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1.0  INTRODUCTION 

Chemical and sanitary sewer systems have been in use at the 

Rocky Mountain Arsenal since the initial construction of the 

South Plants and associated facilities in 1942. Some of these 

systems, such as the main sanitary sewer branches leading to the 

treatment plant in Section 24, have been only slightly modified 

since original construction. The chemical sewer system, 

however, has been extensively modified, rebuilt and partially 

removed over the course of forty years of operation. 

Figures 1.1 and 1.2 show the layouts of the sanitary and 

chemical sewer system over the entire Arsenal. 

The sewer systems at Rocky Mountain Arsenal have been recognized 

by technical investigators as major contributors, to contaminant 

transport. Complex combinations of exfiltration and contam- 

inated groundwater and surface water infiltration may have 

resulted in the transport of both Army and lessee contaminants 

over large areas of the Arsenal. Morrison-Knudsen Engineers 

Inc. has initiated a field investigation of the RMA sewer 

systems to understand the evolution of the systems, assess their 

condition and to make preliminary determinations of their role 

in contaminant transport. 

04/28/86 
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2.0  OBJECTIVE 

This interim report summarizes the results of the initial phase 

of work described in the Morrison-Knudsen Engineers (MKE) 

document "Chemical and Sanitary Sewer Examination, Technical 

Plan," August, 1985. The scope of work of this Phase I is 

described in Section 3.1 of the Technical Plan and is summarized 
as follows: 

-   Map compilation and preliminary review. 

Initial field investigation. 

Field location of manholes and comparison with available 
mapping. 

Inspection of manholes. 

Water level determinations in flooded portions of sewer 
systems. 

Sewer water sampling. 

Air pressure testing of  selected portions of sewer 

systems. 

Jet cleaning and in-line television inspection of selected 
portions. 

The primary purpose of this first phase of work was to provide 

sufficient information to select candidate sites for excavation, 

observation and sampling. The objective of the excavation phase 

of the field investigation is the determination of the present 

structural integrity of the sewer systems and their impact on 

the contamination of soils and groundwater. 

04/28/86 
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3.0  PROCEDURES AND STUDY RESULTS 

The methods employed in this first phase of work consist of the 

following tasks: 

Sewer system layout determination. 

Water level determination in the sewers and adjacent 

groundwater. 

Water sampling. 

Low pressure air testing. 

-   Jet cleaning and in-line videotaping. 

The following sections summarize the procedures followed and the 

subsequent results for each of the above tasks. 

( 3.1  SEWER SYSTEM LAYOUT DETERMINATION 

V. 
3.1.1 Review of Existing Drawings 

Research into the available information documenting the original 

construction and subsequent modifications of and additions to 

the RMA sewer systems resulted in the following list of drawings 

summarized in Table 3.1.  It is anticipated that other relevant 

documents will be discovered as work continues with the large 
■l 

volume of available  information.   The primary sources of 

drawings were those located in the RMA Facilities Engineering 

vault and the drawings provided by Shell Chemical Company 

(Shell). 

When available, additional documentation provided by both Shell 

and the Army production was used to confirm or supplement the 

information obtained by drawing review. 

04/28/86 
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3.1.2  Field Confirmation of Sewer Alignment 

A review of the available documentation of the RMA sewer systems 

resulted in apparent discrepancies between various sources. 

Examples of such discrepancies are: pipe diameters, manhole 

locations, horizontal alignment and contradictory building 

service line locations. Therefore, field reconnaissance surveys 

commenced in October 1985 by Morrison-Knudsen Engineers to both 

confirm the accuracy of the drawings and resolve, when possible, 

the discrepancies. The South Plants sanitary sewer system, the 

sanitary main lines to the treatment plant in Section 24, the 

South Plants contaminated sewer system and the portion of the 

North Plant contaminated sewer in Section 36 were traced on foot 

and inspected from the surface without lifting manhole covers. 

This allowed the investigating team to quickly determine the 

areas of questionable alignment and to check the drawings 
against field conditions. 

A review of the June, 1960 Shell Chemical Company drawings, 

ZE 6003-(A&B), ZE 6005-(A&B) and ZE 6006-(A&B), indicated that a 

color coding system existed for manholes.. Sanitary sewer 

manholes were yellow, contaminated waste sewer manholes red and 

process water return manholes blue. Field observation indicated 

that many manholes had residual paint from this earlier color 

coding. It was often necessary to locate manholes under asphalt 

paving, gravel, or soil using a magnetic locator, and then 

uncover them with hand tools. In several instances, manholes 

could not be located using these techniques. When the available 

documentation confirmed the use of a particular manhole that 

showed no signs of past painting, MKE personnel spray painted 

the cover the appropriate color. 

Prior to MKE field  reconnaissance,  representatives of Ebasco 

Services  Incorporated,  an Army contractor,  had conducted a 

similar exercise.  In those  instances where a manhole could not 

definitely be determined to be part of either the sanitary, 

contaminated,  or process  water  return  system,  the Army 
04/28/86 
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contractor painted it both blue and red. After consultation 

with the RMA Facility Engineer and Ebasco, the MKE team 

repainted some of these manholes the appropriate color after a 

careful review of the available drawings. Even after this 

effort, however, several manholes could not be categorized due 
to a lack of documentation. 

To provide information for future health and safety 

determinations, the MKE field reconnaissance team inserted 

instrumentation probes into any manholes which provided access 

without lifting the covers. Readings were taken with a 

Combustible Gas Meter, Organic Vapor Analyzer, and an Army M8 

Surety Agent Meter. No positive indications of Army agents were 

detected, although organic vapors were detected in both the 
sanitary and contaminated waste sewers. 

After the initial  field  reconnaissance of sewer manholes was 

conducted, MKE personnel returned to those areas of the sewer 

\ systems where identification was not possible from surface 

r observation only and removed the manhole covers for subsurface 

s observation.   This  procedure  was conducted in  "Level B" 

protective clothing and equipment  (supplied air respiratory 

protection).  Readings were taken with the health and safety 

^ instrumentation, and field notes were compiled indicating the 

orientation and approximate diameter of incoming and exiting 

sewer pipes and the construction materials of manholes and 

pipes. No manholes were entered - all observations were made 
froni the ground surface. Some manholes were observed to be 
flooded with water and/or filled with soil or concrete and 
therefore observation of pipe alignment was not ' possible. 

Comparison with the available drawings confirmed that field 

conditions were often not accurately depicted by any of the 

,, documents assembled in  the  original  research effort.  Typical 

examples of such discrepancies include dozens of unmapped pipes 

entering manholes from unknown sources, contradictory pipe 

alignments and different pipe materials. Such conditions were 

particularly evident in the contaminated sewer system. 

04/28/86 
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In addition to the drawings listed in Table 3.1, a 1979 Shell 

Chemical Company compilation of contaminated sewer manhole data 

was utilized in the field reconnaissance effort. (Appendix A). 

Although this document did not address several of the 

contaminated sewer manholes, it proved helpful in furthering MKE 

understanding of the flooded portions of the system. 

Health and safety instrumentation readings taken in manholes 

which had no openings to the atmosphere and therefore no 

opportunity to vent light organics often showed high levels of 

organic vapor concentrations. For example, contaminated manhole 

Wl (Shell Chemical Company designation) was uncovered in the 

middle of a gravel road under three inches of hard packed soil 

and gravel (Figure 3.3). The Organic Vapor Analyzer (OVA) 

ionization detector flame was extinguished after "pegging" at 

the maximum scale reading of 1000 ppm. The Lower Explosive 

Limit reading in the manhole was twenty-four percent. Table 3.2 

summarizes all organic vapor concentration readings taken in the 

RMA manholes. The table reflects the increases in organic vapor 

concentrations due to the jet cleaning of the sewers during the 

television inspection work described in Section 3.6 of this 
report. 

3.2  DESCRIPTION OF SOUTH PLANTS SEWER SYSTEMS 

Figures 3.1, 3.2 and 3.3 show the current understanding by MKE 

of the South Plants contaminated and sanitary sewer systems. 

These drawings depict the underground sewers prior to the 

installation of the Shell Chemical Company above-ground 

contaminated sewer in 1980-1981. Figure 3.3, showing the 

contaminated sewer system on the east side of the South Plants, 

includes the Army Liquid Waste Collection System which at 

present collects chemical waste from active Army buildings, 

stores the liquid in Tank 555 and then treats the liquid prior 
to discharge to the sanitary sewer system. 

04/28/86 
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The following discussion briefly summarizes - the evolution and 
operation of thev various systems. 

3.2.1 West Side Sanitary Sewer (Figure 3.1) 

The South Plants sanitary sewer system west of D Street was, for 

the most part, constructed before any lessees entered RMA.  The 

sewer is primarily a vitrified clay pipe gravity sewer with lift 

stations located by Buildings 36 4 and 341A (Figure 3.1).  The 

original  construction  around  the  Chlorine  Plant  area 

(Buildings 241, 242, 251, 254,  etc.)  and the Power Plant area 

(Buildings 321, 325) is intact, and, other than a few additional 

service lines, has not been extensively modified.  The majority 

of the sanitary sewers serving the southwest warehouse area 

(south of manhole 110A) were constructed in 1944 or 1945 (per 

Army Drawing A-8/456.6E/A-1).   The lines serving Buildings 347, 

362 and 363  (west of manhole Uli and south of manhole 111H) 

were constructed in 1953  or 1954,  based on a. review of Army 

Drawing 71-08-01, Sheet 4 of 6.   The 1984 RMA Master Plan Maps 

(18-02-01,  Sheet 39 of  79)  indicate  an additional line 

terminating at the east end of Building 362, but this was not 
located in the field. 

The Chlorine Plant area is inactive; no flows were observed in 

the sanitary sewer west of manhole 105. The Power Plant and 

some warehouses are still in service, however, and sewage flows 
were observed entering manhole 107 on D Street. 

3.2.2  East Side Sanitary Sewer (Figure 3.2) 

The South Plants sanitary sewer system east of D Street has seen 

more modifications over its lifetime than the west side 

(Figure 3.2). .The mains serving the mustard manufacturing area 

(manholes 122 to 101) and the incendiary oil bomb plant 

(manholes 124 to 126) are part of the original Arsenal 

construction in 1942.    The  line  connecting manholes 115B 

04/28/86 
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(originally 115) to 101 was abandoned in late 1943 with the 

construction of the third M-l Settling Basin, and the system was 

re-routed east to a new 115 and north to manhole 100 (Army 
Drawing 7164-2013, Revision IV). 

In 1945, the line from manhole 116 to 117 was installed (Army 

Drawing A-8/456.15B/A-1) along with the lateral from manhole 125 

to 125C (Army Drawing A-M-l). m 1948, the main from 

manhole SA-1 to SA-4 was constructed (Army Drawing D6-3-2). In 

1952 to 1953 this line was extended to serve Buildings 543B, 

544, 751 and 752 by installing a lift station and manholes SA- 

4A, SA-5 and SA-6 (Army Drawing D6-2-3). Also in 1952, the line 

from 117 serving Building 522B was installed (Army Drawing 71- 

08-01, Sheet 1 of 6). In 1974, manholes 120A through 120E were 

installed and the sanitary sewer south of manhole 120 was 
abandoned. 

3.2.3 West Side Contaminated Sewer (Figure 3.1) 

The South Plants contaminated sewer west of D Street originally 

served as both a conveyance for chemical waste and a storm sewer 

(Figure 3.1). The original 1942 system consisted of a vitrified 

clay pipe network in the Chlorine Plant area that collected 

contaminated waste and surface runoff and routed it south 

through pipes and open ditches that eventually flowed west to 

Sand Creek Lateral. The original manholes (designated by the 

"I" numbering series) were often covered with open grates that 

allowed surface runoff entry to the system. MKE field personnel 

have located these manholes and observed the grated manhole 

covers. In addition to serving the Chlorine Plant, the sewer 

received wastes associated .with the phosgene bomb filling 

activities in Building 331 in 1944 (Army Drawing D-674C). 

In 1956, with the construction of Basin F, the Army constructed 

a contaminated sewer to transport South Plant wastes to Basin F. 

Manholes 4-1, 4-2 and 4-3 were built in the Chlorine Plant area 
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at this time to re-route the Chlorine Plant wastes north to the 

original caustic waste line (manhole 6) and on to Basin F. This 

new line picked up effluent from the original Chlorine Plant 

contaminated sewer by the operation of a cross-connection and 
pump (See detail, Figure 3.1). 

In 1976, the Army ran a lateral from Buildings 313 and 314 west 

across D Street and joined the sewer to Basin F at manhole 6 

(manholes 6-1, 6-2, 6-3 and 6-4). This is depicted by Army 
Drawing E2-18-4. 

3.2.4 East Side Contaminated Sewer (Figure 3.3) 

The east side of the South Plants contaminated sewer system has 

seen the most extensive and complex series of modifications of 

any of the RMA sewer systems. Figure 3.3 depicts the 

underground system as it existed prior to the 1980-1981 

construction of the Shell above-ground system. This system 

became completely operational in January of 1982. 

The original contaminated sewer system in the east side of the 

South Plants was a conveyance for chemical effluents and storm 

runoff.  The system consisted of a network of gravity vitrified 

clay pipes, open, unlined ditches and culverts that terminated 

at the 30-inch pipe just west of the M-l Settling Basins.  The 

M-l Basins  received process wastes  from early Army Lewisite 

production in Building 514 via a system of above-ground pressure 

piping.   The waste was neutralized with lime slurry from 

acetylene production,  the  solids  settled out and the liquid 

decanted to the 30-inch main.   The  30-inch main then crossed 

under December 7th Avenue, turned northeast at manhole 1-A and 

discharged to the Lime  Settling Basins.  Manhole 1-A has been 

located by MKE field personnel.   The manhole is flooded with 

water due to the plugging of  the  outfall pipe with brick and 
mortar. 

04/28/86 
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The main contaminated gravity sewer line that received wastes 

from the original Army production during the war years is shown 

on Figure 3.3 as manholes W12, W15, W16, W21, W22, W25, W26, 

W27, W28, W29, (14), (15), (16), (17), andW31. (The numbers in 

parentheses designate Army numbering; the "W" and "E" series 

manholes designate Shell numbering.) Although certain portions 

of this line may have been replaced, an MKE review of the 

available documentation has, concluded that this reach is 

essentially the same today as it was in 1942. Exceptions to 

this would be rebuilt or replaced manholes and the bypass of 

manhole (12) with the construction of W28 (See Army 
Drawing 7614-2759). 

Underground gravity sewer - service to Army buildings 514, 536, 

537 and 538 was originally provided around 1944 to 1946 with the 

construction of manholes (1), (1A), (IB), (1C) and (2) (Army 

Drawings D6-538-1, C6-537-1 and A-8/453.1B/A-1). This 

construction received waste from mustard purification and ton 

container decontamination activities and transported it directly 

north across December 7th Avenue and past the east edge of the 

Lime Settling Basins to Basin A. At approximately the same time 

in this same area, manholes (4), (5), (6), (6A), (6B) and (ID) 

were constructed and discharged to the same 12-inch vitrified 

clay pipe that crossed December 7th Avenue (Army Drawings E6-62- 
1 and C6-537-1). 

In 1951, a force main was constructed connnecting 742A to 

manhole (1A) north of Building 538 (Army Drawing D6-60-1). This 

main discharged to an unnumbered trap, or manhole, immediately 

south of Building 727. From this structure it flowed by gravity 

to manhole (1A) and on to Basin A. 

In 1953, a contaminated sewer receiving effluent from 

Building 732 was constructed. This line crossed December 7th 

Avenue and discharged to a ditch in Section 36 that routed the 

effluent to Basin A  (Army Drawing D6-732-1).   The ditch is 
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visible in available aerial photography and, along with the 

associated manholes, has been located in the field by MKE 
personnel. 

Also in 1953, the Julius Hyraan Company installed a 12-inch sewer 

that tied into the existing line between manholes (IB) and (1). 

Manholes H-l and H-2 were constructed at this time (Julius Hyman 

Drawing C-2436). . This line provided a means of segregating 

Hyman waste flows from Army waste, and discharged them to a 

stilling basin located at the southeast corner of the Lime 

Settling Basins. The effluent entered Basin A from the stilling 

basin via an open ditch. At some time between 1960 and 1976, 

the line between manholes E5 (originally H-l) and Ell was 

abandoned and bypassed with the construction of E2, E3 and E4 
(Shell Drawing 2E-6005-A, Revised 1976). 

The construction of these parallel sewer lines made it possible 

to install the "east meter" (adjacent to' Building 503 in 

Figure 3.3) in 1965, thereby allowing the monitoring of Shell 

effluents separately from the Army's (Army Drawing E6-2-4). 

Prior to this meter installation the flows were simply 

recombined north of December 7th Avenue and routed to Basin F 
with its construction in 1956. 

In 1957, the Army constructed a 6-inch sewer line and 

manholes (21), (22) and (23) to carry waste flows from 

Buildings 313 and 314 (the lab and laundry) to the main sewer at 

manhole W21 (4) (Army Drawing E6-5-1). until this time, the 

flows from these two buildings were carried by culverts and 

open, unlined ditches to the original 30-inch main running 

northward along the western edge of the M-l Settling Basins. 

With the construction of the west meter in 1965 (Army 

Drawing E6-2-4), the Array flows from the lab and laundry were 

included in the metered volumes. This was remedied by the 1976 

construction of a branch sewer which carried the lab and laundry 

waste flows west across "D" Street to manhole 6 in the Chlorine 
Plant area (Army Drawing E2-18-4). 

04/28/86 
-18- 



WP-12301 

The main sewers in the area of Building 534B, the Shell-built 

Planavin unit, were built in 1965. It is known from the Shell 

documents that manhole W3 was constructed in 1970 when the line 

between W2 and W4 was abandoned. Later, in 1977, the line 

between W3 and W4 was abandoned. 

In 1975, the Army constructed a force main from Building 743 to 

the then existing manhole south of Building 727 (Army 

Drawing E6-743-1). Later, in 1979, this segment was 

incorporated into the South Plants Liquid Waste Collection 

System, which collects Army effluents, stores them in a 170,000 

gallon tank ("Building" 556) and routes them to a treatment unit 

in Building 540 prior to discharge to the sanitary sewer (Army 

Drawing 71-07-17, Sheets C-2). Force mains "A", "B", "C", and 

"D" are part of this 1979 collection system and are still 

operational today. 

One portion of the South Plants contaminated sewer system that 

has seen particularly extensive modifications is the area served 

by manholes W31, W32 and W33. As shown on Figure 3.3, 

manhole W33 is precast concrete, and manhole W32 has been 

converted to a sump that discharges to the sewer north of 

Building 451. A review of Shell documentation indicates that 

these changes were made in 1979, and resulted in the abandoning 

of the contaminated sewer upstream of W27. 

Prior to the installation and partial operation of the Shell 

above-ground sewer system (1980 to 1981), the Denver Effluent 

Treatment (DET) system received effluents from the underground 

gravity sewer by pumps located in Buildings 503 and 502 near the 

east and west meter pits. The pumps and sumps associated with 

Buildings 503 and 502 were installed in 1975. Later, in 1978, 

Shell disconnected from the main sewer that transported 

contaminated waste to Basin F. Also at this time, the 12-inch 

line connecting manholes Wl to E2, along with manhole EWl, was 

installed to allow the transfer of effluent from the west side 
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to the east. Presumably, the portions of the contaminated sewer 

near the DET system (buildings north and east of 538) were 

constructed prior to disconnecting from the sewers to Basin F in 

1978. 

3.3  WATER LEVEL DETERMINATIONS 

The field reconnaissance survey of the South Plants contaminated 

sewer system indicated that a significant portion of the system 

was flooded with water. Therefore, the MKE investigation team 

took measurements of the water levels in the manholes to 

determine the relationship of the sewer water to the South 

Plants groundwater table. Figure 3.4 depicts the flooded 

portions of the contaminated sewer. 

3.3.1  Contaminated Sewer Water Levels 

As shown by Figure 3.4, the portion of the South Plants 

contaminated sewer along December 7th Avenue is flooded. In 

1982, the Army plugged the three northbound contaminated sewer 

mains exiting the South Plants. The 12,000 feet of contaminated 

sewer from immediately north of December 7th Avenue to Basin F 

in Section 26 was removed at this time. Field observations by 

MKE personnel in October 1985 indicated that many surface water 

entry points into the contaminated sewer still exist in the 

South Plants area. Uncovered sumps and area drains apparently 

allow precipitation and runoff to recharge the system. 

Presumably, any leaking roofs in abandoned process buildings 

would also contribute to this .recharge via floor drains. 

From mid-October to early November 1985 and also in April of 

1986, MKE personnel took measurements of water depths in the 

South Plants contaminated sewer manholes to determine water 

surface elevations in the system. Differential level circuits 

were run from the southwest corner of Section 36 into the South 

Plants area to verify the  relative elevations of manhole rings 
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as  reported  by   shell  Chemical  Company  documentation 

(Appendix A).  This MKE vertical control survey was based on the 

National Geodetic Survey (NGS)  datum established on the RMA by 

International Technology Limited  (ITECH)  in March, 1985 to 

support Environmental Science and Engineering,  inc.  work in 

Section 36.  This surveying confirmed the approximate relative 

elevations of manhole rings as shown in Appendix A (+ 0.3 feet) 

and also indicated that the Shell data in Appendix A was based 

on a datum approximately 0.6 feet higher than the NGS datum. 

(Comparison of ITECH's elevations for Section 36 corners with 

RMA Facility Engineer drawings showed on average a one foot 
differential.) 

Measurements were made of the water surface levels below the 

manhole rings in the flooded South Plants contaminated sewer 

manholes. This data, along with the information in Appendix A, 

was used to construct profiles of the flooded portions of the 

contaminated sewer as shown in Figures 3.5A and 3.5B. 

Horizontal distances between manholes were estimated by scaling 

the lengths from Shell Chemical Company drawing YE-13347-1, 
August 1979. 

3.3.2 Groundwater Levels 

The profiles of the flooded portions of the South Plants 

contaminated sewers (Figures 3.5A and 3.5B) depict the 

groundwater table based on measurements taken in eighty-nine 

Shell Chemical Company wells during May and September of 1985. 

This well data was used to produce a computer-generated water 

table map and to prepare Figure 3.4, thereby assisting the MKE 

investigation team in selecting candidate sewer excavation sites 

that would not produce large volumes of water. 

Inspection of the sewer profiles in Figure 3.5A and 3.5B shows 

that the water elevations in the northern-most manholes along 

December 7th Avenue (El and Wl)  were over four feet, higher than 
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the adjacent groundwater table during October, 1985 

Presumably, wet weather directly recharges the sewers by means 

of exposed sumps and area drains, and water levels quickly rise 

in the downstream manholes. Afterwards, the system would 

equilibrate by exfiltrating into the groundwater. Insufficient 

information is available at this time to arrive at conclusions 

on exfiltration and infiltration rates and their distribution 
along the pipeline. 

3.4  SEWER WATER SAMPLING 

MKE personnel sampled the standing water in the South Plant 

contaminated sewers and also  in the sanitary sewer system both 

in the South Plants and north of December 7th Avenue in November 

and December, of 1985 and early January 1986.  One objective of 

this sampling program was to characterize the water likely to be 

encountered in the sewer excavation phase and determine if it 

constitutes a hazardous rating under RCRA. A second objective 

was to provide sufficient water quality data to support a water 

treatment contingency plan in  the  event that the sewer 

excavation program generated  significant volumes of water 

requiring treatment.   Analysis was provided by the Rocky 

Mountain Analytical Laboratory,  and analytical  results are 
summarized in Table 3.3. 

The sewer water sampling program sampled twenty-four manholes 

that were incorporated into ten individual samples and five 

composite samples, each composite representing two or more 

consecutive manholes of a particular portion of the sewer 

system. Refer to Figures 3.6, 3.7 and 3.8 to locate the areas 

of the sanitary and contaminated sewer ■ systems that were 
sampled. 

The samples collected in the abandoned contaminated sewers were 

taken from the relatively static water standing in the manholes. 

The assumption was made that vertical stratification would 
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TABLE-3.3 

SOER   UATER   ANALYSIS 

IN0R6ANIC PARAMETERS 

CORROSWITY 

I6NITABILITY 

REACTIVE SULFIDE 

REACTIVE CYANIDE 

TOTAL OISSOLVED SOLIDS 

TOTAL SOLIDS 

TOTAL VOLATILE SOUOS 

TOTAL ORGANIC CARSON 

ROW EP TQXICITY METALS 

ARSENIC 
BARIUM 
CADMIUM 

CHROMIUM 
LEAO 
MERCURY 
SELENIUM 
SILVER 

UNITS 
pH 
F 
ag/1 
■g/1 

■g/1 
•g/1 
■g/1 
■9/1 

UNITS 
■g/1 . 
■9/I 
■9/I 

■9/I 
«9/] 

«g/1 
09/1 

09/1 

ROW  EP TKICITr ORGANIC,   PESTICIDES 
UNDAME ,5/, 
«■V-WT „g/L 

ug/L 
«g/L 

ENORIN 
NETHOXYCHLOR 
TOXAPHENE 

PRIORITY POLLUTANT    ORGANICS 
J-8HC 
ALDRIN 
DIELDRIN 
ENORIN KETONE 
ENORIN ALDEHYOE 

09/L 

UNITS 
ug/L 
«g/L 
ug/L 
ug/L 
»g/L 

MANHOLE 
DATE 
Ma 

(2 to >12 
(140 

NOT OEF. 
NOT OEF. 

«a 
5.0 

100.8 
1.0 

5.0 
5.0 

0.2 
1.0 

5.0 

Ma 

400 

20 

10,000 
500 

na 

El 

10/18/85 

7.75 
105* 

ND(0.0S) 
ND (0.1) 

NO <0.S) 

ND <J.05) 
ND (0.04) 

NO <0.05) 
NO (0.25) 

ND (0.001) 
ND (1.12) 

0.058 (0.03) 

NO« .3) 
NO (7.8) 

ND (0.3?) 
NO (14) 

NO (14) 

E2-E7 

11/4/85 

7.84 

llSf 

ND (0.5) 
NO (0.1) 
440 (10) 
510 (10) 
100 (10) 
11 (0.1) 

0.004(0.002) 
0.034(0.005) 
0.071(0.004) 
NO (0.005) 
ND (0.025) 
0.007(0.00!) 
ND (0.002) 
NO (0.003) 

E48-E5A-E5B    4 

11/14/85 11/4/85 

NO (0.68) 

NO (0.24) 
ND (8.12) 

NO (5.0) 
ND (4.8) 

8.0? 
?5* 

N0(0.5) 
ND (0.01) 

410 (10) 
480 (10) 
?0 (10) 

?.?(0.1) 

7.55 
ll?t 

N0(0.5) 
NO (0.1) 

220 (10) 
4?0 (10) 
?0(10) 
12 (0.1) 

NO (0.02)       0.004(8.602) 
0.042 (0.005) 0.042(0.005) 
0.035 (0.004) 6.611(8.804) 
NO (0.005)      NO (0.005) 
NO (0.625)      ND (0.025) 
0.001 (0.001) NO (0.001) 
ND (0.02)        ND (0.602) 
NO (0.003)      NO (0.003) 

NO (0.02) 
NO (0.04) 
ND (0.3) 
NO (1.25) 
NO (1.20) 

NO (8.2) 
ND (6.4) 
NO (0.3) 

.NO (12.5) 
ND (12.0) 

NO (6.615) NO   (0.15) 
0.27 (0.020) 3.4 (0.20) 
NO (0.616) 5.4 (0.1) 
ND (6.010) 7.? (1.0) 
0.28 (6.12) ND  (1.2) 

U 1A 

10/18/65 

7.21 
117» 

ND (6.85) 
NO (8.1) 

ND (6.5) 

0.04 (0.05) 
NO (8.84) 

0.65 (6.6S) 
ND (8.25) 

ND (0.861) 
ND (S.G2) 

6.6?4(3.63) 

ND (0.2?) 
ND (S.o) 

ND (0.43) 

NO (16) 
ND (17) 

NOTES AND ABBREVIATIONS 

ND=NOT   DETECTED 

(0.01)= DETECTION  LIMITS 
NF=*flJT   FLASHED 

*=I6NITABILITY   DATA   INVALID 

Ma=MAXIHU1      CONTAMINATION     LEVEL 

NOT DEF.= NOT DEFINED 

SEUER  UATER   ANALYSIS   - Page 1 
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SEUER   UATER   ÄW.YSIS 

NANHOLE Ul-PIT U4-U4 U7-U15 U 88 SA1 
DATE 11/7/85 11/14/85 11/7/85 18/18/85 1/15/84 

INORGANIC  PARAMETERS UNITS NCL 

<2 to)12 CORROSJVITY pH 8.58 7.34 7.33 7.69 7.43 
mnmim F (140 118« 122* 101« 119i 89f 
REACTIVE  SULFIDE »9/1 NOT DEF. NO (0.5) NO (0.5) NO (0.5) NO (0.65) ND (1.0) 
REACTIVE   CYANIDE 119/I NOT DEF. ND (0.1) NO (0.01) NO (0.1) NO (8.1) ND (6.81) 
TOTAL  DISSOLVED  SOLIDS ■g/1 — 450 (10) 370 (10) 240 (10) — 505 (10) 
TOTAL   SOLIDS ■9/1 — WOO  (10) 500 (18) 298 (10) — 530 (18) 
TOTAL VOLATILE SOLIDS ■g/1 — 150 (10) 45 (10) 40 (10) — ND (10) 
TOTAL  ORSANIC  CARBON ■9/1 — 29 (B.l) 14 (0.1) 15 (0.1) — 34 (8.1) 

RCRA   EP TOXIC17Y HETALS UNITS NCL 
ARSENIC ■g/1 5.8 0.28 (0.002) NO (0.02) 2.0 (6.4) NO (0.05) 0.64 (0.082) 
BARIUM •g/1 100.0 . 0.060 (0.005) 0.051 (0.005) 0.039(0.005) 6.22(0.005) 6.04 (0.805) 
CADMIUM ■9/1 1.0 ND (0.004) NO (0.004) 0.621(6.004) 0.054(0.004) ND (8.604) 
CHROMIUM ■9/! S.O ND (0.005) ND (0.005) NO (0.005) 0.27(0.005) ND (0.005) 
LEAD ■g/1 5.0 NO (0.025) NO (0.825) ND (0.025) 6.18(0.025) ND (0.625) 
MERCURY ■g/1 0.2 NO (0.001) 0.001 (0.001) ND (0.001) NO (0.001) ND (6.801) 
SELENIUM «g/1 1.6 ND (0.002) NO (0.62) NO (0.602) ND (0.62) ND (6.862) 
SILVER ■g/1 5.0 ND (0.003) ND (0.003) ND (0.003) 0.15 (0;803) NO (8.003) 

RCRA  EP TOXICITY 0R6ANICS,   PESTICIDES Ma 
LINDANE . gg/1 400 ND (20) ND (0.2) NO (2.0) NO (2.2) ND (0.0?) 
4,4,'-00T ug/l — NO (40) ND (0.4) ND (4.0) NO (44) ND (0.24) 
ENOR1N ug/L 20 ND (30) ND (0.3) ND (3.0) ND (3.3) ND (0.12) 
HETHOXYCHLOR ug/L 10,003 NO (1250) ND (12.5) ND (125) ND (140) NO (5.6) 
TOXAPHENE ug/L 500 ND (1200) ND (12.8) NO (120) NO (130) ND (4.8) 

PRIORITY POLLUTANT    ORGANICS UNITS MCL 
3-8KC ug/L — — ND (6.15) 3.2(1.5) — — 

ALDRIN ug/L — — NO (6.28) NO (2.0) — — 
DIELORIN ug/L — — 1.4(8.1) 9.2(1.0) — — 

ENORIN KETONE ug/L — — NO (1.8) 7.1 (10) — — 
ENDRIN ALDEHYDE ug/L ND (1.2) ND (12.0) 

NOTES AND ABBREVIATIONS 

ND=NOT   DETECTED 

(0.01)= OETECTION   LIMITS 

NF4WT   FLASHED 

»16N1TA8ILITY   OATA   IWJWLIO 

MCL=NAX1MUM       CONTAMINATION      LEVEL 

NOT OEF. = NOT DEFINED 
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SKR   MATH   ««LYSIS 

INORGANIC   PARAMETERS 

CORROSIVITY 
I6NITA8JLI7Y 

ROCTIVE  SULFIDE 
REACTIVE  CYANIDE 

TOTAL  DISSOLVED  SOLIDS 
TOTAL  SOUDS 

TOTAL  VOLATILE SOLIDS 
TOTAL   ORGANIC   CARSON 

RCRA   EP TOXICm METALS 
ARSENIC 
BARIU1 

CAOMItfl 
CHROMIttl 
LEAD 

MERCURY 
SELENIIM 

SILVER 

WITS 
pH 
F 

•9/1 
■o/l 
»g/1 
•9/1 
og/l 
ag/l 

UNITS 
«9/1 

■9" 
■9/1 

■9/1 
■9" 
■9/I 

■9/1 
•9/1 

KRA  EP TOXICITY ORS4NICS,   PESTICIDES 
"NDANE .9/] 
M,'-DDT „g/L 

ug/L 
ug/L 
09/L 

ENDRIN 

METHOXYCHLOR 
TOXAPHENE 

PRIORITY POLUTAVT    ORGANICS 
3-8KC 
ALWIN 

DIELORIN 

ENORIN KETQNE 
B»RIN ALDEHYDE 

IWITS 
<ig/l 

ug/L 
ug/L 
ug/L 
ug/L 

MANHOLE 
DATE 
Ma 
<2 to >J2 
(140 

NOT DEF. 
NOT DEF. 

Ma 
S.O 
108.0 
1.0 
5.0 

S.O 
0.2 
1.0 

S.O 

Ma 
400 

20 

10,000 
500 

Ma 

S40\ 

1/14/84 

7.07     \ 
117* 

NO <1.0) 
ND <0.01) 
240 (10) 
200 (10) 
NO (10) 
25 (0.1) 

S44 

1/14/84 

7.03 
105« 

NO (1.0) 
NO (0.S1) 

220 (10) 
250 (10) 
ND (10) 
58 (0.1) 

S42 

1/14/84 
S 89 
1/14/84 

7.4? 
115« 

ND (1.0) 
ND (0.01) 

300 (10) 
300 (10) 

NO (10) 
19 (0.1) 

7.15 
NF 

NO (1.0) 
ND (O.01) 

290 (10) 
320 (10) 
NO (10) 
32 (0.1) 

S 108 
1/14/84 

4.79 
NF 
ND (1.0) 
ND (0.01) 

280 (10) 
280 (10) 
ND (10) 
34 (0.1) 

0.0 8 (0.002) MM (0.002) NO (0.002) 0.012 (0.002) 0.032 (0.002, 

Ml? (0.005) 0.020 (0.005) 0.009 (0.005) 0.023 (0.005) 0.035 (0.005) 
ND   (0.004)     NO   (0.004)     ND   (0.004)     ND (0.004)      NO (0.004) 
NO (0.005)      NO (0.005)      NO (0.005) NO (0.005) 
ND (0.025)      ND (0.025)      ND (8.025) ND (0.025) 
NO (0.001)      NO (0.001)      NO (0.001) ND (0.001) 
ND (0.002)      ND (0.002)      ND (0.002) ND (0.002) 

NO (0.003)      NO (0.003)      NO (0.003) ND (0.003) 

NO (0.005) 
ND (0.025) 

NO (0.001) 
NO (0.002) 
NO (0.003) 

ND (0.09) 
ND (0.24) 
ND (0.12) 
NO (5.0) 
ND (4.8) 

5.3 (-) 

ND (0.0?) 

ND (0.24) 
ND (0.12) 

NO (5.0) 
ND (4.8) 

5.4 (-) 

ND (0.0?) 

ND (0.24) 
ND (0.I2) 
NO (5.0) 
ND (4.8) 

ND (0.0?) 
ND (0.24) 
ND (0.12) 
ND (5.0) 
ND (4.8) 

3.2 (-) 

NO (0.09) 
NO (0.24) 
ND (0J2) 
ND (5.0) 
NO (4.8) 

NOTES AND ABBREVIATIONS 

ND=NOT   DETECTED 

<0.01)= DETECTION  LIMITS 
NF=N0T   FLASHED 

*=IGNITABILITY   DATA   INUALIO 

Ma*MAXINW      CONTAMINATION     LEVEL 

NOT DEF .= NOT DEFINED 
(-)=NOT REPORTED 
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require a depth-integrated sample. The sampling depth interval 

was one foot. Sanitary sewer samples were taken in the flowing 

stream of water in the operating sewers. 

Sampling methodologies in this effort were based on the 

techniques outlined in the USEPA manual Characterization of 

Hazardous Waste Sites - A Methods Manual; Volume II, Available 

Sampling Methods (EPA-600/4-83-040). All samples were routed 

through the RMA laboratory (Building 313) for surety clearance. 

Proper Chain of Custody procedures were followed and Quality 

Control samples (field blanks, field spikes, known concentration 

samples, sample replicates) were incorporated into the 

analytical program. 

3.5  LOW PRESSURE AIR TESTING 

In November and December of 1985, MKE conducted low pressure air 

testing of selected portions of the RMA sanitary and 

contaminated sewer system. This work was accomplished by 

subcontract to Guildner Pipeline Maintenance, Inc., a firm in 

the Denver area with past experience at Rocky Mountain Arsenal. 

The procedures described in ASTM C 828-80, "Low-Pressure Air 

Test of Vitrified Clay Pipelines" was followed. This 

specification is in Appendix B of this report. 

The objective of this testing was to assist the investigators in 

refining the selection of specific sewer excavation sites. Low 

pressure air testing is an accepted technique for demonstrating 

the relative structural integrity of newly installed vitrified 

clay pipelines. It was recognized that due to the age of the 

original RMA sewers (forty plus years) and the severe service 

conditions, the test could only be an indicator of sewer 

segments that may warrant further investigation. The test is 

not considered in itself an adequate indicator of the structural 

integrity of a sewer. 

04/28/86 
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'.The segments of the RMA sewer systems that were air pressure 

\tested are shown on Figures 3.6, 3.7 and. 3.8. All test sites 

failed to pressurize when air was introduced into the line. The 

conclusion was reached in the field that further air testing 

would not produce results that would enable the investigators to 

distinguish between the relative condition of the various sites 

tested, and therefore the air testing was halted and the 

investigating team proceeded with jet cleaning and televising of 

the lines. Refer to Appendix B for the Air Testing Standard 
Operating Procedure. 

3-6  JET CLEANING AND IN-LINE VIDEOTAPING 

Selected portions of the RMA sewer systems were televised by 

Guildner Pipeline Maintenance Inc. for MKE in December, 1985 and 

early January, 1986. Briefly stated, this procedure involved 

cleaning the segment of interest with a high pressure jet hose, 

stringing a cable between two consecutive manholes and pulling a 

black and white television camera through the lines to inspect 

and record the interior. This technique is a standard sewer 

maintenance procedure that locates trouble spots and permits 

in situ repairs without replacing whole sections of sewer line. 

Refer to Appendix B for the Standard Operating Procedure for Jet 

Cleaning and Televising of Sewers. Table 3.4 summarizes the 

work accomplished in the low pressure air testing, jet cleaning 

and televising programs. Figures 3.6, 3.7 and 3.8 indicate the 

portions of the sewer systems that were jet cleaned and 
televised. 

As demonstrated by Table 3.4, attempts at televising the 

contaminated sewer met with limited success. The portions of 

the abandoned South Plants contaminated sewers which were not 

flooded proved to be either so clogged with solids, partially 

broken or simply misaligned that the television camera"assembly 

could not be pulled through the pipes  in the few areas the jet 

04/28/86 
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TABLE 3.4 

SUMMARY OF SEWER TESTING WORK 

Sites 
Investigated Contaminated Sanitary  other  Total 

^Ll llStiT}<3 9 <2 invalid)    300'       600' Jet Cleaning**  12 o^c,       , „°H        9°0' 
Televising       6 ?Jf       1025'   300'*  2650' 139        1009'   122'*  1270' 

*Due to inadvertent entry into storm sewer system. 

i.. 
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hose could pass through to string the cable. Other features 

that prohibited the televising of areas of interest were 

unorthodox sewer construction methods such as vertical and 

horizontal elbows that blocked the camera. Appendix C contains 

a summary of daily activities during the air testing and 
televising efforts. 

In summary, seven sections of sewer were televised: contaminated 

sewer from manholes W22 to W21 (100 feet), W26 to W27 (7 feet), 

W21 to W17 (32 feet); sanitary sewer from manholes 117B to 119B 

(162 feet), S6 to S3 (357 feet) and 40 to 42 (490 feet). Also, 

122 feet of 30-inch storm drain under December 7th Avenue was 

inadvertently televised. This line was initially mistaken for 

the original 1942 contaminated sewer main draining South Plant 

wastes to Basin A, but later jetting proved this assumption 

false when it was discovered the hose was actually in a newer 
storm drain. 

No televising of the portion of the GB Plant contaminated sewer 

remaining in Section 36 was accomplished due to a lack of access 
at any two consecutive manholes. 

04/28/86 
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4.0  PRELIMINARY CONCLUSIONS FROM PHASE I ACTIVITIES 

The primary goal of Phase I of the RMA sewer investigations was 

the characterization of portions of the various sewer systems 

and subsequent selection of areas warranting additional 

investigation in Phase II. This goal was only partially 

realized. Due to the deteriorated condition of the South Plants 

contaminated sewer system, televising of this system was 

difficult and provided limited information from which to draw 

conclusions. The following discussion draws preliminary 

conclusions from the field observations and the review of the 
available Shell and Army drawings. 

4.1  VIDEOTAPING 

The videotaping effort provided the following information: 

The 12-inch vitrified sewer between manholes W22 and W21 is in 

poor condition and probably represents original 1942 

construction. Approximately 90 percent of the pipe joints are 

cracked, with the cracks ranging from hairline cracks to more 

severe breakage. There are approximately 32 joints over the 100 
foot length of this sewer segment. 

The repeated attempts to videotape the 12-inch line between 

manholes W26 and W27 resulted in taping only 7 feet of the 

220 feet of contaminated sewer line. Entry was made from the 

north end. This portion of the line was flooded due to MKE's 

jet cleaning efforts, indicating vertical misalignment. The 

pipe entering through the wall of manhole W26 was not properly 

grouted, which allowed the jet cleaning nozzle to pass beside 

the pipe into the surrounding soils. The reason for obtaining 

only 7 feet of coverage was due to a buildup of residual sewer 

solids on the TV camera skids that eventually blocked the lens 

and prohibited camera travel. These solids continued to block 

the camera after repeated attempts at cleaning the line with the 
sewer jetting equipment. 

04/28/86 
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Only 32 feet out of the total 165 feet of 6-inch clay sewer 

between contaminated manholes W21 and W17 was successfully 

televised. This line, constructed in 1957, has vertical 

alignment problems as evidenced by water standing in the pipe 

22 feet from manhole W21. Prior to submerging the camera in 

this water, each pipe joint was observed to be offset, some 

quite severely. The camera halted at 32 feet from manhole W21 

due to the inability of the camera skids to clear a particularly 
severe offset joint. 

The three sections of contaminated sewer discussed above were 

the only portions of contaminated sewer successfully televised. 

Attempts were made to inspect other parts of the contaminated 

system, but field conditions prohibited successful 

investigation. Refer to Appendix C for a detailed summary of 

all attempts at televising the contaminated sewer. 

As expected, the sanitary sewer system proved to be more readily 

inspected than the contaminated sewer. Television inspection of 

the segment between 117B and 119B indicated that two areas were 

broken, one of which had pipe fragments in the bottom of the 

pipe. Also, 16 offset joints were observed out of a total of 

approximately 53 joints. This segment of sewer is probably 
original 1942 construction. 

In the Chlorine Plant area, 357 feet of 8-inch sanitary sewer 

from manholes S3 to S6 were televised. This portion of the 

system, considered to be original 1942 construction, appeared to 

be in better condition than the 117B to 119B segment. Offset 

joints were observed, although not as severe as the previously 

discussed areas. Longitudinal cracks were observed running from 

105 to 108 feet, 111 to 114 feet and 177 to 180 feet from 
manhole S6. 

04/28/86 
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In Section 26, 490 feet of 12-inch .sanitary sewer between 

manholes 40 and 42 were televised to provide an indication of 

conditions outside of the South Plants. Although pipe alignment 

appeared to be poor based on observed pipe joint offsets, no 
pipe breakage was observed. 

4.2  MANHOLE CONDITION 

As shown by Figures 3.1, 3.2 and 3.3, South Plants manholes are 

constructed with brick, precast concrete and cast-in-place 

concrete. Since original RMA manholes were constructed with 

brick, concrete construction is an indication of more recent 

activity. Precast concrete manholes are probably an indication 
of the most recent construction. 

Inspection of manholes by MKE field personnel indicated that 

most of the contaminated sewer brick manholes have experienced 

severe chemical corrosion. Typical observed conditions were 

corroded metal rungs (oftentimes completely missing), missing 

mortar between bricks and, in extreme instances, partially 

eroded brick work or collapsing manhole walls due to an 

excessive removal of mortar. All observed manholes were 
photographed for documentation. 

Inspection of manholes in the sanitary sewer system indicated 

that, for the most part, they were in fair condition considering 

the years of service. This is confirmed by the 1979 Memorandum 
Report by Black & Veatch. 

Upon entry of contaminated manholes W21, W22, W24, W25 and W26, 

Guildner Pipeline Maintenance personnel expressed their 

uncertainty that the manholes had competent bottoms. Further 

inspection showed that the manhole inverts were sometimes 

constructed with brick and mortar and typically appeared to have 

eroded bottoms filled with soil. MKE field personnel hammered a 

probe into the manhole bottoms and in each case struck a solid 
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surface within a foot below the invert. A review of Army 

Drawing 7164-2003, "Typical Details of Service Connections and 

Manholes", shows that the original manhole bottoms were not as 

deep as shown by the MKE field inspection. 

4.3  POSSIBLE CONTAMINANT SOURCES FROM SEWERS 

In addition to the various sewer-related contaminant transport 

mechanisms recognized in the Army literature, the MKE review of 

Army drawings and actual fi!eld conditions indicate some 

additional possibilities. The following summarizes these 

instances and it is anticipated that further investigation will 

yield others.  Refer to Figures 3.1, 3.2 and 3.3. 

4.3.1  Sewer Cross-Over Locations 

- Drawing D6-3-1 shows two locations where contaminated 

lines from the mustard' demil area (Buildings 536, 537 and 

538) cross above the sanitary line between manholes SA-1 

and SA-2. 

Drawing A-8/456.15B/A-1 shows approximately 150 feet of 

contaminated sewer running parallel to and over the 

sanitary sewers out of Building 522. 

Drawing E2-18-4 shows a contaminated line servicing the 

laundry and laboratory (Buildings 314 and 313) crossing 

over the sanitary sewer between manholes 106 and 105 and 

running north along "D" Street. 

Drawing 71-07-11, .Sheet 1, shows the close proximity of 

the contaminated sewer draining the 1953 dichloro 

production area with the sanitary sewer running north out 

of MH 121. Also, the original 42-inch cooling water 

return line discharging to Upper Derby Lake runs 

underneath the contaminated line  in this location.  Shell 
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and Army documents indicate that this area of the South 

Plants has seen cross contamination of the sanitary sewer 

and cooling water return systems by acidic wastes from the 

contaminated sewer. 

- Drawing E6-5-1 shows a contaminated sewer line built by 

the Army in 1957 crossing over the existing sanitary line 

between sanitary manholes 117B and 117A. This 

contaminated line served the Army laundry and laboratory. 

4.3.2 Chlorine Plant Contaminated Sewer Cross Connection 

As detailed on Figure 3.1, a cross-connection exists between the 

original Chlorine Plant contaminated sewer and the 1956 

contaminated sewer constructed by the Army along with Basin F. 

The connection was designed to operate as follows: 

Waste and storm water flowing south out of manhole 1-2 passed 

through a 20-inch line to the next downstream manhole and, by 

the installation of a baffle in this manhole, was diverted to a 

lift station that pumped the liquid north to a brick stilling 

basin. From this point the waste flowed north in the new 

gravity sewer on to Basin F. The details of this cross- 

connection are depicted by Army Drawing 71-17-01, Sheet 13. 

MKE field personnel have located and photographed this 

arrangement. The baffle installation is a 1/4-inch steel plate 

that is keyed into the walls of the manhole and extends 

approximately three feet from the bottom of the manhole. In the 

event of either lift station mechanical problems, electrical 

problems or excessive sewer flows due to storm water, the 

effluent would overflow the baffle and continue on to the south 

and Sand Creek Lateral. The time frame of such overflows would 

be that of the GB-brine chlorine production experimental program 

from 1956 to 1957. This arrangement could also result in flows 

to Sand Creek Lateral after the Chlorine Plant was abandoned. 

04/28/86 
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At present, the baffled manhole is silted up to the top of the 

steel plate, as are several of the other manholes in the 
Chlorine Plant area. 

4.3.3 M-l Settling Basins 

The M-l Settling Basins, shown on Figures 3.2 and 3.3, were 

partially below-grade basins first used by the Army in 1943. 

These basins received slurried Lewisite process wastes, the 

solids were settled and the liquid decanted into the main 30- 

inch sewer that ultimately crossed December 7th Avenue and 

discharged into unlined Basin A. Originally, two basins were 

built immediately south of December 7th Avenue. After these 

filled with solids, a third M-l Basin was built in 1943 on the 
east side of the first two. 

The three M-l Settling Basins received Lewisite plant washdown, 

spills and off-spec material after the wastes were treated with 

lime in the decontamination reactors (Building 513). The basins 

also received wastes from the Acetylene. Generation Building, the 

Thionyl Chloride Plant and the Arsenic Trichloride Plant. These 

unlined earthen structures are shown on early RMA drawings. 

As reported in the RMA History, approximately 183,000 lbs. of 

mercuric chloride catalyst were discharged into the M-l Settling 

Basins through November of 1943. in his deposition, George 

Donnelly describes his proposal to the Arsenal at that time to 

excavate the M-l Basins and retort the waste to recover the 

mercury, some of which was actually recoverable in its elemental 

form from the ground surface. His request was denied, and the 

basins to this day remain covered with a few feet of dirt and 
gravel. 

A review of Army drawings shows that the bottom elevation of the 

M-l Basins is 5256.8. The sanitary sewer line immediately to 

the north of and adjacent  to  the M-l Basins  is shown 
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approximately two feet lower, with manhole 101 at an invert 

elevation of 5254.6 and manhole 102 at 5255.4. Shell water 

level data taken between September 1979 and September 1985 

indicates that groundwater elevations in the M-l area have 

ranged from a high of 5257.8 (one foot higher than the M-l 

Basins bottom and 2.8 feet above the sewer) to a low of 5254.4 

(2.4 feet below the M-l Basins and 0.6 feet below the sewer). 

The data shows that in this time period the groundwater level 

was typically over the sanitary sewer and just below the M-l 
Basins. 
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5-°  SELECTION FOR PHASE II EXCAVATION 

The overall objective of the Phase I investigation of the RMA 

sewer systems was to provide additional information for the 

selection of sites for excavation, observation and sampling, in 

spite of the limited success in the televising of the 

contaminated sewers, this goal was achieved. A review of the 

operational histo-ry of the sewers, the 1979 and 1980 Black & 

Veatch sanitary sewer reports and the knowledge gained thus far 

in the Phase I investigation resulted in the selection of 17 

candidate sites for additional investigation and possible 

excavation. These sites are described in Table 5.1. 
Figures 3.6, 3.7 and 3.8 show site locations. 

The candidate sites have been surveyed and staked in the field; 

and RMA Facilities Engineer and MKE personnel have inspected the 

sites together. Possible interference with water and gas lines 

may eliminate some sites from further consideration. Other 

sites, specifically 8 and 15, have interference from overhead 
steam lines that may inhibit excavation. 

The first 17 candidate sites listed in Table 5.1 have been 

discussed with USATHAMA and RMA personnel. In addition to these 

sites, Site 18 has been added to this list to allow for the 

possibility of investigating the sanitary sewer between manholes 

101 and 102. Groundwater elevation readings of the Shell 

monitoring wells scheduled to be made in May will determine if 

this site will be sufficiently dry to allow excavation. 
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RCASintnaCTS OF SHELL CHERICAL COHTAIIT WELL NETWORK. 

2. RANHOLE OErTRS AND ELEVATIONS DETERRINED f*0R SCC OOCUKmTATIOH 

(ArrEHOIX A) AMD SKJT CHECKED J» MELD. M»E LENGTHS BASED CM 

SCALING r«OH SCC DRAWING YC-11147-l. 

J. «ATE« LEVEL ELEVATIONS IN RANHOLES BASED ON riELD REASUREHEKTS 

r*OH TO» Of RANHOLE AND CALCULATED «Oil RANHOLE »INC ELEVATIONS 

mOK SCC DOCUHENTATION (ATrEHDIX A).  _^__^^__^__-_ 
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SCALE  IN   FEET 

MATE! LEVELS BASED OH NAT PKEPAXED PBOH SEPTEHBE*, 19IS 

•EHEKTS OF SHELL CHENICAL COMPANY NELL NETWORK. 

Li Btrna AND   ELEVATIONS   DETERMINED   rxon sec DOCOHEWTATION 

«Oil A) AND SrOT CMECEED IN MELD. PIPE LENGTHS BASED ON 

KG r«ON SCC DKAMINC TE-U147-1. 
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TOP Or HANHOLE AND CALCULATED nOH RANNOLE UNO ELEVATIONS 

SCC DOCUMENTATION (APPENDIX A). 
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J^MORRISON-KNUDSEN ENGINEE 

1700 Broadway, Suite 1600 
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1.      CaOUNBNATEK   LEVELS     BASES     OH     HAT     FREFARED 

HEASUBEREHTS Of  SBEU.  CHEHICAL COHFAHY WELL  NETWORK 
SEFTEltBEX.   1985 

HANHOLE DETTES AND ELEVATIONS DETERMINED FROR SCC DOCOHENTATIOK 

IAFFENDIX Al   AMD  SFOT CHECKED     IN     FIELD. FIFE LENCTES   BASE» ON 

SCALING r*on SCC DRANING YE-11347-1. 

HATEE LEVEL ELEVATIONS IN RAIMOLES BASED ON FIELD REASUEEHENTS 

FROR TOF OF HAKBOLE AND CALCULATED FROH RANHOLt RING ELEVATIONS 

FROH  SCC  POCUHEHTATIOH.IÄFFEND!» A). 
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SEWER INVESTIGATIONS 
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TO   BASIN   "A"   IN 
1953   TO   ? 

I. WATER  LEVEL CONTOURS  BASED  ON 
SEPTEMBER. I9B5  DATA. 

2. FLOODED  PORTIONS OF SEWER BASED ON 
OCTOBER, I98S OBSERVATIONS 

ROCKY MOUh 
SEWER 1NV 

FIGURE 3.4   FLOOD 

OF SOUTH PLANTS CO! 
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SCALE   IN  FEET LEGEND 
WATER LEVEL CONTOURS 

FLOODED  PORTIONS OF SEWER 

NOTES 
I. WATER LEVEL CONTOURS BASED ON 
SEPTEMBER, I9B5 DATA. 

2. FLOODED PORTIONS OF SEWER BASED ON 
OCTOBER, 1985 OBSERVATIONS 

ROCKY MOUNTAIN ARSENAL 
SEWER INVESTIGATIONS 

FIGURE   3.4    FLOODED PORTIONS OF EAST SIDE 

OF SOUTH PLANTS CONTAMINATED SEWER 

»—» *r SMR     I      —• 
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NOTES 
I. ALL  PIPE  MATERIALS  ARE   VII 

.     OTHERWISE  NOTED. 
Z. CONC DENOTES   CONCRETE. 
3. C.I.P.  DENOTES  CAST  IRON   PIP 
4. STL.  DENOTES   STEEL   PtPE. 
5. PL.   DENOTES   PLASTIC. 
& PIPE   DIAMETER   DIMENSIONS AR 

OBSERVATION   AND   HISTORIC   Dl 
APPROXIMATE - DUE  TO   CONFLU 

ROCKY MOUNT/ 
SEWER 1NVES1 

FIGURE 3.3     CONTAMIN/ 
EAST S©E OF SOUTH PLANT! 
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TO   BASIN   "A"   IN 
1953   TO   ? 
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-£■>. 

TED SHUT 

E5 UNOPENED DUE /     \\I2H 
TO OVERHEAD PIPING 

DETAIL SHOWING   MAIN  LINES 
NOT   TO  SCALE 
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>■■/ 
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SCALE  IN FEET 

LEGEND 

'" OTHERWt!EMNOTEDALS  *"*  V,TR,F,ED  CLAY  P,PE  UNLESS 
2. CONC DENOTES   CONCRETE. 
3. C.I.R  DEMOTES  CAST  IRON  PIPE. 
4. STL.  DENOTES   STEEL   PIPE. 
5. PL.  DENOTES   PLASTIC. 
& PIPE   DIAMETER   DIMENSIONS ARE  BASED ON  FIELD 

OBSERVATION  AND   HISTORIC  DRAWING  REVIEW   AND   ARE 
APPROXIMATE   DUE   TO   CONFLICTING   DATA.' 

UED  SEWER. WITH  SIZE 
D  LINE. WITH  SIZE 

NOTES 

I UNKNOWN  SOURCE 
LINE 
10. IN PARENTHESES DENOTE ARMY NUMBERING) 
ECAST  MANHOLE ~ 

ROCKY MOUNTAIN ARSENAL 
SEWER INVESTIGATIONS 

ITATION 

FIGURE   3.3       CONTAMINATED  SEWER SYSTEM 

EAST SIDE OF SOUTH PLANTS AREA 
»»rSMR 

»""■ALN      p-17-66 
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SCALE  IN  FEET 

1. ALL PIPE  MATERIALS   ARE VITRIFIED CLAY  pipe UNLESS 
OTHERWISE NOTED. w«-»a 

Z. R.C.P. DENOTES REINFORCED CONCRETE MP:. 
3. CLP  DENOTES  CAST IRON  PIPE. 
4. PL. DENOTES  PLASTIC PIPE. 

LEGEND 
RY SEWER. WITH SIZE 
ONED LINE. WITH SIZE 
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SEWER INVESTIGATIONS 

DOM UNKNOWN  SOURCE 
to LINE 
N-E 
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NOTES 
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1-RC.R KNOjis  REINFORCED  CONCRETE WPE. 
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200 

SANITARY SEWER. WITH SIZE 
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KNOWN PRECAST MANHOLE 

ROCKY MOUNTAIN ARSENAL 
SEWER INVESTIGATIONS 
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APPENDIX A 

SHELL CHEMICAL COMPANY CONTAMINATED SEWER SURVEY, MAY, 1979 

04/28/86 



EAST SIDE 

KANKOLS NO. 

E-l 

B-3 

i 

1: 

> 

CONTAHINATED SEWER 
SURVEX 

RING ELEVATION 

5265.25 

5265.09 

.(Sheet 1) 

INVERT ELEVATION 

5252.08 B-A 

5253.76   5 

S-4 5264.66 5254.83    A 

E-4B                                                 5264.28 5256.28    A-3 

S-5                                                   5264.47 5254.64   A-0 

E-5A                                                 5264.48 5257.48   A 

S-5B                                                 5265.03 5258.70   B 

E-6                                                 5263.47 5256.89   A-S 

E-7                                                   5264,34 5257,59   C 

E-8                                                   5271.51 

S-9                                                   5271.33 5269.03   A-D 

S-10                                                 5273.37 5271.20   A-S 

E-12                                                 5266.16 5258.33    A-B-C 

E-13                                                 5266.22 5258.89    A-C 

E-14 

E-15 
E-16 

WEST SIDE 

5266.06 
5266.23 

5264.C9 

5261.23    S 
5262.15   A-B 

w-i 5253.34    A-8 

W-2                                                     5266.88 5257.38    A-3-C 

W-3                                                   5266.78 5258.23   A-3 

■    W-5                                                   5266.08 5259.03    A-B 

W-7                                                 5264.37 5254.87   3-C 

W-8                                                   5263.97 5255.55    A-B 

W-12                                                 5263.91 5257.74    3 

W-15                                                 5266.78 . 5259.53    A 

Tin* 

•SfVl f fry SHELL CHEMICAL COMPANY 
■ 

DENVER PLANT 

1 U.L 

""    May 25,1979 
JO« wo. 

~~    UE-13776 Sht. 1 
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wssr SIDE CO;.T»D 
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W-17 

W-18 

W-ZL 

\i-22 
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W-25 

W-26 

VJ^27 

W-28 

W-29 
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tt-32 

V.r-33 

5268J25 

5268.78 

5270.59 

5271.83 

527I.O3 

5271.33 

5273.28 

5271.39 

5271.71 

5270.71 

5271.51 

5272.74 

5272.O6 

5271.53 

5265.95 A-3 

5262.84 A-B 

5263.33 A-B-D 

5267.45 A-B-C 

5264.38 A-B 

5264.78 B-S 

5265.39 A-D-F 

5265.21 A-B 

5266.46 A-C 

5267.75 A-B 

5265.49 C 

5267.06 A 

5268.20 A 

> 

tSHELL?     SHELL CHEMICAL COMPANY 
3&w*6ä DENVER PLANT 

iMten •» 
LEL 

May 25. 1979 

UE-13776    Sht.2 
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SUffa.c.3 

P.W.R.. 

4 
N 

/   . A " 
Location     /V / g 3 - / 4        w H&2.'- /O i    .^" 

) 

$•=.£ WUt7 [vs&h * Service 

B 

C 

D 

E 
  

F • 

£ Frc» n-» T»»> r< i»-» -a 
■ ^*r9*" 



1 /'•--. 

Approximate   Depth      2-3 

Systcm! >/S 
corxtn mini'tcd 
sewcK __ . xe-rs347, igft'^n .jRW.R^_ 7 

N 

Location        A^37;-4^      W   //Z/'-8 / Ä" 

Lins. 5» aC Ma.t'1 ! D<=PrJ, * Ssrvite 

H /o" T/C€ 
*      /—*■— 

2-3" 
/ASCET /^vroAi ^-/o 

B 4" ST<L Z'-/" 
0&J9/JOOAJ 

C 

/o" 
COA^C 2'-/" 

D z'-3" 
oarz-cT ro s-7 

E 

r _, 

1t,   ]~rt\m To»» k,r»T 



.-■O 

Minhok   NursLe.»-   <f-/P 
# 

Approximate    Depth* Z'-Z" 

System.' sew?»1 ^C "I Q J*T/ j    sivv^r  0 RWR 

i 
N 

Location     A/ 3S"'-74"   ^ /*9o'-/* 

j> 

Lin< 

Fl 

B 

nie 

S 
tt 

,'t 

/£" D 

tt  VrttnrxTöp Rlr\CJ 

M\a,t7   !pefU*| 
£<?*-> c 

7~/<L& 

z'~z u 

/2 */ 

Serv ice. 
OOT££T TO  £-<9 

&CO<k 52.5 TÄJOK ««TM 

/tf '/ 

/5 // 

2-2" 

rtOOE  C?€>9JM 3i.D<$  5Z<> 

/4GAh)DO*J 

3±£>4 52/ 



Manhole • NamL e.v -// 

i. 

) 

o 

Rpproximatc    Depth * /3-//yZ 

S/ste m! 

^ /' 

contamiflatedyrr.i-Z-aAT     Sanitary sewer 3* c     i a j*T/     a 4 YV «»•____ 
) RW.R 

Location     AJ   &f3'-3"    AJ///0'-?%" 

i 
N 

Line. S:*e l\Aa£l \ Dc?th * Service                                             j 

fl /2" r/2: 9-3" 
/»ocer F^ON\ e-i^. 

B «" S*L 9-//" rt SyQAJ&OAJ 

_ C 

D 

/2" r/c£ /3^//r GCsTL&TTO XH£  £«ST N\£T£? 

r/t-E /3-//<f" JWCET   FCOK £-2 

E /z" T/CS /3-//|* 4S/?AjDOK? 

r 
1   — 

id  Fvftm T»P Rtn< 



Ma-r.hols.   MumLcr     € y2  

Rppr-oxlmatc   Depth"1" 7-A? 

S/st 

// 

sanitary 
-0 P.W.R.. 

V      ■ 

N 

Uction       ^SM'°'   W9°''W 

) 

Line. 

fl 

B 

D 

S«2.£ 

/2 

/2 // 

NUt/i   !Pe^* 
TIL.E 

Tii~£ 

T/LB 

%L Frft«-» 1"»»» ^,r%3 

7-/0 

y'-ZO 

y£/o' 

Service. 
IW£-£T  FROM. G-/3 

|KJJ_£T FeoK £-lS 

OC/TC£T TO   c-tl 



Manhole.    MumLdv     S/S 

Rppfox ! nieLuC    Depth      7-4- 

Sy"st/C ml 
SAWitary contaminated^^    /-23/17     3*«**'; 

Surface' 
.,P.W.R , 

N 

Lection /V ^-Q2-4      W 752-6 

> 

Line. SlaSl NUt'l Defbh * Service 

Fl /O" TJc£ 7'-^" 
SCD<S 72.4-;©£7--flSert &K&/WS 

B /o" TiCE 7-0" 
IWt-£"T F-?ON\ £-14- 

C _/z;^ T/t-E 7^" 
OcrTZ.£T TO £-JZ 

D 

r 
  

1  
&  Frnivitsii F<tr\<1 



Manhole:    NamLfcir    <£/S"  

Roproximrttc    Depth      ¥-JO  

System: sewri- JLSsZLaLZfti }   »iwer  
SUffACS 

0 RW.R._ 

i 
N 

Location     A/429-O"     V/SS?'-*" 

) 

Lifts. 

B 

s;« 

4" 

6 

4 

// 

i- 

Ma.t/1   jPepU 
COA/<L 

STL. 

CZOKtC 

*-7 " 

3'~* 

C-tO" 

mi 
«'-,0'' 

Service 
flflMfi TOW£~1Z~P~A~D GWftVfT 

T*>LD<S,  57i   SUMP 

KAJOCJC-Ol/T POT   PflO DfZaiKS,BLO<Z, 5"?/ö 

T~<a*K ~rr#izr*\. «iFe* z?t?at<)~ 

QuTce~r ro f-/^. 



MANHOLE NUMBER     E~16 

S& 
APPROXIMATE DEPTH**      ^-ln 

SYSTEM: 

CONTAMINATED 
"SEWER  IB-13347 

BW-R-. 

SANITARY 
SEWER 

SURFACE 
DRAIMA6E. 

r A 

J 

N 

LOCATION   South of ^^S* 728 

) 

LINE       SIZE 

D 

6« 

6" 

MÄTÜ DEPTH* 

C. Steel 

C. Steel 

4'-lM 

4!-l" 

SERVICE! 

Inlet from Tank Car Loading 

Outlet to Existing 6" C. Sewer Line 

3KFROM "TOP RING 



.W' 

(J 

Manhole.    NumLe.v    W-i 

Rpproxt mate   Depth*  >P'-9" 

System:        ^^w"*tecVg-l3347J   Ift&VjZ. co*t>Atntnatecf\ 
sewer ___ 

■5 
RW.R._ 

. J 
N 

Looa-tir« _N-S37i-6"       \A/-|73.l'-!0" 

.) 

Line. Slxa Mit'! f Depth * Service.    • 

R IZ"   . TILG 10'-9" FROH  W-7 £ V- IZBO ARSA, 

B 10" TILE lO1-?" TO  W-lfc* 

C 4" STL 

STL 

B'-Z" 
TZ-IOlOjT-lSjT-14-   A^EIV. 

D G" 5'-0"- 
BLDG   S<ol   A.REA 

E. IOu TIL?. lo'-o" PWM  W-2. 

F   
• 

*•  FVrv»v» "T"»»» Rl>-»fJ 



>w> 

Manhole' NcmLe.r    W 1A 

RpproximauC   Depth     )Q - 10 

Systemi contaminated^,«-   1-33/t-j       sawitary 
sewer rs-/ss*Wj    aiwer 1_ 
SurpAta 

.jRWR. _r 

i 
N 

•     A" L^a-ti^n      N- 559'-Q"       W-ll^O'-A- 

J) 
V£? 

Line. S»'z.a Ma.t/1 ! Depth * Sfirvitfi 

R 10"    . TILE IO'-IO" FROM  W-\ 

B |Z, T\LE IO'-IO" TO   BLD<*   SOZ.   SUMP 

C \ott 
TILE IO'-IO" 

TO   WEST N\ETER 

D - 

'. E. 

F 
* * 

ijfi   FrftmTop R»r%<1 



\. ) 

i w 

Manhole.   NumL&r    W 2 

Rpproxl maitc   Depth* 9'-6 

S/stem contaminated* 
sewer ___ 

drainaoe — 
■) 

P.W.R 

/ 

N 

»    . ^u 
1-oca.tirn       N-S 17'-<£>"       V/-V9Se-IO 

Ö? 

Line. Si'iÜ Mit,'/ ! Defth * Service 

Fl ' IO"   . TILE 9'-£>" 
OUT i_£T TO  w 1 

B lO" TILE 9'-6' 
ASAWDON 

C IO" TILE. 9'-6" 
1NJ1_£T   FROM   W-3 

D - 

E. . 
• 

F 
• 

2fc  Frcvm Top Rlo< 



i ' 
i. 

^k       _   & if 

Rpprox ! mate   Depth      3 ~<o 

System? 
) 

RW.R 

i 
N 

!'>-»» «   . Ä» 
L»ta.tiT„    M-489-G     W-ZOOfe-'O 

0 ) 

Line. SlxÄ Ma.t'1 Depth Ssrvice 

.R !Ott   . TILE 8'-€»M IN£-£T   FROM  W-4- 

B IO" TILE 8'-<&" 
OUTLET   "TO    V/- 2. 

C 

D - 

E • 

r *  1 
& Fram t»p Ri*-»<* 



V : $£j 

Manhole   Nu^Ldv-    W 4  

RpproximatiC    Depth      T-9  

Si , contain initedy^.j-a 347       x?w'^rry contaminate^ 
sew«»»' __ 

drainage - 

Rwa. 

j 

N 

»       • »» I .^" Lo«.t;r„       N-425-6'     W/-19S3--IO 

Ö 

.me 

fl 

B 

D 

S:*a 
"4" 
io" 

io' 

1 

NA3.fl    \Deoti 

TILE 

TILE 

CCMC 

TILE 

G'-oM 

7'-9* 

7-9' 

3'-Z" 

Service 
l,M£-£TFi?OM   w-4Aj BUp<% 5348 
SUMP 
OUTLET  TO    W-3 

iMUET   Fi?OM    W-S 

4"A^EA^   OT?/UN 

4* Frfttntop R,,,>n 



u 

Manhole.   NumLdr     W 4A ' 

Rpprcximatc   Depth*   3'-9M 

'sucm. contaminated 
sewrr ______ Vg^.47     gltfeVjZ. .jRWR. _ 

i 
N 

Location     N^ZS'-^'      W-1937 - »Ö 

Line. Si _a Ma.1'1 Depth     i                            Service 

R • 4"  • TILE 3-4" BL.OG,  &34B ^Ti?G/-. DI?£\\NiS 

B    . 4* TILE 3'-9" OüT t-ETTO   W-4- 

C 
  

D - . 

E .   • 
• 

F 
4&  FVo~» Top Rlr%< 



L. 

J> 

Mink NumLe.»-    W 5 

Rpprox I ma.1>C    Depth       7 -O 

S/stemJ contaminated vr-     i*2"2/L"7      sawJtAry sew<*r- JE -133*WT    itwer_l 
Surf^cs 
drajnäje — • 

) RWR._ 

.   / 

N 

»   ^ " LDciti^n       N-4»Ol'-(2> W-I^^T'-iO 

J> 

Line. Si'aa Ma.t/1 1 Depth * Service    • 

R 10"    . TILE 7-0T OOTLtT TO    W-4- 

B 10" T1L£ 7,-0" INJL.5T    F^orv*.    W-6 

C 

D - 

E • 

F 
• • 

& Fr»»« Top'R m0 



< 

e> 

Min hole.   Nnmkair    W<?  
• , .   ^ |     t/■,^,' 

Rpproxima-uC    Depuh      G- >ö 

S+ . contaminated vc    i2"2 AT? CO» 
set 
Surf ACS 

) 
RWR. 

Locator«     KT-SSS'-O"     "W-\<997I-1QI 

> 

Line. S«iÜ MSLL'1 Depth * Service 

R 8"   . TILE fc'-IO" 
FROM BLDGi   S"SE 

B ioH TILE a'-io" OUTLET   TO   W-S 

C 8" COKIC s'-f FRorA Bi-OG» S34-S 

D • • 

E . 
* 

F 
• 

- 

& r^om Top R»«n 



;,.) a? 

# 

RpproximauC   Depth      S'-Q 

Su-f-_,. c9i«tR»iMitdVc..|5-lA7      sanitary 

dra.ina.se ——________^____ , 

.jRWR.  

i 
N 

Loca-ti^n     NJ-Z75I-0"     W-2017-10 

v3 
) 

Line. SiiS Ma.t'1 Def£A * Service    • f 
fl ' 8tt   • TILE 5'-0" 

FROM.   BLDc,   S"i2. 

B 8" TILE s'-o" TO  BL.DGJ  S"SZ.   -SC^P 

C 
  

D • 

E. .    . 
• 

F 

fc Fra»*» Top Rn '0 



' %& 
) 

IV\aLnlio!c   NumLav    W& R 
0 

Rpproxima.uC   Depth     4'-Q 

System! »ntaminited 
sewfr ______ 
S-rf_.<_ft 

yg-!3B47J   &&&_£. ;P.WR 

i 
IM 

Lo_a.tiS~n     N- 2&G'-^       W- 1 ^^9 - 4" 

© 

Line. Si-.a NA,t'l DcfU * Service 

fl £"   . TIL.E 3'-o" »KJ_£T    FRON\ W-<SC 

B C T»LE 4,-Ow TO B_r><S   S"=>Z   sON\P 

C 

D - 

E , . 
• 

r * 

Hi   pK»rw *t*Op  R»»-»«^ 



w 

) 

Man dole.   Mumte-v    W6C 
# 

RppfOxi tna.uC  Depth       B'-Q* 

^stern. sew*r x__i____Ll >    iiwer_l 
SurF_c_ 
_r_in-j- _____________ » 

0 RW.R. 

. / 

N 

Lcca-tir«      N-3-8-6"        W-l^S^'-^-" 

) 

Line. $•_._. Ma.u'1 ! Depth * S-rvice 

R <_."     - TILt 3,-On OUTLET TO W-6B 

B _>" TIL£ c_l-on FROK BLD_t sis e^rr.'Sü^p 

C • 

D 
• - 

E_ . 
• 

r * 
.' 

•4*  FVorr» To*» Rt—.<* 



c 

'V 

Manhole   NumLer    W 7 

RpproxtmWbc    Depth      9'-<o 

System J contBminiteJyc.n^A'j       sawJCary sewer r c   'satu?    aiwcr 1_ 
SurfACS ) 

RWR._ 

N 

Uca-tirn   N-"53"3-fe     W-\<Q-5,4-'-O" 

Line. S«'a£ Mit'! 1 DepiA * Service   ' 

fl 12"      - ABANDON 

B IZ" T»cE 9'-6" 
OUTLET TO W-l 

C IZ" TILE 

TILE 

9'-&M IKJ(_ET prj^oM W-^ 

D IOu 9-r • INCfcT   FKOK  W-J-2. 

E. IO" TIUE .s'-io- «Si-Dc,   SIX.   'SUMp^ AJ*. WA>SW 

F '    1 
*   FVorv» T&P  R»i%q 



^ ! 

1.- 

<y 

Manhole   Nwmtev    W3 

Rpprox i rr.a.t»C   Depth      S'-5 I     r-M 

System: SÄr"J^!^ElSl£I,    llti&ZL 
S11rP4.cs 

Looa.tirn     N-299^"        W- 16 9^-6 

3 P.WR. 

i 
N 

© 
) 

Line. Slia Ma.L'1 I Dej,U * Serv ice 

R 12"   . TILE 8'-&" 
QüTLcTTO  W"-7 

B IZ" TILE S'-S" 1KJLHT rS^ONA W-9 

C ■V STL I'-IO" 
BLD<5   Si!   E/\STSUMP 

D - 

El • 

F ' 

jf: FVom TOP ^""^f] 



W ' 

(^ 

Mam hole   NumLer     W 9 

Rppjroxi ma.t>C    Depth      g'-l" 

System! sew<rr YC-»oo*t r ,    siwsr 1_ 
SarfACS 
drainage . • 

) 
P.W.R.. 

..»* 

T^UC< PAD   DfcA\M 
i 
N 

1      /-y» Loaa.tiTn       M-218'-Q W-1G9S'-<£>" 

© 

Line. S«z.a NAa.t'1 De Pi A Service    • 

R 12"    . TiuE s-»tt IMLST   FJ?OM W-IO 

B 4" STL. I'-IO" 
F"RO»*\   SIS   TAMK1 FWShVS. B»-C>C,  S»5j 
V-IIS4 

C io" TIL.E T'-S" 
|/sJL£T   PROtA W-l"2> 

D !ZM TIL-E 8'-r • OUTLET TO W-S 

E 3" STL. .t'-io" 
A5AMDOM 

F IOM T»L.E S'-l" BL.^^%   &IS  SUMP 

■jf: FV»rw TOP Rir%q 



Manhole    NiimLe*-     W IQ 

RpproximauC   Depth      £-9 

S/st em. tontam mated VF-.\^^A7       jaHitary 

Surf Ata 
dra.imäje —————— • 

•) 
RWR^ 

i 
N 

UcatiTn     NlSg'-fc'      W-lfe9S'-fe" 

.me. 

B 

ieu . TILE   s'-io1' 

IZ"        TIL-E      G,-9" 

 Service 
INLET   FRQfA W-\\ 

OUTLCT  TO   W-S 

W 
D 

_ .__.A 

jf: From TOP R»^3 



I.fe> 

Min hole.    Nttmtei-     W H 

Rppr-ox I mate   Depth     S-Z 
S+          ,            contam tnatedvc    i"2"3A"7      sawJtary 

^sUm. sewer te*iJ3^/?   siwer_L_ 
contain ma.ted\yc sewer «_ 
S«TFAC& 
drainage - 

> RWR, 

I 
N 

Leca-tirn     N- ISS'-&'     W-l74-2-S>' 

<fr' 

Lina S«aa Mtt/i 1 DefU * Service 

fl IZ"    . T1L-5 S--2." OUTLET TO W-IO 

B ■ IZ* TILE sl-zM 
ABAwMDOM 

C r STL I'-O* AßJM^DONi 

D IZ" TILE S'-z11- fcOSP^MDOM 

E. 4" TJL.E B'-IOtt FROM   BL.DCJ   51.5A, 

F 
• 

j£ FromTsp ",r*n 



Vi. Manhole.   Number    W \Z 

_Rpprox! mate   Depth     G-2 

System? t>u,«> "t-'S9t»/ ?    siwer  
Surf At 4 
dra.inAqe —^—————- • 

J RWR, 

i 
N 

UcaX^n     N-3'3-&"     w-lfe27'-o" 

> 

Line. S»z.a Ma.t/1 ! Depth * Service. 

H IO"    . TK-6 G'-o" itot_er FKOM w-is 

B IO*' Tll-E C'-Z" 
OOTLtT   TO    W-"? 

C 

D • - 

E. M 

• 

r • 
• 

>fc  Fram Tftp ^,r»n 



.Manhole    Nu rot er    W )3 
# 

Rpprox ! ma.t>c    Depth*   3'-4" 

S/stemt cor»tnwinatedyjr_f-2-~M-j        Sanitary sew*»*' r& ja.5 >*• / .    aiwcr____ 

dra.ir>&?e —__________ , 
> P.W.R.. 

i 
N 

*       ^1» 

xi) 

i.ota.tiTn    N-218-9"   W- J39z'-/o" 

L«ne r • _Ma..7 ! Def£A * Service. 

fl 6"    . TlLt 2'~G" 

B G" Tf-E Zx-C" SU_><_V   Si A  SC?ü5BEK 

C 2" STL /'-7M TZ7    PAD    DE-A.VK1 

D 4° STL r-z" - TEfUCK   LOA,OiK»q  P_-,D 

_ 8" TICE . 3'- 4M OUTLET  TO  W-^ • 

r 
   . 

4i FVe>r»> Tap RinO 



Vä. 

^ 

I\Aa.nlio!e   MumLe.v     W 15 

Rppr*ox!ma.t>c   Depth      T -3 

System? V sevK^r _____ 
SttrFa.e.S 

VE-13 347,   Itti&ZL ) 
RWR. 

i 
N 

UcatiTn    N-i&6'-&"       W-16 46'-6" 

o 

Line $Ja.a NAa.fl DcfiJ, Service 

R 12"    . TH-E 7-3" 
OUT LET TO   W-fZ. 

B 12" Tl-E 6'-.3* 
INLET    FROM   W-l<2> 

C 4M -rt«~E l'-lO" 
BLD<^   S»7   L,/^B 

D 4" TIL.E 4 -o 
BL.DCS   &1T    L-^B    ' 

e r STL z'-r ^L_C><^   SO   t-A,B 

F" 
• 

*  Fromtop Rin,q 



r 

\£f ) 

Manhole.   NtimLdr    W 17 
9 

Approximate   Depth*  4'-3* 

drainafle __________ # 

) RWR._ 

i 
N 

Loca.tirn      N-2-€,"      w - 17 50'-0" 

o 

Lfm 

B 

oiz.a  

6" 

_Ma.t7   lpej,iJ. 
T«t-E 

TILE 

4'-3" 
Service. 

INLET   FRON\W-l^> 

oo-ruerr TO w-ei      " 

4t Fram To»» R»»-»f| 



Mamfioie.   NumLev     W »B 

Rpproxi ma.t»c   Depth      2-lQ 

S/st >e m< 
contaminated X/E-   I-2.-2.4.7      äi»!>"»ry 

Sttff*CS 
) 

P.W.R.. 

/ 

N 

Lo^tiTn       N-l2'-6"        W-iq34.'-Q" 

O 

Line.      1 Slta Ma.t/1 DeffcJ, * Service 

fl 6"   . TILE 2'-lO* 
SUTLET TO  W/-17 

B <3W T1L.E. Z'-IO" |NL£T  PROM W-19 

C 4" TILE 2*-4" 
lKjl_er  FROK   BLD<Si s\5 exT. 
SON\P 

D - • 

E. 

F 
* 

jf:  Vrt>rr\~t'»f> R>r»<> 



c 

o 

HUnhoic' KW.Utr    W 19 

Rpproximatc   Depth      4 -O 

S/St e m: co^n„ .„atedye-1334-7 , 
Surf-vcl 
drs.inii.Qe 

) RW.R 

k 
N 

Location     N-3Q-&        W-eMl'-O" 

O 
^ 

Line. S«'i£ Ma.t'1 ! De pi A * Service 

fl 8"   • TlUE S'-O" ABANDON) 

B GM TILE 3'-<2>" A.BAJ0DOM 

C £" XIL6 4-OM OUT LET TO W-\$> 

D • 

'   E . 
• 

F 
• 

  
• 

■j£ FfOmttp R»»-»n 



♦^ Manhole.    Number     W2I 

Rpproxi ma.uC    Depth      T -9 

System: ^Vtw"atedY£-/S347,   ff^rJZ. 
Surf*ca > RWR._ 

i 
N 

LoteLuion S-23-&"        WMGO^'-G" 

©' 

Line. S«2.a .N/Ul'f 1 Dcpi/, ** Serv ice 

. H 12"   . TILE 7'-9M INLET  FROKW-22 

B 12" TILE V-9M OÜTLETTO    W-l<© 

C G" TILE 7'-c.a UMi_€T   rRöK   W-l~7 

D • ■■       1 
E ..' 

_ 

F .' 

4t   Fr»m Top ^""»f) 



«•> 

Min hole    Ntm Lev    W 2Z 

RpproximatrC   Depth*   8-&" 

System:        ^^w,watedyg-lBB47 j   litf&ZL co»>tami/iitcd, 
sew^r ___ 
SurfAt4 ) 

RW.R._ 

i 
N 

) 
<U^ 

LocaXion    , S -4-5'-3"      w-isn'-G" 

Line. S •'=.{» Mit/J   !DCpU* Service    •                                        1 

R 12"   . TILE 8'-6" IMLET   PROM W-ZB 

B 10" TILE 8'-6" INLtT FROM    W-2.5 

C 8" TILE 

TILE 

4,-c" 
c-J^O»A   BLD<j   SZ3 

D !Z" 8'- Gu - 
OUTLETTO   W-21 

E . . 
_ 

r • 

* F CBI« Top Rn-»< 



w 

Jttamkoici   Na-mtev    WZ3  

Rpproxlmate   Depth     3-7 
Sx          m            contaminated Vp-fS^' 

^stemi sewer T ^   ' °^ j sewer __ 
Stirf*.c£ 

> 
RV.R._ 

N 

I     ->« 

Ö 

l_P&d.u i > j ii    ■ -» 
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1.0   PURPOSE 

The purpose of this Standard Operating Procedure (SOP) is 

to document the required procedures for air testing sewer 

lines at RMA. Low pressure air testing of sewer lines is 

an accepted technique for demonstrating the relative 

structural integrity of newly installed vitrified clay pipe 

lines. It is recognized that due to the age of the 

original RMA sewers (40 plus years) and the severe service 

conditions, the low pressure air test is a preliminary test 

that will hopefully provide information that will assist 

the investigators in refining the selection of specific 

sewer excavation sites. In this context, the low pressure 

air test is one of several techniques used to determine 

excavation site locations, and it is not considered in 

itself an adequate indicator of the sewers' structural 
integrity. 

2.0   REFERENCE 

2.1 ASTM C 828-80:  Low-pressure Air Test of Vitrified 

Clay Pipe Lines 

2.2 Standard Task Operating Procedures, MKE Health and 
Safety Plan 

3.0   DEFINITIONS AND RESPONSIBILITIES 

3.1 Subcontractor - Guildner Pipeline Maintenance, Inc. 

3.2 Health and Safety Supervisor - John Schmerber 

APPROVED BY: kAPPROVED BY: 
fr^^^-Daf'/*T (WAW*^   pat 

APPROVED BY:^ &£ APPROVED BY: 
Date 
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3.3 Task Manager - Alan Notary 

'3.4 Decontamination Support - MKE personnel,   as needed 

4.0   PROCEDURE 

4.1 

4.2 

4.3 

4.4 

4.5 

subsequent to the 

procedures  to be 

followed during the approach, monitoring and entry 

of manholes at RMA. 

The following procedure  is 

standard health and  safety 

insert inflatable rubber plugs of appropriate size 

into both ends of the section of sewer pipe to be 

tested. Take care to clean the pipe invert of any 

debris that could prevent the plug from seating 

properly. 

inflate the plugs to manufacturer's recommended 

pressure. 

Determine the test time for the  section to be 

tested using Table I or XI from ASTM C 828-80. 

Add air from the air testing unit into the sewer 

line via the air valve stem on the inflatable 

plugs. Raise the pressure in the line to 4 psi. 

After this pressure is attained, allow the pressure 

to stabilize at or above 3.5 psi. (If this 

pressure cannot be attained, record in field book, 

stop the test.) 
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4.6 Using a stop watch, measure the time required for 

the pressure to drop 1 psi from the starting 

pressure.  Record this time in field book. 

4.7 Depressurize the line and repeat the test two more 

times. 

4.8 

4.9 

Decontaminate all personnel and equipment that 

entered manholes over the manhole as they exit by 

the direct application of pressurized steam from 

the MKE steam cleaning unit. (See MKE Health and 

Safety Plan.) 

Proceed to the next site or to' final decon- 

tamination of all personnel and equipment at 

Building 316A. 

5.0   RECORDS 

5.1 

5.2 

Data will be recorded in a field book. Records 

generated will be maintained in accordance with the 

SOP for records control. 

A "Daily Report of Field Activities" form will be 

completed and signed by an MKE and subcontractor 

representative. 

6.0   ATTACHMENTS 

ASTM C 828-80 
"Daily Report of Field Activities" form 

WP-12189 
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[AMERICAN NATIONALI 
*■■ STANDARO I 

ASTMC828-80 

AMERICAN SOCIETY FOR TESTING AND MATERIALS 
1916 Race St., Philadelphia, Pa. 19103 

Reprinted from the Annual Book of ASTM Standards, Copyright ASTM 
If not listed in the current combined index, will appear in the next edition. 

Standard Practice for 
LOW-PRESSURE AIR TEST OF VITRIFIED CLAY PIPE 
LINES1 

This standard is issued under the fixed designation C 828: the number immediately following the designation indicates the 
year of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last 
reapprovaL 

&  $#$#$!^*': 

1. Scope 

1.1 This practice defines procedures for test- 
ing vitrified clay pipe lines, using low-pressure 
air, to demonstrate the structural integrity of 
the installed line. 

1.2 This practice for testing shall be per- 
formed on lines after connection laterals, if any, 
have been plugged and braced adequately to 
withstand the test pressure, and after the 
trenches have been backfilled for a sufficient 
time to generate a significant portion of the 
ultimate trench load on the pipe line. The time 
between completion of the backfill operation 
and low-pressure air testing shall be determined 
by the approving authority. 

1.3 This practice may also be used as a 
preliminary test, which enables the installer to 
demonstrate the condition of the line prior to 
backfill and further construction activities. 

1.4 This practice is suitable for testing grav- 
ity-flow sewer pipe constructed of vitrified clay 
or combinations of clay and other pipe mate- 
rials. 

NOTE I—The values stated in inch-pound units 
are to be regarded as the standard. 

2. Applicable Document 
2.1 ASTM Standard: 
C 12 Recommended Practice for Installing 

Vitrified Clay Pipe Lines2 

3. Summary of Practice 
3.1 The section of the line to be tested is 

plugged. Air, at low pressure, is introduced into 
the plugged line. The line passes the test if the 
rate of air loss, as measured by pressure drop, 
does not exceed a specified amount in a speci- 

fied time. This may be determined by the use 
of Table 1, or calculated by use of the formulas 
in Appendix XI. 

4. Safety Precautions 
4.1 The low-pressure air test may be danger- 

ous to personnel if, through lack of understand- 
ing or carelessness, a line is overpressurized or 
plugs are installed improperly. It is extremely 
important that the various plugs be installed so 
as to prevent the sudden expulsion of a poorly 
installed or partially inflated plug. As an ex- 
ample of the hazard, a force of 250 Ibf (1112 
N) is exerted on an 8-in. (200-mra) plug by an 
internal pressure of 5 psi (34 kPa). Observe the 
following safety precautions: 

4.1.1 No one shall be allowed in the man- 
holes during testing because of the hazards. 

4.1.2 Install all plugs securely. 
4.1.3 When lines are to be tested, it may be 

necessary that the plugs be braced as an added 
safety fator. 

4.1.4 Do not overpressurize the lines. 

5. Preparation of the Line 

5.1 Air may pass through the walls of dry 
pipe. This can be overcome by wetting the pipe. 
Usually, moisture absorbed from the backfill is 
sufficient to cope with this situation. If the 

1 This practice is under (he jurisdiction -of ASTM Com- 
mittee C-4 on Vitrified Clay Pipe and is the direct responsi- 
bility of Subcommittee C04.20 on Methods of Test and 
Specifications. 

Current edition approved March 19.1980. Published June 
1980. Originally published as C828-75T. Last previous 
edition C 828-78. 

2 Annual Book of ASTM Standards. Pan 16. 
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problem persists, scgmental testing of the line 
will establish if there is a significant leak. 

5.2 A wetted interior pipe surface is desira- 
ble and will produce more consistent test re- 
sults. Where pratical, clean the line prior to 
testing to wet the pipe surface and eliminate 
debris. 

6. Procedure 
6 1 Determine the test time for the section 

of line to be tested using Table 1 or XI or the 
formulas in Appendix XI. 

6.2 Plug all openings in the test section. 
6.3 Add air until the internal pressure of the 

line is raised to approximately 4.0 psi (28 kPa). 
After this pressure is reached, allow the pres- 
sure to stabilize. The pressure will normally 
drop as the air temperature stabilizes. This 
usually takes 2 to 5 min, depending on the pipe 
size. The pressure may be reduced to 3.5 psi (24 
kPa) before starting the test. 

6.4 When the pressure has stabilized and <s 
at or above the starting test pressure of 3.5 psi 
(24 kPa), start the test. If the pressure drops 

C 828 

more than 1.0 psi (7 kPa) during the test time, 
the line is presumed to have failed the test. I 
an 1.0-psi drop does not occur within the test 
time, the line has passed the test. 

NOTE 2-Ground water above the pipe will re- 
duce2 loss. If the section of line under test shows 
süSficant infiltration, the agency may require an 
Sration test. Refer to 11.2 of Recommended Prac- 

tice C 12. 

7. Test Time 
7 1 Table 1 shows the required test time, T, 

in minutes/100 ft of pipe for each nominal pipe 
size Test times are for an 1.0-psi (7-kPa) pres- 
ste drop from 3.5 to 2.5 psi (24 to 17 kPa). 
Table 1 has been established using the formulas 
contained in the appendix. 

7 2 If the section of line to be tested includes 
more than one pipe size, calculate the test time 
for each size and add the test times to arrive at 
the total test time for the section. 

7 3 It is not necessary to hold the test for the 
whole period when it is clearly evident that the 
rate of air loss is less than the allowable. 

TABLE 1   Minimum Test Time for Various Pip« SIMS 

Nominal r(time). Nominal 
Pipe Size, in. min/100 ft Pipe Size, in. 

 i <U 21 
4 0 J 24 
6 0.7 27 
8 1.2 30 

10 1-5 33 
12 1-8 36 

18 2.4 42 

T (time). 
min/100 ft 

TZ 
3.6 
4.2 
4.8 
5.4 
6.0 
6.6 
7.3 

<*i .$$*$$****^'d 

APPENDIX 

XL FORMULAS AND ALLOWABLE A.R LOSS STANDARDS USED IN PRACT.CE CHS 

Xl.l Calculate the required test time at a given 
allowable air loss as follows: 

T=Kx 
ifL 

X1.2 Calculate air loss with a timed pressure drop 
as follows: 

IfL 

XI.3 Svmboly. 

D = nominal size. in. (mm), 
K = 0.371 x 10"3 for inch-pound units, 
K = 0.534 x 10"* for S.I. units. 
L = length of line of one pipe size, ft (m), 
Q = air loss. frVmin (mVmin). and . 
T = time for pressure to drop 1.0 pst (7 kPa). mm. 

X1 4 An appropriate allowable air loss, Q, m cubic 
feet per minute, has been established for each nomi- 
nal pipe size. Based on field expenence. the Q s that 
have been selected will enable detection of any sig- 
nificant leak. Table XI lists the Q established for 
each pipe size. 
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TABLE XI   Allowable Air Loss for Various Pipe Sizes 
Nominal. 

Pipe Size, in. • Q. ftVmin Nominal 
Pipe Size, in. Q, ftVmin 

3 2 21 5.5 
4 2 24 6 
6 2 27 6.5 
S 2 30 7 
10 15 33 7.5 
12 3 36 8 
IS 4 39 8.5 
18 5 42 9 

XZ. APPLICATION OF PRACTICE C828 

fa    ^>J>J»Wti><«^>- 

X2.1 In order to demonstrate the technique of 
applying this practice, the example in X2.2 has been 
prepared. It utilizes various pipe sizes, lengths, and 
conditions that may be encountered in the field. The 
example has been designed to illustrate the use of 
Table 1 and the formulas. 

X12 Example—An installation has been made 
that consists of line 1: 300 ft (91.4 m) of 15-in. (375- 
mra) vitrified clay pipe with no laterals, and line 2: a 
reach of 350 ft (106.8 m) of 8-in. (200-mm) of vitrified 
clay pipe to which are attached 120 ft (36.6 m) of 4 
in. (100-mm) laterals of vitrified clay pipe. 

X22.1 Problem—What are the appropriate test 
times to use in order to demonstrate the integrity of 
the installed lines? 

X2.3 Solutions: 
X2.3.1 What is the appropriate test time, T, for 

line 1? 
X2.3.1.1 Use Table 1, find time, r= 2.1 min/100 

ft (30.5 m), for 15-in. (375-mm) pipe. 

2.1 
rw = 300 x -— = 6.3 min 

100 

X2.3.2 What is appropriate time for line 2? 
X2.3.2.1 Solution— Use Table 1. 

7i - 350 x -^- = 4.2 min 

120 XT^ 100 
Total test time 

= 0.4 min 

4.6 min 
X2.3.3 If further analysis is desired, the following 

example is provided: 
X2.3.3.1 If in the test of line 1, the 1.0-psi (7-kPa) 

pressure drop occurs in 3.3 min instead of 6.3 min. 
what is the rate of air loss? 

where: 

0 = 0.000371 x 152 x 300 
3.3 

7.6 ftVmin. 

This exceeds the 4 fV/min allowed in Table XI. 
X2.3.3.2 What further courses of action might be 

considered in resolving this excess rate of air loss? 
(1) Segmentally test the line and compare the 

time-air loss values in each segment. 
(2) If the values in each segment are comparable, 

the air-loss problem may be distributed throughout 
the line, and further analysis should be made. 

(i) If the values in each segment are significantly 
different, each segment may be evaluated and further 
analysis be made in order to determine the location 
of any significant air losses. 

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in 

of any such patent rights, and the nsk of infringement of such rights, are entirely their own responsibility. ' 

«JtftiStS*^*0 '" reVtf" "'V/ 'ime ty "" resP°nsible ,echnical committee and must be reviewed every five years 
™ J J    Tt "£? re%Provef or »«**»•«■ Your comments are invited either for revision of this standard or for additional 
resnt^lTtt^ * "t^l • V S™ Head^T^ Your <°»»™" "* '«*'" careful Consideration at a Letgof7e ™P°n*bl< technical committee. M you may attend If you feet that your comments have not received a fair hearing yjshould 
7ZheyrZZZS£0y " * AS™ C0T?'W °" SJrmdar4s' '9'6 R<Kt SL' P»*>*lP>*>, Pa. !9,oi which JttlheduTa further hearing regarding your comments. Fading satisfaction there, you may appeal to the ASTM Board of Directors. 
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Equipment Utilization (Type, Status, Time) 

Signatures: 

MKE: 

Subcontractor: 

11/08/85 
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1.0   PURPOSE 

The purpose of this Standard Operating Procedure (SOP) is 

to document the procedures to be followed in the jet 

cleaning and televising of selected sewers at RMA. The 

goal of televising the interior of the sewers is to provide 

information that will assist the investigators in refining 

the selection of specific sewer excavation sites. An 

additional benefit to be derived from this program is that 

of documenting through the use of the jet cleaning 

equipment the continuity and alignment of sewer lines that 

had previously been air tested. 

2.0   REFERENCE 

Standard Task Operating Procedures, -MKE Health and Safety 

Plan 

3.0   DEFINITIONS AND RESPONSIBILITIES 

3.1 subcontractor - Guildner Pipeline Maintenance, Inc. 

3.2 Health and Safety Supervisor - John Schmerber 

3.3 Task Manager - Alan Notary 

3.4 Decontamination Support - MKE personnel, as needed 
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4.0   PROCEDURE 

4.1 

4.2 

4.3 

4.4 

The following procedure is subsequent to the 

standard health and safety procedures to be 

followed during the approach, monitoring and entry 

of manholes at RMA. 

Insert the high pressure (1500 psi) water jet hose 

into the downstream end of the section of sewer 

line to be cleaned. Cleaning the line in this 

direction will pull liquids and solids to the 

downstream line. In those areas where several 

sections of line in a series are to be televised, 

take care to execute the work from the downstream 

sections toward the upper reaches to prevent 

excessive solids from accumulating in the lower end 

of the system. 

With the water jet running at full flow, run the 

hose from the entry manhole to the next manhole or 

as far as the hose will travel before hitting an 

obstruction. If an obstruction is reached, 

"hammer" on it by pulling out a short length of 

hose (one arm's length) and releasing the hose, 

allowing it to repeatedly ram the obstruction. If 

this technique clears the obstruction, jet to the 

next manhole. 

Once the next manhole is reached, or if the 

obstruction cannot be cleared, engage the hose reel 

and slowly (one foot per second) winch in the jet 

hose while maintaining full water flow. Steam 

clean the hose continually as it exits the manhole. 
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4.5 

4.6 

4.7 

4.8 

Repeat this process (4.3-4.4) until the water 

flowing through the downstream manhole appears 

clean, or until any obstructions encountered prove 

not to be passible. (This will require the 

judgment of the task Manager and the 

Subcontractor.) Where obstructions are found, mark 

the point on the jet hose with duct tape, remove 

the hose and measure the distance from the 

obstruction to the entry manhole. Record this 

length in the field book. 

in sewer sections where the jet hose does not 

encounter any obstructions, once the cleaning 

process is complete, remove the jet hose, fasten 

the TV camera winch cable tb the nozzle and string 

the cable between manholes.  Remove the jet hose. 

Enter the manhole and connect the cable to the 

skid-mounted TV camera. (Proper skid sizes shall 

be used to keep the camera aligned in the center of 

the pipe.) Before inserting the camera assembly 

into the sewer line, the camera man shall slowly 

pan the camera around the circumference of the 

manhole, pausing at any unusual or noteworthy 

areas.  Insert the camera into the sewer pipe. 

While maintaining communication between the winch 

operator and the Subcontractor representative in 

the TV truck via "walkie-talkies" or hand signals, 

the winch operator shall pull the TV unit through 

the line at a slow, steady rate. At locations of 

interest determined by the Task Manager or his 

representative,  the  winch  operator  may  be 
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4.9 

4.10 

4.11 

4.12 

instructed to pause for extended viewing. In some 

instances, the TV camera may be pulled backwards 

and then restarted to review a particular length of 

pipe. 

The video recorder unit in the TV truck shall be 

operated on the fastest tape speed available (two 

hours for a T-120 video tape). A log will be 
completed in the TV truck by the Subcontractor 

while observing the interior of the sewer on the TV 

monitor. 

Once the camera travels the full length of the 

section under investigation, or reaches an 

obstruction that cannot be passed, the camera will 

be pulled backwards while continually steam 

cleaning the camera power supply cable as it exits 

the manhole. Disconnect the camera assembly from 

the winch cable and remove the camera unit, pulleys 

and any other equipment from the manhole. Steam 

clean all equipment that exits the manhole over the 

manhole. 

Relocate the steam cleaner at the second manhole 

and slowly reel in the winch cable from the sewer, 

steam cleaning continuously. 

Proceed to the next investigation site or final 

decontamination of all personnel and equipment at 

Building 316A. 
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5.0  RECORDS 

5.1 

5.2 

5.3 

,11 data (such as locations of obstructions, etc.) 
All data (sucn a ^ accordance 
shall be recorded in a tiexa 
with the SOP for records-control. 

A    vw the subcontractor will be 
The TV log prepared by tne öUUV. 
ZZ  into L «KE Task «anager -on,;   - 

video tape of the ^- activitie      ..    ^ 

transported daily to the MKE Denver 

storage in the DCS vault. 

.,  . ««rt of Field Activities" form will be 
A "Daily Report of Fiel Subc0ntractor 

completed and signed by an 

representative. 

6.0   ATTACHMENTS 

Subcontractor TV log 

"Daily Report o 
f Field Activities" form 

WP-12190 
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APPENDIX C 
DAILY SUMMARY OF SEWER INVESTIGATIONS 

DATE ACTIVITY 

11-25-85     Started air testing W28 - W29 

11-26-85     W28 - W29 did not hold pressure (i.e., failed) 

12-02-85     Failed to insert plug in W21; couldn't air test 
W21 - W22 

12-03-85     Air tested: W21-W17 (6") failed, 165' 
W17 - W18  (6")  failed,  but invalid due to 
service line to 316A 
W25 - W26 failed, 85' 
W26 - W27 couldn't insert plug in W27 - 
aborted 

12-04-85     Air tested:  M.H. A-B (Bldg. 732) failed, 50' 
119B - 117B failed, 180' 
S9  - S5 failed, 160' 
55 - S6 failed, 135' 
56 - S13 failed, 125' 

12-05-85     Jetted:  ~195' of 200'  line W28 to W29, line was 
blocked ~10' from W29 

12-06-85     Jetted:  W21 - W22, 100' 
W21 - W17, 165' 
W17 - W18, 180' 
W26 - W27, 215' 

12-10-85 TV'ing not accomplished @ W17 - W18 

12-11-85 TV'ing not accomplished @ W22 - W21 

12-12-85 TV'd 99' from W22 - W21, 100' 

12-13-85 Jetted W26 - W27, 215' 

12-16-85 Jetted from 119B to 117B, 180' 

12-17-85 TV'd ~90% of 117B to 119B, 161' 

12-18-85 TV'd <20', camera failed under 7th Ave. 

12-19-85     TV'd under 7th (125'),  jetted from 7th Ave. North 
300' 

04/28/86 
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DATE ACTIVITY 

12-24-85     Jetted W21 to W17, 165' 
Tried to jet W23 - W24,  blocked @ E. end of 525 
(90') 
Tried to jet S5 - S9, blocked ~15' from S5 
Jetted S6 - S5 - S3, 340' 

12-31-85     TV'd S6 - S5 - S4 - S3, 340' 

01-02-86     TV'd from W21 to W17, blocked 32' from W21 

01-03-86     Jetted & TV'd M.H.  40  to M.H. 42 (Section 26), 
490' 

04/28/86 


