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1.0  INTRODUCTION 

The interim Response Action (IRA) for the Improvement of the 

North Boundary System at Rocky Mountain Arsenal (RMA) Via 

Construction Of Groundwater Recharge Trenches is being conducted 

as part of the IRA Process for RMA in accordance with the June 

5, 1987 report to the court in United States v. Shell Oil Co. 

and the proposed Consent Decree. 

The Decision Document for the subject IRA became final on July 

6  1988.  The detailed design reflects the comments contained in 

the Final Decision Document and the engineering drawings and 

specifications are included in this Implementation Document.  In 

accordance with the proposed Consent Decree a construction cost 

estimate and schedule have been prepared and are included.  The 

cost of construction is estimated to be $490,000 and the bas.s 

of this estimate is given in section 4.  The scheduled 

»implementation Deadline» for completion of this project is 

December 30, 1988, subject to extension as described in Section 

XVIII of the Consent Decree.  Intermediate dates shown m the 

schedule are not considered to be deadlines pursuant to 

paragraphs 9.13 and 3.47 of the proposed Consent Decree.  It may 

be necessary to change the order of activities to accommodate 

the delivery of materials or equipment, however, the final 

completion of the project will occur on or before December 30, 

1988. 

This IRA project is an upgrade of the treated groundwater 

recharge system associated with the North Boundary 
Containment/Treatment System (NBC/TS).  The existing system 

includes a slurry wall, dewatering wells upgradient (south) of 

the wall, a water treatment facility, and recharge wells 

downgradient (north) of the slurry wall.   The existing recharge 

system does not have the capability to distribute sufficient 

09/16/88 -1- 



water in appropriate areas downgradient of the slurry wall.  The 

result has been a hydraulic imbalance across the slurry wall. 

The water table on the upgradient side of the slurry wall is 

higher than the water table on the downgradient side of the 

slurry wall which is the reverse of what was intended in the 

original design.  This reverse head difference may impair the 

effectiveness of the NBC/TS by allowing contaminated groundwater 

to pass around, under or through the barrier. 

in order to correct this hydraulic imbalance, ten gravel filled 

recharge trenches (160 feet long, approximately 12-20 feet deep, 

and 2 5-3 feet wide) will be constructed along the downgradient 

(north) side of the slurry wall.  Water will be piped under 

pressure from the treatment plant through a new effluent pipe to 

the ten trenches.  Flow into each trench will be metered.  Two 

piezometers will be installed in each trench and another between 

each trench close to the slurry wall for monitoring water 

elevations.  A membrane will be installed on top of the gravel 

to prevent most gravity-induced silting of the gravel. To 

minimize maintenance of the trench system with respect to 

potential carbon fines carry-over, the water distribution system 

has been designed to accommodate internal cleaning equipment and 

has cleanout/flushing capabilities. 

The construction of the Recharge Trench System is expected to 

increase the recharge capability by up to 150 gallons per minute 

during the early operating life of the system.  The system 

allows recharge of treated groundwater to be distributed along 

the length of the barrier in a controlled manner.  As a result 

of the increased recharge capacity and the ability to control 

recharge distribution, it is expected that the existing 

hydraulic imbalance across the slurry wall will be corrected. 

in addition, operation of this system will provide information 

that may indicate that recharge trenches are applicable in the 

the Final Response Actions. 
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MEMORANDUM OF UNDERSTANDING BETWEEN 
THE DEPARTMENT OF THE ARMY AND SHELL OIL COMPANY 

WITH RESPECT TO ,„,pT„„ 
NORTH BOUNDARY TRENCHES INTERIM RESPONSE ACTION 

PARTIES 

This Memorandum of Understanding ("MOU") specifies the 
cooperative unSaSngs which are to occur between the Army (a 
po^ntially responsible party under CERCLA and Shell (a 

^^^^^^^^^^^^^^^^ 
Action attached as an exhibit to this MOU. 

II.  PURPOSE 

The ouroose of this MOU is to provide an appropriate 
basis forTShe?ir?oSpearticiPate in thj^Jg'^S™^™* 
construction work determined to be necessary tor ^n 
Boundary Trenches Interim Response Action. 

III.  DEFINITIONS 

The following terms, as defined in the Consent Decree 
and used in the MOU, Shall have the meanings indicated. 

(»\     "Armv" means the United States Department of 

:iiillS%^t^lfinr^TtriL  frühen acting wfthin th. 
scope of their authority. 

fb)  "Arsenal" means the United States property 
known as the Rocky Mountain Arsenal and described more 
particularly on Exhibit A hereto. 

re)  "CERCLA" means the Comprehensive Environmental 
Response, Compensation"and Liability Act of 1980, as amended by 
the Supe^fund Amendments and Reauthonzation Act of 1986. 

(*\     "Consent Decree" means the Consent Decree 

*T~<„.  .„H shrll Oil ^»nV, °* ^"„-"a.? --°^- for the 
^i^/SSr^r«SBi^.2S^'S12dl«»tion. thereof 
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and supplements thereto, and all documents, including the RI/FS 
Process Document, incorporated therein and specifically made a 
part thereof. 

(e) "Contractor" means any commercial party not a 
part of Shell with which Shell contracts for the performance of 
Response Action work pursuant to this MOU.  Unless otherwise 
indicated, the term also includes a subcontractor retained by a 
prime Contractor or another subcontractor. 

(f) "Final Response Action" means any Remedial 
Action for an Operable Unit, as set forth in the ROD for the 
Operable Unit. 

(g) "Financial Manual" means the document 
identified in paragraph 7.4 of the Consent Decree. 

(h)  "Force Majeure" means any event arising from 
causes beyond the control of an Organization that causes a delay 
in or prevents the performance of any obligation under this MOU. 
"Force Majeure" includes, but is not limited to:  acts of God; 
fire; war; insurrection; civil disturbance; explosion; 
unanticipated breakage or accident to machinery, equipment or 
lines of pipe, despite diligent maintenance; adverse weather 
conditions which could not be reasonably anticipated; unusual 
delay in transportation; earthquake; restraint by court order or 
order of public authority; inability to obtain, at reasonable 
cost and after exercise of reasonable diligence, any necessary 
authorizations, approvals, permits or licenses as a result of the 
action or inaction of any governmental agency or authority other 
than the Army; delays caused by compliance with applicable 
statutes or regulations governing contracting, procurement or 
acquisition procedures, despite the exercise of reasonable 
diligence; and insufficient availability of appropriated funds, 
if the Army shall have made timely request for such funds as part 
of the budgetary process.  "Force Majeure" also includes any 
strike or labor dispute, whether or not within the control of the 
Organization affected thereby, but shall not include increased 
costs or expenses of Response Actions, whether or not anticipated 
at the time such Response Actions were initiated. 

(i)  "IRA" means an Interim Response Action 
identified in Section IX of the Consent Decree. 

(j)  "Lead Party" means the Organization that is 
designated with responsibility, in accordance with Section XIII 
of the Consent Decree, for conducting a Response Action, or any 
part thereof. 
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(k)  "MOU" or "Memorandum of Understanding" means 
this entire document and any amendments or modifications hereof 
and supplements hereto, and all documents incorporated herein by 
reference. 

(1)  "NCP" means the National Oil and Hazardous 
Substances Pollution Contingency Plan, 50 Fed. Reg. 47912 (1985) 
(effective February 18, 1986), and all amendments thereto which 
are not inconsistent with CERCLA and which are effective and 
applicable to any activity undertaken pursuant to this MOU. 

(m)  "Organization" means the Army, EPA or Shell. 

(n)  "Party" means the Army or Shell; "Parties" 
means the Army and Shell. 

(o)  "Response Action" has the same meaning as 
"Respond" or "Response" as defined in Section 101(25) of CERCLA, 
42 U.S.C. § 9601(25). 

(p)  "RI/FS Process Document" means the document 
identified in paragraph 11.1 of the Consent Decree and attached 
thereto as Exhibit E. 

(q)  "Scope of Work" means a document identified in 
Part VI by which any Response Action work for which Shell is the 
Lead Party shall be conducted. 

(r)  "Shell" means (a) Shell Oil Company and its 
successors and assigns, (b) the divisions thereof, including 
Shell Chemical Company, (c) Julius Hyman & Co., and (d) Shell 
Chemical Corporation; and includes the officers, employees and 
agents of Shell when acting within the scope of their authority. 

(s)  "Supplemental Response Action" means a 
Response Action selected after finalization of the ROD for the 
last Operable Unit pursuant to Section XII of the Consent Decree. 
The term does not include either an Emergency Action or 
modification of a ROD in accordance ,ith paragraph 17.16 of the 
RI/FS Process Document. 

All other capitalized terms used in this MOU shall have 
the same meaning as in the Consent Decree or the meaning 
specified in an executed Scope of Work. 

IV.  SCOPE OF MOU 

This MOU and the Consent Decree constitute the entire 
understanding between the Army and Shell with respect to Shell's 
assisting the Army in the Response Action work described in the 
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attached executed Scope of Work, except for any subsequently 
executed Scope of Work which the Parties may execute with respect 
to the North Boundary Trenches Interim Response Action; 
constitute the sole conditions controlling Shell's participation 
in such North Boundary Trenches Interim Response Action; and with 
respect to such North Boundary Trenches Interim Response Action, 
supersede any other agreement(s) between the Parties.  In the 
event of a conflict between the provisions of the Consent Decree 
and this MOU, the provisions of the Consent Decree shall govern 
after it is entered by the court. 

V.  OPERATION OF MOU 

By their execution of this MOU, each of the Parties 
acknowledges and agrees as follows: 

(a) The provision of the Response Action work 
pursuant to this MOU is a reasonable and appropriate contribution 
to the design and implementation of the North Boundary Trenches 
Interim Response Action that is protective of the present and 
future public health and the environment. 

(b) The Army's actions under this MOU are not 
inconsistent with the NCP. 

(c) Shell's actions under this MOU, to the extent 
certified by the Army pursuant to Subpart VI.E., are consistent 
with the NCP. 

(d) This MOU does not operate to establish or to 
excuse any Shell or Army liability under any law or the Consent 
Decree, except to the extent provided in this MOU. 

(e) This MOU does not operate to render Shell or 
any of its Contractors a CERCLA response action contractor. 

(f) This MOU does not operate to expand or limit 
any of the rights and obligations of the Army as Lead Agency or 
Shell as Lead Party under any law or the Consent Decree. 

(g) Unless otherwise provided in the Scope of 
Work, upon acceptance of the Response Action work pursuant to 
Subpart VI.E, title to any Response Action Structure including 
all related systems and facilities constructed as a part of this 
MOU shall pass to the United States. 

(h)  The Army shall be solely responsible for 
obtaining necessary permits, if any, and for establishing 
substantive compliance with all permitting requirements pursuant 
to Section 121(e) of CERCLA, 42 U.S.C. 9621(c), for any 
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activities conducted pursuant to this MOU.  However, Shell shall 
provide any necessary technical support necessary for the Army to 
obtain such permits. 

(i)  This MOU has no precedential or controlling 
effect with respect to any matter which is not expressly the 
subject of this MOU. 

(j)  This MOU does not create or impose any 
obligations or responsibilities on the Parties or relieve them of 
any obligations or responsibilities, except to the extent 
expressly provided herein. 

VI.  SHELL'S PERFORMANCE OF RESPONSE ACTION WORK 

A. Development of Scope of Work;  Pursuant to Section XIV 
of the Consent Decree, the Army and Shell have developed a Scope 
of Work by which the North Boundary Trenches Interim Response 
Action for which Shell is the Lead Party shall be conducted. 
This Scope of Work includes any required data or specifications 
for the North Boundary Trenches Interim Response Action work to 
be performed, a projected schedule for completion and a statement 
as to the appropriate limits of insurance to be maintained by 
Shell pursuant to Part VII. 

B. Incorporation into this MOU:  The Scope of Work 
developed pursuant to Subpart VI.A and executed by the Army and 
Shell, and all the terms and conditions therein are incorporated 
by reference into this MOU. 

C. Performance of Work;  Upon execution of the Scope of _ 
Work by the Army and Shell, Shell shall immediately commence, in 
consultation and cooperation with the Army, as provided in the 
Consent Decree, to perform the North Boundary Trenches Interim 
Response Action work described in the Scope of Work. 

D. Hiring of Contractor:  Subject to the approval of the 
Army, Shell may hire at its sole expense, subject to Part VII, a 
Contractor to perform any Response Action work described in the 
Scope of Work.  A Contractor may be terminated by Shell with the 
approval of the Army, which approval shall not be unreasonably 
withheld.  Any disagreement with respect to such termination not 
resolved informally shall be resolved in accordance with the 
provisions of Part XIII. 

E   Acceptance of Work:  1.  If Shell performs the Response 
Action work in accordance with the specifications set forth in 
the applicable Scope of Work, the Army shall accept Shell s work 
pursuant to this MOU.  The Army shall act promptly to accept 
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Shell's work, and acceptance shall not be unreasonably withheld. 
Should the Army decline acceptance, it shall promptly notify 
Shell in writing, stating with specificity the factual, technical 
and legal bases for such nonacceptance. 

2.   If Shell concludes that the Army is in error for 
treating Shell's performance as incomplete or unacceptable for 
any reason, Shell shall give notice in writing, within ten 
business days of the receipt of the Army's written notification, 
that Shell disagrees.  Any such disagreement, if not resolved 
informally, shall be resolved in accordance with the provisions 
in Part XIII. 

VII.  SHELL INSURANCE OBLIGATIONS 

Shell shall maintain such insurance or self-insurance as 
is required by statute or regulation to cover any claims which 
may reasonably be anticipated to be made as a result of Response 
Action work done pursuant to any Scope of Work attached as an 
exhibit to this MOU.  At a minimum, Shell shall, at its sole 
option, procure insurance, maintain insurance or self-insure 
sufficiently to cover the following: 

1. Worker's compensation and occupational disease 
insurance in amounts sufficient to satisfy applicable state law; 

2. Employer's liability insurance in the minimum 
amount of $100,000 per occurrence; and 

3. Comprehensive general liability insurance for 
bodily injury, death or loss of or damage to property of third 
persons in the minimum amount of $100,000 per occurrence. 

Upon this MOU becoming effective, Shell shall promptly 
provide the Army with an affidavit that Shell is in compliance 
with the minimum requirements of this Part.  Upon the signing of 
a Scope of Work, Shell shall promptly provide the Army with an 
affidavit that Shell is in compliance with this Part as to that 
Scope of Work.  Upon request, Shell shall discuss with the Army 
the manner in which Shell will fulfill its obligations under this 
Part. 

VIII.  ARMY SUPPLEMENTATION OF SHELL INSURANCE 

If the Response Action work being performed is an Army- 
Only Response Action, as defined in the Consent Decree, the Army 
shall release, defend, indemnify and hold harmless Shell from all 
losses, fines, penalties, claims, suits, liabilities, judgments, 
or expenses (including expenses of litigation or settlement) 
(collectively hereinafter in this Part VIII, "claim") with 
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respect to any death or injury to any person or loss of or damage 
to property to the extent that these result from the 
construction, operation, collapse, rupture or failure of any 
Response Action Structure, or any part thereof, after the Army's 
acceptance pursuant to Subpart VI.E. or the operation, collapse, 
rupture, failure or ineffectiveness of the Response Action 
Structure as a result of the construction, operation, collapse, 
rupture or failure of the Response Action work when such claim is 
not compensated by insurance or self-insurance, to the extent 
provided below: 

(a) Shell is not in material breach of this MOU 
with respect to the Scope of Work pursuant to which such Response 
Action work was performed or such Response Action Structure was 
constructed; 

(b) Any claim which is within the deductible 
amounts of Shell's insurance shall not be subject to this Part; 

(c) Shell shall not be reimbursed for any claims 
(including expenses incidental to such claims) to the extent that 
they result, in whole or in part, from willful misconduct or 
recklessness by Shell; 

(d) The Army may discharge its obligations under 
this Part by making payments directly to Shell or directly to any 
party to whom Shell may be liable upon obtaining a release from 
that party, which release provides adequate protection for Shell. 

(e) If insurance coverage maintained in accordance 
with Part VII is reduced below the minimums specified in that 
Part without the Army's knowledge or approval, the liability of 
the Army under this MOU shall not be increased by reason of such 
reduction; 

(f) To the extent that any claim against Shell may 
reasonably be expected to involve indemnification under this 
Part, Shell shall: 

(1) promptly notify the Army of such claim 
against Shell; 

(2) furnish evidence or proof of any claim 
covered by this Part in the manner and form reasonably requested 
by the Army; and 

(3) immediately furnish the Army with copies 
of all pertinent papers received by Shell. 
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(g)  To the extent that the amount of the claim is 
not determined to be in excess of the limits set forth in Part 
VII or to the extent that the amount of the claim cannot 
reasonably be determined to be or not to be in excess of those 
limits, Shell and the Army shall conduct a joint defense or 
settlement.  Once it is determined that the amount of the claim 
is in excess of the limits set forth in Part VII, the Army shall 
direct and control such defense or settlement, with assistance by 
Shell as is acceptable to both Parties, and Shell shall execute 
any authorizations which the Army reasonably requires in 
connection with such settlement. 

(h)  Reimbursement for any claims under this Part 
shall not exceed appropriations available during the time that 
such claims are represented by final judgments or by settlements 
approved in writing by the Department of Justice.  This agreement 
to reimburse Shell for certain claims shall not be interpreted as 
implying that Congress shall, at a later date, appropriate funds 
sufficient to meet any deficiencies.  During all times that 
claims remain unreimbursed due to lack of appropriated funds, the 
Army shall exert its best efforts to obtain appropriations for 
such reimbursement. 

IX.  TREATMENT OF COSTS INCURRED 
RV SHELL PURSUANT TO THIS MOU 

Any costs incurred by Shell pursuant to this MOU are 
Reimbursable Costs and shall be governed by the terms of the 
Consent Decree and the Financial Manual. 

X.  DELAY OR PREVENTION OF PERFORMANCE 

A. As provided in the Consent Decree, if a Party is 
rendered unable, wholly or in part, by Force Majeure to carry out 
its obligations under this MOU, then upon that Party^s giving 
written notice as provided in Subpart XI. C, the obligations of 
that Party, so far as they are affected by the event of Force 
Majeure therein specified, shall be suspended during the 
continuance of such cause, but for no longer period, and such 
cause shall be remedied so far as possible with all reasonable 
dispatch. 

B. The settlement of a strike or other labor dispute shall 
be entirely within the discretion of the Party involved with such 
strike or labor dispute, and the requirement that any event of 
Force Majeure shall be remedied with all reasonable dispatch 
shall not require the settlement of a strike or labor dispute by 
acceding to the demands of the opposing party when such course is 
inadvisable in the discretion of the Party involved with such 
strike or labor dispute. 
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C. When circumstances are occurring or have occurred that 
delay the completion of any obligation, and a Party believes such 
circumstances constitute an event of Force Majeure, such Party 
shall notify the other Organizations in writing within 15 days 
after the notifying Party obtains information indicating that a 
delay will occur.  Such notice shall include a detailed 
explanation of the reason(s) for and anticipated duration of the 
delay, the measures taken and to be taken to prevent or minimize 
the delay, and a schedule for implementation of such measures. 
Failure to provide notice in accordance with this paragraph 
within the required 15-day period shall constitute a waiver of 
any claim of Force Majeure with respect to any event of Force 
Majeure for which notice was not timely given. 

D. If the Organizations cannot agree whether a delay is or 
was attributable to an event of Force Majeure, any Organization 
may invoke Dispute Resolution. 

E. Scope of Work Modification:  In the event that 
performance of this MOU is delayed because any Party finds it 
necessary to make modifications to address an unanticipated 
occurrence which may cause a delay of more than two weeks, such 
modifications shall be developed and implemented by Shell in 
consultation and cooperation with the Army.  Any disputes not 
resolved informally shall be resolved pursuant to the provisions 
of Part XIV.  Further, if Shell anticipates the delay resulting 
from any such modifications will necessitate the extension of a 
Deadline, it shall request such an extension in accordance with 
Section XVIII of the Consent Decree. 

F. Unaffected Activities:  To the extent that the 
unanticipated occurrence does not necessitate delay in any 
discrete portion(s) of the activities provided in Part VI, such 
portion(s) of the activities shall proceed as originally provided 
in the MOU irrespective of the need for modification of other 
parts of the MOU. 

XI.  SHELL ACCESS TO ROCKY MOUNTAIN ARSENAL 

A. Pursuant to the terms and conditions of this MOU, the 
Army authorizes and grants to Shell and its Contractors and 
consultants, and any invitees of these, nonexclusive access to 
all areas and systems on the Arsenal (except those which the 
Program Manager informs Shell are restricted for security or 
safety reasons) to the extent necessary to conduct the design and 
implementation of the North Boundary Trenches Interim Response 
Action. 

B. The nonexclusive access authorized and granted in 
paragraph XI.A shall terminate upon mutual agreement of the 
Parties. 
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XII.  DISPUTE RESOLUTION AND JUnTCTAL REVIEW 

A. Dispute Resolution;  Any dispute which arises in 
connection with this MOU may be submitted for resolution as 
provided in Section XXI of the Consent Decree.  Prior to any such 
submission, Shell and the Army shall meet and attempt to resolve 
the dispute informally. 

B. Judicial Review:  1.  Judicial review of issues arising 
in connection with this MOU shall be obtained as provided in 
Section XXII of the Consent Decree. 

2.   The pendency of any dispute shall not affect the 
responsibility of the United States or Shell to continue their 
involvement in the assessment, selection, design and 
implementation of Response Actions or discrete portions of 
Response Actions not subject to such dispute. 

XIII.  GENERAL 

A. Nothing in this Agreement shall be construed to modify, 
waive or affect in any way the rights, obligations and remedies 
available to the parties under (a) the Consent Decree, (b) the 
Basin F MOU or (c) any other existing CERCLA-related agreement 
between Shell and the Army. 

B. The exercise of the access, use and occupancy hereby 
granted shall be under the general supervision and subject to the 
approval of the Program Manager and subject also to such 
regulations, including, but not limited to, the fire and safety 
requirements of the Arsenal Regulations and AMCR 385-100 and the 
security requirements of the Arsenal Regulations and AMCR 190-3, 
except as provided by the approved Task Plans, as may be 
prescribed by him or her from time to time.  The Army shall 
furnish Shell with a copy of all such regulations within 5 days 
of execution of this MOU and shall furnish Shell with copies of 
changes to such regulations at the same time such changes are 
furnished to Army personnel or contractors on the Arsenal. 

C. Except when damage or loss results directly from 
activities authorized by or taken pursuant to a Task Plan, any 
property of the United States or Shell damaged or destroyed by 
the other in connection with the exercise of the privileges 
herein granted shall be promptly repaired or replaced by the 
party responsible for the damage or destruction to the 
satisfaction of the party owning such property.  The obligations 
of the United States to repair or replace Shell property shall be 
limited by and consistent with the provisions of statutes 
authorizing claims against the United States and implementing 
regulations.  The obligations of Shell to repair or replace 
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United States property shall be limited by any defenses Shell may 
have with respect to any such claim.  If either party is of the 
opinion that such repair or replacement is not appropriate, it 
shall so notify the other, together with a proposed alternative. 
If the Program Manager and the Denver Site Manager cannot agree 
within 30 days, the party initiating the discussions may cause 
the matter to be submitted to dispute resolution pursuant to 
Section XII of this MOU. 

D. The United States shall not be responsible for, and 
Shell shall hold the United States harmless from, any damages to 
property, injuries to persons (including illness, disease or 
death) that may arise from or be incident to Shell's exercise of 
the privileges herein granted to Shell, except as authorized by 
law. 

E. Except as authorized by a Task Plan, a Scope of Work or 
otherwise, Shell and its Contractors shall not, as a consequence 
of activities after the effective date of this MOU, release or 
discharge air emissions, waste, effluent, hazardous substances or 
contaminants in such a manner that the release or discharge will 
unlawfully pollute or contaminate the air, ground (including 
subsurface strata) or water (including groundwater) or become a 
public nuisance.  Shell shall also pay damages, expenses of 
litigation and fines and penalties imposed by operation of law 
upon the United States that are related to or caused by any such 
nonauthorized release or discharge. 

F. The right of access and use granted herein is effective 
only insofar as the rights of the United States in the property 
involved are concerned, and Shell shall obtain such permission as 
may be necessary on account of any other existing rights. 

G. Shell shall not discriminate against nor exclude from 
participation in its operations hereunder any person(s) on the 
basis of race, color, religion, national origin, sex, age, or 
handicap.  Shell shall furnish as a part of this contract an 
assurance (Appendix D), that it will comply with Title VI of the 
Civil Rights Act of 1964 (78 Stat. 241) as amended (42 U.S.C. 
2000d) and Department of Defense Directive 5500.00 issued 
pursuant thereto and published in Part 300 of Title 32, Code of 
Federal Regulations, the Rehabilitation Act of 1973, as amended 
929 U.S.C. 794), and the Age Discrimination Act of 1975 (42 
U.S.C. 6102). 

H.  Notwithstanding any provisions of this MOU, the Army 
reserves the right to take action affecting the Arsenal that is 
not consistent with this MOU, including the use of the Arsenal 
for any purpose, upon the occurrence of either of the following 
events:  (a) a determination by the President that such action is 
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of paramount importance, or (b) a determination by the United 
States Secretary of Defense or by the United States Secretary of 
the Army that such action is necessary and in the interest of 
national defense.  The costs of any action, including any 
Response Action, taken by the United States pursuant to or as a 
result of a determination made in accordance with the previous 
sentence, shall be borne entirely by the United States. 

I.   It is understood and agreed that Shell's rights with 
respect to the access and use granted to Shell herein are without 
any representation or warranty whatsoever by the Army. 

J.   Term:  This MOU shall continue in effect until the Army, 
pursuant to Subpart VI.E., accepts Shell's work pursuant to this 
MOU, and the reimbursement or payment has been made pursuant to 
Part IX. 

K.  Modification;  Any provision of this MOU or of any Scope 
of Work may be modified at any time by both Parties' agreement. 
Any modification must:  (1) be in writing; (2) show the date 
signed by the Parties; (3) specify that it is intended to modify 
this MOU; (4) state the provisions of the MOU to be modified; (5) 
state the new provisions; and (6) state when the new provisions 
are to be effective. 

L.   Effect of Execution:  This MOU shall become effective on 
its execution by the Parties. 

IN WITNESS WHEREOF, I have hereunder set my hand as an 
authorized representative of the United States Department of the 
Army. 

Date: f/U/fZ ^rU%.CJätitc 
Lewis D. Walker 
Deputy for Environment, Safety 

and Occupational Health 

IN WITNESS WHEREOF, I have hereunder set my hand as an 
authorized representative of Shell Oil Company. 

Date: /2*^Msj£   '2./<?ff tföCl^^^^ 
*^ * R.G. Dillard 

Vice President 

-12- 
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SCOPE OF WORK 

Shell will perform the following activities as Lead 

Party for design and implementation of the North Boundary 

Trenches Interim Response Action: 

1. Prepare draft and final Implementation Documents 

and implement the final Implementation Document, pursuant to 

Section IX of the Consent Decree. 

2. Perform the following work in connection with the 

trench system, as described more fully in the NBT Implementation 

Document (as defined below): 

a. Design engineering; 

b. Procurement of all required materials; 

c. Supervisory and construction labor for 

excavation, installation, backfilling, 

testing and startup; 

d. Site cleanup in preparation for reseeding 

by the Army. 

All the activities described in this paragraph 2 shall 

be performed in accordance with the construction work plan, basis 

of the estimated cost, schedule, technical specifications, 

engineering drawings, and health and safety plan set forth in the 

NBT Implementation Document. 

The term "NBT Implementation Document" means the 

following documents, both of which are hereby incorporated herein 

by reference: 



(a) Final Implementation Plan for IRA to Improve the 

North Boundary System via Construction of Groundwater Recharge 

Trenches dated August 1988, prepared by Morrison-Knudsen 

Engineers, Inc. for Shell, and any amendments or modifications 

thereof and supplements thereto; and 

(b) Prior to issuance of the document described in 

paragraph (a), but only prior to issuance of that document, Draft 

Implementation Plan for IRA to Improve the North Boundary System 

via Construction of Groundwater Recharge Trenches dated July 

1988, prepared by Morrison-Knudsen Engineers, Inc. for Shell. 

IN WITNESS WHEREOF, I have hereunder set my hand as an 

authorized representative of the United States Department of the 

Army. 

Date: S/3 /1 %S> ML.^.(LUkt. 
^ v Lewis D. Walker Lewis D. Walker 

Deputy for Environment, Safety 
and Occupational Health 

IN WITNESS WHEREOF, I have hereunder set my hand as an 

authorized representative of Shell Oil Company. 

Date: fis*t*/'/2. /<jfä JUJ'AA. J 
R.G. Dillard 
Vice President 

-11- 
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3, 

CONSTRUCTION WORK PLAN 

Survey:  Area will be staked to locate and define the limits 

of excavation. 

Soil investigation:  Prior to the beginning of the 

construction work the areas to be excavated will be 

investigated for contaminants as outlined in the Health & 

Safety Plan. 

A.   Recharge Trenches:  One hole per trench will be drilled 

and tested at various elevations to investigate 

volatile organic levels. 

B, 

C. 

Pipeline Trench:  One hole will be drilled in the 

alignment of the force main and tested to investigate 

the presence of volatile organic substances. 

Should findings'warrant further investigations, 

additional testwork will be specified and implemented, 

Recharge Trenches:  Excavation of the recharge trenches will 

be performed in two phases as discussed below: 

A.   Bench:  Upper 4 to 6 feet of existing soil, will be 

excavated down to establish a lower working platform to 

minimize vertical trenching and create an area to 

stockpile potentially contaminated soils from the 

vertical trench excavation.  Excavation will be started 

from trench #10 working towards trench #1 i.e.: east to 

west 

B. Vertical Trench Excavation:  The remaining depth of 

excavation will be trenched with a 30" to 36" wide 

bucket to the elevations selected in the field by the 

geologist. 
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NOTE:     Potentially contaminated soil will be 

stockpiled on one side of the benched 

platform to isolate the soil removed during 

the trenching operation.  Personnel working 

on this side of the trench will decontaminate 

their clothing prior to leaving this area or 

crossing the trench if contaminant levels are 

found to warrant these measures. 

Geotextile Fabric:  Will be installed immediately following 

excavation of the trench to the final depth.  Individual 

sections of fabric will be draped over each side from the 

top of the trench.  Each section will over lap the next 

section 18 inches. 

NOTE: In order to minimize the possibility of 

trench failure, the rate at which the trench 

is excavated will be controlled so that 

fabric installation and gravel filling follow 

as soon as possible. 

5. Gravel Fill:  Will be installed immediately after reaching 

final depth in the trench.  Use of a trench box may be 

required to maintain the stability of the excavation until 

gravel fill can be installed to an elevation above unstable 

soil.  initial excavation will be attempted without a trench 

box to examine the stability of the sidewalls, however, a 

trench box will be on hand if required as determined by the 

MKE Construction Manager. 

6. Trench Piezometers:  Installed manually following fabric 

installation and in conjunction with the gravel fill 

operation as defined in the project specifications. 

Piezometers will be capped temporarily during construction 

to prevent foreign materials from dropping into the pipe. 

09/14/88 _2_ 



7. Water Line:  Installation of the water line will be 

performed in conjunction with the recharge trench 

construction and will follow completion of each of the 

trenches to allow for the earliest possible operation of 

completed sections. 

8. Drilled Piezometers:  Installed following backfill 

operation.  Installation will be as outlined in the 

specifications. 

9. Geological Services:  An onsite geologist will monitor the 

construction work to establish depth of excavation along the 

length of each trench and log information for future 

reference. 

10. Health & Safety:  An onsite health and safety officer will 

constantly monitor the work and test the excavations with an 

O.V.A. to ensure worker's safety and identify any volatile 

organic compounds that may be encountered. 

11. Major Equipment List 

1 Cat 235 excavator w/30" and 54" bucket 

1 Cat 950 loader w/general purpose bucket 

1 Case 680 backhoe w/24" bucket, 4 wheel drive 

1 Cat D6 dozer w/angle dozer 

1 Decontamination truck 

10 wheeler dump trucks (gravel haul) 

1 Pickup truck 4x4 

1 Flatbed truck 

(Equipment sizes and manufactures may vary) 

09/14/88 
-3- 



CD 

ii 
S 5" 
C   <* 

to 

(D 

</> 
L. 
O 

«J 
o 
i_ 

c 
o 
o 
jQ 

co 

CO 

i 
co 
Ld 
X 
ui- 
LU < ax 
LU_J 
co< 
<*z 
<o 
ss LU < 

< CD 
OQi 

§° o 
CD 

a: o z 

V. 
CD ~n 
O) <n 
CJ c c V. o o 
r CD 

«-< 
a 35 
CO 1_ 

■^^ l_ 
a CD 
i_ 1- 
u. 

5    « 
—1_ c 
O CD  O 

V- O *± 

CO «j 

°    "C CJ     S 

CO 
CD 
(J 

II 
—      3 s ; 
O      CD 

O     ^ 
CD 

CD 

CD 
> «•— 

^S 
c 
o 

c P ■•-'       w 
CD    b «J         V. 
CO   o 
CD  .? 

C\  o 

L. E 2! a- 

te
 R

ep
 

T
o

m
 

o^ 3 
"^ CO 

O CD   CD .^. a>m — 
CO Q     u. 

c 
o £ 
£ CD 
CD t_ 

o 
u 

u_ "O 

^ CD 
CO •*— 
z u_ 

c 
o 

CO w ^_ 
Ti ° ü 
O l_ CO O w L. 
L. CO 3 
*■* ■—- 

c c J— 

51 LU 
■a 
< 

2* 
U 

C 3= 
r» 

L_ o 
CD C7 
CD 

■ c U 
^— m en m c l_ 
LU O 

CD 
CO 

«5       X 

- • z: 
a> o  ^ xto t 

z: 



00 
Lü 
X 
o z: 
Lü 
£T 
H 

> 
er 
< 
Q 
-2L 

Ooüj 
ZUü 

K) 

fO 

ro 

ü. 

2. o 
u 

cn 

Lü NOI1VAV0X3 39VU3AV ,E'£I 
LÜ > 
H Lü 
O 
0. 

O 
Z 

O c x' 
— 0 

er 

ZI 

I- 

X 
Lü 

r E E 

z 
o 
I- 
< > 
< 
o 
X 
Lü 

X 
o 
Lü 
er 





Morrison-Knudsen Engineers Day Date. 

ROCKY MOUNTAIN ARSENAL 
North Boundary Recharge Trenches - West 

Daily Construction Report 

Work Summary: 

Safety Comments: Extra Work / Delays: 

Supervisor's Signature Title 



Morrison-Knudsen Engineers Day  Date. 

ROCKY MOUNTAIN ARSENAL 
Nortn Boundary Recharge Trenches - West 

Daily Personnel Log 

Name (Print) Company Time In        Time Out 



BASIS OF THE ESTIMATE 

1. Disposal of Contaminated Soils:    The construction work 

plan and estimated cost have been prepared on the basis of 

backfilling all excavated soil into the excavation from 

which it was removed.  If, as a result of the soil 

contamination screening process described in the IRADD para: 

8.3.3.3, it is found that there is potentially contaminated 

soil which is in excess of that required as backfill, then 

it will be an Army responsibility to sample, analyze, 

containerize, transport, and store any excess soil for which 

such treatment is required. 

2. Blasting:   It is assumed that no blasting is required. 

Rock which cannot be excavated efficiently with the 

equipment proposed for use onsite, or that will require 

blasting may necessitate an increase in estimated cost and a 

revision of the schedule. 

3. Water:  It is assumed that no groundwater will be removed 

from the excavated area.  If groundwater must be removed 

from the excavated area, it will be pumped into drums or 

tanker trucks and transported to a dedicated storage area or 

to the Army's groundwater treatment system.  The procedures 

used will be those developed for handling, storage and 

treatment of contaminated water from well development and 

groundwater sampling on the RMA.  If it becomes necessary to 

handle water, an increase in the estimated cost and a 

revision of the schedule will be required. 

4. Pipe Bedding:  It is assumed that bedding material may be 

obtained from onsite excavations without screening or 

separating excavated materials, therefore, no allowance was 

made for imported bedding material. 

-1- 



5. The estimated cost and the schedule are based on production 

rates established for modified Level C Personnel Protective 

Equipment (PPE).  If a higher level of PPE is found to be 

required, a suitable adjustment to the estimated cost and 

schedule will be required. 

6. The estimated cost and schedule are based on provision of 

accurate (+3 feet horizontally) locations of all buried 

utilities and pipelines by the Army.  Failure to accurately 

locate such underground systems may require adjustment to 

the estimated cost and schedule to repair damages. 

7. Inspectors for the Corps of Engineers must be made available 

to inspect and accept or reject segments of the work subject 

to twenty-four (24) hours prior notification since this is a 

phased project and open excavations are undesirable. Delays 

resulting from failure to inspect completed segments of the 

work will result in adjustments to the estimated cost and 

schedule. 

8. Preliminary drawings and specifications have been reviewed 

by the Army.  The resulting comments have either been 

incorporated in the final design or have been deleted from 

further consideration after discussion and agreement with 

Army personnel. 

9. Principal access for workers and delivery of materials to 

the site will be through the West Gate of the Arsenal.  An 

alternative access for workers will be through the South 

Gate during the hours specified on the plans.  Special 

access through the North Gate (normally locked) will be 

arranged for delivery of gravel to the site.  Workers and 

vehicles must all be cleared by RMA security. 
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10. Logging of the trench will consist solely of logging the 

depth to the bedrock surface to the extent detectable with a 

backhoe and visual inspection from the ground surface down 

to a maximum depth of 20 feet. 

11. All permits, and any regulatory arrangements, will be 

obtained through or made by the Army. 

12. Recharge trenches will be constructed to the bedrock surface 

or a depth of 20 feet, whichever is least. 

13. Labor rates are based on performing all construction on a 

Merit Shop basis. 

14. A set of As-Built drawings will be prepared after 

construction of the system. 

15. Revegetating the disturbed areas will performed by the Army 

(they have the equipment and seed required). 

16. In cases where approved equal must be substituted for 

specified items of material or equipment, approval or 

disapproval will be given by the Corps of Engineers 

representative within one (1) week of the request for 

approval. 

17. The estimate contains the cost for insurance coverage under 

Workmen's Compensation, Employer's Liability and 

Comprehensive General Liability to the limits specified in 

the Memorandum of Understanding (MOU) for response action 

work which was attached to the proposed Consent Decree of 

February 1, 1988.  No additional costs for insurance are 

included in the estimate pending negotiation of the project 

specific MOU for this IRA. 
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ESTIMATED COST SUMMARY 

Mobilize/Demobilize 6,000.00 

Working Surface Excavation 3,779.00 

Injection Trench Excavation 61,494.00 

Injection Trench Backfill 26,583.00 

Working Surface Backfill 10,362.00 

Manhole/Lateral Excavation 6,477.00 

Manholes 27,442.00 

Forcemain Excavation 4,563.00 

Forcemain Backfill 15,154.00 

Asphalt Paving 3,178.00 

Forcemain Piping 27,491.00 

Manholes Piping 30,282.00 

Electrical/Controls , 41,291.00 

Piezometers 14,196.00 

Health and Safety 62,476.00 

As-Builts 1,050.00 

Survey 4,976.00 

Supervision/General Expense/Overheads 87,113.00 

Incentive Fee 17,356.00 
451,263.00 

Contingency 38,737.00 

TOTAL ESTIMATED COST $490,000.00 
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SECTION 38-0108 

SUMMARY OF WORK 

..  PROJECT DESCRIPTION 

A. Project Title: North Boundary Recharge Trenches - West 

B. Project Owner: U. S. Department of the Army 

C. Project Location and Elevation: 

1   The oroiect is located along the northern boundary of the Rocky 
lm       MounS Irsenal in Section! 23 and 24, Township 2 South, Range 67 

West in Adams County, Colorado. 

2.  The surface elevation ranges from about 5140 to about 5155 feet 

above sea level. 

D. General Description of the Project: 

The basic element of the project is construction of tentrenches, each 
about 160 feet in length and about 12 to 20 feet in depth  The 
trenches will be filled with gravel to within about 4 to 6 feet of the 
surface where a 4-inch polyethelene drain pipe will be placed and 

From the gravel the water will recharge the aquifer. 

Piezometers will be placed within the gravel in the trench and also in 
Piezometers wiix DP trenches and 15 feet north of the 

Listing slurr? wall TmonUor ground water levels after the project 

is placed in operation. 

2.  SCOPE OF WORK 

4.  The contract vork to \-^J^tX^^lT.TrZ^uV^l^^i^ 
:„rtheCspeSciS at?ö„ 6  SaU a ?i:abirPro"sions of the contract 
documents! the F?nal Implementation Plan, and the Consent Decree. 

Th= ,„„,ract vork includes the Contractor furnishing all plant, labor, 

ills «äSSä =:»: 
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the drawings and as specified in these specifications.  Elements of the 
contract work are classified under respective items contained in the 
bid schedule.  Contract work shall generally include, but not be 

limited to, the following items: 

Mobilization at "work site" 
Excavation and backfill of recharge and pressure pipe 

t rsnchss 
o   Installation of drain pipe, pressure pipe, and manholes, 

valving, and instrumentation 
o   Installation of piezometers 

3.  MANUFACTURERS' SPECIFICATIONS AND INSTRUCTIONS 

A.  Unless otherwise indicated or specified, all manufactured materials, 
products, processes, equipment, or the like shall be installed or 
applied in accordance with the manufacturers' instructions, directions 
or specifications.  Said installation or application shall be in 
accordance with the printed instructions furnished by the manufacturer 
of the material or equipment concerned for use under conditions 
existing at the work site.  Two copies of such instructions shall be 
furnished to the Engineer and his acceptance thereof shall be obtained 

before work is begun. 

B   Any deviation from the manufacturers' printed recommendations shall be 
explained and acknowledged in writing by the particular manufacturer as 
correct for the circumstances.  Contractor will be held responsible for 
all installations contrary to the manufacturers' recommendations.  If 
any item of material or equipment is found to be installed not in 
accordance with the manufacturer's recommendations, Contractor shall 
make all changes necessary to achieve such compliance within the terms 

of his contract. 

4. WORK QUALITY 

All contract work shall be erected and installed plumb, level, square, and 
true or true to the indicated angle, and in proper alignment and 
relationship to the work of other trades. All finished work shall be free 

from defects and damage. 

5. FIELD MEASUREMENT AND TEMPLATES 

Contractor shall secure all field measurements required for proper and 
accurate fabrication and installation of the contract work. Exact 
measurements are the Contractor's responsibility. Contractor shall also 
furnish or obtain all templates, patterns, and setting instructions required 
for the installation of all contract work. All dimensions shall be the 

°e pointy of the Contractor in the field. All dimensions and surveying 
will be subject to verification by the MKE Field Engineer. 
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SPECIAL CONDITIONS 

1 The Rocky Mountain Arsenal is a Military Reservation and persons 
admitted to the site are subject to existing safety and security 

regulations. 

2. U.S. Citizenship is required for access to the site. 

3. Names of each person as shown on a drivers license J"^1"»^6^ 
personnel to be admitted to site, must be submitted to MKE one week m 

advance of arrival at the site. 

A        Entrv to the site will be through the west entrance to the Rocky 
Sountain Arsenal on Quebec Street, thence east on December 7th Avenue 
to S Street and north to the work site. A secondary point of entry is 
at the southern Arsenal boundary during some hours as shown on sheet 2 

of the design drawings. 

5.  No firearms or cameras are permitted on the Arsenal. 

6   Current registration and proof of insurance for each vehicle to be 
admitted to the Arsenal must be submitted upon arrival at the site. 
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SPECIFICATION SECTION 34-0202 

SHE PREPARATION AND GRADING 

SCOPE 

A. This specification .^^ta^S^^"«»^^ »* 

applicable drawings and as specified herein. 

B. Generally, required items of work include: 

1) Established line and elevation control. 

2) Grading of recharge trench sites. 

3) Locate and protect existing underground pipelines. 

4) Incidental items. 

RELATED WORK 

The following related work is covered in other sections of the 
specifications: 

GENERAL PROCEDURES 

A.  Reference Points,  CarefuHy maintain bench -^»«ine^'lnc. 

n   sn-il Investigation: Refer to MKE drawing sheet 3 which notes, in part, 

available for review at the MKE office in downtown Denver. 

and the correct placement and compaction of fill to specitied 
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densities.  Work procedures require his approval as they are 
successively performed. Any work found unsatisfactory shall be 
coveted in an approved manner by the Contractor within the terms of 

his contract. 

4.  INSPECTION 

A   All materials and the work shall be subject to inspection by the 
Engineer. The Engineer shall be provided access to all parts of the 
S an5 shaU be furnished with such information and assistance as is 
required to make a complete and detailed inspection. 

B. The Engineer may direct that portions of the work be removed or 
uncovered. After examination, said portions of the work shall be 
restored to the standard required by these specifications. 

Do not proceed with the work until lines, grades, «d'°* "™CS" 
locations have been established. Any work performed contrary to the 
drawings specifications, or instructions of the Engineer beyond the 
lines and grades shown on the drawings, or any extra work done without 
authorization of the Field Engineer, may be ordered removed or 
replaced, at the Contractor's expense. 

GRADING 

A   General:  Perform necessary grading to achieve final elevations closely 
ifp^Hmating those shown by the drawings.  Surfaces shall be well- 
compacted, reasonably smooth, and free from irregularities, with 
uniform transitions made to adjacent areas. 

B   Ditches and Swales: Finish to drain readily. Take measures to prevent 
erosion o" freshly graded areas by appropriate means before vegetation 
is promptly reestablished by Army. Repair and «««"»*;«£ °f 

settlement or erosion to required elevations and slopes prior to 

acceptance of the work. 

r   Road Subprades: New permanent roads are not required nor provided. 
C*  New 6" PVC underground pipe shall be installed in a trench hat will be 

St across »D» Street. After the pipe is installed and tested, and the 
trencHs properly backfilled, restore paved »D» Street and parking 
area to near original crown and grade. 

6.  INCIDENTAL ITEMS 

A   Safeguards: Provide, erect, maintain, and later remove temporary 
sa Sards" such as barricades, guard rails, signs, lights and flares 
for protection of personnel, the public, equipment, and ^^'^ 
the Engineer directs and as required by state, federal, and local codes 

and ordinances. 
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B.  Water Removal: Maintain grades to promote ^J« ^f^ce'wd'sto^ 
onerate equipment to keep construction areas free of surlace and stoun 
water  ??Svide necessar? diversion ditches or other Engineer approved 
facilities for removing water. Dispose of surface and storm water as 
directed by the MKE Field Engineer so construction and storage areas, 
streets, roads, and other surfaces are not flooded. 

C   Temporary Roads:  Locate and construct temporary roads at locations 
directedyor approved by the Engineer to serve as a means of access 

during construction activities. 

D. culverts: are not required and shall not be provided. 

E. Riprap:  is not required nor provided. 

F   Clearing and Grubbing: In excavated areas for both the recharge 
trenches and the pressure manifold, the top 8 to 12 inches of soil 
shaU be separately excavated and stockpiled for later use in providing 
the top layer of backfill over the trenches. 

r   Finish Grading:  Spread soil from on-site stockpiles onto previously 
G*  str nSed areas, including the recharge trench areas, that have been 

rnnth traded  Select materials to eliminate large stones, vegetation, 
Äbrls  Spread soil smoothly and uniformly in sufficient quantity 
To  allow for natural settlement, so that final dressing can be 
performed satisfactorily. Raking or, compacting is not 

required. 

H.  Revegetation:  is 'not required nor provided under this specification, 

but is to be provided by Army. 
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SPECIFICATION 34-0203 

EXCAVATING AND BACKFILLING 

1.  SCOPE 

A   This specification and other Contract Documents cover the furnishing of 
all equipment, labor, materials and performance of work for all 
excavating, backfilling and incidental items as required by applicable 

drawings and as specified herein. 

B. Ten (10) trenches, 160 feet in length, up to 3 feet wide and a maximum 
of 20 feet in depth shall be excavated as recharge trenches. The 
trenches will be excavated in alluvial materials ranging from clay to 

gravel. 

A trench approximately 3,000 feet in length, approximately 2 feet in 
width and generally 4 to 5 feet deep will be excavated as a pressure 

pipe trench. 

C. Generally, required items of work include: 

1) Excavating for structures and preparing subgrades for trenches and 

manholes. 

2) Filling, backfilling and compacting. 

3) Grading around structures. 

4) Incidental items. 

2. RELATED WORK 

A.  The following related work is covered in other specifications: 

1) Site preparation and grading (Specification 34-0202) 

2) Excavating and backfilling for underground piping and associated 
manholes (Specifications 35-1501 and 35-1511) 

3. GENERAL PROCEDURES 

A Reference Points: Carefully maintain bench marks, monuments and other 
reference points. Replace items as the Field Engineer directs if they 

are disturbed or destroyed. 

B   Soil Investigation: A report of soil conditions investigated on the 
B-  s?te is shown on the drawings.  Accuracy of this report is not 
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guaranteed in that conditions at the present time and at other 
locations on the site may vary from those disclosed. 

C.  Engineer: The services of an Engineer will be provided by MKE to 
determine by observation and testing the quality of work and materials 
during excavating and backfilling.  He will judge:  acceptability and 
advantageous use of available fill and backfill materials; and the 
correct placement and compaction of fill and backfill to specified 
densities. Excavating, filling, backfilling, and compacting procedures 
require his approval as they are successively performed. Any work 
found unsatisfactory shall be corrected in an approved manner. 

4.  EXCAVATING FOR STRUCTURES 

A. Dimensions: Excavate to required elevations and dimensions, allowing 
ample space for form and material placement, inspection, and form 
removal.  If the nature of the soil permits and the Engineer gives 
prior approval, excavation may be made to correct dimensions and used 
as a concrete form. Degree of slope for open cut earth banks in all 
excavations over 5 feet deep in which a man enters will be as outlined 
in the Health and Safety Standard Operating Procedure. 

B. Removing Materials: Excavate all materials encountered, except for 
existing services and permanent structures. Remove rock, boulders, 
portions of abandoned structures, and other hard obstructions to a 
depth at least 6" below planned excavation level in the pressure pipe 
trench.  Soil conditions at bottom of excavation shall be subject to 
the Engineer's approval.  Surfaces shall be level, or sloped if 
required, clean, and clear of mud or frozen material. 

C. Suitable Bearing: Where unsuitable material is exposed at completion 
of planned excavation, perform further excavation as directed by the 
Engineer until suitable bearing is reached. Place and compact fill as 
specified herein to correct elevations. 

D. Overexcavation: If materials are removed below required elevations, 
through error or careless excavating, the Field Engineer shall notify 
the Design Engineer who will determine corrective measures. 

E. Rock Excavation: 

1) Rock is defined as stone or hard shale in original ledge, and 
boulders over 1/2 cu.yd in volume or over 3'-0" in greatest 
dimension, which require special equipment and/or explosives to 

remove. 

2) It is assumed that materials at the job site can be excavated with 
normal equipment such as a power shovel or bulldozer.  If rock is 
encountered, notify the Field Engineer for his consideration 
before proceeding with further excavating. 
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3)  The recharge trenches shall not be excavated beneath the bedrock 
surface. When excavating near the expected depth of the bedrock 
surface, the Contractor shall notify the Field Engineer. The 
Field Engineer will make the judgement of the depth at which 
the bedrock surface is encountered. 

F   Material Storage and Disposal;  Select excavated materials which can be 
reused later shall be classified and stockpiled. The top 4 to 6 feet 
of excavated material from the recharge trenches shall be stockpiled 
for later reuse as trench backfill.  Dispose of other unsuitable and 
excess material and debris elsewhere on the Owner's property as 
directed by the Field Engineer. 

G.  Existing Underground Lines and Services:  Locating existing underground 
lines and services within 3 feet shall be the responsibility of the 
Army to carefully uncover, support and protect.  Do not cut, remove or 
damage these items without the Engineer's prior written approval; 
otherwise repair or replace them to the Field Engineer's satisfaction. 
Remove abandoned utilities, if any, as directed by the Field Engineer. 

5.  FILLING, BACKFILLING AND COMPACTING 

A   Fill and Backfill Materials:  Use Field Engineer approved materials 
obtained from:  stockpiles of excavated material, borrow areas, or off- 
site locations.  Provide suitable fill free of: debris, organic 
material, and large rocks; frozen matter; and excessive moisture or 

dryness. 

1) Fill Beneath Manholes and Foundations which may be required to 
achieve proper grade elevation shall be gravel of the same 
specifications as the recharge trench backfill. 

2) All Other Fill and Backfill:  Use clean earth. 

B.  Placing Fill and Backfill: 

1)  The recharge trench shall be backfilled to a depth of 4 to 6 feet 
below the initial surface with gravel of the following gradation: 

Size % passing 

1" 100 
1/2" 0-40 

3/8" 0-32 

#4 sieve 0-3 
#8 sieve 0-2 

The recharge pipe shall be covered with no less than 6 inches of 
gravel, and the remainder of the trench filled with random fill. 
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2^  The eravel backfill shall be separated from silt and clay in the 
sidewalls and on the top of the fill by 4 oz./sq.yd. non-woven, 
polyester geotex tile fabric as shown in the drawings. 

3)  The pressure pipe trench shall be bedded and backfilled as 
described in Specification 35-1501. Above the initial backfill, 
the trench shall be backfilled with random fill from trench 
excavation with no rocks over 6 inches in diameter.  Except under 
"D" Street or in the parking area the random fill 
shall be compacted by wheel roll when 6 inches below grade. 

Under "D" Street and the parking area, the backfill shall be 
random fill to within one foot of the surface.  Six inches of 
travel corresponding to that filling the recharge trench is then 
placed. The backfill shall be compacted to 95% modified Proctor 
density. The remaining six inches needed to match the original 
surface is filled with asphalt as shown in the Plans. 

6. GRADING 

A   General:  Perform necessary grading to achieve final elevations closely 
ifirSimating those required by the drawings.  Surfaces shall be well- 
compacted, reasonably smooth, and free from irregularities, with 
uniform transitions made to adjacent areas. Neither raking nor 
receding are required as this will be provided by the Army. 

7. INSPECTION 

A   All materials and each part or detail of the work shall be subject to 
tnspec ion by  the Engineer. The Engineer shall be provided access to 
all parts of the work and shall be furnished with such information and 
assistance by the contractor as is required to make a complete and 

detailed inspection. 

B   The Field Engineer may direct the contractor to remove or uncover 
portions of fhe work. After examination, the contractor shall restore 
said portions of the work to the standard required by these 

specifications. 

C   The contractor shall not proceed until the lines, grades and/or 
structure locations have been established. Any work done by the 
contractor contrary to the drawings, specifications or instructions of 
rne "eld Engineer, beyond the lines and grades shown on the drawings, 
or any extragwork donewithout authorization of the Field Engineer, may 
be ordered removed or replaced at the contractor's expense. 



34-0203 

07/19/88 
A 
7 

8.  INCIDENTAL ITEMS 

Safeeuards:  Provide, erect, maintain, and later remove temporary 
safeguards such as barricades, bridges, guard rails, signs, lights, and 
flares for protection of personnel, the public, equipment, and 
"rials as the Field Engineer directs and as required by state and ma  

local codes and ordinances 

B   Retaining Excavations:  Provide shoring, sheeting, and bracing 
necessary to retain excavations, maintain banks securely, withstand 
water pressure? prevent cave-ins, and protect life and property. As 
backfilling proceeds, remove shoring, sheeting, and bracing in a manner 
to preven? damage or disturbance to the construction and surrounding 

areas. 

C   Water Removal: Maintain grades to promote water drainage.  Provide and 
operate equipment to keep construction areas free of surface and storm 
water  Provide necessary diversion ditches or dewatering systems. 
iTslose  oTsurrace and sLrm water as directed ^£f ^f^0 

construction and storage areas, streets, roads, and other surfaces are 
noTflooded? Do not remove any ground water from any excavations 
except for water attached to the in-Place soils to be excavated. 

D.  Temporary Roads: Maintain temporary roads in operating condition. 
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SPECIFICATION 35-1501 

PIPING AND INSTRUMENTATION 

SCOPE 

ten (10) new North Boundary Recharge Trenches. 

The existing pumps at the Effluent Wet Well have sufficient capacity 
Ind pressure Capability for the required distribution. 

B.  The work, includes: 

Building 808. 

3>  EÄS SET££ .1 ÄS'T- SÄ<1B 
distance of approximately 2,800 feet. 

M  Pining inside each of eleven (11) manholes, plus discharge piping 
}  and perforated drain line into each Recharge Trench. 

5)  Effluent pressure and flowmeters in each manhole. 

2.  RELATED WORK 

A.  Related work is covered in other sections of the specifications: 

1) Excavating and Backfilling (Section 34-0203) 

2) Manholes (Section 35-1511) 

3) Trench Piezometers (Section 22-3227) 

3.  REFERENCE STANDARDS 

references: 
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1) ASTM, American Society for Testing and Materials 

2) ANSI, American National Standards Institute 

3) ISA, Instrument Society of America 

4) Text, Plastic Piping Systems, by David A. Chasis 

5) National Sanitation Foundation 

4.  GENERAL REQUIREMENTS 

A.  Codes, Permits and Fees. Tests, and Certificates 

n  All work performed under this specification shall meet the 
}  requirements of the codes, rules, and/or regulations of the State 

of Colorado and the Federal Government. 

•>\      The U S Armv shall obtain and pay for all permits and 
}  certificatesYf inspection required for this work by governing 

authorities. 

i\      Notification shall be given to the U.S. Army of all tests 
3>  performed during progress of the work and prior to completion, so 

an Army representative may witness the tests. 

4)  All certificates of inspection, testing, and/or approval shall be 
}  delivered to the Army by MKE, Inc. before the specified work will 

be considered completed. 

B.  Coordination and Interferences 

1) MKE, Inc. shall be responsible to coordinate the work under this 
verification with work performed in the same areas by other 
trades such as the site work, excavating, grading, and trench and 

manhole construction. 

2) MKE, Inc. shall also request that the location of any underground 
utilities be identified by an Army representative. 

5.  MATERIAL REQUIREMENTS 

i D 1N o^     anH 11 above.  The underground effluent pipe 
A'  an "ittin fsh i '  ^YanufacturTfrom a compound that meets the 

requirements of Type 1, Grade 1, Polyvinyl Chloride as outlined in ASTM 
requirements o  yp  ,   compound is characterized as having the 

highest requirements for mechanical properties and chemical resistance. 

The compound from which PVC pipe is produced shall have a design stress 
rating It  2,000 psi at 73F, listed by The Plastic Pipe Institute. 
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C. 

E. 

srtSÄ-S^ &VS!£»E rsfrsrs.iffiÄ' 
Sanitation Foundation. 

S^anÄ "2I : 1SU|3SS 30 tnreadedlype" All PVC soc.et and 
SeaXd connecUons shall be joined and installed usang the 
manufacturer's recommended procedure. 

The PVC pipe and  fittings  shall  be supplied by an approved 
manufacturer. 

s rrshfen/shKr^ii^f äI^ää^ 
approved equal. 

MKE drawing Sheet 7. 

Figged Halliburton Industrial Meter with magnetic pick-up. 

^„ed^ans!^ ÄL2.: aslndrJefon JÄTvU, 
Sheet  7. 

6  INSTALLATION AND TESTING OF PVC PIPE 

or dropped during handling. 

,.  ««SB. m outside -oraf the pipe and H«inf shall ^covered 
with light tarpaulin to prevent excessive neai 
stacks shall not exceed 3 feet m height. 

C. 

D. 

requirements of Specification a»-«203 «"pt as otner    x 
herein or on the dravings  Genera y, n al ations    ^Pj ^ 

ä ^KiST^i«?:. Ä oozing space for pipe jointing, 

bedding, and inspection. 

Krre^^^h^'^r atural hedding materials do not ™e.ttesecavate 

srüs-i^^of J KME. ES n-u. Pipe ..„.«. 
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F. 

Raokfillinz- After the pipe is bedded and successfully initially 
tested as lescroed under Section 6.F, the pipe shall be covered with 6 
to 8 inches of soil free of rocks, debris, or particles larger than 
eh     c   ?his initial backfill layer shall be tamped to restrain 

the  pipe during high pressure testing, and to act as a cushion for 

final backfill. 

After successfully passing the high pressure test, the initial soil 
cover shall be compacted on both sides of the pipe, with special care 
£ Xe pipe haunches. Material placed at pipe joints shall not be 
competed  Final backfill shall not contain any large sharp rocks in 
Z  first 18 inches that could penetrate the initial cushioning layer. 
Afterwards tne remaining backfilling will be accomplished according to 

Specification 35-0203. 

Testing: After the pipe is bedded, an initial hydrostatic test shall 
ä^Scted at 10% of maximum test pressure, not to exceed 50 psi, to 
ascertain any initial leakage.  Solvent-cemented joints shall have 
dried a specified period of time dependent on the surface temperature. 
After a successful initial test, sufficient backfill shall be placed as 
mentioned above to prevent pipe movement during subsequent high 

pressure testing. 

The high test pressure shall be between 1.2 and 1.5 times the maximum 
operating pressure or the design pressure rating, whichever, is lower. 

The high pressure test shall be conducted for a period of not less than 
rJourf. To successfully pass the high pressure test, the volume of 
water required to maintain the test pressure shall not exceed the 

amount calculated by the equation: 

L = ND  P 
7400 

where L = Make-up water (gal/hr) 
N = Number of joints in the tested line 
D = Nominal pipe diameter (in) 
P = Average test pressure (psi) 

When testing sections of line having more than one pipe size, the 
Illowable leakage shall be computed by applying the above equation to 
eacn section of pipe having a different diameter, then summing the 

allowable leakages for each pipe section. 

Test records shall be delivered to an Army representative by MKE, Inc. 

In the event that low temperatures make testing with water impractical, 

an equivalent air test will be allowed. 
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SPECIFICATION 35-1511 

MANHOLES 

1.  SCOPE 

B. 

_This specification section covers the ^-^f^^shanV' "" 
/iQN each precast concrete eccentric cone manholes that snail oe 
located to serve the ten (10) each North Boundary Recharge Trenches, 
and one (?) manhole that will be used to house the 3-inch flowmeter. 

The trench and manhole locations are shown on MKE, Inc. drawing sheets 
4, 5, and 6, and a typical manhole is shown on sheet 7. 

2.  RELATED WORK 

A.  Related work is covered under other specification sections: 

1) Site Preparation and Grading (Section 34-0202) 

2) Excavating and Backfilling (Section 34-0203) 

3) Piping and Instrumentation (Section 35-1501) 

3. REFERENCE STANDARDS 

A.  Organizations whose standards are referenced herein include the 

following: 

ASTM - American Society for Testing and Materials 

B   Any reference to the above standards shall be the edition in effect as 
of the dale of this specification unless stated otherwise. 

4. MATERIALS 

A.  Gray Iron Castings (rated for H-20 load). ASTM A48-83, Class 35B. 

B. 
Grout: Non-shrink, nonmetallic, non-corrosive:  Five Star Grout (U.S. 
Grout Co.), or as approved by the Engineer. 

C. Precast Concrete Units: ASTM C478. 

D. Aluminum Cover. 

Butyl Resin Mastic as manufactured by Concrete Sealant, KT Snyder 
E DULyx 1A^-"  

(Ramnek), or approved equal. 
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INSTALLATION 

A.  Manholes: 

n  Excavate earth to a minimum of 8 inches below required manhole 
}  base elevation, then fill and level gravel up to the required 

Manhole base elevation. The gravel shall be as specified for the 

Recharge Trenches. 

Inlet and outlet openings in the manhole sidevall are properly 

aligned for the pipelines. 

3)  Join the concentric cone to the cylindrical base with cold applied 

bituminous joints sealant. 

D.  Piping and Instrumentation 

1) Refer to Specification 35-1501. 

2) Install watertight non-shrink grout between manhole openings and 

the inlet and outlet pielines. 
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SPECIFICATION 34-0301 

CAST-IN-PLACE CONCRETE 

SCOPE 

A. 
The cast-in-place concrete requirements consist only of the various 
ll  reinforced thrust blocks and supports for piping installed 

the design drawings. 

TM« verv brief specification applies only for the above said type of 
3ork  In the event that other more extensive cast-in-place concrete 
becomes necessary, other appropriate specifications would be issued. 

2.  RELATED WORK 

A.  The following related work is covered in other sections of the 

specifications: 

1) Excavating and Backfilling (Specification 34-0203). 

2) Manholes (Specification 35-1511). 

3) Piping and Instrumentation (Specification 35-1501). 

3.  REFERENCE STANDARD 

A.  Organizations whose standards are referenced herein include the 

following: 

ACI - American Concrete Standard 

ASTM - American Society for Testing and Materials 

B   Any references to the above standards shall be the edition in effect as 
of the date of this specification unless otherwise stated. 

4.  GENERAL 

drawings. 

B.  Earth Compaction: The earth upon which each of the concrete thrust 

blocks will bear shall be undisturbed soil. 
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5.  MATERIALS 

A. Concrete:  3,000 psi or commercial dry mix for pouring small 

quantities. 

B. Portland Cement: ASTM C150, type I. 

C. Sand:  ASTM C144, Washed natural sand, free from impurities. 

D. Aggregate: Washed natural aggregate maximum 1/2» size, free from 

impurities. 

E. water: Free of deleterious amounts of acids, alkalis, and organic 

materials. 

6. FINISH 

A.  Trowel finish the concrete aprons at piezometers. 
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SPECIFICATION 22-3227 

TRENCH PIEZOMETERS 

1.  GENERAL 

A   This specification covers all piezometers located vithin the recharge 
trenches? Two piezometers shall be located in each trench as shown on 

the drawings. 

R   Generally, the required work and materials include furnishing and 
Dlacini or driving the piezometer screen and conductor pipe, concrete 
arounS the  uPPIr 3 feet of the conductor pipe and concreting a surface 

pad. 

The Contractor will provide all required equipment, labor and 
materials. MKE will provide professional supervision in the field. 

MKE Health and Safety procedures are set forth in the Health and Safety 
San  Tne Contractor will be required to follow and employ above 

procedures. 

2. REFERENCE STANDARDS 

A.      Organizations whose standards are referenced herein include the 

following: 

ASTM - American Society for Testing and Materials 

B   Any reference to the above standards shall be the edition in effect as 
of the date of this specification unless stated otherwise. 

3. MATERIALS 

A. Cement shall meet the requirements of ASTM C150 Type I o,: V. Cement 
shall be compatible with existing ground water. Type V cement shall 
used if the sulfate (S04) concentration exceeds 1500 mg/1. 

R   Casine and Piezometer Screen.  The well point shall be 1-1/4" in 
SaiSe" 36 inches in length.  It shall be of stainless s ee 1 with 
Number 60 gauze. The blank casing above the well point wil be 1-1/4 
galvanized steel pipe, threaded to the well point. The protective 

casing shall be Schedule 40 steel pipe. 

4. TRENCH PIEZOMETER CONSTRUCTION 

A.  See MKE Drawing Sheet 7 for design details of trench 

piezometers. 
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B   The construction procedure and design of the piezometer may vary, 

into the gravel, to the bottom of the trench if possible. 

C.  Capping of Piezometers 

Vach  oiezometer shall be equipped with a 4-inch diameter steel pipe 
casing embedded into the concrete as shown in the drawings  Locking 
cover! to prevent unwarranted access to the piezometer shall be 

installed. 

Any piezometer that will be left uncompleted for a period of greater 
*u PiT„h* hniiri shall be capped by the Subcontractor with a 
watertS cap and equipped wich some type of »vandal proof» cover 
satisfying the Engineer and applicable state or local regulations. 

The top of the piezometer shall be protected from the inflow of surface 
water by a concrete cap and apron as shown on the drawings. 
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SPECIFICATION 22-3226 

DRILLED PIEZOMETERS 

1.  GENERAL 

A   This specification covers all drilled piezometers and associated work 
as required by the applicable drawings and as specified herein. 

B   Generally, required work and materials include: drilling of piezometer 
'  holes and furnishing and installing well points and conductor pipe, 

filter pack, bentonite pellets, bentonite and cement grout, concrete 
for a surface pad, and protective casings. 

C.  The contractor will auger, soil sample, and construct 10 (ten), 1-1/4 
inch diameter piezometers adjacent to the North Boundary Recharge 
Trenches - West at points designated on the design drawings. 
Piezometers will be within unconsolidated alluvial deposits. 

The driller will provide all required equipment, labor, and materials. 
MKE will also provide a professional geologist for field supervision. 

The drilling may result in contact with contaminated ground vater.  It 
is MKE's understanding that the degree of hazard associated with the 
effort is relatively low. Ingestion by breathing or swallowing 
sprays/mists from,.or dermal irritation by contact with, contaminated 
ground water appear to be the most likely avenues for personal 
exDosure.  These potential occurrences can be readily anticipated, 
recognized, and avoided.  Refer to Health and Safety Plan for further 

information. 

MKE health and safety procedures are set forth in the Health and Safety 
Plan. The Contractor will be required to follow and employ these 
procedures. Entrance and exit physicals may be required and, if so, 
will be provided by MKE at no cost to the contractor. 

2.  REFERENCE STANDARDS 

A.  Organizations whose standards are referenced herein include the 

following: 

ASTM American Society for Testing and Materials 

Any reference to the above standards shall be the edition in effect as 
of the date of this specification unless stated otherwise. 
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MATERIALS 

A. Cement shall meet the requirements of ASTM C150 Type I or V.  Cement 
shall be compatible with existing ground water. Type V cement shall be 
used if the sulfate (S04) concentration exceeds 1500mg/l. 

B. Neat cement grout shall be a mixture of one sack of Portland cement (94 
pounds) to 5 to 6 gallons of water. Commercially processed bentomte 
clay, 4 to 6 percent by weight, shall be added to the neat cement 

grout. 

C. Casing and Piezometer Screen. The well point shall be 1-1/4" in 
diameter, 36 inches in length. It shall be of stainless steel with 
Number 60 gauze. The blank casing above the well point will be 1-1/4 
galvanized steel pipe, threaded to the well point. The protective 
casing shall be Schedule 40 steel pipe. 

4.  CONSTRUCTION 

A. See Drawing Sheet 8 for design details of the piezometers. 

B. Piezometer Construction 

The standard procedure for constructing a piezometer will be to drill a 
minimum 4-inch hole to bedrock surface as determined by the MKE 
geologist in the field with hollow-stem auger. 

C. Sand Filter 

After the casing and the screen have been installed in their proper 
position to the full depth of the well, an envelope of siliceous sand 
filter ranging from 10 to 30 mesh in size shall be placed in the 
annular space between the well bore and the casing/screen.  The filter 
material shall extend a minimum of 2 feet above screen sections. 

Materials used for the filter shall be clean and washed. The filter 
shall be tremied or placed in a manner to minimize segregation. 

D. Bentonite Pellets 

A transition zone consisting of bentonite pellets shall be placed 
immediately above the sand/gravel filter as shown in the drawing. The 
pellets shall be placed in such manner as is approved by the Engineer. 

E. Grouting 

To protect the piezometer against the entry of unwanted water and 
contaminants from the surface, the annular space between the casing and 
the bore hole shall be grouted from the top of the bentonite transition 
zone to approximately 3 feet from the ground surface. Grout material 
shall be placed in a manner approved by the Engineer. Grout shall be 
placed in one continuous operation. The grout shall consist or a 
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mixture of Portland cement and 4% to 6%  bentonite. Other admixtures to 
reduce permeability, increase fluidity, and control time of set and the 
composition of the resultant slurry shall be as approved by the 

Engineer. 

F. Capping of Piezometers 

Each piezometer shall be equipped with a 4" diameter steel pipe casing 
embedded into concrete as shown on the drawings.  Locking covers to 
prevent unwarranted access to the piezometer shall be installed. 

Any piezometer that will be left uncompleted for a period of greater 
than eight hours, shall be capped by the Subcontractor with a 
watertight cap and equipped with some type of "vandal proof" cover 
satisfying the Engineer and applicable state or local regulations of 

recommendations. 

The top of the piezometer shall be protected from the inflow of surface 
water by a concrete cap and apron as shown on the drawings. 

G. Abandonment 

Should the Subcontractor elect or be required to abandon a piezometer, 
he shall grout the abandoned hole. 

H.  Disposal of Materials 

Debris, rubbish, and other materials resulting from drilling operations 
shall be removed from the site, and the site shall be left in a neat 
presentable condition. 
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SPECIFICATION 37-1601 

ELECTRICAL WORK 

1. SCOPE 

A.  This specification and applicable drawings cover the furnishing and 
installing of electrical work as required by the drawings and as 

specified herein. 

2. REFERENCE STANDARDS 

A.  All equipment, materials, construction and installation shall be in 
accordance with the following applicable codes and standards: 

1) ANSI - American National Standards Institute 

2) NEMA - National Electrical Manufacturers Association 

3) NFPA/ - National Fire Protection Association/ 
NEC    National Electrical Code 

Applicable State of Colorado Electrical, Building, Energy, Fire, 

and Safety Codes 
4) 

5)  Local codes 

3. RELATED WORK 

A. Several items of work are specified in other specifications and are not 
included in the work covered by this specification. 

1) Excavating and Backfilling (Specification 34-0203) 

2) Manholes (Specification 35-1511) 

3) Piping and Instrumentation (Specification 3-1501) 

4. GENERAL REQUIREMENTS 

A   In the event of any discrepancy between one drawing and another or 
between the drawings and this specification, the Contractor shall bring 
such discrepancies to the attention of the Engineer for a ruling. 

B. It shall be the Contractor's responsibility to assure that all 
requirements of inspection authorities are complied with. 
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C.  Names of approved manufacturers are listed in this specification to 
establish a standard of quality.  Products of other manufacturers may 
be used with the approval of the Engineer. 

5. REQUIRED ITEMS OF WORK 

A. The work involved shall be in accordance with the following: 

1) The drawings for construction and their references. 

2) The contents and references of this specification. 

3) The installation instructions of the manufacturers of equipment or 
materials supplied to the Contractor for installation. 

B. All electrical systems, both above grade and below grade, shall be 
completed as outlined on the drawings and in this specification, and be 

ready for use. 

C. Labor and materials which are necessary for the completion and 
satisfactory operation of the electrical installation shall be 

furnished. 

6. WIRE AND CABLE METHODS 

A. General: As required by the drawings, all power and control wiring 
shall be furnished and installed unless otherwise specified, and shall 
meet NEC standards for wire, cable and workmanship. 

B. 600-V Conductors: All single conductor wiring for power installed in 
conduit tor operating at 600 V or below shall be UL approved stranded 
soft annealed copper, type XHHW or THHN. 

C. Telephone Cable: Cable shall consist of No. 22 AWG solid annealed 
copper conductors twisted in pairs; each conductor shall have 
polyethylene insulation. The cable shall have an overall copper shield 
and polyethylene jacket. Cable shall be Anixter telephone cable Type 

PE-22 or approved equal. 

7. CONDUIT AND CONDUIT FITTINGS 

A. General: Conduit sizes, type and length shall be furnished and 
installed as required by the drawings and meet the latest edition of 

the NEC. 

B. Materials: 

1)  Conduit: 

a)  Rigid Galvanized Steel Conduit (RGS) shall conform to ANSI 
C80.1 and be standard weight, mild rigid steel, hot-dipped 
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galvanized with inside and outside finished with a protective 
zinc coating. Couplings, elbows and bends shall meet these 
same requirements.  Fittings shall be of the threaded type. 

b)  Flexible Conduit shall be liquid-tight with an integral 
grounding conductor, per ANSI/UL 360, Anaconda Sealtite type 

UA or equal. 

2)  Boxes and fittings: 

a) Exposed Work; All conduit fittings, junction and device 
boxes shall be cast Type FS or FD with threaded hubs, steel 
covers and gaskets for use with RGS. 

b) For weatherproof locations, proper sealing gaskets in 
addition to self-closing hinged lids for replacement covers 

shall be provided. 

c) Gasket material for conduit fittings and boxes shall be 
neoprene or other approved plastic. 

C.  Installation; 

1)  Above Grade Conduit System; 

a) Field bends and offsets shall be uniform and symmetrical, 
withoutxonduit flattening or finish scarring.  Field bends 
shall be made with standard tools and equipment manufactured 
specifically for conduit bending. Minimum bend radii shall 
be as required by the NEC, but in no case less than six times 

conduit diameter. 

b) All conduit ends shall be cut square, properly threaded and 
reamed.  All connections shall be made up tight, engaging not 
less than five threads, and coated with approved thread 

compound. 

c) Pull fittings or boxes shall be installed wherever necessary 
on conduit systems to facilitate pulling wire and cables and 
shall be in accessible locations. 

d) Open ends of conduit shall be carefully plugged or capped 
during construction to prevent the entrance of foreign 
materials or moisture into the conduit. Before pulling wire 
or cable into the conduit system, a swab shall be drawn 
through the entire length of the conduit to remove any 
moisture, metal cuttings or other foreign material. 

e) Where conduit enters through exterior walls, the entrance 
shall be made water-tight. 



37-1601 

07/19/88 
A 
6 

f) Outside above grade conduit runs that are extended below 
grade shall e provided with drain-seal fittings in a vertical 
drop directly above grade. 

g) Conduit connections to flowmeters shall be liquid-tight 
flexible steel conduit with suitable fittings. 

h)  All steel conduit joints shall be weatherproof, using 
suitable metal oxide for joint makeup. 

i)  In wet areas indoors and areas subject to washdown, the 
entire wiring system, boxes, conduit, and fittings must be 
mounted so that 1/4 inch space exists between system and 
supporting surface. 

j)  At all entrances to panelboards, pull boxes or outlet boxes 
(without threaded hubs or bases), conduit runs shall be 
secured in place by a galvanized locknut with an 0-ring seal 
outside the box and a locknut and bushing on the inside. 
Bushings shall be of the insulating type. NEMA 1 
panelboards, pull boxes, etc., shall be secured in place by a 
galvanized locknut outside the box and a locknut and bushing 
inside.  Bushings shall be of the insulating type. 

k)  Exposed conduit shall be rigidly maintained and fastened to 
structural steel by means of an approved clamp or device made 
for this-purpose. On masonry structures, conduits shall be 
fastened with one-hold conduit clamps and backstrips with 
flush anchors. The type of conduit support will depend on 
the type of construction, and/or details as indicated on 
drawings. Pull boxes shall be rigidly supported with 
structural steel supports. 

1)  All steel bolts, nuts, washers and screws shall be galvanized 
or cadmium plated. 

m)  Conduit bodies Type "LB," "LR," "LT," etc., shall not be used 
as splice boxes. 

n)  Conductor supports shall be in accordance with the NEC and 
the method of support shall be approved in writing by the 
Engineer. 

2)  Conduit in Contact with Earth: 

a) Conduit in direct contact with earth shall be galvanized 
steel. 

b) Conduits shall be installed at least 30 inches below grade on 
undisturbed ground at the bottom of the trench after the 
trench has been smoothed and tamped. 
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c) Conduit bending radii shall be as large as possible and shall 
be not less than eight times nominal conduit diameter, and 
free from flats, kinks or damage. 

d) Conduit installation shall follow excavating as closely as 
possible.  Conduit shall be installed in dry trenches 
maintained free of accumulated water. 

e) Conduit runs shall be kept closed at all times using pipe 
caps or plugs. 

f) Steel conduit ends shall be cut square, properly threaded and 
reamed. All connections shall be made up tight, engaging not 
less than five threads and coated with approved thread 

compounds. 

g) After conduits are in place, backfill and compact fill to a 
depth of 10 to 12 inches above conduits as specified in 
drawings and Specification 34-0203.  Install a continuous 
warning strip of red plastic in the excavation and continue 
backfill per specifications. 

h)  Conduits in the same trench shall have a minimum horizontal 
and vertical separation of three inches. 

8.  GROUNDING SYSTEM 

A. Flowmeter analyzer shall be grounded as required by the manufacturer. 

B. The telephone cable shield shall be grounded by means of a grounding 
electrode as required per NEC. The shield shall be grounded only at 
one end to prevent leakage current loops. 

9.  AS-BUILTS 

A. One (1) complete set of drawings issued for this contract shall be 
maintained exclusively for record purposes by the Contractor and all 
changes and modifications shall be shown and noted thereon in red 
color.  Supplemental drawings or sketches may be added. Dimensions, 
clearances, sizes and significant references shall be added. 

B. Drawings shall be kept neat and clean and shall be available at all 
times for reference. All sketches, notes and data shall be 
sufficiently clear to permit photo reproductions when needed. 
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SANO ANO CLAY 

SANO. CLAYEY 

I      | SANO. SILTY 

| CLAY ANO 
! SANO 

SANO ANO 
, CLAY 

SANO ANO 
CLAY 

H 

3RAVEL 
ANO SANO 

CLAY 
ANO 
SANO 

SANO 
ANO 
CLAY 

WAVE! 
ANO 
SANO   I 

CLAY W/SANO 
MCOIUM STIFF 
7 

SANO. MCOIUM 
DENSE 

CLAY   
ANB SANO |       i 

APPROXIMATE TOP OF 
3ECR0CK SURFACE AT   .' 
it OF EXISTING SLuRRY 
«ALL -aECROCK SURFACE 
LIKELY IS LOWER AT t 
OF RECHARGE  TRENCHES 

08- 
CLAX " 
SILTY 

9 OH-— 

i CLAY. 
I SILTY 

SANOJ 
SILTYt 

GRAVEL' 
AND SANO \J_ 

<Oo7 
j SANOSTONC.HAHO       —  CLAy j 

iSf 

SP:SANO; MEDIUM 
DENSE 

APTOOXIMATE 
WATER      >. 
SURFACE     N 

_[}w yet ____! — 

CLAYSTONE. 
FRIABLE 

SANOT SIL7ST0NC. 
FRIABLE 

SOM^' 

72 "'-Jiff71 *T 

•SANOY CLATSTONe: 
««ABLE 

FRAC.TO 
CLFRA«. 



\s 

»w.ij 
a 

C 

\ 

<^. 

V v>. 

s> --.>- 
CZS ~~\ 

\ \ 

&L. 

■*., 

'.ON rSACTO* \ 
OH LOCATING ANO ) 
UTINS LINCSiUO/ 
El •—. 
"COULI   SO 90CKCT- 
PVC Pt« (GLUEOI 

-JO'      ^3 

TT7 ouii* JO. 2«««^ 

^ 
9F04AÄSC  TUtHCM^O 

'«'92 

\~2i »w 

^"-<, EXUTI*«    3LU*»Y   WALL 

7 

N   23*00 «3»^ 

\ '\ 

LEGEND 
1 *io*>t -xc »iist,^ r-/«Pi£'EQ *5 A -£ii -•* our ?»~ SETVCC 

90<"f NOL£ CCK^LITD A3 A WCLL XM STILL M 3C»V'C< 

■ X.STINO MOWtrC» WfLL 

F:sT:i«Arco G»o«;»«owArtF» LE»£L 

UMK* OF SLOWS. f€tr CWM STANQA^O fEXCTBAT'O*« TEST 

U^hOLt wKEHn.MCrttll TKAwSwUW»«»t fHiSPgQF'Le 

■*C* »'SZ^MCTt* 

OATE   vAL»t 

ABBREVIATIONS 
«f"H U'   «OLi 

'RAO        '»AGMtNTFa 

»".p «r «*E2*oc»: 

^ '-L 

NOTES 
\IE NOTES 0* SH£E- ! F5* CESC">T'ONS OF GEOLOGIC TENMS. 

_ET"ER mOKATCl SECTION 
A/'llUirt«» l*0»CATES DETAIL 

V    . j 1UMMI) Of SNltT »KM 
^—-^^^SECTION/SETAIL <S SHOWN. 

 -MOlCATES    THAT   SECTION/ 
DETAIL   .5   CUT   AMO ONAWW 
ON ««€ SNCCT 

I"— *■"■ 

KEY   PLAN 

APPROXIMATE EXISTING 
SROUNO SURFACE AT « 
OF PROPOSED RECWARflE 
TREMCMCS 

ELEVATION 
irEET ABOVE 
SEA LEVEU 

TSISO 

- 3143 

3140 

- 5133 

5130 

5123 

5120 

-SII3 

NO BY IQATE CKC 

frXf 

•kt 

REVISION 
DESCRIPTION 

I POR PART«' »l«l» 

mrmT-f-nnm UMIHL 

NORTWBOUI^ARY RECHARGE 
TRENeHFg-WE9T- 

PLAN AND PROFLE 

*M4 *r -is«. 
tJZ. 

Ja*. UottL. 

• OP« 

jMOfWISQW-KWUOSEN ENGMEERS, INC 

1700 Broadway, Suite 1600 
Oanvar. Colorado »0290 



J -0 ' LiÜMT DUTT CAST «WON RIH* AMI ALU*» HUM   COVER- 

Z'STTROFOAM  INSULATION 
ATTACHED  TO MANHOLE  COvCff 

ECCENTRK CONC 

JUNCTION BOX, NEMA *«. 
6"»i4"i«* HOFFMAN 

ENCLOSURE 

JOINTS   SCALED  WITH 
..QlNT SEALANT 
v TYPICAL» 

IKS   CON0UIT9 

•SS CONDUIT WITH 
TELEPHONE  CABLE. 
*OR NO   ANO SIZE 
REFER   TO  DETAIL 

WON-SHRINK GROUT 
< nrWCAL/ 

bfONOUTHIC BASE 

V2    «»EO-WHiTE   20» 
BRONZE «ATE VALVE 

■«OTTS: 

I   ALL »LUGS ANO HEX SUSH1N6S »N MANHOL« SHALL BE 
:L2000 TOÄGED STEEL 

2  AU. OTHER STEEL FITTINGS SHALL BE CL*S3 ISO GALVANIZED IN 
I ANO f 
«ON. 

CONTRACT« TO USE 
A0E0UATE Til FLEXIBLE 
CONOUIT  CONNECTOR 

WCATHCRPROOF »«HUF 
ADAPTER PART* 40B> SMI* 

CROWN CLAMP PART 

ciii—li, inwuptnI 
PAHTWPTOLITSM 

I trHALLiaURTON 
INDUSTRIAL METER 
«MAGNETIC PICKUP 

NOTE;    PRC-AMPLlFIERS WAV 
BE RBXMNEO M MANHOLES 
1,2 ANO/OR S.OECI3ION TO 
BE WADE M FIELa 

in   SOTT-JM -CONNECTED 
a€»T£CK »NESSURE iAGC 
#|TM PLASTIC CASE  ANO 
3-60 PS* SCALE 

</«" BRASS PETCOCK 

3 +v 
*AL*ANIZ£D / 
'HNEAOED« 
ELL "- 

I    GALVANIZED 
THREADED PIPE 

2-0 
ALk 

PRECAST  CONCRETE MANHOLE AND  PIPING DETAIL 

SECTION 

53 9ENCHED FOR 
CONSTRUCTION 

HOT TQ SCALE # 
It 

( 
T-OTS,=^ 

«/CONCBCTE S «IKT£D 
PIRC HT0ÄAKT TCU-OW.-* 

Ia    JV«»tl. FH.L SXCnCATlOW   —'Ü 

«5     !'. * Uj*       1/2 3-40 

3S   ~*CV€ 0-1 
"'    "«S«Vt O-J 

PVC siouantntisisis 
0RAIN4*!--* 14**2* 

PVC RCDUCO» 

IMOT «€Q D «XI 
Mutail 

OETAIL 

KOTTCIAU. rve «« > nmim 
»MAI I, art K»a>ut.c to 

RECHARGE TRENCH 

SECTION 



■OTT 
ipnxjvto EQUALS *ttt_ et MCC£pThm.i m *.*ct OF TUE 

steine B«*»»O$ o^ tooti^twT MATERIALS cALL*D FOR 

■N  rnf.SE   PL*«* 

LETTT* mnCArcs SECTION 

£••«*( AtES OETAR. 

NUM6C*  Of 'iNf ET WHERE 
_S£CTiO«'[*rAiLlS SHOWN. 
 WOICA'ES    THAT  SECTION/ 
Ot Tiiu  IS  C..T  ANO DRAWN 

3P RECHARGE T»€NCM€5 
ANO SO. THC CCNNEC'J* 

>F TM€  3- 3ALVAIWZED 
PE  WITH  rut ;CH£-m_£ 

aO SOCKET-TYRE  RVC 
»« IS SHOWN IN££^ 

.SV 

PLAN VIEW OF MANHOLE AND VICINITY 

*J   SSB-OUCT»_E   -" 
*ON «T€ *'"> 
•SMWIT'O«  JASRETS 
ff-3^ evC P'PE AT BOTH 
*UNS 

0ETA1L 
NOT ". 

.«' 3TTEL »<*€ Win* 
_3C*A8LZ COVER 
^iMTFMtC  MTOMMT 
TELLOW 

MOUMO Off*T TO C* ABOVE GRADE 
!REVEG£TATE «T OTHERS» 

lONTJNUOUS POUR CONCRET 
_JfcP AMO wCLL APRON  MWHUM 
r-o* RACMUS, »"rmcic 

«AJMMW F ILL r«OW 
TOP   4-0   OF TRENCH 
EXCAVATION-«HEEL 
ROLL  CCMRACTCO 
«HCM FILLEOTO ft 
•CLOW ON ADC 

*' CORWUBATEO AOS 
^OLTETHTLEHC   ORAIN 
»IPE  WITH STAMDANO 
/«"» 1/2* SLOTS- LA*0 
ar UNIFORM üRAOC 

TRAVEL rn.L 

402./SQ. TO.  NON- 
«OVEH POLYESTER PHILUM 
SURAC  4M» «EOTEXTILE 
M AWWMO EQUAL EXTEMOBI 
ON rHfeNCH «ALLS DOWN Hj 
SAMD OR GRAVEL AQUlFEB OR 
TO OEFTH TRENCH WALLS 
WILL «OLD WITHOUT SUPROWT 
SUFFICIENTS LOR* TO PLACE 
OEOTTXTTLE FABRIC. 
wMCMcvM is LEAST. 

^E^GETATE SURFACE I BT OTHERS! 
' E.<:E(»T "Z" ^-OEE" 

AMO  PARKING AREA I 

4iH0O«r;u r»OM  TRENCH EXCAVATION I NO ROCKS   JVER 
« jiAweTEm COMPACTED ar WHEEL *<ILL ««e» FILLED 
-0  S~ 3ELC«   JRAQE EXCEPr *«*rx1)    *>*»EET   »«40   N rnf. 
PARKIN« AREA  CCMPACTEO TO   »S %.   ITANQARO   »ROCTOR 
N * MAXIMUM LIFTS BENEATH 3 STREET AMO THE . 

PARKIN« AREA JSE THC GRAVEL FILL FOR T*E TO» i* 
0*= 9ACKFH.L .SEE  SECTION A FOR ORAVEL   FtLi. SPECIFICATION» 

RGS  CCNOOlT *IJ_H   TELEPHOWI CAJLX.PO» SlZIM 

SEE  DETAIL *©■ 
INITIAL   BACKF'LL 
COMPACTED TO 

3 TANOARO PROCTOR 
3ENSif> EXCEPT 9ENEATH 

■3   STREET AND  'ME 
BAftKtNG   AflEA   «MERE 
' T -S TD BE COMPACTED 
rQ   S 3 f»   i r ANOARO 
PWOCTOR OEIS'TY 
.Ml*"  AL    3AC«'   Li»  S«AL* 

3E *»€E co0W ROCKS 
0«EATR  T«AN i/2" 
31AME TF.R. 31RT CL20S. 
OR FROZEN yATER'ALI 

3CHC0ULC «0 BELL- 
ENO PVC °»PE .GLUEOI 
SIZE VARIES) 

"■»IK — 

^  v-o'g  ._: 

TWCNOM ROTTOR» 
SHALL fl€  FWCE 
FRO» ROCK HWtTIOLXa 
GIIEATEW TNA* 
t/2" 7AUETER  
AHO SHALL SUPWOWT      1 
FULL  BARBEL 
LENOTM   EXCAWAT«        I 
CEPRESSmn 
BENEATH EACH SELL, j 
«HEN TRENC« BOTTOM I. 
UArERlALS DO NOT 
MEET TMESC REQUIRE- 
MENTS OB WILL *OT_ 
9WOVI0E AOEOUATE R«f€ 
SUPPORT OVEREXCawATE AND 
^LACE A MMWMUW OF   4    y  
"AMPEO SANO TO SUPRORT PWRI 

3»* »5 

err OäTECKC 

2SAts£ 

**rMt> 

REVISION 
DESCRIPTION 

f)WMlMüUMlAHAWHUL 
NOFtTH 

00«>' WIN.        ^^ 
■lREOiX.i'-0"MAX 

;RECHAF?GE TRFTJCH AND PIEZOMETER 

ECT10N                                                     fc\ 
I!     •   CCALE                                       -                                               V       « 

PRESSURE PIPE TRENCH 

SECTION 
«.OT   '0   SCALE .5,6 

3-WES E^"*"06 

MANHOLE AND TRENCH DETAJLS 

1700 mvOMf. SUM» IM« 



CAST- iRON »IN« • NEEHAM IOA3 CAST-IRON COVER (RATED FOR 
;    STVROFOAM   INSULATION .-^      «w »-—»i 
ATTACHED  TO »AH-HOLE COVE»^^ ^ 

CONTRACTOR TO USE 
•IOEQUATE  TSB FLEXIBLE 
"ONOUlT  CONNECTOR 

''2"C FLEXIBLE  LKJWO 
T'SMT CONDUIT WITH  .PA« 
SIGNAL CABLE  HALuBURTTJN 
BART «99I7I094 (LEAVE 2 

J OF SLACK IN CABLE) 

L JUNCTION  BOK NEMA __ 
4>i6  tlVll' HOFFMAN 
ENCLOSURE 

BGSCONOUIT  WITH TELE- 
PHONE CABLE   FOR NO &^ 
SIZE REFER TO OETAlL 

40N-SHRINK «ROUT 
i TYPICAL) 

Jil"FLANGED  SCH. 40 
GALVANIZED IRON 

USE RECHARGE TRENCH 
SRAVELFlLL SPECIFICATION« 

6* ASPHALT 

6  OF -W CRUSHED SR*WCL 

*EATMERPROCF WCKUP 
ADAPTOR PART • A« 5BHB 

3"RE0-WNlTE  WOOEL 4iS 
;RON GATE VALVE   (TYPICAL» 

272" MTTOM CONNECTED 
REPTECK PRESSURE GAGE WITH 
(»LASTIC CASE BO-«> PSI        40Tf 
SCALE 1W  BRAaSPETCOdl  tLL  pvC RPf  AN0 FITTl*«» 

5HALL  U SCHEDULE «O. 

<"l«    CAST WON PVC 
REDUCE II 

^_ 3" FLANGED SCH.*0 
3ALVANIZED   MOM PIK 
(TYPICAL) 

CROWN CLAMP PART 
»ro.iT39« a AMPHENOL 
"0NN£CTOR(2P.Nl PART 
• 70.I7SZ« 

U± 
TEE 

DETAIL 
SOT  "0 SCALl 

V HALLIBURTON INDUSTRIAL 
METER WITH MAGNETIC SECTION 

EXtSTlM  tf'D.L 
(FIELD VERIFY} 

new S'FLAMOEO BAU 
IRON PTPC, SCH. «O 

DETA 

I'NEENAH *»*T3-R 
LAMPHOLC »«•« """" 
COVC» 

4CW «   MJDI 
REPAIR COUPLING 

6 STEEL WE FILLED 
W/-CONCRETT.PAINT FlffC 
HYDRANT VCLLOWf TYP ) 

TYLER   *•■»«   SERIES 
t- PIECE   CAST  1R0R 
5L1R — TYP« VALVE «01 
AMD COVER 

MUELLER A-23BO-20 t* J 
SATE   VALVE WITH TRAHSlTlON 
BASKETS 

STEEL 
Uu^. 

N» «'» j""-AH«EO 
j.i CONCENTRIC 
«COUCH 

8   SCH. H PVC, 
FlAROC I PE 

NEW «'PVC WVE 
i FIELD vonrr ANILE 
Of EXIST   S'0.1. 
us ACOITTONAL Pvc 
FITTMa * NCCCSSMT) 

CONCRETE   n«UST 810CK 

6'i4-CAST «OH PVC 
BELL SEDUCER 

SECTION 
NOT TO SCALE 

NOT TO SCALE 

NOTE: 
ALL   PVC WP«   ANO PITTlM«t 
SMRLL SC SCHEDULE RO. 

4  SCHEDULE SO 
"vc THHEAoer 
NRMH.E 

.^■CNAOUALLT „SLOP« 

TTEL STRAP» 

4   STEEL »'PE «ITH__ __, 
UXXARLE COVE« PA1MT10  TELLO» 

GAOUNO 
/* SUR'ACE 

CON TIRUOUS POUR 
CONCRETE CAP A« 
WELL APROR MINIMUM 
Z'RAOIUS. «'THICK 

«EAT CEMENT CROUT 
«ITH 4-«%RE»TORIT» 
ST WEtRMT 

ANNULAR   VOLCLAT 
SEAL 

PILTER PAC« 
(10-SO SLOT SILICEOUS SA 

I [/■•*■ 5«" STAIRLESS 
STEEL »EU.POIRT WITH 
•«O   «AUIE.OREOUAL 

OROCK SURPACE 

4CUSJCFEIT OP OtWEL' !/•" REEP HOLE DRILLED PIEZOMETER 

SECTION 
•«O1-  "i SCAtt 

/TN SECTION 
sQT  '0 5C*c£ 

Ä \^43,6 



«JELLER A-23»0-20 M.JGATE VALVC 
«/TRAMlTlOM GASKETS,2 Oft PATIN« 
NUT & TYLER »6«9seR,cS Z-P1ECE 
CAST IRC«     »LIP-TV'S V»LVE BOX • LIO. 

^anouTt V>«UST »LOCK 

, !*■/•»" STtn. STRAPS 

«WCASTmo» PVCHELL 

nesuccntNOT REQUIREO 
AT TRENCH   I) 

4 PVC '.TRENCH I) 
i'PVC ITRENO, IOI 

MJ SS8-OUCTILE lim «S*wrE 
„T* rMHSITIO» US«I T FtM 
*vC P"PE 'SUE *AR*SI 

SCHEDULE 10 SELL - ENO PVC 
ptPC-a.uEfi (SZE VARIES) 

«"WEEHA»»!»?»-» LA»»"* I 
RINQ Arc cove» 

NOTE. I 
• ■SCHEDULE  »O ALL PVCPlPE «fiTTiNaa 
PVC TWIEAOEO CA»> SHALL BE SCHEDULE SO. 

<=£ 
■^tmi i«c*C*nS SECTim 
^««1* i«tK*"1 OETAA. 

<u««>   01    .MtiST«"*«« 
i£CH M'CE r Ail 13 SHOW«. 
_.)||IC»IES   I»*'' MCTIO«/ 
3ET>IL   IS CJT   »«0 OR**" 
:* <ini <H>Er 

4* PVCiTRQO* I» 
• " PI« (TRENCH IC* 
«»4'CASTIHON PVC 9ELL 
REDUCE»! MOT REOUIREO 
AT TRENCH 11 

2-wl'il*«*-«- 

STEEL STRAW 

GATE  VALVE 

ER 

NO. BY QSTECW: 

tag.»— 

REVISION 
DESCRIPTION 

22-ÖK== 

weawnaaraaaac 
TBENCHE3-WE3 

PWNaLAYCXtTAND- 
PEZOfcETCRDETAtS 

DETAIL 
ROT TO SCALE 



120V POWCÄ / 
äUPPLT  F»OM   ^   t 

EXISTING PANEL    f 

/ J/4C, 2*12 a 1*120       /ll/2"C, 23 MtttS U8L£ B3 PAIRS CABLE 

'-PAIR SIGNAL  CABLE 
(FURM.  «/TWIST) 

l/2"C FLEXIBLE 
LIOUIO TIGHT COttOUIT 

HALLIBURTON 
FLO« METER 

(TYPtQI 

"HALLIBURTON 
*LQ<R ANALTIER        —1—^" 
MooEL »P-4B       l__r / 

n/2 c, 
23 PAIRS CABLE 

5/« C, 3 Mim CABLE 

HALLIBURTON COMOUL 
«/ TERMINAL  STRI 
OR APPROVED EQUAL 

JULET HOUSING '     V XSL/ 
P( 3 TERMINALS! 1* **\ 
AL / HALLIBURTON 

FLOW METER 

FLOW METER MANNOLE ' 

«I  C, 12 PAIRS CABLE, 

NOTES' 
I.-REFER TO SPECIFICATION 37-ISOI FOR 

ELECTRICAL MATERIAL AND WORKMAN- 
SHIR 

2.-ENTIRE CABLE SPLICINS SHALL 
BE DONE ONLT WHEN THERE IS A 
CABLE PULL LIMITATION OR WHEN 
SPLICINS WITH A OIFFERENT XINO OF 
:ABLE 

1- WMBER OF TERMINAL BLOCKS IN EACH 
JUNCTION BOX OEPENOS ON CONOUCTOR 
SPLICINS REQUIREMENTS. 

<- IN J» WHERE NO FULL CABLE SPLICINS IS 
REQUIRED, REMOVE THE OVERALL JACKET 
ANO SHIELO ANO SPLICE ONLT ONE PAIR 
TO THE HALLIBURTON SI6NAL CABLE, 
VIA TERMINAL BLOCK 

JUNCTION 801 
NCMA 4X, IS** IA*XS* 
HOFFMAN ENCLOSURE WITH 
ALLCN-SRAOLET  TERMINAL 
BLOCKS   CAT *> I4S2-HI OR H2 
OR APPROVED EOUALITTPI. 
SEE NOTE I 

SYSTEM BLOCK WIRING  DIAGRAM 

DETAIL ,'"TVT"> 
NOT  TO SCALE .     -    1      .     ! 



REVISION 
NO. BY jBffE CNJ DESCRIPTION 

4 !--"{•--t**l- 

NORTH BOUNOARY RECHARGE 

ELECTRICAL PLAN 

«STVSCTS SHEET 
90F9 

JMOWWSOH-WJUOSEN ENGMEERS, MC 

1700 Broadway, Suit* 1600 
Oanvar, Colorado M290 


