October 25 and December 5, 1989, and January 5, January 17, February 16, June 28, and September
14, 1990, above average metals concentrations were experienced at the Arsenal with brown cloud

conditions over Denver. These days w: re identificd in the CMP visibility study discussed in Section
6.0,

Higher metals levels, in many cases, were due to a combination of factors. For example, on June 28,
1990, wind speeds were moderate at 11.4 mph with peak gusts of 24 mph. Figure 4.4-12 shows the
dispersion pattern for a 24-hour period with a potential source at the Lower Derby Lake spillway.
A brown cloud was observed over Denver during the morning hours. At AQ2 near the RMA
perimeter, the highest cadmium concentration recorded at the site was 0.004 ug/m3. Because of its
proximity to metropolitan Denver and the prevalence of south-southwesterly winds, the high
cadmium concentration at AQ2 most likely resulted from both the urban infiuence and moderate
winds. A peak copper concentration of 0.185 ug/mS at AQ6, however, was probably associated with
construction activity from the Lower Derby Lake spillway, upwind from the site. On this day, TSP
levels at AQ6 reached 320 ug/m3, the highest value recorded at this station over the 3-year period.
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The high copper level appears to be a by-product of the high TSP level resulting from spillway
construction and strong to moderate winds.

During the Basin F remediation period, higher levels of chromium, copper, zinc and mercury were
identified in the immediate vicinity of the disturbed area. During the pdst-remedial period, however,
Basin F monitoring stations reported significantly reduced metals concentrations that were comparable

to the CMP interior sites. It is likely that some moetal components are currently indigenous to the
Arsenal soil,

While higher mietals continued to be a function of strong and gusty winds, especially downwind from
local construction and remediation activities, metals concentritions were generally higher during fall
and winter inversion periods than under high wind scenarios. Tuble 4.4-7 shows average and 24-hour
maximum seasonal metals concentrations for the 3-year monitoring period. Stations AQ3 and AQ5
were monitored every 6th day since the start of the CMP. The highest cadmium, lead, zinc, and
arsenic levels for both the average and 24-hour maximum values occurred in the fall or winter
seasons. During spring when winds were frequently the strongest, lower concentrations were
experienced for most metals except chromium, which was detected only during the spring and

summer. On the other hand, copper and chromium levels were reported at their highest during
summer.

Table 4.4-8 below summarizes the locations of maximum motals concentrations from both the CMP
and Basin F monitoring programs throughout the 31-month period. The implications of maximum
short-term (24-hour) aad long-term metals concentration with vespect to toxic guidelines will be
discussed in the next section,
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I’ Table 4.4-7  Seasonal Metals and Arsenic Concentrations by Site (in ug/m3)
. i}. @
} Season Site Cadmium  Chromium Copper Lead Zinc Arsenic -
- AVERAGE
‘ 'l' “all AQ3 0.00047 . 0.07664 0.01380 0.02557 0.00050 e
i AQ5 0.00154 he 0.07819 0.02353 0.03689 0.00060 ]
\ AQSB 0.00155 . 0.13499 0.02373 0.03917 0.00065 :
\] Wiater AQ3 0.000566 * 0.08470 0.01197 0.02296 0.00066
1 AQS 0.00069 . 0.07314 0.02120 0.03448 0.00067
1 AQSB 0.00069 . 0.09932 0.02139 0.03854 0.00089 ®
(\ Spring AQ3 0.00063 i 0.08002 0.01111 0.01820 0.00044
N AQS 0.00126 0.00377 0.07647 0.01429 0.02278 0.00046
o AQ5B 0.00119 0.00388 0.10319 0.01360 0.02273 0.00045
\
! Summer AQ3 0.00075 0.00433 0.13047 0.01228 0.02507 0.00054
o AQ5 0.00092 v 0.08446 0.01466 0.02743 0.00047 ®
i AQSB 0.00099 . 0.14583 0.01408 0.02913 0.00040
| 24-HOUR MAXIMUM
& Fall AQ3  0.00191 . 0.18462 004241  0.06950  0.00133
. AQS5 0.02815 . 0.13472 0.06209 0.10859 0.00189 N
( AQS5B 0.02671 . 0.25871 0.05838 0.10198 0.00383 :
!
' Winter AQ3 0.00574 . 0.24503 0.05884 0.07002 0.00424
; AQS 0.00528 . 0.19235 0.09844 0.11596 0.00455
AQ5B 0.00551 . 0.24956 0.09193 0.18504 0.00428
o Spring AQ3 0.00192 . 0.21826 0.04981 0.05903 0.00148 ® o
" AQS 0.02527 0.01509 0.15587 0.03376 0.04866 0.00108
l AQSB 0.02352 0.02659 0.21541 0.02543 0.04570 0.00142
o Summer AQ3 0.00178 0.00767 0.28732 0.03423  0.04549  0.00187
! AQS 0.00751 . 0.18425 0.03032 0.05122 0.00175
) AQ5B 0.00695 . 0.24453 0.03605 0.05588 0.00166 D
Includes datz for CMP FY88, FY89, and FYY0.
— e
!
. i
|
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Table 4.4-8 Maximum Concentrations Measured at RMA for CMP and Basin F/IRA-F Concurrent
Programs (pg/m3)

Maximum
Long-Term Maximum
Average 24-Hour

Metal Concentration  Location Phase Concentration Location Phase
Arsenic 0.0025 AQ36 P4 0.0136 BFS Pl
Cadmium 0.0027 FC2 P3 0.0281 AQS P4
Chromivum  0.0200 BF4 Pl 0.2858 BF4 Pl
Copper 0.1539 BF2 Pl 1.4980 BF2 Pl
Lead 0.0573 AQ7 P3 0.0984 AQS5 P2-Si
Zine 0.3260 BFS p2-Sl 3.3576 BFS P2-S1
Mercury 1.8000 BF2 Pl 7.3000 BF2 Pl
445 ASSESSMENT OF METALS CONCENTRATIONS RELATIVE T0O ToX10 GUIDELINES

In order to dssess the significance of the measured metals concentrations relative to health standards
and available toxic guidelines, a literature search was performed to compile siandards and guidelines.
This was necessary because the EPA and the State of Colorado have promulgated standards and
published &ir toxic guidelines only for lead. Sources that were reviewed included the ACGIH TLY
Handbook, the NIOSH Pocket Guide to Chemical Hazards, and the NATICH Databasc Report on
State, Local, and EPA Air Toxic ‘Activities (ACGIH, 1986; NIOSH, 1985, U.S. Department of
Commerce, 1588).

The tabulation of guideline concentrations is presented in Table 4.4-9. For each target metal, the
name and Chemical Abstract number is presented, along with Threshold Limit Value (TLV) and
TLV/420 concentrations, expressed as ug/m>. The reason for presenting the TLV /420 is that this
value is used by many states in air toxic regulations as an annual concentration guideline not to be
exceeded. Two additional columns of Table 4.4-9 present "typical” state toxic guidelines, both for
short-term (1- to 24-hour) and annual averages. There is a great deal of variability in air toxic
guideline concentrations from state to state, sometimes by large factors. Therefore, in order to
determine typical values, the median of all NATICH listed values was selected,

The highest CMP 1nd Basin F metals concentrations for the remediation period and post-remediation
period were then compared to the appropriate guideline values. For example, 24-hour sample results
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» were compared to the 24-hour guideline, and the long-term average values of the monitoring period
' were compared to the annual guideline. This is a conservative approach, as most of the sample days

in the CMP and Basin F database were based on high event, or worst-case scenarios. The last two

columns of Table 4.4-9 show the percentage of the highest CMP and Basin F program maximum 24-
, hour and average metais concentrations to the guidelines. It can be seen that all metals results were
well below levels of concern with the possible exception of chromium. Chromium maximum levels,

, however, decreased significantly during the post-remedial Phase 3 and Phase 4 periods.

! Chromium results indicate a 24-hour maximum concentration of 0.2858 ug/m3, which was 57 percent

i,

of the typical guideline value; the long-term average value was 0.0200 ug/m3, or 20 percent of the

annual guideline. However, these levels resulted mainly from the one maximum 24-hour

measurement at BF4 during Phase 1. All other maximum chromium measurements at Basin F were
considerably lower. The second highest chromium measurement was 0.2083 ug/m® at BF3, 42 percent
of the short-term guideline. Chromium decreased with distance from Basin F, with minimal or no
detections during Phases 3 and 4.

Basin F appeared to be a localized source of copper and zinc. The short-term maximum copper level

of 14980 ug/m> was 15 percent of the mean 24-hour typical guideline, while the short-term
maximum level of 3.3576 ug/m3 for zinc was 1.8 percent of the guideline. These levels occurred at
BF2 and BFS5 during Phase 1 and Phase 2, Stage 1. Annual averages for copper and zinc were 2
percent and 11 percent of the annual guideline, respectively. During Phase 3 and Phase 4, copper and

" zinc levels dropped to less than 2 percent of the 24-hour and annual zuidelines.

The maximum 24-hour cadmium measurement was at the southern perimeter of the Arsenal at AQ5,
0.0281 ug/m3, and was 7 percent of the short-term guideline. The maximum long-term average at
i FC2, 0.0027 ug/m3, was 3 percent of the annual guideline. A cadmium source appeared to be off the
Arsenal, although slightly higher cadmium concentrations occurred in the vicinity of Basin F during
the post-remedial period.

term and long-term averages were | percent and 2 percent of ihe respective typical 24-hour
and annual guidelines. During Phases 3 and 4, maximum arsenic levels were less than 1 percent of

. : the 24-hour and annual guidelines.
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Lead, which is an EPA criteria pollutant, has been a source of concern in the metropolitan Denver
area in the past. There is an apparent influx of lead into the Arsenal area from Denver. However,
the maximum average level measured at AQ7 (during FY89), near the southwest boundary of RMA,
was 0.0573 ug/m3, or 4 perceat of the Colorado monthly average standard of 1.5 ug/m3.

The maximum 24-hour mercury measurement of 7.3 ug/m3 was at BF2 during Phase 1, and was 1S

percent of the typical guideline. The highest long-term average for mercury, 1.8 ug/m3, was also
measured at BF2 during the Phase 1 period.

4.4.6 SUMMARY

Ambien; metals concentrations distributed across RMA were generally proportional to TSP
concentrations. Relatively high metals concentrations were associated with strong and gusty winds;
however, there were many exceptions on a day-by-day basis. The extreme maxima were associated
with poor dispersion conditions and light winds during winter and occurred on days with high
particulate levels over Denver. Basin F appeared to be a potential scurce of chromium, mercury,
copper and ziac during Phase I remedial activities, but concentrations were localized and decreased
rapidly with distance from the source. After remediation, metals levels in the vicinity of Basin F
were typical of RMA baseline concentrations. None of the metals measured during the CMP high

event days nor the Basin F monitoring program in..ccate significant toxic or contamination levels.

4.5 TOY

Asbestos sampling was conducted at four sites for FY90 in accord wiih the locations and schedule
described in Table 4.5-1. Sites were selected in the vicinity of asbestos sources within RMA and to
maintain continuity with previous monitoring. Since asbestos detections were minimal in CMP FY$8

and FY89, monitoring was reduced to monthly sampling rather than every 12 days beginning in
February, 1990. ‘

- 191 -

AlIR-90.4
Rev. 08/16/91

L . . e

b A et A et R L




Table 4.5-1 Synopsis of FY90 Asbestos Monitoring

Number of Percent of

Station Samples Recovery
AQl 18 100
AQ6 17 100
AQS8 i8 94
AQI12 18 100
Program Total 7n 98

A minimum detectable level of 7 fibers/mm? (which for target volumes is equivalent to less than
0.001 fibers/ml) was established for the laboratory sample analyses. Concentrations were determined
by dividing the observed counts by the fractional area observed and by the sample volume. All the
samples collested during FY90 had counts below the minimum detection limit. It is evident that
asbestos concentrations were below significant levels in the general ambient confines of RMA.

4.6 YOLATILE ORGANIC COMPQUNDS (VOCS)
4.1 CMP VOC SAMPLING, ANALYSIS AND REPORTING STRATEGIES

The CMP Techaical Plan calls for VOC seasonal monitoring at four RMA perimeter sites during the
spring, fall and winter periods, and six high event sampling episodes to be conducted at four

perimeter siies and for mobile sites during specified meteorological criteria as outlined previously
in Table 3.2-2.

VOC monitoring .as initiated under the CMP FY88 program after laboratory certification methods
were approved. VOC sampling continued through FY90 with little change in the basic program. As
indicated in the FY88 and FY&89 reports, low VOC certification ranges frequently resuited in values
above the certification limit. Several adjustments vvere made to the air program, including lowering
the sampler flow rate significantly. It was anticipated that the termination of Basin F cleanup
activities would further reduce concentrations. Nevertheless, FY90 results continued to be above the
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detection limits for certain analytes. As in the past two years, the analytical laboratory estimated
VOC target analyte levels that were above the certified reporting limit using methods of retrieval
discussed in Section 8.0. Actions have been established to raise the upper range of the certification
detection limits in FY91.

The fact that certain target analytes were measured and analyzed above certification limits is a
reflection of the limited certification ranges and does not necessarily imply that these levels represent
potential contamination risks. The available data, in fact, reflect the contrary. This is especially
substantiated by the more extensive IRA-F Monitoring Program database that has been incorporated
into the report. The data listings of all CMP VOCs collected during FY$0 are provided in
Appendix E. In this section, all of the sample resuits are summarized and evaluated, and data above
certified reporting limits were incorporated into the analysis.

Emphasis during the CMP FY90 Program was placed on: (1) four fixed perimeter sites to establish
a long-term database and to evaluate potential Arsenal and off-Arsenal YOC impacts at RMA
boundaries; and (2) four or more interior RMA mobile sites to measure potential Arsenal internal
source impacts. Because of the intense Basin F remedial activity during FY88, CMP VOC sampling
was centered around Basin F and was supplemented by more intensive Basin F Remedial Monitoring
Program sampling in order to establish a viable database for remedial assessment. During FY89 and
FY90, the foliow-on IRA-F Monitoring Program continued an intensive monitoring effort around
Basin F. These results will be discussed in Section 4.6.3.2. The CMP FY90 YOC program not only
included monitoring of Basin F sites, but also Basin A, Basin A Neck, the South Plants, the South
Piants subdrain area, and RMA perimeter sites in order to establish a broader background of YOC
levels across the Arsenal and at future projected remedial locations. CMP FY90 results will be
discussed in Section 4.6.2, Combined Basin F and CMP VOC results will be discussed in Section
4,6.3.3 and will include FY88, FY89, and FY90 data obtained during the four phases of the remedial
assessment programs which are outlined in Table 4.1-1.

As noted previously, CMP VOC monitoring consisted of seasonal monitoring and high event (mostly
summertime) monitoring when VOCs are likely to be most prevalent. For the most part, all high
event monitoring met the specified meteorological criteria of temperatures in excess of 75° F at the
start of the monitoring period. Since the wind criteria of less than 5 mph was extremely difficult to
predict during the summer seasons, especially during mid-afternoon when convective activity was

at its highest levels, emphasis as in the past was placed on mobilizing for light wind days, generally
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between 5 and 8 mph. Because of the variability of light winds, each high event monitoring episode

concent ated on a particular potential source with several samplers surrounding the source area.

Experience gained ir. the CMP FY88 and FY89 programs also formed the basis for modifications and
improvements to the FY90 high event program. Although the VOC high event monitoring was
initiated on very warm days with temperatures in excess of 75° F, the monitoring was generally
continued through the 24-hour period in order to capture the impacts of volatile organic compounds
releasad under the warm temperatures and then trapped under inversion conditions. The Basin F and
CMP monitoring strategies strongly complemented each other, and provided patterns for assessing
impacts under variable conditions relating to wind flow, temperature ranges, air quality dispersion,
source activity and diurnal influences,

4.6.2 CMP FY90 VOC MONITORING RESULTS

YOCs were monitored in FYY0 for seasonal and high event conditions as presented in Table 4.6-1.
Table 4.6-2 shows a summary of results of the sampling of 22 inrget VOCs at various fixed and
mobile locations across RMA. The tables indicate the annual average and 24-hour maximum levels
at each site.

It should be noted that seasonal sampling was conducted under fall, winter and spring conditions and
all high event sampling episodes were conducted in the summer season to meet high event criteria.
Levels were comparable to CMP FY88 and FY89 results outside the range of Basin F impacts, with
several exceptions. Higher average concentrations of 1,1,1-trichloroethane were reported at most
stations than in the previous 2 years. The highest maximum 24-hour value was 7.161 ug/m?at AQS
near the southern boundary of the Arsenal. Carbon tetrachloride was measured at moderately high
concentrations in the South Plants area. Chloroform and methylene chloride were also measured at
higher levels in the South Plants. Several analytes including ethylbenzene, toluene,
methylisobutylketone, tetrachloroethene, and xylene were reported with higher average values during

FY90 at perimeter stations, in particular, at AQI, on the west, and at AQS5 on the southern Arsenal
boundary.
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Table 4.6-1  Synopsis of FY90 Monitoring for Volatile Organic Compounds (VOC)

Date Period (24-Hours) Site Locations

December 19, 1989* 1500 - 1500 AQl, AQ3, AQ4, AQS, AQSC

March 16, 1990* 1230 - 1230 AQI, AQ3, AQ4, AQS, AQSC

May 21, 1990* 1100 - 1100 AQl, AQ2, AQ3, AQS, AQSC

June 27, 1990 0700 - 0700 AQlL, AQ3, AQY, AQS5, AQSC, Mobile 1,
Mobile 2, Mobile 3, Mobile 4

June 28, 1990 0900 - 0900 AQlL, AQ3, AQ4, AQ5, AQSC, Mobile I,
Mobile 2, Mobile 3, Mobile 4

July 18, 1990 0900 - 0900 AQI, AQ3, AQ4, AQS5, AQSC, FC2, FC3,
FC5, Mobile SE

July 27, 1990 1000 - 1000 AQl, AQ3, AQ4, AQS5, AQSC, AQIQ,
AQN, AQW, AQS

August 2, 1990 0800 - 0800 AQl, AQ3, AQ4, AQS, AQSC, FC2, FC3,
FC4, FC5

August 9, 1990 0500 - 0900 AQIl, AQ3, AQ4, AQS, AQSC, AQS, AQ9,

Mobile E, Mobile W

September 11, 1950 0800 - 0800 AQ6, AQI0, AQI10C, Mobile E, Mobile W

¢ Seasonal monitoring; all others were high event monitoring cases.

Several VOC target analytes including benzene, chloroform, ethylbenzene, toluene, and
dimethyldisulfide were previously identificd as poteatial emissions from Basin F and were reported
at lower values at the Basin F stations during FY90. There was a shift in high VOC concentrations
during FY90 from the Basin F area to the Arsenal perimeter, reflecting urban impacts across the area.
Average and 24-hour maximum concentrations of chloroform, ethylbenzene, toluene,
niethyiisobuiyikeione, dimethyibenzene, tetrachioroethene, and xylene were measured at AQ1 on the
western perimeter of the Arsenal closest to metropolitan Denver influences. Other analytes including
chloroform, carbon tetrachloride, and methylene chloride were measured at higher concentrations in
the vicinity of Basin A and the South Plants, where new remedial tasks were initiated.
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During FY90, high event monitoring was conducted at Basin F, the South Plants, the South Plants
subdrain area, Basin A, and the Basin A Neck area. Samples from Basin F monitoring were grouped
together and designated as AQ23 and AQ26 in Table 4.6-2, reflecting the soction of the Arsenal from
which they were collected. All mobiie samples taken from RMA Sections 1 and 2, including those
collected around the South Plants and South Plants subdrain area, were grouped together and
designated in Table 4.6-2 as AQO! and AQ02. Mobile samples collected in Sections 35 and 36 (Basin
A) were grouped together and designated as AQ35 and AQ36. Because VOC levels varied
considerably as a result of meteorological dispersion conditions and source characteristics, it was
necessary to examine these impacts on an individual daily basis. Several examples are provided below.

4.6.2.1  December 19, 1989

VOCs were monitored under the CMP at four perimeter stations on this date for 24 hours. This was

a winter seasonal monitoring event designed to identify the transport of potential toxic pollutants '

across the Arsenal boundaries. Figure 4.6-1 shows site locations and sampling results for selected
compounds, along with a wind rose corresponding to the monitoring period. Winds were from the
south through west-northwest with moderate speeds of 5 to 13 mph during the early portion of the
monitoring period and gusted to above 20 mph during the last several hours of monitoring. The
temperature ranged from & high of 45°F to a low of 7°F. Atmospheric stability ranged from highly
stable conditions to neutral conditions during stronger wind periods toward the end of sampling.
Stations AQI and AQS on the western and southern perimeters measured the highest levels for most
compounds. With moderate to strong winds primarily from the south through west, these compounds

were probably transported from metropolitan Denver urban and industrial sources.

Maximum levels of 1,1,1-trichloroethane (7.161 ug/m3), 1,2- dichloroethane (0.178 ug/m3), benzene
(7.548 pg/m3), carbon tetrachloride (1.169 ug/m3), methylene chioride (2.839 pg/m?), toluene (6.743
ug/m3), and tetrachloroethene (4.516 ug/m®) were measured at AQS near the southern Arsenal
boundary. At AQI on the western boundary, maxintum levels of ethylbenzene (5.294 ug/m3), not
shown in the figure, dimethylbenzene (5.871 ug/m3), and xylene (9.523 ug/m®) were measured.
Levels of VOCs at AQI and AQS5 were generally 50 percent or more higher than levels at AQ3 and
AC at the northern and eastern Arsenal boundaries further from the urban influence. Levels of
1,1 -trichloroethane, 1,2-dichloroethane, benzene, ethylbenzene, toluene, dimethylbenzene,
methylisobutylketone, tetrachloroethene, and xylene on this date were the highest 24-hour values
recorded during the FY90 monitoring period. This was a typical winter day with several hours of

inversion conditions followed by moderate winds blowing from the metropolitan area toward the
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Arsensl, substantiating the overriding influence of Denver urban and industrial activity on Arsenal
air quality during the Basin F post-remediation period,

46.22  Junc27, 1990

e =

VOCs were monitored under this CMP high event scenario at four RMA perimeter stations and four . ‘
mobile stations in the vicinity of the South Plants from 0800 MST on June 27 vo 0800 MST on June, . f
28, 1990. Figures 4.6-2 and 4.6-2a show site locations and sampling results for selected compounds, l . JF
along with the wind rose for the monitoring period. The maximum temperature on this day was 97°F,
: with primarily south-southwesterly winds at moderate speods. Atmospheric stability was unstabie
i during the midday period of June 27 and was neutral to slightly stable through the remainder of the
period. Assuming the South Plants was a potential source, the dispersion pattern indicates greater

impacts close to the South Plants and along the plume extending to the north-northeast. The data
X reflect fairly uniform distributions of all YOCs across the South Plants area with the exception of
[ chloroform, which recorded its highest level of 0.484 ug/m? at the mobile site to the northeast of the
( South Plants directly in the plume, and the second highest level of 0.410 ug/m3 at the mobile site
1 northwest of the plume. A low bicycloheptadiene level of 0.541 ;ig/m® and a chlorobenzene level of
} 0.046 pg/m® was also measured at the site just northeast of the South Plants. Moderate levels of
3 toluene ranging from 11.254 to 11.377 ug/m® were recorded at all four mobile sites; however, toluene
i levels in excess of 16 ug/m3 were measured on other sampling duays in May and June at AQ! and
} AQS. Under prevailing southerly and south-southwesterly wind flow, toluene was probably
:; transported to the Arsenal from urban Denver sources. The highest levels of all other compounds
{

analyzed were detected at AQ! and AQ5 at the western and southern boundaries of the Arsenal.

‘ On another South Plants high event scenario the following day (not shown here, see Appendix E for
i data), almost identical results were attained. Chloroform was measured at 0.698 ug/m3 northeast of
i the South Plants and bicycloheptadiene was measured at 0.534 ug/m? to the northwest. Chlorobenzene
1

was not detected on this day. All other compounds measured the highest levels at the CMP perimeter
sites.

R 4623  Jluly 18.1990

| Under this CMP high event scenario, VOCs were monitored at four RMA perimeter sites and four ‘
| mobile sites surrounding Basin F from 0900 MST on July 18 to ¢900 MST on July 19, 1990. Figure ® !

4.6-3 shows site locations and sampling resulis for selected compounds, along with the wind rose for
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the monitoring pericd. The maximum temperature on this day, was 93°F, with winds primarily from
the southwest and the northeast at moderate speeds. Atmospheric stability was unstable during the

late morning hours, became neutral with stronger winds during the late afternoon and evening, and
was stable under lighter winds after midnight.

Assuming the Basin F post-remedial area was a potential YOC source, the dispersion pattern indicates
greater impacis closer tc Basin F and along the bimodal plume to the northeast and southwest of the
former Basin. Data results, however, showed fairly uniform gradients across the Basin F area with
the exception of chloroform, which measured 0.483 ug/m3 directly northeast of the Basin and 0.486
ug/m3 just southeast of the Basin. Moderate levels of 1,2-dichloroethane were also measured at all
four mobile sites with a high value of 0.168 ug/m3 reported in the southwest corner of the Basin F
area. Benzene was reported at 1.411 ug/m3 north of the Basin; this value, however, was equivalent
to those measured at AQI and AQS at the Arsenal perimeter. Methylene chloride was also measured
at three Basin F sites and ranged from 13.170 10 13.244 ug/m?®, equivalent to values at perimeter sites,
with the highest value of 19.810 ug/m3 measured at AQIl. Again, the perimeter sites closest to the
western and southern boundaries measured the highest values for most compounds.

A second high event Basin F monitoring day on August 8, 1990, showed similar results (not shown
here, see Appendix E for data). Chloroform and 1,1, ~trichloroethane were measured at their highest
levels in the Basin F area. It was difficult to identify any significant VOC emissions from Basin F
using these data. More =finitive post-remedial monitoring results from the IRA-F program are
provided in Section 4.6.3.2. At waste pile vents, the analyte with maximum emissions was chloroform,

Emissions from waste pile vents are the likely source of observed chloroform levels.
4624 July 27, 1990

YOCs were monitored under this CMP high event scenario at four RMA perimetes sites and four
mobile sites surrounding the Basin A Neck excavation activities. Figure 4.6-4 shows site locations
and sampling results for selected compounds along with a wind rose for the meaitoring period, which
began at 1000 MST on July 27 and ended at 1000 MST on July 28, 1990. The maximum temperature
on this day was 84°F. Wind directions were primarily from the south with light to moderate wind
speeds, averaging 4 to 13 mph. Atmospheric stability was slightly unstable throughout most of the
midday period and became stable during the early morning period.
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Assuming the Basin A Neck excavation area was a potential source of VOC emissions, the dispersion
pattern shown in Figure 4.6-4 indicates maximum impacts close to the Basin A Neck and along the
plume to the north. The data, however, indicate fairly uniform gradients across the Neck area with
maximum concentrations for most compounds at the RMA perineter sites. Exceptions were the
higher levels of chloroform at two mobile sites north and west of the excavation activities, where the
maximum level reached 0.167 ug/m3. There were also higher toluene levels of 5.015 ug/m® east of
the Neck area and 4.004 ug/m? to the west. Based on data from this high event episode, Basin A
Neck was not a significant source of VOCs.

4.6.2.5 Augyst 9, 1990

VOCs were monitored under this high event scenario at four RMA perimeter sites and four additional
stations surrounding the Basin A area, including AQ8 to the south, AQ9 to the north, and two mobile
sites east and west of the Basin. Monitoring was conducted for a 24-hour period beginning at 0900
MST on August, 1990. Figure 4.6-5 shows site locations and sampling results for selected compounds,
along with a wind rose corresponding to the monitoring period. The maximum temperature on this
day was 87°F, with variable winds primarily from the south. Wind speeds were generally light,
ranging from 3 to 9 mph. Atmospheric stability was unstable during the midday period and stable

during the evening and early morning hours, typical for this season of the year.

Assuming that Basin A was a potential source of VOCs, the dispersion pattern for this day shows
highest impacts in close proximity to Basin A and decreasing with distance from the Basin, Although
the perimeter sites indicated the highest levels for most compounds, suggestiug that Basin A was not
a source of these compounds, several maximum VOC levels were measured at sites surrounding the
Basin. These included a bicycloheptadiene value of 1.081 ug/m3 at AQ8 south of Basin A, carbon
tetrachloride of 1.929 ug/m3 at the mobile site to the east and 0.785 ug/m? at the mobile site to the
west, Methylene chloride ranged from 13.078 to 13.490 ug/m3 at all four Basin A sites as well as
AQ4, chloroform was 9.653 ug/m? at AQS to the south, and trichloroethene was 0.488 ug/m3 at the
mobile site east of Basin A. A toluene concentration of 11.254 ug/m3 was measured at AQS8, although
higher values were recorded at the RMA boundaries. These compounds may be indigenous to the
Basin A area; however, there were no consistent patterns across the Basin for each of the compounds.
The high levels may have resulted from other Arsenal sources; for example, with prevailing southerly
winds, higher concentrations of several analytes may have resulted from a South Plants source. On
the other hand these ambient concentrations may have resulted from sources external to the Arsenal.

Section 4.6.4.2 illustrates the large number of urban VOC sources surrounding the Arsenal.
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4.6.2.6  Seotember 11, 1990

High event monitoring on this date near the South Plants subdrain activity indicated generally low
levels of all VOCs, with the exception of methylene chloride. A maximum concentration of 19.837
ug/m® was recorded at AQIO, the mobile site in the subdrain area. . Site locations and monitoring
results for this event are shown in Figure 4.6~6, along with a wind rose for the period.

4.6.3 BAsIN F VOC IMPACTS

In order to fully evaluate remedial impacts from the Basin F cleanup operations, it was necessary to
consider all CMP, Basin F Remedial Monitoring Program and IRA-F data for the remedial and post-
remedial periods.

4.6.3.1 CMP Data

CMP FY90 VOC results were discussed in the previous section. Table 4.6-3 incorporates CMP FY88,
FY89, and FY90 data and stratifies results for the Phase | and Phase 2 remediation periods and the
Phase 3 and Phase 4 post-remedial periods. The VOC CMP data show variations across the Arsenal
during the separate phases of evaluation. It should be noted that these variations can be a function
of meteorological conditions, seasonal impacts and source characteristics. Nevertheless, with the
exceptions discussed in Section 4.6.2, VOC target element variations outside the immediate vicinity
of Basin I remediation activities were generally at comparable levels during each phase of the 31-
month monitoring period. Variations were also apparent at CMP Basin F monitoring locations.
Several target compounds that were previously identified in the FY88 report as potential contaminants
emitted from the Basin F source and associated remediation activity were noticeably reduced during
the FY90 Phase 4 period. These include benzene, chloroform, ethylbenzene, toluene and dimethyl
disulfide, It should be noted that because of the mobile nature of the FY90 monitoring program,
Basin F stations previously shown as CMP/BF1 through CMP/BF4 in Phases 1, 2 and 3 were grouped
as AQ23 and AQ26 in the Phase 4 period.

‘The emphasis i the CMP has been to provide a broad pattern of baseline air quality conditions at
Arsenal remediation locations, interior locations, and perimeter sites. Because of the more intense
monitoring efforts under the Basin F Remedial Monitoring and IRA-F programs, the CMP effort has
been to supplement and confirm data collected from the other programs. Nevertheless, CMP results

for FY88, FY89, and FY90 have been consistent with Basin F results. Much more detailed and
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statistically conclusive results from the Basin F monitoring programs adjacent to the remedial
operations are provided in Section 4.6.3.2. The CMP data, however, also reflect the dispersal
characteristics of potential Basin F contaminants outside the immediate vicinity of Basin F and
impacting Arsenal perimeter areas. The decrease in potential contaminant levels with increased

distance from Basin F is clearly evident; these results are provided in further detail in Section 4.6.3.3,
4.63.2  BasinF Data

Table 4.6-4 shows average and 24-hour maximum VQOC concentrations for the Basin F Remedial
Monitoring Program and for the IRA-F Monitoring Program for each phase of the remedial and post-
remedial activities. All Phase 1 data and Phase 2 data (Stage 1 and Stage 2) were obtained from the
Basin F Remedial Moaitoring Program and RIFS Odor Program and cover the period from March 22,
1988, to May 5, 1989. The Phase 3 and Phase 4 data were obtained from the IRA-F Monitoring
Program and cover the post-remedial period from May 6 to September 30, 1990. Concentrations
greater than the CRL were included in the annual and maximum summaries only when estimates of

the actual values were available from the lab. Sequential data for the IRA-F program are provided
in Appendix O.

Table 4.6-4 provides a detailed summary for each VOC target compound for each remediation phase
at the seven Basin F and two RIFS monitoring sites. It can be seen from these data that several VOC
compounds measured higher levels in the vicinity of Basin F during the Phase I and/or Phase 2
periods, while noticeable decreases for these same compounds were then measured in the Phase 3 and
Phase 4 post-remedial periods. Specific VOCs observed at higher levels during the remediation period
included methylene chloride, acetone, chloroform, I,l,1-trichloroethane, carbon tetrachloride,
toluene, bicyclcheptadiene, dimethyl disulfide, dicyclopentadiene, chlorobenzene, xylene and
1,2-dichloroethane. Several of the higher levels during Phase 1 were the result of isolated maximum
vaiues such as for chloroform, chlorobenzene, xylene and 1,2-dichloroethane. Some of the variations
in the compound levels may be from regional sources that were measured at higher levels because of
specific seasonal and other meteorological influences and not necessarily because they were emitted
as a result of Basin F remediation activities. For example, the highest carbon tetrachloride average
values were measured during Phase 2, Stage | at the Arsenal eastern boundary and the off-site RIFS2
site and may have been a reflection of Commerce City industrial activity. Several VOCs measured
may also have resulted from gasoline and diesel fume releases from heavy vehicle activities associated
with the remediation, includiag 1,1,1-trichloroethane, benzene, chloroform and toluene. Also, several

of these compounds were observed at high levels at the two RIFS Odor Program sites. These sites
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were adjacent to moderate to heavy Commerce City traffic activities, including railroad freight car
movements; higher VOC levels may well have resulted {from these urban sources. Nevertheless, a

portion of these VOCs can be assumed to have resulted from the remediation process.

Figures 4.6-7 through 4.6-11 show bar graph depictions of average concentrations of
bicycloheptadiene, chloroform, dicyclopentadiene, dimethyl disulfide and tolucne measured during
each phase of the remediation activities and after the completion of the cleanup program. A
significant decrease of these compounds was observed at the terminaticn of the remediation program.
Also noted from these data is the decrease in conceniration levels (even duniag Phase 1) with distance
from the Basin F source. This suggests that Basin F was the principal emuiter of these potenuzl
contaminants, anc that the impacts were local and decreased beyoad the immediate v winity of the
remediation activities, This was confirmed by CMP monstonng results at RM A’ more distant

monitoring sites and at the boundaries, and wiil be ducussed further 10 the neat sectwon

As in the case of metals, another approach 10 assessing remedial progress for YOCUs 13 1o Coasider
Basin F impacts that were observed on individual days during the remedial and post - remed:al pernods
All Basin F monitoring during the Phase 1 and Phase 2 pernods was conducted 1or worst-case 24 - hour
periods based on dispersion mode) analysis and remedial acuvitly. An eaxampie of the disperswon of
VYOCs resulting from Basin F Phase | remedial activities is shown 1a Figuse 4.6- 12, Thas figure shows
YOC concentrations for August 12, 1988, with X /G dispersion values overlaying the momitoning data
for the seven Basin F monitoring sites. Again, this type of analysis idenufies, to the fullest extent,
the potential dispersion of VOCs and other contamirants resulting from remedial actions at Basin }-.
During this sample period, the winds were variable in direction and flowed at modcrate speeds. The
maximum temperature was B8°F. The dispersion pattern shows a broad distribution of 24-hour
Basin F impacts of dimethyl disulfide, bicycloheptadiene, and ethylbenzene to the northeast and a
secondary distribution to the west through west-northwest. The VOC concentrations at upwind site
BF7 were nondetectable. At the perimeter sites around Basin F, the levels were highest at site BF1

immediately downwind of the basin, and at BF2 near the site of the most intense remedial activity.

At the dowrwind off-site BF5, levels dropped off considerably. These data support the conclusion
that Basin F was a source of the reported contaminants.

Figure 4.6-13 shows the X/Q dispersion pattern and the results for a Phase 4 (post-remedial) sample
period, July 27-28, 1990, with similar dispersion characteristics as August 12, 1988. Winds on this

sample day were moderate and variable, but predominantly from the south, The maximum sample
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day were moderate and variable, but predominantly from the south. The maximum temperature was

80°F. There were no detectable amounts of dimethyl disuifide or bicycloheptadiene during the sample
period, indicating that Basin F was not a source of these compounds on this day. The pattern of
ethylbenzene shows that the concentrations at all sites were roughly 50 percent lower than on the
Phase 1 day. From these typical day results, it appears that while Basin F was a likely source of VOCs
during the remediation effort, it was not nearly as strong a source, if at ali, during the post-

remediation period.

4.6.3.3 Combiped CMP and Basin F Data Analvses

Individual CMP and Basin F VOC monitoring data for the phases of the remedial and post-remedial
monitoring programs were shown in Tables 4.6-3 and 4.6-4. Figures 4.6-14 through 4.6-15A provide
illustrations of all available average and 24-hour maximum VOC data across the Arsenal complex for
the Phase 1 remedial period and the Phase 4 post-remedial period. CMP data collected in the vicinity
of Basin F are shown next to the Basin F data on these figures and printed in blue. Since samples
were collecied for only two events at the Basin F sites under the CMP in FY90, only the IRA-F
results are shown in Figures 4.6-15 and 4.6-15A. The wind roses reflecting likely dispersion patterns
are also shown in these figures. As noted from the previous discussions, the data show impacts for
certain VOC compounds including benzene, chloroform, ethylbenzene, toluene, and dimethyl
disuifide adjacent and immediately downstream from Basin F during the Phase 1 period. Further
downstream, impacts were minimal and representative of the regional levels effecting the Arsenal.
It appears from the data that Basin F YOC impacts were localized close to remediation activities.
During the post-remedial Phase 4 period (Figures 4.6-15 and 4.6-15A), the impacts decreased for
most of the VOC components, and concentrations at ali CMP and IRA-F monitoring sites appeared
to be normal baseline levels. Table 4.6-5 summarizes maximum average and maximum 24-hour
concentrations for the CMP, Basin F, and IRA-~F programs throughout the 31-month CMP monitoring
peiiod. This includes data for RiFS Sites | and 2 (see FY89 Air Quality Data Assessment Report).
It is noted that RIFS Site 2 was located approximately one-half mile north of the Arsenal’s northern
boundary.
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Table 4.6-5 Maximum Concentrations and Locations of Volatile Organic Compounds

3 (in pg/m?)
Maximum Maximum
i Long-Term 24-Hour
i voC Average Location Phase Concentration Location Phase
L5 @
s 1,1,1-Trichloroethane 10.53 BF4 Pl 72.54 BF1 Pl
S 1,1,2-Trichleroethane 0.46 BF2 P2-S2 4.00 BF2 P2-S2
! 1,1-Dichloroethane 0.14 CMP/BF3 Pl 0.27 CMP/BF3 Pl
T 1,2-Dichloroethane 0.49 AQS P2-52 3.80 RIFS2 P2-Si
i Bicycloheptadiene 9.96 BF2 Pl 39.46 BF2 P1
; Benzene 10.53 CMP/BF| | 44,29 CMP/BF1 P1 ®
| Carbon Tetrachloride 1.99 RiFS2 P2-S1 9.76 RIFS2 Pl
: Methylene Chloride 24.01 AQS P3 433.69 BF3 P2-S1
i Chloroform 6.95 BF2 Pl 37.15 BF2 P2-S2
L Chlorobenzene 0.47 CMP/BF2 Pl 2.53 CMP/BF2 Pl
i Dibromochloropropane 2.90 CMP/BF2 g 17.04 CMP/BF2 P1
o Dicyclopentadiene 4.53 BF2 Pl 29.12 BF2 Pl
o Dimethyl Disulfide 7.86 BF1 Pl 36.72 BF1 Pl e
| Ethylbenzene 2.39 CMP/BF2 Pl 13.04 CMP/BF2 Pl :
! Toluene 23.55 BF2 Pl 158.04 BF2 Pl
g Methylisobutylketone 0.47 AQ6 P3 1.13 FC4 P4
: N-Nitrosodimethylamine ND
Dimethylbenzene 3.06 RIFS2D P2-S1 8.03 RIFS2D  P2-SI
; Trans-],2-Dichloroethane 0.02 BF7 P2-S1 0.06 FC3 P4
! Tetrachloroethene 5.29 BF1 P2-S2 24.02 BF1 P2-S2 - @
l Trichloroethene 6.98 BF1 P2-S2 40.43 BF1 P2-S2
Xylene 8.57 BEF2 Pl 4991 BF2 Pl
!
: Note: Data from both within and above the certified range are summarized here,
§ Long-term refers to averages by phase. ®
, Pl = Phase |
j P2-S§1 = Phase 2-Stage |
: P2-S2 = Phase 2-Stage 2
‘ P3 = Phase3
‘ P4 = Phase 4 |
°
; ]
| o
: !
| *

[

AIR-TBL1.99 ®




4.6.4 ADDITIONAL VOC MONITORING CONSIDERATIONS

4641 nal VOC Im

The CMP VOC high event program was designed to select monitoring periods when maximum
emissions were anticipated in the vicinity of potential RMA source locations. The criteria of warm
temperatures and light winds appeared to be the most favorable conditions for the release of volatile
organics from soil surrounding potentially contaminated areas, especially during remediation
activities. This was the case during the intense Basin F cleanup effort, when CMP monitors
immediately downwind from Basin F measured peak levels of several compounds that appeared to be
indigenous to the area (or related to remediation or construction activities). These compounds
included 1,2-dichloroethane, bicycloheptadiene, benzene, chloroform, chlorabenzene,
dicyclopentadiene, dimethyl disulfide, ethylbenzene, and xylene. During the post-remediation
period, however, there was a substantial decrease in these ambient concentrations. There was also a
shift in the location of maximum values from the.Basin F arza to the Arsenal perimeter, as well as

a change in the optimum period for measuring peak VOC concentrations.

It was anticipated, at the outset of the CMP, that summertime high event monitoring, when
temperatures ave warmest and YOCs are more readily released into the atmosphere, would provide
the highest YOC concentrations. In reirospect, this has not been the case. Some VOCs were measured
at higher levels in the vicinity of Basin F during the summer 1988 (Phase 1) remediation period.
However, many individual YOCs have been measured at relatively high levels (with respect to the
overall database) during all seasons of the year. Table 4.6-6 shows the average seasonal distribution
of YOCs for the combined 31-month CMP period (three spring and summer seasons and two fall and
winter seasons). The summer periods include high events for each of the three years VOC data were
collected. It is interesting that many of the highest concentrations were measured in the fall and, to
some extent, winter, while the lowest concentrations for some analytes were measured in the spring
and summer. This suggests that urban influences may have been dominant and that many VOCs have
been transported into the Arsenal from the metropolitan area, especially during fall and winter intense
inversion and brown cloud conditions. There is, however, considerable variability in the data at
individuai monitoring sites; for exampie the highest average levels of methylene chloride and
chloroform were measured during the summer period. It is also noted that many of the compounds
associated with Basin F remediation activities such as methylene chloride, chloroform, 1,2-

dichloroethane, bicycloheptadiene and toluene that measured highest short-term levels during the
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Basin F remediation period were averaged out over the 3-year, longer-term period (peak remediation
period results are identified in the Phase 1 data shown in Tables 4.6-3 and 4.6-4).

Optimum monitoring and analysis of the YOC baseline at RMA requires consideration of seasonal
worst-case meteorological factors as well as identif ying potential impacts from both Arsenal and of f-
Arsenal sources. In future CMP efforts, the combined high event and IRA-F monitoring programs
will be designed to capture maximum VOC concentrations impez._ting the Arsenal throughout the year
and will include intense inversion days in fall and winter when metropolitan Denver impacts are
transported in the direction of RMA. A better comparison can then be made between concentrations
resulting from RMA remediation and concentrations at the Arsenal due to transport of emissions from

urban VOC sources. A discussion of urban VOC emissions is provided in the following section.

4.6.4.2 litan Denver Ar ission

Many of the VOC levels measured at RMA interior locations during FY89 and FY90 were below
Denver metropolitan and other urban ambient levels (refer to Tables 4.6-8 and 4.6-9 in the CMP
FY89 report). Various compounds that were observed at higher levels during remediation activities
decreased to typical urban background levels during the post-remedial monitoring periods. YOC
levels measured at the RMA monitoring sites in FY90 may be partially attributed to some residual
emissions in the Basin F area as well as emissions from the undisturbed areas of the South Plants,
Basin A, and the North Plants. However, it would appear that VOC ambient levels measured at RMA

during FY90 were, for the most part, dependent upon sources external to the Arsenal which impacted
RMA under varying wind and inversion conditions.

Table 4.6-7 ard Figure 4.6-1€ show a number of VOC point sources identified by the Colorado
Department of Health and the Citizen Fund Studies that may impact air quality of the Arsenal (CDH,
1990; Citizens Fund, 1990). The list includes emission sources in excess of 10 tpy and represents
approximately 99 percent of all VOC emissions identified in Adams, Arapahoe and Denver counties.
These sources include several major industries (Sundstrand Aviation, Pillow Kingdom, Gates Rubber
Company, Samsonite Corporation, Conoco Denver Refiner"y) as well as many smaller industrial
operations, chemical plants, paint manufacturing facilities, and large gascline service stations, In
addition, there are a large number of YOC point sources below 10 tpy in the metropolitan area,
including dry cleaning establishients, paint stores, automobile shops, and small service stations.
More importantly, many VOC emissions in the area are from mobile sources including gasoline and

diesel burning vehicles, construction equipment, and aircraft emissions from nearby Stapleton
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o Table 4.6-7 Volatile Organic Compounds (VOC) Sources with Emissions of 10 TPY or More

Percent Percent
Emissions Tri-County  of State
Couaty UTM/E UTM/N Plant Name (tpy) Total Total
[4Y
Adams 504.5 4405.5 1 Conoco Inc. 3632 38.2 11.5 '
Adams 504.7 4405.8 2 Colorado Refining Co. 980 10.3 3.1 ®
Adams 507.3 4410.3 3 Wyco Pipeline Co. 393 4.1 1.2
Arapahoe 581.8 4384.0 4 Bijou Recycling 305 3.2 1.0
Adams 507.5 4408.6 5 Rainbo Bread 194 2.0 0.6
. Adams 516.0 4401.0 6 Chase Terminal 185 1.9 0.6
) Adams 509.7 4413.3 7 Sinclair Marketing 137 1.4 0.4
Adams 520.6 4402.5 8 Mastercraft 125 1.3 0.4 P
Adams 499.9 4417.6 9 AT&T Information Systems 105 1.1 0.3
Denver 507.0 4403.5 10 Shafer Comm. Seating 1.0 0.3
Denver 507.5 4404.1 11 Mastercraft 99 1.0 0.3
Denver 506.3 4402.5 12 Pillow Kingdom Mfg. 99 1.0 0.3
Arapahoe 499.5 4386.7 13 The Verticel Compi..y 98 1.0 0.3
Denver 440.7 5010.0 14 Advance Foam Plastic Inc. 96 1.0 0.3
Adams 504.9 4405.2 15 Diamond Shamrock Corp. 95 1.0 0.3 @
Denver 501.1 4400.7 i6 Benjamin Moore & Co. 86 0.9 0.3
Adams 515.5 4424.5 17 Alltac Corp. 80 0.8 0.3
Adams 504.9 4405.2 18 Phillips Pipeline Co. 69 0.7 0.2
Denver 499,7 4398.4 19 Union Chemicals Division 60 0.6 0.2
| Adams 510.0 4412.8 20 Qil & Solvent Process Co. 59 0.6 0.2
“ Denver 502.6 4402.8 21 Firestone Tire & Rubber 57 0.6 0.2
| Adams 503.0 4406.2 22 PSCO Cherokee Plant - 56 0.6 0.2 o
Adams 501.0 4404.5 23 Cobitco 56 0.6 0.2
Denver 506.7 4403.1 24 Energy Thermal Systems 55 0.6 0.2
Denver 507.9 4403.9 25 Anmbassador Drapery Clnr. 54, 0.6 0.2
Denver 511.5 4403.7 26 Scott’s Liquid Gold 47 0.5 0.1
Arapahoe 499.6 4389.9 27 Sterling Stainless Tube 46 0.5 0.1
Adams 499.5 4405.6 28 Protective Const. Prod. 45 0.5 0.1 P
Denver 500.5 4398.7 29 Rocky Mountain News 43 0.5 0.1 :
Deaver 500.6 4399.1 30 Gates Rubber Co. 39 0.4 0.1 -
Denver 499.6 4398.3 31 Xomac Paiat Company - 38 0.4 0.1
Denver 504.3 44029 32 The Denver Post Corp. 35 0.4 0.1
Denver 510.3 4405.0 33 Natter Manufacturing co. 34 04 0.1
Adams 501.6 4409.2 34 Hughes and Company 34 04 0.1
Arapahoe 498.7 4389.3 35 Ashland Chemical Co. 33 0.3 0.1 e
l Denver 509.0 4401.0 36 Combs ~ Gates Denver Inc. 33 0.3 0.1
A Denver 503.2  4404.1 37 Power Assist Co. Inc. 33 03 0.1 i
{ Adams 497.5 4406.5 38 Conservation Services 3t 0.3 0.1
i Denver 498.0 4391.5 39 Import Auto Body 30 0.3 0.1
Denver 499.9 4394.3 40 Denver Industrial Sales 29 0.3 0.1
T Denver 504.0 44029 41 American Coil Coating Inc. 29 0.3 0.1
e Adams 5247  4400.5 42 Colerado Interstate Gas 29 0.3 0.1 o
! Adams 503.8 44056.5 43 Metro Denver Sewage Disp 29 0.3 0.1 ' i
1 Arapahoe 506.2 4380.8 44 Electromedics Inc. 27 0.3 0.1 :
| Denver 509.9 4402.1 45 Western Airlines 27 0.3 0.1 Y
l Arapahoe 499.5 4386.7 46 Thomas Plating Co. 26 0.3 0.1 ‘
| Denver 5124 44042 47 Pease Industries Inc. 25 0.3 0.1 ‘
3 Denver 48 Conoco Inc., - Federal 25 0.3 0.1 ® ;
i Denver 4975 43955 49 Conoco - Alameda 25 0.3 0.1
! Denver 511.7 4404.2 Chemical Systems Techn. 24 0.3 0.1
: Adams 499.7 44069 Western Paving Constr. 23 0.2 0.1
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Table 4.6-7  Volatile Organic Compounds (VOC) Sources with Emissions of 10 TPY or More

(continued)
®
‘ Percent Percent
o Emissions Tri-County  of State
W County UTM/E UTM/N 2lant Name (tpy) Total Total
|
! Denver 500.1 4402.6 Brannan Sand and Gravel 19 0.2 0.1 ®
! Arapahoe 520.1 4395.6 U.S. Govt. Buckley Base 19 0.2 0.1
, Denver 507.1 4402,7 Daralco Inc. 18 0.2 0.1
} Denver 501.5 4400.8 City-Elite Cleaners 18 0.2 0.1
: Denver Conoco - Sheridan Bivd. i8 0.2 0.1
’ Denver 4979 4403.5 Exxon Corp. - Federal 17 0.2 0.1
| Denver 504.2 4397.3 Exxon Corp. - Colorado 17 0.2 0.1 ®
| Denver 505.5 4292.5 Exxon Corp. - S. Colorado 17 0.2 0.1
{ Denver 500.8 4401.1 B-D Chemical Co. 17 0.2 0.1
| Denver 511.9  4402.1 Kwal Paints Inc. 17 0.2 0.1
Denver 512.4 4402.0 Frito Lay Inc. 17 0.2 0.1
Adams 497.9 4410.¢ Exxon Corp. - Westminster 17 0.2 0.1
Adams 511.2 4398.8 Exxon Corp. - Aurora 17 0.2 0.1
Adams 494.7 4405.2 Precision Plastics Corp. 17 0.2 0.1 o
Adams 544.5 4405.5 National By-Products 16 0.2 0.1
Adams 525.1 4414.8 Koch Hydrocarbon Co. 15 0.2
Adams 505.5 4405.9 United Asphalt inc. 15 0.2
. Adams 503.2 44154 Future Fcam Corp. 15 0.2
Arapahoe 501.0 4291.6 Total Petroleum-Arapahoe 15 0.2
Denver 506.2 4404.3 H Holding Iac. 14 0.1
Denver 50!1.1 4400.7 Benjamin Moore & Co, 12 0.1 L
Denver 497.8 4293.2 Total Petroleum-~Federal 12 0.1
Denver 502.0 4404.0 Ardco 12 0.1
Denver 504.5 4398.7 Paradise Cleaners 12 0.1
Adams 515.0 44249 Sam Hill Qil Co. 12 0.1
Adams 513.0 4402.2 Englander Companies In¢c. 11 0.1
Arapahoe 499.7 4387.8 Martin Shipper Supply 11 0.1 @
Denver 501.1 4397 .4 Richenbaugh Cadillac Co. 11 0.1 .
Denver 507.3 4402.1 Esquire Valet 11 0.1 :
Denver 505.9 4402.3 Kistler Graphics Inc. 11 0.1
Denver 498.7 4398.7 Siegel Oil Company 11 0.1
Denver 499.8 4390.9 PSCO - Arapahoe Plant 10 0.1
Denver 499.1 4397.6 Old Western Paint Co. 10 0.1
Denver 504.7 4398.7 Galaxie Auto Body i0 0.1 ®
Denver 500.1 4391.5 Maaco Auto 10 0.1
Denver 504.0 4403.3 Southland Corp. 10 0.1
Adams 496.0 4405.6 Industrial Chemicals Corp 10 0.1
@ Adams 513.6 4408.3 50 RMA 2
TRI-COUNTY TOTALS 9,501 90.9 ¢ |
= ‘ STATE TOTALS 31,708 26.4 ' !
Source: Colorado Department of Health EISPS Inventory, May 1990. !
‘ Legend: UTM/E = Universal Transverse Mecator east coordinate ® ‘
; UTM/N = Universal Transverse Mecator north coordinate

| tpy = tons per year
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Airport, It is estimated that nonstationary sources represent a significant portion of the totai VOC
emissions. Finally, not listed on the available inventories and not readily quantifiable are emissiors
from feedlot facilities north of the Arsenal,

Table 4.6-8 stratifies toxicity for Denver VOC sources according to health-related characteristics
(Citizens Fund, 1990). It is difficult to characterize toxicity strictly by tonnage of emissions.
Obviously some constituents react differently in ambient air and represent greater toxicity hazards
than others, Metropolitan Denver VOC emission sources in Table 4.6-9 are classified by the number
of releases to the air and the VCC components of release. The categorizations shown in Tables 4.6-8
and 4.6-9 were prepared by the Citizens Fund from disclosures individual companies are required to
file with the EPA under Title III of SARA. CMP did not validate these toxic release and toxic
substance classifications. The purpose of providing these data is to indicate the broad scope of
potentially toxic substances that comprise the metropolitan Denver area and may impact RMA air

monitoring sites,

Many compounds from the above sources were most likely detected at RMA sites during VOC
sampling. Several of the sources such as the Scott's Liquid Gold Company and the Oil and Solvent
Process Company are within 2 miles of the Arsenal boundary. Because of the large number of
stationary and mobile sources, however, it is difficult to delineate direct impacts on the Arsenal from
individual point sources, Neverthecless, RMA monitoring results showed that many maximum VOC
values were measured at perimeter sites with prevailing winds blowing onto the Arsenal from
potential external source locations, On a case-by-case basis, high event monitoring showed that the
highest VOC levels for specified VOC parameters occurred at perimeter sites AQI, AQ3, AQ4, and
AQS5. Several of these events have been previously discussed in Section 4.6.2. A summary of the

results with respect to potential off-Arsenal upwind YOC emission sources is provided below.

On December 19, 1989, the wind direction was from the south through west-northwest with an
average speed of 13 mph during the monitoring period. Maximum levels of a number of compounds
sampled during this post-remediation monitoring period including 1,1,1-trichloroethane, benzene,
ethylbenzene, carbon tetrachloride, dimethylbenzene, and xylene were measured on this day at all
four perimeter stations. In fact, the highest concentrations of 1,1,1,-trichloroethane (7.161 ug/m3),
carbon tetrachloride (1.169 ug/m®), and dimethylbenzene (5.870 ug/m3) ever maasured during any
phase of the CMP occurred on this day (see Section 4.6.2.1 and Figure 4.6-1).
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Table 4.6-9  Releases of Toxic Chemicales Yor Denver and Adams Counties
Releases % Of Total
to for
Facility Air County County Major Components of Release

Sundstrand Aviation Oper. 314343 27.718 Denver 111TCE, freonl13,
Tetrachloroethylene, et al.

Pillow Kingdom 284866 25.17 Denver Toluene, 111TCE, MEK,
Xylenes, acetone, et al.

Gates Rubber Co. 123130 10.88 Denver Toluene, 111TCE,
Tetrachloroethylene, zing

Samsonite Corp. 119912 10.60 Denver HITCE, MEK

Conoco Denver Refinery 106130 20.82 Adams Propylene, xylenes, toluene,
Ethylene, et al.

Whirlpwol Kitchens Inc. 96114 18.85 Adams Toluene, MIBK, xylenes

Shafer Comniercial Seating 74235 6.56 Denver Xylene, toluene, MIBK,
Methanol, 111 TCE, et al.

Mesa Fiberglass Inc. 67050 13.15 Adams Acetone, styrene

Alltac Corp. 62429 12.25 Adams Toluene, MEK

Pillow Kingdom 53237 4.70 Denver Toluene, i11TCE, MEK

W.J. Whatley Inc. 52671 10.33 Adams Acetone, styrene

Colorado Refining Co. 47134 9.25 Adams Cyclohexzane, benzene,
Xylenes, toluene, et al.

Stanley Aviation Corp. 45250 8.38 Adams 111 TCE, tetrachloroethylene

Redfield Riflescopes Inc. 44250 391 Denver 111TCE, aluminum

Chemrex Inc. 30300 5.4 Adams Dichloromethane

A.B, Hirschfield Press Inc. 27000 2.39 Denver Xylenes

NER Data Products, Inc, 26732 2.36 Denver Toluene, 111 TCE

E.R. Carpenter Co. 19800 1.75 Denver 11ITCE

Ardco Corp. 15470 1.37 Denver MEK

Cyrenco 9300 5.82 Denver 111 TCE

Thompson Pipe & Steel Co. 8600 0.76 Denver Xylenes

Chemical & Metal Ind. Inc. 2500 0.22 Denver 1122Tetrachloroethane,
Antimony, CCL4, et al.

Koppers Ind. Inc. 2400 0.21 Denver Naphthailene, dibenzofuran,
Anthracene

Boyles Galvanizing Co. 1990 0.39 Adams Hydrochloric acid, zinc

Asarco Inc., Globe Plant 1703 0.15 Denver Cadmium, lead, sulfuric acid,
Zinc, et al.

Jackson Ice Cream Co. 1000 0.09 Denver Ammonia

Scott’s Liquid Gold Inc. 750 0.07 Denver 111TCE

Mid- America Plating Inc. 750 0.07 Denver Hydrochloric acid, nitric
Acid, sulfuric acid

Whittaker Power Storage 500 0.04 Denver Sulfuric acid

Dixie Petro-Chem Inc. 500 0.10 Adams Ammonia, chlorine

Kwal-Howells Inc. 250 0.02 Denver Ethylene glycol

Atlas Energy Products 250 0.02 Denver Phenylisocyanate

Sashco Inc. 250 0.05 Adams Toluene

Prokrete Inc. Prochem Tech 161 0.01 Denver Xylenes

Benjamin Moore & Co. 153 0.01 Denver Ethylene glycol, zinc

Protecto Wrap Co. 150 0.01 Denver Xylenes
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o Table 4.6-9  Releases of Toxic Chemicals for Denver 20d Adams Counties (continued)

. Releases % Of Total

to for ;
\ Facility Air County County Major Components of Release .
Rl e
£ P Modine Western-Rocky Mt. 102 001  Denver Copper ]
O Cobitco Inc. 47 0.00 Denver Hydrochloric acid :
Yo Republic Paperboard Co. 10 0.00 Adamsg Hydrochloric acid
* ‘ Pepsi-Cola Bettling Co. 0 0.00 Denver -
I Sashco Inc. 0 0.00 Adams -
. . Safeway Milk Plant 0 0.00 Denver -~
S Wright & Mcgill Co. G 0.00 Denver -- : )
¥ Total for Deaver County 1131591
- Total for Adams County 509828

Source: "Poisons in Our Neighborhoods, Toxic Poliution in Colorado.” Citizens Fund, Washington,
DC, Appendices I and IX, June 1990. ®

L
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On June 27, 1990, the winds were mainly from the south-southwest averaging 11 mph. The greatest
impacts occurred at perimeter Station AQI1, where the maximum level of toluene (16.881 ug/m3) was
measured for the Phase 4 period. High levels of ethylbenzene were also measured on this day at
Stations AQ1 and AQS (see Section 4.6.2.2 and Figure 4.6-2).

On July 18, 1990, the dominant wind direction was from the west-southwest with an average speed
of 12 mph. Consistently high levels of methylene chloride were measured at all four perimeter
stations, with values ranging from 13.244 to 19.810 ug/m® (see Section 4.6.2.3 and Figure 4.6-3).

Winds were mainly from the south-southwest on August 2, 1990, with an average speed of 9 mph.
The greatest impacts occurred at perimeter Stations AQ1 and AQS, where consistently high levels of

benzene (6.281 ug/m3), chloroform (0.478 ug/m3), tetrachloroethene (5.894 ug/m3), and xylene (8.741
ug/m3) were measured (see Appendix E for all sample data).

It is not the intention of this assessment to minimize potential toxic emission scurces at RMA resulting
from prior activities, from recent remedial actions, or from current residual sources. A concerted
effort was made to identify such sources through the intensive CMP and IR A -F monitoring programs,

Nevertheless, in order to interpret the database, it is important to identify those emission constituents
that contribute mast to the database.

4.6.5 SULIMARY OF RESULTS AND ASSESSMENT OF VOC ToXiICITY LEVELS

In order to assess the significance of measured VOC concentrations relative to health standards
and guidelines, a literature search was conducted using sources similar to those identified ir the
metals assessment. Again this was necessary because the state of Colorado has not published air toxic
regulations or promulgated standards. Guideline values were then compared with maximum
concentrations measured for the CMP, Basin F, IRA-F and RIFS programs,

The tabulation of guideline concentrations is presented as Tables 4.6-10 and 4.6-11 for each target
VOC for the remedial period (Phases 1 and 2) and the post-remedial period (Phases 3 and 4). The
namé and chemicai abstract number is presented, along with TLV and TLV/420 concentrations. The
value TLV/420 is used because this value is employed by many states in air toxic regulation: as an
annual concentration guideline "not to be exceeded.” The nuxt two columns of information are
derived from the Superfund Health Risk Evaluation document (USEPA, 1986), and correspond to
acceptable subchronic and chronic unit risk values (107® risk). The EPA document defines subchronic
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exposures as those lasting 30 to 90 days; therefore, the subchronic concentration guidelines should be
thought of as acceptable 30 to 90 day average concentrations. The chronic levels reflect a 1-year
constant exposure. The next two columns of Tables 4.6-10 and 4.6-11 present “typical” state toxic
guidelines, both for short-term (1 to 24-hour) and annual averages. There is a great deal of variability
in air toxic guideline concentrations from state to state; therefore, in order to determine typical
values, the median of all National Air Toxics Information Clearinghouse (NATICH) listed values was
selected.

The next two columns show the 24-hour maximum and the average maximum values measured from
either the CMP, Basin F, IRA-F, or RIFS programs. The VOC data for each phase were then
compared to the appropriate guideline values. The 24-hour values were compared to the 24-hour
guideline values; the maximum average values were compared to the maximum long-term guideline
values.

The next two columns of Tables 4.6-10 and 4.6-11 show the percentage of the highest 24-hour
maximum concentrations and the highest maximum average concentrations to the guidelines, An
evaluation of thuse data should consider the fact that both the CMP and Basin F programs selected
worst-case periods for sampling. The final columns of Tables 4.6-10 and 4.6-11 show the percentage
of RMA boundary monitoring station maximum concentrations and provide a comparisoa to the
guidelines.

A conservative approach is employed in this evaluation in order to identify potential sreas of concern
and the emphasis necessary in ongoing CMP activities. It is not the purpose of this study to provide
a rigorous health risk assessment, but rather to provide data for such an assessment and to evaluate
remedial progress over the long-term pericd of continuing cleanup activities. Consequently, this
report summarizes two separate databases; that certified by PMRMA methods, and that which is
either above the certified range or not certified by PMRMA. Results from the Basin F program, out-
of -certified range data analyses, and nontarget data analyses substantially assisted in assessing
remedial progress and in identifying future needs and requirements. These data, however, may not
meet full specifications of PMRMA certification. All PMRMA certified and reviewed data, which

. .
congist of the majority of the CMP metals, VOC, SVOC aad OCP data employed in this report, are

provided in Appendices C, E, F and G. These data meet the most rigorous standards for
quantification of the target analytes. The other data must be considered as less rigorous estimates of

atmospheric concentrations, which can still be used for meaningful analysis and interpretation.
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For the most part, even by applying a generalized and conservative approach, concentrations remained
well below available toxic guidelines and standards even during the Phase 1 period. In several

instances where a level of possible concern was identified, the post-remedial Phase 3 and 4 data show
these concerns no longer exist.

A review of the CMP, Basin F, and IRA-F target analyte data results and potential toxic concerns for
several pertinent compounds follows, Nontarget analyte data will be considered in Section 4.6.6.

Benzene - The highest short-term benzene level, 44.3 ug/m3, was measured on a CMP high event
monitoring day, August 26, 1988, in the vicinity of BF1 (at the northern perimeter of Basin F), This
was an anomalously high reading and one of the few occasions when a CMP monitor in the vicinity
of Basin F measured higher levels than the Basin F program monitors. This concentration was 3u
percent of the 24-hour typical guideline of 150 ug/m3. Maximum 24-hour benzene concentrations
ranged from 0.64 ug/m® to 13.4 ug/m® at other CMP and Basin F monitoring stations. The second
highest 24-hour level was at AQ4 at the southeast boundary of RMA. During FY90, the highest 24~
hour benzene level was 3.761 ug/m3, recorded on a CMP high event day at Station FC4,

It appears from the data that baseline benzene concentrations were evenly distributed in the RMA
vicinity, with short-term peaks occasionally reported as a result of cleanup or construction activities

at Basin F and elsewhere; these include diesel emissions froin trucks and othar heavy equipment, both
on and off the Arsenal.

The highest long-term benzene average, 10.5 ug/m3 at Station BF1-(CMP), was 15 percent of the
long-term median typical guideline of 72 ug/ms for toxic concern (See Table 4.6-12). Note again that
this was based on worst-case averages, including one anomalously high measurement. The maximum
Basin F long-term average was 3.97 ug/m®> during Phase 2, Stage 1 at BFI, or 6 percent of the
guideline. The highest annual average during FY90 was 3.307 ug/m® at AQ8, and was less than 5
percent of the long-term guideline.

Bicycloheptadiene - The highest 24-hour bicycloheptadiene level, 39.5 ug/m?®, was measured under
the Basin F monitoring program at BF2 on the northeast perimeter of Basin F. The next highest 24-
hour measurement was only 18.0 ug/m> at BF1. Bicycloheptadiene was a highly localized source in
the vicinity of Basin F. The highest maximum average, 9.96 ug/m*® was also measured at BF2, The

Basin F monitoring program measured levels of bicycloheptadiene that dropped off significantly from )
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the Basin F perimeter, especially in the post~-remediation phases. CMP measurements were all well

below those at the Basin F sites. There is no apparent toxic guideline for bicycloheptadiene.

Methylene Chloride - The maximum 24-hour methylene chloride value, 434 ug/m3, was measured
at BF3 during Phase 2, Stage 2. Station BFS reported a maximum 24-hour level of 179 ug/m3 during
Phase 1, and BF2 reported a maximum value of 72.8 ug/m® during Phase 2, Stage 2. The maximum
measured 24-hour concentration was 6 percent of the short-term guideline of 7000 pg/m3. During
Phase 4, the 24-hour maximum methylene chloride level was 19.8 ug/m® measured at AQl.

Basin F was a localized source of methylene chloride, with downstream flow in the direction of BF3
and BF6. The maximum long-term average of methylene chloride was 24.0 ug/m3 at AQS, or 43
percent of the long-term annual guideline of 55.55 ug/m3. Since this was an average of selected
worst-case conditions, this assessment is conservative, Methylene chloride values fell of f significantly
with distance from Basin F. The CMP maximum levels ranged from 0.43 ug/m3 to 60.1 ug/m3 (at
AQS5). Average values ranged from 0.43 ug/m3 to 24.0 ug/m3. Average values during Phase 4

continued to decrease, ranging from 1.37 to 13.3 ug/m3 at the CMP sites, and there appeared to be
no on-site RMA source during that period.

Chloroform - The maximum 24-hour chloroform level, 37.1 ug/m3, was measured at Station BF2
during Phase 1. The next highest 24-hour chloroform level, 18.5 ug/m3, was measured at BF1, The
long-term maximum average value, 6.95 ug/m> was al.o measured at BF2 duriug Phase | and was
greater than 100 percent of the typical annual guideline. Long-term averages at CMP sites ranged
froin 0.03 to 6.01 ug/m>. These data suggest that there were localized sources of chloroform in the
vicinity of South Plants and BF2. During Phases 3 and 4, levels of chloroform decreased significantly.

The maximum 24-hour chloroform level, 37.1 ug/m3, was 15 percent of the guideline of 250 ug/m?;
however, the maximum long-term average at BF2, 6.95 ug/m3, was 16 times higher than the annual
typical guideline of 0.43 ug/m3. This guidcline appears unrealistically low relative to other
chloroform guidelines. The TLV/420 value is 126 ug/m3, and the ADI chronic long-term guideline

is 35 ug/m3; consequently, the maximum long-term conceatration, 6.95 ug/m3>, was 6 and 17 percent
of these respective guidelines.

Dimethyl Disulfide - A 24-hour maximum dimethyl disulfide level of 36.7 ug/m3 was measured at
BF! during Phase I. The next highest value 24.1 ug/m3, was measured at BF2. The maximum
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averages were 7.86 ug/m3. measured at BFI, and 6.69 ug/m3, measured at BF2. Both Basin F and
CMP maximum and average values decreased to non-detectable after Phase 2, Stage 1.

Basin F appeared to be a localized source of dimethyl disulfide. The component drifted to the north
under prevailing inversion flow, but levels also decreased significantly with distance. There were no
dimethyl disulfide concentrations measured to the south of Basin F sites at CMP or Basin F
monitoring stations. There are no suggested guideline values for dimethyl disulfide.

Ethylbenzene - A 24-hour maximum ethylbenzene level of 13.0 ug/m® was measured at the CMP
Station BF2 monitor during Phase 1. The second maximum 24-hour concentration of 8.97 ;Ag/m3 was
measured at the Basin F program BF4 station. The maximum long-term average value, 2.39 ug/m3,
was also measured at CMP Station BF2 and was less than 1 percent of the annual guideline.
Ethylbenzene values at other sites decreased with distance from Basin F. Measurements at the CMP
boundary indicated a maximum average of 1.68 ug/m3 at AQ2 during Phase 1. An annual average
ethylbenzene concentration of 1.38 ug/m?® was measured at perimeter Station AQI during Phase 4.
This may have been influenced by metropolitan Denver air quality or other otf-Arsenal sources.
Basin F appeared to be a localized source of ethylbenzene during Phases 1 and 2. However, the 24-

hour maximum level, 13.0 xg/m3, was less than 1 percent of the 24-hour guideline of 4350 ug/m3.

Toluene - A 24-hour maximum toluene concentratici: of 158 ug/m3 was measured at BF2 during
Phase 1. Maximum 24-hour values decreased to less thau 10 ug/m3 at other Basin F monitoring sites
by the end of Phase 2. Outlying CMP monitoring stations showed a maximum short-term toluene
level of 34.4 ug/m3 at AQI on the western RMA bourdary and 27.6 ug/m® at AQ4 on the eastern
boundary during Phase 1. CMP values were 17 ug/m® or less during Phases 3 and 4. The maximum
24-hour short-term measurement was 3 percent of the 24-hour guideline of 5600 ug/m>. The long-
term maximum average toluene level, 23.6 ug/m® at BF2, was 6 percent of the annual guideline of

400 pg/m> During Phase 4, average toluene concenirations ranged from 3.49 to 11.3 ug/m? at the
CMP stations,

The higher toluene icvels in the vicinity of Basin F indicated there was a source of this compound due
to cleanup operaiions. However, higher short-term and average toluene levels at the RMA boundary
stations also suggested other sources of toluene, most likely from metropolitan Denver traffic and

industrial activities. Average levels of toluene were lower and more uniform during Phases 3 and 4
at all Basin F and CMP sites.
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Other Comparisons - Tables 4.6-10 and 4.6-11 compare toxic guidelines with CMP, Basin F and
IRA-F Program maximum short-term and longer-term concentrations for 22 YOC compounds. The
last four columns also provide a comparison of highest RMA boundary site concentrations and the
guidelines. At the boundaries, most of the measured analyte concentrations were less than 1 percent
of the various guidelines. One analyte that was above 1 percent, benzene, does not appear to be
entirely associated with remediation activities, but may result from both on-Arsenal and off-Arsenal
activities. Carbon tetrachloride and chloroform were identified as concerns because of the very low
annual levels established by state guidelines. Chioroform has been discussed previously. For carbon
tetrachloride, the annual guideline (median value) is 0.67 pg/m3 The maximum average carbon
tetrachloride level measured was 1.99 ug/m® at RIFS? during Phase 2 3tage 1. This is greater than
100 percent of the guideline; however, the fraction is reduced to only 2.4 percent if the TLV /420
value, 82 pug/m3, is used as a guideline.

The EPA conducted an air toxic study in the Denver area during the summer of 1987 and the winter
of 1987-88. This study was discussed in the CMP FY89 Contamination Assessment Report and a
comparison was made between maximum VOC concentrations measured in the Denver study and
those measured at RMA (Stollar, 1990). An update of the results is provided in Table 4.6-12 (last
column). All YOC concentrations in FY90 were considerably less than the maximum values reported
in the Denver study, with the exception of o-xylene, This compound was nearly the same as
maximum levels previously reported at RMA and still below the Denver study value. It is difficuit
to draw definite conclusions from these data because the quanticication of the extreme values under

any analytical method is less certain than mean values.
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Table 4.6-12 Comparison of EPA Air Toxic Study and RMA Results for VOCs

Maximum Maximum Maximum
Concentration Concentration Concentration
Analyte for Denver Study* At RMA (ug/m®) At RMA (ug/m3)

(ug/m?) (Phases 1-3) (Phass 4)
1,2-Dichloroethane 49 4 0.2
1,1,1-Trichlorcethane 44 73 7.2
Carbon Tetrachloride k] 10 1.9
Trichloroethene 4 40 0.5
Tetrachioroethene 14 24 6.3
Benzene 83 44 1.5
Toluene 294 158 16.9
Ethylbenzene 22 13 53
o-Xylene 13 8 5.9
m- and p-Xylene (Total Xylenes) 252 50 9.5
Chlorobenzene 83 3 0.1

*Source: U.S. EPA. 1989. Report on the Air Toxics Monitoring Program for the Denver
Metropolitan Area. Integrated Environmontal Management Project. Report One, Data
Summary. Region VIII, Denver, Colorado.

Where toxic guidelines vary significantly, perhaps a more meaningful evaluation would be a
comparison of the RMA-measured VOC compounds with typical urban YOC levels. Table 4.6-13
compares the CMP YOC results for FY90 to published EPA studies for both the Denver metropolitan
area as well as a summary of “air toxic” resuits from studies across the country. CMP concentrations
were generally found to be less than the conceatrations reported by the EPA urban airshed studies,
as stated in the FY89 Report. While the average maximum levels of chloroform, benzene, and carbon
tetrachloride, identified as concerns at the RMA boundaries, and other compounds identified as
potential source emissions from Basin F, were equivalent to or below Denver and other urban sources
levels, this is not to negate concern over these compounds or suggest that some potentially toxic air
compounds may not have been emitted from various RMA sources and remedial activicies. Analysis
of results, again, suggests continued monitoring of these compounds with additional emphasis placed
on identifying specific RMA local sources from new rémiediaiion aciiviiies, as weil as regional
emission sources. Concentrations of some compounds may be the result of previous Arsenal
production activities; others are typical industrial and traffic related compounds and are released
throughout the Denver urban metropolitan area. Several compounds were directly related to cleanup

actions including emissions from vehicles and heavy equipment. Chloroform was identified in
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Basin F and the South Plants on several occasions. Other compounds monitored at RMA were
randomly distributed and it appears that the source was from industrial activity and vehicle traffic
outside of the Arsenal. Arsenal VOC measurements need to be evaluated quantitatively in terms of
other urban sources. The CMP will continue to address this issue,

In general, compounds measured at RMA did not appear to present toxic health risks significantly
different from the urban environment of metropolitan Denver. Organic compounds that were unique

to Basin F decreased rapidly with distance from this source and were at lower levels at the RMA
boundaries.

4.6.6 VOC NONTARGET ANALYTE RESULTS

Volatile organic compound samples from the CMP were analyzed not only for target VOCs
compounds but also for any noniarget compounds that were observed. The target compound list was
derived based on analyses of a variety of previous air monitoring and source characterization studies
as well as the types of chemical processes, raw feed materials, and by-products that were associated
with previous operations at RMA. The target list represents potential contaminants of concern that
would be specific to RMA. Tentative identification and semi-quantification of nontarget compounds
was performed in order to evaluate the significance of nontarget compounds and to update the target
analyte list.

4.6.6.1 Laboratory Procedures

The laboratory analysis and data processing procedures for nontarget VOCs differed from target VOC
procedures. Target VOCs were directly compared to responses and retention times from standards
for that analyte on a gas chromatograph/mass spectrometer (GC/MS) system. Nontarget VOCs were
tentatively identified by analyzing the total ion chromatogram for any peak that was greater than 10
percent of the internal standard area. The observed mass spectrum for that peak was compared to a
library of spectra contained in the master spectral library, from the National Bureau of
Standards/Wiley/Stirs Spectra, which contains approximately 72,000 compounds. A best fit match
and a level of uncertainty was obtained. Semi-quantification could then be performed using an
estimated response factor of one. Because the nontarget VOC results were not verified by use of an
authentic standard, these results must be considered tentative identifications. The amounts which
were calculated are estimates and must be used with caution.
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4.6.6.2 Summary of Nongarget VOCs

The essential questions regarding observed nontarget compounds include: (1) what actual compounds
or chemical types were detected, (2) how often did they occur, (3) at what site did they occur, (4) at
what levels, and (5) what toxicity or significance is associated with these levels. Some of the
nontarget compounds were grouped into categories based on similar chemical and toxicological
characteristics. The group of freons include multichlorofluoronated ethane and methane
hydrocarbons, which sre commonly used as propellants or refrigerants. The toxicity of the
compounds in each group was relatively uniform as judged by Threshold Limit Values (TLVs)
established by the American Council of Government ard Industrial Hygienists (ACGIH, 1986). For

example, the TLVsfordichlorodifluoromethane, trichlorofluoromethane, and trichlorotrifluoroethane
were all approximately 5 to 7.5 mg/m3.

Table 4.6-14 presents a summary listing of ail nontarget compounds or compound groups that were
detected from the CMP monitoring sites during the FY90 program. It includes the number of
detections for each compound or compound group, and the maximum and minimum concentrations
at each site. The total number of observed nontarget VOCs was 2,616. Thers were 1,401 detections
of alkanes where the observed maximum concentration of 14 ug/m® was detected at site AQS. The
alkanes represented over 53 percent of all observed nontarget detections. There were 489 detections
of simple nonhalogenated aromatic hydrocarbons (benzenes) with the maximum concentration of
approximately 14 ug/m3 observed at site AQ1. These aromatic hydrocarbons represented 19 percent
of all observed nontarget VOCs. The next largest group of nontarget compounds was composed of
oxygenated compounds, representing 12 percent of all nontarget dotections. These groups are

common components or urban airsheds and are reaction products of hydrocarbon emissions as part
of the "smog" reactions process.

The Tenax trapping and desorbing procedure is known to produce interferents when the packing
material comes in contact with ozone, NO,, chlorine and temperatures higher than 200°C. The
compounds observed from the reaction of Tenax with the above are benzaldehyde, acetophenone,
phenol, and benzene. Precautions are taken during the sampling and handling process to minimize
the exposure of the tubes to these situations. Benzene-type compounds and benzaldehyde were also

uniformly detected at all sites. More samples were taken at AQ01, AQ02, AQ23, AQ26, AQ35 and
AQ36 which consisted of several mobile sites in these sections.
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Typical urban airsheds have been known to contain many VOC compounds, with both industrial and
vehicular sources being major emitters. The emissions include both aliphatic and aromatic
hydrocarbons, and the freon-type of halogenated aliphatics. These VOCs can then react in the
photochemical smog process to form other groups of compounds, most notably aldehydes and ketones.
These compound types represented the majority of the nontarget compounds observed; therefore,
most of the nontarget compounds appeared to be related to the influx of urban VOCs onto RMA,

The summary of YOC blank nontargets for FY90 is found in Table 4.6-15. The total number of
observed nontarget detections in the VOC blanks was 32, Thirteen detections were found at site AQ4
and 12 detections at site AQ3. All detections were at low levels ranging from 0.01 to 0.20 ug. The
origin of the contamination can be traced to three possibilities, including crew handling, sample

exposure during shipping and storage, and breakdown products from the adsorbing media.

4.7 SEMI-
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4.7.1 MONITORING, ANALY3SIS AND REPORTING STRATEGIES

Both the SVOC and OCP monitoring programs, which provide measurements of pesticide levels at the
Arsenal interior and perimeter sites, are contained in this section. As prescribed in the CMP
Technical Plan, the F-7 GC/MS method was initially used for analyses of SVOC, During the FY88
Basin F remedial period, the H-7 GC/ECD method was also used to confirm low levels of SYOC
pesticides. The H-7 method is about 100 times more sensitive to pesticides than the F-7 method, and
proved to be more appropriate for monitoring SVOC pesticide levels at RMA. In FY88, there were
only minimal detections of SVOC under the F-7 method, and in FY89 and Y90, there were no
detections under this method. The more sensitive H-7 method identified pesticides for both of these
periods for the Basin F and IRA-F monitoring programs (H-7 was not used for CMP during FY89).
In FY90, methods CM02 and CMO03, more sensitive versions of F-7, were employed to analyze
pesticides during CMP SVOC high event episodes.

The OCP program, designed to measure pesticide concentrations routinely (every 12t duy) at three
Arsenal perimeter sites, AQl, AQ3, and AQS, also used the H-7 GC/ECD analytical method.
Consequently, the combined results of SVOCs and OCPs are discussed in this section to provide a

more complete evaluation of the distribution of pesticides across the Arsenal.
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Table 4.6-15 Summary of VOC Blank Nontargets for FY90

Maximum and Minimum Data in ug

AQl AQ3 AQ4

Nontarget Max. Min. # Hits Max. Min. # Hits Max. Min. # Hits
Aldehydes 0.01 0.01 1 0.02 0.02 1
Alkanes - 0.02 0.02 1 0.06 0.0l 2 0.06 0.03 2
Analytical

Interference 0.02 0.01 4 0.10 0.03 3 0.04 0.01 4
Benzaldehyde 002 0.01 2 0.02 0.02 1
Freons 0.0l 0.01 1 020 0.04 2 0.04 0.04 1
Ketones 0.02 0.02 1 :
Oxygenated Compounds 0.03 0.03 1 0.02 0.01 4

AQ5 TOTAL

Nontarget Max. Min. # Hits Max. Min. # Hits
Aldehydes 0.02 0.01 2
Alkanes 0.06 0.01 5
Analytical

Interference 0.i0 0.0l 11
Benzaldehyde ) 0.02 0.01 3
Freons 0.05 0.05 1 0.20 0.0l 5
Ketones 0.02 0.02 1
Oxygenated Compounds 0.63 0.0! 5
AIR-TBL1.90




The CMP Technical Pian called for SVOC seasonal monitoring at four RMA perimeter sites during
the spring, summer, fall and winter periods, and six high event sampling episodes to be conducted
at four fixed perimeter sites or at other fixed or mobile sites as appropriate. Because there was
: intense remedial activity at Basin F during FY88 and FY89, some emphasis was placed on sampling
- in its immediate vicinity, similar to the emphasis for monitoring VOCs. However, RMA perimeter

‘[ sites were also sampled under the high event SVOC and the QCP programs in order to establish
] j‘ pesticide levels around the Arsenal boundaries. During FY90, high event SVOC monitoring was
conducted at Basin F, the South Plants, the South Plants subdrain area, Basin A, and Basin A Neck.

For the most part, all CMP high event SVOC monitoring met the specified meteorological criteria of
N 75°F or greater. Two wind criteria scenarios were established for the SYOC high event sampling as
' shown previously in Table 3.2-3, one for light winds similar to VOC sampling, and a second for winds
in excess of 10 mph in order to capture SVOCs adhering to windborne particles. The monitoring
program contained samples of both situations. Also, as in the case of YOCs, the CMP FY90 SVOC
monitoring period was extended to 24 hours to attempt to capture SVOC trapped under early morning
K or late afternoon inversion conditions.

4.7.2 CMP FY90 SEMI-VOLATILE ORGANIC COMPOUNDS MONITORING RESULYS

Seasonal and high event semi-volatile organic compounds were monitored during the FY90 program
j at the times and locations given in Table 4.7-1, A complete listing and summary of SVOCs is
1 provided in Appendix F.

OCP compounds were monitored under the CMP FY9) program routinely (every 12 days) at three
RMA perimeter sites as shown in Table 4.7-2.
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Table 4.7-1  Synopsis of FY90 Semi- Volatile Organic Compounds (SVOC) Monitoring

Date Period Site Locations
January 12, 1990* 1130 - 1130 Mobile N, Mobile S
May 21, 1990* 1130 - 1130 AQIl, AQ2, AQ3, AQ5SE, AQSF
July 18, 1990 1200 - 1200 FC2, FC2C, FC3, FC5, Mobile SE
August 2, 1990 1200 - 1200 FC2, FC2C, FC3, FC4, FC5
August 7, 1990 1060 - 1000 Mobile 1, Mobile 2, Mobile 3, Mobile 4

South Plants)
August 27, 1990 0900 - 0900 AQS8, AQ9, Mobile E, Mobile EC,
Mobile W (Sec. 36)

August 29, 1990 1000 - 1000 AQI0, AQIOC, Mobile N (Sec. 26),
Mobile S, Mobile W (5cc. 35)
September 11, 1990 0800 - 0800 AQS, AQ10, AQIOC, Mobile E (Sec. 1),

Mobile W (Sec. 2)

* Seasonal monitoring, all others were high event monitoring cases.

Table 4,7-2 Synopsis of FY90 Monitoring for Organochlorine Pesticides (CCP)

Number of Percent

Station Samples Recovery
AQl 28 93
AQ3 28 93
AQSE 25 83
AQ5F* 12 100

*  Collocated station

As noted previously, the CMP monitoring results for FY90 indicated no detections of SVOC
employing the GC/MS F-7 method. Table 4.7-3 shows FY90 results using the CM02 and CMO03
methods during high event monitoring periods. The CM02 method was used for SYOC analysis by
the MRI laborgtory, while the CM03 method was used for SVOC analysis by the ESE iaboratory.
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Table 4.7-3  Summary of Semi-Volatile Organic Compounds Concentrations for FY90 Pesticide

Method (in ug/m3)
Site Aldrin Chlordane Dieldrin Endrin  lsodrin PPDDE1 PPDDT
AVERAGE VALUES
AQb6 . 0.0012 0.0006 . “ * hd
AQS 0.0005 0.0021 0.0020 0.0004 e . .
A * L * . [ L ] [ ]
AQI0 * 0.0023 0.066C  0.0006 ° . .
AQO1 0.0020 0.0034 0.0055 0.0008 i hd .
AQD2 » 0.0015 0.0014 . . . .
AQ23 * 0.0008 0.0016 0.0005 . . *
AQ26 0.0002 0.0015 0.0038 0.0007 . . *
AQ35 . 0.0015 0.0010 . . . *
AQ36 0.0012 0.0027 0.0039 0.0004 . . *
' 24-HOUR MAXIMUM VALUES
AQ6 * 0.0012 0.0006 * * * ¥
AQS8 0.0005 0.0021 0.0020 0.0004 . . *
A * L ] [ ] ] * L *
AQIO . 0.0034 0.0096 0.0009 . . .
AQOI 0.0029 0.0055 0.0074 0.0015 . * ¢
AQ02 . 0.0015 0.0014 . . . .
AQ23 i 0.0026 0.0052 0.0009 * . *
AQ26 0.0002 0.0033 0.0084 0.0010 . . .
AQ3s * 0.0016 0.0012 o . * .
AQ36 0.0017 0.0029 0.0055 0.0006 * * *
* All values below CRL
I PPDDE = Dichlorodiphenylethane
2 PPDDT = Dichlorodiphenyltrichloroethane
AIR-TBL1.%0
@ ® ° ® L




There are only slight differences in detection limits between these methods. Table 4.7-4 shows OCP
results for the three RMA perimeter sites during FY90 using the H-7 analytical method.

During FY90, low levels of aldrin, chlordane, dieldrin and endrin were detected at several interior
Arsenal locations. Average and maximum SVOC levels actuaily analyzed by the OCP method (Table
4.7-3) at the Arsenal interior were slightly higher than values measured at the perimeter under the
OCP program (Table 4.7-4). One explanation for this is that all interior measurements were obtained
on high event days, while the perimeter sites were measured routinely throughout the year,
Nevertheless, the data suggest that there are potential low level sources of pesticides at Basin F, the
South Plants, and the Basin A area. Sp~cific examples of SVOC FY90 high event monitoring episodes
are discussed below,

4.7.2.1 August 2, 1990

SVOCs were monitored under this CMP high event scenario at four mobile stations surrounding the
Basin F waste pile and remediated Basin area. Figure 4.7-1 shows sitz locations and sampling results
for selected compounds, along with a wind rose for the monitoring poriod from 1300 MST on August
2 to 1300 MST on August 3, 1990. The maximum temperature during this period was 77°F with
primarily south-southwesterly winds. Wind speeds ranged from 5 mph to a maximum of 21 mph
during the late afternoon on August 2. Atmospheric stability was mainly in the neutral category as

a result of moderate wind speeds, but a late evening inversidn developed as wind speeds decreased.

Assuming Basin F as a potential SYOC source, the dispersion pattern in Figure 4.7-1 shows the
greatest impacts to the north and northeast of the Basin F area. The highest dieldrin leve! measured
was 0.0084 ug/m3 at FC2 northeast of the B sin and downwind from the source. Station FC3 upwind
from Basin F measured 0.0034 ug/m>. This slight difference between the upwind and downwind
monitors suggests a possible source of dieldrin emissions at the Basin F area. Similarly, endrin levels
were slightly higher at downwind stations FC2 (0.0010 pg/m®) and FC5 (0.0009 sg/m?) than at FC3
(0.0006 ug/m®), upwind from the Basin. ¢ hlordane levels were evenly distributed at the four Basin
F sites. As noted in past reports, Basin F does not appear to be a chlordane source. On this sampling
day, aldrin, isodrin, PPDDE, and PPDDT were not detected at any of the Basin F sites. Even though
maximum levels of dieldrin and ¢ndrin were considerably below concentrations measured during the
Basin F remediation activities, the Dasin F area may still be a low level source of these compounds.
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i Table 4.7-4  Summary of CMP Organochiorine Pesticides Concentrations for FY90 (in ug/m3)

j‘ Site Aldrin Chlordane Dieldrin Endrin Isodrin  PPDDE! PPDDT?
|‘ AVERAGE VALUES
3 AQl 0.0002 0.0003 0.0002 . 0.0002 . .
! AQ3 0.0003 0.0005 0.0008  0.0002 . . *
AQS 0.0002 0.0003 0.0003 * . . *
L 24-HOUR MAXIMUM VALUES
| AQl 0.0004 0.0015 0.0014 *  0.0009 . .
AQ3 0.0014 0.0029 0.0047  0.0004 . * .
5. AQ5 0.0002 0.0012 0.0015 . ‘ * .
'91 MINIMUM VALUES
; AQI 0.0001 0.0001 0.0001 . 0.0004 . .
: AQ3 0.0002 0.0001 0.0002  0.0002 . * *
AQS 0.0001 0.0001 0.0001 . . * *

* Al values bolow CRL

1 PPDDE = Dichlorodiphenylethane
2 PPDDT = Dichloradiphenyltrichlorosthane

I
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4722 August7, 1990

SVOCs were monitored under this CMP high event scenario at four mobile stations surrounding the
South Plants area. Figures 4.7-2 shows the X/Q dispersion pattern and wind rose, and Figure 4,7-2a
shows site locations and sampling results for selected compounds for the monitoring period. The
maximum temperature on this dasy was 87°F. Winds were primarily from the south-southwest,
although there was a northeasterly component during the mid-afternoon. Wind speeds were light on
this day, ranging from 3 to 11 mph. Atmospheric stability was typical of a summer day; unstable
during the midday period and stable to neutral during the evening, depending on wind speed.

Assmming that the South Plants area was a potential SVOC source, the dispersion pattern indicates that
greatest impacts were along the plume path to the northeast and southwest of the South P!ints. The
highest aldrin level of 0.0029 ug/m® and dieldrin level of 0.0074 ug/m® was measured at Mobile 3 to
the southwest, while the highest endrin level of 0.0015 sg/m® was measured to the northeast at Mobile
1. Chlordane was measured at its highest level, 0.0055 ug/m3, at Mobile 4 to the southeas: of the
South Piants. Isodrin, PPDDE, and PPDDT were not detected on this sampling day. Although
pesticides were measured along the plume path, it is difficult to determine if the South Plants was a
source of these compouands. Concentrations were low, there were no consistent patterns for each
parameter, and similar values were measured upwind as well as downwind. Endrin and dieldrin,

previously identified as potential emissions from Basin F, could have drifted into the South Plants
area.

4.7.2.3 August 29, 1990

SVOCs were monitored under this CMP high event scenario at four mobiie stations surrounding the
Basin A Neck excavation activities. Figure 4.7-3 shows site locations and sampling results for selected
compounds along with n wind rose for the monitoring period. The maximum temperature on this day
was 93°F. Winds were primarily from the south-southwest with a variable easterly component during
the midday period. Wind speeds were light, ranging from 4 to 10 mph. Atmospheric stability was
again typical of summer, with unstable air during the warm midday period and stabie conditions at
night under a weak inversion.

Assuming the Basin A Neck area to be a source of SVOCs, the dispersion pattern in Figure 4.7-3
indicates the impacts to be primarily north and northeast of the Neck area, The highest dieldrin level
of 0.0096 ug/m3 was measured at AQIO to the east of remediation activities. A chlordane
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concentration of 0.0034 ug/m® was also highest at AQ10. Endrin levels of 0.0009 pg/m3 were
reported at AQ10. The relatively higher level of dieldrin could have resulted from Arsenal emissions
or other possible of f- Arsenal sources of SYOC emissions drifting into the area. These pesticide levels
were considerably lower than levels measured during FY88 remediation activities.

It is important to point out that high event concentrations in FY90 were approximately two orders of
magnitude lower for dieldrin and endrin than levels measured during Basin F remediation activities.
Other pesticides such as isodrin, PPDDT, and parathion were detected during Basin F cleanup, but
were not detected during the CMP FY90 high event program. There were, however, extremely low
levels measured at the perimeter sites under the more sensitive H-7 analytical method. Comparative
values will be discussed further in the next section, which provides a post-remedial evaluation.

473 BASIN F SVOC IMpPACTS

473.1  CMP Data

As previsusly discussed, in order to fully evaluate remedial impacts from the Basin F cleanup
operations, it is necessary to consider all CMP, Basin F Remedial Monitoring Program, and IRA-F
SYOC data for the entire remedial and post-remedial periods. CMP FY90 SVOC data results were
discussed in the previous section. Table 4.7-5 incorporates CMP FY88 through FY90 data and
stratifies results for each monitoring station for the Phase 1 remediation period and the Phase 4 post-
remedial period. The BF1 through BF4 sites for Phase | and the AQ23 and AQ26 sites for Phase 4
are at roughly comparable locationy, near the edge of Basin F. High event SYOC monitoring wus not
conducted during Phase 2 (winter of FY89), and SVOCs were not detected during Phase 3 (summer
of FY89), however, only the less sensitive F-7 analytical method was employed. This indirectly
substantiates that levels were low during this post-remedial period. Nevertheless, the data for Phases
| and 4 provide un excellent comparison beiween SVOCs measured under intense remediation

activities and SVOCs measured during the most recent FYS0 post-remedial period.

As discussed previously, dieldrin and sndrin levels were upproximately two orders of magnitude lower
during the post-remedial poriod. Isodrin, PPDDE, PPDDT, and paraihion were deiecied during ihe
Phase | remediation period, but were not moasured during the FY90 post-remedial high event
monitoring periods. Chlordane, which was measured at approximately equal levels during Phases 1
and 4, did not appear to be from a Basin F source during romediation. The substantial decreases in

post-remedial pesticide measurements under the CMP are shown graphically in Figure 4.7-4.
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Comparative levels of dieldrin, endrin, and isodrin at station BF2 downwind from the prevailing wind
flow across Basin F indicated highest concentrations of SVOCs during the remediation period.

Table 4.7-6 provides a comparison of OCPs a¢ three Arsenal perimeter sites measured during each of
the remediatior Phases. Pesticide concentrations were considerably lower at the RMA perimeter {han
at the Basin [ sites during Phase 1, reflecting a significant decrease of impacts with distance from the
source. AQ3, the closest perimeter site to the Basin, reported the highest average concentrations of
aldrin, dieldrin, endrin, and isodrin, which wcre previously identified as pesticides with potential
Basin F sources. After remediation, average levels of these compounds were reduced and were
comparable tc the other perimeter sites. Maximum 24-hour levels of these compounds, however were
elevated during Phase 4. The highest concentrations were observed on one particular sampling day,
July 10, 1990, when CMP field technicians noticed spraying of the herbicide 24D by RMA personnel.
On this day, the first observation of chlordane (0.0006 ug/m3) and the only observa‘ion of endrin
(0.0004 ug/m?3) for FY90 was recorded at AQ3. The highest concentrations of aldrin (0.0011 ug/mn%)
and dieldrin (0.0047 ug/m®) measured since Phase 1 also occurred on July 10 at site AQ3. OCP values
occasionally reached higher levels at the AQ3 perimeter site than at interior Arsenal locations. In
addition, there may have been off-Arsenal sources of OCPs from metropolitan Denver impacting

RMA monitorinyg sites, as indicated by concentrations measured at other perimeter sites.

The emphasis i the SYOC sampling prograia is to provide a broad pattern of baseline air quality
conditions at Arsenal remediation locations, interior locations, and perimeter sites. Because of the
more intensive monitoring efforts under the Basin F Remedial Monitoring and IRA-F Program, the
CMP concentrates its efforts on confirming and validating data collected from the other programs.

The more detailed results of Basin F post-remedial monitoring for SVOCs is provided in the following
section,

4.7.3.2 Basin F

Table 4.7-7 shows average and 24-hour maximum SVOC values for the Basin F Remedial Monitoring

Program and for the IRA-F Monitoring Program for Phase | through Phase 4 of the remediation
activities. All Phase 1 data and Phase 2 data (Stage ! and Stage 2) were obiained from the Basin F
Remediation Monitoring Program and cover the period from March'22, 1988, to May 5, 1989. The
Phase 3 and Phase 4 data were obtained from the IRA-F Monitoring Program and cover a period from
May 6, 1989, to September 30, 1990. Sequential data for the IRA-F SVOC and OCP programs are
provided in Appendices P and Q.
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L Table 4.7-6  Summary of CMP Organochlorine Pesticidzs (OCP) by Phase (in ug/m3) S
= e
v Site Aidrin  Chlordane Dieldrin Endrin  iso'rin  PPDDE! PPDDT? SR
" : e X
S AVERAGE VALUES SR
.. PHASE 1 e
& TR AQl 0.0010 0.0003 0.0010  0.0006 0.0003 0.0005  0.6407 Sl
- AQ3 0.0053 0.0003 0.0022  0.0013 0.0005 . 0.004 ' x
)@‘ AQ5 0.0013 0.0003 0.0013  0.0009 0.0003 0.0004  0.00¢6 Con
S6 S
- # PHASE : ?
L AQl . 0.0003 0.0004  0.C004 . . 0.6003 ®
o AQ3 . 0.0003 0.0006  0.0003 . . 0.0003
. 4 AQS . 0.0003 0.0003 . . ¢ s
i;,j.; ; PHASE 3
il | AQi . 0.0003 0.0004 . 0.00G3 . 0.0003
e AQ3 » 0.0004 0.0008 . . ’ 0.0004
Ai)S * 0.0003 3.0005 * . * 0.0004 o
PHASE 4 '
AQI 0.0002 0.0003 0.0002 . 0.0002 * .
AQ3 0.0003 0.0005 0.0008  0.0002 . s *
AQ3 0.0002 0.0003 0.0003 . . * .
, - @
24-HOUR MAXIMUM VALUES
‘ PHASE 1
‘ AQl 0.0066 0.0005 0.0062  0.0026 0.0005 0.0058  0.0047
| AQ3 0.0290 0.0005 0.0061  0.0041 0.0024 * 0.0012
| AQS 0.0095 0.0008 0.0074  0.0046 0.0008 0.0023  0.0050 ®
PHASE 2
AQI * 0.0003 00014  0.0011 . . 0.0004
| AQ3 . 0.0004 0.0005  0.0004 . . 0.0006
| AQS . 0.0004 0.0006 * . . . |
| PHASE 3 °
. AQi . 0.0004 0.0008 * 0.0005 . 0.0006
| AQ3 . 0.0004 0.0026 . - . 0.0006
:_ AQS . 0.0004 0.0011 * * . 0.0005
‘ PHASE 4
S AQI 0.0004 0.0015 0.0014 . 0.0009 . * °
" AQ3 0.0014 0.0029 0.0047  0.0004 . . .
R AQS 0.0002 0.0012 8.0015 * ¢ ¢ ¢
1
* All values below CRL
I PPDDE = Dichlorodiphenylethane o

2 PPDDT = Dichiorodiphenyltrichloroethane

®
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Table 4.7-7 provides a detailed summary for each SVOC target compound for each remediation phase
at the IRA-F monitoring sites. It can be seen from these data that a number of SVOCs were measured
at higher concentrations in the vicinity of Basin F during the Phase | period. These compounds then
decreased significantly during the Phase 3 and Phase 4 post-remedial periods. Specific SVOCs
observed at higher levels during the remediation activities were aldrin, dieldrin, endrin and isodrin.
In all cases, concentrations of these constituents were higher in the immediate vicinity of Basin F
activities and decreased to low levels with distance from the Basin F potential source.

Several SVQC: analyzed including atrazine, malathion, parathion and Supona were nondetectable, or
measured at very low levels at all Basin F sites for all phases of the remedial program, suggesting that
Basin F was not a potential source of these compounds.

Figures 4.7-5 through 4.7-8 show a bar graph depiction of the conceniration leveis of aldrin, dieldrin,
endrin and isodrin for each phase of the remediation activities and after completion of the cleanup
program. Concentration levels were highest during Phase 1 at those stations immediately adjacent to
Basin F, with a significant decrease with distance from the source. During Phase 2, Phase 3, and
Phase 4 concentrations decreased with the exception of dieldrin at all monitoring sites to levels that
are considered typical regional background concentrations. Dieldrin levels were slightly higher at
several Basin F stations during Phases 3 and 4 than Phase 2. This may be a seasonal influence or a
minor residual effect from Basin F. SVOC results, however, were considerably below Phase |

concentrations and well below contaminant health guidelines discussed in Section 4.7.4.

As in the case of metals and VOCs, another approach to assessing remedial progress for SVOCs is to
consider Basin F impacts that were observed on individual days during the remedial and post-
remedial periods. All Basin F air monitoring during the Phase 1 period was conducted for worst-case
24-hour periods based on dispersion model analysis and remedial activity, An example of the
dispersion of SYOCs resulting from Basin F remedial activities is shown in Figure 4,7-9. This figure
shows Phase 1 SYOC conceatrations for August 23, 1988, with X/Q dispersion values overlaying the
monitoring data for seven Basin F stations. Again, this type of analysis identifies, to the fullest

extent, the potential dispersion of contaminants resulting from remedial actions.

During this sampling period, winds f ol_lowed basically a typical diurnal cycle, with south to north flow
during the night and north to south during the day. Wind speeds were mostly light and the maximum
temperaturg was 88°F. On this day there were no detectable amounts of any pesticides at the upwind

off-site Station BF7. Concentrations of aldrin, dieldrin, endrin and isodrin ranged from non-
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detectabls to 0.7858 ug/m3 at the Basin F perimeter sites, but dropped considerably in value to less
than 0.0478 ug/m3 at the further downwind sites BFS and BF6. The actual concentrations followed
quite closely the predicted dispersion pattern. The results indicate Basin F was clearly a source of
these pesticides during the remediation phase. .

A Phase 4 sample period with similar dispersion characteristics to the Phase 1 example was September
7-8, 1990, as shown in Figure 4.7-10. The winds during this period reflected a typical diurnal
pattern, with light to moderate south-southwesterly flow at night and light north-northeasterly flow
during the day. Maximum temperatures reached the low 80s. Contaminant levels for aldrin, dieldrin,
and endrin were significantly lower on this day than on the comparable Phase 1 day. Apparenily, the
Basin F area was still a minor source of several pesticides on this Phase 4, post-remediation day,

although the concentrations were much smaller than during the remediation period.
4.7.3.3 Combined CMP and Basin F Data Apalyses

Individual CMP and Basin F SVOC monitoring data for the phases of the remedial monitoring
programs have been shown in Tables 4.7-5 and 4.7-7. Figures 4.7-11, 4.7-11A and 12 provide a
comparison of average and 24-hour maximum CMP and Basin F SYOC data across the Arsenal
complex for the Phase 1 remedial and Phase 4 post-remedial periods. The wind roses reflecting
potential transport of contaminants are also shown in these figures. As noted from the previous
discussions, the Phase 1 data show impacts of aldrin, dieldrin, endrin and isodrin immediately
adjacent and downwind from Basin F. Farther downwind, S\ UC concentrations decreased and
became minimal at the RMA perimeter sites as represented by the CMP data. During Phase 4, SYOC
levels decreased significantly both in the immediate vicinity of Basin F as well as downstream,
Nevertheless, the pattern shown on Figure 4.7-12 indicates that the Basin F area may have remained
a very weak source of pesticides during the Phase 4 period. Several pesticides were slightly higher
in the vicinity of Basin F than at bcrimeter and other interior monitoring sites. In Figure 4.7-12, OCP
results from the CMP perimeter sites were aiso employed, providing a more sensitive analysis of
potential pesticide levels; all average values during this period, however, were either non-detectable

or less than 0.001 ug/m3, suggesting little or no impacts from Basin F post-operations at the
boundaries of the Arsenal.
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In summary, the data indicate that Basin F was the principal emitter of several potential SVOC

pesticides during remediation activities. These impacts were local and decreased significantly beyond

the immediate vicinity of Basin F, Downwind monitoring stations reflected higher concentration
2 levels than upwind stations;, however, the more distant stations, as reflected by the CMP perimeter
locations, indicated low to minimal SVOC levels. During the Phase 3 and Phase 4 post-remedial

!

]

:f periods, pesticide levels appeared to decrease significantly, although very low levels of aldrir,
{

1

|

i
)
dieldrin, and isodrin continued to be measured near the Basin F area. : !
|
_ ] 4.7.4 SUMMARY OF RESULTS AND ASSESSMENT OF SVOC TOXICITY LEVELS 1
] .«
—““l Table 4,7-8 shows the locations of both maximum long-term (annual) average and maximum short-
} term {24-hour) SVOC concentrations for the combined CMP and Basin F data analyses results for the
‘1 phases of remediation. It is noted that aimost all of the highest concentrations occurred in the initial
: \ remediation phase. Also, highest concentrations occurred most often at station BF2, directly ®
¥ 1 downwind from Basin F.,
l
! In order to assess the significance of the measured SVOC concentrations with respect to health
| standards and guidelines, a literature search was conducted using references identical to those ®
_ ( identified in the metals and VOC assessments.
3
: ) A tabulation of guideline concentrations for comparison with measured SVOC concentrations is
| presented in Table 4.7-9; refer to Section 4.6.4 for a more detailed description of the contents of this ®
table. The Phase 1 and Phase 2 remediation periods are grouped together and the Phase 3 and Phase
v e g 4 post-remedial periods are also shown separately. Again, the comparison is very conservative
W because all CMP and Basin F data reflect averages of selected worst-case conditions. Nevertheless,
oo this comparison is useful for identifying potential concerns during remedial operations and areas ®
\ ) where CMP monitoring emphasis or remedial mitigation measures may be most appropriately directed.
S A review of the CMP and IRA-F target analyte results and potential toxic concerns follows.,
- .
.
.
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Table 4.7-8 Maximum Average Long-Term and Short-Term Semi-Volatile Organic
Compounds Concentrations (in ug/m3)

Maximum Maximum
Long-Term* ' Short-Term

SvoC Average Location Phase Concentration Location Phase
Aldrin 0.5263 BF2 Pl 2.8290 BF2 Pl
Chlordane 0.0071 BF2 P2-S1 0.0360 BF2 P2-S1
Dieldrin 0.3971 CMP/BF2 Pl 2.2960 BF2 Pl
Endrin 0.1343 CMP/BF2 Pl 1.0954 BF2 Pl
Isodrin 0.1122 CMP/BF2 Pl 0.9450 BF2 Pl
PPDDE 0.0390 AQS Pl 0.0390 AQ8 Pl
PPDDT 0.0350 CMP/BF2 Pl 0.0585 CMP/BEF2 Pl
Atrazine ND - ND -

Malathion ND - ND -

Parathion 0.1311 CMP/BF2 Pl 0.2099 CMP/BF2 Pl
Supona ND - ND -

*  Several maximum long-term averages provided in this table represent limited sampling from

the CMP high event programs. More extensive long-term monitoring results for the Basin F
Monitoring Program are shown in Table 4.7-7.

Legend: PPDDE = Dichlorodiphenylethane
PPDDT = Dichlorodiphenyltrichloroethane
Pl » Phase 1
P2-S1 = Phase 2-Stage |
P2-S2 = Phase 2-Stage 2
P3 = Phase 3
P4 = Phase 4

The highest 24-hour aldrin concentration, 2.83 ug/m® was measured at BF2 during Phase 1. This
level was slightly greater than the recommended typical 24-hour guideline of 2.5 ug/m3. This high
level was very localized in the immediate vicinity of remedial work on the northeast perimeter of the
Basin F Exclusion Zone. The maximum 24-hour, or short-term, levels at the other perimeter sites
ranged from 0.35 ug/m3> to 0.84 ug/m3. At the more distant Basin F sites, BF5, BF6 and BF7,
maximum 24-hour aldrin values were 0.17 ug/m3, 0.04 ug/m3 and 0.01 ug/m3 respectively, or less
than 7 percent of the shori-term guideline. The CMP SVOC sampling did not measure aldrin, but
aldrin measured under the organics in total suspended particulates program using the pesticide
analytical method measured 24-hour maximum aldrin values of 0.001 ug/m3 to 0.005 ug/mS3 during
Phase 1, or about 0.2 percent of the guideline (at RMA boundaries).
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The maximum average aldrin concentration ot 0.53 ug/m3 was measured at BF2 and was 88 percent
of the typical annual guideline of 0.595 ug/m3. This average leve! was observed during Phase 1,
which was an approximately 7-month sampling period. If the more restrictive ADI chronic guideline
of 0.105 ug/m3 is used, aldrin at BF2 would be above the recomiended significant level. However,
it should be stressed that these data represent selected worst-case monitoring periods during peak
remedial activity and do not necessarily correspond to the annual ambient concentrations for which
the guideline was established. Nevertheless, personnel working routinely in the vicinity of this
location wore protective clothing and respirators. There were no other locations that exceeded the
annual guidelines. Average concentrations again fell off quickly from the BF2 monitoring location
and decreased significantly by Phases 3 and 4. Long-term average concentrations at the CMP

boundary stations were less than 1 percent of the typical guideline.

Several SVOCs detected near Basin F followed the same patterns as aldrin, although aldrin indicated
the highest percentages with respect to toxic guidelines. The highest 24-hour endrin measurement
was 1.10 ug/m3 at BF2 during Phase 1, or 68 percent of the 24-hour guideline of 1.6 pg/m3. Other
Basin F perimeter 24-hour maximum levels ranged from 0.26 ug/m3 to 0.55 ug/m® during Phase 1,
decreasing to less than 0.01 ug/m3 during Phases 2, 3, and 4. Maximum levels at outlying RMA

boundary stations measured below 0.01 ug/m3, or less than 1 percent of the short-term guideline.

The maximum long-term average endrin concentration was 0.13 ug/m® at BF2 (CMP) during Phase 1,
or 47 percent of the annual guideline of 0.238 ug/m3. This represents the mean of limited CMP
samples specifically selected to capture high events. More extensive Basin F monitoring at the same
location (BF2) shows a mean value of 0.12 ug/m%. Downstream Basin F stations were less than 0.01
ug/m3, which is only 4 percent of the annual guideline. At the RMA boundaries, endrin averaged

below 0.0014 ug/m3, or less than 1 percent of the annual guideline.

The maximum 24-hour dieldrin concentration of 2.30 pg/m® was measured under the Basin F
program at BF2 during Phase 1; this was 57 percent of the 24-hour guideline of 4 ug/m3. The 24-
hour maximum values at other Basin F perimeter locations ranged from 1.66 ug/m3 at BF3 to 0.33
pg/m> at BF4. Dieldrin at downstream Basin F stations ranged from 0.03 ug/m3 to 0.05 ug/m?3, or
about 2 percent of the 24-hour guideline. Dieldrin levels decreased significantly during the Phase
2, 3, and 4 periods. Concentrations of 24-hour dieildrin at CMP boundary stations were in the range

of 0.02 ug/m3, or less than 1 percent of the 24-hout guideline.
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The highest average dieldrin concentration was 0.40 ug/nmi3 at BF2 (CMP) during Phase 1. This was
67 percent of the annual guideline of 0.59 ug/m3 but again represented the mean of only samples
which are specifically selected to capture high svents. More extensive Basin F monitoring resulted

| in a maximum long-term average of 0.27 ug/m3. Dieldrin at downstream Basin F stations ranged

from below 0.01 ug/m3 to 0.02 ug/m3, or about 3 percent of the annual guideline. RMA boundary
sites based on both SVOC and OCP samples measured dieldrin concentrations at or below 0.006 ug/m3
during all phases, or about 1 percent of the long-term guideline.

Isodrin was detected only during Phase 1 at the CMP sites. The maximum average was 0.1122 ug/m3
and occurred at CMP/BF2, The maximum 24-hour concentration of 0.945¢ ug/m3 was measured at
BF2 during Phase 1. Levels of isodrin continued to decrease through Phase 2 Stage 2, but showed a
slight increase for Phase 3. Isodrin was detected at RMA at low levels in the vicinity of Basin F
during Phase 4. There are no guidelines listed for isodrin in Table 4.7-9,

Aldrin, endrin and dieldrin were the three principal pesticides measured during the Basin F
monitoring program and the CMP. Parathion was detected one time during Phase 1 at the BF2 (CMP)
station. The concentration was 0.21 ug/m3, or about 13 percent of the short-term guideline. All other
samples were nondetectable for parathion, Chlordane, isodrin, PPDDE and PPDDT were measured
at considerably lesser values and were all less than 1 percent of the short-term and long-term

guidelines.

Several target SYOC compounds analyzed under the CMP and Basin F air monitoring programs were

not detected. These included Supona, malathion and atrazine,

In summary, Basin F appeared to be a potential source of several SYOC compounds measured under

the CMP and Basin F monitoring programs. In particular these included aldrin, endrin and dieldrin.
\ Highest levels were clustered around Basin F. Monitoring Station BFF2, on the northeast perimeter
of the basin measured the highest concentrations for most SVOC compounds; these levels were close
to toxic guidelines for selected worst-case monitoring scenarios. All other monitoring stations were

well below the guidelings; concentrations decreas~d rapidly with distance from Basin F, and reached

negligible and/or regional baseline leveils at the RMA boundaries (see last two columns of
Table 4.7-9). Levels during Phase 2, Phase 3, and Phase 4 decreased dramatically from the Phase 1

values. 1
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The decresase in concentrations from Basin F potential sources with distance as well as the impacts of
prevailing wind flow are illustrated in dispersion model results for various individual worst-case

sampling events shown in this report. These data confirm monitoring results and can be used to
estimate impacts beyond the monitoring network.

4.7.5 SEASONAL CONSIDERATIONS

Table 4.7-10 shows the seasonal distribution of average and 24-hour maximum concentrations of
pesticides measured at the three CMP perimeter sites during the combined FY88, FY89, and FY90
monitoring periods. Average aldrin, endrin, and isodrin concentrations were highest during the fall
season, especially at AQ3 on the northern perimeter of the Arsenal. The highest average
concentrations of chlordane and dieldrin were measured in the summer, again at AQ3. PPDDE was
detected only during the summer, with the highest level at AQI1. The highest average level of PPDDT

was also measured in the summer at AQlL. In general, summer and fall concentrations were higher
than those measured in winter and spring.

It appears from these results that metropolitan Denver was not a significant source of pesticides
during the typica! inversion and brown cloud periods that affected concentrations of TSP, metals, and
VOC. Rather, a regional source of pesticides may be north of the Arsenal, because there were

relatively high readings at AQ3 during FY90., It is also possibie that the Basin F area may have
contributed slightly to the impacts at AQ3.

4.7.6 SYOC NONTARGET ANALYTE RESULTS

A total of 36 SVOC polyurethane foam (PUF) samples were collected for FY90 under the CMP at
Rocky Mountain Arsenal. The samples were analyzed by two laboratories, Environmental Science
and Engineering in Denver (ESE/D) and MidWest Research Institute (MRI). Table 4.7-11 presents
a listing of the nontarget SYOCs detected at the CMP monitoring sites. The table includes the number
of detections for compound groupings such as alkanes, carboxylic acids, and unknowns. Chemical
groupings were chosen from the laboratory’s findings for discussion as they best represent the types
of compounds detected rather than specific identifications. ESE/D and MRI identified all peaks that
were greater than 10 percent ol the internal standard area as nontargets and ranked them according
to estimated concentration. ESE/D reported the top 10 detections, while MRI reported all nontarget
detections greater than 10 percent of the internal standard area.
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Table 4.7-10 Combined Seasonal Organochlorine Pesticide (OCP) Concentrations (in ug/m3)

Fall Aldrin Chiordane  Dieldrin Endrin  Isodrin PPDDE! PPDDT?
AVERAGZ

Fall AQl 0.00102 0.00028 0.00052 0.00038 0.00035 b 0.00036
AQ3 0.00625 . 0.00137 0.00089 0.00061 . d
AQSE 0.00136 0.00032 0.00060 0.006042 0.00036 * 0.00039
AQSF 0.00161 . 0.00063 0.060042 0.00034 * .

Winter AQl * 0.00025 0.00032 0.00030 . * 0.00027
AQ3 . 0.00025 0.00032 * v . .
AQSE . 0.00027 0.00029 * - * *
AQSF . 0.00026 0.00028 s . . ¢.00030

Spring AQl 0.00028 0.00026 0.00038 * - . *
AQ3 * 0.00029 0.00086 v * * 0.00031
AQ5E * 0.00027 0.00039 * * * *
AQSF . 0.00030 0.00038 * . . *

Summer AQI 0.00040 0.00040 0.00073 0.00043 0.00023 0.00046 0.00052
AQ3 0.00104 0.00054 0.00160 0.00076 0.00026 * 0.00035
AQSE 0.00047 0.00036 0.00100 0.00063 0.00025 0.00031  0.00049
AQSF 0.00064 0.00032 0.00067 0.00038 * * *

24-HOUR MAXIMUM

Fall AQl 0.00659 0.00037 0.00153 0.00087 0.00093 . 0.00083
AQ3 0.02898 * 0.00607 0.00259 0.00242 * *
AQS5E 0.00945 0.00048 0.00278 0.00131 0.00078 . 0.00081
AQSF 0.00938 * 0.00268 0.00124 0.00065 . hd

Winter AQl * 0.00033 0.00143 0.00112 * * 0.00038
AQ3 * 0.00034 0.00094 * * . *
AQSE * 0.00037 0.00058 * * * *
AQSF . 0.00033 0.00049 . * * 0.00057

Spring AQl 0.00036 0.00041 ¢.001423 * * * *
AQ3 * 0.00044 0.00360 * * * 0.00058
AQSE * 0.00036 0.00084 * * . *
AQSF * 0.00035 0.00086 . * * «

Summer AQIl 0.00428 0.00149 0.00619 0.00264 0.00051 0.00576  0.00467
AQ3 0.00673 0.00286 0.00559 0.00406 0.00072 * 0.00116
AQSE 0.00394 0.00120 0.00738 0.00459 0.00041 0.00231 0.00503
AQSF 0.00341 0.00097 0.00251 0.00122 * . *

* Al values below CRL

| PEDDE = Dichlorodiphenylethane

2 PPDDT = Dichlorodiphenyltrichloroethane
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The number of observed nontargets totaled 314 for the 36 environmental samples. Two thirds of the
nontargets (202) were considered by the laboratories as having less than an 80 percent match with
spectra found in the Mational Bureau of Standards Spectral Library, and were placed in the unknown
category. There were 42 detections of simple alkanes that are more commonly known as
hydrocarbons, which accounted for 40 percent of the compounds that could be identified. Carboxylic
acid detections numbered 14 and comprised approximately 10 percent of the total nontargets that were

ciassified.

Two groups are assnciated with common contaminants either as ubiquitous in the environment,
phthalates, or as laboratory contaminants, extra analytical surrogates. Additionally, there is
documentation that the analysis of the PUF displays breakdown products from the PUF itself. These
observations have been made by Hunt et al. (1986). Compounds such as phenol, an organic acid,
diisocyanates, amines, and ar oxygenated hydrocatbon have been associated with this type of

sampling media. These groups were detected as nontargets in the environmental samples.

The rest of the grouping detections totaled nine or less each and included the groups chlorinated
hydrocarbons, iron--containing hydrocarbens, xetones, and polynuclear aromatic compounds. Each

of these groups comprised less than 10 jercent of the total nontargets that were identified.

A summary of the blank nontaiget results (excluding laboratory method vlan's) is listed in Table
4.7-12. Most of the detections {43) fell within the unknown group, while the others encompassed all
the came PUF media interferences described above by Hunt et al. (1986). Results from the blank
analyses 1dicate that certain nontargets observed in the environmental samples are directly related

fu the PUF sampling media and shcld not bo considered as environmental nontargets.

- 316 -
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