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(XCONTINUED OFFPOST GROUND WATER MONITORING PROGRAM

(REVISION II-360* MONITORING PROGRAM)

ROCKY MOUNTAIN ARSENAL

HISTORICAL 360* PROGRAM

In May of 1975, two water sampling plans were initiated at Rocky Mountain

Arsenal (RMA). One plan was in response to a series of lawsuits against

RMA and Shell Chemical Company (Shell) by residents north of RMA

complaining of contaminated domestic water supplies. The other plan was

in response to a Cease and Desist Order issued by the State of Colorado

ordering that RMA and Shell stop contaminating Colorado state waters.

Two months later, these two plans were consolidated into one, resulting

in the establishment of 42 sampling sites on and off RMA. These combined

sampling plans were designated the original 360* Program.

The design and implementation of this sampling scheme was carried out in

coordination with the Project Manager Chemical Demilitarization

Installation Restoration (PM-CDIR) and with the cooperation of Shell and

the Colorado Department of Health (CDH). It was intended that these 42
sites would be sampled on a monthly basis for the 15 parameters shown in

Table I.

In October 1975, the CDH detected the presence of organic solvents and

phthalate esters in isolated well water samples. The discovery of these

organic compounds in well samples led to a major shift in the water

quality monitoring program. It was felt that because these newly

detected compounds are associated with materials available to the public,

these contaminants detected in ground water from RMA could come from

sources off RHA. The initial sampling program was restricted to the

central and northen part of RMA, as well as offpost to the north. In

order for RIA to unequivocally declare what had been contributed to

ground water contamination, the antecedent water quality flowing on to

RMA had to be determined. A program was developed to monitor water well

and surface water sites including the RMA and offpost sites to the north

and west of the RMA perimeter. This program is currently referred to as

the Revison 1-360* Program.
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Table 1. Original 360" Program Analytical Schedule

Reported Lower Level
Analyte or Range of Values Units

DIMP 10 pg/I

DCPD '30 pg/i

DBCP 0.2 pg/I

Calcium 0.2 mg/(

Chloride 20 mg/I

Fluoride 0.2 mg/L

Hardness (Total) 20 mg/I

Alkalinity (Total) 10 mg/I

Potassium 2.0 mg/i

Magnesium 0.5 mg/I

Sodium 20 mg/i

Nitrate (Total) 0.5 mg/l

Sulfate 50 mg/l

pH 0-14 units

Specific Conductance 0-10,000 pmhos/cm

Source: ESE, 1964.

2
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The Revision 1-3600 Program, initiated in January 1976, included 124

surface water sites and ground water monitoring wells on or adjacent to

RMA, and 24 private wells and 5 offpost surface water sites selected by

the Tri-County District Health Department (TCDHD). Water samples from

onpost wells were collected monthly and analyses were performed by CDH

and Shell, as well as RMA. The offpost samples were collected quarterly

and analyzed by all three parties for the same parameters as onpost

sites.

Another revision of this program was instituted in November 1976, after a

project review indicated that the sampling methods used required better

quality control (QC). For many of the wells in use under the original

program, the bore logs were incomplete and in some cases wells were not

properly maintained. In other instances, sampling wells were so close to

each other as to be redundant.

This new program, identified as the Revision II-360* Program, required

55 well sites and 12 surface water sites on RMA to be sampled and

analyzed by the Army on a quarterly basis. Eleven monitoring wells,

designated the Army OP-series wells, are located outside the RNA boundary

and were also sampled by the Army. The 24 privately-owned wells and

offpost surface water sites sampled by TCDHD, and analyzed by CD! and the

Army, remained the same. Wells included in the offpost portion of the

Revision II-360* Program are listed in Table 2.

Since the closing of Shell's facilities at RMA, the Army, She1 .l, CDH, and

TCDHD have assumed responsibility for carrying out the tasks of sampling

and analysis. The Army has been responsible for program management, data

management, program review and data evaluation.

REVISED MONITORING PROGRAM

A consumptive use sampling program was implemented during the period of

December 1984 through January 1985. This Consumptive Use-Phase I

sampling effort involved collection of 117 samples from existing wells

completed in both alluvial and bedrock aquifers, as shown in Figure 1.

Subsequently, a Consumptive Use-Phase 11 Program was developed for the

3
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Table 2. Offpost Revision II-360' Program Wells (Page I of 3)

Identification Owner
Number Address Location

IV Gerald Sitzman TIS, R66V, 519
13990 E. 13bch St.

VI Victor Amdahl TIS, R66W, S20
16291 E. 136th St.

VIII Tom Whitmill TIS, R67W, S36
12240 Peoria

XlI Jack Salthouse TIS, R67W, Si
12201 E. 120th

XIX Paul Harrison TIS, R67W, S34
10371 E. 123rd Ave.

XX Suburban Gravel T2S, R67W, S3
11721 Brighton

XXI G. P. Murray T2S, R67W, S11
11010 Havana

XXIV Robert Redding TIS, R66W, 531
12600 N. Sable

XXVIII Denver Products T2S, R67W, S16
Terminal

8581 E. 96th

XXXII Sam Dean T2S, R67W, S28
8610 Verbena

LIIII-B Thomas Smaldone T2S, R67W, 513
9610 Peoria

LIV Thomas Smaldone T2S, R67W, S13
9610 Peoria

LV Jessie Powers T2S, R67W, S15
9339 E. 96th

LVII OM & H Cattle T2S, R67W, S12
10700 Peoria #1

LVIII Wilbert Wagoner TIS, R67W, S26
11810 E. 136th

4
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Table 2. Offpost Revision 11-360* Program Wells (Page 2 of 3)

Identification Owner
Number Address Location

LVIX Hr. Donate T2S, R67W, S12
12930 Z. 104th

LXIII Mr. Kallsen T2S, R67W, S5
11850 Chambers

LXIV Mr. Murata TIS, R67W, S4
14151 Potomac

C S.A.C.W.S.D. T2S, R67W, S28
84th & Quebec

CI Richard Strab T2S, R67W, S28
7711 E. 8$lt Ave

CII Albert Amedor, Jr. T2S, R67W, 928
7425 E. 86th Ave.

CIII Owner Unknown T21, R67W, S29
8340 Pontiac

CIV Owner Unknovn T25. R67W, S28
8356 Syracuje

BOLLER Industrial Realty Corp. T2S, R67W. 912
105th & Hvy 2

OP 304 Army T2S, 467W. 314
37304

OP 305 Army T2S, 167W. S I
37305

OF 306 Army T2S, 167W, 914/23
37306 Boundary

OP 307 Army T2S. R67W. S14/23
37307 Poundary

OP 308 Army T2S, R67W, S13
37108

OP 309 Army T2S, R67W, 514/13
37309 Boundary

e5
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Table 2. Offposc Revision I1-360* Program Wells (Page 3 of 3)

Identification Ovner
Number Address Location

OP 310 Army T2S, R67W, S14/13
37310 Boundary

OP 311 Army T2S, R67W, S13
37311

OP 312 Army T2S, 967W, 913/34
37312

OP 313 Army T2S, 167W, S14
31313

OP 58 Army T2S, R67W, S14
37058

Source: ESE, 1985.

t6
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area determined to be most contaminated. Samples were collected from an

additional 40 eisting alluvial and bedrock veils during September and

October 1985, as shown in Figure 2.

The Consumptive Use ground water sampling efforts have re*ined

understanding of potential contaminant migration pathways and have

emphasized a number of deficienuies in the earlier monitoring programs.

Areal coverage hydraulically dovngradient of RMA during the Revision It-

360* Program was relatively sparse, and the private veils sampled often

lacked appropriate well construction dats. Well depth, screened

interval, and 3quifer characteristics were unavailable for most private

wells. In addition, the Consumptive Use sampling results have indicated

the presence of compounds previously not determined during the earlier

Revision 11-360* Program.

As a result, a revised offpost ground water monitoring program has been

developed, and is referred to as the Revision I1t-360' Program. Sampling

locations for the Revision I1i-360° Program are presented in Plate 1.

Twenty-nine new monitoring veils have been installed throughout the study

area. Special emphasis has been placed on delineating contaminant

migration pathways associated with zones of enhanced permeabilit7 (coarse

paleochannels) within the alluvial aquifer. These monitoring wells will

provide additional stracigraphic and hydrologic characterization of the

alluvial and bedrock aquifers, and will serve as the nucleus of the

revised ground water quality monitoring program. An expanded suite of

analytical parameters has also been developed to further delineate

contaminant distributions.

In order to provide continuity with historical monitoring programs, ten

Revision 11-360* Program wells (Privately-.;wned and OP-Series) and four

Army Offpost monitor wells (H-Series) wer" setected to supplement the 29

Offpost Contamination Assessment Program (Offpost CA E-Series) monitoring

wells recently completed in the offpost study area (Plate :1. Together,

theoe 43 wells will comprise a ground water monitoring network ",t be

sampled on a quarterly basis and analyzed for the parameters listed in

Table 3.

8
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Table 3. Analytical Parameters-Revision 1II 360' Monitoring Program

Aldrin Chloride
Endrin Fluoride
Dieldrin Cadmium*
Isodrin Chromium*
HCCPD* Copper*
p, p-DDT* Lead*
p,p'-DDE* Zinc*
DBCP Mercury*
DCPD Arsenic*
MIBK* Calcium*
DIMP Magnesium*
lHMP* Sodium
PCPMS Potassium*
PCPMSO Nitrate*
PCPMS02 Nitrite*
Dithiane Sulfate*
Oxathiane Alkalinity*
Toluene Conductivity
Benzeno pH
Xylen. (o-,p-)
Xylene (a-)
Ethylbmnzene*
Chlorobenzeno
Methylene chloride*
Chloroform
Carbon Tetrachloride
1,2-Dichloroethylene
Trichloroethylene (TCa)
Tatrachloroethylene
I,1-Dichloroethylene*
1,l-Dichloroethane*
1,2-Dichloroethane*
1,1,l-Trichloroethane*
1,1,2-Trichloroethane*

* Parameters added after First Quarter Sampling.

Source: ESE, 1985.

10
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The Revision II-360* Program wells were selected on the basis of:

o Areal distribution;

o Well completion;

o Lithology;

o Observed contamination; and

o Historical record.

Further discussion of the selection criteria for incorporating 14 wells

from previous programs is provided below. The locations of these wells

are plotted in Figure 3. Existing well construction details are provided

in Table 4. Historical data for the 360" Progra' wells included in the

monitoring network are listed in Appendix A.

ARMY OFFPOST MONITORING WELLS - (OF SERIES)

Army wells OP305, OP307, OP308, OP309, OP312, and 0P313 were selected for

, incorporation into the Revision 1II-360" Program to allow

Scharacterization of variabl: Sround water quality along a primary

migration pathway. These wells are completed in the alluvial aquifer and

have exhibited varying degrees of contamination during past sampling

efforts. Well construction and lithologic details are available and are

presented in Table 4. Six of the ten OP Series wells sampled during the

Phase I Consumptive Use Study will be included in the Revision IlI

monitoring network. These six CP wells were selected on the basis of

their areal distribution with respect to Offpost CA monitoring wells and

the contaminant concentrations detected during the Consumptive Use-

Phase I sampling program.

ARMY OFFFOST MONITORING WELLS - (M-SERIES)

Although the Army well M-Series were not sampled historically as part of

the 360' Program, four wells were selected for inclusion in the

Revision III Monitoring Program based on areal location and construction.

These wells are located in areas of insufficient data, and are required

to further characterize migration of contaminants in Sections 12, 13,

and 22. Well 37320 is completed in the alluvial aquifer along a chaniz1

in the bedrock surface which is suspected to provide a primary pithway

1
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for migrating contaminants. Wells 37332, 37333, and 37335 are completed

in0a similar channel which has historically been reported as a migration

pathway.

PRIVATELY OWNED CONSUMPTIVE USE WELLS

Well CIII was selected to provide supplemental data to assist in

identifying potential contamination from chlorinated aliphatic solvents

in the Irondale area. Samples collected from this well during the

Consumptive Use-Phase I sampling effort contained a concentration of

trichloroethylene slightly above the detection limit (3 pg/I).

Construction details and lithology were obtained from the Colorado State

Engineer's Office.

Well XII was selected in order to extend the area of monitoring coverage

to the north. Samples collected from this well during the Consumptive

Use-Phase I sampling effort indicated the absence of organic

contaminants. Construction details were obtained from the Colorado State

Engineer's Office.

Wells XXI and Boller were selected in order to continue their historical

water quality data base. Information on construction of these two wells

is unavailable, although they appear to be completed in the alluival

aquifer. Both wells, XXI and Boller, are located near Offpost CA

monitoring wells. A large historical data base exists for these two

wells, and continued monitoring will allow comparison of future

analytical data to historic sampling data obtained during the previous

360" Program.

OFFPOST CONTAMINATION ASSESSMENT MONITORING WELLS - (E-SERIES)

Of the 29 new monitoring wells, 28 were installed between September 1985"

and November 1985. The final well, E-24 will be installed in January

1986. Installation was performed according to the Offpost Contamination

Assessment Technical Plan (ESE, 1985b).

Rationale for each of the 29 monitoring wells is discussed in detail in

Section 3.2.1 of the Technical Plan. Several program adjustments were

14
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amde to the proposed plan as a result of conditions encountered during

drilling. Two planned wells, E-2 and E-14, were abandoned because

saturated alluvium was not present overlying local bedrock highs at the

planned locations. One additional well, E-31, was installed in order to

compensate for the two wells not completed. In addition, minor

adjustments were made in the planned locations of many of the wells as a

result of site access problems, utility rights-of-way considerations, and

addi:ional information provided by the SACWSD.

Boreholes for well installation in the alluvial aquifer were drilled

using hollow-stem auger drilling techniques. Split-spoon soil samples

were collected continuously from the surface to a depth of 3 meters (m),

and subsequently at 1.5 m intervals or at major lithologic changes until

bedrock refusal. In the boreholes for Wells E-23 and E-26, the presence

of cobbles and formation collapse made hollow-stem drilling techniques

impossible. Soreholes were advanced by rotary drilling and driving

8-inch (in) ID welded steel casing to prevent the borehole from

collapsing. Soil samples were collected in these boreholes as described

above for the hollow-stem auger borings.

For monitoring Well E-24, which was installed in the Denver Formation,

the borehole was advanced to bedrock by rotary drilling and driving

casing. The bedrock was drilled with a diamond-bit core barrel to

provide continuous core samples of the Denver Formation, after which the

borehole was reamed to a diameter of 8-in to the completion depth.

Offpost CA monitoring wells were constructed using 4-in ID Schedule 40

PVC screen and casing. Screened intervals of alluvial wells extended

through the entire saturated thickness above bedrock. The screened

interval of Well E-24 encompasses the entire saturated thickness of the

first transmissive water bearing unit encountered in the Denver

Formation. Well construction details are illustrated on Figures 4 and 5.

Wells were constructed using PVC screens with 0.020-in slots (20-slot).

The annular space surrounding the screen was sand-packed with 10 to 20

mesh silica sand. Locations of the Offpost CA monitoring wells are

plotted in Figure 6, and construction details for individual wells are

listed in Table 5.

15
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tI order to further characterize the aquifers in the offpost area, a

program of borehole geophysics and aquifer testing will be undertaken at

each Offpost CA monitoring well. Geophysical logs will be run in each of

the Offpost CA monitoring wells. Natural gamma, neutron, and resistivity

logs will provide important stratigraphic information regarding the

locations of sands and clays, saturated horizons and porous intervals.

In-situ hydraulic conductivity tests (slug tests) viii be performed in

all Offpost CA monitoring wells. In a slug test, the water level in a

well is lowered or raised essentially instantaneously by adding or

removing a known volume of water or inserting or removing a cylinder of

known volume. Changes of water level with time are then measured as the

well recovers to equilibrium. Water levels will be recorded by use of

electronic instrumentation to accurately measure rapid changes. Data

from the slug tests will be evaluated using analytical procedures that

allow the field conditions to be approximated to the maximum possible

* extent. These conditions are discussed in detail in the Technical Plan.

Hydraulic conductivities calculated from slug test data will be compared

to the values determined from grain size analyses and labr".tory

permeability tests.

SURFACE WATER AND STREAM SED14ENT SAMPLE STATIONS

During the Revision 11-360' Program, offpost surface water samples were

collected north of RHA at four locations on First Creek and one location

on Second Creek as shown in Figure 7. The network of surface water

sampling stations has been expanded to provide a comprehensive assessment

of potential contaminants within the offpost study ares. Locations of

the It Revision Ii1-360" Program surface water and stream stdimont sample

stations are shown in Figure 8. The Revision III sample locstions and

rationale for selecting these stations are discussed in Section 5.1 of

the Technical Plan (ESE, 1985). Flow measuromont and sample collection

techniques are described in Sections 5.2 And 5.3 of the Technical Plan.

S
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ESE, Inc., 1985a, Rocky Mountain Arsenal Offpost Assessment-Grourt
Water Quality Report for Sampling Period December 1984 through
January 1985.

ESE, Inc., 1985b, Rocky Mountain Arsenal Offpost Contamination Assessment
Technical Plan.

ESE, Inc., 1986, Rocky Mountain Arsenal Offpost Assessment-Ground
Water Quality Report (Consumptive Use-Phase I1) for Sampling Period
September 1985 through October 1985.
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