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CHAPTER I

A. AUTHORITY AND SCOPE

1. Authority. The project, Sewerage System Repairs, Rocky Mountain

Arsenal, is authorized by the Notice to Proceed dated 1 August 1979, and is

based on the requirements set forth in Contract No. DACA45-79-C-0019, Modi-

fication No. P00002.

2. Scope. The scope of the project, Sewerage Systems Repairs, Rocky

Mountain Arsenal, is to perform a Ranitary sewer survey and prepare a mecnoran-

dum report to include findings, determinations and recommendations for future

investigative efforts. The memorandum report is to present the verification

of existing sewer maps, estimates of infiltration/inflow, smoke testing,

visual inspections and water quality sampling. Presentation of results,

proposed future efforts, preliminary cet estimates for future work are pre-

sented as an integral part of this project phase.

B. GENERAL DESCRIPTION OF WOF"K. A general investigative and land surveying

appraisal of the existing sanitary sewer collection system was performed to

determine the physical condition and location of the system tributary to the

Rocky Mountain Arsenal wastewater treatment plant. Smoke tests, manhole

inspections, water quality sampling and flow metering results provide the

basis for the appraisal. As an integral part of this project, the con-

tamina-ted sewer located principally in the South Plants industrial area at

Rocky Mountain Arsenal and tributary to Reservoir F was located both verti-

cally and horizontally relative to the sanitary system. On-site investiga-

tions through visual inspection of exposed portions of the total system,

with particular emphasis on manholes, low areas, smoke test findings, con-

stitute a significant part of the engineering appraisal.
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CHAPTER II

STUDY AREA

A. DESCRIPTION. Rocky Mountain Arsenal consists of about 17,800 acres,

27.8 square miles and is located in the plains area immediately north of

Denver, Colorado. The Arsenal is a major government installation and a

chemical production center for the Shell Chemical Company. Industrial

type facilities have been in operation at FŽ¶A since 1942. Production of

toxic chemicals, chemical filled munitions or subsequent demilitarization

has been performed at the Arsenal. In 1952, Shell Chemical Company purchased

the Julius Hyman Company which had originally leased the south plant area.

Shell Chemical Company is actively producing commercial products.

The sewage collection system for both contaminated and sanitary wastes is com-

prised of connectors, laterals, trunk lines, and appurtenant structures, and has

undergone expansion and change since initially installed.

B. POPULATION. The- population contributing to the wastewater collection

system is comprised of military personnel, civilian employees of the Arsenal,

and employees of Shell Chemical Company. There is presently no full. time

resident population at the Arsenal. The average daily population at RMA is

reported to be: 300 permanent and 20 contract personnel, Shell Chemical

Company and 350 employees, Rocky Mountain Arsenal. The Arsenal has staff per-

sonnel on location at all times, but the general working day is from 7:45 a.m.

to 4:15 p.m. for Shell Chemical Company, except for approximately 120 employees

assigned to operations which functionon a 24-hour per day, seven-day per week

schedule.

1. Future Population. It is reported that the anticipated future popu-

lation will remain at nearly its present level.

C. GEOLOGIC CONSIDERATIONS. Rocky Mountain Arsenal is located in the South

Platte River basin. The principal surface water drainage course is First Creek

and ground-water movement is in a general northerly direction. Three soils

groups predominate the area; they are: Fluvents-Sampson, Ascalon-Vona-Truckton

and Platner-Ulm-Renohill. The soils of these three groups consist primarily

of silty sands and sandy clays. For the most part, these soils appear to be

tight, and well graded.(
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CHAPTER III

DESCRIPTION OF STUDY

A. DESCRIPTION OF %METHODS USED.

1. Physical Survey. A physical survey of both the sanitary and con-

taminated sewer collection systems was performed. The survey consisted

of the following:

a. Collection and review of available data from both Rocky

Mo6untain Arsenal and Shell Chemical Company sources. These data include

available system maps,wastewater flow records, ground-water elevation re-

cords, and current manhole inspection reports (SCC).

b. Physically located manholes for both systems and identified for

future reference. Plan and profile information is prcsented on Drawings S-1

through S-18. Verification of available system maps was performed.

c. Inspect 192 sanitary sewer manholes on lines tributary to

RMA wastewater treatment plant.

d. Searched for potential inflow source areas, e.g., broken pipe,

uncovered manholes, low water crossings, etc.

2. Smoke Testing. Smoke testing of the inventoried sanitary sewer

collection system was performed. It was anticipated that potential

infiltratiin/inflow source areas not visually observed by previously dis-

cussed methods would be identified.

3. Flow Measurements. Flow measurements were obtained at ten :loca-

tions within the system. Iistorical flow measurements were obtained

for effluent discharges at the wastewater plant. The following general

areas were chosen for initial flow monitoring during this phase of the

project:

e South Plants Area - Manhole 96
Manhole 96 is located on the first straight run immediately north of the

South Plants Area. All sanitary sewage generated within the defined South

Plants Area theoretically flows through this manhole.

e Basin "A" - Manhole 75
Manhole 75 is the last manhole of the main sewer leading from the South

Plants Area before being joined by the Administration Area sewer. This lo-

cation was selected for two principal reasons. First,to document any losses

or gains in sewage flow between 'the South Plants Area and through Basin A,
and second, to establish total flow before joining with wastes originating
from the Administration Area.

111-1
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* Administration Area - Manhole 48

Manhole 48 is the furthest north, straight run manhole on the Adminis-

tration Area line before joining with the main sewer. This location was

selected to measure flows from both the Admiinistration Area and inte.vening

undeveloped land area.

e Reservoir F - Manhole 19

Manhole 19 was selected for purposes of documenting losses/gains along

the main sewer line in tie area of Reservoir F. The manhole is located

immediately south of Ninth Avenue.

* GB Plants Area - Manhole S40

Manhole S40 located immediately west of the wastewater plant entrance

road was selected to document flows generated in the GB plants Area.

The preliminary flow documentation effort was designed to isolate

major potential problem areas. Following a review of flow data selected

meters were moved to intermediate areas in otder to gain a more detailed

or discrete definition of infiltration and inflow.

The primary me'asuring devices were 60 degree V-notch weirs. Five

Mannings dipper, twenty-four hour recording gages of the weighing type

were utilized by the inspection crew. A float-actuated recorder

is permanently installed at the PRK wastewater treatment plant and was also

utilized for purposes of this study.

4. Areas Selected for Flow Measuring. The areas described below were

initially selected for measuring sanitary sewage flows. The aggregated area

contains Administration buildings, chemical producing facilities, launeries,

laboratories, chemical demilitarization facilities, and various support

operations. Numerous abandoned buildings and demolished structures are

located tributary to the collection system.

The areas immediately north of the South Plants, Administration and GB

Plants Areas are used for various purposes. Between the Administration

Area and the main sewer, the only development noted was an earth lined pond,

and an irrigation ditch. Between the South Plants and the waste-

water plant there are the following: Basin A, a refuse dump area; Reser-

voirs C & F, liquid holding ponds; and assorted buildings, roads, and steam

lines. The area north of the GB Plants is essentially undeveloped. All

tributary areas not in use for disposal of wastes, etc., sustain a relatively

thick vegetal cover.

111-2I L .. ..... ..... .



-!

5. Flow Measurement Period. Flow measurements were made for the ex-

pressed purpose of analyzing infiltration/exfiltration/inflow during periods

listed below. Additional flow data was obtained from RMA personnel for the

wastewater treatment plant.

Area Manhole Starting Date Ending Date

Administration 48 9-1-79 9-17-79

South Plants 96 9-1-79

Basin A 75 9-1-79 9-17-79

Reservoir F 19 9-1-79 9-17-79

GB Plants $40 9-1-79 9-17-79

Basin A 88 9-17-79 Not Functioning

Reservoir F 34 9-17-79

Reservoir F 27 9-17-79

GB Plants S34 9-17-79

Treatment Plant 13 10-23-79

6. PreciDitation Measurements. Precipitation measurements were obtained

at two locations during this project. Historical rainfall records concurrent

with historical flow measurements were obtained from the Weather Bureau for

the Denver, Colorado Stapleton Airport.

The rain gages were located to obtain data representative of the land

area between the South Plants Area and the wastewater treatment plant. One

gage was located due east of the fire station about 125 feet north of

December 7th Avenue and the second gage was positioned about 160 feet north

of the treatment plant trickling filter.

7. Precipitation Measurement Period. Precipitation measurements were

made for the expressed purpose of ideutifying and analyzing infiltration and

inflow quantities during the period of study. Two Bendix Universal Rain Gauges

of the 24-hour spring type mechanisms were used to record the rainfall at the

study area. Rainfall records were compared with treatment plant flow records

and attempts at correlation were made.
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CHAPTER IV

COLLECTION SYSTEM

A. DESCRIPTION. The following information has becn obtained from field

surveys, maps, and discussions with Rocky Mountain Arsenal and Shell Chemical

Company personnel. T'her-' are about 9.7 miles of sanitary sew.ers ranging in

size from 4 inches to 24 inches in the collection system. One sanitary

sewer force main is in service Within the Arsenal. This force main runs from

t'he housing area located north~west of "C"~ Street and December 7th Avenue to

Manhole 65,north Iof the Administration building. Flow pumped through this

line includes flow from the housing area, the officers' mess, end restroomn

facilities at the swimming ?ool. T.he lengths of these sanitary sewer lines

are not included in. tae inven'Lory of sanitary lines. The Arsenal was divided

into four subareas for data collection and presentation: South Plants Area

including sewer line "B" downstream to the junction of Manhole 46 With sewer

line "A" from the Administration Area; the Administration Area including

sewer line "A" downstream to the junction with sewer line "B'; the sewer

downstream of the junction of the South Plant anr4 Admini'stration sew'r lines

to the wastewater treatment plant; and, the GB Plants Area. Table 1 presents

in summary form,an inventory,by sewer size and subarea,the lengtris of the

sanitary sewers in the study area.

The sanitary sewage collection system is constructed primarily of vitri-

fied clay pipe, with small lengths of cast iron pipe in the S'-uth Plants

and GB Plants Areas.

The sanitary sewer system at the Rocky Mountain Arsenal is primarily a

gravity system. In addition to the force main described previously, there

are three sanitary sewer lift stations located within the South Plants Area.

No engineering appraisal of these stations was made during this study.
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The contaminated sewers within the South Plants Area and the sewer line

from South Plants to Reservoir F were located relative to sanitary sewers.

Lengths and pipe sizes of the contaminated sewer system, exempting all con-

taminated sewers originating in the GB Plants Area, are summarized in Table 2.

TABLE 2

LENGTHS OF CONTIMINATED SEWERS

Size South Plants Area North of 7th Avenue to Total
(inches) (feet) Reservoir F (feet). (feet)

4 340 340

6 2,695 2,695

8 1,045 5,636 6,681

10 1,975 10,011 11,986

12 2,260 1,179 3,439

Total 8,315 16,826 25,141

B. FLOW DATA. There were no sewage flow data available for the sewage treat-

ment plant during and irmnediately following the August 1979 rainfall events. There-

fore, correlation between mctered flou" data and the treatment plant records for

rain events did not produce sufficient results. Also, the metering performed for

this study was temdorarily delayed by three weeks due to shipping problems en-

countered with the supplier. This was unfortunate since most of the rainy weather

did occur between the middle and end of August, and the meters were not in-

stalled in time to record these events. Therefore, most of the analyses must

wait until more data can be gathered.
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CHAPTER V

STUDY RESULTS

A. SMOKE TESTING: Smoke testing of the Rocky Mountain Arsenal sewers was

used to detect inflow sources. To date, 100 percent of the system's sewers

have been smoke tested, corresponding to 51,204 ft. of pipe. Below is a

list of the completed number of smoke tests:

No. of Smoke
Area* Tests Comnleted

South Plants 61

Administration 15

NH 46 to TWTP 21

GB Plants 20

*See Chapter IV, Paragraph A for description of areas.

Table 3 shows a summary of potential inflow sources where smoke was observed

to escape from the sanitary scw:er during the smoke tests.

During smoke testing operations, lines were encountered which would not

pass the smoke. The obstruction could either be a dip in the line which forms

a water trap, a blockage of trash, or a partially caved-in sewer pipe. Be--

low is a list of the blockages:

Test at Between
Area Manhole Manholes

South Plants 111G 111G, 111I

South Plants S6 S6, S7

Administration 71 71, 74A

inasmuch as the sanitary sewer lines are highly suspected of being in poor

condition, the majority of them did not prove to be faulty by smoke testing

operations. This is believed to be due to the hard, compacted sandy-clay soil

and high moisture contents. This type soil has few cracks in the surface, and

being compacted, will not allow the smoke to exit from the broken or cracked sewer

lines. This was not anticipated before the start of the smoke te;ting operation,

and as a result very few inflow sources were located. The absence of smoke

should not be construed to mean that sanitary tewers are not faulty.

V-1
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B. FLOW METERING: Although a thorough analyses of the flow metering cannot

be given at this time, there are, however, some indications of inflow/infil-

tration and exfiltration. From IMH's 96 to 75 the meter results indicate an

increase of inflow of approximately 20 percent ii dry weather. The ground-

water level in that area is below the inverts by as much as 2-1/2 ft. to 7 ft.

The only explanation is that there was approximately 15 ft. of exposed 18"

diameter pipe with broken bells located in Basin A between VfH's 89 and 90.

This exposed pipe rests in a ponding area ihere water will collect and enter

directly into the system. From 111's 75 to 19 the meters indicate a decrease

in flow of approximately 50 percent. By moving the meter from MHf 19 to MH 27

it was found that most of the loss was near the Basin F area. More accurate

definition of inflow locations should be available when the results of the

flows measured at MH 34 are analyzed.

The flow in the sanitary sewer lines generated in the GB Area was not

sufficient to cause water to flow over the V-notch weir in MH S40. Although

a constant flow was observed upstream as far as fH S14, most of it was

visually observed to disappear by the time it reached MH S34. This would

appear to indicate that a break in the line exists and exfiltration is occur-

ring from the sewer line in this area. In order to better define this problem

area, the meter initially installed in MH S40 was moved to Mp. S33. Because

of start-up of operations within the GB Area, no flow metering results have

been obtained to date.
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C. INFLOW: Potential inflow was estimated for each source located during

the smoke testing. The flow was based on the type, size, and location of

opening.

The inflow from roof drains or from holes in the ground was estimated on

the basis of the rational formula for stormwater runoff. A rainfall intensity

of 0.5 inches per hour was used which is the 5-year frequency, 2 hour 45

minute duration storm for the Denver area. This duration was selected by

adding a 5-minute inlet time to the longest travel time in the sewerage

system, yielding a total time of concentration of two hours and 45 minutes.

A runoff coefficient of 0.95 was used for roofs and pavements, and a coeffi-

cient of 0.65 was used for turf and unpaved areas. These coefficients were

selected from the higher end of expected range of values for coefficients be-

cause it was assumed that a 2-hour 45 minute duration rain would saturate

the ground.

The inflow from all sources was assumed to determine the total inflow

of 29,175 gpd entering the system. The total flow in the collection system

is summarized as follows:

Total estimated inflow 29,175 gpd

Peak base flow 25,000

Total flow entering system 54,175 gpd

Exfiltration from system* 31,675

Total flow reaching treatment plant 22,500 gpd

* Estimated from preliminary flow meter data.

A more detailed analyses will be made upon gathering more metered flow data

and from rainfall charts as the study period continues.
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D. WATER QUALITY AND GROUNDWATER: Two samples each were tested on different dates

from the Manholes listed in Table 4 on the following page. Each sample was tested

for DBCP, ALDRN, ISODR, DLDRN, ENDRN, DIMP. The toxicity levels for these chemi-

cals in micrograms per liter are as follows: DBCP-0.2; ALDRN-hold to a minimum;

DLDRN-hold to a minimum; ENDRN-O.2; and DIMP-500. From Figures 1 and 2 the levels

of DBCP and ALDRN in most of the sampled manholes are far in excess of the

limits. The only chemical which was not in excess of the limits was DIMP. A

general correlation can be made from Figure 1 which shows a trend for the DBCP to

decrease as the samples are taken downstream. The groundwater near MH 115A and 116

is apparently infiltrating into the sanitary sewer system. These two manholes are

in the South Plants Area in the vicinity of where DBCP was originally produced

and/or stored. Production of DBCP was produced in Building 471 and halted on

February 1976. The fact that the chemical, is showing up in toxic amounts in the mnn--

holes is evidence that DBCP is present in the ground in appreciable amounts and that

groundwater is infiltrating into the system.

From visual inspections of MH's 86 to 79, it was observed that !4H 86 had more

flow than MH 82, although both had dark colored water. N4H 80 had more flow in it

than MH 82 and was much cleaner in color, almost clear. Therefore, it may be

concluded that exfiltration as well as infiltration is occurring in the reach of

the system between ME's 96 and 75. The meter installed 7ME 88 has been found

to be defective and the readings cannot be used with reliability. It ¶}as

to be replaced with a new flounieter and at a later date installed in 14H 13.

E. PHYSICAL CONDITION: Manholes in the system were inspected to locate obvious

sources of extraneous water and to determine the general condition of the system.

All sanitary manholes in the study area were inspected with the exception of those

manholes in areas where access was denied.

A data sheet was compiled for each manhole describing the physical condition of

the manhole covers, corbels, walls, steps, aprons, and inverts. Copies of these

data sheets will be supplied as an Appendix to the final report. Table 5 summarizes

the results of the manhole inspections by subarea (see Chapter IV, Paragraph A for

subarea descriptions).
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TABLE 5

GENERAL CONDITION OF SANITARY SEWER MANHOLES

Number of
Manholes Condition of Manholes

Area Inspected Good Fair Poor

South Plants Area* 92 35 35 22

Administration Area 27 5 20 2

Manhole 46 to WWýVTP 37 1 27 9

GB Plants Area 36 19 16 1

Total 192 60 98 34

*Includes manholes from number 75 to 97.
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As shown in the table, thirty-four manholes, or eighteen percent of the

sanitary sewer manholes, are in poor condition and would require extensive

work or replacement. Ninety-eight manholes or fifty-one percent, would re-

quire cleaning and minor remedial work and are considered to be in fair condi-

tion. The remaining sixty manholes, or thirty-one percent, are in good condi-

tion and would require little or no remedial work. It should also bc noted

that the steps in eighty percent of the manholes are in poor condition. The

following paragraphs describe the manholes which are considered to be. in

poor condition.

In the GB Plants, MH S28 had 8 to 10 feet of dirt in the bottom, effectively

plugging the manhole. The next upstream minhole, S23, has a fire hose inserted

that is used to purip accumulated sewage from the manhole onto the ground sur-

face. Two manholes within the GB Plants Area, S6 aud $22, have metal pipes

connecting them to adjacent fire hydrants. These manholes were used to

generate make-up water for the wastewater treatment plant. However, this

practice was discontinued in December 1978. Manhole S36 does not have a cover,

but does have an outhouse built over it.

Manholes 50 and 65 are in the worst condition of the manholes in sewer line

"A" from the Administration Area. These manholes had broken bricks and cracked

mortar in the walls and the inverts and aprons were in very poor condition.

The manholes along this line are mostly in fair condition, however they may have

cracked or broken inverts. On the sewer line from Manhole 46 to the wastewater

treatment plant, there are nine manholes in poor condition: 11, 24, 27, 28,

37, 38, 39, 40, and 44. Defiiiencies common to these manholes are cracked

and/or missing sections of the corbel, corroded steps and dirty, cracked aprons

and inverts. The manholes adjacent to Reservoir F also contained odors some-

what similar to those experienced in the South Plants.

There are nine manholes in poor condition in sanitary sewer line "B". These

include 79, 81, 82, 83, 84, 85, 86, 87, and 89. These manholes contained

cracks in the walls and aprons, and in several manholes the pipe joints have

separated. A portion of the sewer line between Manholes 89 and 90 was exposed

and the smoke testing revealed cracked bell joints. The nine manholes listed

above are included in the South Plants total in the table.
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During the inspection of manholes within the South P'lant, s-.veral manholes

were found with small (1 to 4 inch) pipes entering the manhole. The source

of these pipes could not be determined and flow was observed on occasion.

The chemical odor from some of the manholes'required the use of gas masks

during inspection, with Manhole SA-2 being one of the worst. Manhole inspec-

tions in the South Plants Arca required that crews be accompanied by Shell

personnel. Manhole 116 has what appears to be steam line drain entering

through the corbel. When first opened, inspection was impossible because of

steam within the manhol-. Manhole 124 has cracked walls and apror.:; and showed

evidenc2 of seepage into the manhole. The corbel of Manhole 98 is in poor

condition and Manhole 102 needs a new cover. Many other manholes have cracked

aprons, and cracked or disjointed inverts. Particularly poor manholes in-

clude B, 103A, 103B, and 125B.

F. MtANHOLE REPAIRS: The manhole inspection program addressed the physical

conditions of more than 190 sanitary sewer manholes. 1he following items

were checkcd during the inspection pro-ess: cover, leveling bricks, taper or

corbel, walls, steps, aprons, and inverts. Based upon the inventor.', five

cases were established for assigning rehabilitation costs for the manholes.

A description of each case, rehabilitation and costs follow.

* Case I: Manhole interior in poor condition: missing or brcocn bricks

in walls and corbel, deteriorated mortar, aprons an,; inverts

broken/chipped.

Rehabilitation: Mortar interior of manhole and grout aprors

and inverts.

Estimated Cost: $460.00/miThole

o Case II: Manhole walls and corbels with missing or broken bricks,

and mortar deterioration.

Rehabilitation: Mortar manhole interior

Estimated Cost: $360.00/manhole

e Case III: Manhole aprons and inverts are cracked or broken

Rahabilitation: Reconstruct with grout

Estimated Cost: $100.00/manhole

V-10
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* Case IV: Manhole cast-iron steps are broken c- deterioratcd to

the extent that personal safety is in jeopardy.

Rehabilitation: Replace existing steps with polyethylene

steps.

Estimated Cost: $25.00/step

* Case V: Manhole cover missing or broken.

Rehabilitation: Replace with new cover

Estimated Cost: $100.00/cover

The number of manholes requiring rehabilitation in each case is listed below

with their respective costs.

Case I II III IV V

Number of
Manholes 19 19 28 140* 3

Estimated
Cost $8,740. $6,840. $2,800. $10,800. $300.
• Total number of steps 432.

The total cost estimate for inanhole repair is r29,•.0. The esrinmuted rvpair

cost can be appreciably reduced in the event l)iplining is accompli.shcd

throughout the sanitary system. The sliplining process can effect,,ily redute

the number of required manholes, thus reducing the nccd for costly rehabilita-

tion work.

G. EXTRANEOUS FLOWS: Extranecus flows consisting of infi.ltratior and infj.ezw

currently mixing with tha sanitary sewerage within the existing collection

system will continue to collect in the sewer following sliplinino. In order

to assure that these flows do not contaminate the biological trentrent process,

it will be necessary either to divert these flows into Basin F or around the

existing Inohoff tanks directly into the activated carbon treatment system

located at the wastewater plant.

Flow measuring of the sewerage system indicates a minimum of extraneous flow

downstream from Manhole 33. Therefore, it is suggested that a new, 12.5 feet

deep, pre-cast concrete manhole be instal.led in the vicinity of Manhole 33
with an 8-inch polyethylene gravity-line leading to Basin F. The sanitary

flow would pass directly through the manhole in the slipline pip 'at about 6
feet above the manhole bottom. The gravity liinc would exit the manhole through

the bottom.

The estimated cost for this diversion structure is $5,200.
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H. OTHER CONSIDERATTONS

1. Alinement. The General Sanitary Sewer and Genera] Contaminated Waste

Sewer maps as provided to Black & Veatch have been modified to reflect correct

alinement as ascertained through field surveys. The contaminated waste sewer

between Eighth &venue and Reservoir F, and the sanitary sewer line from Man-

hole 36 to Manhole 32 in the vicinity of Reservoirs C and F are tv' of the

principal map realinements. Sheets S-2, S-7, S-14, and S-15 show the reloca-

tions of the above sewer lines. The South Plants Area map was redrawn utiliz-

ing field survey data and information provided by the Shell Chemical Company

and the Rocky Mountain Arsenal. Sheets S-17 and S-18 show the location of

sanitary and contaminated waste sewer lines in the South Plants Area.

2. Manholes. Manhole 56 on sanitary sewer line "A" from the Administra-

tion Area was not located in the field even wi. th the aid of "As-Built" draw-

ings and a metal detector. The approximate location of this manhole is show.n.

on Sheet S-4. An additional manhole was field located on sanitary sewer line

"B" from the South Plants Area between Manholes 84 and 85 shown on the General

Sanitary Sewer map.. This manhole was numbered Manhole 34 and Manhioles 83 and

84 were renumbered Manholes 82 and 83, respectively. See Sheet S-6 for the

location of these manholes.

3. Air Pressure Test. A section of sewer line between MH 48 and MK, 49

was pressure tested to determine the validity of the smoke test. Two smoke

bombs were placed in the line and both ends of the sewer pipe were sealed.

Pressurized air was then introduced into the line. No pressuie could be built

up in the line and no smoke was observed coming out of the ground. It can be

concluded from this test that the sewer line is in poor condition and that

interpretation of smoke testing results must be reflective of this special test.
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4. Permit Requirements. During the early stage of this project, con-

tacts were made with the following Federal, state and local agencies for the

purpose of ascertaining permit requirements for remedial work on the Rocky

Mountain Arsenal Sanitary Sewerage Collection System.

Denver Board of Water Commissioners

Colorado State Department of Health

Colorado State Department of Natural Resources

U. S. Environmental Protection Agency, Region VIII

Rocky Mountain Arsenal

Shell Chemical Company

The following is a synopsis of these contacts.

Denver Board of Water Commissioners

Jurisdiction stops at the Arsenal boundary. There are no

wells in vicinity of Arsenal, and their water intakes are

upstream of RKA.

Colorado State Department of Health

Division of Water Pollution Control. There are no permit

requirements although trench dewatering water and any

sanitary sewer solid wastes collected during excavation

or cleaning should be disposed of in Basin F and not

through the wastewater treatment plant.

Colorado State Department of Natural Resources

No permit requirements were noted.

U. S. Environmental Protection Agency

No permit requirements were noted. It was noted that a

more stringent NPDES permit may be issued in near future

for the existing wastewater plant. There may be permit

(NPDES) requirements for any new treatment plant system

installed at the Arsenal.

Rocky Mountain Arsenal

No permit requirements.

Shell Chemical Company

No permit requirements. A letter concurring with re-

commended remedial work from the plant manager would,

however, be required.
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CHAPTER VI

CONCLUSIONS AND RECOM)MENDATIONS

CONCLUS IONS

1. Smoke testing did not provide sufficient information upon which

to base an evaluation of the sanitary sewer's condition.

2. Tight, well graded soils and relatively high moisture contents

inhibited the movement of smoke through soil.

3. Air pressuie testing of one select sewer reach indicated a leaky

pipe. Smoke testing of the same reach indicated a non-lealky pipe.

4. Manhole inspections indicate remedial measures are needed through-

out the present sanitary sewer system.

5. Visual observations of the amount of sewage flow at successive

manholes indicates the loss of flow in some reaches of pipe.

6. Sewer flows were visually observed to increase imniediately folloviing

rainfall events indicating that inflow sources exist in the system.

Abandoned and razed buildings are potential inflow sources.

7. Flow metering at various locations along the sanitary sewer system

indicates that flow is being lost and/or gained along the length

of the system.

8. Contaminated sewers that cross or run parallel to sanitary sewers

have inverts that are 1 to 6 feet lower than the adjacent sanitary

sewer. Flow observed in the contaminated sewer could be inpart

exfiltration from the sanitary sewers.
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9. Flow meter records at the wastewater treatment plant are

incomplete.

10. Flow meter records at the wastewater treatment plant are not

good indicators of peak inflow events because of the attenua-

tion caused by the Irhoff tanks and the trickling filters

located upstream of the recording device.

ii. Chemical odors were detected in the sanitary sewers at several

locations in the system.

12. The sanitary sewer is below ground-water levels in several areas

within the South Plant.

13. Chemical samples indicate contaminant leakage into the sanitary

sewer system is occurring, particularly in the South Plant Area.

14. Dilution of the contaminants observed in South Plant sewage flows

is occurring downstream in the system as evidenced by the chemical

sampling program.

15. Sampled levels of DBCP, Aldrin, Dieldrin, and Endrin exceed recommended

levels. These contaminants are a probable cause of the death of bacterial

growth necessary for proper operation of the trickling filters.

16. Existing plan drawings of the contaminated and sanitary sewer

systems are relatively good. Minor relocations and scaling dis-

crepancies were noted.

17. No permit requirements for possible future sewer improvemepts

were discovered during this study.

18. Further investigations of the sanitary sewer system using dye

studies, pressure testing, or television survey are not warranted.
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19. Sliplining will not eliminate extraneous flows from reaching the waste
water treatment plant.

20. Following sliplining of the sewer collection system, extraneous flows
can be diverted to Basin F near Manhole 33 or can be routed around the
wastewater plant directly into the activated carbon column.

I
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RECOMMENDATIONS

I. Continue metering the sanitary sewer discharges.

2. Relocate selected meters in order to better define flow characteristics

within the system.

3. Begin a program to disconnect sewer connections from razed and per-

manently abandoned buildings.

4. Perform an economic evaluation of the alternatives to eliminate the

problems in the sanitaty sewer system. Two of possible alternatives

are:

a. Complete rehabilitation of the existing sanitary sewer system

by means of sliplining the existing sewers.

b. Abandon the existing wastewater treatment plant and the sewer

system except the South Plant Area, slipline South Plant sewers,

and provide separate package plants for the Administration, GB

Plants, and South Plants Areas.
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COST ESTIMATES

Preliminary cost estimates for performance of work associated with remedial

measures are as follows:

a. Sliplining total sanitary sewer collection system without service

connections - $550,000.

b. Sliplining South Plants Area sanitary system - $192,000.

c. Manhole repairs - $29,480.

d. Diversion of extraneous water - $5,200.

*e. Wastewater treatment plant, South Plant - $110,000.

*f. Wastewater treatment plant, GB Plant - $90,000.

*g. Wastewater treatment plant, Ac~ministration Area - $90,000.

h. Engineering cost evaluation - $15,000.

* Assumed contributing populations and flows:

South Plant, 600 , 60,000 gpd

GB, 200 , 20,000 gpd

Administration, 200 , 20,000 gpd

Wastewater package plant cost provides for oversized aerators and clari.-
fiers. Discharge from plants assumed to be to nearest drainage channel.

VI-5

... . ... .



Comments on Interim Report
for Sanitary Sewer Repairs

Rocky Mountain Arsenal

1. When chemical tests are completed can a conclusion be reached
regarding sources of chemical contamination? Will slip-lining
and/or sewer replacement give reasonable assurance that chemical
contamination will be reduced to an acceptable level?

2. Will TV surveys be required to define scope for slip-lining or can
this be done as a part of the construction contract?

3.

4. Since the smoke testing was for the most part, inconclusive, can we
assume with reasonable safety that there are no cross connections?
Chemical sewer interconnections are of particular concern.

5. If package plants are selected, the abandoned sewer will probably
act as a subdrain which would discharge chemical contamination at
the outfall. Report should address this possibility and remedial
measures required. -

6. Is sufficient data available at this time to proceed with economic
analysis?

7. Costs, if any, involved in upgrading existing plant should be added
to repair costs for a valid cost comparison.

8. Consideration must be given to the possibility that chemical
contamination could exist following slip-lining. This would be
particularly applicable to a package plant at the South Plants
Area.



ROCKY MOUNTAIN ARSENAL

SANITARY SEWERAGE SYSTF4 REPAIRS

Responses to Omaha District, COE, Comments:

1. The water quality sampling program has been completed. The results of
the most recent analytical testing have been incorporated into the
"project report.

At best, the water quality data collected during this project indicates
that contamination of the sanitary sewerage collection system is occur-
ring in the South Plants area in vicinity of manholes 115A, 116, and 119.
Statements regarding specific source locations are not advisable.

Sliplining the entire sanitary sewerage collection system should effectively
reduce the amount of contamination currently entering the system through
infiltration and being transported to the wastewater treatme-- plant.

Contamination resulting from pollutants entering the system through floor
drains would still occur, unless such drains were removed from the sani-
tary system.
Infiltration of groundwater would still occur even with sliplini.ug. Pro-
visions for removing this extraneous flow from the sewer system could
effectively be accomplished in the vicnity of Basin F or imnmediately be-
fore entering the wastewater treatment plants' Imhoff tank.

2. A television survey of the entire system is not believed to be required for
defining the scope of sliplining efforts. Television would, however, be
quite effective in ascertaining whether or not sliplining can be readily
accomplished in smaller size pipes. Pipe displacements, points of inflow,
obstructions, etc., could be readily identified and corrective measures
taken before sliplining takes place.

3.

4. Results of the smoke testing program under Phase I indicate the absence of
direct cross connections between the sanitary and contaminated sewers. No
smoke was observed coming out of contaminated manholes during testing of
sanitary lines. There remains the possibility that ground water carries
contamination from the industrial sewer to the sanitary sewer in the
South Plants area. Testing for this condition was not performed in this
phase of the project.

5. A/E agrees with the comment and has included a section in the report.
Appropriate cost information has also been developed.

6. For the most part, yes. A/E would need to collect data relevant to RY•JA
carbon columns and costs associ3ted with physical-chemical package plants.
These data should be readily obtainable.

7. A/E agrees. To be considered in Phase II.

8. A/E agrees. To be addressed further in Phase II.
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ROCKY MOUNTAIN ARSENAL

SANITARY SEWERAGE SYSTEM REPAIRS

Responses to RMA and Shell Chemical Company Comments:

Shell Chemical

1. A/E concurs.

2. A/E has revised referenced section.

3. Appropriate revisions have been made in the prose.

4. A/E has removed the reference to smoke exiting storage tank T-1510
from the Memorandum Report. The A/E understands that Shell personnel
have verified that there is no connection between T-1510 and the sani-
tary sewer. However, it remains that smoke was observed coming from
a vent pipe on T-1510 at the time smoke testing was underway near the
tank.

5. A/E informed by COE/Omaha that standards established by the State of

Celorado should be used. These standards were used in draft report.
No further action required.

6. No response required.

7. No response required.

RMA

1. No response required.

2. Manhole repair work has been addressed in final report.

3. No response required.

4. No response required.
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DEPARTMENT OF THE ARMY
ROCKY MOUNTAIN ARSENAL

COMMERCE CITY. COLORADO 8W2.2

SARRM-TOC 19 Oct 79

SUBJECT: Memorandum Report, Sanitary Sewage System Repairs, Black and
Vea tch

District Engineer
Omaha District
US Army Corps of Engineers
ATTN: MROED-MF (George Williams)
6014 USPO and Court House Building
215 North 17 Street
Omaha, Nebraska 68102

1. Subject Report has been reviewed by RMA and Shell Chemical Company
personnel.

2. SCC has provided comments. (Inc 1) that should be incorporated into
the final report prior to issue. RMA concurs in the Shell comments and
notes that the Report does not address repair work which wvill be required
to numerous manholes.

3. In a meeting at RMA on 17 Oct, RMA, Shell, ARRCOM, and DARCOM personnel
agreed that Phase II of the study, i.e., TV inspection, is required to fur-
ther define cost estimates for repairs and assist in identifying the avail-
able option for repair/replacement techniques.

4. Request that Phase II be scheduled to commence as soon as possible.

FOR THE COMMANDER:

1 Incl N M. GLASSMAN
as Director of Technical Operations

CF:
ARRCOM: ATTN: DRSAR-ICS

"- DARCOM: ATTN: DRCIS-RI-IC
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$SHELL C01.ENTS ON BLACK & VEATCH DRA'FT _,OPA!,ND'!,
"EPORT - SANITARY SETH.RAGE SYSTEM REPAIRS

1. Page II-1, paragraph 1, line 4: Delete the word "major".

2. Page II-I, paragraph 1, line 8: The south plant arca was originally leased
to the Julius Hyman Company. Shell Chemical Company purchased Julius Hyman
Company in 1952.

3. page H1-1, paragraph 3, Line 5: Shell Chemical Co:many currently has
approximately 300 permanent employees and 20 contract personnel. Approximately
120 employees are assigned to operations which operate on a 24-hour per day,
seven-day per week schedule.

4. Page V-2 (Table 3), item 2 (manhole test reference No. 39): There are no
connections between T-1510 and the sanitary sewer system. This has been
verified by Shell personnel.

5. Page V-5, paragraph 1, line 7: Public Health Service standar's for aldrin and
dieldrin are one microgram per liter. : ., c,,- o

6. Page V-5, paragraph 1, line 12: Shell data indicate DlCP to be infiltrating

into the sanitary sewer system between M• 119B and 117A. DBCP was produced
in Building 471 and .the last production on the Arsenal was in February 1976.

.7. Page VI-4: As discussed in the October 17, 1979, meeting, Shell believes the
cost estimates to be low by a factor of two or more.

R14V
10/18/79
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t ISSUED By kODE X Q iIUxIFxnxrxx
1istrict Engineer, Dept. of the Army Contract for:
Inaha District, Corps uf Engineers Liquid Waste Disposal Facil.

6014 U. S. Post Office & Court House ocky Mtn. Ars., Colorado
Omaha , NE 68102 

_________

7 CO NTRACTOR conif- FACIL!fTECOIDp
NAME AND ADDRESS Lr~.ETC

Black & Veatch DATED________Se

Z Z. 1500 Meadow Lake Parkway OIIAINF
Clilgf' Kansas City, MO 64114 :ONTRACTORCER NO G009
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9 THiIS BLOCK~ APPLIES ONLY tO AMENLIMENTS OF SC'ýiCiTATtONS

El The ablhv murnet-1 Solicitation i am~ended~ as set forthI olci, 5I :I 2 The ho, aeo (late sve'ti.. IT, 'eclit of O'e s S e-IIoo D *s Tý -l
OIfe,mas mu~st acksnowledige rece~ip of this am~endment prior to !the hour and date spec:' ei in the Solicitation or as a-l'enled. by Ole c' ICe I.I.lQ-g se~ho.cs

(a) BySigningand r~etuning . copies of thiaYmenment. (b) By aClhno*eOet rgreenPI Of IS 0o'nn enach copy OI!tle 011e 50 5l't-ted. 1, c: ey seDJiate Ie~tet TI lifiItgi vi'n chntcb lu'C esa relpe.
the solcitaticp and jmeeomenr nunebers. FAILURE CF YOUR ACKNOWLEDG'.'EN' TO BE PECEIVE-D AT "E !S N% UFF - PPOCR To -- E -C1'P ANC DA-E SPEC:F ED .AY PES2Lr IN REj'E-:Ct%
YOUR OFFER. If. by virtue 01 this amendment you desire to change am' offer already sub-ttlle. suchh targem'avibei," :ety relef3,acrelte, :0ov,!ec T.,- IC Ida's Cf Cee ýnavfr reference Alott sol,c,tal~on
tins amendmenet. an~d is received prior to the Opening hour and (late specified.

10. ACCOUNTING AND APPROPRIATION DATA Ill repIIe'

2192050 908-9218 P6700-257 S25066 RA9002950680004
11. THIS BLOCK APPLIES ONLY TO MODIFICATIONS OF CONTRACTS,'ORDERS

alIn This Change Older is issued pursuant to.*G.enfe~ral.1Provi~sion!; rlCat1iSp .1
The Changes set forth in block 12 are r-.je to the above ltosOefed contrac!,O'de'

(b) ED The above numbered contractlarder is mcclfeb To reflect the aom-'-s:,!!,e C~amges (Such as chaltsinS pl ying cfice. 3z~,vbfta!0' aJa eCc se! l~icn0 block 2-
Ic) ED This Supplemenetal Agrgeement is entered int0 PUortualt to allttOfity 0Of__________________________________________

It modifies the above numbered contract as Set forth in blocki 12.

12. DESCRIPTION OF AMENDMENTIMODIFICATION

The Architect-Engineer shall provide the following additional services under paragraph 2 of
Title 1:

Provide necessary services required to accomplish the Sanitary Sewer Survey at Rocky
Mountain Arsenal, Colorado, -,,accordance with Scope of Work, attached hereto and by this
reference made a part hereof.

* It is understood and agreed that all work under this modification shall be completed within
* 60 calendar days after receipt of notice to proceed and the contract price is increased by

the lump sum amount of $94,694.00.

The foregoing modification of said contract is hereby accepted.

THIS MCD!r-!\_T"CN H`AS I
COMPLET"h LY EXECUTED

Eliceot as Volinded heerei. all terms and conditions of thre document referenced in block B. as heretofore chlanged, remain un'changed and in full force and effect

0 -,o CONTRACTOReiOFFEROR IS NO EQIE Co
-TO SIGN THIS/OCUMENT COTATROFRRI EURDT INTI ý .AND TURIN 0.UING OFFICE

'AME OF CfdtNT TORIOFFEROR kLAU~ 17 UNITED1 ~ TT TiTE N7E,.LRICA

By _ _ _ _ _ __ _ _ _ _ _ BY-0
/I Signalture of Penton auth~orized to sign) 6 S~g~t ofee Contracting Officer)

IS. NAME AND TITLE OF SIGNtR iTyp, a .eepms 16. DATE SIGNED 18. NAME OF CONTRACTINt OFFICER 7Tq pe peswu 19 DATE SIGNED

HARRY L. CALLAHAN, Partner 016 Sep 79 LARRY R. FULTON, LTC, CE
IDep, Dist Enor for MiLCtsnst ____



SCOPE OF ':O7-K
liorification lMo. 2 to

Contract 7o. DACA %5-79-C-C019
PFocky Mountain A:-senal, Colorado

1. The Architect-Engineer shall provIde the services reouired to
accomplish the sanitary sewer survey at Pocky Mcuntain Arsenal,
Colorado as detailed in the following listing of project phases.

a. Initiate Pro.4ect.

Attend meeting with staff persornel from the Crops of Engineers,
Cmaha District, ?Rcky M;ountain Arsenal, Shell Chemical Company
and members of the project team to confirm prcject objectives,
responsibilities, procedures, and com=anicatior. network.
Identify contacts within each group responsible for coordination
activities. Project team members will attend indoctrination
sessions presented by both ?rocky oMountain Arsenal (17-A) and
Shell Chemical Company (SCC) personnel. INecessary medical
examinations and work clearances will be obtained at this
time.

b. Collct and nevie: Available Data.
I,

Collect and review available data from both F.iA and SCC to
include existing flow measurements and data on marnhole
inspections, sewer inspections (television), ground-water
monitoring, se'wer mapping and relevant location and elevation
information.

Collect and revie~z applicable Federal, state and local
permits on pollution control reglations. Inventory specific
data requirements necessary for implementation of permits.

c. Select Key hanholes.

Determine the most effective division of sewer subsystems
utilizing available data to maximum extent. Determine the
hydraulic capacity of proposed gaging locations. Review
selection with 7'A and SCC personnel.

d. Verify Sewer System Vans.

Examine existing sewer system maps for the area from the
rIMA '!astcwater Treatment Plant to the South Plant, GB area,
and Administration Building area. Determine adequacy of
available system maps.



e. Inst-!! Flow? ':'on_,itorA-n;- Dei-ces.

Install flow monitoring devices in all key manholes. Inspect
manholes during placement. ?2ezort abnormal or potentially
dangerous ccnditions (ground-w:ater leakage, bro*-en pizes, etc.)
to A immediately.

f. 0btain Sewer Flow Data.

Obtain se'-er flow data from key manholes and the wastetlater
treatment plant influent over a sufficient period of time to
enable definition of both dry and wet ,:eather flot: conditions,
(90 day ms;:i.-m). Extract and raview data periodically to
enable relocation of flov: devices for proper evaluation o.
infiltration/inflow occurrences. 'L-onitor ground-water levels.
Upon completion of data collection, remove flo-" measur--ng
do-vices and compute flo';s.

, Esti-mate Infiltration/Inflow and E--filtatien Rates.

Utilize nre liminary data from f'low measuring efforts and
historical data to provide a general delineation of areas
contribu~ing to infiltration/inflow and/or 3xfiltration.
Evaluate wastew7ater flow hydrographs in conjunction with
rainfall events, ground-w;ater levels and possible local
flooding. Determine the magnitude and duration of ;asteater
flow. responses to rainfall events. Utilizing available in-
formation and follc-& rig the procedures, when applicable, set
-orth in the EPA zublication "Handbook for Sew.er System
Evaluation and 2-ehabilitation" (!i7 5), calculate total
annual infiltration/inflow•/o:,fi tration for select locations
in the system. Separate out, w.hen data permits, the
infiltration portion of infiltration/inflow by comparing
theoretical base sanitary flow w:ith average dry weather f1low.

h. Formulate Systematic ?rocedures.

Forýmalate and review with 00E, l.!S and SCC procedure for
inspecting sew,,cr system.

i. Physicall: Survey Sew.ers Above Ground.

Verify and update system maps by land survey method. Locate
all manholes and identZify with numbers manholes for proper
future reference. Search for problem areas of inflow such as
low-lying areas subject to flooding or ponding, creek crossings,
and areas .;here contaminated sew:er is in pro:.±mity to sanitary
sew.,er. Identify potential for vehicular access such as hydraulic
jet cleaner to mrinimize future inconveniences and maximize
footagc to be cleaned from one point.



j. Phzi.•e-;-]l,•, Ths-~cct f. :anhnolcr, IT•err.ll.l1,

;valuate the structural condition of manholez. Lndica.te ground-
:atcr leakage in manholes. :eport severe conditions or leakage
to individ _als identif ed in a. (above). Determine visual
evidence of or actual scurc;s of infiltration.

_. Iderntif_ Secific Sources of Infiltration/Inflo" and E::filt'rat. -ion.

Utilize the data of j. (above) to identify specific sources
of infiltration/inflcw and e:-filtration.

1. Undate .:istin: Se':er Sv .

Utilize data from d. and i. (above) to correct or supplement
e-istin. sewer system mans.

m. Perform Smoke Testin!-.

Perform smoke testing for sanitary se,.er from, wastew.ater
treatment plant to and ,!ihin the •ollo.in, areas:

2 Administration
3) South Plants

n. Perform wIater Cuality Samoling.,

Perform selective w:ater quality sampling to identify specific
source areas for DBCP, aldrin, DII-T, endrin as specified by
the COE/Cmaha. Laboratory work to be provided by I.

o. Summarize Pesults of Liboratory Anialsis.

Su.mmarize laboratory results nrovidEd by the RMAt performed
on ;;ater quality samples collected during this project.

2. Prepare "Penort M!emorandum" to include findings, determinations
and recommendations, and attend review conference in the Omaha
District Office.

I/



--..- m~ -__

(17

Co 1 5)17,70o 7 3 f

S/0 _77.3 575176&

.181. 87 1 ,,

/ J-';7.! .'/75,

-70 £l/1- 77

A55

S)T 92 /~~2

.)9-. .9 , 7 Z

.8 S)/9 •J7., .,S

?76•4,~) 72-3 , 1 . ,

~T~hA52W2. -7(
-... 1.,2



I - -� - - - - - �--�-� -

�,J 1/7,
-- I-,32Z CJ'� *"-�

§26.; �C J

5jLIg.X7 LI

� 52$2. ;' -�'



RESERVOIR **
HIgSf WAERf CL 5l*O.Ur

00

aq
Uw



si. wa -i rL iss '

(CONUEITAM)
f M UGIV AT r r EL6, 519 0 ex "O 0

RESR ONrAI* 1rM

z 

57

-' I E ~ 58

~-. I0
* DI

7 '1 (2



40N

4.

M16M '4r~ e. .1O

'4.

48 .

If~7 dINATAER L r%(C0NACONATAO

a* * - * a' .

4.4

577

14-4



AIM

-RY SEPMD S

*~~~~s -Co . -

im

PO C OF

.1 
.

. -
.ilk

t - -. - - . -

A.LOT

AIN TE 4r.,oo

L PITSS\

L~tA PAunTn

~.j - * Swc

to _______

-
s .. 

- .. 

_MAN_ __

a --s

DUMP,

, .. S

DUMP



"- .. .b -. :j.~! , i

1 .a5,,•

a . I I ,

PORC OF.]m.

.4W 200 0

sun

FITS

A -" I

_____I.

0 1ANHO L. E

~ iif



000

a,.. ,

S00 20(r 0 5 i00'

""- *. : ,

a, 

.

•~ ~ i 4•20•0 00a 80

ýGEND

CONTAMINATED WASTE LINE A MANHOLE - "

mm SANITARY SEWER LINE 8MANHOLE

DIRECTION OF FLOW 41

,l bMANHOLE-COULD NOT FIELD LOCATE, ..

nlI



'-A'

NeelW

II

ra Valley Ball~Court

c=0 BENCH

x CROSS T
L GUARO P

HYDRANTU
aell T1

m-- Of COE AT-ON

Ljj AREA-S= --- •

% ...

L OREEAK



fP , :/1• El•/ i , -" ,4

62

, 63 Ile

.4•,, II

F/ ' FORCE MAI I FROM 64
q'HOUSING AREA

~.SAN TARY -SEWER

TRAILER CONTAMII
;41 CRWE T. WEST W.-

yGUAO P 8* FIRE "r II

4A4b

J--

....
' •-- .- 4 , - . - "

,_kh I:.. ' \ \ -7_ _ _ _ .. : " . _ _-. _i . .,- . .,

,_,..... • ". %.- ' P" W !



10 

0

-4.4

____ a, DRY 19

* 3-20

_0/ 
_A TCONTAMI ATED 3it

WASTE. ____B_ 3\ BENCH MARK MON.* 211

04. 07 CONCRETE'. JL
FOUDAIO-E 500174 LIME SETTLING

%mBSIOP

DEC~

L 
00c

-o STORAG

4--.-- CL



I'II

88.SANITARY SEV"WERO

g - ~LINE -'B' ef.

I a

ir

3 i
95& *l

i~~~~~~A COTMNTDTRS ISI

........ - .

Il

I I J



I _____DIRECT ION

I o ?AANHOLE-CO

Iii

II 0

iic

T 2 Sl
ii . Ei Al!

II lii lii



-- ~DIRECTION CF FLOW !

-I ..../4'.

I'>,,
/$

-~ .."..

a .!

S a j

i--



i_,_.. ._..._ , . : _. ~- • .- •
1 I II ,6"--. •'-

_ _ _ _ _ _ _ _ _ _ __ _ _ _ . . . .*_ _

P7/-1'_ W' -<- ?{

I0

EARTHEN I
DAM OFFICERS

/ -,CLU //

* R

* . -"i if

. , , mm nj . , - Ma., u"l.i.n '

* I AREA

£ 2.178,000



Jit-.

* -. 7---I

a cc

SANITARY
A. -ILL

ZV
I AIOP A LAK

SwemR~fl ____________ ________

/E216,0



*~ Va

= ~ ~ - -AL

00CAL. IA J__
- .it

* ~ ~ =- -.a

SPRAY a~
POW_ _ LIM-3 ~-

U _____________POW

aa

mm Aft

£2,13,000/ ~I4'OI
-AM

rAK

* $ .-THIK VLUEENGNEEING- $$ OFEA

MCI!.

**''K~~e''
-' .. . ,* * -. )j* ;: ~*am



a0F -

I Ia

~1 ~j 4 ~* _- ~ AV

it - _M i

- f: -'37

a qIACZ

new PIT I

-Y no.

G:Q- ELIk> ,*. i~N.

rANKS-

jREAK -
-

UPPER DERRY L 4 aE

1100

- £ 21.6,00 . THIO MLAN AOOomPANiKU

-DACA 437 CO MODI



a I

, "°I

0I SIHET I

• . O.. __ . • -

S....

•:•I[ -, -- : :.

4 "% ,, ... -...

"., -.. . . ::-.".. . -______ _______________________________________

:. .. .',

...* - .* . -4 . .- -" . • .. .

-- COMMA=N. , .,.. .In° .... N O .
- JUI.UAR,

1 EI*IN** •S ROCKY MOUNTAIN ARSENAL
, •.,•_______. ARMY POLLUTION AI

* AE if EL 5260o sm,@ ,,,gyo•• -SEWERAGE SYS"

ARH .. D? ... ,..g,, SHEET

*wsgv,•. oga.mO. UWANUS O*wag. g.,wggu mvimie• : - OAfI AS 5NO•

rAGOOMPANIEI DON'TrlAIT NO.
A C O M O oIF rlOATUlO N N O. .. a . . • m , m 'l, o, l



-t+

a1

-<

- ai

•-" " REVISlONE

U. 8. ARMY ENGINEER DISTRICTOMAHA
I OORPU OP ENGINEERS .

- ___OMAHA, NE1RAUKA
'C- r ROCKY MOUNTAIN ARSENAL COMMERCE CITY, COLORADO

ARMY POLLUTION ABATEMENT PROGRAM
D my, SEWERAGE SYSTEM SURVEY

AREA PLAN
F SHEET I OF 2

-ml , ,oDAT.

S" Ng i28 SEPT. 1979

- CAL AS SHOWN OPgO. NO.

-- 1 DA~CA41I 4A rUte NUNUUrI ;

t. .......- " aims? gw,,, .u - ....

*1 a w- .eme- +D
=mz& a-Sig



"00F2,178,000

01

* ,II0 ANTENNA

II INSTALLATION

I+

1 1

II,
II
II
"II 4

"35 II
S



- -- _-_ _ _ _ _ - -i

* I.
it ,, 1"'00

TENTH AVENUE

- ---- ]- -- - - - --

0 ANTENNA
INSTALLATION

.IUI

/.
I I_



D C=

WAE I-



i": . . - :l • T ENT HI AV E[NU E[

I.00

4/4AMMOITORING"

_ _ _ _ _ _ _ _ _ _ _ _ __ _ k i
"- . °

S SEWAGE

*F.- Z R ' r "

FINTT AVE'U

- F

.7,T7

TANANS

Z 

01HO~ff

10/
,o II.



T!i

I -- 00. .

- "
- -.- - - -- i i l i

• . ii -

FIRSTRrA

•~o_

0
S o

2 1100' 200' 0 14001

• i i 00i
Sl *0

• a,

I,.



• . -• -, •• •

2#

/)

.1

Uo

S /

Ia

1400'2CU IWO 800

1 ;e
•;0t 20R 0 q01 00

I" : •0Sf

I- ..
.5 I 0



I'
If

I-I

Ii,

0 1
a

) C..

i'I

' J •a



11
t 4

I ~

ii

ko

- -- NTH AVENUE

II I
. II I

TREATMENT FACIL Til

'\ WA "E

" % " ICON TA M/NA TED)
1 lI iI N WAl EL520.



I All* EI r
PUI FII'CPLNT

9 *.1

CAS E

114

* - P.STALLAT'0J 00

20

292

ASNONE 23

LINE B4
-A -_ _ _ .. ..



.1 10

I 114

-- . " /•X /--,SANITARY SEWER,

LIN

.. _ . # !1. . III . \ -'\

14 /A

: " ,,',, E " "

LAT 17 .,9

It

a--X

Or(

dUILhpa
I 0 iiGo

hlPLNT



* -- -" - O04

Ge PLANT AREA - SANIT

MANHOLE NO RIM ELEV.

SI 5224.30

S2 5223.13

S3 52211.10

S4 5224.23

S5 5223.26
- S6 5223.40

SEWER S7 5211.73
38 UNDER BLDG.

S9 5219.98
S'1 5218.75

SI, 5213.78

S12 5208.40
-V-NU- S13 5207.23

S14 5205.48
S15 5204.08

S20 5224.514

S21 5223.83

S22 5219.09

S23 5218.82
. "S24 5209.23

----------- S25 5205.90
,." "S26 5205.93

S 327 5203.08
. - S28 ABANDONED

I $z S30 5199.89

PLANTS I
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I" = 40'01
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A V

GB PLANT AREA - SANITARY SEWER LINE

MANHOLE NO RIM ELEV. INVERT ELEV.

SI 5224.30 5214.95

S2 5223.13 5213.70

S3 5224.10 5213.86

S4 5224.23 5213.23

S5 5223.26 5213.12

S6 'J2 2 3 . 4 0  5208.92

S7 5211.73 5202.96

so JNDER BLDG. 5197.71

S9 5219.98 5211.90

SlO 5218.76 5209.03

SIl 5213.78 5203.64

S12 5208.40 5197.79

S13 b?07.23 5196.47

S14 5205.48 5196.61

SI5 52U4.08 5194.53

S20 5224.54 5210.36

S21 5223.83 5209.72

S22 5219.09 5205.60

S23 5218.82 5200.09

S24 5209.23 5198.58

S25 5205.90 5195.81

S26 5205.93 5194.73

S27 5203.08 5194.32

S28 ABANDONED

S30 5199.89 5193.68
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dip

r1

SANITARY SEWER LINE COt4Ti

MANHOLE RIM INVERT MANHO
NO. ELEV. ELEV. NO

98 5264.85 5252.10 E-I

99 5265.83 5253.00 E-3

1O0 5263.40 5254.15 E-4

I01 5264.09 5254.92 E-4
102 5263.12 5255.70 E-5

103 5264.74 52566.49 E-E

103A 5264.21 5256.71 E-!

104 5265.73 5257.23 E-f

105 5269.18 5263.60 E-1

106 5373.63 5363.13 E-

107 5274.45 5264.03 E-5

108 5275.39 5264.89 E-

109 5276.65 5266.57 E-

li0 5277.04 5269.62 E-

IIOA 5271.82 5267.74 E-

111 5271.73 5267.90 E-

IlA 5263.36 5259.63 W-

1115 5261.54 5257.87 w-

1110 5259.57 5255.07 W-

lIfE 5259.93 5251.10 W-

712 IIIJ 5258.68 5253.18 W.



NA SANITARY SEWER LINE CONTAMINATED WASTE LINE

MANHOLE RI m INVERT MANHOLE- RIM INVERT
NO. ELEV. ELEV. NO. ELEV. ELEV.

98 5264.85 5252.10 E-1 5265.25 5252.08

99 5265.83 5253.00 E-3 5265.09 5253.76

100 5263.40 5254.15 E-4 5264.66 5254.83

101 5264.09 5254.92 E.-48 5264.28 5256.28
102 5263.12 5255.70 E-5 5264.47 5254.64
103 5264.74 5256.49 E-5A, 5264.48 5257.48
103A 5264.21 5256.71 E-58 5265.03 5258.70

104 5265.73 5257.23 E-6 5263.47 5256.89
105 5269.18 5263.60 E-7 5264.34 5257.59
106 5373.63 5363.13 E-8 5271.51
107 52714.45 5264.03 E-9 5271.33 5269.08
108 5275.39 5264.89 E-10 5273.37 5271.20
109 5276.65 5266.57 E-12 5266.16 5258.33
110 5277.04 5269.62 E-13 5266.22 5258.89
IIOA 5271.82 5267.74 E-15 5266.06 5261.23
111 5271.73 5267.90 E-16 5266.23 5262.15
IIA 5263.36 5259.63 W-1 5264.09 5253.34
Ills 5261.54 5257.87 W-2 5266.88 5257.38
1HI0 5259.5? 5255.07 w-3 5266.78 5258.25

IIlE 5259.93 5251.10 W-5 5266.08 5259.08
U- 1. IIIJ -52!W8,681 5253.18 w7 5264.37 5254.87-
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I IoA 5271.82 5267.74 E-15

111 5271.73 5267.90 E-16
IlA 5263.36 5259.63 W-1

IIIB 5261.54 5257.87 w-2

1110 5259.57 5255.07 w-3

IIE 5259.93 5251.10 w-5

732 ,lI. 5258.68 5253.18 w-7
112 5270.13 5261.71 v-8

113 5269.90 5262.48 -,12

6...- 115A 5264.93 5254.93 W-15
7 1158 5262.10 5254.35 W-16

1 5 17 5270.59 5264.09 W-18

125A 117A 5667.71 5259.46 W-21

1178 5271.17 5259.34 W-22
E"j744 117C 5266.28 5261.20 W-23

1198 5274.12 5260.20 W-25
120A 5272.27 5268.52 W-26

120C 5271.38 5266.46 W-27

120D 5273.01 5263.83 W-28
124 5261.83 5252.83 W-29

741 S-I 5275.17 5269.67 W-30

S-2 5274.64 5268.97 W-31

S-3 5275.29 5268.12 w-32
742 S-5 5273.91 5266.24 W-33

S-6 5271.64 5262.47

S-7 5273.23 5264.98
742A 754 S-9 5274.07 5267.07

SA-2 5265.05 5259.37

ILI,
752 752A

NOTE:

I. DATA FOR MANHOLES SHOWN ON MAPS A
TABLE ABOVE COULD NOT BE OBTAINED

100' 50' 0 100o
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71.82 5267.74 E-15 5266.06 5261.23

71.73 5267.90 E-16 5266.23 5262.15

"63.36 5259.63 W-I 5264.09 5253.34

"61.54 5257.87 w-2 5266.88 5257.38

"59.57 5255.07 W-3 5266.78 5258.28

59.93 5251.10 W-5 5266.08 5259.08

ý58.68 5253.18 w-7 5264.37 5254.87

270.13 5261.71 W-8 5263.97 5255.55

?69.90 5262.48 w- 12 5263.91 5257.74

.64.93 5254.93 W-15 5266.78 5259.53

262.10 5254.35 W-16 5268.25

270.59 5264.09 W-18 5268.78 5265.95

567.71 5259.46 W-21 5270.59 5262.84

271.17 5259.34 W-22 5271.83 5263.33

266.28 5261.20 W-23 5271.03 5267.45

274.12 5260.20 W-25 5271.38 5264.38

272.27 5268.52 W-26 5273.28 5264.78

271.38 5266.46 W-27 5271.39 5265.39

273.01 5263.83 W-28 5271.71 5265.21

261.83 5252.83 w-29 5270.71 5266.46

275.17 5269.67 W-30 5271.51 5267.75

274.64 5268.97 W-31 5272.74 5265.49

275.29 5268.12 W-32 5272.06 5267.06

273.91 5266.24 w-33 5271.53 5268.20

ý71.64 5262.47

73.23 5264.98

74.07 5267.07

65.05 5259.37

N MANHOLES SHOWN ON MAPS AND NOT LISTED IN
3VE COULD NOT BE OBTAINED.
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*r 0_ ,o0,
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