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SOURCE 36-17:  COMPLEX DISPOSAL ACTIVITY 

1.0 PHYSICAL SETTING 

1.1 LOCATION 

This source is characterized by a variety of disposal practices in 

numerous areas with overlapping boundaries and imprecise history.  This 

site contains both a northern and southern section and is approximately 

107 acres in size (Figure 36-17-la and 36-17-lb).  For the most part 

disposal of solid wastes in trenches and pits has occurred. The 

following information has been obtained for Source 36-17: 

Estimated Areal Extent = 4,685,000 ft2 

Estimated Vertical Extent = 15 ft 

Estimated Volume = 2,603,000 yd3 (RMACCPMT, 1984) 

Revised Areal Extent = 4,181,000 ft2 

As a result of program changes the areal extent of Source 36-17 was 

revised.  Program changes include, reduction of the scale of investigation 

at Sources 36-9 and 36-16 which are both contained within Source 36-17.N. 

Sources 36-9 and 36-16 were categorized as an Incendiary and Munitions 

Test Site and an Incendiary Burn Site, respectively. Both sources were 

believed to have resulted from Army activities.  During Phase I, these 

sources were considered part of Source 36-17.  The southern portion of 

Source 36-17 was reduced in extent due to the expansion of Source 36-3. 

The revised Source 36-17 areal extent is cited above. Evidence of 

disposal activities is clearly visible within this site. Two open 

trenches exist in Source 36-17N. Broken vials and other debris are found 

in Source 36-17S, just south of Source 36-3 in what has been referred to 

as the "baby bottle area".  Views north and west for Source 36-17N and 

northwest and southwest for Source 36-17S are shown in photographs in 

Appendix 36-17-A. 

1.2 GEOLOGY 

This source, located in the eastern half of Section 36, is divided into a 

northern and' southern sector and extends almost the entire length of 

36-17-1 
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Figure 36-17-1 b 
SOURCE 36-17S, PHASE I INVESTIGATION 
BORING LOCATION MAP 
RMA, SECTION 36 
SOURCE: ESE, 1986   

Prepared for: 
U.S. Army Program Manager's Office 
For Rocky Mountain Arsenal 
Aberdeen Proving Ground, Maryland 

36-17-3 



RMA36PHII-D.3/36-17.2 
04/30/86 

Section 36.  The.center of Source 36-17N sits on a bedrock high. 

Alluvial thickness beneath this site was reported at 20 to 30 ft, with 

the thickest alluvium closest to Basin A.  This alluvium is largely silty 

sand. The underlying Denver Formation consists of interbedded clays, 

silty sand, and organic rich clays. Ground water flow is generally to 

the north/northwest. 

Alluvium thickness in Source 36-17S -was also reported at 20 to 30 ft, but 

the alluvium consists of interbedded clays and silty sands.  The Denver 

Formation, as in most locations, consists of interbedded silts, silty 

sands, clays, and organic rich clays. 

The Phase I boring program results indicate that the source is underlain 

by alluvial materials consisting of interbedded silts and silty sands. 

These materials were encountered to the depths explored in Source 36-17S, 

however, bedrock was encountered beneath Source 36-17N at depths ranging 

from 11 to 17.5 ft.  Boring logs representative of Source 36-17 are 

presented in'Figures 36-17-2 and 36-17-3. 

1.3 HYDROLOGY 

Surface waters from Source 36-17N may drain towards Basin A in the west 

and towards First Creek in the eastern portion.  Surface waters from 

Source 36-17S drain northeastward towards First Creek from most of this 

site. Ground water, flow is generally to the north. 

The water table was encountered in eight borings, seven of which were 

located in Source 36-17S.  A summary of the depth to water table and 

estimated water table elevations is presented below: 

36-17-4 
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Figure 36-17-2 
FIELD BORING PROFILE FOR 
BORING 3067 
SOURCE: ESE, 1986 

Prepared fon 
U.S. Army Program Manager's Office 
For Rocky Mountain Arsenal 
Aberdeen Proving Ground, Maryland 
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Figure 36-17-3 
FIELD BORING PROFILE FOR 
BORING 3083 
SOURCE: ESE, 1986 

Prepared for: 
U.S. Army Program Manager's Office 
For Rocky Mountain Arsenal 
Aberdeen Proving Ground, Maryland 
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Depth to 

Boriti fi Wat er (ft) 

3084 (36- -17N) 14.5 

3090 4.5 

3092 4.0 

3093 6.0 

3094 4.0 

3095 4.6 

3097 4.0 

3098 4.5 

3099 4.0 

Rounded to nearest 0.5 ft 

Estimated Ground 

Water Elevation* 

5229.0 

5235.0 

5237.5 

5236.0 

5239.0 

5237.0 

-5241.0 

5244.0 

5243.5 

The estimated ground water elevations were determined using unstabilized 

water levels and the top of boring elevations.  The data presented is in 

general conformance with the projections presented in the Task 1 

Technical Plan. 

Ponded surface water was observed directly east of Boring 3077 and south 

of Boring 3076.  At the time of drilling there were no signs of the 

source of this water, however, there is a light northwest trending 

drainage that enters the area. 
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2.0 HISTORY 

Disposal activity in this area was observed in the first aerial 

photograph of Section 36, dated 1948.  Activity in this source area 

continued from this date through 1975. On the 1948 photo several 

disposal activities have been observed.  In the northern portion of 

Source 36-17 a large bare area existed, but only two trenches were 

visible.  In the center of this northern portion of Source 36-17, 

disturbances showed the existence of eight to twelve trenches.  A portion 

of this area was used for burial of M-17 incendiary devices.  The 

southern portion of this source remained undisturbed with the. exception 

of activity within the Source 36-3 area where insecticides were being 

disposed. 

The 1950 aerial photograph showed no new activity in the southern portion 

of this source and minimal activity in the northern portion.  The site, 

which appeared to contain most of the trenches in 1948, appeared to be 

completely disturbed.  The central area of the northern portion of 

Source 36-17 contained four round pits and four irregular dark patches 

which were former pools or spills. 

The 1953 aerial photo showed increased trenching activity in the northern 

sector. One new pit and fifteen new trenches appeared in the north- 

northwest portion of this sector. At least two new trenches were added 

in the central portion of.the northern sector of Source 36-17.  Two new 

disturbed areas were also visible in the northern part of the southern 

sector. 

The 1958 photograph showed no new activity in the southern sector, but 

many new trenches in the northern sector of Source 36-17.  At least six 

new pits and fourteen new trenches appeared mostly concentrated along the 

western portion of this source, close to the Basin A high water mark. 

One large pit and several bare spots also appeared in the western portion 

of Source 36-17. The 1962 photo showed the addition of eleven new 

trenches and six new pits in Source 36-17N. 

36-17-8 
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The 1975 photo showed new activities occurred in areas already occupied 

by previous trenches and pits.  Therefore, old sites were covered and new 

ones were cut on a fairly routine basis.  In general, half of the new 

trenches (about 20 trenches and several pits) in Source 36-17N were 

further east than the trenches apparent in the 1962 photo. 

Source 36-9 was used for the testing and disposal of incendiary 

munitions.  These munitions were reportedly ignited on the ground surface 

and in shallow trenches.  Following burning the trenches were backfilled. 

The 1948 aerial photo shows activity at this site but no new activity was 

observed from 1950.  Source 36-16 was also a primary disposal area for 

incendiary munitions. Many trenches and pits were observed in aerial 

photographs from 1948 through 1975. 

36-17-9 
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3.0 EXTENT OF  CONTAMINATION 

3.1 SOIL 

3.1.1 Previous Soils Investigations 

This area did not appear to be used for pesticide disposal, based on 

chemical analysis of soil samples collected under the OTSG Program. 

Contaminants found in relatively high concentrations were copper, zinc, 

arsenic, and mercury. No detectable pesticides were found in soils 

collected from a borehole to a depth of 17 ft.  However, this single 

sample point does not ensure that pesticide disposal did not occur in 

this source. 

3.1.2 Phase I Contamination Survey 

3.1.2.1  Phase I Soil Boring Program ' 

The source boundaries of Source 36-17 have been slightly modified as the 

result of aerial photograph interpretation and field observations 

resulting in a revised source areal extent of 4,181,000 ft2.  Based on a 

borehole spacing of 150 ft, a total of 46 Phase I borings were completed. 

Boreholes ranged in depth from 5 to 23.5 ft.  A borehole location map is 

presented in Figure 36-17-la and 36-17-lb. 

Prior to commencing drilling operations, all boring locations were 

cleared in accordance with the surface geophysics program detailed in the 

Task 1 Technical Plan.  A grid, 20 feet on a side was set up at each 

boring location and gradiometer readings were obtained at a spacing of 

5 ft throughout the grid area.  These data were used to produce contour 

plots of the vertical magnetic gradient. Based on the contour plots the 

boring was relocated elsewhere within the grid or left in its original 

location. A metal detector was then employed to determine if any metal 

was present in the near surface soils (0 to 2 ft) within 5 ft of the 

boring locations.  If metal was detected the boring was relocated again 

and the process repeated until satisfactory results were obtained. 

The geophysics program results for Source 36-17S did not indicate the 

presence of buried metal at any borehole locations. Both the gradiometer 

survey and metal detector scans were negative for buried metal. 

36-17-10 
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A total of five borings (3065, 3070, 3074, 3075, and 3086) in Source 

36-17N were relocated due to potential buried metal identified by the 

geophysical program. Two boreholes (3065 and 3070) were relocated due to 

anomalies present (indicative of buried metal) in the magnetic gradient 

plots (Figures 36-17-4 and 36-17-5).  The remaining three borings were 

relocated due to the metal detector scans. The contour plots of 

Boreholes 3075, 3083, and 3086, as shown in Figures 36-17-6 to 

36-17-8, display anomalies indicative of buried metal. However, these 

borings did require relocation due to the anomalies, because of their 

spacial relationship. s 

The sampling program at Source 36-17 consisted of 99 samples distributed 

as shown in Table 36-17-1.  All samples were obtained using the drill rig 

and continuous coring method as described in the Task 1 Technical Plan. 

As explained therein, predetermined sampling intervals were established 

every 5 ft beginning with a 0 to 1 ft sample.  In some cases field 

conditions such as obstructions or water table position forced some 

adjustment in these intervals.  Extra samples were taken (Intervals 

X, Y, or Z) when the soil column exhibited visual anomalies. 

The Y interval at Boring 3086, for instance, was taken between the 

predetermined A and B intervals in an area where the soil column showed 

visual evidence of residue from burning. The chemical analysis confirmed 

this was probably the bottom of a burning pit for munitions disposal. 

All samples were subjected to analysis by GC/MS for semi-volatile 

organics, an ICP metals screen, and separate analyses for Hg, As, and 

DBCP.  GC/MS analysis for volatile organics was performed on the deeper 

samples from selected borings. 

3.1.2.2 Phase I Geophysical Investigations 

Based on the complex disposal history and large areal extent of Source 

36-17, a limited Phase I geophysical investigation was performed. The 

purpose of the investigation was to further define the approximate 

location and boundaries of the disposal trenches constructed in this 

source. Due to the lack of existing surficial evidence indicating the 

location of disposal trenches and pits, geophysical techniques were 

36-17-11 
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Table 36-17-1 Sampling Intervals and Analytical Parameters for 
Source 36-17 (Page 1 of 2) 

Sample Interval (ft) Analytical 

Bore Number A B C        D E Parameters 

3059 0-1 4-5 —       — — * 

3060 0-1 4-5 — — * 

3061 0-1 4-5 — — * 

3062 0-1 4-5 — 
\ 

* 

3063 0-1 4-5 — * 

3064 0-1 4-5 — — * 

3065 0-1 4-5 9-10   12-13(Z) — * 

3066 0-1 4-5 — — * 

3067 0-1 4-5 9-10   14-15 19-20 *;** (E) 

3068 0-1 4-5 — — * 

3069 0-1 4-5 9-10   14-15 — * 

3070 0-1 4-5 — — * 

3071 0-1 4-5 — — * 

3072 0-1 4-5 — — * 

3073 0-1 4-5 — — * 

3074 0-1 4-5 — — * 

3075 0-1 4-5 — — * 

3076 0-1 4-5 — — * 

3077 0-1 4-5 — — * 

3078 0-1 4-5 — — * 

3079 0-1 4-5 — ~ * 

3080 0-1 4-5 9-10   14-15 — *;** (C,E 

3081 0-1 4-5 — — * 

3082 0-1 4-5 — — * 

3083 0-1 4-5 9-10   14-15 19-20 *;** (E) 

3084 0-1 4-5 9-10   14-15 — *;** (C,I 

3085 0-1 4-5 — — * 

3086 0-1 4-5 2-3(Y) — * 

3087 0-1 4-5 — — * 
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Table 36-17-1. Sampling Intervals and Analytical Parameters for 
Source 36-17 (Continued, Page 2 of 2) 

Sample Interval (ft)    Analytical 
C       D       E   Parameters 

* 

* 

* 

* 

*;** (B) 

* 

* 

* 

■ * 

* 

* 

* 

* 

Bore Number A B 

3088 0-1 4-5 

3089 0-1 4-5 

3091 0-1 4-5 

3095 0-1 4-5 

3096 0-1 . 4-5 

3097 0-1 4-5 

3098 0-1 4-5 

3099 0-1 4-5 

3100 0-1 4-5 

3101 0-1 4-5 

3102 0-1 4-5 

3103 0-1 4-5 

3104 0-1 4-5 

*   Semi-volatile organics, DBCP, ICP Metals, Arsenic, Mercury 
(in all intervals). 

**  Volatile Organics (in'Intervals Indicated Only). 
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Figure 36-17-4 
CONTOUR PLOT OF VERTICAL MAGNETIC 
GRADIENT BORING 3065 

SOURCE: HLA, 1986 

Prepared for: 
U.S. Army Program Manager's Office 
For Rocky Mountain Arsenal 
Aberdeen Proving Ground, Maryland 
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Figure 36-17-5 
CONTOUR PLOT OF VERTICAL MAGNETIC 
GRADIENT BORING 3070 

SOURCE: HLA, 1986 

Prepared for: 
U.S. Army Program Manager's Office 
For Rocky Mountain Arsenal 
Aberdeen Proving Ground, Maryland 
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Figure 36-17-6 
CONTOUR PLOT OF VERTICAL MAGNETIC 
GRADIENT BORING 3075 
SOURCE: HLA, 1986 

Prepared for: 
U.S. Army Program Manager's Office 
For Rocky Mountain Arsenal 
Aberdeen Proving Ground, Maryland 
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Figure 36-17-7 
CONTOUR PLOT OF VERTICAL MAGNETIC 
GRADIENT BORING 3083 

SOURCE: HLA, 1986 

Prepared for: 
U.S. Army Program Manager's Office 
For Rocky Mountain Arsenal 
Aberdeen Proving Ground, Maryland 
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Figure 36-17-8 
CONTOUR PLOT OF VERTICAL MAGNETIC 
GRADIENT BORING 3086 

SOURCE: HLA, 1986 

Prepared for: 
U.S. Army Program Manager's Office 
For Rocky Mountain Arsenal 

Aberdeen Proving Ground, Maryland 
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deemed a more cost and time effective method of locating areas to be 

further investigated for the Phase II boring program. 

The Phase I geophysical investigation was performed over a 500 ft by 

200 ft area located at the northern boundary of Source 36-17N. 

Historical aerial photography indicates that this area was used 

extensively for disposal activities. 

The Phase I geophysical program employed two of the methods used in the 

Source 36-3 geophysical program. These methods were Electromagnetics 

(EM> and Vertical Electrical Soundings (VES). upon consideration of the 

results of the Source 36-3 investigation and time constraints, it was 

decided that a magnetometer survey would not be conducted at this time. 

EM data was collected along transects spaced at 5 ft intervals throughout 

the study area.  Strip chart recorders were utilized to provide 

continuous data along each transect.  Data was compiled and input into an 

IBM-PC which generated contour plots of the EM in-phase component 

(sensitive to ferrous and non-ferrous metal). 

A total of four VES soundings were performed within the Source 36-17N 

geophysical investigation area. VES soundings provide the electrical 

stratigraphy of the soils at the sounding location. 

A detailed discussion of the geophysical methods employed and respective 

theory are provided in the document titled "Geophysical Investigation of 

Source 36-3, 36-10 and 36-17". 

3.1.2.3 Phase I Field Observations 

Portions of the area contained within Source 36-17 are significantly 

disturbed.  There are distinct areas of severe vegetation stress along 

the boundary between Source 36-17 and Basin A.  Also, there is a large 

barren area immediately south of Source 36-3 which contains numerous 

small glass bottles and broken glass.  This area is surrounded by a small 

earthen berm approximately 1 ft high. 
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Trenches are still present in the north-central and southeast areas of 

Source 36-17N.  Boring 3086 penetrated the northern trench and the - 

southern is approximately 100 ft west of Boring 3063.  Other indicators 

of disposal activities in this source include: 

o   Large metal tanks (possibly reaction vessels) and dragline 

buckets are present on the surface 90 ft west of Borehole 3065; 

o   A sunken concrete cistern approximately 6 ft deep near Borehole 

3083; 

o   A large mound of construction debris located near the Basin A 

boundary in the vicinity of Borehole 3230; 

o   A shallow pit with metal debris is present southwest of 

Borehole 3084; and 

o   Surface debris (broken glass, wood and metal fragments, 

construction debris) scattered about the area. 

Air monitoring results varied significantly from Source 36-17N and 

36-17S. HNU reading taken in the borehole annulus of Source 36-17N 

boreholes (3059-3088) ranged from 1 to 14 ppm whereas those taken from 

Source 36-17S boreholes (3089-3104) ranged from 60 ppm to 500 ppm. 

Boreholes with readings greater than 50 ppm were: 3089 (500 ppm from 

0 to 1 ft, 400 ppm from 1 to 4 ft, 110 ppm from 4 to 5 ft); 3090 (400 ppm 

from 1 to 4 ft, 90 ppm from 4 to 5 ft); and 3099 (60 ppm from 1 to 4 ft 

and 4 to 5 ft). No above background readings were obtained "in the 

breathing zone. 

Field monitoring for chemical agents was negative at all locations. 

However, composite samples of Boreholes 3090, 3092, 3093, and 3094 sent 

to the RMA laboratory for agent screening were positive for mustard. 

These samples were delivered to RMA personnel for appropriate processing 

and disposal. 

3.1.2.4 Phase I Contaminant Levels and Distribution 

The northern portion of Source 36-17 appears to have been used almost 

exclusively for disposal and destruction of a variety of munitions. 

These munitions include bursters, bombs, bomblets, incendiary devices, WP 

grenades, neutralized GB, and other chemical-filled munitions.  Organic 
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contaminants expected in this source area included mustard, GB, Lewisite, 

and possibly surety materials other than the more common agents. UXO was 

also expected in some locations. 

The history of Source 36-17S is somewhat less clear.  The large 

devegetated area south of Source 36-3 shows evidence of surface or near 

surface disposal of numerous small glass vials. These could have been 

from field identification kits or laboratory operations. The area north 

of Source 36-3 was reportedly used for disposal of materials generated by 

mustard manufacturing.  Anticipated contaminants at this site were 

pesticides, agents, and possibly UXO. 

Analytical data for the Phase I boring program have been tabulated in 

Appendix 36-17-B.  A descriptive summary of these results is presented in 

Table 36-17-2.  Samples containing concentrations above detection limits 

are tabulated in Table 36-17-3 and significant values are displayed 

graphically in Figure 36-17-9a and 36-17-9b. 

Analysis of Source 36-17 Phase I soil samples indicated the presence of 

DBCP, organochlorine pesticides, and organosulfur compounds, and elevated 

arsenic, mercury, and metals concentrations.  Organochlorine pesticides 

observed include aldrin, dieldrin, endrin, DIMP, chlordane, and DBCP. 

Concentration range from slightly greater than the associated detection 

limits to some very high levels in isolated areas. 

All samples taken from this source were tested for presence of agents by 

the RMA laboratory which analyzed a composite of each days samples.  If 

positive readings were found, individual samples from each boring were 

analyzed to identify location.  Positive readings for mustard were found 

in Borings 3900, 3092, 3093, and 3094.  Samples from these boring were 

consequently not analyzed for other constituents. 

Compounds which were not part of the target list (unknowns) detected 

during the Phase I GC/MS analysis are included in the data file presented 

in Appendix 36-17-B. They are identified only as UNK123, where the three 
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A Cd 6.9 
Hg 0.36 
DOE 3 

B NO 
C ND 
D NO 
E Cu 22 

A Cu 27 
Pb 96 
Zn 110 
Hq 0.13 
DBCP 0.012 

Y Cd 9.6 
Cr 1400 
Cu 680 
Pb 7100 
Zn 12.000 
DBCP 0.11 

B Cd 12.6 
Cr 33 
Cu 170 
Pb 150 
Zn 2500 
Hq 1.2 
DBCP 0.14 

36-17N 

EXPLANATION 

3t. 9    Phase I Boring 

Contaminant 

Sampling —> A As          21 
Interval      B Hg          0.5 <r- 

C DBCP     0.07 
0 
b 

500 1000 feet 

SCALE 
NO   No Organics Above Detection Limits; 

No Elevated Metals. 

Figure 36-17-9a 
SOURCE 36-17S 
PHASE I CHEMICAL ANALYSIS 
SOURCE: ESE, 1986 

Prepared for: 
U.S. Army Program Manager's Office 
For Rocky Mountain Arsenal 
Aberdeen Proving Ground, Maryland 
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Sampling —> A 
Interval 

ND    No Organic» Above Detection Limits; 
No Elevated Metals. 

Figure 36-17-9b 
SOURCE 36-17S 
PHASE I CHEMICAL ANALYSIS 
SOURCE: ESE, 1986 

Prepared for: 
U.S. Army Program Manager's Office 
For Rocky Mountain Arsenal 
Aberdeen Proving Ground, Maryland 
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RMA36PHII-D.3/36-17.11 
04/30/86 

digit number is relative retention time.  Library searches were run 

against the unknowns, and an attempt at positive identification was made 

as summarized in Table 36-17-4. 

3.1.2.4 Phase I Contamination Assessment 

The pattern of contamination observed at Source 36-17N is generally 

consistent with the reported history as a trench disposal area. Many of 

the Phase I borings encountered little or no evidence of contamination. 

All borings east of a line between 3073 and 3066 were free of significant 

contamination. This could indicate the area was not used for trench 

disposal.  However, the data for 3086 and surrounding areas indicates 

this conclusion would be premature.  Boring 3186 exhibited visual 

staining in the column, and the chemical results show the highest levels 

of metals found in Section 36, in addition to some DBCP.  The surrounding 

holes exhibit little evidence of contamination.  This pattern illustrates 

that contamination within Source 36-17 is severe in isolated areas, but 

large portions of the area are probably uncontaminated. 

The deeper intervals of Borings 3067 and 3069 exhibit Cr, Cu, and Zn 

concentrations slightly above those seen elsewhere.  These levels are 

within the indicator ranges used as- representative of natural variations. 

This is regarded as indicative of the phenomenon discussed in the 

Executive. Summary of elevated metals levels in shales.  These deeper 

borings penetrated the Denver Formation, which has exhibited similar 

metals levels in other sources (Source 36-12). 

The portion of Source 36-17N adjacent to Basin A exhibits a pattern of 

pesticide contamination not seen in the remainder of the area. 

Pesticides including dieldrin, endrin, and DIMP are prevalent in Borings 

3077 and 3076, as they are in the adjacent Boring 3233 in Basin A. This 

would suggest a particular source of contamination in this area.  DIMP is 

not commonly found elsewhere in Basin A or Source 36-17N. 

36-17-33 



t» 

U4 
O. 

00 

0. 

u 
•*4 

c   c  c  c 
o  o o  o 

EQ    tQ    Q    to 
u   o  u   u 

c c c e 
tu 01 01 tu 

■3 ■3 •a T3 *w •^ •H • -4 

tU' OJ 0) tU > > > > 
u i-l 4-1 4-1 

• -4 ■ -4 • ■4 • »4 

en tn En tn 
O o O O 
o. a a o. 

o o o o 
z z z z 

C    O    U    U *-i 

CO    CO 
to   eo 

CO   —* 
Z   O 

JJ    0) 0) 0) 0! 0) OJ >» U    N N N N N N 
Ü Ä 3    —4 • •^ # • .J •** • <H •H 

f-< c c •a   ü o c O o U u 
(9 CO GO o — • H (5 • r4 • vl ■ i-t •M 

u  u 4-) r-4 U JJ i-l JJ 

J2 »a O.  CO (0 .a CO en CO CO 
■u 1     co to CO Q3 CO CO 
CO C c >,— c 
Z M S3   tU Cu o- 04 eu Cu 

on 00 
c e 

L u V tu 
U u > C > c 
3 3 0 ■-4 0 
U u JJ 4J •*4 

O u • -4 4-1 —4 u 
0 0 tn 15 tfi a 

0 U o u 
5>N >N a • -4 a •i-i 

1-4 44 U4 

1-4 1-4 o • -4 o *H 

a n Z J-l z 4J 

k> V4 C c 
3 3 - «1 - 01 
u 4J ^ ■a ^* •a 

c  u  u   tu 
cu  u   u   > 

> 0 O o u >% >s a • #4 >* a • r* 

4-1 f-4 .—< LUI l-H LU 

• •H P-1 r-* 0 •t»4 1-4 0 • *4 

CO CO CO z 4J CO z JJ 

o u 1- c l-i c 
a 3 3 « OJ 3 « 4) 

-u u •v JJ *o 
o co CO •H CO • ^ •r* 

z z z o Z o 

z z z z      z z zzzzz      ZZZZZ Z z z z 

•3 *3 -3 
c c  c 
3 3    3 
o o  o 

E   E E 

->V4J 
T3    Ui U u • 
C    to to to CJ 
3    t- U U tU 
O   J3 Xl -O -* 

U-l    —4 —4 —4 0) 
-H -• rt O 

ts "3 " 
O    O 
O    O 
00  Ofl 

O 
z : 

is 
o 

XI 

o -a 
c >> 
to -e 

o 
z 

e 
o 
z 

a. x 
E E 
a 3 
tn z 

c 
o 
u 

c 
3 w 
O 0) 
C X 
.* E 
C 3 

=> Z 

> JS 
il *J 1^ 
0)     CU 4J 

4J    J-l    4J X    J^ 

4J -4   -O O -O .44   13 o ■3 0 
10 •O  "H c u ■o •- XI • -4 X 

—4 tu  u J* a 0)   u 14 U V* 
to -J c  to c u p-4 C    to to to to 
a o tu 3 o 0 cu U     14 u 
j-> • -I 4-1      U V4 • -4 4J     O 0   01 u o 

1—1 -J £ •o 3 •-' C •o •3 3 -H i-i x; • -4 u 
0 to a 01 J=   0 o >N tu XI   o ■3    Ofl o •3 
c c 01 01 01 tu 01 c e J3 JZ c c t^'H c >, 
tu tu 4-1 4J 4J 4J 4J to —  to 14 to ft    to XI XI to XI 
u u to >» to to to to 4J >< o to c 4J c ^ u u 
tu <u l—l 4J 1-4 — -H --I 3 4-1     tU u 3 3 3 4-1     0) tu u tu 01 

•3 •D to a. to to to to n 3  "0 0 0 £> o 3  -D C   0 .■3 c 
a to X tu £ J= f J3 J3    to u c c JO    to 0) to OJ 
ij 4J 4-1 £ XJ 4J 4-J 4J n O    X ■3 Ji en a O    X ^     GO X Ä 
u o £ •H J3 s: £ tn   tu X c c m  tu 01 
o o Oi O &4 tu 04 04 •"4 >-<  X Z s ^4 => w   X •< u X < 

►1 Ot! 
U 
£ 

O 

o tn o CM o 

■tf nN^ 

o o o o 

co o o^ *tf" *3* r» 

0-4      -4       ooooo 

Cl   ^   ON  f4N  -^ 

ooooo -4    O   -I   O rt  O N 1*1   N 

en vo 

d d 

ON   -*   CM   <f   ON 
O  — —• —•  —■ 
\j0  vO \0 \ß  \0 

«H ^ r*- ^ 00 in Kf n -cf H ci \o cn <*■ r^ -^ »3- N c^ ov n <r 
oi en en m o •—I N - n n m CN n n >r in »tNO n en 
tn \o \o ^ V43 >J0 xO lA   VO \D  »O  vfl m <6 \c \fl o m iA vO vO vö 

CM   -3"   ON   ON   tn 
<f -5* r^ O co 
m in iA to >o 

I 
-a- 

i I 
O 

vD 01 
n ^-4     U 

o tu 
0) ■= -s 01   E 
XI U    3 
to o z 
H to 

36-17-34 



to u CJ    CJ    CJ CJ     CJ   —4     JJ 

JJ o u 0   0   o 0   0   «i   A3 
c 0! o   u 
a; >1 N >.>%>. 5s s* a.— 
£ 1—4 

E r-4 O H   H   H <-4    W      O    •* 

O w •H <o   eo   Q (0    «I   2   JJ 
O u 4-1 U    V-    u u  w        c 

3 CO 3    3    3 3    3      *   4) 
JJ CO U    U    4J JJ     4-1    —4    *U 

eo n   nj A] (0      (0   -P4   • * 

Z CL zzz 2  2  O 

c 
o 
u 

e 
o 
z 

oo oo oc 
c  c  c 

u  u   >  c 
3    3—0 
ü  cj JJ — 

3  t5 

eg   o 
z z 

be M 00 00 00 
C C c c c 

U U V IM k k,  eu 
u u > c w k b    >    C 
3 3 • *4 0 3 3 3 —i   O 
U O 4J —1 CJ u CJ   44   'H 

o o 4-1 CJ Ü U  —4    4J 

0 0 m 
o 

CO 

u 
0 o 0   co   03 

O    O 
X ^ a • *4 >s >> >N a-H 

—4 i-4            U4 

H ^M o • *4 (—4 f—4 -4     O  "4 
a CO z 4J eg CO • Zu 
u k c u kl ki         c 
3 3 ■ HI 3 3 3-41 

4-1 4-) >-4 •D 4-» .u (J    H    fl 

z z o 

zzz z z z z 

3 •I   41 
O a.-o a E   E 
E CB    3 
o CO z 
u 

u  a 
c  o. 

^^ (0 <u u 0)   c C c d c d ' to a CO CO 
<—« o to c T3 c   3 3 s 3 5 3 o to O C O 

CU     >\ 
JJ      X 

•«4 •3 *o 0 >1 OJ   o O 0 O 0 o •»4 o • <H •3 o cu •^  d 
*3 •H "3 42 J3 .—«        C c c c c d T3 jd T) ■r4 A JJ ■3    O 

A3    a; i—* 0) o OJ CD o u to to J^ ^ ^: ^ ^ ^ OJ a OJ CJ U CO CU CU  X 
O  X o c <Q C to to JJ 4J     C c c c d d d o 03 ^4 d CO CO o JJ e u 
c *i-t <u CO 0 0) cj CJ C    3 3 3 3 3 3 o OJ c JJ 0 cu CJ d to 0 OJ    CO 

«0    -H *3 
CO 

JJ 

3 
U a 

•o 
JJ 

3 
CJ 0 

u 
o 
o 

<U 
D.-3 -a T3 *a •a •3 -o 

jj 
3 

CO 
BO 

CO 

•3 
JJ 

3 
CJ 

.-4 
O CO 

d 

Q-. 

t» 
JJ   u 
3    O 

O  X c J2 o *3 a; J3 o *3 V4 (0    OJ V 3J OJ CD CU ÜJ X U • o4 QJ Xi o *3 0 *3 CU X)     14 
C   -u <0 c CO c c >> 0 a *J 4-1 4J jj <u JJ d o *3 d c >\     ■ d CO d "3 

D JJ ^H CO CO ^^ <a .C O   CO CO CO to to CO CO .—< Q to r-4 CO J= to ^    >* 
1—4      | 3 >1 o f_- JJ >, u J3 1-   c c C c d c d d d jj >t c c i-i JJ S^ CJ i—< r^ 4J >. J3 
>, CN J3 JJ QJ >, 3 JJ <D 1} CJ a.-** 3 •H 5 •<-4 • t«4 m4 3 »-4 3 JJ 3 3 >N 3 JJ V tu >» >» 3 JJ 

JJ ^^ 3 "3 JJ X 3 T3 C CO o w o u 0 !-• u w o V- X 3 o o JJ   ■ X 3 ■3 d JJ *J J3 3 #-« 

3 
JD    to 

jo CO o jO to <u 4-1 ^  o c o c O o 0 d 0 X c d O JO CO cu 3 CJ X   >» 
en o x o ' en O X a c CJ   f-4 J* f-4 JX w-l ■-4 & 1—' en O .* x o en 0 X Jd J3 o n O Jjä 

to !U • <-l to OJ c—4 <u >%X G J= c J= J= JZ c £■ * CO d d •»4 •* CO CD 1—> • iJ 

O 
* 01  ^-< 

O   BQ <-< w 3= Q — X < (X) CJ U 9 u =3 CJ o o D U <-« M » 33 o "- w X < Q <—4 

ci en en 

© o o <N 

<j\ <o* in en 

o o o o CN o —t o en (N O O  O 

\r\ o\ m en 

o -*      o o o 

a»   a. JJ 
JJ      0J   **4 
c a w- 

1-4       ^ 

O   cu 

tu   E 

o 
BQ 

■^•m oicjv<y\CT\ eMt7»CT\cn 
H n vyr^-ooj »j N o M 
\0 *&       m IA o ^o       ir> tn ^o \o 

»^•^vOCNenr^-MCMen 
ooo---^H^-.eMeNtn 
vO  \G \D ^O *0 ^O *Ä *0 ^0 

^ p»0 cs N        -*r^otn 
m   IT|  sO   NO   vO m   ITI  >-3  ^ 

<r eyv CN o en 
CM •tf- r* en 

NO NO m invfi 

cn 

i 

36-17-35 



E a o o 

CD 
>  c 

•*  o 

o o n  <n 

■-4   -4     O   ■ 
« co z 

CO   CO «w -w 

1- 1-       > C 
3 3 -w O 
CJ CJ   4-1 --4 
CJ O  --4 44 
O O    0) CO 

O U 
>> >> a-4 

44      44    1-4     TJ 
CO     CO —4   >.4 
z z o 

W   V4    >   c 

U      CJ   —4     JJ 
O   O   cn   co 

TJ    3    3 ~4    o 

.-4   >> >, a- N HI >s o.-- >s   5>s 

^4    -4      O    -4                •--     1-4 -4       O    -H <J 
ca   ca z  u        cn   co co z 44 -^ 
k4    U           c           O    U U          C 44 
3   3    « u        a r 3    » «j n 

44     44   -4    TJ                         U 44   H    ^ O 
-    - ca *-4 .-4 -4 

Z Z O Z Z Z O 

o>      -j   o —4      -4 — ** 
TJ          q  Z  4J          Q   fl co 

u        c        •-   u u 
01           3-0)           3    3 3 
C          4-1  4-4  TJ          44   44 4J 

«CO 
Z   O 

u    01    01    01 
C   TJ   TJ   TJ 

aj •«* -H --4 

c -4 -4 .w 
O 05   «   co 
U O   0   o 

a a a 
X 
- o  o o 

ZZ Z  04 JZZZ WI-I 

14    U^ 
C —I   c 
on« 
O   0-4 ax 
co   o   C 
►J  z ►* 

>4—4 

w    3 
10    CT 
c  co 
< Pä 

z z z z z z z z z z z z z 

X 43 l-l TJ 
a> 0) 0. 0- X X o C 

4-1 jj a) CJ     CJ e 3 
CO »—• CO /—V 4j 4J    44 CO O 
o o 0 c -^ c CO 4-4 CO    CO X «44 

•w *a c T3 c • «4 -a c TJ oi o >, 01 o o TJ 01 >> «1 E   E 4J V 
•O •^ o •o 0 -a o 44 x X 44 £t c • #4 44 X c CD C  X 
0) o -^4 0) CJ -O 0) u J3 Ü ca u 01 CO V4 01 U CO OJ CO >> ^ CO     CJ 

-*  c ce u r—-l c CO I«. F—l c CO u a o CO X o CO 4J CO o X X 14      |4 TJ !H X    14 

0   0) CO o 0) flj o 4J «0 c u e o 3 c 44 CO    CO c X 44     CO 

•-<  JJ cj a JJ CJ O •erf JJ CJ CJ o 01 o f-4 CO o J3 CJ CO (-4 0) u  u 3 o 01   E 
•O    3 • -J o T3 3 O •o 3 • -J 0 • -4 c 14 >^ c u •44 c ^ 0 X  X 0 <—• —4 o 
01   _Q O V- 0) JO O VJ a> J3 0 u 0 0 TJ J= 0 •o —4 o a X u ■ -4   '-4 U4 >< 0 u    >, 
c c tJ C a T3 c c T3 c c >* 4J c >. >, c c 44 o t-4   4-4 c c o  u 
CO   ,- «3 >* « F—1 ca !X CO p-< CO >% co £ 01 X 4J CO 01 4-4 X CD 01 ^4  ca 
*->    >* <J j3 jj >» CJ J= JJ >, JJ J= s u —-4 1 1-4 3 u 4-4 X TJ  TJ CJ CJ CJ X       14 
3   -i-i 0) 3 JJ 0) 3 JJ aj tu >, 01 CM S-N CD 43 O) >.CM u O    0 44 01 CD u  X 

X»    3 T3 .-* Ä 3 tJ «—• J2 3 *o r-^ o TJ 4J c V*4 4J c O TJ 4J X—' CO o o CO TJ TJ CO *-- 

J2 CD > J3 o >* X CO >s c to 3 CJ 3 01 CO CO 3 w BO   00 E CO CO U    ^4 

cn  o X x cn O x Jjd cn O X J«. JC X X ji 0) XI X • -4 M 43 a) 44 u 44 44 

* tn a; Sfl QJ CO 0) ^ c aj ■ -4 0) 01 0    0 o Ü u 0)   0 

X < ^ M X < —* k- X < 3 x a < 03 a < .n s a CO H z z z O o H  Z 

s Id 1-4 
03 

TJ 
e 
3 
o 
a 
E 

-4     0) 
a. x 
E   E 

e 
o 
z 

1-   E 
i-i  a. c  a 
CD —< 
cj c o u 

-«    -4   O   -4 

ir\ -3- r» 

CN   O  O   O 

tri cn %o 
-4 o o a 

vO  SO 00 

©   O  so O -4 

oo in 

o o 

CM  CO 

O   O CD  O in -4 _* o> SO  CM CM  cn <N 

c 
3 14 
o a> 
C X 
4* B 
C 3 
3 Z 

CM cr\ os n 
st rs o n 
lA in so sO 

csi cn c3s cn 
st i^ O n 
in m so so 

CM CJN o\ cn 
4* rv o n 
tn m so so 

CM oo >* cn 
o o -4 cn 
so   so so  sO 

os oo      st m 
r^ o      -4 cn 
m  SO        SO sO 

o CN -3- in 
cn -a- m m 
m m in tn 

o m ~» 
cn m -4 
m m so 

e 
01 
H 

•st 
I 

van 
44     OJ   »44 
C    O   >— 

1 

-4 CN 
I I 

-»        Os 

01 

X 
a 
H 

4-4 14 

O 01 
X X 

CD E 

Ol 
SO 
o 

36-17-36 



E 
E 
O 
U 

JJ .„4 ... o> 0 CO    03 u 

U E E > 0   o CJ 

o> 0) CO (0 **J >> 0.—" N 
u  jr; Ü JJ u JJ u   J£ r* tu • p4 

0    C c V c c ■H     C -J 0 — u 
00 to «c •u O o W     (0 n Z   JJ ""• 
0 — ** u u 0 — VJ c JJ 

U   .C A a; CO 3 .   0; tn 
u c .o J3 4-1 _   -0 CO 

s  e c o to (0 0  c CO • «*    *v4 ■* 

CO   M M z ►J J Z  I-1 z O 0. 
1   -H CO 

w ,»4 3 3 
CO CO CJ 

CJ 
CJ 
CJ 

e c 0 0 
o 0 
.o .42 IX ^ 
u V- ■a: ^* .* 
CO to c •-H w c 
CJ CJ to CO CO CO 
o O »-< u U r—« 

u u ■C 3 3 .O 
•o T) JJ JJ >. >» C CO CO e 
X X >-< Z z M 

U 4J AJ Ö 

U   JJ Jj •—< 
3   m CCj -a 0) 01 
u   co CO c c 
CO — e o 0 
Z  0. CU »-H z z 

z z z z z z z z z 

o 

•a- 

01 
w 
CO 

a 
J= 
JJ 

0- 

CO 
J= 

4J 
•*J 

0 
u 

N.^ 01 
c J2 

V CO CJ 
c J3 JJ 

CO CO 
J3 01 e 
JJ o 
01 u< >> 
o 0 h* 

iJ CO 

o J= u 
r-4 o J2 
£ CO •H 

O u FJ 

•-4 JJ 
U QJ 0 
t- H z 

o 
ja 

^j >^ JJ CO    CO 

Jii 

o o 
c c 
01 CO 
CJ o 
01 01 

-a •3 

c       jj   a. 

x 
a  oi 

H    JJf 
O    CO    I 

•O  ■•«    >« 
« •o J: 
C    CO   JJ 
CO 01 

n  o  B 

-"On 

J3 

-o 
CJ 
c 
CO 
c 
o 
c 

3 .fl 

u 
a      J 
M ClJ 
to      s 

E 
O 
u 

O. J3 
E   E 

r*       r». r^        r-.        f«.        r»        r*. 

H 
I 

1- E 
JJ a. 
e  a 

CO 

o -o o -» 

ON 

o o O  -4 ---tn 

e 
3 u 
O 0) 
C J3 
.* E 
C .3 

s> z 

■a- -* 

m *J5 

en O in -3" 
.-« en m 
in m in iO 

—*        -«        en 
—« N in>jcfl eft 
en vo r^ —« —« —t 
vO m   (A NJ5 MO *4D 

rj Oim 
*a- CN en -j 

vO 

01 O. JJ 
JJ O» UJ 
C   Q ^ 

I -*      in      ^^ m      ^ 
i I 

<r     o 

m -- m — m IM m -" 
-». o ■* o -» o ■* o 

O    0) 
i^»       r*-       r^ ooooooo      o 

36-17-37 



c 
cm 
c 

E 
e 
o 

o ■ 
55 

01 
N 

OJ 0) V > c > C > c 
•F-l o • *4 0 • •4 o 
4J u "* JJ **- o 
n en 4 en «a o s- 
0 o O u (U 
a •H a • *4 a •t-t U-i N 

.tt X u-i ku IM 0 • r-l 

c c o • i* o • «4 0 *>-■ u 
RJ TO z 4-1 K 4J z 44 )4 •^ 

t-4 •>4 c C C 0) u 

X X » CO * 0) • <u « 
M    CJ   —» O 

4-> W   4-1    I* 

o 
z 

o 
Z 

M  -Q M «o M  "^   °   " 
z cu z o o- 

aj SK*** 

to •-■   3 
03   03   cr 

z z z z z 

x 
*J a. 

o 
u 

_E 
o 

X X £ X 
a a CL p. 

/\ OJ ^~* ,-^ 0) ^ 
i—« C  —1 —4 OJ                 4J •-4 

>> 0) 0>    >N >. u    01    *C >> 
X 4-1 u    X X 03   4-1    O X 

<r OJ 03 e  o> 01 O    03 -w 0) 
£ F* 0 £ £ c — -a X 

u 03 
x 

u 
03 M i-4 

•    HE 
4-1 £    03 _ 

—1 ,-^ c c S >> u —I      >N >N 3   4-1    C >N 

o o 0 o O X £ u £ £ XI  X    O X 

c c X £ X) -i u a 4J    4-1 4-1 a c 4-1 

OJ Ol u Li w . O) 03    01 V M OJ OJ 
CJ cj 03 03 03 f-4 1 M 4J    1 1 S»M -J c 1 

01 O) U X U u eg >> C  <N CM 4J     ^    .»< 01 CN 

T3 •o O o O cc x ai w **^ 3  X   4J « >-' 
03 03 u u V- X 4-1 04 X   "   3 0 

u •a ■o T3 ■43* 01 01 i    « « O    OJ  X CJ CO 
U U >* >* >> >M r» *•■« • H CO  •"*   "4 

o O X X X O to o -H so CO MOO Id 03 

o 
1-4 
pa 

u 
CO 

M 
CO 

1-4 
oa s 

32 £ 
Ed Cd 
£ £ 

M     0J 
Q.X 
e E 

r*        r^        r*        r* 

H 
I 
e 
o 

c  a. 
oj >-^ 
u 
c 
o 
u 

«4      tn M      Co o M      o 
IN      co m 

o o o o o» 

3   u 
O    OJ 
C  X ON -T -* o — —• 

\0  NO *42 
-- —4        r^ 

o tN o m OMNm in o\ o> ^- es m 
00 00 OJ <n co M n en 
in m ^O NO u-\ \o \D ^o m m «o \0 <o 

01 
H 

.^       m       —* — I -< 

M U 
0 0J 

* -S 01 E 
u 3 
O Z 

O O -< 
CO CO CO 
o      o      o 

00 
o 

00 
o 

36-17-38 



M 01 •n 
v 

a u 
OJ ^ •** 
en 3 
03 m O* 
X c 0) 
a < as 

^ 0)   w CJ   4J »-< 
01 X! >    3 >     OJ XI <u 
c ~*   u »-I     CO c 
C5 c 0   CO 0 -> e o 
2 M co z CO   &• w z 

CO r-4   *—'   ~*   ^   t-<   ' 

OOOOOOOOOOOOO        OOOOOOOOO4 

z z z z 

I 

»*  cj 
0.X! 
E   E 

I 

O 
z 

a 
£ 
j-i 
x: 
a 

CO ■^.. 

4J CO a ~* 
CO u 0 >> 
0 (0 X>    * 

•*4 a u   a 
-0 • *4 10  X! 
s -O cj 
a <o 0 <-• 
c U    >i 
0 f— ■a s. 
c >* >. 4j 

JJ £ 0 
O 1 !* O V  CN 

4J 1 s ■*- 

x: 

c >< 
O Xi 
c JJ 

co ^ OJ   1 

0 o<a o • O —t 
H  CO 

B E <—■ 
je; 3 -* 

CO   C CO o >% 
C    3 ±J E X 

—< co .s; aj 
~* T) — B x: 
—'    QJ (0 3 
E ü x: .-" 

ex « r 
o *H au u 
u   u to co 
o  o -* E 1 

_,   ,-< >,-H CN 
X:  X X t> «-' 
cj   <j AJ O 

■** •*- 0) -* en 
U    U —< X "* 
H  H O U co 

o 
U aj 
O E 

*■< EC 
x: ä 

H  CJ 

cjajojoj'~JciJcj*""<oj'"",,"~' 
EEEECOEECOECOCO 
CO    CO    CO   cc CO   CO CO 

.3!   .*   .*  .*    C^J<    E  j!    E    E 
„rt^_j   3 ~ _   3--   3   3 

co   eo   co   (0.  OfflcaocooO 
E BEE 

^  Om »CrJ*    »A kO^    r-A  JC 
_   -1 _   -. E    —  -.  C    -. C    E 

D aj ■ 

CO    0) 

CJ    F-.    ^4 

c   co  co   E  c  «3 
CO CO to 

J£    E    E .* J! E 
w    3    3 — -< 3 

CO   O   0 CO CO o 
BE C 

cn-^ Je:   IA «*J^ 
I    —  E    C    —  — E usauu s 

0) ^J 
c   « 
CO 

a § 
CO   o 

B 

-1 B 
U  3 

o 
CO 00 

- m 
o 

<t <r -* 

0000 

ON 

O   CM -* u-\      CN CN  ^ O O   CN 

CO 
u 

0 <u 
x: X) 

CJ 8 
u 3 
0 z 

CO 

•tf  G\  CN iA 

M3  \0 \0 sO 
es       *-- ** 

r-» oo o** c^ m 
N NCON n 
m in in *o ^ 

OOOOOOOOOOOOO 
OOOOOOOOOOOOO 

OOOOOOOO 
OONONf^OOOOO 
O -M        ^ -*  ■ 

mu^u-vtnuimmmm 

-H       trt       -M ^-t      tn      -H 
l 

oo 
o 

36-17-39 



c CU CU 

<u N N 

E • <-4 • i-i 

E u O 

0 • »* • »4 

u 4J 

w .—1 *—' t—. ■—' CO co 

O  O © O  O 0-  0- 

c  c c c u c c 
0)    01 0) cu u CU cu 
t3   *C *o T3 3 •o T3 

.»4    *>J »*4 • i-4 CJ 
u 
0   u 

""* *— 

U oi   d> 1)    u CU w w IM CU CU Ui w 
CU >   > >  cu > CU cu cu CU > > cu CU 

ti •<-t    N • P4 N N Ss N (4 N N 

Jj£ JJ     JJ j«: LJ   »H .* 4_> *v4 •«^ ^ w* »1-4 •«4 .* 4J JJ **- ""* 
c CJ c *-*    CJ c • •■4 o CJ c 4-1 f-    O CJ c •H •>H O U 

co 03     CO fO tO   -*N <0 CO •-4 • 4*4 « c (0 -w • *4 CO CO CD •H 

JJ O     O 0    JJ 0 JJ u •—< cu U    4J JJ *-* o o JJ 4J 

X CO a ax a. en Xl a to to -a > 3    CO CO X a a CO CO 

CO <0 CO CO 4J    CO CO CO CO 

c i—( o   o c o -* a o »—I c 0 CD  T-* (—4 c 0 o »-- f- 

M Cu z z rH z &- z & CU t-4 CO Z     04 &. M z z cu Cu 

z z z z z z z z z z z z z 

3 o a. 
E 

I 

e 
H 

O.X 
E   E 

M E 
JJ Q. 
c a 
0} N-^ 

X 
JJ 

X sr 
a •o 

^-s 01 
JJ 

0)    ^ eg 

JJ    X 
eg   oi ea 

o> 0) « —  X X 
s C c ra JJ 

n « (0 X  -J X 

j* J* jrf jj  > a 
01 t—i 0) X X 

TO C CO c eg a jj >* 
eg «0 01 JJ 

e j* c j* c —•   i u 
3 3 3 >-<N O 
0 eg o to 0 JJ -^t 1 

c c c 3 s 
j£ r-~ .* -3-J: X     CO i 

c c c 
3 U D t5" 3 a en T3 

X 0 
n   v  IJ c 

i    c  a 0 
hW   U-l 14-1 

>S*ft 

a. 

o 
~-i    eu 

X   X JS x: T3   cu Ui X   T3 

CJ    o CJ 4-1      CO      C a 4-J     CO 

4-1     4-1 u CU    -U     CU U     4-1        - 

CO     «3 to E     CJ    4-1 cu cu E    O  CT\ cu 
E   E E *H     O     O c t3 u •H   o r** CO 4-1 

■o   1    o cu • <H CO •o   I   m CU CO 

>s   >> >v .•   I   r-   o N U •-4 1   r^ • ^ 1-4 

U    U u r««.    - ^-^ c to CO r^     - s^ 4-1 CO 

CO     CO CO « _«   u CU CU X -—t  z •H X 
-I   t-l u N     I      >. X) c o 4J CN    !    3 CO 4-1 

x X ^-1 ^ CU     CJ 0   -H X CU c X 

0 0   c *-* »—i c o a 0    C    0 CU CL 

1—I    •>—. c 1—1 cu 4-1     CU    U >. CU CU CU   c CU U    CU   4-1 4-1 CU 

CU 4J wt     4J X 4-1 4-1 X   <u 4J c 4J   <—t 

•Ü   'O CJ T3 CO W       >%      t 4-1 CO CO a>  cj CO >* U    5S  Ui • ** CO   Ss 

o   o cu O (0   £H CU X   cu jj CO  X    CO r-4     4J 

o  o *T3 0 CO f   4J    ^£ CO CO O  13 CO a i—l     4-1   i—1 u co  a. 
DO   00 CO DO J= •f*    cu   X X X <-4     CO X cu •-H      <U   -r4 CU x  cu 

4-1 4-1 E   E   ■" T3 4J 4-1 CJ    4J 4J X E   £   E 3 *-»  X 
O    0 o 0 X ■rt   -H     cu C X X >%    CJ X «•4 • -4   >W   «W o £ "X z z o z Cu w -OS CO a. CU CJ o CL Q tfl 13 w ^H P. o 

-S3 

03 

03 
1-4 

03 

O 
U 

O 01 
C X 
H   E 
C 3 
9.Z 

> X 

v a JJ 
JJ 0) >JJ 
e a ^ 

o o o 
o «jr o 

r^. oo 

-J  O -*  CN O d o O O 

c*^ en »g* c"t \& 

O o O o O 

en ^, 

o o 

•cr f» 

d o 

-j •* in o tA cj* in 
c\ o C7* o o O n 
in i/t «*» \D vx *o vC 

cn <r ^3"   CO ON   CN  -J   IT|   ^ 
—* m 

m vo vO   vO \j0 %o vD *0 ^O 

n N co n so n a* m <n *ä 
N «Tin M m CN r«- CO <n m 
m in o *<o vO m   iT\ m vO vO 

-H lO -" 

O OJ 
X X 
V E 
U 3 
o z 

36-17-40 



01 >> —4 
CO »-* 3 
03 CO er 
X c oi 
a, < OS 

tu 
O 

c o 
u 

3 
O 

E 
o 
u 

a 
t-> 
i 
e 
o 

o> 
E 
E 
O 
u 

O.X 
E   E 

w   E 
u   & c a 
oiw 

u   u  u   >  c 

u o O ••H u 
0 0 0 (A 

O 
«0 

>% >> >^ a •»4 

IM 
«•H 1—1 <—1 o *»-l 

CO OJ « z 4J 

w u 1-1 c 
3 3 3 •1 a> 
4J 4J •a 
CO CD <o • 1-t 
z 2 z o 

-4 • H x 
1—1 cj c Li 

RJ •44 a) e 
b 4J i 
3 a x > 
*J a 
01 ?** C 0 
z 0. M to 

OJ 1) c 

0)    0)    QJ 
M    N    N 
H   • •*   tx4 ^ 
ü   <j   y c 

.-4 (Q 
■—I     4-1    AJ     <U t—I 

V       js   o)   en   eo .a 
c             to  «   « 
o       c *-* -* ~* c 
z        M  cu o- cu t-t 

a> u en flj u 0   0 en CO M 
>    <U 0 u 0) 0 u 0) 
-f    N a •(-< N ^ s^ & • r* N 

■U *H U-l 

•H    CJ o •<-i Ü i—i i—» 0 •<-« U 
«  —H z u •<H eg   a z <u *>■* 

O   -U C JJ u   u c 4J 
D. CO •> 0) CO 3    3 « CD 01 

«3 i—<1 •u OS J-i   JJ •—< T5 Q 
O — fl    tO «-< 
z E'- o a. z z o e- 

z z z 

OJ £ 
4J a 
o or' 

4j 

•o 0) <—i 

OJ   -Ü ,—4 ^ 0) * C "4 CO X c 
tu   u u X 0) 01 c« 
4J     CO u 4J 4J X X to 3 CO X CO 4J 
X   u a a a 1—J 01 

4-1 • H •t-t •pi ^ l-rf E 
09 —'   o •v ■—I •o X 0 
0} >. a a ^ 10 4J C >> 

CO U     0) i_i 01 01 X 
3   U —i 3 ff 1 y 0 

XI    0) >> OJ X >t CM o> X 
O  TJ 4j c 0 4J "*-* •o 4J 
01    CO o a; 0] u CO 01 

••*    X 0 .* • H o CO u E ...    a) u •ft 

.o x a < o a CO O a 

X 
4J 
X a 

4J cj  aj 4j 0)    0 ^ O  T3 o SN 4-1 
eo N    C    CO 4J   X X C   -4 X X es 

t-H c  o — c   co   u 
5   H     CO 

0) OJ    CJ u OJ ff 

<0 01    C    CO ,.^ X t-t 4J      CO CO X a 
X X   CO  X 0 0   eo   cj o 3 CJ X 
4J 1   X   ±J •ft C X    0 1-4 ■ H X   u o —4 4J 
f >N    "     X ■o ■*   JJ    u >N •o •*4 u >> X 
a x  oi  a OJ C X   T3 X 01 -4     0 •a X a. 

0) 0) «   I c 3  a >> *J c s^ c >. 4J 
i-4   u ■u 0)   «-*   <-< CO X or CO 4-i   eo X a 1—4 

>> >0 CO E   ^ >> Li >."-< 1 4-1 3   Ü i OJ >> 
u  ^^ 1    C  u 3 X   M CM 3 X   OJ OJ CN c 4J 
a co CO CO    01    CL X 0    4-1     C -w X o -a c s-/ OJ a 
01  X X X  X    01 X    3    01 co   eo OJ 3 OJ 
X   ■" a ax <*1 4J  X   JC a} en •-4     X Ü CD —-t X 
—t   X X —     |     .H 0) •--   ^ • ft .-4     OJ ft o 
a eu a. ■«: ~ p -* X P  < n -* a x < CO E- Q 

z z z u 
u Id Cd 
£ Z E 03 

*-t 
CQ pa 

O -1 — 

e o u 

O 01 
B X 
.*    E 
C    3 
X z 

OJ    O. 4J 
U     «44 
e o —• 

oi 
f* u 
O 01 

•= -9 oi E 
U 3 
o z 

o o d o -H oj   -^  ff 

00 -»MS 
O-^OO -<   W   CJ\H O  CN r** (M CN -4 -* m       f* 

e?s CJN cj% en 
r* O N en 
(^ to \C U3 

n P^. r«» vo CN   CO 0\   <M in Vj-  O 00   <N m m   vO 
CN ■n <t in CN <r <r en <t ON o «n en •»a- p^ o n <— m 
m \0 vO *o »*n IA ut O m m >c so vC in tn MO vo NO in \o 

m -1 m -< »Ti •»* IT» ■^ 

«8f O -ef o ■* o •3- o 
I 

•3- 
I 

36-17-41 



E 
E 
O 
U 

u   cn   eo   u 
V aj cu CJ 0 o a> 
N N >% N N a • -4 N 

a j*: •*4 1-4 • <-4 • <-< U-i 

c u c CJ CJ I-* cj CJ o •*■« cj 

CO C TO • *4 • ^ to • •* • r* z 4J •H 

1—1 OJ c—* 4J JJ ti JJ JJ c JJ 

J3 > JJ co CO 3 « CO « 0) CO 

«0 CO JJ to eo vM ■o CO 

C o C «J *»J 

i-t en h-l a. Cu z P- CU o Cu 

u on 
C c 
u U <U 
b u > c 
3 3 •1-4 0 
o U JJ •f4 

u U J-l 

0 O CO CO W 
O CJ OJ >% >v a •iH N 

U-l 

1—4 >—( o •^ CJ 
CO CO z JJ •1-1 

1* u c U 

3 3 - 0J CO 

JJ JJ «-< -D CO 

60   00 
C    C 

o 0 u CO CO 

OJ O CJ >» >. N a • i-i 
U-l ,-^ p—1 u 0 *|J 

CO CO •1-4 z u 
(-1 u JJ C 

3 3 co « CU 

JJ CO ■o 

CO CO f—1 • *4 • *•< 
Z z CU o 

O   m   (l! h O 
o   O OJ > 

>,   Q..W N •* 
i—I              U-J -^ 4-1 

<-.      O   ** CJ •-< 
co  Z   w •<-< eo 
U>          C 4-i o 
3      *   OJ CD CL 

4J   H    *D «I 
CO —* •-* >—' O 
z o a- z 

M M 
C c 

•F4 

UJ u CU 
1-4 u > c 
3 3 o 
CJ <J JJ 

CJ CJ •w JJ 

o 0 CO CO u 
0 u cu >> >> a •«4 N 

U-l •t-t 

H «—4 0 • »4 CJ 

CO to z AJ • H 

u u c JJ 

3 3 * CU CO 

JJ JJ 1—4 •a CO 

CO CO •H 

z Z o Pu 

1-4 t-> > c 
3 3 •H o 
CJ CJ 4J • c-4 

CJ CJ JJ 

0 O CO CO W 
0 CJ CU 

S* >> a. •w N 
I-I U-l 

r—1 1—4 o *r* CJ 
CO <s z JJ •H 

u fr-4 c JJ 

3 3 <* OJ CO 
JJ JJ T3 CO 

Q CO *f4 

Z Z o a. 

z z z z z z 

o 

OS 

eo 

in  4j 

n a. 

J= J= 

a a 
CU cu  cu CU 

JJ JJ   JJ ^^ JJ ^v 

0) CO to   to c r-t CO C 1—4 

JJ o 1—4    1—4 o >% o -a o >> 
CO c CO    CO J3 X c — X X 

cu .e j= V4 CU 0)    CJ l-l <u 
CO JJ 4J     4J CO J= r—l JJ    co CO J= 

J= 3 J=    J3 CJ o 3 a 
4J J3 a. a 0 J3    U 0 

0 X w >. T3 •H u >» 
c a i—4 1—4    i^ T3 J= CU <--    0 T3 J3 
cu cu 5s >s    >. >* 4J c >% c >\ 4-1 

X 1—4 4J JJ JJ     JJ -3 CU CO JJ    co J3 CU 
cu >* CO 3 3    3 JJ 3    cj 

J= JJ 1—4 J3 x ja CU CN 3 X    0) CU <N 
o a. to O o   t c ^-* X o *u 3 "*-* 

cu JZ (O CO    C CU CO    CQ 11 

u j= •H •w   1 J* CO cn —   X Ji CO >* *t-i J3 • ^ •i-4 —     QJ 

u a Cu a a a < P3 —i Q X < CO 

£ 

X 

O •a 11 0 
c •^ J_J a 
OJ o CO u 

1—4 J-l CO t—• co 
0 a CO o ^ u j: o 

T3 ■ f-< 4J u 
t—1 o j: -o 

C >> c a. >s 

CO 4J a j: 

4J 3 a 
3 J cu >< U 
A o ■o 4J c 

o   o       -- 

cn   co   3   CJ 
c-i —   x .a a 

Q = a < 

CO OJ 
en    X J! 
-   1) t— 

«  S < 

CO c 
O -D o 

cu o u 
H u Q n 
o  3 u 

• •*   J3 o 0 

CJ  -t CO -fl 
c  >. c >> 
CO    4-1 O X 
4-1    3 U 
3 J} D aj 

JJ    0 "0 

en ■ 

4J O '^^ 

O •o 14 

c •p4 CO 

1) CJ o 
4J CO 0 

o 3 iJ 

(-1 X CJ ■o 

•o •ft >. 
a> »-* o x; 
c >^ c 
<o 4J CO u 
4J 3 Ü c 
3 .a 0) QJ 

CO    CO    0) 
X jtf 

CO     CO   i-H 
eo       m •-*   x   co co 

Ed u 
s 

a M 
e E 

so in ey* r* cn 

no       —» O o o o o cn ^* CN r»       o -4 O -> CN O O ft c*i CN O —4       en O 

-4 in oo .* 00 00 

o O O -4 >o cn o o ^4 o 

e 
3 v< 
O V 
C Xi 
J: e 
C 3 
S Z 

enr^CN\0*3- O» 4t C> N 
escNcncnm        r-OOcn 
in m in \o ^o       IA o 4 to 

IN  00   P-) m -<r «m o\ to CN m eo ON oo CN 

fn <r p* o o <*i <r o cn cn cn <fr r«. o en 
\T\ lAO  vO vO lA   (A  \C   vO  ^O u-\   vD  vO \0 xO ITN   m  sD  \J3 NO m m vo 

aj   a. 4j 
U     CJ   44 

i i o ■3- 

r-4     U 
O     IJ 

cu e 
o 

36-17-42 



RMA36PHII-D.3/36-17.12 
04/30/86 

The southwestern comer of Source 36-17N exhibits an unusual pattern, 

which is also found in the northern dip of Source 36-17S (Boring 3089). 

Very high levels of chlordane are found in this area, in addition to 

dieldrin, endrin, and DIMP.  Historical records show Army Source 36-16 in 

this area, a reported munitions disposal area. This may explain the 

metals found in Boring 3202 in Basin A, but does not explain the 

pesticides.  The chemical data would indicate the many trenches and pits 

observed in this area were likely used for pesticide disposal. The 

vertical stratification of this contamination would seem ta indicate 

surface rather than trench disposal.  The metals and chlordane are only 

found in the surface interval.  However, the 4 to 5 foot samples 

contained DIMP and DBCP.  This may be due to weathering or migration, but 

could also indicate a combination of disposal methods. 

Most of the data in the northern half of Source 36-17S was lost due to 

presence of mustard in Borings 3090, 3092, 3093, and 3094.  This 

precluded further analysis of samples from these holes.  Borings 3213, 

3214, and 3215, adjacent to Source 36-17S in Basin A, show DBCP and DIMP. 

contamination.  This suggests a possible link to Source 36-17, as these 

compounds are not found further west in Basin A. 

The central portion of Source 36-17S shows some moderate levels of 

arsenic in addition to pesticides.  The area just south of 3603 shows 

fairly high levels of DBCP, PCPMS, and aldrin. This would indicate that 

the broken vials found in this area may have contained pesticides.  South 

of a line between borings 3100 and 3101, Source 36-17S appears 

uncontaminated.  This is consistent with the lack of observed 

disturbances in this area. 

The Phase I geophysical investigation of Source 36-17N was designed to 

provide more information as to the location, orientation, and dimensions 

of disposal trenchs or pits.  The EM data was contoured and interpreted 

to define trench or pit boundaries.  The positions of large negative EM 

anomalies or troughs were interpreted to indicate the presence of a metal 

bearing trench or pit. 
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The Phase I geophysical survey resulted in the identification of four 

anomalies representative of disposal trenches or pits.  In addition, the 

survey also resulted in the identification of an anomaly suggestive of a 

buried pipeline.  Comparison of RMA Contaminant Source Maps and Plate 10 

(Geophysical Investigation of Source 36-3, 36-10, and 36-17, 1986) 

indicates that this line is very likely the cast iron chemical pipeline 

originating in the North Plants and terminating at Basin A. 

As no Phase I borings were constructed thru or adjacent to these 

anomalies the existence of these trenches and/or soil contamination has 

not been verified.  The Phase II soil boring program will include borings 

in these areas to provide the requisite verifications. 

Results of the VES soundings do not indicate anomalous data suggestive of 

grossly contaminated soils. However, they do suggest that if soil 

contamination does exist within the study area it is confined to an area 

near the existing excavation. 

Ground water analytical data for the period of 1976 through 1985 were 

retrieved from the USATHAMA RMA data base and reviewed.  The most recent 

analyses from each well were selected for inclusion in this report.  See 

Figures 36-17-10a and 36-17-10b and Table 36-17-5a and 36-17-5b.  In some 

cases, less recent data were included in order to allow comparison 

between two or more wells.  The data have been annotated to indicate 

whether one or more analyses are available for each well over the period 

investigated, and whether target compounds were detected in 

determinations not included in this report.  Although these data are 

limited in nature, they do provide additional insight regarding the 

interrelationship between vadose and phreatic zone contamination in the 

vicinity of Source 36-17. 

The existing well distribution in the vicinity of Source 36-17 is 

suitable for an evaluation of upgradient and downgradient conditions in 

the alluvial aquifer, however, the parameter suits and sampling dates do 

not permit such an analysis in most cases.  The ground water analytical 
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v    j Figure 36-17-1 Ob 
^ LOCATION OF SELECTED MONITORING 

WELLS IN THE VICINITY OF 
SOURCE 36-17S 
SOURCE: ESE, 1986 

Prepared for: 
U.S. Army Program Manager's Office 
For Rocky Mountain Arsenal 
Aberdeen Proving Ground, Maryland 
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Table 36-17-5a.    Selected Analytical Results for Ground Water Samples 
Collected Near Source 36-17N (units in ug/g or ppb) 

Well Designation 

Aquifer 
Date 

63 
Alluvial 

790462 

80 
Alluvial 

790472 

84 
Alluvial 

790472 

84 
Alluvial 

831452 

88 
Alluvial 

790472 

88 
Alluvial 

831432 

Arsenic <0.5 <0.5 0.015* — 0.016* — 

Aldrin <1.0 <1.0 <1.0* <0.2* <1.0 <0.2 

Dieldrin 1.54 <0.5 <0.5* <0.2* <0.5* <0.2* 

Endrin 0.5 <0.5 <0.5* <0.2* <0.5* <0.2* 

Isodrin <0.5 <0.5 <0.5* 9.42 <0.5* ' 0.55 

DBCP <0o4 <0.4* <0.4* 0.23* <0.4* <0.2* 

DCPD ao.o <10.0 <10.0 <1.0 <10.0 <1.0 

DIMP 2.13 7540* 11590* 13900* 129.0* 223* 

PCPM3 <5.0 <5.0 <5.0 — <5.0* — 

PCIMSO <5.0 <5.0 <5.0 <20.0 <5.0* <20.0 

PCREO2 <5.0 30.9 129.0* <20.0 <5.0 <20.0 

Dithiane <5.0 25.7* 450.0* 611.0* <5.0* 1050.0* 

Oxathiane <0.5 5.65* 196.0* — 92.9* — 

Carbon Tetrachloride — — — <1.0 — <1.0 

Chloroform — — — 34.0 — 11.0 

Trichloroethene — — — 1089.0 — 1.0 

Tetrachloroethene — — — 9.0 — <1.0 

Benzene — — — 16.0 — 11.0 

Chlorobenzene — — — <1.0 — <1.0 

Dichlorobenzene — — — <1.0 — <1.0 

Toluene — — — <1.0 — <1.0 

Xylene — — — <0.1 """" <0.1 

1 One date available. 

2 Multiple dates available. 

* Positive results on other date. 
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Table 36-17-5b. Selected Analytical Results for Ground Water Samples 
Collected Near Source 36-17S (units in ug/g or ppb) 

Aquifer 
Date 

Arsenic 

Aldrin 

Dieldrin 

Endrin 

Isodrin 

DBCP 

DCPD 

DIMP 

PCPMS 

PCPMSO 

PCPMSO2 

Dithiane 

Oxathiane 

Carbon Tetrachloride 

Chloroform 

Trichloroethene 

Tetrachloroethene 

Benzene 

Chlorobenzene 

Dichlordbenzene 

Toluene 

Xylene 

65 
Alluvial 
790812 

<0.5 

<1.0 

<0.5 

<0.5 

<0.5 

<0.4 

<10.0 

<2.0 

<5.0 

<5.0 

<5.0 

<5.0 

<5.0 

 Well Designation 

67        75 
Alluvial    Alluvial 
790802     790802 

<0.5 <0.5 

<1.0* <1.0 

0.79* 0.85* 

<0.5* <0.5 

<0o5* <0.5* 

<0.4 <0.4* 

<10.0* <10.0 

<2.0* <2.0* 

<5.0 <5.0 

<5.0* <5.0 

<5.0* <5.0 

<5.0* <5.0- 

<5.0 <5.0 

75 
Alluvial 
831192 

<0.2 

0.46* 

<0.2 

<0.2* . 

<0.2* 

<1.0 

<10.0* 

<20.0 

<20.0 

<20.0 

CO1 

65.02 

CO2 

a.o2 

47.01 

a.o1 

a.o1 

a.o1 

KD.l1 

87 
Alluvial 
790812 

<0.5 

a.o 
<0.5* 

<0.5 

<0.5* 

<0.4* 

ao.o 
3.4* 

<5.0 

<5.0* 

13.1* 

<5.0 

<5.0l 

1 One date available. 

2 Multiple dates available. 

* Positive results on other date. 
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data indicate the presence of numerous contaminants in the alluvial 

aquifer including chlorinated pesticides, DBCP, DCPD, organosulfur 

compounds, aromatic solvents, halogenated aliphatic, and aromatic 

solvents. Although a precise determination of the source of these 

compounds is difficult, they are consistent with reported disposal of 

pesticides and herbicide process wastes and mustard in the area. 

Contributions of pesticide and herbicide wastes and solvents may also be 

derived from Source 36-3, the Shell insecticide pits. 

3.1.3 Phase II Contamination Survey 

3.1.3.1  Revised Phase II Program 

Historical disposal activities within Source 36-17N have resulted in 

contamination being confined to the immediate vicinity of disposal 

trenches or burn pits.  This resulted in Phase I chemical data which for 

the most part do not exceed contaminant indicator levels.  The localized 

nature of contamination within this source area is confirmed by the soil 

quality data generated at Borehole 3086. Extremely elevated 

concentrations are present in soils contained within a former trench 

site, and little or no contamination is found in adjacent areas. 

Based on an evaluation of Phase I analytical data, a minor modification 

was made to the Source 36-17N boundaries.  This modification, shown in 

Figure 36-17-lla, is the inclusion of a small basin in the eastern 

portion of Basin A into the Source 36-17 area.  This was based on the 

observation that contaminants detected in Boreholes 3233, 3202, and 3230 

do not occur in adjacent portion of Basin A.  Although this portion of 

Section 36 is a natural depression, it is at a slightly higher elevation 

than the main portion of Basin A.  This area was also utilized for 

trenched disposal of materials as evidenced by interpretation of aerial 

photographs.  Although much of the soil between Sources 36-1 and 36-17 

contains contaminants which have resulted from several process boundaries 

of sources have been defined such that areas which deviate from 

recognized Basin A contaminant patterns are included within the 

associated portions of Source 36-17. 
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As contamination, in Source 36-17N appears to be confined to very isolated 

areas, a Phase II boring program alone would provide only "hit or miss" 

information on the extent of contamination.  It is anticipated that many 

of the numerous trenches observed in historical aerial photographs 

contain contaminated soil similar to that observed in Borehole 3086. 

Therefore the primary thrust of the initial Phase II program will be to 

use available resources to accurately locate these trenches. 

Based on the success of the limited geophysical investigation of Source 

36-17N, more intensive Phase II geophysical program will be implemented 

map areas that most likely contain disposal trenches. The Phase II 

geophysical program will employ both EM and magnetometer methods.  The 

entire area of Source 36-17N will be covered by transects spaced at 10 

foot intervals. EM and magnetometer data will be collected on transects 

and spaced at 20 ft, but offset 10 ft from each other (e.g., EM data will 

be obtained at lines 0, 20, and 40 ft and magnetometer data at 10, 30, 

50 ft).  This provides continuous data collected along transects spaced 

at 10 foot intervals. 

A detailed Phase II soil boring program for Source 36-17N will be 

formulated at the conclusion of this geophysical program.  Areas that 

exhibit anomalies suggestive of disposal trenches will be thoroughly 

investigated by Phase II boring.  For budget estimation and manpower 

requirement purposes, a proposed Phase II boring program is presented 

below: 

Number of Borings       Depth (ft)        Number of Samples 

10 20 50 

20 10 60 

10 5 20 

40 130 

Sampling intervals are assumed to be the same for Phase I, that is 

0 to 1, 4 to 5, 9 to 10, 14 to 15, and 19 to 20 ft. 

Oi_1 "7_C 1 
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The analytical program for Source 36-17N is summarized below. This is 

only an estimate and is based on the assumption that borings in the 

northern half of the site (half of the sample total) will be analyzed for 

the Phase I contaminants and in the southern half will be anlayzed for 

specified compounds.  This assumption is derived from a better 

understanding of the contaminants in the southern area.  Volatile 

organics will be performed on approximately 10 percent of the sample 

population. 

Analytical Method Number of Samples., 

Semi-Volatiles 65 

Volatile Organics 13 

Metals 130 

Organochlorine Compounds 65 

Organocsulfur Compounds 65 

Arsenic 130 

Mercury 130 

Following the evaluation of analytical data generated by the Phase I 

investigative program the boundaries Source 36-17S were also revised. 

These revisions, shown in Figure 36-17-llb were significant for the 

southern, western, and northern borders of this area.  As no contaminants 

were detected in significant concentrations in the southern portion of 

Source 36-17S (Boreholes 3102, 3103, and 3104) this area has been deleted 

from the Phase II investigation.  The revised southern boundary is 

located through a line connecting Phase I Boreholes 3100 and 3101 as well 

as "uncontaminated" Borehole 3040 none of which detected contaminant 

compounds. 

The western edge of this source area has been modified to include the 

area south of Borehole 3097 where DIMP and pesticides were detected and 

to meet with the revised boundaries of Basin A (Source 36-1) in this 

area.  The exact location of the source boundary in this region is 

uncertain due to the loss of samples from Borehole 3094 as a result of 

the presence of mustard.  The northwest edge of Source 36-17S has been 

modified to include an area formerly included in Source 36-1.  The reason 
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BORING LOCATION MAP 
SOURCE: ESE, 1986 

Prepared for: 
U.S. Army Program Manager's Office 
For Rocky Mountain Arsenal 
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for this reallocatioti of this area is the presence of DIMP, organosulfur 

compounds, and DBCP in Boreholes 3213, 3214, and 3215, which is 

uncharacteristic of contaminant trends in adjacent portions of Basin A. 

Again the exact location of this portion of the Source 36-17 boundary is 

questionable due to the loss of samples from Boreholes 3090 and 3092 as a 

result of mustard contamination. 

The final alteration in the boundary of this source area is in the 

northeast section.  Contaminants detected in Boreholes 3089 and 3059 

(Source 36-17N) have caused revisions of the source boundary to connect 

these two areas. An area of significant vegetation stress in this 

location is now included within the Source 36-17 boundary.  The two 

portions of Source 36-17 will remain separate even though they are 

contiguous.  The area of this source may be redistributed or subdivided 

based on Phase II results. 

To aid in disposal trench location a geophysical program will be 

performed directly north of Source 36-3.  The techniques utilized and the 

program design will.be the same as for those in Source 36-17N.  The 

results of the Phase II geophysical program will be combined with the 

results of aerial photograph interpretation and field mapping of surface 

expressions to design the Phase II soil boring program.  As samples fr 

four boreholes in the source area were not analyzed due to the presence 

of mustard, geophysics and^ field mapping may be the only method of 

estimating volumes of contaminated soil unless chemical analyses can be 

performed at some location on mustard contaminated soils. 

om 

The Phase II soil boring program for Source 36-17S will be finalized 

after geophysical studies are complete.  A Phase II program has been 

proposed for estimation purposes.  The exact locations of boreholes and 

sampling intervals may be altered prior to development of the final Phase 

II plan. 
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Source 36-17S Phase II soil sampling plan is shown in Figure 36-17-llb. 

Eight boreholes proposed adjacent to Source 36-3 are part of the Phase II 

program for Source 36-3 to define the areal extent of contamination for 

this source. Modifications of the Source 36-3 boundary will not be made 

unt.il.completion of the Phase II investigation due primarily to lack of 

data directly north of this source (mustard contaminated soils not 

analyzed). The Phase II program consists of the construction of 200 soil 

borings. Sampling intervals will be 0 to 1, 4 to 5, and 9 to 10 ft. Of 

the 20 remaining boreholes anticipated for this source 9 will be to 

depths of 5 ft, and 11 to depths of 10 ft. 

Number of Borings Depth (ft) Number of' Samples 

11 10 33 

_9 5 18 

TOTAL  30 51 

The analytical schedule for this source area is listed below.  The lack 

of chemical data in certain portions of this source area necessitates a 

repeat of the Phase I analytical schedule.  Samples to the north of 

Source 36-3. will be analyzed for a full range of analtyes.  Samples from 

the six borings south and west of Source 36-3 will be tested for 

organochlorine pesticides, DBCP, DIMP, and organosulfur compounds (see 

Figure 36-17-12). 

Analytical Method Number of Samples 

Organochlorine pesticides 35 

Organosulfur Compounds 17 

DBCP 51 

Metals 35 

Organophosphorus Compounds 33 

DIMP/DMMP 33 

Arsenic 51 

Mercury 51 

Volatile Organics 12 

Extractable Organics 18 

Based on Phase I chemical analysis results, it is anticipated that all 

Phase II investigations in Source 36-17 will require use of full Level C 

Protection. 
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OCP,OSC,OPP,0BCP,0tMP,ICP,A«,Hg 
OCP.OSCOPP.DBCP.DIMP.tCP.As.Hg 
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* \ 
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4-5  pBCP,ICP,A*,Hg.£X,VOl 

9-10 pBCP,ICP,A8,Hg,£X,VOl 

OCP,OSC,OPP,DBCP,DIMP,ICP.As,Hg 

OCP,OSC,OPP,DBCP,DIMP,lCP.As,Hg 

EXPLANATION 
•    Phase I Boring 
A   Phase II Boring 

Sampling —} 0-1 OCP, As 4— Antic 
Interval 4-5 OCP, Ha 

(feet) 

ABREVIATtON KEY 

PHC Purgaabla Halocarbona 
PAM Purgaabla Aromatic* 
OCP Organochlorlna Pesticide« 
OPC Organophosphoroua Compound* 
OSC Organoaulfur Compound* 

Hg Mercury 
CP Malal* (Cd, Cr, Cu, Pt>, Zn) 
At Araanlc 

VOL VolatHa Organic* (GC/MS) 

EX Extract« bla Organic* (CC/MS) 

3102 3103 3104 

Figure 36-17-12 
SOURCE 36-17 
PHASE II CHEMICAL ANALYSIS SCHEDULE 
SOURCE: ESE, 1986 

Prepared for: 
U.S. Army Program Manager's Office 
For Rocky Mountain Arsenal 
Aberdeen Proving Ground, Maryland 
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