T—-—

[ AD— A285 559 : . Form Approved
- TION PAGE Diviide
i ll“ﬂ“ ml lml ml‘ |“|l |“|‘ |m| ll“ !“,n A,v,,.lq. 1 hour per response, including the time {Or reviewing msuutoll::ss :,Jumon: ?::::::u 2 </n,

ng the collection of information. Send comments regarding this burden estimate or any other 23pect of this
. 10 Washington Headquarters Services, Directorate for information Operatio.is and Reports, 1215 Jefferson
3 Management and Budget. Paperwork Reyuction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY (Leave blank) |[2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
10/00/79

4. TITLE AND SUBTITLE S. FUNDING NUMBERS
SANITARY SEWERAGE SYSTEM REPAIRS, ROCKY MOUNTAIN ARSENAL, COMMERCE CITY,

COLORADO, MEMORANDUM REPORT

6. AUTHOR(S) DACA4S 79 C 0019
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

REPORT NUMBER

BLACK & VEATCH
KANSAS CITY, MO

81266R35

9. SPONSORING / MONITORING AGENCY NAME(&L_AND ADDRESS(ES) 10. SPONSORING / MONITORING

b el AGENCY REPORT NUMBER
& E kS ’
Mo E&D LR T
: P

ARMY CORPS CF ENGINEERS. OMAHA DISTRICT
OMAHA, NE

11. SUPPLEMENTARY NQTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED

13. ABSTRACT (Maximum 200 words)
THE SCOPE OF THIS PROJECT IS TO PERFORM A SANITARY SEWER SURVEY AND PREPARE A
MEMORANDUM REPORT TO INCLUDE FINDINGS, DETERMINATIONS AND RECOMMENDATIONS FOR
FUTURE INVESTIGATIVE EFFORTS. THIS 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 COST ESTIMATES FOR FUTURE WORK ARE
PRESENTED AS AN INTEGRAL PART OF THIS PROJECT. MAPS INCLUDED.

U\ Py94-32334
S | \\l\‘\l\l\\\I\l\l\\\\\\\l\\\\\l\\\\\d\!\\\\

Lt o i i Eua ol 8
14. SUBJECT TERMS 15. NUMBER OF PAGES

TREATMENT, GROUNDWATER, DISPOSAL, CONTAMINATION, DBCP, ALDRIN, SMOKE TESTING,
FLOW MEASUREMENTS 16 PRICE CODE

17. SECURITY CLASSIFICATION | 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION | 20. LIMITﬁION OF ABSTRACT
OF REPgRT OF TH!IS PAGE OF ABSTRACT

UNCLASSIFIED
NS TGS )5 500 Stardarg “orm 298 {Rev 2-89)

Seaceripeg Dy ANS! Stg £39.18




 Best
~ Available
Copy




original

3 81266R35

A R
o v

e

._A"‘

N
LIRS

4

4

.

S

{

1

{

+

i

IO
4 j t
\)Pb . ™~
RO
ML -
w0
-2
- p e e e
¢ dognsstien For
i > J
: N " —
T > L ]
[EAgS X o
3 Ja N pa—
- A -
B :’] - N - ey
.

Pist

B
P

- e

Hgia et A

| _——— BLACK & VEATCH/consulting engineers,

.o

swta
Cas 'iQ”
* ny A
B (S ST R

-
<




24T P RS Sy - M s S e ¢

P

Rocky Mourt~in Arsenal
Informa"™ - "anter
Commerce Gity, Colorade
~ Fii~ C0OPY
MEMORANDUM REPORT

SANTTARY SEWERAGE SYSTEM REPAIRS

RNCKY MOUNTAIN ARSENAL-COMMERCE CITY,COLORADO

PREPARED BY

BLACK & VEATCH
CONSULTING ENGINEERS
KANSAS CITY, MISSOURI

FOR

U. S. ARMY ENGINEER DISTRICT, OHAHA
CORPS OF ENGINEERS
OMAHA, NEBRASKA

OCTOBER 1979

[E————




S —————— e S—— = = o= =

TABLE OF CONTENTS

CHAPTER I INTRODUCTION

A.

AUTHORITY AND SCOPE
1. Authority
2, Scope

GENERAL DESCRIPTION OF WORK

CHAPTER II STUDY AREA

A.

B.

C.

DESCRIPTION
POPULATICN
1. Future Population

GEOLOGIC CONSIDERATIONS

CHAPTER 1II DESCRIPTION OF STUDY

A.

DESCRIPTION OF METHCDS USED

1. hysical Survey

2. Smoke Testing

3. Flow Measurements

4. Areas Selected for Flow Measuring
5. Flow Measurement Period

6. Precipitation Measurements

7. Precipitation Measurement Period

CHAPTER IV COLLECTION SYSTEM

A.

B.

DESCRIPTION

FLOW DATA

TC-1

R— - - o R n

Page

I-1
I-1
I-1

I-1

I1-1
11-1
II-1

11-1

III-1
I1i-1
III-1
III-1
I11-2
I1I-3
I1I-3

I11-3

-1

Iv-3

- o S s o




ar— . . PO, R

CHAPTER V STUDY RESULTS

A. SMOKE TESTING
B. FLOW METERING
c. INFLOW
D. WATER QUALITY AND GROUNDWATER
E. PHYSICAL CONDITION
F. MANHOLE REPAIRS
G. EXTRANEOUS FLOCWS
H. OTHER CONSIDERATIONS
1. Alinement
2. Manholes
3. Air P?essure Test
4, Permit.Requirements
VCHAPTER VI CONCLUSIONS AND RECOMMENDATTONS
LiéT OF TABLES
TABLE - Lengths of Sanitary Sewers
TABLE - Lengths of Contaminated Sewers
TABLE - Potential Inflow Sources
" TABLE -~ Results of Samples-Taken from the Sanitary Sewers
TABLE - General Condition of Sanitary Sewer Manholes
LIST OF FIGURES
FIGURE 1 - Levels of DBCP in the Sanitary Sewer System
FIGURE 2 - Levels of ALDRN in the Sanitary Sewer Systen

TC-2

Page

v-12
V-12
v-12
v-12

v-13

VI-1

Iv-2

IV-3

Following Page

o v ».—_.———-—;ms,——




A e Nt et o

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 19792, 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 sanitary sewer survey and prepare a memoran-
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, prelimirary cecst estimates for future work are pre-

sented as an integral part of this project phase.

B. GENERAL DESCRIPTION CTF WORK. A gemeral investigative and land surveyiug
appraisal of the existing sanitary sewer collection system was performed to
deternine 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 prcject, the con-
taminated 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.

o




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 cof
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 RMA since 1942. Production of
toxic chemicals, chemical filled munitions or subsequent demilitarization

has been performed at the Arsenal. In 1952, Shell Themical 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 fcr 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 zontract personnel, Shell Chenmical
Company and 350 emplovees, 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 emplovces
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. DESCR{PTION 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
Mountain 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.

¢. Inspect 192 sanitary sewer wmanholes 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. Suoke testing of the inventoried sanitary sewer

collection system was performed. It was anticipated that potential
infiltration/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. Historical flow measurements were obtained
for effluent discharges at the wéstewater plant. The following general
areas were chosen for initial flow monitoring during this phase of the
project:

e South Plants Area - Manhole 9§
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 manlole 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 Arca and through Basin A,

and second, to establish total flow beforc joining with wastes originuting
! from the Administration Area.

i—’ 11141 :
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e 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 Administration 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 the area of Reservoir F. The manhole is located
immediately south of Ninth Avenue.

o 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 order to gain a more detailed
or discrete definition of infiltration and inflow.

The primary measuring 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 RM\ 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
cpntains Administration buildings, chemical producing facilities, laundries,
laboratories, chemical demilitarization facilities, and various support
operations. Numerous abandoned buildings and demolished strucézres 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 ouly 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 arca; Reser-
voirs C & F, liquid holding ponds; and assorted buildings, roads, and stcam
lines. The area north of the GB Plants is essentially undeveloped. All
tributary areas not in use for disposal of wastes, etc., sustaiﬁ a relatively

thick vegetal cover.

III-2
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5. Flow Mecasurement 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 persomnel 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 540 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. Precipitation Measurements. Precipitation mecasurements were obtained

at two locations during this project. Historical rainfall records concurrent
with historical flow measurements were obtained from the Weather Burcau for
the Denver, Colorado Stapletcn Airport.

The vain gages were located to obtain data representative of the land
area between the South Plants Area and the wastewater treatment plent. 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 identifying 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 cohpared with treatment plant flow records

and attempts at correlation were made.

ITII~-3




.

CHAPTER IV

COLLECTICY SYSTEM

A. DESCRIPTION. The following information has becn obtained from field
surveys, maps, and discussions with Rocky Mountain Arsenal and Shell Chemical
Company personnel. Therr are about 9.7 miles of sanitary sewers 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
fﬁe housing area ibcated northwest of "C" Street and December Tth Avenue to
Manhole 65’north.of the Administration building. low pumped through this
line iucludes flow from the housing area, the officers mess, ond restroom
facilities at the swimming Jool. The lengths of thesc sanitary sewer lines
are not included in. tae inventory 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 Administratiéé Area; the Administration Area including
sever line "A" downstream to the junction with sewer line "B"; the sewer
downstream of the junction of the South Plant and Administration sewer lines
to the wastewater treatment plant; and, the GB Plants Arca. Table 1 presents
in summary form,an inventory,by sewer size and subarea,the lengtlis 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 previous}y, there
are three sanitary sewer lift stations located within the South Plants Area.

No engineering appraisal of these stations was made during this study.

Iv-1
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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 CONTAMINATED 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. TFLOW DATA. Therc were no Séwage flow data available for the sewage treat-

ment plant during and immediately following the August 1979 rainfall events. There-
fore, correlation between metered flow data and the treatment plant records for
rain eveunts did not produce sufficient results. Also, the metering performed for
this study was temporarily delaved by threc wecks due to shipping problems en-
countered with the supplier. 7This 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 thesec 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 scwers
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 Completed
South Plants 61
Administration 15
MH 46 to WWTP 21
GBE 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 sewer 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, 1111
South Plants S6 S6, S7
Administration 71 71, 74A

Inasmuch as the sanitary sewer lines are highly suspectéd 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. Thic type soil has few cracks in the surface, and
being compacted, will not allow the smoke to exit from the broken or cracked sewer
lincé. This was not anticipated before the start of the smoke testing operation,
and as a result very few inflow sources were located. The absence of smoke

should not be construed to mean that sanitary sewers are not faulty.
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B. TFLOW 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 MH's 96 to 75 the meter results indicate an
increase of inflow of approximately 20 percent in 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 MH's 89 and 90.
This exposed pipe rests in a ponding area where water will collect and enter
directly into the system. From MH's 75 to 19 the meters indicate a decrease
in flow of approximately 50 percent. By moving the meter from MH 19 to MH 27
it was found that most of the loss was mnear thec 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 cauvse water to flow over the V-notch weir in MH S40. Although
a constant flow was observed upstream as far as MH 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 exfiltratioa 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 MH $33. Because
of start-uvp of operations within the GB Area, no flow metering results have

been obtained to date.




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~ﬁinute 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 1t 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* B 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,




D. WATER QUALITY AND GROUNDWATER: 7Two 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-0.2; and DIMP-500. TFrom Figures 1 and 2 the levels

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

limits. The ounly 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 DECP 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 DRCP was originally produced
and/or stored. Production of DBCP was produced in Building 471 and halted on
February 1976. The fact that the chemical 1s showing up in toxic amounts in the man-
holes is evidence that DBRCP is presont 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 MH 86 had more
flow than MH 82, although both had dark colored water. MH 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 MH's 96 and 75. The meter installed i+ MH 88 has been found
to be defective end the readings cannot be used with reliability. It tas

to be replaced with a new flowmeter and at a later date installed in MH 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 thie 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 S5 summarizes
the results of the manhole inspections by subarea (see Chapter IV, Paragrapch A for

subarea descriptions).
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MH SA-2

MH 116 MH 115-A

MH 101

MH 97

89

MH 79

MH 76

2nd 1st 2nd

Ist

2nd lst  2nd
0.2

1st

2nd

st

2nd

1st

2nd
278
2.36 2.7

1st
0.5

2nd
266
4,02 3.8

t
0.5

1s

TEST#*

341 393 381 4.98 7.0
3.24 1.0 1.0

348
1.89 4.3

0.7

- 2.50
2,45

266
3.39 1.84

333 321

307

DBCP

4.84

1.0
0.5

1.0
0.5

ALDRN

0.5

2.38 1.79 0.87 0.5

0.74 0.5

0.5
0.72 1.63

0.5

0.5
1.76 1.57

0.64 0.5
2.0

0.5 0.5

ISODR
DLDRN

0.68 0.74 0.5 0.5

0.66
2.0

0.5

0.5
2.0

0.5

1.37
0.54
2.0

1.91 1.83

0.55 0.51

1.85 2.27
0.57 0.55
2.2

ENDRN
DIMP

2.6 2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

MH 85

MH 55

MH 42

MH 36

32

MH

lst

MH 26

lst

MH 13

2nd

65.2 69.2

2nd
98.9 89.0

1st

2nd

1st

2nd

68.4 62.6

9

2nd
65.3 66.3

2.9

lst
0.5

2nd

st 2ud

1

TEST*
DBCP

0.26
1.0

0.2

70.5 55.2
2.65 8.0

0.5

59.9 50.2

1.0
0.5
0.5

1.34  2.47
G.5

0.5

2.37
0.5

3.45
0.5

2.9

3.67 11.1

ALDRN

0.5

0.5
0.5

0.56
0.5

0.5

0.56

0.5 0.85
3.9

ISODR
DLDAN

0.5
0.5

0.64
0.5

0.5

0.5

0.5

1.53 1.91 1.83 0.35
0.5

0.5

0.99
0.5

2.0

0.5
2.0

0.5
2.0

0.5
2.0

2.0

0.s
2.0

0.5

2.0

0.5
2.0

2.0

0.5

2.0

0.51
2.0

0.66
2.0 2.0 2.0

NDRN

DIMP
* Levels of chemicals in micrograms per liter.
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2.0

0.5
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0.5
2.0

.2
2.0

0.5 0.5
2.0 2.0

0.5 0.5 0.5
2.0 2.0 2.0

0.5
2.0

vy

0.5
2.0

0.5 0.5
2.0 2.0

ENDRN
DIMP

2.0

MH 125

2nd
0.73 4.05

1st
1.0
0.5

TEST*
DBCP

0.56

ALDRN

ISODR
DLDRN
ENDRN
DIMP

2.09 0.5

0.5

0.5

2.0

2.0

... . .
~Levels-of-chemicals in micrograms per liter.
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TABLE 3

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 WWIP 37 1 27 9
GB Plants Area 36 19 16 1

Total 192 60 98 34

*Includes manholes from number 75 to 97.




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 reredial work and are considered to be in fair condi-
tion. 7The remaining sixty manholes, or thirty-one percent, are in good condi-
tion and would require little or no remedial work. It should also tc 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 528 had 8 to 10 feet of dirt in the bottom, effectively
plugging the manhole. The next upstream manhole, S23, has a fire hose inserted
that is used to pump 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. Those manholes were used to
generate make-up water for the wastewater treatment plant. llowever, this
practice was discontinued in December 1978. Manhole 536 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 Arca. 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. Deficiencies common to these manholes are cracked
and/or missing sections of the corbel, corroded steps and dirty, cracked zprons
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 cendition in sanitary sewer linc '"B". These
include 79, 81, 82, 83, 84, 85, 86, 87, and 89. These manholes contained
cracks in the walls and aprous, 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.

v-9




During the inspection of manholes within the South Ilant, scveral mnanholes
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 Area required that crews be accompanied by Sheil
personnel. Manhole 116 has what appears to be steam line drain entaring
through the corbel. When first opened, inspection was impossible because of
stean within the manhol.. Manhole 124 has cracked walls and aprons and showad
evidenca of seepage into the manhole. The corbel of Manliole 98 is in poor
condition and Manhole 102 nceds a new cover. Many other manholes have cracked
aprons, and cracked or disjointed inverts. Particularly poor manholes in-

clude B, 1034, 103B, and 125B.

F. MANHOLE REPAIRS: The manhole inspection program addressed the physical
conditions of more thon 190 sanitary sewer manholes. The following items
were checked during the inspection proress: cover, leveling bricks, taper or
corbei, walls, steps, aprous, and inverts. Based upon the inventerr, five
cases were established feor assigning rehabilitation costs for the manholes.

A description of each case, rehabilitation and costs follow.

o Case I: Manhole interior in poor condition: missing or broien bricks
in walls and corbel, deteriorated wmortar, aprons an. inverts
broken/chipped.

Rehabilitation: Mortar interior of manhole and grout aprons
and inverts.

Estimated Cost: $460.00/mnhole

o Case JI: Manhole walls and corbels with missing or broken bricks,
and mortar deterioration.
Rehabilitation: Mortar manhole interior
Estimated Cost: $360.00/manhole

® Case III: Manholc aprors and inverts are cracked or broken
Rahabilitation: Reconstruct with grout

Estimated Cost: $100.00/manhole

v-10




¢ Case 1IV: Manhole cast-iron steps are broken c~ deteriorated to
the extent that personal safety is in jeopardy.
Rehabilitation: Replace existing steps with polyethylene
steps.
Estimated Cost: $25.00/step

e 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 casc is listed below

with their respective costs.

Case I 11 111 pAY \Y
Number of
Manholes ‘19 19 28 140% 3
Estimated
Cost $8,740. $6,840. $2,800. $10,800. $300.

* Total number of steps &32.

The total cost cstimate for wanhole repair is $29,.80. The esrimuted repair
cost can be appreciabiy reduced‘in the event gliplining is cccomplished
throughout the sanitary system. The sliplining prncess can effectively reduce
the number cf required manholes, thus reducing the nced for costly rchabilita-

tion work.

G. EXTRANEOUS FLOWS: Extranecus flows consisting of infiltration and inflow
currently mixing with the sanitary sewerage within the existing cellection
system will continue to collect in the sewer following sliplinine. In order

to assure that these flows do not contaminate thc biclogical treatment process,
it will be necessary either to divert these fiows into Basin F or arouad the
existing Imhoff tanks directly into the activated carbon treatment system

located at the wastewater plant.

Flow measuring of the sewerage system indicates a minimum of extrancous f{low
downstream from Manhole 33. Therefore, it is suggested that a new, 12.5 feet
deep, pre-cast concrete manhole be installed 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 pipe'at about 6
feet above the manhole bottom. The gravity liuc would exit the manhole through
the bottom.

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

v-11
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H. OTHER CONSIDERATTONS

1. Alinement. The General Sanitary Sewer and General 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 Avenue and Reservoir F, and the sanitary sewer line from Man-
hole 36 to Manhole 32 in the vicinity of Reservoirs C and F are twe of the
principal map realinements. Sheets $-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 scwer lines in the South Plants Area.

2. Manholes. Manhole 56 on sanitary sewer line "A" from the Administva-
tion Area was not located in the field even with the aid of "As-Built" draw-
ings and a metal detector. The approximate location of this manhole is shown
on Sheet S-4. An additional manhole was field located on sanitary sewer line
"B'" from the South Plants Area between Monholes 84 and 85 shown on the General
Sanitary Sewer map.. This manhole was nuuwbered Manhole 84 and Manhioles 83 and
84 were renumbered Manholes 82 and 83, respectively. See Sheet S-6 for the
location of these marholes.

3. Air Pressure Test. A section of sewer line between MH 48 and Mb 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 werc sealed.
Pressurized air was then introduced into the line. No pressur 2 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 iine is inpoor condition and that

interpretation of smoke testing results must be reflective of this special test.

v-12
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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 Sanltary Sewerage Collection System.

Denver Board of Water Commissioners

Colorado Statec 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 RMA.

Colorado State Department of Health
Division of Water Pollution Control. There are no permit
requirements althougﬂ trench dewatering water and aay
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 parmit
(NPDES) requirements for any new treatment plant system
installed at the Arsenal.

Rocky Mountain Arsenal

No permit requirements.

Shell Chemical Company
No permit requircments. A letter concurring with re-
commended remedial work from the plant manager would,

o however, be required.
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

Smoke testing did not provide sufficient information upon which

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

Tight, well graded soils and relatively high moisture contents

inhibited the movement of smoke through soil.

Air pressuie testing of one select sewer reach indicated a leaky

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

Manhole inspecticns indicate remedial measures are needed through-

out the present sanitary sewer system.

Visual observations of the amount of sewage flow at successive

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

Sewver flows were visually observed to increase immediately following
rainfall events indicating that inflow sources exist in the system.

Abandoned and razed buildings are potential inflow sources.

Flow metering at various locations aleng the sanitary sewer system
indicates that flow is being lost and/or gained along the length

of the system.

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 contamninated sewer could be inpart

exfiltration from the sanitary sewers.

VIi-1




10.

11.

12.

13.

14.

16.

17.

18.
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Flow metevr records at the wastewater treatment plant are

incomplete.

Flow meter records at the wastewater treatment plant are not
good indicators of peak inflow events because of the attenua-
tion caused by the Imhoff tanks and the trickling filters

located upstream of the recording device.

Chemical odors were detected in the sanitary sewers at scveral

locations in the systemn.

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

within the South Plant.

Chemical samples indicate contaminant leakage into the sanitary

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

Dilution of the contaminants observed in South Piant sewage flows
is occurring downstream in the system as evidenced by the chemical

sampling program.

Sampled levels of DBCP, Aldrin, Dieldrin, and Endrin exceed recommended
levels. These contaminants are a probable cause of the death of bactorial

growth necessary for proper operation of the trickling filters.

Existing plan drawings of the contaminated and sanitary sewer
systems are relatively good. Minor relocations and scaling dis-

crepancies were noted.

No permit requirements for possible future sewer improvemepts

were discovered during this study.

Further investigations of the sanitary sewer system using dye
studies, pressure testing, or television survey are not warranted.

VI-2




s S e sty s e

19.

20.

Sliplining will not eliminate extraneous flows from reaching the waste
wvater treatment plant.

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

Vi-3
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RECOMMENDATIONS
1. 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 rarzed and per-
manently abandoned buildings.
4. Perform an ccoromic evaluation of the alternatives to eliminate the

problems in the sanitary sewer system. Two of possible altcrnatives
are:
a. Complete rehabilitation of the existing saniiary 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 Soutlh Plant sawers,

and provide separate package plants for the Administration, GB

Plants, and South Plants Areas.

VIi-4




COST ESTIMATES

Preliminary cost estimates for performance of work associated with remedial

measures are as follows:

a.

*e.

*f.

*g.

*

Sliplining total sanitary sewer collection system without secrvice

connections - $550,000.

Sliplining South Plants Area sanitavy system - $192,000.
Manhole repairs - $29,480.

Diversion of extraneous water - $5,200.

Wastewater treatment plant, South Plant -~ $110,000.
Wastewater treatment plant, GB Plant - $90,000.

Wastewater treatment plant, Administration Arca - $90,000.

Engineering cost evaluation - $15,000.

Assumed contributing populations and flows:
South Plant, 6C0 , G0,000 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.
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Comments on Interim Report
for Sanitary Sewer Repairs
Rocky Mountain Arsenal

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?

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

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.

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 reguired.

Is sufficient data available at this time to proceed with economic

analysis?

Costs, if any, involved in upgrading existing plant should be added

to repair costs for a valid cost compariscn.

Consideration must be given toc 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 ARSEINAL
SANITARY SEWERAGE SYSTREM REPAIRS

Respouses to Omaha District, COE, Comments:

1.

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

At best, the water quality data collected during this project indicates
that contaminaction 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 {rom the sani-
tary system.

Infiltration of groundwater would still occur even with sliplining. Pro-
visions for removing this extraneous flow from the sewer system could
effectively be accomplished in the vicnity of Basin F or immediately be-
fore enterinz the wastewater treatment plants' Imhoff tank.

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.

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.

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

For the most part, yes. A/E would need to collect data relevant to RMA
carbon columns and costs associated with physical-chemical patkage plants.
These data should be readily obtainable.

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

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.

2.

A/E concurs.
A/E has revised referenced section.

Appropriate revisions have been made in the prose.

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 comiung from

a vent pipe on T-1510 at the time smoke testing was underwvay near the
tank.

A/E informed by COE/Omaha that standards established by the State of
Cclorado should be used. These standards were used in draft report.
No further action required. : :

No response required. s

No response required.

No response required.
Manhole repair work has been addressed in final report.
No response required.

No response required.




DEPARTMENT OF THE ARMY -
ROCKY MOUNTAIN ARSENAL .
COMMERCE CITY. COLORADO 800722 —

SARRM-TOC 19 oct 79

SUBJECT: Memorandum Report, Sanitary Sewage System Repairs, Black and
Veatch

District Engineer -
Omaha District

US Army Corps of Engineers

ATIN: MROED-MF (George Williams)

6014 USFO and Court House Building

215 North 17 Street

Omaha, Nebraska 68102

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

2. SCC has provided comments. (Incl 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 will 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:

1l Incl M. GLASSMAN
as Director of Technical Operations
CF:

ARRCOM: ATTN: DRSAR-ICS R
DARCOM: ATTN: DRCIS-RI-IC ¢

e retia/
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“SHELL COMMENTS ON BLACK & VEATCH DRAFT MEMORANDUM

"EPORT - SANITARY SZ7ERAGE SYSTEM REPAIRS

" "

1. Page II-1l, paragranh 1, lins 4: Delete the word "major".

2. Ppage II-l, paragraph 1, line 8: The south plant arec was originally leesed
to the Julius Hymen Company. Snhell Chemical Company purchased Julius Hyman
Company in 1952,

3. Page II-1, paragraph 3, line 5: Shell Chemical Company currently has
approximately 300 permanent employees and 20 contract personnel. Approximately
120 employees are assigned to operations which operate on a 2L-hour per day,
seven-day per week schedule.

4. Ppage V-2 (Table 3), item 2 (manhole test reference No. 25): There dre no
connections between T-1510 and the sanitary sewer system. This has been
verified by Shell personnel.

S. Page V-5, paragraph 1, line T7: Public Health Service standards for aldrin ard
dieldrin are one micrcgram per liter. o - . e P e R AN

6. Page V-5, peragraph 1, line 12: sShell data indicate DBCP to be infiltrating

' into the sanitary sewer system between MH 1198 and 117A. DBCP was produced
in Building U471 and the last production on the Arsenal was in February 1976.

.-T. Page VI-4: As discussed in the October 17, 1979, meeting, Shell believes the
cost estimates to be low by a facter of *wo or more.

RWV

10/18/79
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Mistrict Engineer, Dept. of the Army Contract for:
maha District, Corps of Engineers Liquid Waste Disposal Facil.
6014 U, S. Post Office & Court House rocky Mtn. Ars., Colecrado
Omaha, NE 68102
7. CONTRACTOR cong [ | FACILITY CODF | 5
NAME AND ADORESS .
-
. Black & Veatch DATED . See muck vy
comn.nor. 1500 Meadow Lake Parkway ooeATIon
~Zr  Kansas City, MO 64114 X oniricrioncer o —DAGAAG~IS-C-0019-
L_ _] oated 280CT I (Ser bock in
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9 THIS BLOCK APPLIES ONLY TO AMENUMENTS OF SCLICITATIONS
G The above numbered 0licItation 15 amendeq as set forth 1o Biock 12 The hour and date speritied for rece.pt of Of'e-s D s er'pnged D 5 ~nt extende d
Otterors muyst acknowledge receipt of this amendment prior to the hour and date spec:f-ed in the sohicitatien, or as amenced, By ore ¢f the ‘dllcwing methods

(2} By sighung and returning copies of thes amendment, (b) By acknow!esging rece Dt ol this amen2ment on each copy 0! the 2*far subr.tte. or (C By separate letter or telegram nhxc-h IneiyJesaretprere
the sohcitation and amendment numbders. FAILURE CF YOUR ACKNOWLEDGMENTY TO BE RECEIVED AT ™ £18SUING UFF ZE PRICR 70 THE WOUR AND DATE SPECIFIED WAY RESULT IN RESECT:ICN
YOUROQFFER. I, by wirtue o this amenament you desire to change an offer aiready submitted, such charge may be myze Dy le'egramor lerter, Drovided such telegram or ielter makes reference 1o the sghcitation
this amengment, and is received prior Lo the opeming Four and date specitred.

10. ACCOUNTING ANO APPROPRIATION DATA (if required)

2192050 908-9218 P6700-257 $25066 RA9002950680004

11, THIS BLOCK APPLIES ONLY TO MOOIFICATIONS OF CONTRACTS/ORDERS
(2 m This Change Order is issued pursuant lo.__G_e_nera] Provisions Clause 3

The Changes set farth in Diock 12 are m- e 20 the above numbered contract order

d D The above numbered contract/order 1S modified o reflect the agm:~.sirative changes (such as changes :n paving ctlice, agproprnation data. etc ) set forth 1n block 12
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~

{t modifies the abave numbered contract as set forth 1n block 12.

12. DESCRIPTION OF AMENOMENT/MODIFICATION

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

Provide necessary services required to accomplish the Sanitary Sewer Survey at Rocky
Mountain Arsenal, Colorado, n 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 comp1eted 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.

TH!S MGD!FInATION HAS REEN
COMPLET:LY EXECUTED

Exceot 23 provided herein. all terms and conditions of the document referenced in block 8, as heretofore changed. remarn unchanged and :n full force and ettect

i3,
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15, NAME AND TIiTLE OF SIGNER {Type or print) 16. DATE SIGNED 18. NAME OF CONTRACTINKOFFICER {Tvpe or print) 19 DATZ SIGNED
HARRY L. CALLAHAN, Partner N6 Sep 79 LARRY B. FULTON, LTC, CE ﬁ/k)/ 7?
Dep Dvst Engr for Mll_Cnnst L




SCCFE OF 'I0=K
{lodificztion Ho, 2 to
Contract o. DACA L5-T79-C~CO19
Focky lountain Arsenal, Cclorado

1. The .rchitect~Zngineer shzll provide the services recuired to
accomzlish the sanitary sewer survey at Rocky Meuntain irsenzl,

et
Colorado 2s detailed in the follouwing listing of vroject rhases.

. a. JInitiszte Proiecct,

Attenc meeting with staff personmnel from the Crops of Ingineers,
Cnzha District, Rocky Fountain Arsenal, Shell Chemiczl Company
and membvers cf the project team to confirm preject objectives,
resnonsivilities, precedures, and commnication network,
Icentify contacts within each group responsible for coordinztion
activities, Prcject toam members will attent indoctirination
sessions presented by both Jocky Mountain Arsenal (IHA) and
Shell Chemical Company (SCC) personnel, HNecessary medical
excminations and work clearances will be obtained a2t this

time,

Jdo

be Collzct snd Beview Available Data,

Collect and review available deta from both Rii and SCC to
include existing flow measursments and data on marhole
inspections, sewer inspections (television), grounc-water
monitoring, sewer mapping and relevant location and elevation
information.

Ccllect and review apnlicable Federzl, state and local
permits on pollution control regulaticns. Inventory specific
data requirements necessary for inmplementation of permits,

c. Select Kev lianholes,

Determine the most effective division of sewer subsystems
utilizing available data to maxdirum extent. Determine the
hydraulic capacity of proposed gaging locations. Review

selection with A and SCC rersonnel, .

de Verifw Seuer Svstem lMans.

Excnine existing sewer system maps for the area from the
A!A fastewater Treatment Plant to the South Plant, GB area,
. and Administration Puilding area. Determine adecuacy of
i available system maps. ' .

’,l




(3%

f.

h,

~—

- e et < o .
2 th, o ot [P . bar an [
c . “

Install Flor Menitorine Devices,

Instzall flow monitoring devices in

a a .
mannoles during placement, Ierort abnormal or rotentially
dangerous ccnditions (ground-water leakage, troken pizes, etc.)
to RiA immedistely. )

Cbtain Sewer Flow Data,

and the wastewester
period of time to

weather flow conditions,
w data pericdically to

Obtain sewer flow cdeta from key manh
traatment plant influent over =z f
enatle cefinition of both dry and we
(90 day mardmum). Extract and revie
enable relocation of flow devices for proper evaluation o.
infiltration/inflow occurrences. Fonitor ground-water levels,
Uvon completiion of data ccllection, remove flow measuring
cevices and compute flows,

Estimate Infiliration/Inflow and Exfiltraticn Dates.

nary data from flow measuring efforts and
2 o provide & generzl delineation of areas
contributing to infi tration/inflow and/or exfiltration.
Zvaluate wastewater flow hydrograzhs in conjunction with
zinfall events, ground-water levels and possible local
flocding. Determine the megritude and curation of wastewater
flow responses to rainfell events. Utilizing aveilable in-

3
o
(7]
ct
(o]
3
$2
(o]
59!
[
(o8
v
(-’.
[ ENES
[

!Ju

o

e
formation and follewing the procedurss, when spplicable, set
forth in the EPA publication '"Handbook fcr Sewer Systen
BEvcluation and Rehabilitation (1975), calculaste totzl
anmual infiltretion/inflow/exfiliration for select locations
in the system, Senarate out, when data permits, the
infiltration portion of infiltration/inflow by comparing
thecoreticzl base sanitary f{low with average dry weather flow,

Forrmlete Systemotic Preocedures.,
Foermulate and raview with COZ, RME and SCC procecure fer

Phsically Survewv Sewers dbtove Ground,

Verify and updete system maps by land survey method. ILocate
all marholes and identify with numbers manholes for prorer

future reference, Scarch for problem areas of inflow such zs
low=lying arcas subject to flcoding or ponding, creek crossings,
and areas uhere contcminated sewer is in proximity to sanitary
sever, Icentify potential for vehicular access such as hycraulic
jet cleaner to minimize ifuture inconveniences and magimi:e
Zootage to be clezrned from one point. '
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Je Phveically Inswecy lanheles Imicrnuzlly,

——

Svaluatz the structural condition of manholes. Indiccte ground-
water lea‘age in manholes. 2eport severe cond* tions cor lezlzage
to individuzle identified in z. (above)., Determine visual

-

evidence of or actuql scurcés of infiltrztion,

-,

to Identify Srecific Sources of Infilirztion/Inflow and Zufiliration.

Utilize the data of j. (above) to identify specific sources
cf infiltretion/inflew and exfiltration.

1. Undate Fidistinz Sewer System. .

Utilize date from 4, z2nd i. (above) to correct or supplement
existing sewer system nmaps.

m, Perform Smoxe Testins.

Perfcrm smoke testing for sanitary sewer from wasteuwzter
atment plent to and iwithin the following arezs:

13 G3
2) Adninistrstion
3) South Plants

n, Perform Yater Tuzality Semnling..
Perform selective t”r quality sampling to identify srecific
scurce arzas for DSCP, aldrin,: DIKP, endrin as specified by
the CCD/bmana. Laboratory work to be provided by dA.

0. Summarize Results of Laboratorwv Analvsis

qum.mariue laboratory results orovided by the RUIA performed
n water quality samoles vollected cduring this project.

2. Prepcre "Report Memorandum" to include findings, determinations

and r"conmenc-tlons, and attend review conference in the Cmzha
District Office
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st 5224. 30 5214.95
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s3 5224. 10 5213.86
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SANITARY SERER LINE CONT|
MANHOLE RIM INVERT | MANHO
. NO. ELEV. ELEV. NO

98 5264.85 | 5252.10 E-1
09 5265.83 | 5253.00 £-3

100 5263.40 | 5254.15 E-4

101 5264.09 | 5254.92 £-4

102 5263.12 | 5255.70 E-§

103 5264.74 | 5256.49 E-§

103A 5264.21 | 5256.71 E-€

oy 5265.73 | 5257.23 E-€

105 5269.18 | 5263.60 E-7

106 5373.63 | 5363.13 E-¢

107 5274.45 | 5264.03 E-¢

108 5275.39 | 5264.89 E-

109 5276.65 | 5266.57 E-

110 5277.04 | 5269.62 E-

[ 10A 5271.82 | 5267.74 E-

te 5271.73 | 5267.90 E-

111A 5263.36 | 5259.63 Ww-

11s 5261.54 | 5257.87 Ww-

1o 5259.57 | 5255.07 Ww-

THIE 5259.93 | 5251.10 W-

1y 5258.68 | 5253.18 W-
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SANITARY SERER LINE

CCNTAMINATED WASTE LINE

MANHOLE RIM INVERT | MANHOLE . RIM INVERT
. NO. ELEV. ELEV. NO. ELEV. ELEV.

98 5264 .85 $252. 10 E-1 | 5265.25 ] 5252.08
99 5265.83 5253.00 E-3 5265.09 | 5253.76
100 5263.40 5254. 15 E-Y 5264.66 | 5254.83
101 5264.09 5254 .92 E-uB 526U.28 | 5256.28
102 5263.12 5255.70 E-5 5264 .47 | 5254 .64
103 5264.74 5256 .49 E-5A 526U .U48 | 5257.u8
103A 5264.21 5256.71 E-58 5265.03 | 5258.70
o4 5265.73 5257.23 E-6 5263.47 | 5256.89
105 5269.18 5263.60 E-7 S5264.3Y4 | 5257.59
106 $373.63 5363.13 E-8 5271.51
107 5274.45 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
1 10A 5271.82 5267 .74 E-15 5266.06 | 5261.23
(RN 5271.73 5267 .90 E-16 5266.23 | 5262.15
LA 5263.36 5259.63 w-| 5264.09 | 5253.34
s 5261.54 5257 .87 w-2 '5256 .88 | 5257.38
1o $5259.57 5255.07 w-3 5266.78 | 5258.28
1IIE 5259.93 5251.10 w-5 5266.08 | 5259.08

Ats o 1.5298.,68 5253.18 -7 5264.37 | 5254.87
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! - 110A 5271.82 | 5267.74 E-15
i 5271.73 | 5267.90 E-16
I11A 5263.36 | 5259.63 | w-I
1B 5261.54 | 5257.87 | w-2
(11D 5259.57 | 5255.07 | w-3
1IE 5259.93 | 5251.10 | w-5
732 IR 5258.68 | 5253.18 | w-7
a2 5270.13 | 5261.71 W-8
]/ O 13 5269.90 | 5262.u8 | w-12
231 ¢ _— . 115A 5264.93 | 5254.93 | w-15
- - i 1158 | 5262.10 | 525u.35 | w-16
v 17 5270.59 | 5264.09 | w-18
234 33 1174 5667 .7 5259.46 w-21
1178 5271.17 | 5259.34 | w-22
[Jree . H7e 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
: 1200 5273.01 | 5263.83 | w-28
' - 12y 5261.83 | $252.83 | w-29
74l 5-1 §275.17 | 5269.67 | w-30
T ' s-2 ,|s5274.64 | 5268.97 | w-3i
-3 5275.29 | 5268.12 | w-32
742 $-5 5273.91 | 5266.24 | w-33
5-6 5271.64 | 5262.u7
§-7 5273.23 | 5264.98
7424 e S-9 5274.07 | 5267.07
E ] SA-2 5265.05 | 5259.37
1
NOTE:

1. DATA FOR MANHOLES SHOWN ON MAPS A
TABLE ABOVE COULD NOT BE OBTAINED
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258.68 | 5253.18 W-7 5264.37 | 5254.87
270.13 | 5261.71 | w-8 5263.97 | 5255.55
269.90 | s262.u8 | w-12 5263.91 | 5257.74
264.93 | s2su.93 | w-15 5266.78 | 5259.53
262.10 | s254.35 | w-16 5268.25
270.59 | 5264.09 | w-18 5268.78 | 5265.95
567.71 | 5250.u46 | w-2I 5270.59 | 5262.84
271.17 | 5259.3u | w-22 5271.83 | 5263.33
266.28 | 5261.20 | w-23 5271.03 | 5267.u5
74.12 | 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.u6
275.17 | 5269.67 | Ww-30 5271.51 | 5267.75
P7u.64 | 5268.97 | w-3i 5272.74 | 5265.u9
275.29 | se68.12 | w-32 | 5272.06 |5267.06
273.91 | 5266.24 | w-33 5271.53 | 5268.20
271.64 | 5262.47
p73.23 | 526u.98
b7u.07 | 5267.07
265.05 | 5259.37

N| MANHOLES SHOWN ON MAPS AND NOT LISTED 1IN
DVE COULD NOT BE OBTAINED.
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