
DEr'ARTMENT OF THE AIR FORCE 
HEADQUARTERS 27th FIGHTER WING (ACC) 

CANNON AlA FORCE BASE, NEW MEXICO 

27 SG/CC 
100 S DL Ingram Blvd Suite 200 
Cannon AFB NM 88103-5217 

Mr Edward L Horst 
Program Manager RCRA 
Hazardous and Radioactive Materials Bureau 
New Mexico Environment Department 
1190 St Francis Drive 
P 0 Box 26110 
Santa Fe NM 87502 

RE: Review of Landfill 5 Cell 3 Cap Design 

Dear Mr Horst 

. ...___ ... -~. 

During a meeting in Albuquerque on 26 Jun 92, Ms Stephanie Stoddard of your 
office was given a copy of the 100% design drawings for the landfill 5 cell 3 
cap. We will send you a copy of the specifications after we receive your 
comments for incorporation into the final design. We request that you review 
and approve the documents as quickly as possible in order for us to be able to 
advertise the project by 15 Aug 92. We will not proceed without your comments 
and approval of the design. 

The design and specifications are being submitted as an amendment to the 
initial closure plan approved by NMED in 1989. This facility is being closed 
under interim status and will not operate as a TSD unit. 

If you have any questions, please contact Mr Jim Richards or Mr Bruce Hale at 
(505) 784-4639. 

Sincerely 

~~ 
DAVID E. BENSON, Colonel, USAF cc: COE Tulsa 
Commander, 27th Support Group COE Albuquerque 
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Solicitation No. DACA47-92-B-0045 

BIDDING SCHEDULE 
(To be attached to SF 1442) 

Item 
No. Description 

1. Landfill Cover, Complete 

2. All Other Work Not 
Separately Listed 

3. Final As-Built 
Drawings 

TOTAL AMOUNT 

NOTES: 

Estimated 
Quantity 

Job 

Job 

Job 

1. Bidders must bid on all items. 

2. ARITHMETIC DISCREPANCIES: (APR 1984) 

Unit 
Unit 
Price 

*** 

*** 

*** 

Estimated 
Amount 

$ __________ _ 

$ __________ _ 

$ 1000 00 

$ ____________ __ 

(a) For the purpose of initial evaluation of bids, the following will be 

utilized in resolving arithmetic discrepancies found on the face of the bidding 

schedule as submitted by bidders: 

(1) Obviously misplaced decimal points will be corrected; 

(2) Apparent errors in addition of lump sum and extended prices 

will be corrected. 

(b) For the purposes of bid evaluation, the Government will proceed on the 

assumption that the bidder intends his bid to be evaluated on the basis of the 

unit prices, extensions, and totals arrived at by resolution of arithmetic 

discrepancies as provided above and the bid will be so reflected on the abstract 

of bids. (EFAR 14.201/90) 

3. If a modification to a bid based on unit prices is submitted, which provides 

for a lump sum adjustment to the total estimated cost, the application of the 

lump sum adjustment to each unit price in the bid schedule must be stated. If 

it is not stated, the bidder agrees that the lump sum adjustment shall be applied 

on a pro rata basis to every unit price in the bid schedule. 
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4. PROGRESS PAYMENT REQUESTS made by the Contractor pursuant to the prov1s1ons 

of Contract Clause, PAYMENTS UNDER FIXED-PRICE CONSTRUCTION CONTRACTS, shall be 

. submitted on ENG FORM 93 to the billing office . as designated on Block 26, 

Standard Form 1442, Solicitation, Offer and Award, back. ENG FORM 93 shall be 

submitted to that office on the 1st of each month in appropriate form and 

certified. A copy of ENG FORM 93 and Certification (SWA 739-R) are attached at 

the end of the Contract Clauses. Xeroxed copies of the form -shall be furnished 

on that same date to the Corps of Engineers offices designated at the 

Pre-Construction Conference. 

BS-2 
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Specifications: Landfill 5, Cell 3, Soil Cap, CAFB 

SECTION 00800 

SPECIAL CLAUSES 

1. COMMENCEMENT, PROSECUTION AND COMPLETION OF 'WORK (FAR 52.212-3) (APR 1984). 

(a) The Contractor shall be required to (a) commence work under this 

contract within ten (10) calendar days after the date the Contractor receives 

notice to proceed, (b) prosecute the work diligently, and (c) complete the entire 

work ready for use not later than the dates or number of calendar days after the 
date of receipt by him of notice to proceed set forth in the schedule below, 

except as specified in the turfing sections and final as-built drawings, which 

will be accomplished as specified below: 

Item of 'Work 

(1) All work 

(2) Final As-Built Drawings 

SCHEDULE 

Commencement 
Time in 

Calendar Days 
After Receipt 

of Notice 
To Proceed 

120 

* * 

Liquidated 
Damages 

Per Calendar 
Day 

197.00 

* 
*The Contractor shall commence work on final as-built drawings upon his receipt 

of the approved preliminary as-built drawings and the reproducible original 

contract drawings. The Contractor shall have 60 calendar days after such receipt 

to complete and return to the Con~racting Officer all specified final as-built 

drawing work. Upon satisfactory completion of this work the Contractor shall 

have earned the amount shown for Final As-Built Drawings in the Bid Schedule. 

(b) The time stated for completion shall include final cleanup of the 

premises. 

2. LIQUIDATED DAMAGES -CONSTRUCTION (FAR 52.212-5) (APR 1984). 

(a) If the Contractor fails to complete the work within the time specified 

in the contract, or any extension, the Contractor shall pay to the Government as 

liquidated damages, the sum stated in Clause l(a) above for each day of delay. 

for completing the work on this contract, exclusive of the work in the Section, 

ESTABLISHMENT OF TURF. 

(b) If the Government terminates the Contractor's right to proceed, the 

resulting damage will consist of liquidated damages until such reasonable time 

as may be required for final completion of the work together with any increased 

costs occasioned the Government in completing the work. 
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(c) If the Government does not terminate the Contractor's right to 

proceed, the resulting damage will consist of liquidated damages until the work 

_is completed or accepted. 

3. CONTRACT DRAWINGS, MAPS, AND SPECIFICATIONS (DFAR 252. 236-7001) (DEC 1991): 

(a) The Government 

(1) Will provide the Contractor, without charge, one (1) set of 

reduced scale and one (1) set of large scale reproducible contract drawings and 

five (5) sets of specifications except publications incorporated into the 

technical provisions by reference; 

(b) The Contractor shall 

(1) Check all drawings furnished immediately upon receipt; 

(2) Compare all drawings and verify the figures before laying out the 

work; 

(3) Promptly notify the Contracting Officer of any discrepancies; and 

(4) Be responsible for any errors which might have been avoided by 

complying with this paragraph (b). 

(c) Large scale drawings shall, in general, govern small scale drawings. 

Figures marked on drawings shall, in general, be followed in preference to scale 

measurements. 

(d) Omissions from the drawings or specifications or the misdescription 

of details of work which are manifestly necessary to carry out the intent of the 

drawings and specifications, or which are customarily performed, shall not 

relieve the Contractor from performing such omitted or misdescribed details of 

the work, but shall be performed as if fully and correctly set forth and 

described in the drawings and specifications. 

(e) The work shall conform to the specifications and the contract drawings 

identified on the following index of drawings: 

00800-2 
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CONTRACT DRAWINGS 
LANDFILL 5, CELL 3 

SOIL CAP, CAFB 

Sequence I 
I 

No. I Title 

1 The list of drawings and maps set out in the index 

on the drawings is hereby incorporated by reference 

thru into these specifications. 

5 Schedules included in the drawings are for the purpose 

of defining requirements other than quantities. 

4. TIME EXTENSIONS FOR UNUSUALLY SEVERE WEATHER (ER 415-1-15) (OCT 1989). 

(a) This provision specifies the procedure for the determination of time 

extensions for unusually severe weather in accordance with the Contract Clause 

entitled "DEFAULT (FIXED PRICE CONSTRUCTION)". In order for the Contracting 

Officer to award a time extension under this clause, the following conditions 

must be satisfied: 

1. The weather experienced at the project site during the contract 

period must be found to be unusually severe, that is, more severe than the 

adverse weather anticipated for the project location during any given month. 

2. The unusually severe weather must actually cause a delay to the 

completion of the project. The delay must be beyond the control and without the 

fault or negligence of the Contractor. 

(b) The following schedule of monthly anticipated adverse weather delays 

is based on National Oceanic and Atmospheric Administration (NOAA) or similar 

data for the project location and will constitute the base line for monthly 

weather time evaluations. The Contractor's progress schedule must reflect these 

anticipated adverse weather delays in all weather dependent activities. 

JAN FEB 

7 6 

Monthly Anticipated Adverse Weather Delay 
Work Days Based on (5) Day Work Week 

MAR APR MAY JUN JUL AUG SEP OCT 

5 5 5 7 5 7 4 4 

NOV DEC 

5 8 

(c) Upon acknowledgement of the Notice to Proceed (NTP) and continuing 

throughout the contract, the Contractor will record on the daily CQC report, the 

occurrence of adverse weather and resultant impact to normally scheduled work. 

Actual adverse weather delay days must prevent work on critical activities for 

50 percent or more of the Contractor's scheduled work day. 
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(d) The number of actual adverse weather delay days shall include days 

impacted by actual adverse weather (even if adverse weather occurred in previous 

month), be calculated chronologically from the first to the last day of each 

month, and be recorded as full days. If the number of actual adverse weather 

delay days exceeds the number of days anticipated in paragraph B, above, the 

Contracting Officer will convert any qualifying delays to calendar days, giving 

full consideration for equivalent fair weather work days, and issue a 

modification in accordance with the contract clause entitled "Default (Fixed 

Price Construction)." 

5. PERFORMANCE OF WORK BY CONTRACTOR (FAR 52.236-1) (APR 1984). The 

Contractor shall perform on the site, and with its own organization, work 

equivalent to at least twenty-five percent (25%) of the total amount of work to 

be performed under the contract. This percentage may be reduced by a 

supplemental agreement to this contract if, during performing the work, the 

Contractor requests a reduction and the Contracting Officer determines that the 

reduction would be to the advantage of the Government. 

6. PHYSICAL DATA (FAR 52.236-4) (APR 1984). Data and information furnished 

or referred to below is for the Contractor's information. The Government shall 

not be responsible for any interpretation of or conclusion drawn from the data 

or information by the Contractor. 

(a) The indications of physical conditions on the drawings and in the 

specifications are the result of site investigations by surveys and as shown on 

the drawings. 

(b) Weather Conditions: 

(1) Climate: The climate is continental and is characterized by 

abundant sunshine, low relative humidities and considerable ranges of annual and 

diurnal temperatures. 

(2) Precipitation: The average annual precipitation is 13.42 inches. 

The maximum annual rainfall of 29.56 inches occurred in 1941. The maximum 

monthly rainfall os 8.66 inches occurred in September 1941. The maximum 24-hour 

rainfall of 4.35 inches also occurred in September 1941. The average annual 

snowfall is 13.6 inches. The highest average monthly snowfall is 3.5 inches and 

is in December. 

(3) Temperature: Average monthly maximum temperatures range from 

51.6 degrees F in January to 92.5 degrees in July. Average monthly minimum 

temperature range from 24.5 degrees in January to 66. 9 degrees in July. 

Temperature extremes are minus 20.0 degrees and 110.0 degrees. 

(4) Relative Humidity: Monthly average relative humidities at 4:00 

p.m. range from 54 percent in January to 32 percent in June. 

(5) Wind: Wind speeds are normally moderate although relatively 

strong winds often accompany frontal activity during late winter and spring 

months. Wind speeds that may exceed 30 m.p.h. are not uncommon. 
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(6) Frost Data: Frost free periods vary from 177 days to 229 days 

per year and average 205 days per year. The average date of the last killing 

frost in the spring is 11 April. The average date of the first killing frost in 

the autumn is 2 November. 

7. LAYOUT OF WORK (1965 APR OCE): 

(a) The Government has laid out the work on the drawings from existing 

physical features. The Contractor shall lay out the work under this contract 

using the same features. 

8. INSURANCE- WORK ON A GOVERNMENT INSTALLATION (FAR 52.228-5) (APR 1984). 

See Contract Clause with above title. 

Schedule of Insurance 

Employers' Liability Insurance 

Comprehensive General Liability 
Insurance: 
Bodily Injury 

Comprehensive Automobile Liability 
Insurance: 
Bodily Injury 
Bodily Injury 
Property Damage 

Amount 

$100,000.00 

$500,000.00 per occurrence 

$200,000.00 per person 
$500,000.00 per occurrence 
$ 20,000.00 per occurrence 

Workmen's Compensation in accordance with the laws of the State of New Mexico. 

9. EQUIPMENT OWNERSHIP AND OPERATING EXPENSE SCHEDULE (EFARS 

31.105(d)(2)(i)(A)): 

(a) Allowable cost for construction and marine plant and equipment in 

sound workable condition owned or controlled and furnished by a contractor or 

subcontractor at any tier shall be based on actual cost data when the Government 

can determine both ownership and operating costs for each piece of equipment or 

equipment groups of similar serial and series from the Contractor's accounting 

records. When both ownership and operating costs cannot be determined from the 

Contractor's accounting records, equipment costs shall be based upon the 

applicable provisions of EP 1110-1-8, "CONSTRUCTION EQUIPMENT OWNERSHIP AND 

OPERATING EXPENSE SCHEDULE", Region VI. Working conditions shall be considered 

to be average for determining equipment rates using the schedule unless specified 

otherwise by the Contracting Officer. For equipment not included in the 

schedule, rates for comparable pieces of equipment may be used or a rate may be 

developed using the formula provided in the schedule. For forward pricing, the 

schedule in effect at the time of negotiations shall apply. For retrospective 

pricing, the schedule in effect at the time the work was performed shall apply. 

(b) Equipment rental costs are allowable, subject to the provisions of FAR 
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31.105(d)(ii) and FAR 31.205-36 substantiated by certified copies of paid 

invoices. Rates for equipment rented from an organization under common control, 

lease-purchase or sale-leaseback arrangements will be determined using the 

schedule except that rental costs leased from an organization under common 

control that has an established practice of leasing the same or similar equipment 

to unaffiliated lessees are allowable. Costs for major repairs and overhaul are 

unallowable. 

(c) When actual equipment costs are proposed and the total amount of the 

pricing action is over $25, 000, cost or pricing data shall be submitted on 

Standard Form 1411, "Contract Pricing Proposal Cover Sheet". By submitting cost 

or pricing data, the Contractor grants to the Contracting Officer or an 

authorized representative the right to examine those books, records, documents 

and other supporting data that will permit evaluation of the proposed equipment 

costs. After price agreement, the Contractor shall certify that the equipment 

costs or pricing data submitted are accurate, complete and current. 

10. INCLUSION OF LABOR PROVISIONS IN SUBCONTRACTS (SWDOC, Ltr No. 86-3, 3 Sep 

86). To show compliance with Contract Clause, "SUBCONTRACTS", the Contractor 

shall, within seven days after award of any subcontract either by himself or a 

subcontractor of any tier, deliver to the Contracting Officer a completed 

Standard Form 1413. Nothing contained in this clause or any other provision of 

this contract shall create any contractual relation between any subcontractor and 

the Government. 

- END OF SPECIAL CLAUSES -
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SECTION 01000 

GENERAL REQUIREMENTS 

1. SUPERVISION BY THE CONTRACTOR. The following requirements, in addition to 

those contained in the Contract Clause entitled: SUPERINTENDENCE BY CONTRACTOR, 

shall be met by the Contractor: 

1.1 Authority of Contractor Representative. The site representative appointed 

by the Contractor and approved by the Contracting Officer shall, as a minimum, 

have the following authority: 

1.1.1 To negotiate and execute Supplemental Agreements having a value up to 

$100,000. 

2. AGE AND VALUE OF EQUIPMENT. If requested by the Contracting Officer, the 

Contractor shall provide documentation to establish the age and value of any 

equipment being utilized to perform work under this contract. 

3. WORK SCHEDULE. If the Contractor intends to work outside the normal 40 

hour Monday through Friday work week, he shall notify the Contracting Officer one 

full workday (Monday - Friday) in advance. 

- - 0 0 0 - -

01000-1 



SECTION 01100 

ENVIRONMENTAL PROTECTION 

1. SCOPE: The work covered by this section consists of furnishing all labor, 
materials and equipment and performing all work required for the prevention of 
environmental pollution during and as the result of construction operations under 
this contract except for those measures set forth in other Technical Provisions 
of these specifications. For the purpose of this specification environmental 
pollution is defined as the presence of chemical, physical, or biological 
elements or agents which adversely affect human health or welfare; unfavorably 
alter ecological balances of importance to human life; affect other species of 
importance to man; or degrade the utility of the environment for aesthetic and 
recreational purposes. The control of environmental pollution requires 
consideration of air, water, and land, and involves noise, solid waste-management 
and management of radiant energy and radioactive materials, as well as other 
pollutants. 

2. APPLICABLE REGULATIONS: In order to prevent, and to provide for abatement 
and control of, any environmental pollution arising from the construction 
activities of the Contractor and his subcontractors in the performance of this 
contract, they shall comply with all applicable Federal, State, and local laws, 
and regulations concerning environmental pollution control and abatement, and all 
applicable provisions of the Corps of Engineers EM 385-1-1, entitled "Safety and 
Health Requirements Manual" as well as the specific requirements stated in this 
section and elsewhere in the contract specifications. 

3. NOTIFICATION: The Contracting Officer will notify the Contractor in 
writing of any observed non-compliance with the foregoing provisions. The 
Contractor shall, after receipt of such notice, immediately take corrective 
action. Such notice, when delivered to the Contractor or his authorized 
representative at the site of the work, shall be deemed sufficient for the 
purpose. If the Contractor fails or refuses to promptly take corrective action, 
the Contracting Officer may issue an order stopping all or part of the work until 
satisfactory corrective action has been taken. No part of the time.lost due to 
any such stop orders shall be made the subject of a claim for extension of time 
or for excess costs or damages by the Contractor unless it was later determined 
that the Contractor was in compliance. 

4. SUBCONTRACTORS: Compliance with the provisions of this section by 
subcontractors will be the responsibility of the Contractor. 

5. IMPLEMENTATION: Prior to commencement of the work the Contractor will: 

(1) submit in writing his proposals for implementing the provisions of 
this section and other sections of these specifications for environmental 
pollution control; 

(2) meet with representatives of the Contracting Officer to develop 
mutual understandings relative to compliance with these provisions and 
administration of the environmental pollution control program. 
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6. PROTECTION OF LAND RESOURCES: 

6.1 General: The land resources within the property of the Government but 

outside the limits of permanent work performed under this contract shall be 

preserved in their present condition or be restored to a condition after 

completion of construction that will appear to be natural and not detract from 

the appearance of the project. Insofar as possible, the Contractor shall confine 

his construction activities to areas defined by the plans or specifications, to 

areas to be cleared for other operations, or to quarry, borrow or waste areas 

indicated on the plans. At the onset of borrow excavation, topsoil shall be 

saved for use in restoring the borrow area. Waste and borrow areas shall be 

leveled or trimmed to regular lines and shaped to provide a neat appearance. In 

all instances the restored area shall be well drained, so as to prevent the 

accumulation of stagnant water. The following additional requirements are 

intended to supplement and clarify the requirements of Contract Clauses entitled 

PROTECTION OF EXISTING VEGETATION, STRUCTURES, EQUIPMENT, UTILITIES, AND 

IMPROVEMENTS; OPERATIONS AND STORAGE AREAS; and CLEANING UP. 

6.2 Prevention of Landscape Defacement: Except in areas shown on the plans 

or specified to be cleared, the Contractor shall not deface, injure, or destroy 

trees or shrubs, nor remove or cut them without special authority from the 

Contracting Officer. Trees designated to be saved shall be protected from either 

excavation or filling within the root zone closer than the normal drip line of 

the tree. No ropes, cables, or guys shall be fastened to or attached to any 

existing trees for anchorages unless specifically authorized by the Contracting 

Officer. Where such special emergency use is permitted, the Contractor shall 

first adequately wrap the trunk with a sufficient thickness of burlap or rags 

over which softwood cleats shall be tied before any rope, cable, or wire is 

placed. The Contractor shall in any event be responsible for any damage 

resulting from such use. Where, in the opinion of the Contracting Officer, trees 

may possibly be defaced, bruised, injured, or otherwise damaged by the 

Contractor's equipment or by his blasting, dumping, or other operations, he may 

direct the Contractor to protect adequately such trees by placing boards, planks, 

or poles around them. When earthwork operations are liable, in the opinion of 

the Contracting Officer, to cause rock to roll or otherwise be displaced into 

uncleared areas, the Contractor shall construct barriers to protect the trees. 

Rocks that are displaced into uncleared areas shall be removed. Monuments, 

markers, and works of art shall be protected similarly before beginning 

operations near them. 

6.3 Restoration of Landscape Damage: Any trees or other landscape feature 

scarred or damaged by the Contractor's equipment or operations shall be restored 

as nearly as possible to original condition at the Contractor's expense. The 

Contracting Officer will decide what method of restoration shall be used, and 

whether damaged trees shall be treated or removed and disposed of under 

requirements for clearing and grubbing. All scars made on trees (not designated 

on the plans to be removed) by equipment, construction operations, or by the 

removal of limbs larger than l-inch in diameter shall be coated as soon as 

possible with an approved tree wound dressing. All trimming or pruning shall be 

performed in an approved manner by experienced workmen with saws or pruning 

shears. Tree trimming with axes will not be permitted. Where tree climbing is 

necessary, the use of climbing spurs will not be permitted. The use of climbing 
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ropes will be required by the Contracting Officer where deemed necessary for 

safety. Trees that are to remain, either within or outside established clearing 

limits, that are subsequently damaged by the Contractor and are beyond saving in 

the opinion of the Contracting Officer, shall be immediately removed and replaced 

with nursery-grown trees of the same species and size approved by the Contracting 

Officer. 

6. 4 Location of Temporary Field Offices, Storage, and Other Construction 

Buildings: The location on Government property of the Contractor's temporary 

field office, storage, and other construction buildings, required temporarily in 

the performance of the work, shall be upon cleared portions of the job site or 

areas to be cleared, and shall require written approval of the Contracting 

Officer. The preservation of the landscape shall be an imperative consideration 

in the selection of all sites and in the construction of buildings. Plans 

showing temporary field office, storage, and other construction buildings shall 

be submitted for approval of the Contracting Officer. Where buildings or tent 

platforms are constructed on sidehills, the Contracting Officer may require 

cribbing to be used to obtain level foundations. Benching or leveling of earth 

may not be allowed, depending on the location of the proposed facility. 

6. 5 Temporary Excavation and Embankments: If the Contractor proposes to 

construct temporary roads or embankments and excavations for plant and/or work 

areas, he shall submit the following for approval at least thirty (30) days prior 

to scheduled start of such temporary work. 

6.5.1 A layout of all temporary roads, excavations, and embankments to be 

constructed within the work area. 

6.5.2 Details of road construction. 

6.5.3 Details of the completed quarry or borrow excavation. 

6.5.4 Plans and cross sections of proposed embankments and their foundations, 

including a description of proposed materials. 

6.5.5 A landscaping plan prepared by a competent landscape architect showing 

the proposed restoration of the area. Removal of any necessary trees and shrubs 

outside the limits of required clearing or quarry, borrow, or waste areas shall 

be indicated. The plan shall also indicate location of required guard posts or 

barriers required to control vehicular traffic passing close to trees and shrubs 

to be maintained undamaged. The plan shall provide for the obliteration of 

construction scars as such and shall provide for a reasonably natural appearing 

final condition of the area. Modification of the Contractor's plans shall be made 

only with the written approval of the Contracting Officer. No unauthorized road 

construction, excavation or embankment construction (including disposal areas) 

will be permitted. 

6. 6 Post-Construction Cleanup or Obliteration: The Contractor shall 

obliterate all signs of temporary construction facilities such as haul roads, 

work areas, structures, foundations of temporary structures, stockpiles of excess 

or waste materials, or any other vestiges of construction, as directed by the 

Contracting Officer. It is anticipated that excavation, filling, and plowing of 
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roadways will be required to restore the area to near natural conditions which 

will permit the growth of vegetation thereon. The disturbed areas shall be 

.graded and filled as required, sufficient topsoil .shall be spread to provide a 

minimum depth of 4 inches of suitable soil for the growth of grass, and the 

entire area seeded. Restoration to original contours is not required. 

7. PROTECTION OF HISTORICAL AND ARCHEOLOGICAL RESOURCES: 

7.1 Preservation of Existing Historical, Archeological, and Cultural 

Resources: Any known existing historical, archeological and cultural resources 

within the Contractor's work area are designated on the contract drawings. The 

Contractor shall take precautions during this contract to preserve all resources 

as they existed at the time of contract award. The Contractor shall install all 

protective devices such as off limits markings, fencing, barricades or other 

devices as designated on the contract drawings and shall be responsible for 

preservation of the sites during this contract. 

7.2 Recording and Preserving Historical and Archeological Finds: All items 

having any apparent historical or archeological interest outside of designated 

areas which are discovered in the course of any construction activities shall be 

carefully preserved. The Contractor shall leave the archeological find 

undisturbed and shall flag an area of 50 feet radius around the find, and shall 

immediately report the find to the Contracting Officer so that the proper 

authorities may be notified. Any work required to preserve or protect these 

finds will be accomplished by change order under the clause entitled CHANGES of 

the CONTRACT CLAUSES. 

8. PROTECTION OF WATER RESOURCES: 

8.1 General: The Contractor shall not pollute streams, lakes, or reservoirs 

with fuels, oils, bitumens, calcium chloride, acids, construction wastes, or 

other harmful materials. It is the responsibility of the Contractor to 

investigate and comply with all applicable Federal, State, County, and Municipal 

laws concerning pollution of rivers and streams. All work under the contract 

shall be performed in such a manner that objectionable conditions will not be 

created in lakes, reservoirs, or streams through or adjacent to the project 

areas. 

8.2 Erosion Control: Prior to start of construction the Contractor shall 

submit a plan for approval of the Contracting Officer showing his scheme for 

controlling erosion and disposing of wastes. Surface drainage from cuts and 

fills within the construction limits, whether or not completed, and from borrow 

and waste disposal areas, shall, if turbidity producing materials are present, 

be held in suitable sedimentation ponds, or the areas shall be graded to control 

erosion within acceptable limits. Temporary erosion and sediment control 

measures such as berms, dikes, drains, or sedimentation basins, if required to 

meet the above standards, shall be provided and maintained until permanent 

drainage and erosion control facilities are completed and operative. The area 

of bare soil exposed at any one time by construction operations shall be held to 

a m~n~mum. Unless otherwise approved by the Contracting Officer, the Contractor 

shall apply as soon as practicable an approved temporary mulch on denuded ground. 

This shall apply to all areas not subject to appreciable traffic during 
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construction, including areas that are to receive some form of construction 

later, if ground is to be exposed 60 days or more. Stream crossings by fording 

with equipment shall be limited to control turbidity and in areas of frequent 

·crossings temporary culverts or bridge structures shall be installed. Any 

temporary culverts or bridge structures shall be removed upon completion of the 

project. Fills and waste areas shall be constructed by selective placement to 

eliminate to the extent practicable silts or clays on the surface that will erode 

and contaminate adjacent streams or lakes. 

8.3 Spillages: Special measures shall be taken to prevent chemicals, fuels, 

oils, greases, bituminous materials, waste washings, herbicides and insecticides, 

and cement from entering streams, rivers, or lakes. 

8.4 Disposal: Disposal of any materials, wastes, effluents, trash, garbage, 

oil, grease, chemicals, etc., in areas adjacent to streams shall be subject to 

the approval of the Contracting Officer. If any waste material is dumped in 

unauthorized areas the Contractor shall remove the material and restore the area 

to the condition of the adjacent undisturbed area. If necessary, contaminated 

ground shall be excavated, disposed of as directed by the Contracting Officer, 

and replaced with suitable fill material, compacted and finished with topsoil all 

at the expense of the Contractor. 

9. PROTECTION OF FISH AND WILDLIFE: The Contractor shall at all times perform 

all work and take such steps required to prevent any interference or disturbance 

to fish and wildlife. The Contractor will not be permitted to alter water flows 

or otherwise disturb native habitat adjacent to the project area which, in the 

opinion of the Contracting Officer, are critical to fish or wildlife. Fouling 

or polluting of water will not be permitted. Wash waters and wastes shall be 

processed, filtered, ponded, or otherwise treated prior to their release into a 

river or other body of water. 

10. CLEAN-UP: The Contractor shall furnish daily janitorial services for the 

temporary field office, storage, and other construction buildings on the project 

site and perform any required maintenance of facilities and grounds as deemed 

necessary by the Contracting Officer during the entire life of the contract. 

Toilet facilities shall be kept clean and sanitary at all times. Services shall 

be performed at such a time and in such a manner to least interfere with the 

operations but will be accomplished only when the buildings are occupied. 

Services shall be accomplished to the satisfaction of the Contracting Officer. 

The Contractor shall also provide daily trash collection and cleanup of the 

buildings and adjacent outside areas and snow removal in season, and shall 

dispose of all discarded debris, aggregate samples and concrete test samples in 

a manner approved by the Contracting Officer. 

11. BURNING: No material shall be burned at the project site unless otherwise 

specified in other sections of these specifications or authorized by the 

Contracting Officer. 

12. DUST CONTROL: The Contractor will be required to maintain all 

excavations, embankments, stockpiles, haul roads, permanent access roads, plant 

sites, waste areas, borrow areas, and all other work areas within or without the 

project boundaries free from dust which would cause a hazard or nuisance to 
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others. Approved temporary methods of stabilization consisting of sprinkling, 

chemical treatment, light bituminous treatment or similar methods will be 

. permitted to control dust. Sprinkling, to be approved, shall be repeated at such 

intervals as to keep all parts of the disturbed area at least damp at all times, 

and the Contractor shall have sufficient competent equipment on the job to 

accomplish this if sprinkling is used. Dust control shall be performed as the 

work proceeds and whenever a dust nuisance or hazard occurs. 

13. MAINTENANCE OF POLLUTION CONTROL FACILITIES DURING CONSTRUCTION: During 

the life of this contract the Contractor shall maintain all facilities 

constructed for pollution control under this contract as long as the operations 

creating the particular pollutant are being carried out or until the material 

concerned has become stabilized to the extent that pollution is no longer being 

created. During the construction period the Contractor shall conduct frequent 

training courses for his maintenance personnel. The curricula shall include 

methods of detection of pollution, familiarity with pollution standards, and 

installation and care of vegetation covers, plants, and other facilities to 

prevent and correct environmental pollution. 

14. PESTICIDES (INSECTICIDES, FUNGICIDES, HERBICIDES, ETC.): Application of 

all pesticides shall be accomplished by certified pest control personnel or under 

the supervision of a certified pest control operator. Delivery and storage of 

pesticides will be monitored by certified personnel to insure the adequacy of 

containers and the safe storage of toxic materials. Disposal of containers and 

chemicals will be monitored to prevent pollution of natural drainage systems. 

- - 0 0 0 - -
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SECTION 01110 

ENVIRONMENTAL PROTECTION SPECIAL PROVISIONS 

1. INTRODUCTION 

1.1 This section describes the Contractor's responsibilities and obligations to 

provide for protection from hazardous waste and chemical accidents and spills. 

The potential for accumulated long-term effects even from seemingly small 

incidents can be considerably grave, and all spills shall be regarded as critical 

regardless of size. No matter where a spill incident occurs, some "local" 

jurisdiction (municipal, State, and Federal land management) has an obligation 

to protect the public and the environment. The Contractor must be familiar with 

the local regulations regarding spills. Environmental Protection shall include 

maintaining the integrity of air, water land, and natural resources and ensuring 

protection against toxic and conventional contaminants, noise and other 

pollutants. 

1.2 The Contractor shall have on his staff a trained team capable of dealing 

with a spill. Free training for personnel is usually available from the U.S. 

EPA, State environmental agencies, or a fire marshal or fire academy. 

1. 3 All spills occurring during the construction of this project must be 

reported to the respective authorities, and the Contractor shall bear all costs 

and liabilities that may arise due to an accident or a spill outside the 

construction site. If hazardous waste or hazardous waste constituents are 

discharged, the Contractor shall take appropriate, immediate action (including 

notifications) to protect human health and the environment. 

1.4 DISPOSAL. In compliance with Federal, State, and local regulations that 

require protection of the environment from mishandling and mismanagement of waste 

disposal practices, any waste material dumped by the Contractor in an authorized 

and/or unauthorized area and/or causing any form of contamination shall be 

removed and the area(s) restored to its (their) original condition(s) at the time 

specified by the Contracting Officer and at the Contractor's expense. Open 

burning shall not be permitted. All costs and liabilities due to illegal or 

mishandled activities must be borne by the Contractor. 

1.5 HAZARDOUS WASTE. Disposal practices used must avoid any potential for 

ground or surface water contamination and shall follow the requirements for 

loading, hauling, transportation, and disposal specified by Federal, State, and 

local regulatory authorities. If a spill occurs and contaminates the ground, all 

contaminated soil shall be excavated, disposed of, and replaced with suitable, 

fill material, and the area shall be compacted, all at the expense of the 

Contractor. All contaminated debris shall be disposed of off site in an EPA 

approved disposal area. Transport vehicles shall be designed to prevent spills 

and contamination of the environment. Any liabilities that might occur during 

transportation are the responsibility of the Contractor. 

- - 0 0 0 - -
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SECTION 01300 

SUBMITTALS 

PART 1 - GENERAL 

1.1 GENERAL: Within 10 days after receipt of notice to proceed, the 

Contractor shall complete and submit to the Contracting Officer, for approval, 

two computer printouts and one floppy disc of the submittal register listing all 

submittals and dates, if available. In addition to those items listed in the 

register, the Contractor will furnish submittals for any deviation from the plans 

or specifications. Scheduling shall be coordinated with the approved progress 

schedule. The Contractor's Quality Control representative shall review the 

listing with the Project Engineer at least every 30 days and take appropriate 

action to maintain an effective system. 

1.2 The Government will make available to the Contractor a disc containing an 

IBM compatible data base management system for submittal of the original 

submittal register and 30 day updates. This system requires DBase III+ for 

operation. DBase III+ will not be made available by the Government. (Refer to 

DBase software for hardware requirements.) The documentation for the Government 

system will also be made available. The Contractor may propose an alternate 

computerized system for Government approval. This system must be menu driven, 

including a menu screen that guides the user through the options, an input screen 

that prompts the user for information and all screens should display instructions 

to assist the user. This system must be able to produce the following reports: 

1. All disapproved submittals; 2. All submittals due within two weeks after any 

reference date; 3. All submittals currently due and not received; 4. All 

submittals that have been under review for less than 22 days; 5. All submittals 

that have been under review more than 21 days. In addition the system must be 

capable of displaying to the screen or printer specified criteria, i.e. a 

transmittal by specification section, by transmittal number and disapproved 

transmittals. A user's guide/instruction must be provided along with any 

required software. Printing the report from the Government data base management 

system requires a printer capable of printing a 14-inch wide report. Normally, 

technical specifications are organized into three parts: 

PART 1 - GENERAL 
PART 2 - PRODUCTS 
PART 3 - EXECUTION 

1.2.1 A "Project Specific List of Submittals" listing equipment, material, and 

procedures for which submittals are required by the specifications, is attached 

at the end of this section. This listing is not considered to be all inclusive 

and shall not alleviate the Contractor from his responsibility to provide all 

submittals required in the technical sections. The Contracting Officer may also 

request submittals that are in addition to those covered in the technical 

sections. 

1. 3 PART 1 normally relates to the overall general requirements for the 

products listed in PART 2. The submittal register should be organized on the 

basis of products used for the construction process. Sometimes the GENERAL part 
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has items that are not product oriented. These include: instruction manuals, 
special skilled worker certification, coordination studies, special system 
drawings, and the listed shop drawing (SD) requirements. These should be 
separately submitted items. Products may be listed separately or as a group of 
products with one transmittal number. If a group of products are listed on an 
ENG Form 4025, each product should be given an item number. Then each product 
data sheet should be stamped with the same item number. 

1.4 Columns entitled "SCHEDULED SUBMITTAL TO COE" of the register shall be 
fully completed for each submittal item to show the data called for thereon. 
Need dates are not required until the schedule is approved. Columns entitled 
"REVIEWER'S NAME" and "DATE APPROVED/SIGNED" shall be left blank, see Paragraph 
1.6. 

1.5 Submittals on component items forming a system or that are interrelated 
shall be scheduled to be correlated and submitted concurrently. A minimum of 30 
calendar days, exclusive of mailing time, will be allowed on the register for 
review and approval of any items requiring Government approval. No delay damages 
or time extensions will be allowed for time lost due to late submission by the 
Contractor. 

1.6 The Government will review the Submittal Register for approval action. 
The column designated "Reviewer's Name" will also be completed by the Government. 
The Government will designate those to be submitted "For Information Only". 
These will be identified by an "I" in the column entitled "Reviewer's Name". A 
copy of the Submittal Register (printout), so marked in the "Reviewer's Name" 
column, will be returned to the Contractor. Those items marked "For Information 
Only" submittal shall be subject to review action by the Contracting Officer. 
Any such "For Information Only" submittals found to contain errors or omissions 
shall be resubmitted. No adjustment for time or money will be allowed for 
corrective action required as a result of noncompliance with plans and 
specifications. 

1.7 The approved register will become part of the contract and the Contractor 
will be subject to requirements therein. The Contractor shall revise and/or 
update the register every 30 days to take into account all changes in the 
contract and the current construction schedule. Copies_of updated or corrected 
registers shall be submitted to the Contracting Officer at least every 60 days 
in the same format and copies required for the original register. 

1.8 It is essential that submittals and current construction progress be 
thoroughly coordinated. The dates in columns under the heading "SCHEDULED 
SUBMITTAL TO COE" shall be realistic, and shall provide sufficient lead time for 
the respective construction activity (as indicated on the approved progress 
schedule). Failure to comply with this requirement will be cause for rejection 
of the Submittal Register. 

1.9 The Contractor shall submit all items listed on the contract drawings and 
listed or specified in Section 02000 and beyond of these specifications. The 
Contracting Officer may request submittals in addition to those listed when 
deemed necessary to adequately describe the work covered in the respective 

sections. Units of weight and measurements used on all submittals shall be the 
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same used in the contract drawings. Each submittal shall be complete and in 

sufficient detail for ready determination of compliance with the contract 

requirements. Prior to submittal, all items shall be checked and approved by the 

Contractor's Quality Control (C.Q.C.) Manager who shall certify by signature on 

the ENG Form 4025 that he has reviewed the submittal in detail and that it is 

correct and in strict conformance with the contract drawings and specifications 

except as may be otherwise explicitly stated. Submittals shall include such 

items as: Contractor's, manufacturer's or fabricator's drawings; HVAC control 

descriptions; descriptive literature including (but not limited to) catalogue 

cuts, diagrams, operation charts or curves; samples, O&M manuals including parts 

lists; certifications; warranties and other such required submittals. Submittals 

pertinent to materials and equipment which are specified to receive advance 

approval shall be scheduled and made prior to the acquisition or the delivery 

thereof. Each required submittal which is in the form of a drawing shall be 

submitted as one (1) reproducible and four (4) prints of the drawing for Division 

15 and 16 submittals, and one (1) reproducible and three (3) prints for all 

others. Drawing prints shall be either blue or black line permanent-type prints 

on a white background. Reproducibles shall be brownline diazo or sepia and shall 

be of such quality that prints made therefrom are sufficiently clear for 

microfilm copying. A shop drawing submitted without a reproducible drawing will 

not be reviewed and will be automatically returned. All catalog and descriptive 

data shall be submitted in 4 copies. Catalog cuts and other descriptive data 

which have more than one model, size, or type or which shows optional equipment 

shall be clearly marked to show the model, size, or type and all optional 

equipment which is proposed for approval. Submittals on component items forming 

a system or that are interrelated shall be submitted at one time as a single 

submittal in order to demonstrate that the items have been properly coordinated 

and will function as a unit. All submittals shall be mailed or delivered 

directly to the address shown below. 

Resident Engineer 
U.S. Army, Corps of Engineers 
Cannon Resident Office 
Cannon Air Force Base, NM 88103 

1.9.1 All samples, except for those required to be submitted to the Division 

Lab, shall be submitted to the Resident Engineer. In addition to the copies 

specified above, one courtesy copy of each submittal sent to the Albuquerque 

District Office should be forwarded to the Resident Engineer. 

1.10 The Transmittal Form (ENG 4025) attached to this Section shall be used 

for all submittals and shall be completed in strict accordance with the 

instructions on the reverse side thereof. This form shall be reproduced by the 

Contractor. (The instructions on the back need not be reproduced on the copies 

used by the Contractor in forwarding the submittals.) This form shall be 

properly completed by filling out all the heading blank spaces and identifying 

each item submitted. Special care should be exercised to insure proper listing 

of the specification paragraph and sheet number of the contract drawings 

pertinent to the data submitted for each item. A separate submittal form (ENG 

4025) shall be attached to each copy of the data being submitted. Only one 

specification section shall be addressed on a transmittal form except where 

required for system submittals. In addition, a Submittal Review Verification 

01300-3 



' . 

Sheet will accompany each copy of the submittal. The Submittal Review 

Verification Sheet is attached to this section and will be reproduced by the 

·Contractor. 

1.11 All proposed variations requested by the Contractor shall be checked in 

Column "g", and noted in the "Remarks" column of the ENG Form 4025. The 

Contractor shall set forth in writing the reason for any variation and annotate 

such variation on the shop drawing. The Government reserves the right to rescind 

inadvertent approval of shop drawings containing unnoted variations. 

1.11.1 Approval by the Contractor shall be accomplished by stamping each shop 

drawing sheet and by inserting the required information with a stamp similar to 

the following: 

SIGNATURE: 
TITLE: 
DATE: 

Approved. 

CONTRACTOR 
(Firm Name) 

Approved with corrections as noted on 
shop drawings and/or attached sheets. 

1.12 The approval of the submittals by the Contracting Officer or his 

authorized representative shall not be construed as a complete check, but will 

indicate only that the general . method of construction and detailing is 

satisfactory. Approval will not relieve the Contractor of the responsibility for 

any undiscovered error because the Contractor, under the Contractor Quality 

Control requirements of this contract, is responsible for the dimensions and 

design of adequate connections, details and satisfactory construction of all 

work. After submittals have been approved by the Contracting Officer or his 

authorized representative, no resubmittal for the purpose of substituting 

materials or equipment will be given consideration unless accompanied by an 

acceptable explanation as to why a substitution is necessary. 

1.13 The Contractor shall make all corrections required by the Contracting 

Officer or his authorized representative and promptly furnish a corrected 

submittal in the form and number of copies as specified for initial submittals. 

(If a submittal requires extensive revisions, it will be returned to the 

Contractor with comments by serial letter for correction prior to approval.) If 

the Contractor considers any correction indicated on the submittals to constitute 

a change to the contract, notice as required under the Contract Clause entitled 

"CHANGES" should promptly be given to the Contracting Officer. 

1.14 Payment for materials incorporated into the work will not be made if 

required approvals have not been obtained. 
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1.15 Any certificates required for demonstrating proof of compliance of 

materials with specification requirements shall be executed in 4 copies. Each 

certificate shall be signed by an official authorized to certify in behalf of the 

manufacturing company and shall contain the specific item trade name, and model 

number, if applicable. The certification shall contain the specification/test 

identification to which compliance is being certified. A general statement that 

item complies with all requirements is not acceptable. Copies of laboratory test 

reports submitted with certificates shall contain the name and address of the 

testing laboratory and the date or dates of the tests to which the report 

applies. Certification shall not be construed as relieving the Contractor from 

furnishing satisfactory material, if, after tests are performed on selected 

samples, the material is found not to meet the specific requirements. 

1.16 Each purchase order issued by the Contractor or his subcontractors for 

materials and equipment to be incorporated into the project shall (1) be clearly 

identified with the applicable DA contract number, (2) carry an identifying 

number, (3) be in sufficient detail to identify the material being purchased, (4) 

indicate a definite delivery date, and (5) display the DMS priority rating. 

Copies of purchase orders shall be furnished to the Contracting Officer when the 

Contractor requests assistance for expediting deliveries of equipment or 

materials, or when requested by the Contracting Officer for the purpose of 

quality assurance review. 

1.17 If the Contractor elects to install mechanical and/or electrical 

equipment of size, shape, or arrangement differing from those shown and specified 

in mechanical rooms with limited available space, he shall prepare and submit 

room plans for such mechanical rooms or similar areas. 

1.17.1 Submittals describing the various mechanical and electrical equipment 

items which are to be installed in the above described area(s) shall be assembled 

and submitted concurrently and accompanied by the room plans. If some items have 

already been submitted, their transmittal number shall be identified. 

1.17.2 Plans, consolidated for all trades, shall be to scale and shall show 

all pertinent structural features and other items such as doors, windows, and 

cabinets required for installation and which will affect the available space. 

All mechanical and electrical equipment and accessories shall be shown to scale 

in plan and elevation andjor section in their instailed positions. All duct work 

and piping shall be shown. All clear spaces required for equipment maintenance 

shall also be shown. 
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1.18 Performance Evaluation of Contractor. Since the Contractor's Quality 

Control personnel are required to review all submittals for contract compliance 

before forwarding to the Government, the Quality of Work and Effectiveness of 

·Management performance elements of the final Performance Evaluation will be based 

in part on the number of submittals disapproved by the Government. An 

unsatisfactory rating in any element may adversely effect future awards of 

Department of Defense contracts to the Contractor. 

PART 2 - PRODUCTS (NOT USED) 

PART 3 - EXECUTION (NOT USED) 

- - 0 0 0 
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SECTION 01310 

PROGRESS SCHEDULE 

1. CONTRACTOR-PREPARED CONSTRUCTION SCHEDULE. Pursuant to the Contract Clause 

entitled "SCHEDULE FOR CONSTRUCTION CONTRACTS" the Contractor shall prepare a 

schedule of construction utilizing a construction progress chart as described 

herein. 

1.1 Construction Progress Chart. Construction progress charts shall be 

prepared on ENG Form 2454. The Contractor shall submit three copies of the 

Construction Progress Chart for approval. No progress payments will be made 

without an approved progress chart. 

1.1.1 The Contractor shall prepare the chart with the following 

considerations. The contract work shall be divided into definable contract 

features. The WT. column should indicate the percentage of the contract for 

which each principal contract feature accounts. The vertical lines shall be 

identified by specific time frames, (i.e., weekly, bi-weekly, monthly) with one 

space accounting for no more than one month. The Contractor shall identify the 

date which Notice to Proceed is acknowledged on the chart. The Contractor shall 

also identify the contract completion date on the chart. 

1.1.2 The Contractor shall place bars on the chart to indicate scheduled 

progress for each feature of work. The Contractor shall note the anticipated 

percentage complete for each item at the end of each month and at the end of each 

scheduled block. 
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SECTION 01400 

CONTRACTOR QUALITY CONTROL SYSTEM 

1. CONTRACTOR QUALITY CONTROL (ER 1180-1-6) (JUL 1986). 

1.1 General. The Contractor shall establish and maintain an effective quality 

control system in compliance with the Contract Clause entitled "INSPECTION OF 

CONSTRUCTION". The quality control system shall consist of plans, procedures, 

and organization necessary to provide materials, equipment, workmanship, 

fabrication, construction and operations. 

1. 2 Coordination Meeting. Before start of construction, the Contractor shall 

meet with the Contracting Officer (CO) or his authorized representative (AGO) and 

discuss the Contractor's quality control system. 

1.3 Quality Control Plan: 

1. 3 .1 General. The Government will consider an interim plan for the first 15 

days of operation. However, the Contractor shall furnish for acceptance by the 

Government, not later than 10 days after receipt of Notice to Proceed, the final 

Contractor Quality Control (CQC) Plan with which he proposes to implement the 

requirements of Contract Clause entitled "Inspection of Construction". If the 

Contractor fails to submit an acceptable QC plan within the time herein 

prescribed, the CO or AGO may withhold funds from progress payments in accordance 

with the Contract Clause entitled "PAYMENTS UNDER FIXED-PRICE CONSTRUCTION 

CONTRACTS" until such time as the Contractor submits an acceptable final plan. 

1.3.2 The Quality Control Plan. This plan shall include as a minimum, the 

following: 

a. A description of the quality control organization, including a chart 

showing lines of authority and acknowledgement that the CQC staff shall implement 

the three phase control systems for all aspects of the work specified and shall 

report to the project manager or someone higher in the Contractor's organization. 

b. The name, qualifications, duties, responsibilities and authorities of each 

person assigned a QC function. 

1.3.3 Acceptance of Plan. Acceptance of the Contractor's plan is required 

prior to the start of construction. Acceptance is conditional and will be 

predicated on satisfactory performance during the construction. The Government 

reserves the right to require the Contractor to make changes in his CQC plan, 

staffing and operations as necessary to obtain the quality specified. 

1. 3. 4 Notification of Changes. After acceptance of the QC plan, the 

Contractor shall notify the CO in writing of any proposed change. Proposed 

changes require approval by the CO or AGO. 
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1.4 Quality Control Drganization. 

1.4.1 CQC System Manager. The Contractor shall identify an individual within 

his organization at the site of the work, who shall be responsible for overall 

management of CQC and have the authority to act in all CQC matters for the 

Contractor. This individual shall provide inspection of the work to ensure 

compliance with the contract plans and specifications. This ·person shall be on 

the job site at all times that work is in progress. This person shall have as a 

minimum: three (3) years verifiable experience at the construction skilled-craft 

foreman level or above; at least three (3) years verifiable experience as a 

construction Contractor Quality Control Representative. 

1.5 Submittals. Submittals shall be as specified in the Section 01300 

entitled "SUBMITTALS". 

1. 6 Control. Contractor Quality Control is how the Contractor assures himself 

that his construction complies with the requirements of the contract plans and 

specifications. The controls shall be adequate to cover all construction 

operations, including both onsite and offsite fabrication, and will be keyed to 

the proposed construction sequence. The controls shall include at least three 

phases of control for all definitive features of work as follows: 

1.6.1 Preparatory Phase. This shall be performed prior to beginning any work 

on any definable feature of work. It shall include a review of contract 

requirements; a check to assure that all materials and/or equipment have been 

tested, submitted and approved; a check to assure that provisions have been made 

to provide required control testing; examination of the work area to ascertain 

that all preliminary work has been completed; and a physical examination of 

materials and equipment. The Contractor shall attach copies of codes 

appropriately referenced in the Technical Provisions. The Contracting Officer's 

Authorized Representative (ACO) shall be notified at least 48 hours in advance 

of beginning of any of the required actions of the preparatory phase. The 

results of the preparatory phase 

actions shall be made a matter of record in the Contractor's Quality Control 

documentation as required below. Subsequent to the preparatory phase and prior 

to commencement of work, the Contractor shall instruct applicable workers as to 

the acceptable level of workmanship required in his CQC plan in order to meet 

contract specifications. 

1.6.2 Initial Phase. This phase starts as soon as a representative portion 

of the particular feature of work has been accomplished. This phase shall 

include examination of the quality of workmanship and a review of control testing 

for compliance with contract requirements. The work shall be inspected for use 

of defective or damaged materials, omissions, and dimensional requirements. The 

Contracting Officer's Representative shall be notified at least 24 hours in 

advance of the inspection of the initial phase. The inspection results shall be 

made a matter of record in the CQC documentation as required below. The initial 

phase should be repeated for each new crew to work on site, or if acceptable 

standards of workmanship are not being met. 
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1. 6. 3 Follow-Up-Phase. Daily inspections shall be performed to assure 

continuing compliance with contract requirements. The inspections shall be made 

a matter of record in the CQC documentation as required below. Final follow-up 

inspections shall be conducted and all deficiencies corrected prior to the start 

of additional features of work. 

2. DOCUMENTATION. 

2.1 The Contractor shall maintain current records of quality control 

operations, activities, and tests performed including the work of the 

subcontractors. These records shall be on an acceptable form and indicate a 

description of trades working on the project, the numbers of personnel working, 

the weather conditions encountered, any delays encountered, and acknowledgement 

of deficiencies noted along with the corrective actions taken on current and 

previous deficiencies. In addition, these records shall include factual evidence 

that required activities or tests have been performed, including but not limited 

to the following: 

a. Type and number of control activities and tests involved. 

b. Results of control activities or tests. 

c. Nature of defects, causes for rejection, etc. 

d. Proposed remedial action. 

e. Corrective actions taken. 

2. 2 These records shall cover both conforming and defective or deficient 

features and shall include a statement that supplies and materials incorporated 

in the work comply with the contract. Legible copies of these records shall be 

furnished to the CO daily. Preparatory and initial inspections will be 

documented on an approved form and submitted in duplicate with the quality 

control report for the day of inspection. 

2.3 Deficiency Log. The Contractor shall maintain at the site a deficiency 

log which includes entries of all deficiencies or departures from contract 

requirements in the work which the CQC and/or the Government Quality Assurance 

personnel have noted. The deficiency log shall include the following: 

a. Date deficiency noted. 

b. Name of person noting deficiency. 

c. CQC report number deficiency noted on. 

d. Brief description of deficiency. 

e. Date deficiency correction noted. 
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f. The Contractor shall submit for review the deficiency log to the Government 

at each monthly progress payment request and shall surrender permanently the 

.deficiency log to the Government at completion of the work but prior to final 

inspection. The deficiency log shall be made available to the Government for 

review at all times during the life of the contract. 

2. 4 The Contractor shall establish and implement a serialized numbering system 

for letters sent to the Government. The numbering system shall identify the 

contract number and shall progress sequentially starting with the number one (1) 

and continuing thereafter without break in numbering. All letters sent to the 

Government shall include a subject heading, which identifies the Contract Clause 

Number, Special Clause Number, or Technical Provision Number, and the particular 

subject item addressed by the letter. 

2.5 Notification of Noncompliance. The Contracting Officer will notify the 

Contractor of any noncompliance with the foregoing requirements. The Contractor 

shall, after receipt of such notice, immediately take corrective action. Such 

notice, when delivered to the Contractor or his representative at the site of the 

work, shall be deemed sufficient for the purpose of notification. If the 

Contractor fails or refuses to comply promptly, the Contracting Officer may issue 

an order stopping all or part of the work until satisfactory corrective action 

has been taken. No part of the time lost due to any such stop orders shall be 

made the subject of claim for extension of time or for excess costs or damages 

by the Contractor. 

--oOo--
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SECTION 01420 

SAFETY 

1. SAFETY. The Contractor shall comply with all applicable Federal laws and 

with such additional measures as the Contracting Officer may find necessary in 

accordance with the Contract Clause titled: ACCIDENT PREVENTION. Applicable 

provisions of the Corps of Engineers manual entitled Safety and Health 

Requirements Manual EM 385-1-1, dated April 1981, revised October 1987, will be 

applied to all work under this contract. The reference manual may be obtained 

from the Contracting Officer's Representative, at the job site. EM 385-1-1 is 

hereby changed in accordance with the paragraphs attached after this Section 

entitled "INTERIM CHANGE TO EM 385-1-1 - SAFETY AND HEALTH REQUIREMENTS MANUAL. 

1.1 Accident Prevention Program. Within fifteen (15) calendar days after 

receipt of Notice to Proceed, and at least ten (10) calendar days prior to the 

Safety Prework Conference, four (4) copies of the Accident Prevention Program 

required by the Contract Clause titled: ACCIDENT PREVENTION shall be submitted 

for review by the Contracting Officer. The program shall be prepared in the 

following format: 

1.1.1 SYA Form 705 "Accident Prevention Program" fully completed and signed 

by an officer of the company in Block No. 28. 

1.1. 2 SWA Form 704 "Job Hazard Analysis" fully completed and signed by an 

officer of the company. The job hazard analysis is a method in which those 

hazards most likely to cause a fatality or significant disability are analyzed. 

Corrective action is then planned in advance which will eliminate the hazards. 

A written analysis is required for each phase of work and shall be presented at 

the preparatory inspection (P/I) meeting. On large or complex jobs the first 

phases may be presented in detail with the submittal of the Accident Prevention 

Program rather than presenting the complete analysis initially. If the plan is 

to be presented in phases, a proposed outline for future phases must be submitted 

as a part of the initial Accident Prevention Program submittal. The Accident 

Prevention Program will be reviewed for timeliness and adequacy at least monthly 

by the Contractor and noted as such on the Contractor's Quality Control Report 

at that time. 

1.1.3 Copy of company policy statement on accident prevention and any other 

guidance or indoctrination provided to new employees. In addition, a description 

of the employee and supervisor safety responsibilities and authorities from the 

working level up through each supervisory level of the Contractor's organization 

shall be provided. 

1.1.4 In addition to those contained in EM 385-1-1, Appendix "Y", include the 

following items in the Accident Prevention Program: 

1.1.4.1 Hard Hat Area. A statement that the job site is classified a "hard 

hat" area from start to finish. 
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1.1. 4. 2 Sanitation and Medical Requirements. Estimate of the greatest number 

of employees, supervisors, etc., to be working at peak construction period, 

. including sub-contractor personnel. Include sanitation and medical facilities 

planned for the job site. 

1.1.4.3 Equipment Inspection. What type of inspection program on cranes, 

trucks, and other types of construction equipment does the Contractor plan to 

implement. Who will be responsible for the inspection and how does the 

Contractor plan to control equipment of sub-contractors and equipment brought to 

the job site by rental companies. Types of records to be kept. 

2. WORK SAFETY INCENTIVE AND OTHER ITEMS. The Contractor shall provide a plan 

to encourage all employees to work safely. This plan shall be directed at the 

individual employee and shall be so designed such that it motivates all employees 

toward a safe work attitude. The plan shall be designed to be a positive 

incentive plan and must include a tangible reward and benefit to the individual 

employee. The reward frequency shall be at least once a month. The "Work Safety 

Incentive Plan" must be integrated into the overall "Accident Prevention Plan" 

which must be approved prior to the start of construction. 

3. ACCIDENT REPORTS. The Contractor shall immediately report all accidents 

by telephone to the Contracting Officer. The Contractor Initial Report of 

Accident form shall be submitted by the following day to the Contracting Officer 

(See Contractor Initial Report of Accident form, attached.) The Contractor shall 

complete and submit ENG Form 3394 for all lost time accidents within 3 days of 

the accident. 

3.1 Monthly Exposure Report. The Contractor shall submit SWD Form 743-J, 

Monthly Exposure Report, to the Contracting Officer no later than the 5th of each 

month. This report is a compilation of manhours worked each month by the prime 

contractor and each subcontractor. 

4. CLEANUP. The Contractor's accident prevention program shall identify the 

individuals responsible for cleanup and shall establish a regular cleanup 

procedure and schedule. If the Contracting Officer determines that cleanup is 

not being performed satisfactorily, the Contractor shall establish a work crew 

to perform the continuous cleanup required by the Contract Clause titled: 

CLEANING UP. The individual(s) appointed to the work crew to perform daily 

cleanup shall not perform any other duties under this contract, unless approved 

by the Contracting Officer. The number of individuals appointed to perform 

cleanup shall be increased as directed by the Contracting Officer until adequate 

cleanup is maintained. 

5. SPECIAL REQUIREMENTS. The following requirements shall be met by the 

Contractor if applicable: 

5.1 Electrical Work: Electrical work will not be performed on or near 

energized lines or equipment unless specified in the plans and specifications. 

5 .1.1 Upon request by the Contractor, arrangements will be made for 

deenergizing lines and equipment so that work may be performed. All outages 

shall be requested through the authorized representative of the Contracting 
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Officer a minimum of 14 days, unless otherwise specified, prior to the beginning 

of the requested outages. Dates and duration will be specified. 

5 .1. 2 Upon approval of the Contracting Officer's representative, the following 

work may be performed with the lines energized using certified hot line equipment 

on lines above 700 volts, when the following conditions have been met. 

5.1.2.1 Work below the conductors no closer than the clearance required in EM 

385-1-1 from the energized conductors. 

5.1.2.2 Setting and connection of new pretrimmed poles in energized lines 

which do not replace an existing pole. 

5.1.2.3 Setting and removing transformers or other equipment on poles. 

5.1.2.4 Installation or removal of hot line connectors, jumpers, dead-end 

insulators for temporary isolation, etc., which are accomplished with hot line 

equipment from an insulated bucket truck. 

5.1.3 The Contractor shall submit a plan, in writing, describing his method 

of operation and the equipment to be used on energized lines. Proper 

certification from an approved source of the safe condition of all tools and 

equipment will be provided with the plan. The work will be planned and scheduled 

so that proper supervision is maintained. The Contractor will review his plan 

with the Contracting Officer's representative prior to being granted permission 

to perform the work. 

5.1.4 No work on lines greater than 600 volts will be performed from the pole 

or without the use of an insulated bucket truck. 

5.1.5 No work will be done on overbuilt lines while underbuilt lines are 

energized, except for temporary isolation and switching in accordance with 

5.1.2.4 hereinbefore. 

5. 2 Electrical Tools: Hand held electric tools shall be used only on circuits 

protected by ground fault circuit interrupters for protection of personnel. 

5.3 Grounding Generators and Arc Welders: Non-current carrying metal parts 

of all generators and arc welders shall be grounded. 

5.4 Rollover Protective Structures: 

5.4.1 R.O.P.S. for rollers and compactors will be certified to meet SAE 

requirement Jl040C. 

5.4.2 R.O.P.S., as required by paragraph 18.B.20, EM 385-1-1, includes self

propelled pulverizers. 

5.5 Radiation Permits or Authorizations: 

5.5.1 Contractors contemplating the use of radioactive materials or radiation 

producing equipment while performing work on this contract must obtain written 
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authorization from the Department of the Army or Department of the Air Force, as 

applicable. 

5. 5. 2 A 45- day lead time should be programmed for obtaining this written 

authorization. 

5. 5. 3 'When requested, the Contracting Officer's Authorized Representative will 

assist Contractor in obtaining the required permit or authorization. 

5.6 Self-Propelled Elevating Work Platforms: All self-propelled elevating 

work platforms will be designed, constructed, maintained, used, and operated in 

accordance with the guidance provided in American National Standard for Self

Propelled Elevating Work Platforms (ANSI A92. 6-1990) together with any amendments 

which may be in force at time contract is awarded. 

5. 7 Language: For each work group that has employees that do not speak 

English the Contractor will provide a bilingual foreman that is fluent in the 

language of the workers. The Contractor will implement the requirements of EM 

385-1-1, Para. Ol.B.Ol, Ol.B.02, and Ol.C.02 through these foremen. 

5.8 Guarding of Roofs and Open-Sided Floors: To supplement and emphasize the 

requirements of Contract Clause "Accident Prevention" and the safety manual, EM 

385-1-1, the following is provided: 

5.8.1 Perimeter guard rails will be installed on all open-sided floors on 

multistoried buildings, and on all roof perimeters. Guard rails will be 

installed as the decking crew completes an area and before any other work starts 

and will remain intact as long as construction work is in progress in the area. 

5. 8. 2 The Contractor will submit his proposed method of fall protection to the 

Contracting Officer's Representative as part of his Job Hazard Analysis for 

approval before beginning roof operations. 

6. The Contracting Officer will notify the Contractor of any noncompliance 

with the foregoing provisions and the action to be taken. The Contractor shall, 

after receipt of such notice, immediately take corrective action. Such notice, 

when delivered to the Contractor or his representative at the site of the work, 

shall be deemed sufficient for the purpose. If the Contractor fails or refuses 

to comply promptly, the Contracting Officer may issue an order stopping all or 

part of the work until satisfactory corrective action has been taken. No part 

of the time lost due to any such stop orders shall be made the subject of a claim 

for extension of time or for excess costs or damages by the Contractor. The 

Contractor shall be responsible for subcontractor compliance with this provision. 

The Contractor shall include the provisions of this clause in all subcontracts 

involving performance of work at the site. However such provision in the 

subcontractor's contract shall not relieve the Contractor of his~ obligation to 

assure compliance with the provisions of this clause for all aspects of the work. 
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INTERIM CHANGE TO EM 385-1-1 - SAFETY AND HEALTH REQUIREMENTS MANUAL 

1. Page 21, Section 07.A.03, replace with the following: 

"07 .A. 03 - Protective footwear, such as rubber boots, protective covers, ice 

clamp-ons, steel-toed safety boots, shall be worn by all persons exposed to 

hazards to the feet (including, but not limited to impact, puncture, slipping, 

electrical, or chemical hazards). 

a. For all activities in which Corps or contractor personnel or official 

visitors are potentially exposed to foot hazards, the applicable job/activity 

hazard analysis, accide.nt prevention plan, or project safety plan shall include 

an analysis of, and prescribe specific protective measures to be enforced for, 

foot hazards. 

b. Footwear providing protection against impact and compressive forces, 

conduction hazards, electrical hazards,and sole puncture shall meet the 

applicable requirements of ANSI Z41." 

2. Page 143, Section 18.C.05, replace with the following: 

"18.C.05 - All load drums on loading-hoisting equipment shall be equipped 

with at least one positive holding device. This device should be applied 

directly to the motor shaft or some part of the gear train. It is not necessary 

that the positive holding device utilize shearing of metal to meet this 

requirement. Friction surfaces are acceptable." 

3. Page 145, add Section 18.C.24 and 18.C.25 which will read: 

"18.C.24 - During personnel handling operations load and boom hoist drum 

brakes, swing brakes, and locking devices such as pawls or dogs shall be engaged 

when the occupied platform is in a stationary working position." 

"18.C.25 - During personnel handling operations the load hoist drum shall 

have a system or device on the power train other than the load hoist brake, which 

regulates the lowering rate of speed of the hoist mechanism (controlled load 

lowering). Free fall is prohibited." 

4. Page 146, Section 18.D.09, replace with the following: 

"18.D.09 - All telescopic boom cranes engaged in standard lift operations 

(including concrete bucket) should be equipped with a two-block warning 

feature(s), a two-block damage prevention feature, or an anti-two block device 

for all points of two-blocking (i.e., jibs, extension, etc.). In addition, all 

new telescopic boom cranes shall be equipped with a anti-two block device or a 

two-block damage prevention feature for all points of two-blocking. Cranes that 

are used exclusively as duty cycle machines (clamshell, dragline, grapple, pile 

driving operations) are exempt from this requirement but will meet the 

requirements of ANSI/ASME-B30.5-1989 (as revised). In all cases where cranes are 

utilized without these safeguards equivalent protection shall be established, 

documented and approved by the designated authority." 
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INTERIM CHANGE TO EM 385-1-1 (CONTINUED): 

5. Page 146, add Sections 18.D.l0 and 18.D.ll, which will read: 

"18.D.l0 -All lattice boom cranes engaged in standard lift crane operations 

(including concrete bucket) should be equipped with a two-block warning feature 

which functions ford all points of two-blocking. Cranes that are used 

exclusively as duty cycle machines (clamshell, dragline, grapple, pile driving 

operations) are exempt from this requirement but will meet the requirements of 

ANSI/ASME-B30.5-1989 (as revised). In all cases where cranes are utilized 

without these safeguards equivalent protection shall be established and 

documented and then approved by the designated authority." 

"18.D.ll - During personnel handling operations all telescopic and lattice 

boom cranes shall be equipped with a device which when activated disengages all 

functions whose movement can cause contact between the load block or overhaul 

ball and the boom tip (anti-two block device), or a system shall be used which 

deactivates the hoisting action before damage occurs in the event of a two

blocking situation (two-block damage prevention feature). The device or systems 

must be installed for all points of two-blocking (i.e., job or boom points) and 

in the case of the anti-two block device the crane must be equipped with 

automatic brakes on each hoist line; hoist lines not so equipped must be taken 

out of service while personnel lifts are being made." 

- - 0 0 0 - -
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.. ' 
Names of fir-st aid attendants having cer-tificates Types of cer-tificate Names of U.S.C.G. licensed boat oper-ator-s, 

- and expir-ation date type license & expir-ation date 

19 19a 20 

21 Fir-e Fighting Equipment 22 Fir-st Aid Kits 23 Wash Fecit fties 

No. Rating Type Location No. Type No. Type 

24 Toilets 

Jlo Tvnf' 

./hat flammable or- combustible liquids or- gases will be on job site? 

25 

./her-e and how wi ll flammables and combustibles be stor-ed? 

.Z6 

./howill be r-esponsible for inspection and maintenance of fir-e fighting equipment? 

!7 

tf the Company has a published statement of safety policy, please tr-ansmit a c~ with the r-etur-n of your- Accident 
,,.evention Pr-ogr-am. 

ln 1 separ-ate sheet submit your- proposed layout of tempor-ar-y buildings and facilities (including slbeontr-actor-s) and 
:r-affic patter-ns including access r-oads, haul r-oads, R.R.s, utilities, etc. 

rhe will pur-sue 1 positive pr-ogr-am of tr-aining, 
(Company) 

inspections and hazar-d contr-ol thr-oughout the ter-m of this contr-act. Mr-./Ms. 

las the r-esponsibility and author-ity for- enfor-cing them. 

Contr-actor's Signature Date 
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CO~TORS ACCIDENT PREVENTION PROG( , ......., 
\lillingness to correct safety hazards detected by the Corps is conmendable, but a poor substitute for a positive program that prevents 

or detects and corrects hazards 

Contractor Contract Name & No. Date 

I 1 2 3 

I 

I 

I 

Project Superintendent Shifts/day Hour/shift Maximum employees/shift 

4 5 Sa Sb 

Superintendent's training in Corps' safety requirements 

6 

Major Units.of Equipment 

7 

\lhowill inspect equipment? Inspector's qualifications lnspecti on frequency? 

8 Sa 8b 

t.lho is responsible for operators' physicals? Location of all records Day and hour weekly safety 
meeting 

9 10 11 

t.lho is responsible for employee training? \lho will orient new employees? 

12 13 

\lho is responsible for clean-up? \lhere will drinking water be obtained? 

14 15 

\lho will investigate accidents? \lho is responsible for providing personal protective equipment? 

16 17 

Name Doctors,· Hospitals & Ambulance services with whom arrangements have been made for this contract. 

Doctor 

18 

\lhat form of communication will 

18c 
SWA 705 
FEB 83 

Hospital Antlulance 

18a 18b 

be used to summon ambulance? 

(over) 
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CONTRA~~~R INITIAL REPORT OF ACCI~T 

Date Lost Time ___ Property 
___ Damage and Time of Accident _______________ Injury 

Contract No. Prime Sub ----------- ----------- ----------------

Name of Injured or Equipment Operator ---------- Occupation -------

Social Security No. ----------------Age--------------

Extent of Injury ____________________________________ _ 

Equipment or tools involved (Include type, brand, model, age, damage if any) 

Corrective Action -------------------------------------

Namees of Witnesses -----------------------------------------

Signature ________________________ __ 
Date--------------

Title 



CONTRACT NO. 

DATE: 

ITEM PHASES OF WORK 

Break the job down into its basic 
steps, e.g., what is done first, 
what is done next, and so on. You 
can do this by 1) observing the 
job, 2) discussing it with the 
operator, 3) drawing on your 
knowledge of the job, or 4) a 
combination of the three. Record 
the job steps in their normal 
order of occurrence. Describe 
what is done, not the details of 
how it is done. Usually 3 or 4 
words are sufficient to describe 
each basic job step. 

CONTRACTOR (SIGNATURE & DATE) 

JOB HAZARD ANALYSIS 

PROJECT: 

MAJOR PORTION OF WORK: 

SAFETY HAZARD 

For each job step, ask yourself what 
accidents could happen to the man doing 
the job step. You can get the answers by 
1) observing the job, 2) discussing it 
with the operator, 3) recalling past 
accidents or 4) a combination of 3. Ask 
yourself: Can he be struck by or 
contacted by anything; can he strike 
against or come in contact with anything; 
can he fall, can he be caught in, or 
between something; can he overexert; is 
he exposed to gas, radiation, welding 
rays, etc; for example, acid burns or 
fumes. 

REPORT DISCUSSED WITH CONTRACTOR/SUPERINTENDENT ON: 

PROJECT ENGINEER (SIGNATURE): 

SWA 704 
FEB 83 

FACILITY: 

ESTIMATED START DATE: 

PRECAUTIONARY ACTION TAKEN 

For each potential accident or 
hazard ask yourself how should the 
man do the job step to avoid the 
potential accident, or what should 
he do or not do to avoid the 
accident. You can get your answers 
by 1) observing the job for leads[''\ 
2) discussing precautions with t~ " 
experienced job operators 3) 
drawing on your experience or 4) a 
combination of the three. Be sure 
to describe specifically the 
precaution a man must take. Don't 
leave out important details. 
Number each separate recommended 
precaution with the same number you 
gave the potential accident (See 
center column) that the precaution 
seeks to avoid. Use simple do'or 
don't statements to explain 
recommended precautions as if you 
were talking to the man. 

For example, "Lift with your legs, 
not your back," Avoid such 
generalities as "Be Careful", "Be 
alert", "Take caution", etc. l' 

RESIDENT ENGINEER (SIGNATURE) 



Cont'd fra. other side Total Manhours 

Slb·Contrector JH 
Date ( ) ( ) ( ) ( ) ( ) 

• • JH 
Date ( ) ( ) ( ) ( ) ( ) 

• • JH -Date ( ) ( ) ( ) ( ) ( ) 

• • JH 
Date ( ) ( ) ( ) ( ) ( ) 

• • JH ---- ---Date ( ) ( ) ( ) ( ) ( ) 

• • JH 
Date ( ) ( ) ( ). ( ) ( ) 

• • JH 
Date ( ) ( ) ( ) ( ) ( ) 

• • JH 
Date ( ) ( ) ( ) ( ) ( ) 

• • JH ---- ----Date ( ) ( ) ( ) ( ) ( ) 

• • JH \ ---- ----Date ( ) ( ) ( ) ( ) ( ) 

• • JH ---- ----Date ( ) ( ) ( ) ( ) ( ) 

ARMY MOTOR VEHICLE MILEAGE 

Passenger Cars Truck Mileage Total 

Vehicles on civil works inventory ( 
Vehicles on military works inventory 

GSA vehicles 

All Other (loaned, rented, leased and privately owned) 

Submitted by: 
(COE Engineer in Charge) 

----- -----·- ---



S\10 Forti 743- J 
Rev 10 Nov 80 

Read instruct Ions below. 

MONTHLY EXPOSURE REPORT 
OF OPERATIONS AND ACTIVITIES 1 Reports Control Symbol 

DAEN-30·1 (RI) 

Monthtyr~rt of_ acclden!_ll!'d exposure data as required by the Accident Prevention Article of contract shown below. 

THRU: .ENGINEER TO: District Engineer Contractor: 

A<hlnlstrative, Professional lr 
s~rvisors _!!H 

Prime-Contractor Date ( ) 

Skilled & COIIIIIOI"' Labor _!!H 
Date -(-,-, 

Sib-Contractor _!!H 
Date ( ) .. .. _!!H 
Date ( ) 

" II _!!H 
Date ( ) 

II II _!!H 
Date ( ) 

" " MH 
O'ii"ie ( ) 

(Add additional names on reverse side) 

ENG Font 3394, MISHAP REPORT, slAnftted this period: 
Disabling Injuries 

( ) 

( ) 

( ) 

( ) 

( ) 

-(--) 

( ) 

Amoult Property D811189e <In excess of S300) ---------

Contract Numer: 

Total Manhours 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) ( ) 

( ) ( ) 

-- ---( ) ( ) 

-( -, -( -, 
-( -, -( -, 
( ) 

( ) 

( ) 

( ) 

Sub-total this page 

Sub-total reverse side 

Grand Total 

Slbni tted by: 

(Contractor) 

I Date: 

Instructions: 1. This report to be slblltted In dJplfcate by each prime contractor as directed by Contracting Officer, or Authorized Representative. 

2. The above figures Include all operations directly supporting the contract. They do not Include offsfte operations not on government property 

or under govern.ent supervision which supply projects other than this contract. Neither do they Include ~aterfals supplied F.O.B. the job 

site. 
3. Above figures Include overtf~ne, etc. 
4. Figures will cover regular pay periods without allowing for calendar ~~anth. This ~nethod automatically CC!rrects the log every three IIICII"'ths as 

eight months will have four pay periods and four months will have five pay periods. 

j 
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EMERGENCY RESPONSE AND WORK SAFETY PROCEDURES 

-~"" 1. General ~ 
.._____..._____ 

2. Staff and QualificatiOns 

3. 

4. 

.... 

5. Personal Protective Equipment 
y-ogram 

/ 
6. Emp 1 oyee Tra if}jng_ 

-----------. 

1. GENERAL. 

IN99 

7. Emergency Response Plan 

8 . Prohibitions 

9. Logs and Reports 

10. ,)dent if i cation and Control 

11. Signs 

12. Submitta 1 s 

------------- i 
I 

------

1.1 PURPOSE AND BACKGROUND. This section describes the minimum health, 

safety, and emergency response requirements for this project. Using this 

section as a guideline, the Contractor shall develop a detailed Health, Emer-

gency Response, Safety, Fire Protection, Decontamination, and Environmental 

r Protection Plan (HESFDEP). The program must establish in detail the procedures 

necessary for protecting the worker and others from the hazards associated with 

the closure of Cell No. 3 of Landfill Area 5 at Cannon Air Force Base (CAFB) 

New Mexico. 

1.2 PRECONSTRUCTION PLANNING MEETING. The Contracting Officer will re

view and discuss the safety and emergency response requirements, as well as.the 

planning and administrative requirements of the overall HESFDEP, at the precon

struction planning meeting. See Section lA - Special Clauses, paragraph 7.2, 

for further details. 

1.3 HEALTH AND SAFETY PROGRAM. The Health and Safety Program for this 

project sha 11 be based on the requirements of the OSHA Standards for Genera 1 

Industry, 29 CFR 1910 (including the interim final rule, Hazardous Waste Opera-



tions and Emergency Response), the Construction Industry, 2'9 CFR 1926, and/or 

the EPA Standard Operating Safety Guides, November 1984, whichever provides 

the greatest degree of protection. 

,1.4. ACCIDENT PREVENTION PROGRAM. As part of the HESFDEP, the Contractor 

shall submit a proposed Accident Prevention Program (Emergency Response, Fire 

Protection, Decontamination, etc.) that will be followed by Contractor and sub

contractor personnel, including supervisory staff, during performance of the 

work. 

1.4.1 Requirements. The program shall be developed only after a 

careful analysis of the work involved and shall be tailored specifically to the 

conditions of the project. The Contractor's proposed Accident Prevention Pro

gram shall conform to the requirements of subparagraph 1.3 of this section. 

1.4.2 Accident Prevention Outline. The Contractor's Accident Pre

vention Program shall address, as a minimum, the following items: 

o Responsibility; 

o Accountability; 

o Subcontractor supervision; 

o Employee orientation and training; 

o Safety meetings; 

o Fire prevention, suppression, and protection; 

o Air monitoring; 

o Accident investigation and reporting; 

o Mechanical equipment inspection; 

o Housekeeping and sanitation; 

o First aid and medical facilities; and 

o Phase safety planning. 

1.4.3 Phase Safety Planning. As a supplement to the required basic 

Accident Prevention Program, the Contractor shall prepare a safety plan for 

each phase of the work. A phase is defined as an operation involving work that 
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represents hazards not experienced in previous operations 'or work to be per

formed by a new subcontractor. Each phase safety plan shall include, but not 

be limited to, a description of the work, probable hazards related to that 

work, and precautionary measures to be taken to reduce or eliminate each par

ticular hazard. The actual work on each phase will not be permitted to proceed 

until the phase safety plan is found to be acceptable by the Contracting Offi

cer. 

2. STAFF AND QUALIFICATIONS. 

2.1 STAFF. 

2.1 .1 Certified Safety Profession a 1. The Contractor must provide 

the services of a Certified Safety Professional (CSP) who shall be on site and 

shall be responsible for the implementation and enforcement of the Health and 

Safety Program. The qualifications and experience of the Contractor's health 

and safety personnel shall be subject to review by the Contracting Officer. If 

the Contracting Officer determines that personnel assigned are not providing 

adequate health and safety controls, the Contractor shall obtain the services 

of additional health and safety personnel at no additional cost to the Govern

ment. 

2.1.2 Certified Industrial Hygienist. The Contractor must provide 

the services of a Certified Industrial Hygienist (CIH) who shall work in coor

dination and consultation with the CSP and be responsible for the initial con

tent and implementation of the personal protective equipment program, employee 

training program, and air monitoring plan. 

2.2 QUALIFICATIONS. 

2.2.1 Certified Safety Professional. The CSP shall have worked in 

health and safety for a minimum of 5 years in an industry with hazards similar 

to those anticipated on this project (e.g., excavation, potential exposure to 

hazardous substances). The CSP shall have a sound working knowledge of State 

(i.e., New Mexico) and Federal occupational health and safety regulations, and 
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formal training in occupational health and safety. The individual's name and 

work experience shall be submitted to the Contracting Officer for approval 

prior to commencement of work at the site. 

2.2.2 Certified Industrial Hygienist. The Industrial Hygienist 

shall be certified by the American Board of Industrial Hygiene (ABIH) and have 

a minimum of 5 years' working experience in safety and health in an industry 

with hazards similar to those anticipated on this project (e.g., excavation, 

potential exposure to hazardous substances, and hazardous waste disposal). He/ 

she shall have demonstrable expertise in air monitoring techniques and in the 

development and implementation of respiratory protective programs suitable for 

working in atmospheres that are either chronically or acutely dangerous to 

health. In addition, the CIH shall have a sound working. knowledge of State 

(i.e., New Mexico) and Federal occupational health and safety regulations, and 

formal training in occupational health and safety. The individual's name and 

work experience shall be submitted to the Contracting Officer for approval 

prior to commencement of work at the site. 

2.3 AUTHORITY. The CSP shall have the right to correct, command, and de

termine courses of action on all health and safety measures. 

2.4 RESPONSIBILITY. The CSP shall answer for all activities and results 

with regard to health and safety. In addition to responsibilities in paragraph 

2.1.2, the CIH shall be responsible for developing procedures for heat-stress 

monitoring of employees working in protective clothing or respiratory protec

tion when ambient temperatures reach or exceed 75°F. Work-rest schedules shall 

be adjusted accordingly. Cold stress, although not generally considered a 

problem above 10°F for properly dressed workers, should also be addressed by 

the CIH. The Contractor's proposed work-rest schedule shall be submitted to 

the Contracting Officer for approval. 

3. WORK STAGES. 

Work stages shall be established to ensure that each employee is properly 

equipped with the personal protective equipment needed to safely complete his/ 
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her task (see paragraph 5- Personal Protective Equipment Program). The stages 

are defined as follows: 

3.1 STAGE I. Preparation of subgrade, root picking, smooth finishing, 

and compaction of existing cap of Cell No. 3 of Landfill Area 5. 

3.2 STAGE II. Excavation, loading, transportation, placement, compac

tion, and grading of various soil layers in the final cover, including instal

lation of polymeric membrane, geotextile fabric, and PVC venting system. 

3.3 STAGE III. Construction of sit&Res, ~s,-aftd fences. 

4. WORK ZONES. Work zones shall be established to contain contamination 

within the smallest area possible. The Contractor shall ensure that each em

ployee is trained in the use of the proper personal protective equipment for 

the area or zone in which he/she is to work. Zone requirements shall conform 

to the EPA Standard Operating Safety Guides, November 1984. 

4.1 EXCLUSION ZONE. The Exclusion Zone will require different levels of 

protective equipment depending on the exposure potentials. The required pro

tective equipment for use by personnel working or entering the Exclusion Zone 

is specified in paragraph 5 - Personal Protective Equipment Program. 

4.2 CONTAMINATION REDUCTION ZONE. This area shall be established as a 

buffer between the Exclusion Zone and the Support Zone. The decontamination 

facilities for all equipment, including personal protective equipment, shall 

be located within the Contamination Reduction Zone for this site. Containers 

shall be provided for proper disposal of used clothing. Emergency equipm~nt, 

such as self-contained breathing apparatus, emergency showers, and eyewash fa

cilities, must be located in this zone. The personal protective equipment re-

quired for use by personnel working in this area is specified in paragraph 5 -

Personal Protective Equipment Program. 

4.3 SUPPORT ZONE. The Support Zone shall include the remaining "clean" 

areas of the job site. Change rooms, lunch and break supplies, and equipment 

storage and maintenance areas shall be located in this area. Eating, smoking, 

10-5 



and drinking will be allowed QrrJy in this area. 

iS. PERSONAL PROTECTIVE EQUIPMENT PROGRAM. Construction operations under this 

contract will require work in hazardous environments. The Contractor shall en

sure adequate protection for all onsite employees. The Contractor shall estab

lish and maintain a complete program as part of the HESFOEP for all personnel 

visiting or working at the site, including support for five Government employ

ees at any time they may be required to monitor the Contractor's work. The 

Contractor must have evidence of medical review for ability to wear respirators 

and must provide for selection, fit, and testing as required in 29 CFR 1910.134 

and ANSI 288.2 (1980). The Contractor shall submit the details of the program 

for acceptance as part of the HESFDEP. 

5.1 PROGRAM ELEMENTS·. The Contractor's Personal Protective Equipment 

Program shall provide protection against exposure to hazardous substances iden

tified at the site. See Appendix C for chemicals detected at this site. The 

program shall include the following elements as a minimum and shall be approved 

by the Contracting Officer before work commences: 

o Medical surveillance; 

o Industrial hygiene support; 

o Employee training; 

o Complete respiratory program; 

o Eye protection; 

o Skin protection; 

o Emergency provisions; 

o Record keeping and reporting; 

o Personnel and equipment decontamination; and 

o Fire protection. 

5.2 PROGRAM REQUIREMENTS. The Contractor shall provide all personal pro

tective equipment. This equipment must provide protection against any hazard

ous substance identified on site. The intent of the program is to provide a 

level of worker protection appropriate to the exposure. 
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;5.3 EQUIPMENT TYPES. The personal protective equipment shall provide 
~hH:l. -·""·~··· ', ... , -'" ·' "" ... 

hearing, respiratory, skin, and eye protection for personnel during each phase 

of work. 

.5~.3. 1 . Respiratory Protection .. '$ The Contractor sha 11 prepare a writ-
1!.,. :,<.~_ .. ,.,.- _., 

ten respiratory protection program in accordance with OSHA 29 CFR 1910.134. 

Respiratory protection devices shall be provided, inspected, and maintained by 

the- Contractor. Individuals shall be properly fitted with their own breathing 

devices. The cartridge and filter shall be changed at the beginning of each 

8-hour work shift or more frequently as necessary. A procedure shall be estab

lished for ensuring daily cleaning, maintenance, and change of filters. 

5.3.2_, Personal Protective Equipment. All required protective equip

ment shall be provided and maintained by the Contractor. This equipment in

c 1 udes, but is not 1 imited to, eyewash/shower equipment, emergency showers, 

respirators, explosionproof ·equipment, first-aid kits, fire blankets, fire ex

tinguishers, protective clothing, hardhats, and signs. All equipment shall 

conform to requirements of the American Industrial Hygiene Association (AIHA), 

NIOSH, National Safety Council, and OSHA. 

5.4 EQUIPMENT REQUIREMENTS. Levels of protection for personnel involved 

in site work will be based on U.S. EPA-specified levels of protection, levels 

A, B, C, and D. The Contractor's CSP, in coordination with the CIH, shall 

evaluate the various work activities and air monitoring results and shall de

termine what protection is warranted. 

5.4.1 The Contractor shall provide the Contracting Officer with a 

detailed personal air monitoring plan for the additional protection of workers. 

This plan shall be prepared by the Contractor's CIH as part of the Health and 

Safety Program Submittal (see Section lA, paragraph 7.2), and shall comply with 

applicable State of New Mexico regulations, OSHA Instruction CPL 2-2.208 (March 

30, 1984), and NIOSH Manual of Analytical Methods (2nd Ed., 1981, and/or 3rd 

Ed., 1984 and 1985, Supplement No. 84-100). The Contractor shall submit the 

Air Monitoring Plan prior to any excavation operations. The Contractor shall 

report any need for change and any unexpected events to the Contracting Officer 
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arid obtain his approval for proposed actions: It is important to ensure that 

personnel are protected against exposure to any of the potentially dangerous 

and toxic chemicals present. 

5.4.2 Personal and area samples for benzene, toluene, and other 

chemicals present .shall be taken during work operations near the hazardous 

landfill. In addition, air sampling must be performed to identify other com

ponents to which workers may be exposed. 

5.4.3 Monitoring for air contaminants must be performed during con

struction of the final cover. Since the contaminants have not been fully iden

tified, sampling shall be conducted to (1) determine the workplace concentra

tion of the known or suspected materials, particularly benzene and toluene; and 

(2) identify the unknown materials in the workplace air. The latter type of 

sampling must be performed at the start of construction operations, and a vari

ety of sample media shall be used to identify the classes of airborne contami

nants and their concentrations. Level C protection must be worn during the 

initial sampling. Levels of protection for subsequent sampling shall be based 

on initial analytical results and on the Certified Industrial Hygienists's As

sessment of potential for exposure. 

5.4.4 At least one personal sample and one area sample shall be tak

en in the immediate work area. In addition, an area sample shall be taken in 

the Exclusion Zone surrounding the work area, and an area sample shall be taken 

in the Contamination Reduction Zone. When area samples are collected, the sam

ple collection device shall be placed 60 to 66 inches above ground level. The 

CIH shall determine the best location for sampling. Short-Term Exposure Limit 

(STEL) samples shall be taken at appropriate intervals, as determined by the 

CIH, to ensure that set STELs are not exceeded. 

5.4.5 The level of respiratory protection required shall be adjusted 

based on the analytical results obtained from the samples. 

5.4.6 Direct reading instruments shall be used daily during the fi

nal cover construction. These instruments shall be operated by individuals ex-
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perienced in the use, calibration, operating principles, and limitations of 
such instruments. 

5.4.7 The Contractor shall employ a CIH, who shall establish the 
protocol for all air monitoring. The Contractor shall ensure that experienced 
personnel perform the monitoring, and that appropriate equipment and methods 
are utilized. The Contractor shall provide monitoring equipment and the neces
sary engineering controls and/or personal protective equipment for the employ
ees' protection. All sampling shall be done in accordance with OSHA and EPA 
regulations. 

5.4.8 Samples shall be collected and analyzed as prescribed in the 
NIOSH Manual of Analytical Methods. All chemical analyses shall be performed 
by a laboratory accredited by the AIHA. 

5.4.9 All monitoring results, with the exception of direct reading 
instrument results, shall be reported to the Contracting Officer in a timely 
fashion, within 48 hours. The results shall be reported on specific forms de
veloped by the Contractor. The air monitoring report forms must include the 
following information: 

o Date of sample; 

o Name of person conducting sampling; 
o Calibration record of equipment used; 

o Sampling method (NIOSH); 

o Description of process/operation; 
o Type of sample (personal/area); 
o Time and duration of sample; 

o Location and height of sample; 

o Distance from source; 

o Weather conditions; 
o Name and job of person sampled; 

o Personal protective equipment worn; 

o Name of laboratory performing analysis; 

o Date of analysis; 
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o Name of person performing analysis; 

o Method of analysis; 

o Result of analysis; 

o Type of filter used; 

o Air temperature; and 

o Barometric pressure. 

5.4.10 A daily log shall be maintained for recording of direct read

ing instrument mea~urements. The log must contdin Lhe follc ... ing infu!nlcltiun. 

o Name of person(s) operating the direct reading monitors; 

o Type of calibration method used before and after every use; 

o Field observations, such as weather conditions during sampling pe

riods; 

o Activity taking place during monitoring; 

o Results of monitoring; and 

o Duration of test. 

Direct reading results shall be reported to the Contracting Officer 

on a daily basis. 

5.5 HANDLING PRECAUTIONS. The CIH, together with other responsible per

sonnel of the Contractor's organization, shall personally examine and evaluate 

the prevailing onsite conditions and determine the handling precautions needed 

for construction of a final cover on top of the hazardous waste landfill. The 

determined handling precautions must include safety and occupational health as

pects promulgated by OSHA under 29 CFR 1910.1000. Disposal operations must 

meet requirements of U.S. EPA Regulations under 40 CFR, Part 165. Storage, 

handling, and disposal of any other wastes determined to be hazardous must meet 

the applicable sections of the Resource Conservation and Recovery Act (RCRA), 

40 CFR, Parts 260-265. 

5.5.1 The Contractor shall provide detailed specifications and pre

cautions for the safe operation of work in his HESFDEP. Protection shall be 

provided in accordance with OSHA 29 CFR 1926, Subpart E, or 29 CFR 1910, Sub

part I . 
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5.6 .~EOICAL SURVEILLANCE~ The OSHA Hazardous Waste Operations a~d £mer-
...... ,· ~~-~~·">'.•~C:cA., '" > ,:- ·" • • • • .... .,.,..~ <"·:t~1:_:):))>; 

gency Response Rule requires a Medical Surveillance Program for employees en-

gaged in hazardous waste operations where it is medically prudent. The medical 

examinations must be made available to employees who may be required to wear 

respirators or who may be exposed to substances in excess of OSHA limits. The 

Contractor shall utilize the services of a licensed occupational health physi

cian to provide the medical examinations and surveillance specified herein. 

The name and qualifications of this physician shall be provided to the Con

tracting Officer prior to commencement of work at the site. 

5.6.1 Medical Examinations. The Contractor shall provide to em-
'· 

ployees selected for the Medical Surveillance Program, or make available at his 

cost, medical examinations relative to exposure to identified hazardous chemi

cals before employees participate in onsite operations and at the conclusion of 

the work. The Contractor's physician shall also provide a medical certifica

tion that each employee is fit for employment on the job and can wear the nec

essary respiratory protection. Medical examinations shall include a medical 

history and work history, physical examination that includes vital signs and an 

evaluation of all major organ systems, audiogram and vision screening, chest x

ray to be performed no more. frequently than every 4 years (except when other

wise indicated), electrocardiogram (EKG) for individuals over 35 years of age, 

complete blood count (CBC), blood chemistry screen (SMAC 23-test survey), uri

nalysis, and pulmonary function test, which includes forced expiratory volume 

(capacity) at 1 second (FEV1) and forced vital capacity (FVC). All medical 

examination results shall be forwarded to the Contracting Officer for record 

keeping. If a detrimental condition is determined, the Contractor must immedi

ately inform the affected employee, the CSP, and the Contracting Officer. 

5.6.2 This evaluation shall be repeated as indicated by substand
ard performance or evidence of particular stress or chemical exposure that is 

demonstrated by injury or time-loss illness on the part of the worker. 

5.6.3 If employment is terminated for an individual prior to com

pletion of the contract, an examination shall be given. 
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6 •. , -··EMPLOYE·E>TR.A"lNING. 
/-:, · .. .; ·'' ' .. 

6.1 1NITIAL TRAINING. The CSP, with support from the CIH, sha 11 be re

sponsible for providing occupational hazard training to all employees prior to 

the commencement of work. This training shall include the following a~ a mini-

mum· /h.i. .. <?\-...\\ \-..c..\~ -:;~cebio<;~d.\tf Cernvi~.J-l~ 
,1......... l-'D-~"""~ UM~ ""J-\<-vt-\+-k cis-.~ F.~ 1-\.(l.~~"'"~ (..¢~-k 

OflCVc:•.:~'~-, tc ""' ~..._.~ b:;t - ost-1.4 ~ct c:..t=.e. L Cf ID •1:2..0 

6.1 .1 Basic construction safety emphasizing the hazards on this 

site. 

6.1.2 Acute and chronic effects of substances identified at the 

site. See Section lB - Summary of Work and Appendix "C", for more details 

about the waste. 

6.1.3 Requirements for personal protection and their effectiveness 

and limitations. 

6.1.4 Selection, fitting, use, and limitations of respirators, in

cluding as a minimum the following: 

o Criteria for respirator selection; 

o Donning techniques for respirators; 

o Use of emergency respirators; and 

o Eyeglasses and contact lenses and limitations. 

6~?._FOLLOWUP TRAINING~ Followup training shall be provided by the Health 

and Safety. Sp.ecfalist'.at least weekly and prior to each change in phase of 

work. The CSP shall also provide initial training for replacement employees. 

6.3 RECORDS.· The Contractor shall keep a record of all training periods, 

documenting date and acceptance. The Contractor shall also maintain a record 

of each employee's performance evaluation pertinent to use of personal protec

tive equipment. 
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7 ."'- · EMERGENCY RESPONSE PLAN,,, 

7.1 The Contractor shall develop a site Emergency Response Plan. This 

plan shall include, as a minimum, the following: 

o Fire explosion provisions; 

o Emergency spill control; 

o First aid and emergency medical treatment; 

o Communications; and 

o Site evacuation. 

7.2 The Contractor shall be responsible for notifying the physician, am

bulance service, and fire department of any site hazards before the start of 

work. The fo 11 owing information from the Emergency Response Plan sha 11 be 

summarized and posted in the Contractor's trailers: 

o Contractor physician name, address, and telephone number; 

o Ambulance service and fire department telephone number; 

o Detailed, written instructions, including a map that describe the 
1 ocat ion and route to the c 1 eanup site and route to the nearest 
hospita 1; 

o Location of emergency shower/eyewash stations; 

o Location of self-contained breathing devices; 

o Location of fire stations or fire extinguishers and procedures in 
case of potential or actual fire or explosion; 

o Specific procedure for handling personnel with excessive expo
sure to chemicals or contaminated soil; and 

o Procedure for prompt notification of Contracting Officer and 
appropriate Federal and State regulatory agencies. 

7.3 EMERGENCY EYEWASH. Portable eyewash units shall be provided for ac

tivities involving the handling of acidic supernatant, sludge, or other mate

rials that may be hazardous to the eyes. These units must be able to flush 

both eyes simultaneously for a minimum of 15 minutes and be of the variety that 

maintains suitably temperate water. These units shall be provided close to the 

work area and protected from possible contamination. 
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7.4 EMERGENCY MEDICAL CARE. The Contractor shall prearrange for emer-

gency medical care services at a nearby medical facility. The staff at the 

facility shall be advised of emergency routes to the site, potential medical 

emergencies that might occur, and possible contamination of the patient's 

clothing or skin with specific chemicals. 

7.5 COMMUNICATION SYSTEM. The Contractor shall provide a communica-

tion system as a part of the health and emergency services. 

8. PROHIBITIONS. The following are expressly forbidden while working with 

suspected toxic and flammable chemicals: 

o Eating, smoking, chewing tobacco, chewing gum, drinking; 

o Working when ill; 

o Entering areas or spaces in which toxic or explosive conditions may ex

; s t without performing required testing and/or using proper persona 1 

protective equipment; 

o Conducting ons ite operations without offs i te backup personne 1 imme

diately available; and 

o Wearing beards and long sideburns that inhibit the use of personal pro

tective equipment. Facial hair, facial features, and/or eyeglasses 

sha 11 not interfere with the sea 1 i ng surface or function of res pi ra

tors. 

9. LOGS AND REPORTS. The Contractor shall maintain logs and reports covering 

the implementation of the Persona 1 Protective Equipment Program. The format 

shall be developed by the Contractor to include training logs, daily logs, 

weekly reports, and a closeout report to the satisfaction of the Contracting 

Officer, and these must be accessible to him as requested. 

9.1 TRAINING LOGS. The training logs shall include data on both initial 

training and refresher training such as the following: 

o Employee's name (attendance check}; 

o Time allocation in training session: 

- Topics covered, 
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- ·Materials used, 

Equipment demonstrated, 

Equipment practice for each employee, 

Respirator performance evaluation, 

Prohibitions covered, 

- Buddy system explanation; and, 

o Date and place of training. 

9.2 DAILY LOGS. Daily logs shall include the following as a minimum: 

o Date, time, and weather; 

o Area (site-specific) checked; 

o Employees in a particular area; 

o Equipment used by employees; 

o Protective clothing worn by employees; 

o Protective devices used by employees and area assignment of em
ployees; and 

o CSP signature. 

9.3 WEEKLY REPORTS. Weekly reports shall include the following as a 

minimum: 

o A summary sheet covering the types of work being done; 

o Reports of any of the following incidents: 

- Nonuse of protective devices in an area where required, 

- Nonuse of protective clothing, 

Disregard of buddy system, 

Disregard of eating, smoking, and chewing regulations in pro
hibited areas, 

Instances of job-related injuries or illnesses and corrective 
measures taken to avoid repetition of accidents; 
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o CSP signature; 

o Copies of daily logs; and 

o Copies of injury-related medical certificates. 

9;-~-~·;;,CLOSEOUT ·REPORT.} At the completion of work, the Contractor shall 

submit a closeout report. The report shall include: 

o Final physical/medical and decontamination certification; 

o Procedures and techniques used to decontaminate; 

- Equipment and vehicles, 

- Shower facility, 

Portable chemical toilets, etc.; and 

o Signature of the Project Superintendent and the CSP, and the date 
of each signature. 

The report shall be submitted to the Contracting Officer prior to 

final acceptance of the work. 

9.5, EMPLOYER OBLIGATION. The Contractor shall be aware that Federal 

laws, such as OSHA 29 CFR 1910, Subpart C, require that chemical exposure re

cords and/or medical records be maintained by the employer for a specified 

length of time after termination of the exposure. 

9.6 TIME-LOSS ILLNESS. Any employee who develops a time-loss illness or 

injury during the period of the contract must be evaluated by the Contractor's 

physician. The supervisor must be provided with a written statement, signed by 

the physician, indicating the employee's fitness before the employee is allo~ed 

to reenter the work site. A copy of the written statement shall be submitted 

to the Contracting Officer. 

10. IDENTIFICATION AND CONTROL. 

10.1 GENERAL. A check-in and check-out system shall be used to assure 

personnel control, and a record of each employee and piece of equipment is to 
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be maintained for each specific work area. The format shall be submitted as 

part of the Health and Safety Program. 

10.2 
'_, : 

BUDDY SYSTEM. <The work conducted during any phase shall be sched-

uled to ensure that no employee works alone. 

11. SIGNS. The Contractor shall post the following signs in locations ap

proved by the Contracting Officer: 

11.1 Signs shall be posted as required by OSHA regulations on the fence 

surrounding the area or zone where contamination does or could occur, indica

ting that it is a hazardous area and that unauthorized entry is prohibited. 

11.2 Signs shall be posted directing all visitors to the authorized en

trance or security point. 

11.3 Signs stating 11 NO Smoking or Open Flames" shall be posted in the 

area immediately adjacent to any area or zone where contamination with flam

mable materials does or could occur. 

11.4 Temporary fences or barricades shall be used to prevent any person 

not equipped with the prescribed safety equipment from entering the exclusion 

zone and also to protect any person or animal from falling into the excavation. 

The location of the fence shall be decided by the CSP and approved by the Con

tracting Officer. 

12. SUBMITTALS. The following items form a list of the submittals that repre

sent a prerequisite for work to be performed in the hazardous waste area. They 

shall be presented at the specified times to the Contracting Officer for ap

proval. See paragraph 7.2 of Section lA- Special Clauses. 

12.1 HEALTH AND SAFETY PLAN. 

o Accident Prevention Program - submitted prior to commencement of 
any work; 

o Safety Plan for each phase of work performed - submitted prior to 
commencement of work on that phase; 
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o Detailed Specifications and Precautions for the safe handling of 
wastes - submitted prior to commencement of work; 

o Personal Protective Equipment Program - submitted prior to com
mencement of work; program includes details of employee training, 
emergency response, decontamination, medica 1 surveillance, etc.; 
see paragraph 5.1 for list of elements; 

o Reports covering the implementation of the Personal Protective 
Equipment Program - submitted weekly; 

o Identification and Control - submitted prior to commencement of 
work; 

o Work-Rest Schedules - submitted prior to commencement of work 
and adjusted as required thereafter; and 

o Time Loss-Illness-Physician Report - submitted before allowing an 
employee to return to the site after a time-loss illness or in
jury during the period of the contract. 

12.2 EMERGENCY RESPONSE PLAN. This plan must be submitted to the Con

tracting Officer prior to commencement of work on site. See Section 10, para

graph 7.1 for elements. 

12.3 CLOSEOUT REPORT. This report shall be submitted at the completion 

of work. See Section 10, paragraph 9.4 for elements. 
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SECTION 01580 

BULLETIN BOARD, PROJECT SIGN AND PROJECT SAFETY SIGN 

1. SCOPE: This section covers a project bulletin board, a project sign, and 

a project safety sign, complete. 

2. GENERAL: Immediately upon beginning of work under this contract, the 

Contractor shall accomplish the work covered under this section of the 

specifications. Locations of the bulletin board, the project sign, and the 

project safety sign shall be as determined by the Contracting Officer. 

3. BULLETIN BOARD: Immediately upon beginning of work under this contract, 

the Contractor shall provide a weatherproof glass-covered bulletin board not less 

than 36 x 48 inches in size, for displaying the Equal Employment Opportunity 

Poster, a copy of the wage decision contained in the contract, Wage Rate 

Information Poster, and other information approved by the Contracting Officer. 

The bulletin board shall be located at the site of work in a conspicuous place 

easily accessible to all employees as approved by the Contracting Officer. 

Legible copies of the aforementioned data shall be displayed until work under the 

contract is complete. Upon completion of work under this contract the bulletin 

board shall be removed by and remain the property of the Contractor. 

4. PROJECT SIGN: The Contractor shall furnish and erect a project sign in the 

location as hereinbefore specified. Details of construction shall be as shown 

on the drawings attached at the end of this section. The sign shall be 

constructed of 1/2-inch-thick, grade A-C, exterior type plywood. The sign shall 

receive 2 coats of dark blue, semigloss, exterior type enamel, color number 

25053, as shown in Federal Standard 595a and Change Notice No. 1. Lettering 

shall be as shown on the drawings and shall be an approved white, semigloss, 

exterior type enamel. Upon completion of work under this contract, the project 

sign shall be removed from the job site and shall remain the property of the 

Contractor. 

5. PROJECT SAFETY SIGN: The Contractor shall furnish and erect a project 

safety sign at the Contractor's field office. The safety sign shall be located 

in a conspicuous place easily within view of all employees and visitors as 

approved by the Contracting Officer. Details of construction shall be as shown 

on the drawings attached at the end of this section. The sign shall be 

constructed of 3/4-inch-thick, grade A-C, exterior-type plywood. The sign shall 

receive two coats of an approved white, semigloss, exterior type enamel. 

Lettering shall be as shown on the drawings and shall be semigloss, exterior type 

enamel of the colors noted on the drawings. The Contractor shall furnish and 

apply a red decal of the Corps of Engineers' Castle, or may use a stencil in lieu 

of a decal provided the dimensions are the same. The decal, if used, shall 

receive a thin coat of clear spar varnish after application. If a stencil is 

used, the castle shall be painted with an approved red, semigloss, exterior type, 

enamel. The Contractor shall furnish a sufficient number of sign numbers to 

cover the length of .the contract period and to keep both numbered spaces up to 

date. The Contractor shall keep the safety sign current by posting the numbers 

daily in both slots (lines 5 and 6 of sign). Numbers shall be red and the size 
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size, and material of utility lines. 

2.2.2 The location and dimensions or any changes within the building or 

structure. 

2.2.3 Correct grade or alinement of roads, structures or utilities if any 

changes were made from contract plans. 

2.2.4 Correct elevations if changes were made in site grading. 

2.2.5 Changes in details of design or additional information obtained from 

working drawings specified to be prepared and/or furnished by the Contractor 

including ·but not limited to fabrication, erection, installation plans and 

placing details, pipe sizes, insulation material, dimensions of equipment 

foundations, etc. 

2.2.6 The topography and grades of all drainage installed or affected as a 

part of the project construction. 

2. 2. 7 Options: Where contract drawings or specifications allow options, only 

the option selected for construction shall be shown on the as-built drawings. 

2.2.8 As part of the prefinal inspection, the preliminary as-built drawings 

will be reviewed. They must comply with this specification prior to scheduling 

the final inspection, and/or prior to substantial completion of the project. 

2.2.9 Submittal to Contracting Officer for Review and Approval: One copy of 

the preliminary as-built marked prints and one copy of the preliminary as-built 

reproducibles shall be delivered to the Contracting Officer before the time of 

final inspection for his review and approval. Final inspection will not be 

scheduled by the Contracting Officer until preliminary as-built drawings have 

been approved. The review by Government personnel will be expedited to the 

maximum extent possible. Upon approval, one copy of the as-built marked prints 

will be returned to the Contractor for use in preparation of final as-built 

drawings. If upon review, the drawings are found to contain errors and/or 

omissions, they shall be returned to the Contractor for corrections. The 

Contractor shall complete the corrections and return the drawings to the 

Contracting Officer within ten (10) calendar days. 

2.2.9.1 Withholding for Preliminary As-Builts: Failure by the Contractor to 

maintain current and satisfactory as-built drawings in accordance with these 

requirements will result in withholding from progress payments an amount equal 

to the value of the subject as-built drawings. The Contracting Officer will 

indicate an unearned balance on monthly payment estimates in accordance with the 

above, until the Contractor has fulfilled the contract requirements. 

2. 3 Final As-Built Drawings: The contract drawings were produced using 

Computer-Aided Drafting (CAD). The CAD software to be used by the Contractor for 

preparing the as-built drawings shall be AutoCAD, Release 10 by Autodesk Inc. 

The Contractor will be furnished 5-1/4 inch floppy diskettes containing the 

AutoCAD drawing files to be revised with the as-built drawings. 
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SECTION 01720 

AS-BUILT DRAWINGS 

1. SCOPE: This section covers as-built drawings, complete. 

2. AS-BUILT DRAWINGS: 

2.1 General: The Contractor shall furnish one full-size set of blueline 

prints and one full-size set of reproducible drawings for use in preparation of 

as-built drawings. The as-built drawings shall be a record of the construction 

as installed and completed by the Contractor. They shall include all the 

information shown on the contract set of drawings and a record of all deviations, 

modifications, or changes from those drawings, however minor, which were 

incorporated in the work, all additional work not appearing on the contract 

drawings, and all changes which are made after final inspection of the contract 

work. In event the Contractor accomplishes additional work which changes the as

built conditions of the facility after submission of the as-built drawings, the 

Contractor shall furnish revised and/or additional drawings as required to depict 

as-built conditions. The requirements for these additional drawings will be the 

same as for the as-built drawings included in the original submission. 

2.2 Preliminary As-Built Drawings: The Contractor shall mark up one set of 

paper prints and an identical markup on the reproducible to show the as-built 

conditions. These as-built marked prints shall be kept current and available on 

the jobsite at all times. Subject to the approval of the Contracting Officer, 

a member of the Contractor's Quality Control Organization shall be assigned sole 

responsibility for the maintenance and currency of preliminary as-built drawings. 

Any reassignment of duties concerning the maintenance of the as-built drawings 

shall be promptly reported to the Contracting Officer. All changes from the 

contract plans which are made in the work or additional information which might 

be uncovered in the course of construction shall be accurately and neatly 

recorded as they occur by means of details and notes. All changes and/or 

required additions to the paper prints shall be clearly identified in a color 

contrasting to blue, preferably red. The as-built marked prints will be jointly 

inspected for accuracy and completeness by . the Contracting Officer's 

representative and the assigned representative of the Contractor's Quality 

Control Organization prior to submission of each monthly pay estimate. (See 

paragraph: Withholding for Preliminary As-Builts.) The as-built drawings shall 

show the following information, but not be limited thereto. 

2. 2.1 The location and description of any utility lines or other installations 

of any kind or description known to exist within the construction area. The 

location of exterior utilities includes actual measured horizontal distances from 

utilities to permanent facilities/features. These measurements shall be within 

an accuracy range of six inches and shall be shown at sufficient points to permit 

easy location of utilities for future maintenance purposes. Measurements shall 

be shown for all change of direction points and all surface or underground 

components such as valves, manholes, drop inlets, clean outs, meter, etc. The 

general depth range of each underground utility line shall be shown (i.e., 3' to 

4' depth). The description of exterior utilities includes the actual quantity, 
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2. 3 .1 The Government will scan the diskettes for virus infections, and examine 

the drawing files for integrity before delivery to the Contractor. Upon receipt 

of the drawing files, the Contractor shall verify that the drawing files can be 

brought up using AutoCAD, and shall certify this to the Contracting Officer. Any 

drawing files that appear to be corrupt or otherwise unusable shall be identified 

immediately and returned to the Contracting Officer for replacement. 

2.3.2 The Contractor shall revise the CAD drawings to reflect the .as-built 

changes to match the approved marked set of blueline prints. Some of the drawing 

changes, amendments prior to bid opening, and changes resulting from contract 

modification may have been added to the original mylars by hand drafting. The 

Contractor shall revise the CAD drawing to reflect the amendment/contract 

changes, in addition to all other as-built changes. 

2. 3. 3 The Contractor shall certify that the media (floppy diskettes) 

containing the as-built drawing files have been scanned for known computer 

viruses before delivery to the Government. The name(s) and release date(s) of 

the virus scanning software used to analyze the delivered floppies shall be 

furnished to the Contracting Officer at the time of delivery. The release or 

revision date of the virus scanning software used shall be no older than ninety 

(90) days in age at the time of delivery of the media. If analysis of the 

delivered media by the Government finds evidence of virus infection, the media 

will be returned to the Contractor. The Contractor shall re-submit virus-free 

media at no cost to the Government. 

2. 3. 4 Plotting: Each changed diskette shall be plotted on mylar and the 

diskette and the plot shall be returned to the Contracting Officer. 

2.3.5 Drafting: Only personnel proficient in the preparation of engineering 

drawings shall be employed to modify the original contract drawings or prepare 

additional new drawings. All additions and corrections to the contract drawings 

shall match the adjacent existing linework and/or lettering being annotated in 

type, density, size, and style. All modifications and new drawings shall, in 

addition to the above, conform to applicable requirements of the Architect

Engineer Instruction Manual (AEIM), Chapter I- Drafting, and available from the 

Area or Resident Engineer's Office. The Contracting Officer will review all 

as-built drawings for accuracy and conformance to the above specified drafting 

standards. The Contractor will make all corrections, changes, additions, and 

deletions to meet these standards. 

2. 3. 5.1 When final revisions have been completed, each drawing shall be 

lettered with the words "DRAWING OF WORK AS BUILT" in letters at least 3/16" high 

placed below the title block between the border and the trim line. The date of 

completion and the words "REVISED AS-BUILT" shall be placed in the revision block 

above the latest existing revision notation. 

2.3.5.2 Title Blocks: The title block to be used for any new as-built 

drawings shall be similar to that used on the original drawings. 

2. 4 Submittal Requirements: After receipt of the approved as-built 

preliminary drawings, the Contractor shall submit to the Contracting Officer the 

following: 
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a. The 5-1/4 inch revised diskette. 

b. One set of reproducible mylars produced from the revised diskette. 

c. The approved marked set of blueline prints. 

All of the above shall become the property of the Government upon final approval 

and shall be complete in all details. 

2.5 Final As-Built Drawings, Bid Item. 

a. A special bid item entitled "Final As-Built Drawings" has been placed in 

the Bid Schedule for work on "As-Built Drawings". The amount of this item has 

been established by the Contracting Officer and entered in the Bid Schedule. 

This bid item becomes a part of the overall Contractor's bid, but payment of the 

amount shown in the bid schedule shall be withheld until the "Final As-Built 

Drawings" have been approved and accepted by the Contracting Officer. 

b. The Contractor shall commence work on final as-built drawings upon his 

receipt of the approved preliminary as-built drawings. The Contractor shall have 

the number of calendar days specified in the Special Clause, COMMENCEMENT, 

PROSECUTION AND COMPLETION OF WORK, to complete and return to the Contracting 

Officer all specified final as-built drawing work. In the event that the 

Contractor fails to complete as-built drawing work within the specified time, the 

Contracting Officer shall withhold payment due the Contractor for final as-built 

drawings under this contract. 

***************************************************************************** 
NOTE; Use [Proposal] for 8(a) projects only. 

***************************************************************************** 

2.6 Payment for Final As-Built Drawings: Payment for the performance of the 

work outlined above will be made after its approval and acceptance by the 

Contracting Officer. This work is a subsidiary portion of the contract work; 

therefore an amount as specified in the [Bid] [Proposal] Schedule will be 

withheld from the Contractor's bid price until acceptable performance of the 

work. 

- - 0 0 0 - -
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SECTION 01740 

WARRANTY OF CONSTRUCTION 

1. WARRANTY OF CONSTRUCTION (FAR 52.246-21) (APR 1984). 

1.2 In addition to any other warranties in this contract, the Contractor 

warrants, except as provided in paragraph 1. 11 of this clause, that work 

performed under this contract conforms to the contract requirements and is free 

of any defect in equipment, material, or design furnished, or workmanship 

performed by the Contractor or any subcontractor or supplier at any tier. 

1. 3 This warranty shall continue for a period of 1 year from the date of final 

acceptance of the work. If the Government takes possession of any part of the 

work before final acceptance, this warranty shall continue for a period of 1 year 

from the date the Government takes possession. 

1.4 The Contractor shall remedy at the Contractor's expense any failure to 

conform, or any defect. In addition, the Contractor shall remedy at the 

Contractor's expense any damage to Government-owned or controlled real or 

personal property, when that damage is the result of-

1.4.1 The Contractor's failure to conform to contract requirements; or 

1.4.2 Any defect of equipment, material, workmanship, or design furnished. 

1.5 The Contractor shall restore any work damaged in fulfilling the terms and 

conditions of this clause. The Contractor's warranty with respect to work 

repaired or replaced will run for 1 year from the date of repair or replacement. 

1.6 The Contracting Officer shall notify the Contractor, in writing, within 

a reasonable time after the discovery of any failure, defect, or damage. 

1.7 If the Contractor fails to remedy any failure, defect, or damage within 

a reasonable time after receipt of notice, the Government shall have the right 

to replace, repair, or otherwise remedy the failure, defect, or damage at the 

Contractor's expense. 

1.8 With respect to all warranties, express or implied, from subcontractors, 

manufacturers, or suppliers for work performed and materials furnished under this 

contract, the Contractor shall-

1. 8 .1 Obtain all warranties that would be given in normal commercial practice; 

1.8.2 Require all warranties to be executed, in writing, for the benefit of 

the Government, if directed by the Contracting Officer; and 

1.8.3 Enforce all warranties for the benefit of the Government, if directed 

by the Contracting Officer. 

1.9 In the event the Contractor's warranty under paragraph (b) of this clause 
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has expired, the Government may bring suit at its expense to enforce a 

subcontractor's, manufacturer's, or supplier's warranty. 

1.10 Unless a defect is caused by the negligence of the Contractor or 

subcontractor or supplier at any tier, the Contractor shall not be liable for the 

repair of any defects of material or design furnished by the Government nor for 

the repair of any damage that results from any defect in Government-furnished 

material or design. 

1.11 This warranty shall not limit the Government's rights under the 

Inspection and Acceptance clause of this contract with respect to latent defects, 

gross mistakes, or fraud. 

1.12 Defects in design or manufacture of equipment specified by the Government 

on a "brand name and model" basis, shall not be included in this warranty. In 

this event, the Contractor shall require any subcontractors, manufacturers, or 

suppliers thereof to execute their warranties, in writing, directly to the 

Government. 

2. PRE-WARRANTY CONFERENCE. P_rior to contract completion and at a time 

designated by the Contracting Officer or his representative, the Contractor shall 

meet with the Contracting Officer to develop a mutual understanding with respect 

to the requirements specified herein. The Contracting Officer shall establish 

communication procedures for oral notification to the Contractor of warranty 

defects; establish reasonable time for Contractor responses; and other details 

deemed necessary by the Contracting Officer for the execution of the construction 

warranty. In connection with these requirements the Contractor will furnish the 

name, telephone number and address of representatives authorized to perform 

warranty repairs. If the Contractor is located outside the local service area, 

the name, telephone number and address of a licensed and bonded company which is 

authorized to initiate and maintain warranty work action on behalf of the 

Contractor shall be furnished. This point of contact will be located within the 

local service area of the warranty work and shall be an established company 

capable of performing the type of work under the warranty item. At this 

conference, the Contracting Officer shall furnish names and telephone numbers of 

the personnel authorized to notify the Contractor or his designated 

representative of any failure, defect or damage, and to request warranty repair 

work. 

3. WARRANTY REPAIRS. Warranty repair work which threatens the health, safety, 

or well-being of personnel or the safety of property and/or equipment will be 

handled by the Contractor on an immediate basis as orally directed by the 

Contracting Officer or authorized representative, as established in subparagraph, 

Pre-Warranty Conference, above. Such items requiring immediate attention shall 

include but not be limited to: air conditioning, heating, and ventilating 

systems; sewage disposal facilities or components thereto; fire protection 

systems; water supply system or components thereto; and electrical power systems. 

Other warranty repair which does not threaten the health, safety, or well-being 

of personnel andjor safety of property or equipment will be handled by the 

Contractor within seventy two hours or the time frame established during the pre

warranty conference. Failure of the Contractor to respond as requested will be 

cause for the Contracting Officer to have the warranty repair work performed by 
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others and proceed against the Contractor as outlined in subparagraphs, Bid Item 
and Performance Bond, above. Any work required to correct a warranty item, 

. accomplished by the Government under these paragraphs shall not void the warranty 
of the item. (SWD letter, dated 18 July 1988). 

- - 0 0 0 - -
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SECTION 02050 - DEMOLITION 

PART 1 - GENERAL 

1.1 SUMMARY (Not Applicable) 

1.2 REFERENCES (Not Applicable) 

1.3 GENERAL REQUIREMENTS 

The work includes demolition, salvage of identified items and materials, and 

removal of resulting rubbish and debris. Rubbish and debris shall be removed 

from Government property daily, unless otherwise directed, to avoid 

accumulation at the demolition site. Materials that cannot be removed daily 

shall be stored in areas specified by the Contracting Officer. In the 

interest of conservation salvage shall be pursued to the maximum extent 

possible; salvaged items and materials shall be disposed of as specified. 

1.4 SUBMITTALS 

Government approval is required for submittals with a "GA" designation; 

submittals having an "FlO" designation are for information only. The 

following shall be submitted in accordance with SECTION 01300 SUBMITTALS: 

SD-18, Records 

Work Plan; "FlO". 

The procedures proposed for the accomplishment of the work. The procedures 

shall provide for safe conduct of the work, careful removal and disposition of 

materials specified to be salvaged, protection of property which is to remain 

undisturbed, coordination with other work in progress, and timely 

disconnection of utility services. The procedures shall include a detailed 

description of the methods and equipment to be used for each operation, and 

the sequence of operations. 

1.5 DUST CONTROL 

The amount of dust resulting from demolition shall be controlled to prevent 

the spread of dust to occupied portions of the construction site and to avoid 

creation of a nuisance in the surrounding area. Use of water will not be 

permitted when it will result in, or create, hazardous or objectionable 

conditions such as ice, flooding and pollution. 

1.6 PROTECTION 

1.6.1 Protection of Existing Property 

Before beginning any demolition work, the Contractor shall carefully survey 

the site and examine the drawings and specifications to determine the extent 

of the work. The Contractor shall take all necessary precautions to avoid 
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damage to existing items to remain in place, to be reused, or to remain the 
property of the Government, and any damaged items shall be repaired or 
replaced as approved by the Contracting Officer at no additional cost to the 
Government. The Contractor shall carefully coordinate the work of this 
section with all other work and construct and maintain shoring, bracing and 
supports, as required. The Contractor shall ensure that structural elements 
are not overloaded and be responsible for increasing structural supports or 
adding new supports as may be required as a result of any cutting, removal, or 
demolition work performed under this contract. 

1.6.2 Environmental Protection 

The work shall comply with the requirements of SECTION 1100. 

1.7 BURNING 

The use of burning at the project site for the disposal of refuse and debris 
will not be permitted. 

1.8 USE OF EXPLOSIVES 

Use of explosives will not be permitted. 

PART 2 - PRODUCTS (Not Applicable) 

PART 3 - EXECUTION 

3.1 FILLING 

Holes and other hazardous openings shall be filled in accordance with SECTION: 
02210 GRADING. 

3.2 DISPOSITION OF MATERIAL 

Title to all materials and equipment to be demolished, excepting Government 
salvage and historical items, is vested in the Contractor upon receipt of 
notice to proceed. The Government will not be responsible for the condition, 
loss or damage to such property after notice to proceed. 

3.2.1 Salvageable Items and Materials 

Contractor shall salvage items and materials to the maximum extent possible. 

3.2.1.1 Material Salvaged for the Contractor 

Material salvaged for the Contractor shall be stored as approved by the 
Contracting Officer and shall be removed from Government property before 
completion of the contract. Material salvaged for the Contractor shall not be 

sold on the site. 

3.2.1.2 Historical Items 
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Historical items shall be removed in a manner to prevent damage. The 

following historical items shall be delivered to the Government for 

disposition: Corner stones, contents of corner stones, and document boxes 

wherever located on the site. 

3.2.2 Unsalvageable Materials 

Concrete, masonry, and other noncombustible materials, except concrete 

permitted to remain in place, shall be disposed of out side the limits of 

government controled land. Combustible materials shall be disposed of out 

side the limits of government controled land . 

3.3 CLEAN-UP 

Debris and rubbish shall be removed and transported in a manner as to prevent 

spillage on streets or adjacent areas. Local regulations regarding hauling 

and disposal apply. 

- - 0 0 0 - -
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SECTION 02110 ~ CLEARING AND GRUBBING 

PART 1 - GENERAL 

1.1 SUMMARY (Not Applicable) 

1.2 REFERENCES (Not Applicable) 

1.3 DEFINITIONS 

1.3.1 Clearing 

Clearing shall consist of the felling, trimming, and cutting of trees into 

sections and the satisfactory disposal of the trees and other vegetation 

designated for removal, including down timber, snags, brush, and rubbish 

occurring in the areas to be cleared. 

1.3.2 Grubbing 

Grubbing shall consist of the removal and disposal of stumps, roots larger 

than 3 inches in diameter, and matted roots from the designated grubbing 

areas. 

1.4 SUBMITTALS 

The following shall be submitted in accordance with SECTION: 01300 

SUBMITTALS: 

SD-91, Records 

Permission to dispose of cleared and grubbed materials on private property 

shall be in writing, and a copy of this permit shall be filed with the 

Contracting Officer. 

PART 2 - PRODUCTS (Not Applicable) 

PART 3 - EXECUTION 

3.1 CLEARING 

Trees, stumps, roots, brush, and other vegetation in areas to be cleared shall 

be cut off flush with or below the original ground surface, except such trees 

and vegetation as may be indicated or directed to be left standing. Trees 

designated to be left standing within the cleared areas shall be trimmed of 

dead branches 1-1/2 inches or more in diameter and shall be trimmed of all 

branches the heights indicated or directed. Limbs and branches to be trimmed 

shall be neatly cut close to the bole of the tree or main branches. Cuts more 

than 1-1/2 inches in diameter shall be painted with an approved tree-wound 

paint. Trees and vegetation to be left standing shall be protected from 

damage incident to clearing, grubbing, and construction operations by the 

erection of barriers or by such other means as the circumstances require. 
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Clearing shall also include the removal and disposal of structures that 

obtrude, encroach upon, or otherwise obstruct the work. 

3.2 GRUBBING 

Material to be grubbed, together with logs and other organic or metallic 

debris not suitable for foundation purposes, shall be removed to a depth of 

not less than 18 inches below the original surface level of the ground in 

areas indicated to be grubbed and in areas indicated as construction areas 

under this contract. Depressions made by grubbing shall be filled with 

suitable material and compacted to make the surface conform with the original 

adjacent surface of the ground. 

3.3 TREE REMOVAL 

Where indicated or directed, trees and stumps that are designated as trees 

shall be removed from areas outside those areas designated for clearing and 

grubbing. This work shall include the felling of such trees and the removal 

of their stumps and roots as specified in paragraph "GRUBBING." Trees shall be 

disposed of as specified in paragraph "DISPOSAL OF MATERIALS." 

3.4 DISPOSAL OF MATERIALS 

3.4.1 Materials 

Logs, stumps, roots, brush, rotten wood, and other refuse from the clearing 

and grubbing operations, shall be disposed of outside the limits of 

Government-controlled land at the Contractor's responsibility 

- - 0 0 0 - -
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SECTION 02210 - GRADING 

PART 1 - GENERAL 

1.1 SUMMARY (Not Applicable) 

1.2 REFERENCES 

The publications listed below form a part of this specification to the extent 

referenced. The publications are referred to in the text by basic designation 
only. 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

ASTM D 75 

ASTM C 136 

ASTM D 422-63 

ASTM D 1556 

ASTM D 1557 

ASTM D 2216 

ASTM D 2487 

ASTM D 4643 

1.3 DEFINITIONS 

(1987) Sampling Aggregates. 

(1984; Rev. a) Sieve Analysis of Fine and 
Coarse Aggregates. 

Particle size Analysis of Soils 

(1982) Density of Soil In-Place by the 
Sand-Cone Method. 

(1978) Moisture-Density Relations of Soils and 
Soil-Aggregate Mixtures Using 10-lb. (4.54-kg) 
Rammer and 18-in. (457-mm) Drop. 

(1987) Determination of 
Content of Soil, Rock, 
Mixtures. 

Water (moisture) 
& Soil-Aggregate 

(1985) Classification of Soils for Engineering 
Purposes. 

(1980) Laboratory determination of Water 
(Moisture) Content of Soil by the Microwave 
Oven Method. 

1.3.1 Satisfactory Bedding Materials 

Materials classified in ASTM D 2487 as GW, GP, GM, GC, SW, SP, SC, SM, and CL 

and free from roots and other organic matter, trash, debris, and frozen 

materials and stones larger than 3 inches in any dimension are satisfactory. 
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1.3.2 Unsatisfactory bedding Materials 

Materials which do not comply with the requirements for satisfactory materials 

are unsatisfactory. Materials classified in ASTM D 2487 as CH, Pt, OH, OL, 

ML, and MH are unsatisfactory. Unsatisfactory materials also include refuse. 

1.3.3 Satisfactory Cover Materials 

Materials classified in ASTM D 2487 as SC and CL and free from roots and other 

organic matter, trash, debris, and frozen materials and stones larger than 1 

inch in any dimension are satisfactory. Satisfactory Cover Materials shall 

have the following properties: 

1. Fines content ~ 30% passing the #200 sieve 

2. Plasticity 15% ~PI~ 40% 

3. Course Aggregates retained on the #4 sieve< 10% 

4. No particles ~ l-inch 

1.3.4 Unsatisfactory Cover Materials 

Materials which do not comply with the requirements for satisfactory materials 

are unsatisfactory. Materials classified in ASTM D 2487 as GW, GP, GM, GC, 

SW, SP, SM, MH, ML, CH, Pt, OH, and OL, are unsatisfactory. Materials 

classified in ASTM D 2487 as CH Pt, OH, OL, ML, and MH are unsatisfactory. 

Unsatisfactory materials also include refuse. 

1.3.5 Cohesionless and Cohesive Materials 

Cohesive materials include materials classified as GC, SC, ML, CL, MH, and CH. 

Cohesionless materials include materials classified in ASTM D 2487 as GW, GP, 

SW, and SP. Materials classified as GM and SM will be identified as 

cohesionless only when the fines have a plasticity index of zero. 

1.3.6 Degree of Compaction 

Degree of compaction is a percentage of the maximum density obtained by the 

test procedure presented in ASTM D 1557, Method D and abbreviated below as a 

percent of laboratory maximum density. 

1. 3. 7 Topsoil 

Material obtained from off-site areas suitable for topsoils, is defined as 

natural, friable surface soil possessing the characteristics of representative 

soils in the vicinity that produce heavy growth of crops, grass, or other 

vegetation. 
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1.4 SUBMITTALS 

The following shall be submitted in accordance with SECTION: 01300 

SUBMITTALS: 

SD-39, Qualifications 

The Contractor shall furnish the qualifications of the commercial testing 

laboratory who will be performing all testing in accordance with the 

paragraph, FIELD TESTING CONTROL. 

SD-70, Test Reports 

The Contractor shall furnish certified test reports and analysis certifying 

that the satisfactory materials proposed for use at the project site conform 

to the specified requirements, and for all tests conducted in accordance with 

the paragraph, FIELD TESTING CONTROL. 

SD-91, Records 

The Contractor shall notify the Contracting Officer of the opening of 

excavation or borrow areas in accordance with paragraph, BORROW MATERIAL. 

PART 2 - PRODUCTS 

2.1 BORROW MATERIAL 

Borrow material ~hall be selected to meet requirements and conditions of the 

particular fill for which it is to be used. Necessary clearing, grubbing, 

disposal of debris, and satisfactory drainage of borrow pits shall be 

performed by the Contractor as incidental operations to the borrow excavation. 

2.1.1 Selection 

Borrow materials shall be obtained from sources outside the limits of 

Government-controlled land or sources within the limits of 

Government-controlled land, subject to approval. Borrow materials shall be 

subject to approval. The source of borrow material shall be the Contractor's 

responsibility. Unless otherwise provided in the contract, the Contractor 

shall obtain from the owners the right to procure material, shall pay all 

royalties and other charges involved, and shall bear all the expense of 

developing the sources, including rights-of-way for hauling. 

2.1.2 Borrow Pits 

Except as otherwise permitted, borrow pits shall be excavated to afford 

adequate drainage. Overburden and other spoil material shall be disposed of 

or used for special purposes. Borrow pits shall be neatly trimmed after the 

excavation is completed. 
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PART 3 - EXECUTION 

3.1 PREPARATION OF GROUND SURFACE FOR FILL 

All vegetation, such as trees, stumps, roots, brush, and other vegetation in 

the area to be cleared shall be cut off flush with or below the original 

ground surface. Clearing shall also include the removal and disposal of 

structures that obtrude, encroach upon, or otherwise obstruct the work. In 

no case will unsatisfactory material remain in or under the fill area. Sloped 

ground surfaces steeper than one vertical to four horizontal on which fill is 

to be placed shall be plowed, stepped, or broken up, as directed, in such 

manner that the fill material will bond with the existing surface. Prepared 

surfaces on which compacted fill is to be placed shall be wetted or dried as 

may be required to obtain the specified moisture content and density. 

3.2 BACKFILL ADJACENT TO STRUCTURES 

Backfill adjacent to structures shall be placed and compacted uniformly in 

such manner as to prevent wedging action or eccentric loading upon or against 

the structures. Slopes bounding or within areas to be backfilled shall be 

stepped or serrated to prevent sliding of the fill. During backfilling 

operations and in the formation of embankments, equipment that will overload 

the structure in passing over and compacting these fills shall not be used. 

3.3 FILLS AND EMBANKMENTS 

Fills and embankments shall be constructed at the locations and to lines and 

grades indicated. The completed fill shall conform to the shape of the 

typical sections indicated or shall meet the requirements of the particular 

case. Satisfactory material obtained during excavation may be used in forming 

required fill. Fill shall be s~tisfactory material and shall be reasonably 

free from roots, other organic material, and trash and from stones having a 

maximum diameters as specified in paragraphs "Satisfactory Bedding Materials" 

and "Satisfactory Cover Materials". No frozen material will be permitted in 

the fill. The material shall be placed in successive maximum horizontal 

layers of 8 inches in loose depth for the full width of the cross section and 

shall be compacted as specified. Each layer shall be compacted before the 

overlaying lift is placed. Moisture content of the fill or backfill material 

shall be adjusted by wetting or aerating, as required, to at least one (1) 

percent above optimum moisture content as determined from laboratory tests 

specified in paragraph "DEFINITIONS." 

3.4 COMPACTION 

Each layer of the landfill cap shall be compacted to at least 95 percent of 

laboratory maximum density 

3.5 FINISHED EXCAVATION, FILLS, AND EMBANKMENTS 

All areas covered by the project, including excavated and filled sections and 

adjacent transition areas, shall be uniformly smooth-graded. The finished 

surface shall be smooth, compacted, and free from irregular surface changes. 
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The degree of finish shall be that ordinarily obtainable from finish roller 

operations, except as otherwise specified. The surface of areas to be turfed 

shall be finished to a smoothness suitable for the application of turfing 

materials. Surfaces shall be finished not more than 0. 15 foot above or 

below the established grade or approved cross section. 

3.6 PLACING TOPSOIL 

On areas to receive topsoil, the compacted subgrade soil shall be scarified to 

a 2-inch depth for bonding of topsoil with subsoil. Topsoil then shall be 

spread evenly to a thickness of 8 inches and graded to the elevations and 

slopes shown. Topsoil shall not be spread when frozen or excessively wet or 

dry. Material required for topsoil in excess of that produced by excavation 

within the grading limits shall be obtained from off-site areas. 

3.7 FIELD TESTING CONTROL 

Testing shall be the responsibility of the Contractor and shall be performed 

by an approved commercial testing laboratory or by the Contractor subject to 

approval. Field density and moisture content tests shall be performed once or 

fraction there of on every lift placed. Field in-place density shall be 

determined in accordance with ASTM D 1556 or ASTM D 2167 When test 

results indicate, as determined by the Contracting Officer, that compaction is 

not as specified, the material shall be removed, replaced and recompacted to 

meet specification requirements, at no additional expense to the Government. 

Tests on recompacted areas shall be performed to determine conformance with 

specification requirements. Inspections and test results shall be certified 

by a registered professional civil engineer. These certifications shall state 

that the tests and observations were performed by or under the direct 

supervision of the engineer and that the results are representative of the 

materials or conditions being certified by the tests. The following number of 

tests, if performed at the appropriate time, will be the minimum acceptable 

for each type operation. 

3.7.1 Test Results 

-A coordinate system (x,y,z) shall be established to report sample locations. 

All tests including failures shall be reported and submitted to the 

Contracting Officer within 24 hours of the time of sampling. Only passing 

tests are acceptable. In the event of a failing moisture or density test a 

minimum of two passing tests of the suspect area of the fill shall be run. 

Results shall verify that materials comply with this specification. When a 

material source is changed, the new material will be tested for compliance. 

When deficiencies are found, the initial analysis shall be repeated and the 

material already placed shall be retested to determine the extent of 

unacceptable material. All in-place unacceptable material shall be replaced 

or modified as directed by the Contracting Officer. 

3. 7. 2 Sampling 

Aggregate samples for laboratory tests shall be taken in accordance with ASTM 

D 75. 
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3.7.3 Sieve Analysis 

Before starting work, at least one sample of material to be placed shall be 

tested in accordance with ASTM C 136 and ASTM D 422 on sieves conforming to 

ASTM E 11. After the initial test, a minimum of one analysis shall be 

performed for each 1000 CY of material placed, with a minimum of three 

analyses for each day's run until the layer is completed. 

3.7.4 Liquid Limit and Plasticity Index 

One liquid limit and plasticity index shall be performed for each sieve 

analysis. Liquid limit and plasticity index shall be in accordance with ASTM 

D 4318. 

3.7.5 Density Control 

The Contractor shall adequately control his compaction operations by tests 

made in accordance with ASTM D 1556 or ASTM D 2167 . One in-place density and 

one in-place moisture test shall be performed per 12,000 square feet, or 

fraction thereof, of each lift. Moisture content shall be in accordance with 

ASTM D 2216 or ASTM D 4643 for ·determining density. When ASTM D 4643 is 

utilized, the moisture content should be checked a minimum of once per day 

using ASTM D 2216. The density test hole shall be backfilled and compacted to 

the required moisture and density of the adjacent fill. Additional. tests 

shall be made as necessary. All test results shall be made available to the 

Contracting Officer. Acceptance tests may be made by the Government for 

verification of compliance; however, the Contractor shall not depend on such 

test for his control of operations. Deficiencies in construction shall be 

corrected by the contractor at no additional cost to the Government. 

3.7.6 Density-Moisture Determinations 

Test for determination of maximum density and optimum moisture content shall 

be performed by the contractor in accordance with the requirements of ASTM D 

1557. Density-Moisture Tests shall be run on the same sample on which the in

place density test is run. The percent compaction of the fill sample is then 

calculated from the results of the field and laboratory density tests. The 

above testing shall include Atterberg limits and grain size determinations and 

shall be made on the same material as the in-place density and moisture test. 

3.9.1 Moisture-Density and Classification of Soil Tests 

(\_, 3. 8 PROTECTION 

Newly graded areas shall be protected from traffic and from erosion, and any 

settlement or washing away that may occur from any cause, prior to acceptance, 

shall be repaired and grades reestablished to the required elevations and 

slopes. All work shall be conducted in accordance with the environmental 

protection requirements of the contract. 

0 0 0 - -
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SECTION 02215 - PLASTIC FILTER FABRIC 

1. GENERAL 

1.1 SCOPE 

The work provided for herein consists of furnishing all plant, labor, 

material, and equipment and performing all operations required for furnishing, 

hauling, and placing the geotextile, complete, as specified herein and shown 

on the contract drawings, and maintaining the geotextile until placement of 

the geocomposite liner is completed and accepted. 

1.2 REFERENCES 

The publications listed below form a part of this specification to the extent 

referenced. The publications are referred to in the text by basic designation 

only. 

American Society for Testing and Materials (ASTM). 

ASTM-D 123 REV A-90 

ASTM-D 1683-90 

ASTM-D 3787-89 

ASTM-D 4491-89 

ASTM-D 4533-85 

ASTM-D 4632-86 

U.S. Army Corps of Engineers. 

EM 1110-2-1906 

2. MATERIALS. 

Standard Terminology Relating to Textiles. 

Failure in Sewn Seams of Woven Fabrics. 

Bursting Strength of Knitted Goods: 
Constant-Rate-of-Traverse (CRT), Ball Burst 
Test. 

Test Methods for Water Permeability of 
Geotextiles by Permittivity. 

Trapezoid Tearing Strength of Geotextiles. 

Breaking Load and Elongation of 
Geotextiles (Grab Method). 

Laboratory Soils Testing. 

2.1 Geotextile (Plastic Filter Fabric) 

The geotextile shall be a non-woven pervious sheet of plastic yarn as defined 

by ASTM D-123. The geotextile shall meet the physical requirements listed in 

Table No. 1 of the specifications. The geotextile fiber shall consist of a 

long chain synthetic polymer composed of at least 85 percent by weight of 

propylene, ethylene, ester, amide, or vinylidene-chloride, and shall contain 

stabilizers and/or inhibitors added to the base plastic if necessary to make 

the filaments resistant to deterioration due to ultra-violet and heat 
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exposure. The edges of the geotextile shall be finished to prevent the outer 

fiber from pulling away from the geotextile. 

2.2 Seams 

The seams of the geotextile shall be sewn with thread of a material meeting 

the chemical requirements given above for geotextile yarn or shall be bonded 

by cementing or by heat. The sheets of geotextile shall be attached at the 

factory or another approved location, if necessary, to form sections not less 

that 6 feet wide. Seams shall be tested in accordance with method ASTM D 

1683, using l-inch square jaws and 12 inches per minute constant rate of 

traverse. The strengths shall be not less than 90% of the required tensile 

strength (Table 1) of the unaged geotextile in any principal direction. 

2.3 Acceptance Requirements 

All brands of geotextile and all seams to be used shall be accepted on the 

following basis. The Contractor shall furnish the Contracting Officer, in 

duplicate, a mill certificate or affidavit signed by a legally authorized 

official from the company manufacturing the geotextile. The mill certificate 

or affidavit shall attest that the geotextile meets the chemical, physical and 

manufacturing requirements stated in this specification. If requested by the 

Contracting Officer, the Contractor shall provide to the Government geotextile 

samples for testing to determine compliance with any or all of the 

requirements in this specification. When samples are to be provided, they 

shall be submitted a minimum of 30 days prior to the beginning of installation 

of the same geotextile. All samples provided shall be from the same 

production lot as will be supplied for the contract, and shall be the full 

manufactured width of the geotextile by at least 10 ft. long, except that 

samples for seam strength may be a full width sample folded over and the edges 

stitched for a length of at least 5 ft. Samples submitted for testing shall 

be identified by manufacturers lot designation. 

2.4 Securing Pins 

Securing pins shall be 3/16 inch in diameter, of steel, pointed at one end and 

fabricated with a head to retain a steel washer having an outside diameter of 

no less than 1.5 inches. The lengths of the pins shall be no less than 18 

inches. 
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Table No. 1 - Physical Requirements 

·Physical Property 
Tensile Strength 
+(unaged geotextile) 

Breaking Elongation 
(unaged geotextile) 

Puncture Strength 
+(unaged geotextile) 

Geotextile 
Permeability 

Equivalent Opening 
Size (EOS) 

Tear Strength 

Test Procedure 
ASTM D 4632 Grab Test 
using 1 inch square 
jaws and a 12 inches 
per minute constant 
rate of traverse. 

ASTM D 4632 Determine 
Apparent Breaking 
Elongation. 

ASTM D 3787 except 
polished steel ball 
replaced with a 5/16-
inch diameter solid 
steel cylinder with a 
hemispherical tip 
centered within the ring 
clamp. 

ASTM D 4491 Test 
Methods for Water 
Permeability of 
Geotextiles by 
Permittivity. 

Specification Para
graph titled "Deter
mination of Equivalent 
Opening Size (EOS)". 

ASTM D 4533 Trape
zoidal Tear Strength. 

Acceptable Values++ 
too pound minimum in any 
principal direction. 

15 percent m~n~mum in any 
principal direction. 

40 pound minimum. 

The permeability of the 
geotextile shall be 
greater than 0.1 cmjsec. 

No coarser than the 
U.S. Standard Sieve 
No. 70. 

40 lbs. minimum 
in any principal direction. 

+Unaged geotextile is defined as geotextile in the condition received from the 

manufacturer or distributor. 

++All numerical values represent m~n~mum average roll values (i.e., any roll in 

a lot should meet or exceed the minimum in the table). 

2.5 SHIPMENT AND STORAGE 

During all periods of shipment and storage, the geotextile shall be protected 

from direct sunlight, ultra-violet rays, temperatures greater than 140 degrees 

fahrenheit, mud, dirt, dust and debris. To the extent possible, the fabric 

shall be maintained wrapped in a heavy duty protective covering. 
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3. INSTALLATION OF THE GEOTEXTILE 

The geotextile shall be placed in the manner and at the locations shown on the 

drawings. At the time of installation, the geotextile shall be rejected if it 

has defects, rips, holes, flaws, deterioration or damage incurred during 

manufacture, transportation or storage. The surface to receive the geotextile 

shall be prepared to a relatively smooth condition free of obstructions, 

depressions, debris and soft or low density pockets of material. The 

geotextile shall be laid smooth and free of tension, stress, folds, wrinkles, 

or creases. The strips shall be placed to provide a minimum width of 12 

inches of overlap for each joint. Temporary pinning of the textile to help 

hold it in place until the geocomposite lineris installed shall be allowed. 

The geotextile shall be protected at all times during construction from 

contamination by surface runoff and any geotextile so contaminated shall be 

removed and replaced with uncontaminated geotextile. Any damage to the 

geotextile during its installation or during placement of the geocomposite 

liner shall be replaced by the Contractor at no cost to the Government. The 

work shall be scheduled so that the covering of the geotextile with a layer of 

the specified material is accomplished within 7 calendar days after placement 

of the geotextile. Failure to comply shall require replacement of geotextile. 

The geotextile shall be protected from damage prior to and during the 

placement of the geocomposite liner or other materials. Before placement of 

the geocomposite liner or other materials, the Contractor shall demonstrate 

that the placement technique will prevent damage to the geotextile. In no 

case shall any type of equipment be allowed on the unprotected geotextile. 

4. QUALITY CONTROL. 

4.1 General 

The Contractor shall establish and maintain quality control for the 

covered in this section of the Technical Provisions to assure compliance 

contract requirements and maintain quality control records for 

construction operations including but not limited to the following: 

(1) Field inspection of materials. 

(2) Placing of fabric and securing pins. 

(3) Protection of fabric. 

work 
with 
all 

Two (2) legible copies of these records, as well as the records of corrective 

action taken, shall be furnished the Government as directed by the Contracting 

Officer. 

- - 0 0 0 - -
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SECTION 02224 - GAS VENT SYSTEM 

PART 1 - GENERAL 

1.1 SUMMARY 

This section covers the source and placement of compacted sand filter and PVC 

pipe to construct a gas vent system for the landfill. 

1.2 REFERENCES 

The publications listed below form a part of this specification to the extent 

referenced. The publications are referred to in the text by basic designation 

only. 

AMERICAN SOCIETY OF TESTING AND MATERIALS (ASTM) 

ASTM D 75 

ASTM C 136 

ASTM D 422-63 

ASTM D 1556 

ASTM D 2167 

ASTM D 2216 

ASTM D 2487 

ASTM D 3034 

ASTM D 4253-83 

ASTM D 4318-87 

ASTM D 4643-87 

(1987) Sampling Aggregates. 

(1984; Rev. a) Sieve Analysis of Fine and 
Coarse Aggregates. 

Particle size Analysis of Soils 

(1982) Density of Soil in Place by the 
Sand-Cone Method. 

(1984) Density and Unit Weight of Soil In

Place by the Rubber Balloon Method. 

(1980) Laboratory Determination of Water 

(Moisture) Content of Soil, Rock, and 

Soil-Aggregate Mixtures 

(1985) Classification of Soils for 

Engineering Purposes. 

Standard Specification for Type PSM 

Poly(Vinyl Chloride) (PVC) Sewer Pipe and 
Fittings 

Maximum Index Density of Soils Using a 

Vibratory Table. 

Liquid Limit, Plastic Limit, and Plasticity 

Index of Soils. 

Determination of Water (Moisture) Content 

of Soil by the Microwave Oven Method. 
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ASTM F 758 

ASTM F 949 REV A 

1.3 DEFINITIONS 

1.3.1 Sand Filter Material 

1.3.1.1 Satisfactory Materials 

Standard Specification for Smooth-Wall Poly 

(Vinyl Chloride) (PVC) Plastic Underdrain 

Systems for Highway, Airport, and Similar 

Drainage 

Standard Specification for Poly(Vinyl 

Chloride) (PVC) Corrugated Sewer Pipe with 

a Smooth Interior and Fittings 

Materials shall be classified in accordance with ASTM D 2487 and free from 

roots and other organic matter, trash, debris and frozen materials. Sand 

material shall be compromise of tough, durable particles, shall be reasonably 

free from thin , flat and elongated pieces, and shall contain no organic 

materials. The sand materials shall consist of well graded sand between the 

limits specified below: 

Sieve 
Designation 

3/8-inch 
No. 4 
No. 16 
No. 50 
No. 100. 

1.3.2 Degree of Compaction 

Percentage by Weight Passing 
Square-mesh Sieve 

100 
95-100 
45-80 
10-30 

2-10 

Degree of compaction is a percentage of the relative density obtained by the 

test procedure presented in ASTM D 4253, abbreviated below as a percent of 

laboratory maximum density. 

1.3.3 PVC Pipe Material 

1.3.3.1 Satisfactory Materials 

PVC pipe shall contain ultriviolate inhibitor to provide protection from 

exposure to direct sunlight. Polyvinyl Chloride (PVC) Pipe and Fittings shall 

conform to ASTM D 3034 (SDR 35), F 949, or F 758, Type PS 46. 

1.4 SUBMITTALS 

The following shall be submitted in accordance with SECTION: 01300 

SUBMITTALS: 
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SD-39 Qualifications 

The Contractor shall furnish the qualifications of the commercial testing 

laboratory who will be performing testing in accordance with PART 3 paragraph, 

SAMPLING AND TESTING. 

SD-70 Test Reports 

The Contractor shall furnish certified test reports and analysis certifying 

that the satisfactory materials proposed for the use at the project site 

conform to the specified requirements, and for all tests conducted in 

accordance with PART 3 paragraph, SAMPLING AND TESTING. 

SD-91 Records 

The Contractor shall notify the Contracting Officer of the opening of 

excavation or borrow areas in accordance with Paragraph 2. 

1.5 PLANT, EQUIPMENT, MACHINES, AND TOOLS 

1.5.1 General Requirements 

Plant, equipment, machines, and tools used in the work shall be subject to 

approval and shall be maintained in satisfactory working condition at all 

times. Other compacting equipment may be used in lieu of that specified, 

where it can be demonstrated that the results are equivalent. The equipment 

shall be adequate and have the capability of producing the results specified. 

1.5.2 Steel-Wheeled Rollers 

Steel-wheeled rollers shall be the self-propelled type weighing not less than 

10 tons, with a minimum weight of 300 pounds per inch width of rear wheel. 

Wheels of the rollers shall be equipped with adjustable scrapers. The use of 

vibratory rollers is optional. 

1.5.3 Sprinkling Equipment 

Sprinkling equipment shall consist of tank trucks, pressure distributors, or 

other approved equipment designed to apply controlled quantities of water 

uniformly over variable widths of surface. 

1.5.7 Straightedge 

The Contractor shall furnish and maintain at the site, in good condition, one 

12-foot straightedge, for use in the testing of the finished surface. 

Straightedge shall be made available for Government use. Straightedges shall 

be constructed of aluminum or other lightweight metal and shall have blades of 

box or box-girder cross section with flat bottom reinforced to insure rigidity 

and accuracy. Straightedges shall have handles to facilitate movement. 

02224-3 



1.6 STOCKPILING MATERIALS 

Materials, including approved material available from excavation and grading, 

shall be stockpiled in the manner and at locations designated. Before 

stockpiling of material, storage sites shall be cleared, and sloped to drain. 

Materials obtained from different sources shall be stockpiled separately. 

PART 2 -PRODUCTS 

2.1 SAND MATERIAL 

be selected to meet requirements and conditions of fill 

Necessary clearing, grubbing, disposal of debris, and 

of borrow pits shall be performed by the Contractor as 

to the borrow excavation. 

Sand material shall 
for the .vent layer. 
satisfactory drainage 
incidental operations 

2.2 PVC VENT PIPES 

Four, 4-inch diameter, perforated PVC pipes and fitting shall be used for the 

base of the venting system. Nonperforated PVC 4-inch diameter pipe shall be 

used for the vertical portion of the vent. Each vertical vent pipe shall be 

fitted with an inverted "U" or a "J" bent at the end, and the end opening 

shall be protected with a perforated cap. The contractor shall submit details 

of his method and procedure of providing a watertight joint of the vertical 

vent pipe with the geocomposite membrane for approval by the Contracting 

Officer befor the venting system is installed. 

2.3 PERFORATIONS IN PVC PIPE 

2.3.1 Sloted Perforations in PVC Pipe 

Circumferential slots shall be cleanly cut along the length of the horizontal 

pipe. Width of slots shall not exceed 1\8 inch nor be less than 1\32 inch. 

Length of the individial slots shall not exceed 1-1/2 ± 1\4 for the 4-inch 

diameter pipe. slots shall be approximatly 3 inches center-to-center along 

the pipe. Rows of slots shall be symmetrically spaced so that they are fully 

contained in 2 quadrans of the pipe. Slots shall be centerd in the valleys of 

the corrigations of profile wall pipe. 

2.3.2 Circular Perforations in PVC Pipe 

Circular holes shall be cleanly cut along the length of the horizontal pipe. 

Diameters of holes shall not exceed 3\8 inch nor be less than 3\16 inch and 

arranged in rows parallel to the longitudinal axis of the pipe. Perforations 

shall be approximatly 3 inches center-to-center along the pipe. The rows 

shall be appraximatly 1-1\2 inches apart and arranged in a stagered pattern do 

that all perforations lie at the midpoint between perforations in adjacent 

rows. 

PART 3 - EXECUTION 
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3.1 GENERAL 

3.2 PREPARATION OF GROUND SURFACE FOR FILL 

All vegetation, trees and brush, rubbish, and other unsatisfactory material 

within the area upon which fill is to be placed, shall be stripped or 

otherwise removed before the fill is started. Sloped ground surfaces steeper 

than one vertical to four horizontal on which fill is to be placed shall be 

plowed, stepped, or broken up, as directed, in such manner that the fill 

material will bond with the existing surface. Prepared surfaces on which 

compacted fill is to be placed shall be wetted or dried as may be required to 

obtain the specified moisture content and density. 

3.3 SAND VENT MATERIAL 

The vent material fill shall be constructed at the locations and to lines and 

grades indicated. The completed fill shall conform to the shape of the 

typical sections indicated or shall meet the requirements of the particular 

case. Satisfactory material shall be used in forming required fill. 

Compacted fill shall be satisfactory material and shall be reasonably free of 

debris, roots, organic material, frozen materials and trash, and shall not 

contain clods, rock or fractured stones. The material shall be placed in 

successive horizontal layers of 8 inches in loose depth for the full width of 

the cross section. Each layer shall be compacted before the overlaying lift 

is placed. Moisture content of the fill or backfill material shall be at a 

moisture content of optimum or greater. Moisture content adjustments shall be 

assisted by using a disk that will penetrate the full loose layer thickness 

and will scarif:: the upper two inches of the underlying lift. Disking shall 

continue until tLe specified moisture is obtained throughout the layer to be 

compacted. 

3.3.1 Speading 

After dumping , the materials shall be spead by bulldozer or other approved 

means in approximately horizontal layers over the fill area. Unless otherwise 

directed, the thickness of these layers befor compaction shall be as specified 

hereinafter in part 3. The entire surface of any section of the vent layer 

under construction shall be maintained in such condition theat construction 

equipment coan travel to any part of one section. Ruts in the surface of any 

layer shall be filled satisfactorily beforw compacting. 

3.3.2 Compaction 

Each layer of sand material shall be compacted. Water content shall be 

maintained at optimum. Density of compacted mixture shall be at least 90 

percent of laboratory maximum density in accordance with ASTM D 1557, Method 

D. Rolling shall begin at the outside edge of the surface and proceed to the 

center, overlapping on successive trips at least one-half the width of the 

roller. Alternate trips of the roller shall be slightly different lengths. 

Speed of the roller shall be such that displacement of the aggregate does not 
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occur. Areas inaccessible to the rollers shall be compacted with mechanical 

vibratory plates, and shall be shaped and finished by hand methods. 

Layer Thickness 

Compacted thickness of the bedding material shall be as indicated. No layer 

shall be in excess of 8 inches nor less than 3 inches in compacted thickness. 

Finishing 

The surface of the top layer shall be finished to grade and cross section 

shown. Finished surface shall be smooth and of uniform texture. Light 

blading during compaction may be necessary (or the finished surface to conform 

to the lines, grades, and cross sections. Should the surface for any reason 

become rough, corrugated, uneven in texture, or traffic marked prior to 

completion, such unsatisfactory portion shall be scarified, reworked, 

recompacted, or replaced as directed. 

3.3.5 Smoothness 

Surface of the layer shall show no deviations in excess of 3/8- inch when 

tested with the 12-foot straightedge. Deviations exceeding this amount shall 

be corrected by removing material and replacing with new material, or by 

reworking existing material and compacting, as directed. 

3.3.6 Thickness Control 

Compacted thickness of the layer shall be within 1/2-inch of the thickness 

indicated. Where the measured thickness is more than 1/2-inch deficient, such 

areas shall be corrected by scarifying, adding new material of proper 

gradation, reblading, and recompacting as directed. Where the measured 

thickness is more than 1/2-inch.thicker than indicated, the course shall be 

considered as conforming to the specified thickness requirements. Average job 

thickness shall be the average of all thickness measurements taken for the 

job, but shall be within 1/4-inch of the thickness indicated. 

3.4 PVC VENTS 

3.4.1 Instalation of Filter Fabric a' 
One layer of filter fabric shall be rapped around ~rforated of slotted 

collector pipes in such a manner that longitudinal overlaps of fabric are in 

unperforated or unslotted quadrants of the pipes. The overlap shall be at 

least 2 inches. Thje fabric shall be secured to the pipe in such a manner 

that the backfill materials will nit infiltrate through any fabric overlaps. 

3.4.2 Jointing 

PVC joints shall be in accordance with the requirements of ASTM D 3034, D 

3212, of F 949. 
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3.4.3 Instalation of PVC Vents 

Each vent shall be carfully inspected before it is to be installed. Any 

defects if canaged oipe shall be rejected. No vents shall be laid when the 

weather is unsutible for such work. The pipe shall be laid to the grades and 

aliement as indicated. All vents· in place shall be inspected prior to 

backfilling. 

3.5 SAMPLING AND TESTING 

Sampling and testing shall be performed by an government approved commercial 

testing laboratory or may be tested by the Contractor subject to approval, 

with the exception that all laboratory permeability testing shall be performed 

by the US Army Corps of Engineers, Southwestern Division Laboratory. No work 

requiring testing shall be permitted until the facilities have been inspected 

and approved. If the Contractor elects to establish testing facilities, no 

work requiring testing will be permitted until the Contractor's facilities 

have been inspected and approved by the Contracting Officer. The first 

inspection shall be at the expense of the Government. Cost incurred for any 

subsequent inspections required because of failure of the first inspection 

will be charged to the Contractor. Testing shall be the responsibility of the 

Contractor and shall be performed at no additional cost to the Government. 

Field in-place density shall be determined in accordance with ASTM D 1556 or 

ASTM D 2167. When test results indicate, as determined by the Contracting 

Officer, that compaction is not as specified, the material shall be removed, 

replaced and recompacted to meet specification requirements, at no additional 

expense to the Government. Tests on recompacted areas shall be performed to 

determine conformance with specification requirements. Inspections and test 

results shall be certified by a registered professional civil engineer. These 

certifications shall state that the tests and observations were performed by 

or under the direct supervision of the engineer and that the results are 

representative of the materials or conditions being certified by the tests. 

The following number of tests, if performed at the appropriate time, will be 

the minimum acceptable for each type operation. 

3.5.1 Test Results 

A coordinate system (x,y,z) shall be established to report sample locations. 

All tests including failures shall be reported and submitted to the 

Contracting Officer within 24 hours of the time of sampling. Only passing 

tests are acceptable. In the event of a failing moisture or density test a 

minimum of two passing tests of the suspect area of the fill shall be run. 

Results shall verify that materials comply with this specification. When a 

material source is changed, the new material will be tested for compliance. 

When deficiencies are found, the initial analysis shall be repeated and the 

material already placed shall be retested to determine the extent of 

unacceptable material. All in-place unacceptable material shall be replaced 

or modified as directed by the Contracting Officer. 
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3. 5. 2 sanipling 

Aggregate samples for laboratory tests shall be taken in accordance with ASTM 

D 75. 

3.5.3 Sieve Analysis 

Before starting work, at least one sample of material to be placed shall be 

tested in accordance with ASTM C 136 and ASTM D 422 on sieves conforming to 

ASTM E 11. After the initial test, a minimum of one analysis shall be 

performed for each 1000 CY of material placed, with a minimum of three 

~ analyses for each day's run until the layer is completed. 

r- . . {} 3.5.4 
Liquid Limit and Plasticity Index 

H 
.., ~ One liquid limit and plasticity index shall be performed for each sieve 

~~ analysis. Liquid limit and plasticity index shall be in accordance with ASTM 

~ ~ D 4318. 

3.5.5 Density Control 

The Contractor shall adequately control his compaction operations by tests 

made in accordance with ASTM D 1556 or ASTM D 2167 . One in-place density and 

one in-place moisture test shall be performed per 12,000 square feet, or 

fraction thereof, of each lift. Moisture content shall be in accordance with 

ASTM D 2216 or ASTM D 4643 for determining density. When ASTM D 4643 is 

utilized, the moisture content should be checked a minimum of once per day 

using ASTM D 2216. The density test hole shall be backfilled and compacted to 

the required moisture and density of the adjacent fill. Additional tests 

shall be made as necessary. All test results shall be made available to the 

Contracting Officer. Acceptance tests may be made by the Government for 

verification of compliance; however, the Contractor shall not depend on such 

test for his control of operations. Deficiencies in construction shall be 

corrected by the contractor at no additional cost to the Government. 

3.5.6 Density-Moisture Determinations for Vent Materials 

Test for determination of maximum density and optimum moisture content shall 

be performed by the contractor in accordance with the requirements of ASTM D 

4253 . Density-Moisture Tests shall be run on the same sample on which the 

in-place density test is run. The percent compaction of the fill sample is 

then calculated from the results of the field and laboratory density tests. 

The above testing shall include Atterberg limits and grain size determinations 

and shall be made on the same material as the in-place density and moisture 

test. 

3.6 PROTECTION 

Newly graded areas shall be protected from traffic and from erosion, and any 

settlement or washing away that may occur from any cause, prior to acceptance, 

shall be repaired and grades reestablished to the required elevations and 
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slopes. All work shall be conducted in accordance with the environmental 
protection requirements or the contract. 

- - 0 0 0 - -
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SECTION 02245 

GEOCOMPOSITE MEMBRANE LINER 

PART 1 - GENERAL 

1.1 SCOPE 

This section covers the furnishing and installation of a geocomposite membrane 

liner(s). All work shall be performed in strict accordance with the liner 

manufacturer's recommendations, as shown on the drawings, and as described in 

the spec-ifications. The term "geocomposite membrane liner" shall be defined 

as a 40 mil, High Density Polyethylene (HOPE), liner with either a sodium 

bentonite glued to the HOPE liner or combination of the 40 mil HOPE Liner and 

a separate sodium bentonite liner, glued or sewn to a fabric, and placed under 

the HOPE liner. The term "geocomposite membrane liner" will be abbreviated 

"GML" in the remainder of this section. 

1.2 APPLICABLE PUBLICATIONS 

The publications listed below form a part of the specification to the extent 

referenced. The publications are referenced to in the text by basic 

designation only. 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

ASTM D 638 

ASTM D 696 

ASTM D 1004 

ASTM D 1204 

ASTM D 1238; REV B 

ASTM D 1505 

ASTM D 1593 

ASTM D 1693 

(1989) Tensile Properties of Plastics. 

(1991) Standard Test Method for Coefficient 

of Linear Thermal Expansion of Plastics 

Between -30 Degrees C and 30 Degrees C 

(1990) Initial Tear Resistance of Plastic 

Film and Sheeting. 

(1984) Linear Dimensional changes of 

Nonrigid Thermoplastic Sheeting or Film at 

Elevated Temperature. 

(1988) Flow Rates of Thermoplastics by 

Extrusion Plastometer. 

(1985; R 1990) Density of Plastics by the 

Density-Gradient Technique. 

(1981; R 1988) Nonrigid Vinyl Chloride 

Plastic Sheeting. 

(1979; R 1988) Environmental Stress 

Cracking of Ethylene Plastics. 
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ASTM D 2216 

ASTM D 2434 

ASTM D 3083 

ASTM D 3895 

(1980) Laboratory determination of Water 
(Moisture) Content of Soil by the Microwave 
Oven Method. 

(R 1974) Test Method for Permeability of 
Granular Soils (Constant Head) 

(1976; R 1983) Specification for Flexible 
Poly (Vinyl Chloride) Plastic Sheeting for 
Pond, Canal, and Reservoir Lining. 

(1980; R 1986) Copper - Induced Oxidative 
Induction Time of Polyolefins by Thermal 
Analysis. 

FEDERAL TEST METHOD STANDARDS (FTMS) 

101 c 2065.1 Puncture Resistance and Elongation Test. 

1.3 SUBMITTALS 

Submit shop drawings for GML installation, including anchorage details, 
penetration details, and layout plan. 

Submit copies of laboratory and field test reports presenting data on GML 
materials and seams. 

The following shall be submitted in accordance with Section 01300 SUBMITTALS: 

SD-70, Test Reports 

Certified copies of laboratory test reports, including all test data, shall be 
submitted for the sodium bentonite. These tests shall be made by an approved 
commercial laboratory or by a laboratory maintained by the manufacturers of 

the materials. 

SD-76, Certificates of Compliance 

The HDPE liner and Sodium Bentonite will be accepted on the basis of 
manufacturer's certification of compliance, accompanied by mill test reports 
attesting that the materials meet the requirements of the specification under 
which it is furnished. No GML shall be used until notice of acceptance has 
been given by the Contracting Officer. The GML materials may be subjected to 
check testing by the Government. Samples may be obtained at the mill, at 
transfer points, or at the project site. 

1.4 GENERAL REQUIREMENTS 

1.4.1 HDPE Liner Material 

The material shall be unsupported high-density polyethlene (HDPE) 40 mil in 
thickness and shall be extruded to produce a uniform sheet free of defects 
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such as holes, tears, nodules, blisters, or other manufacturing defects that 

may effect the serviceability. The HDPE liner shall conform to the following 

criteria listed below: 

ITEM 

Thickness, mils 
(nominal) 

Density g/cc (Min) 

Melt Flow Index 
g/10 (Max) 

Tensile Properties (Typical) 
1. Tensile Strength at Break 

(lbs/inch width) 
2. Tensile Strength at Yield 

(lbs/inch width) 
3. Elongation at Break 

(Percent) 
4. Elongation at Yield 

(Percent) 

Tear Resistance Initiation 
lbs (Typical) 

ITEM 

Dimensional Stability % Change 

each direction (Max) 

Resistance to Soil Burial 
Percent Change 
in Original Value (Typ) 
1. Tensile Strength at Break 
2. Tensile Strength at Yield 

3. Elongation at Break 
4. Elongation at Yield 

Environmental Stress Crack 
Hours (Min) 

Puncture Resistance 
Pounds (Typ) 

Coefficient of Liner 
Thermal Expansion 
X 10-4 cm\(cm °C) 
(Typical) 

Thermal Stability 

40 MIL 

40 

0.94 

0.3 

160 

95 

700 

13 

30 

SPECIFICATION 

ASTM D 1593 
Par 8.1.3 

ASTM D 1505 

ASTM D 1238 
ConditionE (190°C, 2.16 kg) 

ASTM D 638 Type IV 
Dumb-bell at 2 ipm 

ASTM D 1004 Die C 
Condition E (190°C, 2.16 kg) 

40 MIL SPECIFICATION 

±2 ASTM D 1204 
Condition E (190°C, 2.16 kg) 

ASTM D 3083 using 
ASTM D 638 Type IV 
Dumb-bell at 2 ipm 

±10 
±10 
±10 
±10 

1500 ASTM D 1693 
(10% Igepal, 50°C) 

52 FTMS 
Method 2065 

1.2 ASTM D 696 

2000 ASTM D 3895 
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Oxidation Induction Time 
Minutes (Min) 

1.4.2 Sodium Bentonite 

130°C, 800 psi 02 

The Sodium Bentonite material and/or liner shall be 

defects such as holes, tears, nodules, blisters, 

defects that may effect the serviceability. The 

conform to the following criteria listed below: 

a uniform sheet free of 
or other manufacturing 
Sodium Bentonite shall 

ITEM 

Bentonite Loading 
lbs\ft2 (Min) 

Hydraulic Conductivity 
cmjsec (Max) 

Percent Montmorillonite 
Silicon Dioxide (Si02 ) 

Aluminum Oxide (Al20 3 ) 

Ferric Oxide (Fe20 3 ) 

Sodium Oxide (Na20) 
Magnesia (MgO) 
Lime (GaO) 

ITEM 

Water Content 

Bulk Density 
lbs\ft3 (Typ) 

1.5 STORAGE OF GML 

BENTONITE 

1.0 

80-90% 
55-64% 
16-22% 
3-6% 
0-3% 
2-4% 
0-3% 

BENTONITE 

5-20% 

77 

SPECIFICATION 

(/1//l fJ,~ t~ ~~~ 
o1 ~ ;??/), lit k e-f j;p, r'l ? 

ok 

SPECIFICATION 

ASTM D 2216 

Until installed, factory-fabricated panels shall be stored in their original 

unopened crates; if outdoors, they shall be stored on pallets and shall be 

protected from the direct rays of the sun under a light-colored, 

heat-reflective, opaque cover in a manner that provides a free-flowing air 

space between the crate and cover. The Contractor shall be responsible for 

providing all required care and see that the GML is kept in good condition 

prior to its installation. Any GML materials found to be damaged shall be 

replaced with new at the Contractor's expense. 

'PART 2 - PRODUCTS 

2.1 GENERAL 

The manufacturer(s) shall have produced, and have in service in similar 

applications for a period of not less than one (1) year and at least five (5) 

million square feet of GML meeting these specifications. The GML 

manufacturer(s) shall furnish to the Government, evidence of this prior to the 
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start of work. 
numbers. 

This evidence shall include names of contacts and phone 

The Contractor shall provide GML products, or there equal, meeting the 

following specifications: 

40 mil HDPE with glued Sodium Bentonite to liner; Gundseal from 

Gundle Lining Systems, Inc. 
19103 Gundle Road 
Houston, Texas 77073; 
1-800-435-2008. 

40 mil HDPE Liner with a separate sodium bentonite liner, glued or sewn to a 

fabric, and placed under the HDPE liner: 

BENTOMAT from 
CETCO 
1500 West Shure Dr. 
Arlington Heights, IL 60004-1434 

(708) 392-5800 

CLAYMAX from 
James Clem Corporation 
444 N. Michigan Ave 
Suite 1610 
Chicago, Illinois 60611 
(312) 321-6255 

or 
(505) 989-7029 - Southwest Office 

If the Contractor proposed to provide other type materials, complete laboratory 

and descriptive information shall be submitted for evaluation by the Contracting 

Officer. 

3 - EXECUTION 

PREPARATION OF SUBGRADE FOR GML 

The subgrade for the GML shall be prepared as specified in SECTION 02215 -

PLASTIC FILTER FABRIC. An authorized representative of the GML 

manufacturer(s) shall certify in writing that the surface on which the GML is 

to be placed is acceptable, prior to start of GML placement. 

3.2 PLACEMENT OF GML 

3.2.1 General 

The Contractor shall require the GML manufacturer(s) to furnish the services 

of a competent, factory trained, field technical representative to supervise 

installation of the GML. The GML shall be placed over the prepared surfaces 
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to be lined in such a manner as to assure mLnLmum handling. Any portion of 

GML damaged during installation shall be removed or repaired by using an 

additional piece of GML, as specified hereinafter. 

All equipment, tools, and machines used in performance of the work shall be 

subject to approval prior to commencement of work by the Contracting Officer. 

This equipment shall be maintained in satisfactory working conditions at all 

times. 

3.2.2 Weather Limitations 

GML shall be placed only when the temperature is above 45 degrees F. GML 

shall not be placed during rain, snow, or bad weather. 

3.2.3 Field Procedures 

Field procedures shall be specifically suitable for the type of GML selected 

by the Contractor. The GML shall be installed with the bentonite face or 

layer down. The GML joints shall be overlapped a minimum of 1-foot, or as 

specified in the plans, with a layer of bentonite between the over lapping 

HDPE liners. The overlap edges shall be tapped to prevent the intrusion of 

soil between the overlap during placement of the overlaying soil. The GML 

shall be free of wrinkles, bulges and folds. Procedures for alternative 

material shall be submitted for evaluation by the Contracting Officer. 

3.2.4 Quality of Workmanship 

All joints, on completion of the work, shall be properly overlaid. Any lining 

surface showing improper installation, injury due to scuffing, penetration by 

foreign objects, or distress from rough subgrade shall, as directed by the 

Contracting Officer, be replaced or repaired at no additional cost to the 

Government. 

3.3 SAMPLING AND TESTING 

3.3.1 Sampling and Testing at Jobsite 

3.3.1.1 Inspection of Sheet Installation 

The Contractor shall conduct a visual inspection of each panel or sheet as it 

is unrolled. The Contracting Officer shall be notified of any damage. All 

faulty areas shall be repaired as specified in paragraph, PLACEMENT OF GML. 

3.3.2 Approval of Materials 

Source of all materials shall be selected well in advance of the time that 

materials will be required in the work. Manufactures certification and test 

results for the HDPE liner and sodium bentonite shall be submitted for 

approval not less tqan 30 days before the material is required for the work. 
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3.3.3 Friction Testing 

Where GML is to be placed on slopes greater than 4:Horizontal on !:Vertical, 

the Contractor shall perform laboratory friction tests using a direct shear 

test method as approved by the Contracting Officer to assure a minimum 

friction angle of 17° can be obtained between all cover system components. 

Friction testing shall be performed with a direct shear box with minimum 

dimensions of 12 inches by 12 inches and applied normal stresses of 1.0, 2.0, 

and 4.0 psi for each cover system interface. A displacement rate of 0.005 

inches per minute shall be used. All cover system soil components shall be 

compacted to the density and moisture content required for full scale 

placement and then tested in a saturated condition. All geotextile shall be 

oriented such that the shear force is parallel to the downslope orientation of 

the geotextiles in the field. These tests shall be performed and the results 

approved by the Contracting Officer prior to delivery of the cover system 

components. 

- - 0 0 0 
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SECTION 02935 - TURF 

PART 1 GENERAL 

1.1 SUMMARY (Not Applicable) 

1.2 REFERENCES 

The publications listed below form a part of this specification to the extent 
referenced. The publications are referred to in the text by basic designation 
only. 

AGRICULTURAL MARKETING SERVICE (AMS) 

AMS-01 (Sep 1977; Amended Oct 29, 1986) Federal 
Seed Act Regulations (Part 20): Certified 
Seed Regulations 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

ASTM D 977 

ASTM D 2028 

ASTM D 2607 

FEDERAL SPECIFICATIONS (FS) 

FS 0-F-241 

FS JJJ-S-181 

1.3 SUBMITTALS 

(1986) Emulsified Asphalt 

(1976; R 1986) Cutback Asphalt 
(Rapid-Curing Type) 

(1969) Peats, Mosses, Humus, and Related 
Products 

(Rev D) Fertilizers, Mixed, Commercial 

(Rev B) Seeds, Agricultural 

The following shall be submitted in accordance with Section 01300 SUBMITTALS: 

SD-17, Manufacturer's Catalog Data 

Manufacturer's literature discussing physical characteristics, application and 
installation instructions for erosion control material, and for chemical 
treatment material shall be submitted. 
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SD-43, Construction Equipment List 

A list of proposed seeding and mulching equipment to be used in performance of 

turfing operation, including descriptive data and calibration tests. 

SD-62, Work Plan 

a. Delivery Schedule. Submittal of the delivery schedule shall be at least 

10 days prior to the intended date of the first delivery. 

b. Maintenance Report. Written record of maintenance work performed shall be 

furnished. 

c. Turf Establishment Period. Written calendar time period for the turf 

establishment period shall be furnished. When there is more than one turf 

establishment period, describe the boundaries of the turfed area covered for 

each period. 

SD-76, Certificates of Compliance 

Prior to 
submitted 
Certified 
submitted. 

the delivery of materials, certificates of compliance shall be 

certifying that materials meet the requirements specified. 

copies of the reports for the following materials shall be 

a. Seed: For mixture, percent pure live seed, m~n~mum percent germination 

and hard seed, maximum percent weed seed content, date tested and state 

certification. 

b. Fertilizer: For chemical analysis, composition percent. 

c. Agricultural Limestone: 

analysis. 

For calcium carbonate equivalent and sieve 

d. Peat: For compliance with ASTM D 2607. 

e. Topsoil: For pH, particle size, chemical analysis and mechanical analysis. 

517 Gold Ave S.W. 1.4 DELIVERY, INSPECTION, STORAGE, AND HANDLING 

1. 4 .l Delivery 

1.4.1.1 Topsoil 

A soil test shall be provided for topsoil delivered to the site. 

1.4.1.2 Soil Amendments 

Soil amendments shall be delivered to the site in the original, 

containers bearing the manufacturer's chemical analysis. In 

containers, soil amendments may be furnished in bulk. A chemical 

shall be provided for bulk deliveries. 
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1.4.2 Inspection 

Seeds shall be inspected upon arrival at the job site by the Contracting 

Officer for conformity to type and quality in accordance with paragraph 

MATERIALS. Other materials shall be inspected for meeting specified 

requirements and unacceptable materials shall be removed from the job site. 

1.4.3 Storage 

Materials shall be stored in areas designated by the Contracting Officer. 

Seed, lime and fertilizer shall be stored in cool, dry locations away from 

contaminations. 

PART 2 PRODUCTS 

2.1 MATERIALS 

2 .1.1 Seed 

2.1.1.1 Seed Classification 

State-certified seed of the latest season's crop shall be provided in 

original sealed packages bearing the producer's guaranteed analysis for 

percentages of mixture, purity, germination, hard seed, weed seed content, and 

inert material. Labels shall be in conformance with AMS-01 and applicable 

state seed laws. 

2.1.1.2 Seed Mixtures 

Seed mixtures shall be proportioned by weight as follows: 

Botanical Name Common Name 
Mixture Percent 

by Weight 

Bouteloua gracilis BLUE GRAMA 17 
'Lovington' or 'Hachita' 

Bouteloua curtipendula SIDE-OATS GRAMA 
'El Reno' 

35 

Buchloe dactyloides 
'Texoka' 

Agropyron smithii 

Sprobolus airoides 

2.1.1.3 Quality 

BUFFALO GRASS 35 

WESTERN WHEAT GRASS 9 

ALKALI SACATON 4 

Percent Pure 
Live Seed 

98 

98 

98 

98 

98 

Seed shall conform to FS JJJ-S-181. Weed seed shall not exceed 1 percent by 

weight of the total mixture. Wet, moldy, or otherwise damaged seed shall be 

rejected. 
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2.1.1.4 Seed Mixing 

The field mixing of seed shall be performed on site in the presence of the 

Contracting Officer. 

2.1.2 Soil Amendments 

Soil amendments shall consist of lime, fertilizer, organic soil amendments and 

soil conditioners meeting the following requirements. 

2.1.2.1 Lime 

Lime shall be agricultural limestone and shall have a m1n1mum calcium 

carbonate equivalent of 90 percent and shall be ground to such a fineness that 

at least 90 percent will pass a 10-mesh sieve and at least 50 percent will 

pass a 60-mesh sieve. 

2.1.2.2 Fertilizer 

Fertilizer shall be commercial grqde, free flowing, uniform in composition and 

conforming to FS 0-F-241. Granular Fertilizer: As recommended by the soil 

test. 

2.1.2.3 Organic Soil Amendments 

a. Topsoil: The existing surface soil shall be stripped and stockpiled on 

the site in accordance with Section 02210 GRADING. When required beyond that 

available from stripping, the topsoil shall be delivered. Delivered topsoil 

shall conform to topsoil requirements specified in Section 02210 GRADING, and 

shall be amended as recommended by soil test. 

b. Peat: Peat moss derived from a bog, swampland or marsh shall conform to 

ASTM D 2607. 

c. Sand: Clean, free of toxic materials; 95 percent by weight shall pass a 

10-mesh sieve and 10 percent by weight shall pass a 16-mesh sieve. 

d. Rotted Manure: Well rotted, horse or cattle manure containing a maximum 

25 percent by volume of straw, sawdust, or other bedding materials, free of 

stones, sticks, soil and containing no chemicals or ingredients harmful to 

plants. 

e. Decomposed Wood Derivatives: Ground bark, sawdust, or other wood waste 

material free of stones, sticks, soil, and toxic substances harmful to plants, 

stabilized with nitrogen and having the following properties: 

Particle Size: Minimum percent by weight passing: 

Screen Size Percent 

No. 4 mesh Screen 
No. 8 mesh screen 

95 
80 
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Nitrogen Content: Minimum percent based on dry weight: 

Material 

Redwood Sawdust 
Fir Sawdust 
Fir or Pine Bark 

Percent 

0.5 
0.7 
1.0 

f. Calcined Clay: Granular particles produced from montmorillonite clay 

calcined to minimum temperature of 1200 degrees F to the following gradation: 

minimum 90 percent passing 8-mesh screen, 99 percent retained on 60-mesh 

screen and maximum 2 percent passing 100-mesh screen. Bulk density: maximum 

40 pounds per cubic foot. 

2.1.2.4 Soil Conditioner 

Soil conditioner shall be for single use 

requirements for topsoil. Gypsum shall be 

flowing, minimum 95 percent calcium sulfate by 

2.1. 3 Mulch 

or in combination to 
commercially packaged, 

volume. 

meet 
free 

Mulch shall be free from weeds, mold, and other deleterious materials. 

2.1.3.1 Straw 

Straw shall be stalks from oats, wheat, rye, 

air-dry condition and with a consistency 

mulch-blowing equipment. 

2 .1. 3. 2 Hay 

barley, or rice furnished in 
for placing with commercial 

Hay shall be native hay, sudan-grass hay, broomsedge hay, or other herbaceous 

mowings furnished in an air-dry condition suitable for placing with commercial 

mulch-blowing equipment. 

2.1.3.3 Wood Cellulose Fiber 

Wood cellulose fiber shall not contain any growth or germination-inhibiting 

factors and shall be dyed an appropriate color to facilitate visual metering 

during application. Composition on air-dry weight basis: 9 to 15 percent 

moisture, pH range from 4.5 to 6.0. 

2.1.3.4 Wood Chips 

Wood chips shall be chips or shredded bark with maximum particle size of 3/16 

inch. 

2.1.3.5 Paper Fiber Mulch 

Paper fiber mulch shall be recycled news print that is shredded for the 

purpose of mulching seed. 
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2 .1.4 Water 

Water shall not contain elements toxic to plant life. 

2.1.5 Erosion Control Material 

Soil erosion control shall conform to the following: 

2.1.5.1 Soil Erosion Control Blanket 

Machine produced mat of wood excelsior formed from a web of interlocking wood 

fibers, covered on one side with either knitted straw blanket-like mat 

construction, covered with biodegradable plastic mesh, or interwoven 

biodegradable thread, plastic netting or twisted kraft paper cord netting. 

2.1.5.2 Soil Erosion Control Fabric 

Knitted construction of polypropylene yarn with uniform mesh openings 3/4 to 

1 inch square with strips of biodegradable paper. Filler paper strips shall 

last 6 to 8 months. 

2.1.5.3 Soil Erosion Control Net 

Heavy, twisted jute mesh weighing approximately 1.22 pounds per linear yard 

and 4 feet wide with mesh openings of approximately 1 inch square. 

2.1.5.4 Soil Erosion Control Chemicals 

High-polymer synthetic resin or cold-water emulsion of selected petroleum 

resins. 

2.1.5.5 Hydrophilic Colloids 

Hydrophilic colloids shall be physiologically harmless to plant and animal 

life, without phytotoxic agents. Colloids shall be naturally occurring, 

silicate powder based, and shall form a water insoluble membrane after curing. 

Colloids must resist mold growth. 

2.1.5.6 Anchors 

Erosion control anchor material shall be as recommended by the manufacturer. 

PART 3 EXECUTION 

3.1 SEEDING TIMES AND CONDITIONS 

3.1.1 Seeding Time 

Seed shall be sown from March to May for spring planting and from June to 

August for fall planting. 
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3.1.2 Turfing Conditions 

Turf operations shall be performed only during periods when beneficial results 

can be obtained. When drought, excessive moisture or other unsatisfactory 

conditions prevail, the work shall be stopped when directed. When special 

conditions warrant a variance to the turf operations, proposed times shall be 

submitted to and approved by the Contracting Officer. 

3.2 SITE PREPARATION 

3.2.1 Grading 

The Contracting Officer shall verify that finished grades are as indicated on 

drawings, and the placing of topsoil and the smooth grading has been completed 

in accordance with Section 02210 GRADING. · 

3.2.2 Application of Soil Amendments 

3.2.2.1 Soil Test 

A soil test shall be performed for pH, chemical analysis and mechanical 

analysis to establish the quantities and type of soil amendments required to 

meet local growing conditions for the type and variety of turf specified. 

3.2.2.2 Lime 

Lime shall be applied at the rate recommended by the soil test. Lime shall be 

incorporated into the soil to a minimum depth of 4 inches or may be 

incorporated as part of the tillage operation. 

3.2.2.3 Fertilizer 

Fertilizer shall be applied at the rate recommended by the soil test. 

Fertilizer shall be incorporated into the soil to a minimum depth of 4 inches 

or may be incorporated as part of the tillage or hydroseeding operation. 

3.2.2.4 Soil Conditioner 

Soil Conditioner shall be spread uniformly over the soil to a m1n1mum depth of 

1/2 inches and thoroughly incorporated by tillage into the soil to a minimum 

depth of 4 inches. 

3.2.3 Tillage 

3.2.3.1 Minimum Depth 

Soil on slopes gentler than 3-horizontal-to-1-vertical shall be tilled to a 

minimum depth of 4 inches. On slopes between 3-horizontal-to-1-vertical and 

1-horizontal-to-1 vertical, the soil shall be tilled to a minimum depth of 2 

inches by scarifying with heavy rakes, or other method. Rototillers shall be 

used where soil conditions and length of slope permit. On slopes 

1-horizontal-to-1 vertical and steeper, no tillage is required. 
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3.2.4 Finished Grading 

. 3.2.4.1 Preparation 

Turf areas shall be filled as needed or have surplus soil removed to attain 

the finished grade. Drainage patterns shall be maintained as indicated on 

drawings. Turf areas compacted by construction operations shall be completely 

pulverized by tillage. Soil used for repair of erosion or grade deficiencies 

shall conform to topsoil requirements specified in Section 02210 GRADING. 

Finished grade shall be 1 inch below the adjoining grade of any surfaced area. 

New surfaces shall be blended to existing areas. 

3.2.4.2 Field Area Debris 

Field areas shall have debris and stones larger than 3 inches in any dimension 

removed from the surface. 

3.2.4.3 Protection 

Finished graded areas shall be protected from damage by vehicular or 

pedestrian traffic and erosion. 

3.3 SEEDING 

3.3.1 General 

Prior to seeding, any previously prepared seedbed areas compacted or damaged 

by interim rain, traffic or other cause, shall be reworked to restore the 

ground condition previously specified. Seeding operations shall not take 

place when the wind velocity will prevent uniform seed distribution. 

3.3.2 Equipment Calibration 

The equipment to be used and the methods of turfing shall be subject to the 

inspection and approval of the Contracting Officer prior to commencement of 

turfing operations. Immediately prior to the commencement of turfing 

operations, the Contractor shall conduct turfing equipment calibration tests 

in the presence of the Contracting Officer. 

3.3.3 Applying Seed 

3.3.3.1 Drill Seeding 

Seed shall be uniformly drilled to an average depth of 1/2 inch and at the 

rate of 9 pounds per 1000 square feet using equipment having drills not more 

than 6-1/2 inches apart. Row markers shall be used with the drill seeder. 

3.3.3.2 Rolling 

Immediately after seeding, except for slopes 3-horizontal-to-1 vertical and 

greater, the entire area shall be firmed with a roller not exceeding 90 pounds 
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for each foot of roller width. Areas seeded with seed drills equipped with 

rollers shall not be rolled. 

3.3.4 Hydro seeding 

Seed and fertilizer shall be added to water and thoroughly mixed at the rates 

specified. Wood cellulose fiber mulch shall be added at the rates recommended 

by the manufacturer after the seed, fertilizer and water have been thoroughly 

mixed, to produce a homogeneous slurry. Slurry shall be uniformly applied 

under pressure over the entire area. The hydro seeded area shall not be 

rolled. 

3.3.5 Mulch 

3.3.5.1 Straw or Hay Mulch 

Straw or hay mulch shall be spread uniformly at the rate of 2 tons per acre. 

Mulch shall be spread by hand, blower-type mulch spreader or other approved 

method. Mulching shall be started on the windward side of relatively flat 

areas or on the upper part of a steep slope and continued uniformly until the 

area is covered. The mulch shall not be bunched. All seeded areas shall be 

mulched on the same day as the seeding. 

3.3.5.2 Mechanically Anchoring 

Immediately following spreading, the mulch shall be anchored to the soil by a 

V-type-wheel land packer, a scalloped-disk land packer designed to force mulch 

into the soil surface, or other suitable equipment. 

3.3.5.3 Non-Asphaltic Tackifier 

Hydrophilic colloid shall be applied at rate recommended by manufacturer. 

Apply with hydraulic equipment suitable for mixing and applying uniform 

mixture of tackifier. 

3.3.5.4 Wood Cellulose Fiber 

Wood cellulose fiber mulch for use with the hydraulic application of seed and 

fertilizer shall be applied as part of the hydroseeding operation. 

3.3.6 Water 

Watering shall be started within 7 days after completing the seeded area. 

Water shall be applied at a rate sufficient to ensure moist soil conditions to 

a minimum depth of 1 inch. Run-off and puddling shall be prevented. 

3.4 EROSION CONTROL 

3.4.1 Erosion Control Material 

Erosion control material, where indicated or required, shall be installed in 

accordance with manufacturer's instructions. Placement of the erosion control 
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material shall be accomplished without damage to installed material or without 

deviation to finished grade. 

3.4.2 Temporary Turf Cover 

3.4.2.1 General 

When there are contract delays in the turfing operation or a quick cover is 

required to prevent erosion, the areas designated for turf shall be seeded 

with a temporary seed as directed by the Contracting Officer. 

3.4.2.2 Application 

When no other turfing materials have been applied, the quantity of one half of 

the required soil amendments shall be applied and the area tilled in 

accordance with paragraph SITE PREPARATION. Seed shall be uniformly broadcast 

and applied at the rate of 9 pounds per 1000 square feet. The area shall be 

watered as required. 

3.5 RESTORATION AND CLEAN UP 

3.5.1 Restoration 

Existing turf areas, pavements and facilities that have been damaged from the 

turfing operation shall be restored to original condition at Contractor's 

expense. 

3.5.2 Clean Up 

Excess and waste material shall be removed from the planting operation and 

shall be disposed of off the site. Adjacent paved areas shall be cleaned. 

3.6 PROTECTION OF TURFED AREAS 

Immediately after turfing, the area shall be protected against traffic or 

other use by erecting barricades and providing signage as required, or as 

directed by the Contracting Officer. 

3.7 TURF ESTABLISHMENT PERIOD 

3.7.1 Commencement 

The Turf Establishment Period for establishing a healthy stand of turf shall 

begin on the first day of work under this contract and shall end three (3) 

months after the last day of turfing operations required by this contract. 

Written calendar time period shall be furnished to the Contracting Officer for 

the Turf Establishment Period. When there is more than one turf establishment 

period, describe the boundaries of the turfed area covered for each period. 
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3.7.2 Satisfactory Stand of Turf 

.3.7.2.1 Seeded Area 

a. Field Area: A satisfactory stand of turf from the seeding operation for 

a field area is defined as a minimum of 10 grass plants per square foot. The 

total bare spots shall not exceed 2 percent of the total seeded area. 

3.7.3 Maintenance During Establishment Period 

3.7.3.1 General 

Maintenance of the turfed areas shall include eradicating weeds, eradicating 

insects and diseases, protecting embankments and ditches from erosion, 

maintaining erosion control materials and mulch, protecting turfed areas from 

traffic, watering, and post-fertilization. 

3.7.3.2 Watering 

Watering shall be at intervals to obtain a moist soil condition to a m~n~mum 

depth of 1 inch. Frequency of watering and quantity of water shall be 

adjusted in accordance with the growth of the turf. Run-off, puddling and 

wilting shall be prevented. 

3.7.3.3 Post-Fertilization 

Nitrogen carrier fertilizer shall be applied at the rate of 

square feet after the first month and again in 3 months. 

shall be timed prior to the advent of winter dormancy 

excessively high nitrogen levels. 

3.7.3.4 Repair 

1 pound per 1000 
The application 

and shall avoid 

The Contractor shall re-establish as specified herein, eroded, damaged or 

barren areas. Mulch shall also be repaired or replaced as required. 

3.7.3.5 Maintenance Report 

A written record shall be furnished to the Contracting Officer of the 

maintenance work performed. 

3.8 FINAL ACCEPTANCE 

3.8.1 Preliminary Inspection 

Prior to the completion of the Turf Establishment Period, a preliminary 

inspection shall be held by the Contracting Officer. Time for the inspection 

shall be established in writing. The acceptability of the turf in accordance 

with the Turf Establishment Period shall be determined. An unacceptable stand 

of turf shall be repaired as soon as turfing conditions permit. 

02935-11 



3.8.2 Final Inspection 

A final inspection shall be held by the Contracting Officer to determine that 

deficiencies noted in the preliminary inspection have been corrected. Time 

for the inspection shall be established in writing. 

- - 0 0 0 - -
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PART I INTRODUCTION AND DESIGN ANALYSIS 

1. DIRECTIVE AUTHORIZATION AND PROJECT DESCRIPTION. 

a. Directive Authorization. 

b. Project Description. The project consists of providing a 
geocomposite-soil cap and tieing into the existing cap for Sanitary Landfill #5, 
Cell #3 at Cannon Air Force Base (CAFB), New Mexico. Cell #3 was in operation 
during the "RCRA INTERIM STATUS" time period and the cell was documented as 
having received contaminates for disposal. These contaminates consisted of 
solvents, paints, paint removers, and thinners. 

Closure and Post Closure Plan, Plans, and Specifications for Landfill Cell 
#3 were developed by Hazard Materials Technical Center, 11140 Rockville Pike, 
Rockville, Maryland 208552, in October 1988. This Cap was constructed as per 
plans and specifications. The Cannon AFB, Base Environmental Section, later 
determined that the location of this cap did not cover the entire area of cell 
#3. The Cannon AFB, Base Environmental Section, requested the US Army Corps of 
Engineers, Tulsa District, to develop a set of plans and specifications for a 
soil cap for cell #3. Subsequently, the Tulsa District brokered this work to the 
Albuquerque District. 

2. A-E CONTRACT DATA. Project engineering and design for this facility is 
being accompl~shed by hired labor personnel at the Albuquerque District. The 
basic plans, specifications, design analysis and cost estimate are being prepared 
by the Albuquerque District. 

3. APPLICABLE CRITERIA. This project will be a site adapt to an existing 
landfill cap. Criteria for the design includes the following: 

The Cap shall be designed to satisfy all state and federal closure regulations. 

a. State requirements include the following: 

-Provide long-term minimization of migration of liquids through the closed 
landfill cell. 

-Function with minimum maintenance. 

-Promote drainage and minimize erosion and abrasion of the cover. 

-Accommodate settling and subsidence so that the cover's integrity is 
maintained. 

-Have a permeability less than or equal to the permeability of any bottom 
liner system of natural subsoils present. 

b. Federal requirements are identical to the state of New Mexico as per 
Code of Federal Regulations, Protection of Environment, 40 ( CFR 40), 
Revised as of July 1, 1991, Section 265.310. 

c. CAFB requirements: 



-Meet all Federal and State requirements 

-The cap shall be designed for ease of integration and tie-in to future 
landfill cell cap(s). 

4. PURPOSE AND FUNCTION. This cover is to be installed to seal cell #3 to 
preclude and restrict any escape of hazardous waste material, waste constituents 
from the cell below and prevent passage of surface and subsurface fluids and 
gasses, including surface runoff, through its substance. 

5. DESIGN SCOPE. The project scope is to provide a landfill cover for cell 
#3 , which measures 800 feet by 50 feet. 

6. SITE VISIT AND CONFERENCE NOTES. A copy of all conference minutes is 
provided in Appendix B. 

7. GOVERNMENT EQUIPMENT. N/A 

8. CONSTRUCTION. 

a. Instructions. All Government and contractor personnel will be 
required, as a m1n1murn, to have current training for "HEALTH & SAFETY FOR 
HAZARDOUS WASTE OPERATION" as required by OSHA 29 CFR 1919.120. 

b. Phasin~. N\A 

c. Duration. Construction time for this project will be approximately 
120 days from the date of notice to proceed. 

9. AIR AND WATER POLLUTION CONTROL. Special features will be provided for 
dust control, hazardous waste, and air monitoring during construction. 

10. DESIGN PROBLEMS. Specific design problems are addressed separately for 
each discipline in the following parts of this design analysis. 

11. WAIVERS. N\A. 

12. ECONOMIC SUMMARY. Economic measures taken for this design are addressed 
separately for each discipline in the following parts of this design analysis. 

13. USER INFORMATION. N\A. 

14. REFERENCES TO PREVIOUS STUDIES OF RECORD. Previous studies of record are 
listed below and are provided in Appendix C and D: 

a. Closure and Post Closure Plan, Plans, and Specifications for Landfill 
Cell #3 were developed by Hazard Materials Technical Center, 11140 Rockville 
Pike, Rockville, Maryland 208552, in October 1988. 

b. Summary of Field Activities, Cannon AFB, Clovis New Mexico, 
Prepared by: Jo Brady, US Army Corps of Engineers, Tulsa District, Geology 
Section, Dated Monday, January 27, 1992. 

15. GUIDE SPECIFICATIONS. The following is a list of applicable guide 



specifications: 

SECTION 01000 - General Requirements 

SECTION 01100 - Environmental Protection 

SECTION 01300 - Submittals 

SECTION 01310 - Progress Schedule 

SECTION 01440 - Contractor Quality Control System 

SECTION 01420 - Safety 

SECTION 01510 - Utilities 

SECTION 01580 - Bulletin Board, Project Sign and Project Safety Sign 

SECTION 01720 - As-Built Drawings 

SECTION 01740 - Warranty Of Construction 

SECTION 002050 - Demolition 

SECTION 002110 - Clearing and Grubbing 

SECTION 002210 - Grading 

SECTION 002215 - Plastic Filter Fabric 

SECTION 002224 - Gas Vent System 

SECTION 002245 - Geocomposite Membrane Liner 

SECTION 002935 - Turf 
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PART II CIVIL 

1. SITE ANALYSIS. The project consists of providing a geocomposite-soil cap 
for part of cell #3, landfill area #5, Cannon AFB, NM. The new cap ties into the 
existing cap on the remainder of cell #3. 

a. Existing Conditions. This project is located on the southeast corner 
of CAFB, within landfill area #5. An existing landfill cap exists presently for 
Cell #3. This cap is approximately 350 feet by 70 feet and is surrounded by a 
7-foot high chain link fence. Approximately one-half of the existing fence and 
cap will be removed and the remainder ties into the new geocomposite-soil cap. 

b. Site Analysis. In January 1992, cell #3 was trenched to determine 
the extent of the cell (See Appendix B for trenching report). The trenching 
showed that cell #3 was approximately 800-feet long and 50-feet wide, with 10-
foot barriers between adjacent cells. The new cap shall incorporate a gas vent 
system and a geocomposite-soil membrane liner. The geocomposite-soil membrane 
liner is composed of a High Density Polyethlene (HDPE) liner and a Sodium 
Bentonite Clay material. Twenty-four (24) inches minimum cover soil and native 
vegetation will be provided for evapotranspiration of rainfall infiltration into 
the cover soil. A four strand barb wire fence, with a 16-foot gate for access 
to the cell, will be constructed around the cell for safety. 

2. GRADING. The new cell is constructed with a top slope ranging from 3%-4% 
and side slopes at 4:1 (Horizontal:Vertical). 

3. PAVEMENT. None. 

4. STORM DRAINAGE. 

a. Hydrology. Cannon Air Force Base, approximately 7 miles west of the 
City of Clovis, lies at the headwaters of the Brazos River. Landfill #5, 
encompassing 40 acres, is located near the southeast corner of the base. The 
Rational Method for computation of runoff from small watersheds provided the 100-
year and 25-year discharges for the landfill #5 site. The Rational Method is 
expressed as: 

where: Q 
c 
I 

Q - CIA 

Maximum runoff from a given area in cubic feet per second 
Coefficient representing the ratio of runoff to rainfall 
Intensity of rainfall in inches per hour for the estimated time 
of concentration 

A - Drainage area in acres 

The derivation of this equation assumes that the maximum rate of runoff from a 
given rainfall intensity occurs when all parts of the basin are contributing. 
The time of concentration describes the period of time it takes a particle of 
water to travel from the most distant point in the watershed to the basin outlet. 
For this study, the time of concentration was calculated from the formula 
developed by Kirpich describing the relationship between the time of 



concentration (Tc) and a watershed factor (K) based on the length and slope of 
the basin: 

where: L 
s 
H 

Tc - 0.0078K0 · 770 and 

Maximum length of travel in feet 
Slope H/L 

K - L/S 0
•
5 

Difference in elevation between the most remote point and the 
basin outlet in feet 

Surface drainage in the vicinity of the landfill flows generally to the south. 
The maximum length of travel for the 40-acre site is 1600 feet, and the slope 
measures 3%. The formula computes a time of concentration· for the site of 
approximately 10 minutes. 

With the time of concentration established at 10 minutes and set equal to 
the critical storm duration, the rainfall intensity for a 10-minute duration must 
be determined. NOAA Atlas 2, "Precipitation-Frequency Atlas of the Western 
United States, Volume IV, New Mexico", provided the 100-year and 25-year 1-hour 
duration rainfall of 3.1 inches and 2.3 inches, respectively, for the Clovis 
area. Technical Paper No. 25, "Rainfall Intensity-Duration-Frequency Curves for 
Selected Stations in the United States, Alaska, Hawaiian Islands, and Puerto 
Rico", provided rainfall intensity-duration-frequency curves for two nearby 
stations at Roswell, New Mexico, and Amarillo, Texas. Whereas the respective 
100-year and 25-year frequency-intensity-duration curves for Roswell and Amarillo 
are parallel, similar curves for Clovis were drawn, also parallel to the Roswell 
and Amarillo curves, but with the 100-year and 25-year 1-hour intensities plotted 
at 3.1 inches and 2. 3 inches, respectively. The plotted curves for Clovis 
produced a rainfall intensity of 7.0 inches for a 100-year frequency, 10-minute 
duration storm and a rainfall intensity of 5.7 inches for a 25-year frequency, 
10-minute duration storm. 

The "C" value used in the rational method expresses as a ratio the 
percentage of rainfall that is expected to run off. The basic value of "C" is 
taken from Table 1. 

TABLE 1 
SURFACE RUNOFF COEFFICIENTS 

TYPE OF SURFACE 

Asphalt pavements 
Concrete pavements 
Gravel or macadam pavements 
Impervious soils* 
Impervious soils with turf* 
Slightly pervious soils* 
Slightly pervious soils with turf* 
Pervious soils* 
Wooded areas 

* For slopes from l% to 2% 

FACTOR (C) 

0.80 to 0.95 
0.70 to 0.90 
0.35 to 0.70 
0.40 to 0.65 
0.30 to 0.55 
0.15 to 0.40 
0.10 to 0.30 
0.01 to 0.10 
0.01 to 0.20 



For slopes greater than 2%, those values marked with an asterisk (*) must be 
corrected using the following formula: 

(Average Slope - 2) 0. 01 + Cassumed - Ccorrected 

The 40-acre landfill site contains soils defined as SM and ML based on the 
Unified Soil Classification System (USGS). According to the USGS, soils of type 
SM and ML have drainage characteristics which range from fair to poor; soils with 
fair to poor drainage correspond to slightly pervious soils in Table 1. Based 
on soil types and drainage characteristics, a conservative "C" value of 0.40 is 
assumed for landfill site #5; however, this value adjusts to 0.41 based on the 
3% slope correction. 

Based on the rational method and the coefficients determined above, the 
100-year and 25-year discharges for the 40-acre landfill site compute as follows: 

Q100 - CIA- (0.41)(7.00 inches(hour)(40 acres) - 115 cfs 

Q25 =CIA= (0.41)(5.70 inches(hour)(40 acres) = 90 cfs 

In summary, the 100-year discharge is 115 cfs and the 25-year discharge is 90 cfs 
for the 40-acre landfill #5 site at Cannon Air Force Base. 

b. Drainafl;e. It was determined that the most economical means of 
controlling runoff and erosion is to utilize sheet flow for the runoff and reseed 
the area with native grasses to mLnLmLze the erosion and maxLmLze 
evapotranspiration. The 40-acre Landfill #5 area is presently 1 to 3 feet above 
the surrounding topography, therefore no runoff will be induced onto Landfill #5 
from the surrounding area. Only the rainfall runoff from the 40 acre site shall 
be addressed. The existing topography shows that Cell #3 is located on a crown 
within Landfill #5. The natural drainage patterns are to the west and east of 
Cell #3. Therefor no additional grading outside the boundaries of Cell #3 is 
required. 

5. UTILITIES. A review of CAB utility maps show no utilities in the area. 

6. FENCING. A four strand barb wire fence will be provided to secure the 
area. A 16-foot gate will be provided at the north end of Cell #3 for 
maintenance purposes. Approximately one-half of the existing 7-foot chain link 
fence will be removed. The warning signs on the existing chain link will be 
removed and reinstalled on the new barb wire fence. 

7. TURFING AND LANDSCAPING. Native grasses will be provided for 
evapotranspiration of rainfall infiltration on the cap. 

8. RAILROADS. N\A 

9. ECONOMICAL JUSTIFICATION. N\A 

10. ADDITIONAL INFORMATION TO COMPLETE DESIGN. 



a. Sediment Analysis. A sediment analysis was performed for Cell #3, 
using The USDA Universal Soil Loss equation. For a 3% slope, with the edges at 
4:1 (Horizontal:Vertical), total anticipated soil erosion per year is 5.2 cubic 
feet. The use of native grasses will act as a net to collect and deposit wind 
blown soils onto the cap, thus offsetting the soil erosion due to rain fall. 

b. Equivalent Thickness of Clay Layers. An analysis was performed to 
determine the equivalent thickness of a sodium bentonite clays, minimum hydraulic 
conductivity of lxl0-9 em/sec, with a 24- inch clay layer with a hydraulic 
conductivity of lxl0-7 em/sec. The results indicate that a 0.1-inch thickness 
of sodium bentonite clay has an equivalent level of protection as the 24-inch 
clay layer with a hydraulic conductivity (K, also known as permeability) of lxl0-
9 em/sec. Calculations for the equivalent thickness are provided in the 
calculation section following this part of the Design Analysis. 

c. Product Selection. Three sodium bentonite products have been 
researched and are recommended for usage on this project; Gundseal, which 
incorporates a 40 mil HDPE liner with sodium bentonite glued to the liner; 
Claymax, a sodium bentonite clued to a filter fabric; and Bentomat, a sodium 
bentonite sewn between filter fabric. Various technical articles and technical 
literature for these products are provided in Appendix E. 
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CANNON AIR FORCE BASE, CELL #3 OF LANDFILL #5, SOIL CAP 
HYDROLOGY 

14 JULY 1992 

Cannon Air Force Base, approximately 7 miles west of the city of Clovis, 
lies at the headwaters of the Brazos River. Landfill #5, encompassing 40 acres, 
is located near the southeast corner of the base. The Rational Method for 
computation of runoff from small watersheds provided the 100-year and 25-year 
discharges for the landfill #5 site. The Rational Method is expressed as: 

where: Q 
c 
I 

Q = CIA 

Maximum runoff from a given area in cubic feet per second 
Coefficient representing the ratio of runoff to rainfall 
Intensity of rainfall in inches per hour for the estimated time 
of concentration 

A = Drainage area in acres 

The derivation of this equation assumes that the maximum rate of runoff from a 
given rainfall intensity occurs when all parts of the basin are contributing. 
The time of concentration describes the period of time it takes a particle of 
water to travel from the most distant point in the watershed to the basin outlet. 
For this study, the time of concentration was calculated from the formula 
developed bY. Kirpich describing the relationship between the time of 
concentratio~nd a watershed facto~based on the length and slope of the basin: 

where: L 
s 
H 

Tc = 0. 0078K0·770 and K = L/So.s 

Maximum length of travel in feet 
Slope H/L 
Difference in elevation between the most remote point and the 
basin outlet in feet 

Surface drainage in the vicinity of the landfill flows generally to the south. 
The maximum length of travel for the 40-acre site is 1600 feet, and the slope 
measures 3%. The formula computes a time of concentration for the site of 
approximately 10 minutes. 

With the time of concentration established at 10 minutes and set equal to 
the critical storm duration, the rainfall intensity for a 10-minute duration must 
be determined. NOAA Atlas 2, "Precipitation-Frequency Atlas of the Western 
United States, Volume IV, New Mexico", provided the 100-year and 25-year 1-hour 
duration rainfall of 3.1 inches and 2.3 inches, respectively, for the Clovis 
area. Technical Paper No. 25, "Rainfall Intensity-Duration-Frequency Curves for 
Selected Stations in the United States, Alaska, Hawaiian Islands, and Puerto 
Rico", provided rainfall intensity-duration-frequency curves for two nearby 
stations at Roswell, New Mexico, and Amarillo, Texas. Whereas the respective 
100-year and 25-year frequency-intensity-duration curves for Roswell and Amarillo 
are parallel, similar curves for Clovis were drawn, also parallel to the Roswell 
and Amarillo curves, but with the 100-year and 25-year 1-hour intensities plotted 
at 3.1 inches and 2. 3 inches, respectively. The plotted curves for Clovis 
produced a rainfall intensity of 7.0 inches for a 100-year frequency, 10-minute 
duration storm and a rainfall intensity of 5.7 inches for a 25-year frequency, 
10-minute duration storm. 



The "C" value used in the rational method expresses as a ratio the 
percentage of rainfall that is expected to run off. The basic value of "C" is 
taken from Table 1. 

TABLE 1 
SURFACE RUNOFF COEFFICIENTS 

TYPE OF SURFACE FACTOR (C) 

Asphalt pavements 
Concrete pavements 
Gravel or macadam pavements 
Impervious soils* 
Impervious soils with turf* 
Slightly pervious soils* 
Slightly pervious soils with turf* 
Pervious soils* 
Wooded areas 

* For slopes from 1% to 2% 

0.80 
0.70 
0.35 
0.40 
0.30 
0.15 
0.10 
0.01 
0.01 

to 0.95 
to 0.90 
to 0.70 
to 0.65 
to 0.55 
to 0.40 
to 0.30 
to 0.10 
to 0.20 

For slopes greater than 2%, those values marked with an asterisk (*) must be 
corrected using the following formula: 

(Aver age Slope - 2) 0. 01 + Casslllled = Ccorrected 

The 40-acre landfill site contains soils defined as SM and ML based on the 
Unified Soil Classification System (USGS). According to the USGS, soils of type 
SM and ML have drainage characteristics which range from fair to poor; soils with 
fair to poor drainage correspond to slightly pervious soils in Table 1. Based 
on soil types and drainage characteristics, a conservative "C" value of 0.40 is 
assumed for landfill site #5; however, this value adjusts to 0.41 based on the 
3% slope correction. 

Based on the rational method and the coefficients determined above, the 
100-year and 25-year discharges for the 40-acre landfill site compute as follows: 

Q1oO =CIA= (0.41)(7.00 inches(hour)(40 acres) = 115 cfs 

Qzs =CIA= (0.41)(5.70 inches(hour)(40 acres) = 90 cfs 

In summary, the 100-year discharge is 115 cfs and the 25-year discharge is 90 cfs 
for the 40-acre landfill #5 site at Cannon Air Force Base. 
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In ;.n atl!·ntpl to apply Lhe n•sults of Ramser's research to other 
ar<'as, 1\:irpich found a relation between the time of (·nncentration (as 
ddincd by Ramser) and a water!>hed factor based on t!Je leng-th and 
sk•pe of the basin and reproduced in Fig. 37 [52}. An extension of this 
n·latiun has hl't'll developed hy the California Department of Public 
\Vorks on the hasis of studil's hy the U. S. Soil Consl'rvation Service 
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in C;J(ifo)rnia [5.1]. Thl' ttppl'r l'llll of the ctrrYe in Fig-.• His deliucd uy 
the~1· studies. Pnhli~hl'd data ohtairll'd by the U.S. Soil Const~rvation 
S<'n·icf' at other locations trnfortunatcly do uot give the nl'Cl'Ssary 
watershed factors [54}. It is important to bear in mind that tlw time 
of_~Q!:lf'?!l~ration as given b'YFfg. 37 is the time of Eeak T9 obscrY£.(1 
(on the average) on natural areas from intense non-uniform rain--· -- ---·~- ·-·-·------------ ---- . falls. 

43. Coefficient of Runoff. Extensive studies of the runoff coefficient 
made by W. W. Horner aucl F. L. Flynt [55} were based on 20 years of 
records llf rainfall and storm-sewer discharges from three urban arens 
varying in size from 2.3 acres to 4.3 acres and having different degrees 
of dc,·elopment. In brief, conclusions based on these studies nre: 
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TABLE 2·2. Surface Runoff Ooefficilmt8 

TYPES OF SURFACE FACTOR (C) 

Asphalt pavements 
0.80 to 0.95 

Concrete _pavements 0.70 to 0.90 
Gravel or macadam pavements 0.35 to 0.70 
Impervious soils* 

0.40 to 0.65 
Impervious soils with turf* 0.30 to 0.55 
Slightly pervious soils* 0.15 to 0.40 
Slightly pervious soils with turf* 0.10 to 0.30 
Pervious soils* 0.01 to 0.10 
Wooded areas 

0.01 to 0.20 (depending on surface slope and soil cover) 

*For slopes from 1 to 2 percent. 

NOTE: The figures given are for comparatively level ground. For slopes greater than ~' the factor should be increased by 0.01 for every 1 percent of slope, up to a maximum C of 1.0. 

Use of "C" Value Table 

1. Determine drainage characteristics of soil type(s). 
2. Correlate terminology with terms used in "C" value table (Terms correlated in paragraph 2-7!,(2) ). 

3. Locate the soil and/or cover type in the left colunm of table 2-2. Read the highest value of the range listed in the column at the right for that type of soil and/or cover. 

4. ll:is is the 11C" assumed value. For slOJ?eS greater than 2%, those values marked with an asterisk (*) must be corrected using the following fgpm.U.a.;..• --------------

{S average -2) 0 •01 + C asS1lllled = Ccorrected 
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) MAJOR DIVISIONS LETTER DRAINAGE CHARACTERISTICS 
(1) (2) (3) (ll) 

GW Excellent 

GP Excellent 
Gravel I 

and 'd I Fair to Poor 
Coarse Gravelly GM i-- ---------------------

Soils :u Poor to Practically Impervious 
I) 

Grained GC Poor to Practically Impervious 

Soils sw Excellent 

SP Excellent 
I 

Sand /!d Fair to Poor 
and SM~-- ---- -- -- -- - --- - ... -- -

Sandy ' Poor to Practically Imperviou~ lu 
Soils 

sc Poor to Practically Impervious 

ML/ Fair to Poor 
Silts 
and C1 Practically Impervious 

Clays 
Fine 11<50 01 Poor 

Grained I 

MH Fair to Poor 
Soils Silts 

and CH Practically Impervious 
Clays 

11)50 
I 

OH Practically Impervious 

Highly Organic Soils Pt Fair to Poor 

2-7 



'li 
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New Mexico 
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CLIMATOLOGICAL SUMMARY 
MEANS ANC EXTRE•.E5 FOR PERi~O 1951-1974 

TE.\IPERATURE ( 'F l PRECIPITATION TOTALS (INCHES) 

CLOVIS, NM 
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.12 63 3 27 1. 76 I, 68 1o02 168 21 2.2 10,9 9,0 5 1:: o'· 0 
I I I 

83 162! 13 •17 
I I 

13,0164 i 
I I FEB 55.5 25,8 40.7 51 1 0 

21 
22 0 ,46 1. 32156 • 70151 25 2,9 10,0' ••I 5 2 0 0 

2.21161 
I 

611191 21 
I MAR 62,3 31,4 46,9 8! 16] Z9 7 60 3 0 1 17 0 ,65 1.39173 10 1.6 8,8 691 6,0 o' 0 

APR 72~2 40,3 56,) 95+,65 n 15 73 e 0 0 5 " .70 ],06 52 
1.25171 

16 o1 3,1 66 3,0 66 
5 i 2 I 0 0 

MAY 80,9 49,6 65.) 100 53 Z7 27 54 3 5 0 0 0 1.68 5,57 69 2.90 69 6 .o ] 1 0 
)UN 89~1 58,5 73.1 1M 61 u 41• 64 1 16 0 0 0 2.54 6,16 63 3.00163 2 .o I 4 z 1 
JULY 91 .• 2 63,0 77.1 105• 5I 15 50 64 13 21 0 0 0 ),03 13.44 60 3.46 60 9 .o ! 5 z 1 
AUG 19,3 61,0 75,2 103 69 11 41 56 21 18 0 0 0 2o49 6.13 54 3.32 54 22 .o I 5 1 1 
SEPT 12,1 53,6 68.3 100 51 ,I 34 70 26 7 0 0 0 1.89 6.72;51 5.26 57 7 .o i J 1 1 
ocr 73.4 43,0 51.2 98 51 2 23 69 1) 1 0 2 0 1· 71 6.76i60 2.42 74 ZJ .o ) 1 0 
NOV 60.9 )1,7 46,) 84 67 

1:1 .: 

52 26 0 I 16 0 .54 z.n/ 61 ,., 71 17 1.3 8,0 H 7,0 H 25 2 0 0 
DEC 53.2 25,0 39.1 ,, 58 61 12 0 2 27 0 .53 2.18/59 ,96 59 17 3,8 14,0 60 9,0 n 16 2 0 0 

'"·'I 42,21 JU~ I· FEB q JUL SEP D!C FEB YEAR 57.11 108 161128 ·17 1511 i I 68 I '1 116
1 i6·"L 13,4416~ 5o26l"J 7j 11.91 14.Dj 601 1o,olul 'I 34: 1\ 4 

+ ALSO ON EARLIER DATES 

FREEZE PROBABILITIES 

PRnBABiliTV OF LATER DATE IN SPRING C MO/CA l THAN INDICATED 
TE•P .10 .zo ,30 .40 ,50 .60 ,70 .eo .90 

32 51 4 4/29 4/25 4/22 4/lti 4/15 4/12 4/ 8 H 3 
21 4/ZZ 4/17 4/13 4/10 4/ 7 4/ 4 4/ 1 3/28 3/Z3 
24 4/10 4/ 5 4/ 1 3/29 3/26 3/23 3/20 ~/16 3/11 
20 4/ 2 3/Z7 3/22 3/18 3/15 3/11 3/ 7 3/ 2 2/24 
16 3/30 3/20 3113 3/ 6 3/ 1 2/23 Z/16 21 9 1/iO 

0! 0 P~OAA~ILITY OF OCCURRENCE OF THRESHOLD TEMP IS LESS THAN INDICATED PROBABILITY 

PROBABILITY CF EARLIER DAH IN FALL CMC/DAl THAN INDICATED 
Tt:•P .10 .20 ,30 ,40 ,50 .60 ,70 .eo .90 

32 10/12 10/16 10/19 10/22 10/24 10/<'7 10/29 11/ 1 11/ 6 
Z8 10116 10/22 10/26 10/29 11/ 2 11/ 5 11/ 8 11112 11118 
24 10/31 11/ 4 111 ' 11/ 9 11/12 11/14 11/17 11/20 11124 
20 11/ 8 11/13 11/16 11/19 11/22 11/25 11128 121 1 12/ 6 
16 11/12 11/21 11/26 12/ 1 121 6 12 Ill 12/16 12/22 12130 

0/ 0 PROBA81LITY OF DCCU~RENCE OF THRESHOLD TEMP IS LESS THAN INDICATEO PROBABILITY 

PROBABILITY OF LO~GER THAN INDICATED F~EEZ~ FREE PERIOD COAYSI 
TE•P .1c .zo .30 ,40 ,so ,60 • 70 .eo ,90 

32 206 200 195 192 188 1 ~4 181 176 170 
•8 230 223 217 212 208 203 199 193 185 
~4 248 HZ 23~ 234 230 227 223 218 212 
20 271 265 260 256 252 248 243 238 231 
16 314 303 294 287 2BO 273 266 257 245 

PRECIPITATiON WITH PROIAULITY EOUAL OR LESS THA~ 

L.'.'L. JAN FU MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

0,05 o,oo Oo02 o,oo o.oo 0,23 C,Z6 0,36 o. 39 0,07 0,01 o.oo o,oo 
n.ro o,oo o.os O,OD o.oo 0,37 0, 45 0,60 0,60 0,27 0,09 o.oo o.oz 
o. 2D 0,0) o,u 0,06 o,1o 0,61 o.ao 1,02 0,96 0,57 0,29 0,03 0.10 
0,30 0,10 Oo22 0,16 0,22 0,84 1,15 lo44 1.30 o.e6 0,52 0.10 0.19 o •• o 0,19 0,]0 0,2e 0.34 1,08 1. 53 1.89 1. 65 1.15 0,79 0,19 0,28 
o.~o 0,29 o.n 0,41 0,49 1.35 1,96 2.38 2.04 1,47 1.12 0,31 0,38 
0,60 n,ltl 0.46 0,58 0,66 1,66 2,46 2o97 2.49 1.86 1.52 0.45 0.50 
o,7D 0,56 o.n o,eo o.u 2,04 ),08 3.68 3,o1 2.32 2,06 0,64 0,65 
0,80 o,7e Oo71 1,10 1.18 2,54 3,92 4,64 3.72 2.94 2,81 0.92 0.86 
0,90 1.14 0.96 1. 62 1.67 3,40 5,37 6,28 4,93 4.00 4,12 1.41 1.21 
0,95 1.52 loll 2,15 2.17 4,16 6,69 7. 76 5,99 4.96 5,43 1.91 1.56 

MEDIAN PRECIPITATION AMOUNTS (0.50 PROBABILITY LEVEL) IN THIS TABLE DIFFER FROM THE MEANS 
SHOWN IN THE ABOVE TABLE BECAUSE OF THE METHOD USED IN MAKING THE COMPUTATIONS. THESE 
VALUES WERE DETERMINED FROM THE INCOMPLETE ~ DISTRIBUTION WHOSE CURVE HAS BEEN FOUND 
TO GIVE BEST FITS TO PRECIPITATION CLIMATOLOGICAL SERIES. 
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U. S. DEPARTMENT OF COMMERCE, WEATHER BUREAU 

In Cooperation arith the UNM Bureau of Bu•ineu Reaearch 

LAT:Tt:DE: 34° 2-l' ::\ 
LOXGITUDE: 103° 12' W 
ELE\'. (GROUND): 4280 Ft. 

CLIMATOLOGICAL SUMMARY STATION: CLOVIS 
l\EW l\1EXICO 

MEANS AND EXTREMES FOR PERIOD OF RECORD· 1931 · !960 

I 

I Temperature ("F) 

I 

I Means Extremes 
I 

I a I e 
I " " .:: I .., .5 .., .5 c 

c :~ =~~ .E 
~ 10 s[o e 
(a) 1 30 I: 30 

n )51. 0 23. 8 
b. j55. s 1zs. 8 

Ja 
Fe 
!II 
Ap 
1\Ja 
Ju 
Ju 
Au 
Se 
Oc 
t\o 
De 

ar [62. 4 31. 8 
r i72. I 41. 3 
y 80.6 50. 7 

ne i90. 8 60. I 
ly 193. 3 63. 7 
g. 192. 2 62.7 
pt. iss. 3 55.0 
!. 174.3 44. 3 
\' 60.9 31.4 
c. )53. 0 25. 8 

I 

Year:72. 6 
I 

43. 1 

>- -::= 'tl .. 
0 II> 

" ..<l 
0 u Dl II> 
~ a:; :a 

30 30 
37.4 77 
41. 3 81 
47. 2 90 
56. 7 99 
65. 6 101 
75. 4 106 
78. 5 109 
77. 4 110 
70.2 105 
59. 3 98 
46.3 85 
38.4 78 

57.9 110 

• Less than one half. 

.. .. 
II> 
> 

--
1950+ 
1940+ 
1943 
1936 
1938 
1942+ 
1940 
1944 
1939+ 
1951 
1932+ 
1948+ 

~~~4 

•• Base 65" F (estimated). 

'tl 'lii 0 Cl> u ~ II> 
a:; .£ 

30 
- 4 
-17 
- 4 

14 
27 
41 
51 
48 
31 
24 

0 
- 4 

-17 

.. .. 
II> 
> 

--
1959+ 
1951 
!958 
1945 
1954 
1955 
1954 
1956 
1945 
1949+ 
1952 
1950 
Feb. 
1951 

(al Average length of record, years. 

• • 
" >-.. 
'tl 

Cl> ~ 
G> ·;;; 
~ 'tl 

'tl "iii 
G> 

&:1 &:1 -.; .. "' Cl> II> ~ 
~ ~ (!) 

30 30 30 
860 0. 55 !. 60 
660 0. 41 0. 69 
550 0. 49 I. 45 
270 0.92 !. 77 

80 2. 51 3. 45 
0 2.29 2. 80 
0 2. 64 3. 46 
0 2. 62 4.36 

40 2. 10 5.26 
220 !. 89 3.65 
560 0.46 1. 4 6 
790 0.59 1. 88 

4030 17.47 5.26 

Precipitation Totals (Inches) Mean number of days 

&:1 .. 
"' .. II> II> 

> ~ 

-- 30 
1939 2.4 
1956 1.0 
1941 0. 7 
1941 0. 3 
1936 0.2 
1941 0 
1960 0 
1932 0 

I 1957 0 
: 1942 0.2 

1935 0.6 
1943 2.4 

19:>7 
1 

SeE'L 
7. 8 

Temperatures 
Snow, Sleet ..<l 

0 .s Max. Min. 

e s 
" >- "iii c. ! 'tl 'tl 'tl e ~ II> ~ Cl> ~ ~ ~ ~ 'tl il: ..c 

-.; ·~ 0 ·a &:1 
.. ~ :;; ~ e > 

N~ fi;.,g " 0 
.. II> ·;;; • 0 . - 0 G> 

~ 
Cl> 

~ 0 a;~ N II> • II> 
~ e > 'tl > C')..Q C')..Q O..Q ~ 

30 -- 30 -- 30 30 30 30 30 (a) 

8.0 1946+ 8.0 1946 2 0 2 28 * Jan. 

4.7 !933 4.0 1940 I 0 I 21 " Feb. 

5. 2 !934 5.0 !934 I :;: I 15 * 1\lar. 

2. 8 !949 2.8 1949 2 1 * 4 0 Apr. 

4.5 1935 2.4 1935 4 5 0 ::: 0 l\lay 
0 -- 0 -- 4 19 0 0 0 June 
0 -- 0 -- 5 23 0 0 0 July 
0 -- 0 -- 4 22 0 0 0 Aug. 

0 -- 0 -- 3 10 0 '* 0 Sept. 

5.0 1936 5.0 1936 3 I 0 2 0 Oct. 

5. 6 1931 5. 6 1931 I 0 1 17 * Nov. 

11. 3 1931 7.4 193! 2 0 2 26 ,;, Dec. 

IDee. 
Jan. 

111.3 1931 8.0 1946 32 81 7 113 I Year 

T Trace, an amount too small to measure. 

+Also on earlier dates, months, or years. 

~Partial year's record considered. 

CLIMATE OF CLOVIS, NEW MEXICO 

The city of Clovis is located in the extreme southeastern portion 

of Curry County in east-central New Mexico near the State's east 

border. Founded by the Santa Fe Railway engineers m 1906 and 

incorporated in 1909. it is the county seat. Clovis is surrounded 

by the Eastern New Mexico High Plains. gently rolling and general

ly level except for breaks along various watercourses. The area 

is one of extensive farming and stock raising; and cotton, truck, 

and feed crops are grown under irrigation pumped from abundant 

underground water supplies, while winter grains and summer feed 

crops are raised in dry -land farming areas. Stock rats ing plays 

an important part in the area economy, and Clovis is one of the 

largest livestock markets and commercial feeding centers in the 

Southwest. Clovis Air Force Base. a permanent installation. is 

located adjacent to the city. 
Situated near the southwestern edge of the Great Plains, Clovis 

has a semiarid continental climate. little influenced by the topog

raphy except for an occasional upslope movement of air in the 

wmter, which may produce low cloudiness. rain, and possible 

icing for several hours. Otherwise, winters are drv and sunny 

with mild daytime temperatures but night minima usualiy well below 

freezing. Few of the cold arctic outbreaks which sweep across the 

northern plains in winter penetrate so far south and west, so that 

there are on an average only seven days a year when shade tem

peratures remain below freezing. In the 30 years of record sum

marized here, only 23 days had minimum readings of zero or below. 

Wmter precipitation totals average about one-half inch per month, 

with less than 20 per cent of the year's moisture falhng in the 

November-April period. Some of this precipitation falls as snow; 

yet the average m December and January, the snowiest months, 

is only 2. 4 inches, and snow seldom lies on the ground more than 

a few hours. 
Summer is the rainy season, with 80 per cent of the year's mois

ture falling during the May-September months. Much of this pre

cipttatton comes during brief but sometimes heavythundershowers. 

accompanied by considerable lightning, some hail, and brtefly 

strong winds. Throughout 40 years of tornado records for New 

17 

Mexico only two small tornadoes have been recorded in the Clovts 

area: the first on June 10, 1932, caused property damage esti

mated at $15.000: the other on September 17, 1944, caused damage 

estimated at $25.000. No deaths or injuries resulted. Although 

July and August are the raimest months, only four or five days 

each month bring as much as one-tenth inch of rain. Daytime 

temperatures in June, July, and August average above 90°, but 

only 12 days a year on an average have temperatures of 1000 or 

higher. Daily readings range from quite high levels to ones av· 

eraging 300 lower than the highs. 
Clovis has an average growing season of 195 days. beginning 

with April 15, the average date of the last freeze, and ending on 

October 28. the average date of the first freeze. Sunshine. rela

tive humidity. and wmd records are not available for Clovis. The 

following information is taken from records at stations in that gen

eral area and are considered applicable to Clovis: the sun normally 

shmes between 70 per cent and 80 per cent of the possible hours, 

with winter months usually clear and sunny; relative humidittes 

range from about 70 per cent in early morning to about 4;0 per cent 

in late afternoon and are usually much lower during peri9ds of high 

or low temperatures, thereby making such extremes less uncom

fortable; wind velocities average about 12 miles per hour, with the 

prevailing direction bemg southerly and southwesterly. Late winter 

and spring are the windtest seasons, with occasional gusts rangmg 

from 30 to 40 miles per hour, bringing considerable dust for 

several hours. ' 

Although weather records began in Clovis in June 1811, only 

the years 1931 through 1960 are included in this summary. (See 

Station History at left. ) The roof exposures in effect from Sep

tember 1944 to February 1951 probably resulted in mimmum tem

perature readings slightly higher than a ground exposure would 

have given. Extreme values are published for the 30-year period, 

but the following extremes were noted in earlier records: 

(Continued Under Precipitation Table) 
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VR 
~I 

~2 
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'4 
~5 

61 
62 
63 
64 
65 

66 
67 
68 
69 
10 

11 
12 
13 ,. 

~· ~7 ,. 
59 
60 

61 
62 
u 
64 
65 

66 
67 
68 

~· 10 

11 
12 
73 
14 

su• 

VR 
'1 
52 
53 
54 

" 
56 
57 ,. 
59 
60 

61 
62 
63 
64 
65 

66 
67 
61 
69 
10 

11 
72 
13 
74 

SUM 

STATION! 29 1939 

JAN 
5o .e 
56 .o 
60,6 
55.1 
50,1 

49,7 
47 ,9M 
48 •• 
52.1 
57 ol 

~4.1 
~5.3 
45 ,, 
~2.2 

1255 o6 

FFB 
55.1 
157.7111 
54.9 
63.8 
54.2 

49.3 
61.4 
55.6 
52.7 
48.3 

56.6 
63 .a 
57.4 
46.6 
~2 .3 

51.4 
57.2 
55.2 
H.9 
57.7 

55.0 
~9.9 

'1.6 
51.3 

1330.9 

STATION! 29 1939 

JAN 
21.2 
2~ ol 
30ol 
25 •• 
24,5 

25 •• 
Z3 .~ 
24.2 
20.2 
2lo0 

19.7 
l8o9H 
u.s 
2lo2 
25 .z 

2~.5 
23 oO 
2lo6 
22 ol 

FEB 
2~ .2 

27 -~· 
25.5 
13.0 
21.4 

21.9 
34 .It 
27.6 
25.3 
20.9 

25.4 
21.8 
26.9 
19.7 
22.4 

22.1 
Zb. 7 
26.9 
2a. 7 
29.4 

25.1 
25.7 
24.9 

24 ·"' 

619.a 

STATICNi 29 1939 

JAN 
36,0 
40,9 ., .. 
40 ·' 37.3 

34.7 
33.4H 
31.2 
37.0 
41,2 

40,2 
39.2 
33.5 

37 ·' 

902 o5 

FEB 
40.2 
42.6M 
40.2 
41.4 
37.a 

35.6 
47.9 
41.6 
39.0 
34.6 

41.0 
46.3 
•2.2 
13.2 
37.4 

36,a 
42,0 
41.1 
4l.a 
43.6 

40,1 
42 .a 
31.3 
41.4 

975.9 

••• 
bO. 4 
6/'),QM 

b7 • 1M 
61,4 
61.3 

66.5 
61.1 
51.1 
62 .o 
60.1 

bf'J. 19 
70,0M 
61.2 
52.3 
57 .o 

65.5 
7'- •• 
59.1 
70,7 

1494.3 

•A• 
3n. 2 
]0,4M 
]6,6 
31.5 
30.9 

32 .I 
2• .1 
J;:..o 
21.1 
21.9 

34.0 
37 • 7M 
32 .I 
27.1 
2~.4 

30.9 
36.5 
33 .o 
35.9 

754.7 

"AI 
45.3 
45,2M 
52.2M 

46 ·' 47 .I 

., .I 
43.9 
49.2 
... ,6 
39.3 

50.5 
53.9M 
411,0 
39.1 
42.1 

4•.2 
54.5 
46,4 ,,., 

1124.9 

APR 
7l,l 
••• 3 
71.9 
76.8 
n.o 
71.7 
66.9 
bb .o 
69.5 
75.6 

71.2 
n.z 
77.5 
13.5 
73.6 

11.7 

"· 7 12.! 
7Z.5 
69.9 

7Z.~ 
'7b. 7 
63.9 
13.9 

1732.4 

APR 
l8.5 
41,4 
39 ol 
45.7 
41.2 

31.0 
40 ,b 
43.3 
l8.8 
42.3 

40.9 
44 ol 
l8o5 
44,2 
38.5 

40.0 
41.7 
34.5 
40.6 

961.0 

&PR 
s..a 
55.4 

"·' 61.3 
56.6 

54,6 
56.9 
60.4 
56.2 
se.o 

56.3 
61.9 
55.3 

"·· 54.2 

56.1 

"·2 49 .z 
57.3 

!]50. 7 

"AV 
70. B 
79 0 e,."'' 
78.5 
76.9 
HolM 

84.5 
74.9 
ao. 8M 
so.o 
81.0 

12 o1 
16,41 
12.4 
12.1 
Bl.oE 

80ol 
14.0 
82. ~ 
79.7 
a2.2 

al.6 
71 •• 
77 ... 
87.2 

MAV 
49 .I 
50, 5M 
48 ... 
49.9 
47,6M 

52.7 
itB .i' 
53 olM 
51.1 
46,2 

48,2 
51.6 
51.3 
50.3 
49. IE 

1189.& 

MAY 
64,0 
65 .IM 
63.5 
63,4 
62o9M 

61.6 
61.6 
n.oM 
65.6 
63.6 

65.2 
69.o 
66.9 
66.5 
65o4E 

64.5 
65.4 
65.3 
65.4 
66.0 

65.0 
64,0 
62.2 
70.1 

1566.2 

JUN 
87.8 
•2. 3 
96. a 
91.2 
86.9 

91.5 
86.4 
90.2 
88.5 
90.0 

88.6 
88.1M 
85. 7M 
90. bE 
86. BM 

86. 7M 
87 .o 
93.4 
85.9 
86.5 

90.4 
88.7 
87.6 
90.5 

2137.3 

JUN 
57 .I 
63.4 
64.0 
59.8 
55.4 

bl .9 
57.4 
60.7 
60.2 
59.2 

57.1 
56. 7M 
57.5M 
55. 7E 
57.1M 

58.0M 
58.1 
57.7 
57.5 
56.7 

59.4 
58.9 
56 .o 
58.1 

1403.6 

J~L 
9!.9 
8'1.4 
93.0 
95.6 
17.6 

as. 0 
89.7 
94 .IE 
94,8 
92.2 

95 • 3M 
90.9 
al. 7 
94.7 
n.z 

90.5 
11.1 
~~.o 

91.7 

2188.0 

JUL 
63.3 
63,0 
65.4 
65.3 
63.4 

60.5 
62 •• 
64 .3E 
63.6 
62.3 

66.2E 
61.1 
62 •• 
65.5 
63.7 

62.3 
60.9 
61.8 
62.2 

1512.1 

AUG 
93.2 
Q4 0 0 
1!19.4 
90.1 
90.0 

~·· 8 ~9. 7 
91.8 
90.4 
.9.4 

~7. a 
93.2 
B9.1M 
91.6 
88.4 

84.9 
17.5 
88.1 
92.8 
90.6 

82.5 
84.7 
89.7 
..... 7 

z 143.4 

AUG 
6Z.l 
64.7 
62.1 
63.7 
6l.lt 

60.2 
61.9 
62 .I 
61.1 
61.0 

59.6 
59.9 
61.4Jol 
61.4 
58.4 

60.6 
~8.6 
61.5 
63.5 
60.8 

59.0 
sa. 7 
60.2 
59.6 

1464.9 

AVERAGE TEMPERATURE 

JUN 
72.5 
77.9 
1o.o 
75.5 
71.2 

76.7 
71.9 
75.5 
74.4 
74.6 

72.9 
72.4M 
7!.6M 
n.zE 
72.0M 

72.4M 
72.6 
75.6 
11.7 
71.6 

74.9 
73.1 
71.1 
74.3 

1771.0 

JUL 
71,6 
76.2 
79.2 

10 ·' 75.5 

77.2 
7e.a 
78,2 
74,6 
74,0 

74.3 
76. z 
79.1E 
79.2 
77.3 

eo. BE 
76,4 
75.1 
10.1 
76.' 

76,4 
74.0 
74.9 
7"7,0 

1850,1 

AUG 
77.7 
79.4 
75.1 
76.9 

"· 7 
75.0 
75.1 
77.3 
76.1 
75.2 

73.7 
76.6 
75.3M 
76.5 
73.4 

72.1 
73.1 
74.1 
78.2 
75.7 

70.1 
71.7 
75.0 
72.2 

1804.7 

SEP 
&5. 9 
82. 71'1 
88.3 

!~ ·" 
8 ~. 2 

89.8 
81.6 
at.5 
87.4 
84,' 

Bl.lM 
BZ o2 
84,6 
eo. 7 
83.1 

11.6 
BloC 
82,8 
81,0 
80 .a 

78,7 
IZ ,0 
80,3 
7Z, 5 

1987.7 

SEP 
53.0 
52 .3M 
53,0 
57·" 
56.1 

1287.4 

SEP 
69,5 

67 ·'" 70.7 
71,9 
70.7 

71o5 
66ol 
69.1 
70.5 
69,0 

66 .zM 
69 ,o 
70,0 
67 •• 
67.2 

61.5 
61,2 
67.5 
69.0 
66,1 

.,. 5 
61.3 
66,4 
61.3 

1638.2 

77o5 
67.2 
6ao4 
7Qo9 
72.7 

76ol 
75·2 
so. 5 
7bo 2M , .. 
7lo2M 
n.a 
75·4 
65.9 
68o3 

176Qo 7 

45 ·2 
43oa 
43o9 
39o3 
42·2 

•I· 7 
45 ol ••·a 
42 ·61'1 
40· 3 

4loOM 
4lo6 
lt4o) 
41 ol 
3lo3 

43·5 
43.3 
43.7 
45o0 

1031·3 

61·4 
55o5 
56·2 
55·1 
57.5 

51.9 
60o2 
63.7 
59o4M 
se.o 

56olM 
59.7 
59.9 ,,, 
53o3 

57o6 
57o3 
59o7 
57.6 

l396o5 

NOV 
57.9 
54. 1!/'l 
62.5 
65 •• 
62.5 

66.4 
64.1 
57 •• 
61,0 
6Z ,4M 

62.2 
50.8 
67,4 
51.4 

NOV 
29.1 
27. 7M 
33,1 
33.z 
lo ,e. 

28.3 
31.0 
31,6 
26,4 
32.2 

30.1 
33.z 
32.7 
31.6 
36.2 

35 .I 
33.4 
33.3 
31.0 
32.2 

33.7 
26,4 
33.a 
34,2 

760.1 

NOV .,,, 
41,3M 
47,8 
49,4 
46,6 

4t0, 7 
48,4 
... a 
46,1 
52.3 

50.1 

•• • a 
"'·' 46.0 
47.3M 

41.0 
n,6 
50.6 
46,3 

MONTHLY NORMALS OF TE.PERATURE, PRECIPITATION AND HEATING AND COOLING DEGREE DAYS (1941-701 

TEMPERATURE 

pRECIPITATION 

HEATING DEGREE CAY 

cOOLING OEGREE DAV 

JAN FfB MAR APR, MAY 

37.2 4lol "'·' 56.8 65.4 

0.45 Oo46 Oo55 0.80 2.08 

a62 669 263 55 

17 67 

JUN JUL AUG SEP OCT NOv UEC ANN 

74,2 11.• 7o.3 69,1 58.6 46.4 39.3 , •• 

2.60 z.a9 2.50 l.a9 lo~l 0·•4 Oo~O !7.07 

0 11 214 558 797 400~ 

282 391 354 134 16 lZbl 

DEC 

". 2 
51 o] 
49o2 
57 ol 
57 o2 

53oD 
41.5 
54.4 
56ol 
59ol 

51.5 
49 .a 
56.2 
49.1 

1277 .o 

DEC 
25 .o 
25 .z 
Z2o9 
2b.b 
27 .o 

2~·2 
28.6 
Z2o5 
Z1ol 
22.9 

24o2 
Z6. 3 
zo •• 
23.7 
21.o 

599o3 

DEC 
3Bo6 
31.] 
36.1 
41o9 
42.1 

:n,a 
40.3 
35,1 
3Bo0 
42oZ 

AN~UA L. 
7lo 9 
71o 9• 
"7],911 

'"'·" 71 • .... 

7]. 7 
70.' 
70o6M 
71.1 
70o3 

70. '" 7).111 
7),411 

71·'"' 
7Zo5M 

71, 3M 
'7). 7114 
72,3 
'71e3 
7lolM 

17Uo8 

ANNUAL 
41·4 
42. 7M 
4). 8 
44.9 
41·'"' 

42.3 
42,1 
4Ze9M 
41,4 
4Q,8 

40.7 
4l,JH 
42.e2M 
•1·0" 
41e4M 

41·'" 
•2·4" 
42.3 
•3·3 
41· 7 

ANNUAL 
56o 7 
57o]M 
58,9M 
59o7 
56·'" 

Slol 
56.7 
56,111 
56.) 
55.6 

!15,6M 
57·'"' 
!17 ,eM 
56o5M 
57o0M 

56t6M 
58·1" 
57oJ 
57o3 
56 ... M 

56.9 
56.6 
55.7 
57.1 

1369.6 
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STATICNI 29 1939 TOTA. PRECI'ITATION CLOVIS, '" 
VR JAN FEB "AR APR MAY JUN JUL AUG SEP OCT NOV OEC ANNUl. ,, • 70 ,14 .19 .12 3o52 2.31 1.86 1.09 .20 1.16 .38 ,57 13. ,. 

'2 .5• .29 .26 ],06 .37 2.13 2.1! 1.00 ,85 ,00 1.25 •• o 12.33 
H .68 .29 .71 1,09 lo09 .03 2.82 3,23 .oo 1.61 ,)7 ,30 12.22 
54 .22 .62 .10 ,86 lo34 1. 06 .50 6.13 .14 3,65 .02 .22 14.86 
55 .30 T .ol ,80 2.10 2,66 4.37 .58 l,o9 ,4] .02 ,03 12.79 

'6 ,08 1.12 T .a 2.n 2.10 1.29 ·" .41 1.21 T T 10.~9 

n ·" ,49 lo66 1. 08 5o05 ,06 ,36 3.51 5.26 3,00 .74 T 21.36 
58 1.39 .12 1.88 1.36 lo50 2,60 2.68 1.83 6. 72 1.01 .51 .27 21.87 
'9 ,05 .12 ,2] ,37 lo53 6,09 3.86 2 ,6o ,25 2,48 .07 2ol8 19,87 
60 1.58 1,07 .32 .26 lo25 2.88 13,44 1.18 1.85 6, 76 .oo lo70 3Z,29 

61 .56 ,47 2.21 .10 lo 32 2.31 2.83 3,46 1.56 ,9o 2.32 .so 18,88 
~2 ••• ,45 ••• ,38 ,29 .82 6.08 ,39 2,93 1.01 .43 ,39 14.57 
63 ,05 ,86 ,o4 ·"' 2.4'7 6,16 3 ••• 2.76 1.38 ,32 .41 .20 18.23 
64 ,08 1. 08 ,4] T .77 4,35 .u .45 2,56 ,06 1. 70 ,45 12. ~~~ 
65 ,06 .n .59 ,56 1o72 3,03 ,,.6 2.27 !,]6 ,43 T .59 12,60 

66 ·" .os T ,63 .72 2.63 .77 5,80 .eo ,09 ,47 ,09 12.71 
67 .oa .10 ·"' ,07 o29 5,63 3. 92 2.50 1.3a .lZ .09 ,13 15.33 
61 1. 76 ,42 lo2J .12 1o58 .75 ,,,. 3,25 1,06 ,19 .62 o20 12.72 
69 T ,84 .92 1,43 5.57 1.09 2. 65 1.67 3,31 5.•o .33 lo02 24,30 
10, T .12 oil ,60 .53 3.74 4,08 1.74 2.90 ,71 .01 .03 15.27 

nl T .20 o~ao 1.25 loU 2.17 1.53 4,16 2o04 1.19 1. 71 lo02 16,490 
n ,09 .17 T .oo lo97 2.31 2.54 2.91 2.51 2.00 1.09 ,7] 16,46 
73 .56 ,64 2.o• 2.32 ltl& 2.01 5.69 .43 1.86 ,92 .o8 .u 17,91 
14 .66 .11 .92 T ol8 1.92 2.69 6,09 2.40 5,64 ,43 ,47 21,51 

~u· I0.9a 11.13 15.67 16.86 40o31 60,91 72.71 59,7) 45.25 4l.la 13.05 12o64 400.26 

STATION I 29 1939 TOTA. SNOWFA.L CLOVIS, '" 
SEASON JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN SEASJN 
'0·51 2 .IE T .o T .o .o 
51·52 ,a .o ,a .o lo5 7.0 T E .o .a .o .o .o 

8 ·' 52·5! .o .o .a .o e.aE s.a T E 3,aE T T T .o l6o0E 
n-54 ,a .o .a .o .o T 2.5 T E T .o T .o z.s ,._, ,a .o .o .o .o 1.0 l.a T T T ,o .o z.a 

"•" ,a .o ,0 .o 1.5 T ,3 11,5F T .o .o .o l],JE 
56·57 .o .o ,0 .o T T T E .o T E T .a .o .o 
n-58 ,a .o ,0 .a 5.oe T lao9E z.ae 2.oE .a .o .o l9o9E ,._,. .o .o ,0 .o .5 4.1E T E 1.2E T E T E .a .o 5o8E 
59-Ita ,a .o ,a .o T a.oE IO,OE 5,0E T .o .a .o 23,0E 

60·61 .o .o ,0 .o .o I4.0E 5,eE 2. 7E lobE T .o .o llolE 
61·62 .o .o ,0 .a 5 .bE 6.0E 3 .oE T T .o .o .o 14,6E 
62•63 .o .o .o .o .o 1.5 1,5 lt,OE .o .o .o .o 9 .oE 
63•64 .o .o .o .o .o 3.0E T 13.0 3,3 T .o .o 19.3E 
64·65 .o .o .o .o T T E .o 5.oe 2o3 .o .o .o 7 o3E 

65·66 .o .o .a .o .o 2.oe 4.7E T T 3olE .o .o 9,8E 
66·67 .o .o ,0 .o T .IE .o T E T .o ,o .o .1e 
67·68 .o .o .o .o loO 11.0 1.0 •• 6 s.o .o .o .o 25o6 
68-69 .o .o ,n T ],0 T ,5 1.0 s.s .o ,o .o 13.3 
69·70 .o .o ,0 .o .o 7.0 .a 1.0 4,5 .o .o .o 12.5 

70•71 .o .o ,a T .I T 2.5 loO .o .o .o 3.6 
71·72 .o .o ,0 .o ... 10.3 loO l.OE T .o ,o .o l2.7E 
72·73 .o .o ,o T 4.5 6.5 8,o 8.0 T T E .o .a n.a 
73·74 .o .o .a T 1.0 !.a T 2.5 T .a .o .o "·' '"·75 .o .a .a .o .o 2.5 

SUM .o .o .o .a 32.1 9a.7 52.3 70,a 38.5 3.! .o .o 28Zol 

AMOUNT IS wHo••v OR 'ARTL Y ESTIMAT!O, 

T TRACE• AN AMOUNT TllD SMALL To ~usuu. 

M ONE OR HDRE DAYS 0' RECORD HISSI~GJ IF AVERAGE VALUE IS ENTERED, 1,!$5 THAN 10 DAYS RECORD IS MISSING, 

WATER EQUIVALENT 0' SNOW'lLI. WI'OLI.Y OR PARTI.Y ESTIMATED, 

S.le Price: 15 cents per copy. Checks 1nd money orders should be made peyable to Department of Commerce. NOAA. Remittances and correspondence 
regarding this publiclt•on should be •nt to: National ClirNtic Center, Feder~l Building, Asheville, N. C. 28801. 

USCOMM-NOAA-ASHEVILLE 400 



A•eraQe Temperature ("F) 

Year Jan. Feb. Mar. Apr. May June July Auq. Sept. Oct. NoY. Dec. Ann' I 

1931 40.1 44.0 45.9 55.4 63.8 77.9 78.6 75.0 75. I 61. 3 47.9 39. 3 58. 
1932 34.6 48.0 42.7 58.2 68.7 74. I 79.6 78.9 67.6 56.6 46.3 27.0 56. 
1933 38.3 31. 4 44.9 50.0 81. 7 73.6 79. 3 77.0 74.4 62.4 48.8 46. 3 57. 
1934 40.7 44.8 48.6 61. 0 70.7 79.8 83.6 81. 0 69.7 64. 2 50.5 41. 6 81. 
1935 43.0 43.0 51. 6 57.8 62.0 74.5 79.0 78.0 67.2 60.0 46.2 38.0 58. 
1936 34.0 40.8 53.5 59.6 68.7 78.7 80.0 80.6 69.0 56.8 44.4 40.6 58. 
1937 32.8 40.2 42.7 57.9 68.4 75.4 80.9 81. 5 72. I 60.0 46.8 38.2 58. 
1938 39.4 42.3 49.2 57.6 67.4 75.2 78.0 80.0 71. 4 60.8 46.8 40.4 59. 
1939 37.2 35. 2 50.7 56.7 67.6 78.2 79.8 76.4 72.6 58.9 45.0 41.4 58. 
1940 32.7 41. 5 51. I 57.0 68.7 75.3 83. I 76.4 73.4 63.0 43.0 42.9 59. 
1941 38.6 43.6 44.4 56.8 66.0 72.6 78.0 77.6 70.3 59.9 48.4 40.5 58. 
1942 37.5 39.3 49.0 59. I 67.9 77.8 80.8 77.8 69.8 58.6 52.8 43.0 59. 
1943 41. 6 49. 0 51. 2 65.3 67.8 79.4 81. 8 85.4 72.3 60. 8 46.5 38.9 61. 
1944 38.4 45.4 50.4 57.8 68.4 78.4 80.6 81. 2 71. 0 58.0 46.3 35.4 59. 
1945 38.2 42.6 49.0 51. 3 66.2 72.2 76. I 77.4 69.5 57.5 48.2 37.2 57. 
1946 34. 9 41.6 50.2 61. 6 62.2 75.0 78.6 77.4 69.9 60.8 46.0 42. 3 58. 
1947 34.8 36.9 42.8 52.2 65. 3 74.0 77.6 75. 7 70.8 61. 8 40. I 37.7 54. 
1948 31. 0 36. 2 39.5 58.7 65.2 74. 2 77.4 75.7 69.0 56.7 41.9 41.4 55. 
1949 26.4 39.9 48.5 54.7 65. 3 72.5 76.8 73. 7 67.9 56.4 52.5 35. 7 55. 
1950 41. 9 44.7 46. 8 56.3 64. 3 74.3 73.7 73.3 66.0 63.3 47.3 40.0 57. 
1951 36.0 40.2 45. 3 54.8 64. 0 72. 5 78. 6 77. 7 69.5 59. 3 43. 5 38.6 56. 
1952 40.9 42.6 45.2 55.4 65. I 77. 9 76.2 79.4 67.5 57.8 41. 3 38.3 57. 
1953 45.4 40.2 52.2 55. 5 63. 5 80.0 79.2 75.8 70.7 59.9 47.8 36. I 58. 
1954 40.5 48.4 46.5 61. 3 63. 4 75.5 80.5 76.9 71. 9 59.8 49.4 41. 9 59. 
1955 37.3 37.8 47.1 58.6 62.9 71. 2 75.5 75.7 70.7 59. I 46.6 42.1 56. 
1956 40.4 35.6 49. 5 54.9 68.6 78.7 77. 2 75.0 71. 5 61.4 44.2 41. 7 58. 
1957 38.0 47.9 47. I 52.3 61. 6 71. 9 78.8 75.8 66. I 55.5 41. 7 43. 7 56. 
1958 36.0 41. 6 40. I 52.8 67.0 75.5 78.2 77. 3 69. I 56.2 48.2 39. 3 56. 
1959 38.6 39.0 46. 3 55. I 65.6 74.4 74.6 76. I 70.5 55. I 42. I 39.9 56. 
1960 33.6 34.6 44.3 58.2 63.8 74.6 74.0 75.2 89.0 57.5 48.3 33.8 55. 

STATION HISTORY 

A Clovis climatological substation was established three blocks east-northeast of 

the Post Office on June 14, 1911. The instruments were sheltered on the roof of a 

small shed with the floor about 10 feet aboveground. Mr. J. H. Barry was the first 

observer, continuing the records without a break through September 1944. On May 

12, 1942, the equipment was moved to a ground exposure at the same site. On October 

1, 1942, the Soil Conservation Service began monthly reports from Its own standard 

equipment exposed on the roof of the SCS office about one-quarter mile north-northeast 

of the Post Office. This exposure was about 20 feet aboveground. This station was 

made the official Clovis station on October 1, 1944, and was used until February 20, 

1951, when the equipment was again moved to a ground installation at 1312 Prince 

Street some nine tenths of a mile northeast of the Post Office. Mr. Karl Kramer of 

the Soil Conservation Service has continued the records at this site. 
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Year Jan. Feb. Mar. Apr. 

1931 I. 46 0. 52 0. 62 3.09 
1932 0. 57 0. 49 0. 32 I. 17 
1933 I. 04 0. 54 0. 21 T 
1934 T 0. 32 0. 97 I. 73 
1935 0. 16 0.03 0. 27 0.03 
1936 0. 80 0. 10 o.oo T 
1937 0. 11 0. 24 I. 40 0.20 
1938 0. 52 0. 95 0. 96 T 
1939 I. 94 0. 10 0. 54 0.50 
1940 0. 26 0. 31 T 0.95 
1941 0. 35 0. 25 2. 48 3. 43 
1942 T 0. 59 0. 03 2. 64 
1943 0. 00 0.00 0.00 0. 10 
1944 0. 20 0. 52 0 00 I. 12 
1945 0. 59 0. 26 0. 17 0. 16 
1946 0. 64 0. 09 0. 16 0. 66 
1947 0. 65 0. 09 0 56 I. 32 
1948 0. 37 I. 25 0. 28 0.25 
1949 I. 23 0. 65 0.29 0. 52 
1950 T 0. 02 T 0.41 
1951 0. 70 0. 74 0. 19 0. 12 
1952 0. 54 0. 29 0.26 3. 06 
1953 0. 68 0. 29 0.71 I. 09 
1954 0. 22 0. 62 0. 10 0. 86 
1955 0. 30 T 0.01 0. 80 
1956 0. 08 I 32 T 0 26 
1957 0. 15 0. 49 I. 66 I. 08 
1958 I. 39 0. 12 I. 88 I. 36 
1959 0. 05 0. 12 0.23 0. 37 
1960 I. 58 I. 07 0. 32 0. 26 

Record highest temperature: 
Record lowest temperature: 

Greatest daily precipitation: 

Greatest monthly snowfall: 

Total Precipitation llncheo) 

·-
May June July Auq. Sept. Oct. Nov. Dec. 

I. 06 0. 60 3. 06 4.87 3. 41 0. 70 I. 68 I 15 
2. 45 4.00 I. 27 7. 38 3.38 0.46 0.00 0. 86 
2.03 0. 29 2. 81 3. 30 I. 85 0.08 0. 11 0.00 
0. 93 I. 53 2. 19 I. 30 0.67 0. 69 I. 36 O.OR 
4.02 3. 82 2. 56 2 05 0. 45 T I 87 0. 22 
7.00 I. 98 0.6tl 0. 61 6.88 0. 99 0.00 0. 30 
5.05 3. 76 2. 04 I. 03 4- 17 1. 69 T 0 58 
0. 98 3. 45 3. 66 I. 23 3. 46 5.00 0.00 0. II 
2. II I. 16 0.90 4.62 0.28 I. 23 0.33 0. 94 
2.62 I. 01 0.45 I. 51 0. 48 0. 86 I. 76 0. II 

II. 87 8. 57 4.60 2. 02 6. 79 5. 96 0. 16 0.43 
0. 79 I. 30 I. 87 7. 0 I 0. 64 6. 27 0.00 I. 19 
I. 01 0. 48 0. 91 0.89 0. 87 0. 10 0. 60 2. 62 
I. 48 2. 51 0.86 3. 11 2. 03 0.61 0.69 1 06 

0.33 T 2. 79 I. 48 3. (12 0.69 T 11. 04 
0. 31 1 16 I. 77 2. 39 2. 88 5. 16 n. 53 o. 41 
3. 23 0.06 1 15 2. :l6 0. 24 0. 42 0 7fl I Ofl 
I 04 2. 59 I. 32 3. 47 0.48 0. 27 0.58 0. 21 
5. 58 5. 29 2. 07 3. 82 I. 53 2. 44 0. 13 0. 57 
0.83 3. 46 8. 96 2. 31 1 80 0.97 T 0. 05 
3. 52 2. 31 I. 86 I. 09 0. 20 I. 86 0. 38 0. 57 
0. 37 2. 13 2. 18 I. 00 0. 85 0.00 I. 25 0.40 
I. 09 0. 03 2.82 3.23 0. 00 I 61 0. 37 0. 30 
I. 34 I. 06 0.50 6. I 3 0. 14 3. 65 0 02 0. 22 
2. 10 2. 66 4.37 0. 58 1 49 0.43 0.02 0. 03 
2.87 2. 10 I 29 0.55 0 41 I 21 T T 
5.05 0. 06 0. 36 3. 51 5. 26 3.00 0 74 T 
I 50 2. 60 2. 68 1. 83 6. 72 I. 0 I n. 51 0. 27 
I. 53 6. 09 3. 86 2. 64 0. 25 2 4n l!,(l'j 2. I 8 
I. 25 2.88 13.44 I. 18 I 85 fi. 7fi (I 1. 70 

Climate {continued) 

June 109° 
January ijO 

April 12° 
June 360 

August 46° 
October 13° 
December go 

February 1. 30 
March 1. 47 
April 2. 87 
June 3.93 
July 4. 69 
February 11. 50 
March 14.20 
April 4.00 
November II. 00 
December II. 80 

G. F. VON ESCHEN 
State Climatologist 

-

Ann'l 
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111. n 
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12 2 
14 n 
I:.!. 7 
to o 
21 3 
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19 R 
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1 !J 13 
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191R+ 
1912 
1!li9 
1915 
1923 
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1915 
1919 
1923 
1923 

Weather Bureau Airport Station 
Albuquerque, New Mexico 



NEW MEXICO (continued) 

Alamogordo Dam 
34" 36', 104" 23' 

Animas 
31" 57', 108" 49' 

Bitter Lakes Wild Rfg. 
33" 29 1 , 104" 24' 

Bosque del Apache 
33" 46', 106" 54' 

Caballo Dam 
32" 54', 107" 18' 

~ Capulin Nat 1 1 Mon 
N 36" 47', 103• 58' 

Clovis 13 N 
34" 36', 103" 13' 

Eagle Nest 
36" 33'. 105" 16' 

El Vado Dam 
36" 36 •• 106" 44. 

Elephant Butte Dam 
33" 09', 107" II' 

Estancia 
34" 45', 106" 04' 

Station 
State Index 

TABLE I --MEAN MONTHLY, SEASONAL, AND ANNUAL CLASS A PAN EVAPORATION (INCHES) FOR STATIONS WITH 10 YEARS OR MORF. OF RECORD FOR BEST MONTH* 

May- Nov-
Oct Apr No. No.** Jan Feb Mar Apr Hay Jun Jut Au~ Sep Oct Nov Ope ••• "** 

Other 
Season ... 

29 0205 

29 0417 

29 0992 

29 1138 

29 1886 

29 1454 

29 1963 

29 2700 

29 2837 

29 2848 

29 3060 

3.82 4.66 
24 31 

.... 23 

2.92 
17 
35 

4.34 
23 
20 

3.57 3.52 
12 16 

**** **** 
4.45 

32 
24 

3.28 
63 
25 

5. 41 
34 
15 

4.07 
14 
23 

4.85 
63 
16 

8.51 
31 
19 

11.12 
35 
13 

13.18 
36 
11 

14.95 
36 
10 

14.25 
36 
II 

12.38 
36 
12 

10.14 
36 
19 

7.35 4.87 
36 31 
19 17 

10.98 14.38 14.40 12.87 11.19 8.62 6,77 
12 10 II 12 13 10 10 •••• •••• **** •••• •••• **** **** 

7.28 
24 
18 

10.14 
24 

8 

7,79 10.38 
16 14 

.... 5 

9.05 
37 
16 

6.94 
24 
26 

8.53 
63 
17 

12.20 
36 

7 

9.10 
28 
12 

II. 75 
63 

8 

11.73 
24 
10 

11.38 
16 
6 

14.23 
36 

8 

12.94 
21 
10 

13.41 
17 
3 

16.19 
36 

7 

12.37 
25 
15 

11.48 
18 
6 

13.66 
37 

8 

10.83 
24 

8 

10.52 
17 
12 

12.00 
37 
10 

9.73 10.90 10.24 9.41 
12 14 13 12 

8.46 6,20 3.63 
22 22 20 
14 19 17 

8.12 
17 
17 

9.75 
37 
16 

8.22 
12 

6.56 
17 
13 

3.31 
12 
13 

7.28 4.92 
37 33 
16 16 

**** •••• •••• •••• • ••• 
10.56 

28 
16 

7.55 
25 

•••• 
8.06 

32 
15 

14.45 
64 

9 

11.83 
28 
14 

~.25 

32 
• ••• 
9.36 

38 
10 

16.17 
64 

6 

II. 56 
28 
17 

7.62 
35 
12 

8.89 
39 
12 

13.64 
63 

8 

9.87 
28 
15 

6. 74 
36 
17 

7.38 
39 
18 

11.63 
64 
10 

8.09 6.19 4.43 
29 29 27 
22 15 23 

5.76 
33 
19 

6.29 4,68 4.JR 
39 22 IJ 
25 •••• • ••• 

9. 72 
64 
18 

7.70 4.75 
64 63 
14 18 

9.00 8.97 8.29 7.40 5.90 
10 12 12 II 12 **** •••• •••• •••• • ••• 

3.79 
26 

**** 

2. 72 
18 
26 

2.84 
14 

•••• 
3. 51 

33 
24 

3. 7J 
12 
24 

J. 21 
62 
17 

72.25 36. 77 

R **** 
68.23 

•••• 
62.53 

6 

61.47 

5 

73.11 

6 

56.39 

12 

44.66 

•••• 
73.31 

6 

31.03 

•••• 
31.65 

• ••• 
39.54 

36.37 

8 

48.50 

35.92 

39.56 

Record La teat 
Annual Be~an Data 
*** Mo/Yr Mo/Yr 

109.02 1/39 11/73 

**** 
1/67 11/79 

93.56 1/51 10/79 

•••• 
93.39 1/49 10/73 

•••• 
112.65 3/42 10/79 

6 

5/63 9/79 

4/51 11/79 

8/34 9/79 

7/36 10/75 

109.68 4/16 12/79 

6 

5/66 9/79 

* First line of data in the table for each station is mean evaporation in inches; second line is the number of years of record per month; and third line is the coefficient of variation in percent (computed only where there are 10 vears or more of record durin~ 1956-1970). ** Climatological Data (NOAA-EDIS) *** Sum of monthly means. **** Insufficient data between 1956-70 to compute the coefficient of variation. 
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PART III - ARCHITECTURAL N\A 
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PART III - ARCHITECTURAL N\A 
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PART IIIA - INTERIOR DESIGN N\A 
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PART IV - STRUCTURAL N\A 
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PART V - MECHANICAL N\A 



PART VI - ELECTRICAL N\A 
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PART VII - ENVIRONMENTAL N\A 
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APPENDIX A 

LANDFILL CAP ANALYSIS 



LANDFILL CAP ANALYSIS 

1. GENERAL. The project consists of providing a geocomposite-soil cap and 
tieing into the existing cap for Sanitary Landfill #5, Cell #3 at Cannon Air 
Force Base (CAFB), New Mexico. Cell #3 was in operation during the "RCRA INTERIM 
STATUS" time period and the cell was documented as having received contaminates 
for disposal. These contaminates consisted of solvents, paints, paint removers, 
and thinners. Closure and Post Closure Plan, Plans, and Specifications for 
Landfill Cell #3 were developed by Hazard Materials Technical Center, 11140 
Rockville Pike, Rockville, Maryland 208552, in October 1988. This Cap was 
constructed as per plans and specifications. The Cannon AFB, Base Environmental 
Section, later determined that the location of this cap did not cover the entire 
area of cell #3. The Cannon AFB, Base Environmental Section, requested the US 
Army Corps of Engineers, Tulsa District, to develop a set of plans and 
specifications for a soil cap for cell #3. Subsequently, the Tulsa District 
brokered this work to the Albuquerque District. (See Appendix A) 

2. Subsurface Conditions. 

a. Geology. Cannon Air Force Base is in the Great Plains Physiographic 
Province on the Llano Estacado. The Quaternary surficial deposits are commonly 
eolian sand, loess and colluvium which have been deposited on the Ogallala 
Formation, of late Tertiary age. The Ogallala Formation is a complex sequence 
of alluvial strata deposited during Miocene and Pliocene time. These strata are 
well exposed at many localities along the escarpments that characteristically 
define the physiographic limits of the Llano Estacado. In the vicinity of Cannon 
AFB, the Ogallala Formation included lenticular beds of clay, silt, sand and 
mixtures of sand and gravel. Caliche is normally present in the uppermost part 
of the formation. The Ogallala Formation is 350 feet to 400 feet thick in the 
vicinity of Cannon AFB. Unconformably underlying the Ogallala Formation are a 
series of "red beds" assigned to the Dockum Group of Triassic age. The Dockum 
Group is composed of siltstone, mudstone and interbedded silty to clayey, very 
fine to fine grained sandstone. 

3. Subsurface Investigations. Site investigations for the proposed cell #3 
cap were performed during 22 January 1985, 14 thru 16 January 1992, and 28 
February 1992 to present. 

In January 1985, two 9-inch diameter cores, 40-feet deep, were taken from 
the landfill cell. Six samples from the core (depths of 10, 15, 20, 25, 30 and 
40 feet) were analyzed for chromium, lead, arsenic, tin, mercury, and volatile 
organics. The results of the tests detected <0.001 ppm of volatile organics and 
no organic solvents present in the core samples. (See appendix C) 

In January 1992, cell #3 was trenched to determine the extent of the cell. 
(See appendix B for trenching report). The trenching showed that cell #3 was 
approximately 800-feet long and 50-feet wide, with 10-foot barriers between 
adjacent cells. 

In February 1992, two 4-inch field permeameters were installed at depths 
of 20-feet below existing ground level and 6-inch undisturbed Denison can samples 
were taken at each hole at depths between 18 to 20 feet below existing ground 
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level. Permeameter #l is located on the east side of landfill #5, approximately 

750-feet north of the SE corner of the landfill. Permeameter #2 is located on 
the south side of landfill #5, approximately 600-feet west of the SE corner of 

the landfill. The undisturbed samples were delivered to the Southwest Division 

Laboratory for the following tests: soil classification, moisture content, 

Atterberg limits, specific gravity, and hydraulic conductivity (K). The tests 

results from the undisturbed samples show an average hydraulic conductivity (K) 

of 5.7*10-5 em/sec. The field hydraulic conductivity (K) tests were 
inconclusive. The holes were maintained with water for 3 weeks, yet the 

hydraulic conductivity (K) did not stabilize during this time period. The 

hydraulic conductivity (K) was still declining when the testing was halted at the 
end of three weeks. After 3 weeks, hole #l had a average hydraulic conductivity 
(K) of 5.0*10-4 cmjsec. and hole #2 had a average hydraulic conductivity (K) of 

7. 0*10"3 em/sec. 

4. DESIGNS: Two design alternatives were analyzed for the cell #3 cap based 
on the laboratory undisturbed hydraulic conductivity (K) test results, K = 

5.7Xl0"5 cm\sec (See Drawings Sheet 4 & 5 for Details): 

Alternative #l - based on the undisturbed sample average hydraulic conductivity 
(K) of 5.7*10"5 em/sec, it is recommended that the following 
cap system be utilized. 

6-inches Bedding Material consisting of crusher fines. 

24-inches soil cap material consisting of a Clayey Sand (SC) or Low to 
Medium Plasticity Clay (CL) soil with a maximum hydraulic 
conductivity (K) of 1*10-6 em/sec 

12-inches Biobarrier material consisting of gravel, sands, and fines 
(approx. 30% passing the #200 sieve). This is used to hinder 
burrowing animals. 

12-inches Minimum of cover soil consisting of Silty Sand (SM), Clayey 
Sand (SC), Low Plasticity Silt (ML), or Low to Medium 
Plasticity Clay (CL). If cost effective this could be the 
same material as the soils cap material. 

Alternative #2 - A geocomposite system may be cost effective based on 
preliminary cost estimates. This cap system was analyzed and 
the following cap system is recommended if is more cost 
effective than the soil cap system: 

3-inches Bedding Material consisting of crusher fines. 

6-inches Sand vent layer, with 4-inch PVC pipe vent system. 

40-mil 

Non-woven filter fabric 

Geocomposite liner with bentonite (Gunseal or equivalent) 
hydraulic conductivity (K) of 3*10" 10 em/sec 
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24-inches Minimum of cover soil consisting of SC or CL. 

Total settlements of 5-15% of the cell depth can be expected for Cell #3. 
Approximately 80% or more of this settlement should have occurred over the last 
10-years since the cell was last utilized. This leaves approximately 7-inches 
of additional settlement which may occur. It can be anticipated that 3-4 inches 
of settlement will be induced during construction. The remaining 3-4 inches of 
settlement should occur uniformly over the next 30+ years. Both options should 
be able to withstand up to l-inch of differential settlement with out damage to 
the cap systems. 

5. RECOMMENDATIONS: Based on the meeting held with the NMED on June 26, 1992 
and their subsequent comments and recommendation, alternative #l is no longer 
economical due to the increase in hydraulic conductivity (K). Therefor it is 
recommended that alternative #2 be used as it is more economical, provides a 
higher level of protection, meets or exceeds the intentions of a full RCRA cap, 
and will be easier to construct. 

ALBUQUERQUE DISTRICT - JULY 1992 
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AfPL Y TO 
A TTENTI0N OF 

CESWT-DE (200) 

DEPARTMENT OF THE ARMY 
TULSA DISTRICT, CORPS OF ENGINEERS 

POST OFFICE BOX 61 
TULSA, OKLAHOMA 74121-0061 

6 FEB-'92 

MEMORANDUM FOR Commander, Albuquerque District 

SUBJECT: Landfill 5/Cell 3 Cap Design for Cannon Air Force 
Base (AFB), NM 

1. Corps support has been requested to provide design and con
struction specifications for the placement of a final cover on 
Cell 3 in Landfill 5 at Cannon AFB. Cannon AFB requires that the 
design and construction specifications be completed in time to 
allow a construction award for the cap during FY92. Your office · 
has faxed a schedule and cost estimate that meets this 
requirement. 

2. Mr. Mark Wittrock, Albuquerque District, met in Tulsa 
District on 21 and 22 January to discuss landfill cap design 
requirements and to develop a schedule for completion of both 
design and specifications. A kickoff meeting for the design was 
scheduled for 12 February at Cannon Air Force Base. Your 
personnel stated that it was within their capability to 
accomplish this work with technical support from the Tulsa 
District. 

3. I request that the Albuquerque District formally accept this 
mission and the required work for the design of the landfill cap 
project at Cannon AFB. The design shall meet the requirements 
stipulated in the enclosed scope of work (encl 1). Tulsa 
District will provide technical support and will perform 
technical review on all deliverables. 

4. A Military Interdepartmental Purchase Request for $39,200 
will be forwarded for your design requirements. Formal 
acceptance of this mission is requested by 7 February 1992. 
A 1st Endorsement to accomplish this is at enclosure 2. 

5. Point of contact is Mr. Robert Wilson at FTS 745-6148. 

2 Encls t ~V\Il-1~4.. ~ .. ' ,-,- , ... ;."1. SMI~H, JR. J !'' v ,· .-'·. ' .·:· .. '"'-

Colonel, EN L'-c·.;,f_,:: •:''· - · · · 
Commanding l· '::'v .- · ... .,.,n::_ ·__. · · 



CANNON AFB 
LANDFILL 5 - CELL 3 CAP DESIGN 

Scope of Work 

1. Introduction. cannon Air Force Base is a u.s. Department of 
Defense facility located in Curry county west of Clovis, New 
Mexico. Landfill 5 - Cell 3 is located on the southeast corner 
of the base. Cell 3 was in operation during the 1981-1982 
timeframe and was known to have received waste oil and solvents. 
In 1989, the cell was covered with a clay and flexible membrane 
cover. It was later determined that the cover was incorrectly 
located. The Tulsa District conducted an investigation during 
January 1992, which determined the actual boundaries of Cell 3 
(the results of this investigation has been forwarded to Cannon 
AFB and Albuquerque District). Cannon Air Force Base has set 
aside FY92 funds for the construction of the new landfill cap for 
Cell 3. To award a construction contract by the end of FY92, the 
schedule for completion of design and specifications should 
include sufficient lead time to allow procurement of the 
contract. 

2. Design and Specification Work. Cannon Air Force Base is 
studying options for the closure of Landfill 5 (ie. construct one 
contiguous cap covering all cells in the landfill or construct 
separate caps over each cell). According to Cannon, a decision 
on this should be available by 15 March 1992. If a contiguous 
cap is chosen, the cap for Cell 3 must be designed to allow its 
future integration into the landfill cap. The.cap shall be 
designed to satisfy all state and federal closure regulations. 
The state's requirements include the following: 

-Provide long-term minimization of migration of liquids 
through the closed landfill cell. 

-Function with minimum maintenance. 

-Promote drainage and minimize erosion and abrasion of the 
cover. 

-Accommodate settling and subsidence so that the cover's 
integrity is maintained.. 

-Have a permeability less than or equal to the permeability 
of any bottom liner system or natural subsoils present. 

The Albuquerque District will perform the design and write the 
specifications for this project with technical support from the 
Tulsa District. The Albuquerque District will submit a schedule 
for 30%, 95% (Advance Final), 100% (Final) Design completion. 
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CESWA-DE (CESWT-DEjJan 92) (200-lc) 1st End 
SUBJECT: Landfill 5/Cell 3 Cap Design For Cannon Air Force Base, 
New Mexico 

Commander, Albuquerque District 

For Commander, Tulsa District 

Mission assignment is accepted. 

MICHAEL J. DEBOW 
LTC, EN 
Commanding 
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RET TO GEOTECH BR (LAND CAP • MEM '( ~ 

SD&DS Sec }f~ 
Geotech BrJii:/!
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CESWA-DE (200) 

MEMORANDUM FOR Commander, Tulsa District nrp/2/fw 
SUBJECT: Landfill 5/Cell 3 cap Design for Cannon Air Force R~se 
(AFB) I NM 

1. As requested in Memorandum CESWT-DE, SAB, dated 6 FEB 92, the 
Albuquerque District accepts the mission to provide design and 
construction specifications for the placement of a final cover on 
Cell 3 in Landfill 5 at Cannon AFB, NM. As noted in the above 
memorandum, a schedule and a cost estimate in the amount of $39,200 
was faxed to CESWT-EC-GP on 25 Jan 92. The schedule and cost 
estimate were based on discussions, during the 21-22 Jan 92 
meeting, regarding the design of a geosynthetic composite liner 
(GCL) system. Based on discussions at the kickoff meeting at Cannon 
AFB, NM on 12 Feb 92, Base Environmental personnel indicated that 
the New Mexico Environment Department may accept a more permeable 
landfill cap design using natural soils in lieu of a GCL system. 
The Albuquerque District will evaluate the possible design 
alternatives for the subject design. However, additional costs in 
the amount of approximately $10,000 may be required for field and 
laboratory investigations and evaluation. 

2. If there are any questions, please call me or Mr. Wittrock, of 
my staff, at FTS 474-1722 or (505)766-1722. 

MICHAEL J. DEBOW 
LTC, EN 
Commanding 
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EX\ PI H O.YJIEX1' DEI'.-\ H 1:UEX1' 

HAZARDOUS AND RADIOACTIV8 MATERIALS aUREAU 
RADIATlON LICENSING AND REGISTRATION SECTION 

525 Camino De Los Marquez 
.n:urrn ~1. tsrrsos.\ 

:o<EI'Itf:T.\Jl\' 

llll["('l: t\1:'\(i 
•a•n:n~••u 

December 16, 1991 

Mr. Jim Richards 
27 CSG ... DEV 

Post Office Box 26110 
Santa Fe, New Mexico 87502 

(505)827-4300 

Cannon Air Force Base 
Cannon Air Force Base, New Mexico 88103 

RE: Post-Closure Care Permit Application 

Dear Mr. Richards& 

nos ('l"Hn\· 
tu:l'I'TI' "f:• n•:T.\J:\· 

As we discussed in our meeting on November 19, 1991 held in Santa 
Fe, New ·Mexico the Hazardous and Radioactive Materials Bureau 
(HRMB) has completed an administrative review of your post~ 

closure care permit application dated December 20, 1988. Based 
on the review we have determined the application to be 
incomplete. The enclosed deficiencies are provided to assist you 
in developing a complete application in view of the current 
status of Landfill 5. Your post-closure care permit application 
should be submitted as a stand-alone document which addresses all 
of the enclosed deficiencies. Your response to the enclosure 
m~~ be submitted·within 60 days of receipt of this le~~· 

After we have received your complete post-closure permit 
application a technical review of the information will be 
conducted. Additional information mar be requested to clarify, 
modify, or supplement previously subm~tted material. Failure to 
supply the requested information in a timely manner may be 
grounds for permit denial or enforcement action. 

Please contact Herb Grover at ( 505) 827-4300 if you have any 
questions or if you need further assistance. 

Sincefely yours, . 

;/~/_,-. 7!:7 
~~aw· ·.;· --£. -Horst:-~- .. 

Prdq;:~,m.J-ianager . 

Enclosure 

cc: William K. Honker, (6g-P), u.s. EPA, Region 6 
Guanita Reiter, (6H-H), U.S. EPA, Region 6 

\ 
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closure activities which have not been completed. At a minimum 
( this includes providing a description of the plans for locating 

the boundaries of cell No. 3 (i.e. a description of geophysical 
and geotechnical techniques), and include provisions for placing 
a final cover on Cell No. 3. Design and construction 
specifications for the final cover should be as complete as 
possible for Cell No. 3. 

The final cover design and construction proposal should be able 
to provide a cover which will: 

\"' 

> 
,~.,.' _. 

<:_ 

-
~ 

F. 

G. 

H. 

I. 

J. 

Provide long-term minimization of migration of liquids 
through the closed landfill cell; 

Function with minimum maintenance; 

Promote drainage and minimize erosion and abrasion of 
the cover; 

Accommodate settling and subsidence so that the cover•s 
integrity is maintained; and 

.Have a permeability less 
permeability of any bottom 
subsoils present. 

than or equal to the 
liner system or natural 

4. Documentation of the Notice in Deed 
HWMR-6 1 Part IX, Sec. 270.14(b)(l4) 

The post-closure permit application must include provisions for 
recording on the deed to the facility a notification that the 
land has been used to mana9e hazardous waste, and that its use is 
restricted under 40 CFR 264 Subpart G regulations. The survey 
plat and record of the type, location, and quantity of hazardous 
waste disposed of within Cell No. 3 must be filed with the local 
zoning authority and a certified copy provided to the Secretary 
of the NMED, 

5. Ground ·water Monitoring Syste~ 
HWMR-6, Part IX, Sec. 270.14{c) 

The post-closure applications must address all information 
requirements for a detection monitoring program according to Sec. 
264.98. Design and construction details for proposed monitoring 
wells L and M must be included in this program. Point of 
Compliance wells surrounding the Landfill 5 waste management area 
may be considered appropriate for purposes of detection 
monitoring of Cell No. 3 in view of ongoing investigations at 
Landfill 5 through the HSWA permit requirements. 

The detection monitoring program portion of the application shall 
at a minimum include the following information: 

A. A proposed list of indicator parameters to be measured 

3 
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Ab - Amarillo Fine Sandy Loam. 0-2 Percent Slopes 
Ac -Amarillo Fine Sandy Loam. 2-5 Percent Slopes 
Ag - Amarillo Loamy Fine Sand. o-2 Percent Slopes 
Cb - Clovis Fine Sandy Loam. 0-2 Percent Slopes 
Cc - Clovis Fine Sandy Loam, 2-5 Percent Slopes 
Cg -Clovis Loamy Fine Sand. 0-2 Percent Slopes 
Ma - Mansker Fine Sandy Loam. Q-2 Percent Slopes 
Mb -Mansker Fine Sandy Loam, 2-5 Percent Slopes 
Pa - Potter Fine Sandy Loam, Q-5 Percent Slopes 

:! 
.• • ' _.I ... a 

~ ................ . 

Ag 

Source: USOA, Soil Conservation Service 

F1GURE 4 
Soils Map. 
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c.ESWT-EC-GE 21 Februar}" 1992 

~ORA.NDDM FOR :RECORD 

Su"'BJECT: Land£i12_ 5/Cell 3 Cap ?~e-des:O.g:n ~-1ee:i!!g ar: C;::nn.~r:. A.:.~ 
Force Base 

1.. This merrto:randu.rn Su:::r::'rlarizes th~ 5ubj ect ::;te2:':i..::.g held at (,:!:-n"!"lc::: 
llir Force Base (APB) or:: l2 Feb= ... la~· l992. 

2. Meeting attendees: 

Jim Richards 
Bruce Hale 
Pete Zamie 
Bob Wilson 
Dennis Thomas 

·~..ar:)c Wittrock 

Office 

Cannon Env. Office 
n n 

n , Civ.E!lgr.Off. 
Tulsa District 

n n 

Albuquerque ~istrict 

3. A pre-design meeting was h.-:ld a.t cc.·ru~on to review the design 
schecule and go over suggested cap desi~ alte~~tives. A 
s1...umnary of this meeting is as follows: 

Prior to this meeting, Cannon was ~ailed a copy of the design 
schedule. cannon was asked if sufficient re·v-iew ti::ne was 
allo~ted for the 30% and 95% sub~~ttals. Per an agreeme~t wir:b 
tne Tulsa District, the Albuquerq~e District will forward these 
submi~tals d~re~~ly to Cannon to save time. r~r~oh was satisf~~d 
that sufficient time was available: for each r:e•fiew period. 
Cannon will provide copies of each subrr.ittal to the New MeY.ico 
Environrr:ental Depart..-rnent (!-.~) and will work with NYE'ii to 
maintain the design schedule. 

It was decided to alsc schedule a 60% desig~ meeting, ~o be held 
at the Albuquerque District of_fices. It was felt that at 60%, a 
mere detailed design. could be presented t..o NMED and would allow 
sufficient time for any changes should !~vF_;D dis2-pprove the 
proposed design. Also, by the 60% timeframe, c.. decision ...,Till 
have bee~ reached on the design of tbe Landfill 5 cap (which 

Ff . C ~ 1 ~ ~ . ) T • • . . . ~ .. 'h e- ects tne eJ.._ _ cap aes1.gn . _n aaa_l.tlon, a SlL_'""Vey Wl.LL .u.3-Ve 

been completed to provide an accurate surfa~e topcgraphy at the 
site. 

Albuauerau.e District orcjocsed usi:r::o 
capping Cell 3. Cann~n objected~; 
tneir ~ain reascn. 

a geocomposite line~ for 
t~is opt~on stating cost2 G~ 
ccr...ce1:"ned ~~hat. t:~is t·1?e: c:= 



I> 

l.i.L:.er co-.Jl.d nr-Jr. be ~ffe<:::-. .i-./.:,;~.i ~= ,_ .. , __ ·;': .~~--~,-~ i·.cttr_:. a ~-L:;t~.2r·e l~~(i~i:l 

C3.p. In past d.i.sct:.s!:':o:·!:=::- ·,.;:::.:~. ~rM~~,::~ C' .;_::::~·~·r, b'~liev~3 t1:::at NME::· 

·wc1..1-id accept a simple 3' c] C-f- C!&fi a.~~ : c~~->:=; as 

i:IP~~rrnea_b~l~ ~ba_:l -:he na::.i.·v·e sc·~-r_J_ be.r:{~~ .. ::~. t.t:.~ 
it v.•as s: igt:tly 

Tulsa 

D~~t.·ricr I)1-rll10ht- 'l''"' "n··---·,:..·,~.-- ... ,_, .... - .. 1 ·-· ,.--n •.;c_,n:_.-.:t d~~:.rc;o;.i-o::. ;::;:;..; 
_-;-"" -- .... _ ---;--.:---'-' '!f.'--·-U.··:·:-;._;:_, ·;--'-.!.'- 0. .._..;._c;::;;_ '-a.!:' ---~ ~-----~~-- --

t .LSSl..!.re 1.-r: tL'1J...s se:r~- 2 .. !.-.:..d. ::r=·:J ~-~:·:'l un1 ~~~s 5~:j11e sr:,:ct c,f mOistti~e 

barrie~ W~S pl~.ced abo·v-~1 it. { ie" 2l 11:_]11 (i~nsi t:~/ pr:>li~ethylene 

J_~ j_n~r,". ("::.n.n.n~~,...,, ~(-::'_r ___ i~ (.~r""'l.nC~0.-_1t=.-~d "•h !"'}"- ~t......,~~~ -fol t· t-h-::.t- ~ r•l ~,-r ,_,....,~.,.. ... 
-- -""'--"- -- ,_... - - -- -· . ~· _..!_.,____,_ ~ ..... -~~L--1 ----·- _....._._t_.. __ <,;;.. ..___f,..l..t _......_1:' 

wcl1ld be ~uffic.i..e:i't stati'::!.S~ t!1at f::ss~~~-~ng was ~e:~ a ·P~~ablem i::; 

th:is area. 

A2.bu.querq-0e !)ist.:r-ict: was recr..::~s~.:.ec :::;::-; s·::heduls, .:.nd prs~a.re a:1 

esti::r.a-r.e r..o det.enni..ne the permeab.:..:ity of the nar:ive soil ben-eath 

r..he cell. Instead of swT.p:ing dir~ctly b~neath cell 3, ~t ~~s 

agreed thar.. obtaining .?~ pt=:r:neab:..lity sample imrr£:dia'..:.ely ad~ac~nt 

to L;;llld£ill 5 w:::mld be suff::i.ciant:, -:hus avoiding ;:b.e added coscs 

of sampling through conta..·ninated mater:als. Well lr.:>gs 1 for 

mo~itoring wells surrounding the landfill, inr~~cated that the 

subsurface soils were relatively homoge£:eous. 

To c8n:::rol rainwat:.er rt:.:wff, AJJ)ucr~e!"{r.J.~ P-'•)DOS€d design~ no- t!:le 

cell's c:L.....-ai:c.age system as if the entire landf~ll wculd- be ~apped 

a.r. r:'te saTTie ti.me. The drair:a.ge pat.t:e:!:'D for Cel :;_ 3 wOlL1 d be 

cr~::.;.e::-.:: .. ted from the drainag~: systern daveloned fer Li~_dfill 5. 

;::_,_·r•nnn CO...,C''r.,.~.:::o.r< •• ~i--h t.h'~ '-~-.-~;..,.,,.:r t-h=>t- +--h·i~ wou.'1c< 1--___ ,P-_-1_.:• t-_-iP_ tr~ 
...... ~- .......,_ -- ........ --~ "'~'-.....__ ...! ...... ~ ,_,LJ-al..---•- •--~- -----..:;} ...-. .. --- ::-- - --

c;el2.. cap into the future l?nd.fill cap. 

~~e pot~cial of rodents burrowing int0 the cap was dis~~ssed. 

A.:tbuquerq-.J.e Dist:::-ict sta7:ed tb.at it -was discovered :.hat rode:r:ts 

·,.;Guld :J.Ot: bur::-ow through one br-and cf geoco:rlposite cm.rer. 

f:.Tlc:t.hP.r option ::-aised for rodent. cc:::J.t::-ol would be t~1e use of ?~ 

gr~vel lay.;;~ between t.he top s0il a.::c clay layers_ It wc-~s agre:e·: 

::hat: bu..r:':."O'N'ing rodents are a p.::-cblern 3.t C:::...r.:.non d.!!d tr.tat tbe 

-~lbt:.~"Uerque Distri.ct would add2~ess t.h:.s in the ~ap ces ign. 

3. ...n sU!r.!!':.acy, the Alh:.1q'.le:::::ql:t2 District wi_ll design a. cap fo~ 

t"~i 1 ~ -r-o h~ <:!ll.'ght1y vn·····e- ;,.,.,.,..,-.,...,.,-abl"-'- +-\..a~ "'""- -r-~~+-i~~e c~~ 1 

•--=-- ..- .._ -'=' _ _ ~•-'-- ~'t'~.~..,,!:'! "'" ._ ...... .:..:. L"--..-- ._a. __ ,.. ~v ... ~ 
benea.r:.h the cell. The cap's drainage pattec.r1. ',.;ill b~ ct~::s·Lg:::_e:'i 

for fu::u.re t:.ie-in to a landfill drainage system. 'I'Le- ca.p desl_;-:2 

shi?_l.l include a. mea!ls to prevent rc::>dents from 'ti;.::<:.-r:::w:L·::ig tb:-u i::.. 

To determ.i.!:le pel:r~ea.bilities, Albu~uercp1-e w~ll hav..-= ~est..s 

performed on nat1. ve subsurface SOllS unr!led::.ateJ.y a.dJ 2i.c:.:-_r:t. ':(:::> 

Landfill 5. A 60~ desi~ meet.ing will be scheduled at t~e 
.,...1 h'····~,erl"n1.:. D~srr.;rt , ... .,"i"\..,0"' "':1·1 -lnv-:JtP NJMP"" t'; a~t"""~ 
~--~··~j.~~ "--::1\--- - '-'" -- , """'~ .o...lt.. "--- ~- - - olo -~ ...,I ------.L.L--· 

ROBER'I' C. WIIJSON 
.Bnviro~~ental E~gineer 
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LANDFILL 5, CELL 3 CAP, CANNON AFB, NM 
AlE FIRM: IN-HOUSE HIRED LABOR 
COMMENTS: TULSA DISTRICT BROKER 
RECEIVE DESIGN INSTRUCTION 
ESTIMATE/REQUEST FUNDS 
RECEIVE FUNDS 
PREDESIGN CONFERENCE 
TOPO AVAILABLE 
NOTICE TO PROCEED (NTP) 
COMPLETE 30% DESIGN/SEND TO REPRO 
REPRODUCTION COMPLETE 
MAIL 30% DESIGN 
TULSA REVIEW COMPLETE/CMTS REC'D 

Mon 27-Jan.,-92 
Fri 24"-Jan.,-92 
Fri 24"-Jan-92 
Wed 12.,-fe~92 
Fri 28-Feb-92 
Thu 13-Feb-92 
Fri 13-Mar-92 
Tue 17-Mar-92 
Wed 18-Mar-92 
Fri 27-Mar-92 

START FINAL DESIGN Fri 27-Mar-92 

.. 

:st~t~eml::§9!i,:::-::eemtmfi~.:::::::::::.:::::::::::::::=::::::::::::::::::::::::::::::::::~:p;:::I::::::::::::!zzll&ii 
SUBMIT ADV FNL DESIGN FOR 1-H REVIEW Fri 08-May-92 
1-H REVIEW COMPLETE Tue 12-May-92 
COMMENTS IN CORPORA TED/SEND TO REPRO Fri 15-May-92 
REPRODUCTION COMPLETE Mon 18-May-92 

:~,;.::!l¥:\li£€ili:B~I:\1?1§!9~Jti\:::::::I::::Ii\:llllii:l:::Il:Ii::::::::::::::::::::::::::::::\Illillilm::::;::l!ill&ilili 
TULSA REVIEW COMPLETE/CMTS REC'D Mon 01-Jun-92 
COMMENTS IN CORPORA TED 
100% DESIGN COMPLETE 
REPRODUCTION COMPLETE/MAIL 

Mon 22-Jun-92 
Mon 22-Jun-92 
Fri 26-Jun-92 

COMPLIANCE CHECK COMPLETED Fri 03-Jul-92 
COMPLIANCE COMMENTS INCORPORATED Tue 07-Jul-92 

,!~m::~m~n::g~§!9§I!?2sEm~.:-=:.::;:::::::::::I::::::::::::::::::.,::::::::::::::::::,:::::::::::::::::::::::II::::::::::::::::P:I~.ma:::::: 
BCO CERTIFICATE ISSUED Wed 15-Jul-92 
ORA WING & SPECS READY FOR REPRO Wed 15-Jul-92 
REPRO FOR ADVERTISING COMPLETE Wed 22-Jul-92 
PROJECT ADVERTISES Wed 05-Aug-92 
BID OPENING Fri 04-Sep-92 

:lllmill2eN~iY9m!!fli:lsqlfi$!Fli:::::::::::;:;:;:::;:::::::;:;:::;:;:;:::::::::::;:;:;:;:;:;:;:::::::;:gp;:=::::::::;::;:;:;:!ll!!i!ii!Ii 
NOTICE TO PROCEED (NTP) Fri 02-0ct-92 
CONSTRUCTION COMPLETE Fri 19-Feb-93 
BENEFICIAL OCCUPANCY DATE (BOD) Fri 19-Feb-93 

DATE: 18-Feb-92 
LAST REV 18-Feb-92 

CALENDAR DAYS 
·-3 

19 .AtCAFB 
16 

29 
4 
1 
9 

21 At Albuquerque Dist 
21 
4 
3 
3 

14 
21 

4 
7 
4 
1 By Tulsa Dist 
7 

7 
14 
30 
14 
14 Unconfirmed duration 

140 
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24 April 1992 

~r.u.~CT • r."!l~,.;f'.; '1 5/Ce~l, 3 C:a~" 60~o n~~~,_· q'! M· F>~._·.~-.; "'q a;- ,~""'r''"'r"'n '"'· i ..,..-_ 
~w~w~~ • -~~--~ . ~ - ~ w~~ _u ~ - ~ ~- ~ ~- ~ 

~'orce Base 

?~s ma~orandlun sumrrarizes the subject meeting held on 
J_6 April ~992. 

2. Meetin~ attendees: 

Herb Grover 
StepP~nie Stoddard 
Bruce Hale 
Lt. Crawford 
Pete Za..rnie 
Bob Wilson 
Bill'Erdner 
~..ark Wit track 

Office 

New Mexico Envi~orrmental Dept. 
n n 

Ca~~on AFB Environmental Off. 
II II 

II r Civ.Engr.Off. 
Tulsa District 

IT n 

Albuquerque District 

~- A 60% interiTL·design meeti~o was held at Cannon to o~ov~d~ 
!\t~ and Cannon information on the p:r·oposed cap design -
:;.:_l:er:!J.atives. A SUI11II'.a:ry of this meeting is as follows: 

a. Q~ll 3 Cao 60 t Desicrn Review. 

ilbu<~erque D~stricc went over the procedures used to develop ~he 
:~d~ill c~p desi~ alternatives. Cne of the cap desi~ 
::::·equirements was that the cap have a pe:cmeability less th2..n o~ 
E<rual to the natural subsoils nresent . To det:.erm.ine this, 
):_]:bu~...!erque performed in-place~ permea.bil ity tests (con:!pleted in 
,'.'f.a_~-ch 9.2) a..!ld fo'l.fud t:.hat the in-situ soils r...ad a permeability of 
-::,_7 x 10"5 Cin/sec . 

• ;~lE. tc the semi-arid region in which Carmon is located, there was 
C,.)~·~ce!:Il that a clay cap would be s-u.bj ect to desiccatio-a cracking. 
~~a of the design alternatives proposed using a two foot thick 
~ • ~ n t. , o-6 em/sec . . ab. , . t ,.,. . , 
·sol~ cap mee ~ng _ ~2Z~mum per.me ~-~ y. _ne so~-
. ·-"-.P \'lOuld consist of a mixture of clay and sand to help reduce 
::o:·rrink-swell ootential due to a lower placement water cor:tent. 
The se:cond al't:ernative 'WOuld use a geocomposite liner (consisti::tg 
df a bent~nite material attached to a flexible membrane liner 
(.FML}). Should the bentonite material be subject to 
~.ssication, the FML would provide seconda.ry protection against 
·1ertical migration of surface water. 

~~th alte2~tives were designed to meet both EPA and NMED 
r9quirements and both allow future integration into a Landfill s 
CS;? (assuming the landfill cap only has to meet current Cell. 3 



II 
•.lL\.,,.~.L'.!l 

:,:..~ requirementsj . Rawever. it was brought up i:1 the meeti:2g 

'-~Z! t if a RCRA cap {which %:'equires a :maxi.mu!:. permeability cf ~o·7 

,_;'Jn/sec} is eve!ltu.ally required for Landfill 5, the cu.:r-rent Cell 3 

~oil ~ap alternative wou2d not meet RCRA standards. Thus, to 

fully integrate it into Landfill S's cap, the Cell 3 cap would 

..lave to be partially or totally reconstructed. 

N-:."·~.I' corr:mented that they thought: A"1buquerque's design was well 

·.r-..:..cg~'lt o-:;.t. Befo::-e accept.i..ng either alternative, however, they 

.. ,,;.:_;"_ co have their technical section review the desiqn_ !~o 

r:. t':::.er w!:.ta.t.. alte~ative is selected, a tes.t cell can- will be 

~o~struc~ed adjacent to or on Landfill 5 near the Cell 3 site. 

:·::is ·,;ill be usee 1:0 determine the adequacy of the rr.aterials used 

:,:.;;;fore a!lY construction commences and will be a nlearning 

~ATeriencan for the contractor constructing the cap. 1~ 

0::::-opcsed that both alternatives be used in the test cell to both 

~e~p i~~~e the adeq~acy of the selected cap alternative and also 

,-_a !:elp develop the future design of Landfill 5' s cap (this will 

be Cannon's decision on whether o~ not they want this suggestion 

::~lemen.ted) . NMED also suggested that Albuquerque lock into 

r~cords for the original Cell 3 cap to provide information on how 

:_t was ae,tually constructed and also on what problems they r-c..n 

:..nto. 

b.. 30% De~;an·~omment roview. Albuquerque went over ~~lsa 

Di.scrict: co~ents and responses to the 30% Design. The Tulsa 

~istr:i_ct conc-urred with the comment responses_ Cannon and N:t"'£D 

h~d not subr.~tted comments, however bet~ NMEn and Car~orr f~lt 

t!'Jat- this ::neet:ing answe1::ed all question£ they had on the design 

r:o date. 

:. Tne 95% nAdv-~ce Finaln Design is scheduled to be submitted 

cy ::..s ~2y 92. According to the design schedule 1 ad....,-ance final 

comments are ~eeded by 1 June 92. 

ROBERT C .. WILSON 
E!nviromnental Engineer 
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DEPARTMENT OF THE AIR FORCE 
HEADQUARTERS 27TH SUPPORT GROUP (TACl 

CANNON AIR FORCE BASE. NM 88103 

AffiJClF 27 CSG/CEV 8 0 APR 1992 

suBJECT 60% Design Review Comments, Soil Cap, Landfill 5, Cell 3 

To Albuquerque District Corps of Engineers 
Attn: Mark Wittrock 
CESWA-RE 
P.O. Box 1580 
Albuquerque, NM 87103-1580 

1. 60% design submittal for Soil Cap, Landfill 5, Cell 3, Cannon Air Force 
Base (CAFB) has been reviewed by this office, and the following comment(s) are 
returned for your info/action. 

2. A question concerning the requirements for signage encompassing the 
aforementioned area was raised at the 60% design review conference conducted 
at CAFB 16 APR 92. The applicable Code of Federal Regulations states, "A sign 
with the legend, DANGER - UNAUTHORIZED PERSONNEL KEEP OUT, must be posted at 
each entrance to the active portion of a facility, and at other locations, in 
sufficient numbers to be seen from any approach to this active portion. The 
legend must be written in English and Spanish, and must be legible from a 
distance of at least 25 feet". 

3. Our POC is Mr. Hale or lLt Crawford at DSN 681-4348. 

FOR THE COMMANDER 

~~~ 
Timothy G. Wise, Major;_USAF 
Base Civil Engineer · 

cc: HQ TAC/CEV 
Tulsa District 
Corps of Engineers 
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DEPARTMENT OF THE AIR FORCE 
HEAD()UARTERS 27TH SUI'I'ORT GROUP (TACl 

CANNON AIR rORCE MSE. NM 88lC1l 

AtnJ ()f 27 SG/ CEV 
6 MAY 1992 

sunJLCT Landfill 5/Cell 3 Cap 60% Design Meeting 

TQ Tulsa District Corps of Engineers 
Attn: Robert C. Wilson 
CESWT-EC-GE 
P.O. Box 61 
Tulsa, OK 74102 

1. Reference your 24 April 1992 Memorandum for Record, same subject. 

2. In the above mentioned Memorandum for Record, you state: 

"However, it was brought up in the meeting that: if a 

RCRA Cap (which requires a maximum permeability of 
1 x 10(-7) em/sec) is eventually required for 
Landfill 5, the current Cell 3 soil cap alternative 

would not meet RCRA standards". 

This is not the case. All cells in Landfill 5 operate without any bottom 

liner, therefore IAW 40 CFR, 265.310(a)(5), permeability of the cap must be 

less than or equal to the permeability of the natural subsoils present, 

(ie., less than or equal to 5.7 x 10(-5) em/sec). 

3. Please direct any.questions to lLt Crawford at (505) 784-4639. 

FOR THE COMMANDER 

Timothy G. Wise, Major,_USAF 
Base Civil Engineer · 

cc: HQ TAC/CEV 
Albuquerque District 
Corps of Engineers 
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BRUCE KING 
GOVBRNOR 

July 15, 1992 

Mr. J~ Richards 
27 CSG-OEV 

State of New Mexico 

ENVIRONMENT DEPARTMENT 
Harold RunMZ. Buildi118 

1190 St. Fran.ci& Drive, P.O. Box. 26110 

Santa Fe, New Me%jco 87602 
(505) 827-2860 

Cannon Air Force Base 
Cannon Air Force Base, New Mexico 88103 

Dear Mr. Riohards: 

JUDITH M. ESPDWSA 
UCM1A.IY 

RON CURRY 
Dli,UTY SSC.aTAAY 

It has come to our attention that a miscommunication may have 

occurred at the June 26 meeting with reference to the Hazardous and 

Radioactive Materials Bureau • s (HRMB) position regarding design 

requirements for the cover of Cell 3, Landfill 5. Attached are 

HRMB • s requirements for the cap desiqn based on our technical 

review, which is· also our recollection of the principal points 

covered at the meeting. Recall that BRMB agreed in principle with 

the geocomposite design, which is reflected in only a portion of 

the meeting record. 

RCRA guidance documents are written to assist facilities in 

demonstrating compliance with design and operating or closure and 

post-closure requirements. It is HRMB's position that EPA guidance 

must be followed. However, a departure from guidance may be 

accepted if the facility can establish and adequately document that 

any change will provide at a minimum an equivalent level of 

·performance/protection as can be obtained by the guidance design. 

Once satisfied that the cap design meets the fundamental technical 

requirements per EPA guidance, BRMB is prepared to issue a letter 

to CAFB stating such. This letter will not, however, constitute 

final approval of the cap design. Pinal approval is subject to 

public comment as an amendment to the approved closure plan per 40 

CFR 265.112 (d)(4). 

We look forward to meeting with you on July 21. In addition to our 

discussions, please have any justifications for changes to the cap 

design in writing for our review. With respect to the post closure 

care permit application, BRMB hopes at that time to clarify the 

regulatory procedures that need to be followed and any further 

requirements that need to be ~et prior to its approval. 

If you have any questions regarding this matter, please call 

Stephanie Stoddard at (505)827-4308 or 827-4313. 
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July 15, 1992 
CA!'B Pg 2. 

Sineerely, 

.CJ 

XCI Mark Wittrock, P.E. 
Army Corps of Engineers 

Thomas Manning, AICP 

- '-' -·'-'..:.. ' ...... _, _, ..... 

Air Force Center For Environmental Excellence 

f 
' 
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REVIEW COMMENTS TO 100% REVIEW OF LANDFILL 5 CELL 3 SOIL CAP. 

1. Bedding material needs a separate spec. This material will be 
under the clay cap or the GML, whichever system is chosen. The t\ 
requirements for each may vary. The largest size material for the 
bedding under the GML should be one inch. The largest size 
material under the clay cap can remain at three inches. 

2. Section 01420. Workers should be required to have the 40 
hour health and safety training. An on-site safety briefing ~ 
should be given to each worker before the start of work. Work 
should be in modified level D or level D protection. 

3. There needs to be an air monitoring program for 
identification of vapors and combustible gases. The air 
monitoring program will determine at what levels workers will t\ 
upgrade to a higher level of protection. There is a layer of soil 
shown on the drawings however this is not uniform and there is 
some trash mixed in with the soil cover. 

4. A provision needs to be included in the specs to provide for 
reburial of trash that has been uncovered during construction. J\ 
This material needs to be reburied under the constructed cap. 

5. Consideration should be given to anchoring the GML at the 
edges. Also the seam between the new GML and the old GML may be 
very difficult (the HOPE liner may be puckered or folded). 
Consideration should be given to welding this seam rather than 
just having an overlap. 

6. Section 02245. This section should include description of 
installation which includes free of wrinkles, puckers, or folds. 
If the edges of the GML are not flat the integrety of the seam 
will be in question. 
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DEPARTMENT OF THE AIR FORCE 

FROM: 27 SG/CE 

HEADQUARTERS 27th AGHTER WI lNG (ACC) 

CANNON AIR FORCE BASE, NEW MEXICO 

111 Engineers Way 
Cannon AFB NM 88103-5136 

1 0 JUN 1992 

SUBJ: 95% Design Review Comments, Soil Cap, Landfill 5, Cell 3 

TO: Albuquerque District Corps of Engineers 
Attn: Mark Wittrock 
CESWA-RE 
P.O. Box 1580 
Albuquerque, NM 87103-1580 

1. Your 95% design submittal for Soil Cap, Landfill 5, Cell 3, Cannon 
Air Force Base (CAFB) has been reviewed by this office, and is 
satisfactory. We forward no other comments at this time. 

2. Our POC is Mr. Bruce Hale or Capt Crawford at DSN 681-4348. 

-/ ff1tc-!- ~yrc--~i~E NYGREN, GH-14 
Deputy Base Civil Engineer 

cc: HQ TAC/CEV 
Tulsa District 
Corps of Engineers 
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File: D: \l'..PJK..S \ CA.I\'NON. C..""'T 

Pr~,ted: Friday May 15, 1992 at 2:28:41 p.!!l. 

Prcjec~ !~fo: Cannon Air Force Base L~dfill # 5 Cell # 3 Soil Cap 

Office Page/Sheet Discipline 
-~======~~============= 

l E?.DNER CESh'"T-EC-G 02220-:i.. GEO 1.2 
Delee:.:. t"ef~rei!ce AS':'M D 3017. Studies at: the 1Jniversit-.· cf Texas have sho~-n 
t:!'le rl1.lCl.ea.r !!ie"':hod Of dete::::-!:!l.i:..ing moi..stc.:-e i,$ not: Ver'.£ accurate in t!:.e fiel.d. 
Hois~~e con~e~ts ~e common:y three kC :ou~ pe~cen~ differe~t th~n ~be ~al~~s 
de-:.ar.:.~ed by the li.S'I'M D 2216 p!."'oced~=~. The ::J..ic!."'o·A-ave procec~=e {.ASTM 0 46?."3) 
~a~ b~G~ s~a~~ ~c be a much more accu~a~a me~~cd of d=ter.mi~~ng moisture 
cor. cent:. 

CESn~-EC-G 022:C-l GEO 1.2 
Reverse ASTM D 2~16 and AST~ Ll 4643. ASTI! D 

3 EP...JN'ER CES~r::-Ec-G 02210-l GEO l.2 
Add :~e =ol~owing references: 

,., ~ .... n..u !) ·~~ n.;:, .'.-- "'r~~ 

P...S-::'1-! D 431.8 

~-S'!M :J ,;.253 

AS~~ !) 
..., ., ,. .... 
.0:.:..!.0.' 

:f g:ca.v~l~ 
G?. 

dr:ci 

{196.3) ?a.rc:::..c:.e-5iz~ Analysis of Seils 

(19S4) Li.qui.d :.i.!:l.:.-:., ?l.~s~i..c :.i.7.1.-:, a..::d ?las-:::icit:t !ndex 
of Seils 

( 1983) Ma..ximum Ir-.dex Densi-::1· of Seils ;Jsi...!:J.g a Vibratory 
Table 

(lSS~j De~sity ~d unit Weig~-: of scil ir. Place by the 
~ubbar Ballo~~ Me~hod 

CESt-:T-EC-G 0222.0-~ G:.:o l.J.:. 
a.re accep'C.a...ble fo~ ::.t.is ?~o;ec~, Svl, S?, GC, 

C:JO 

~~h:, l.e:.' s deci.de :...t ~...$TM 0 692. o= AST!:~ D l557 i..s <:.he prccedur~ we -,.;--a:::: t::) 

:;s~. s.:..::::-e -chis is a la.!!df.i..ll cap with :::::: lc~ds (pav-=:r.am:, et:c.) I am lea.-:i.::; {\ 
to i:t.e St:.a.nda=d Co:npa.ctive ef::.Jrt. _:;sT!-~ D 698 ::;r ::..5.57 is noi: applicable :::.:: :r~~ '(\ 
drai.n~!q, co~esionless soils ~hich ha7e beer. in=ludec as satis::ac::ory 
~a'":.Q!:'~a.l~. The .. Degr~~ uf Co:npact.ion" p~=.q!:"aph l:.a.s beer: ret.tised r:c ag!:'eE:?! ~~i~:: 

~te hS~M Standard5 as fallo~s: 

ues=;e of CC!:.pac~i.0:1 .i.S ~ _c;.e!:"Ce::.tage a:: L.he :nax~~ la..bo!"a~Or'f ci!:'-.f C.ensi.-;;y 
ob~air.ed ~Y <::he ~es~ praced~=e presen~ed L~ ASTM : 598 8~ AST~ D 4253. AS~~ J 
698 shal~ ~e ~sed fc~ sci:s containi~g lS perca~~ cr mere fines. AS~H : 425~ 

st.a2..l. ba ;..;.sed fa'!:" so~l£ cor!t.~i:1i.ng 5 pe~ce!!t o~ lesa fines .. The ma.xi..!:ltl.:=l 
lcl:c~ar:c:.-y cir.:t de!!i-c:,.· of sci~s con~s.L"li::.;: bet:t-..·ee:-:. 5 ar:d 15 percent =i!1~s st:a:..:. 
~e de;:<:~i.:..ed by ~~e above ;;rccedu.re ac:':l.:..ev ir!g -;;he t:.ig!'l.est d._ry ::!ens .i.. <:. y. :Je:;~~"" 

c.:: cc::::.pac~i.:):-1 5ha..:: be expressed as a pe~ce!:l-:2.g~ o~ t:Z:e ma........:irn"..lr:'l la..bo~2.~c::-..:~ ,_.,.. .... 
::!e::s.:..~y ol:::=ained !:Jy cb.e apprapr.:.a~e p.co::ed;.Lre a; defi.ned a.bo-.e. ?erce::i:.ac;e '-'~ 

fl 
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File: D: \AR!1S\CANNCN. CXT 
P~L'1-::ed: F~iday May 15, 1992 at 2:28:47 p.:::. 

Land£~~1 ~ 5 C~ll # 3 Soil Ca? 

Num Nc...rne 7;i.sci.pl:ne Rm/Det:ai.l 

=~~i~~~ l~~o~a~o~f dry den5i~y has be~n abbre7iatec here~na~er as ~ercen~ 
:.a..bo~a~O!:"'_r ma.."(i1:1U.1: densit:y or percent ma.xi.!num de:usi-:.y. 

CES:IT-EC-G 02210-3 G~O 2. !..l 
spacing be~~een r,...,·crds in ,. landorscur~es n .. 

7 EPDNE? .. C~S~~-EC-G 02210-3 GEO 3.1 
Las:. line. Typi~g error! "i:leremov-ed" :nsert space. 

8 CES~~-EC-G 02210-4 GEO 3.5 

'3 EB.DN~R C:E:Sr."T-~C-G 02210-4 GEO 3.5 
~:ext. t.8 .last ser..-=ence: '!'he moist'..:.re cor:t:en~ requi.ra--:1en-:. is net applicablii! ~0 

1.. o~ I ( 

~ f'l' 
'\ 
I -\ 

I 

:_he :ci::esionless sa::isfac':ory mat:er.:.als specified. :.et:.'.3 di.SC1.:5.3 ...,hether to \\_ 
dele~e cobesionles~ mat:erial~ or 5fec~=Y t~a mciz::ure ~equirec.ent:.3 fer cot~ ~ 
co~.esi'\.·e and cohesionless soi.!.s. InclLlde :.Ising a disk c:o aid in adj1.:s~inq t:::~ 
mois~ure co~tenc:. 

2.0 CES~~-EC-C J221C-S GZO 
s~eci:::v 95 oercen:: cf rna.xim-~ labora~::Jry dry censi-::y. 
~; boc:h t~e-ASTH D 698 ~d ASTX D 4253 procedures. 

2.1 £P~~~R. C~Sn7-EC-C 022l0-S GEO 
3=j :i~e: I~ser~ "loose" befc.ce the .,-ord "thickness". 

12 CES~~-EC-G ~22lC-5 GE:O 

per-ce::..: is 

3.3 

3.8 
r::::!.~de compa~ion and rocis~~re ~eqt:.irerr.e::~s. Ccr.:pa.::t:i:m shal:i_ be achie'7ed by 
=~a coop~~~~ coverage of a dozer track. Ma~s~~=e ccr.~an~ sbal: ~e adjus~eC as 
~e~2~ed ~o facilita~e compac=io~. 

l3 E~!'!ER CE:S\i~-EC-G J22l0-5 CEO 3. 9 
Rev-ise t~is paragraph as re~~ired ~o delete mois~ure det:ermir.ation by ~he 
::~c~ear xethod. A possible wordi~g is as follows: 

Mcis~ure ccnc:en~s shall be de~e~i::ed ~ accordance wi~~ AS~~ ~ 4643 or AS:M c 
22:6. If A.STM D 4643 is used, mci.s;:;;.re contem:s sh~.:.:_ be checked by AS:'~ :: 
2:216 ~::ce per .aach ten. micrcwa·;e test: prcceciures. I! 2-.S:'.M D 2922 is use:i, 
L~-p:~ce dens~~ies shall be checked ~y AS!M D 1556 a~ a ==e~en~f at one s~~ 
ccc.e ~es~ £or each S Jucl~ar :est~ and no~ less ~h~n o~~ s~nd =one tes:: ~e~ 
l~=~- ~~e sand con9 ces~ sha:~ b~ ?e==c~~d ~djace~~ ~~ ~he araa ~here a 



File: D: \A..~"1S\ CA!:NoN. C!·1T 
P.::-.:__~.te!d: Friday MQy 15, at 

Page: 3 · 

2:28:55 p.m. 

?r~je~ In:o: Car~~on Air Force Base Landfill # 5 Cell # 3 SeLl ca~ 

Office PagejSheet: Discipline ?.m/De~ai..:. 

n~clea~ ~es~ ~as perfor-med ~o ~r.sure a p~oper co~rela~.:.on is es~ablishec. 
Ma~erial f~cm ~,e sand cone ~ocatio~ sh~ll be ~es~ed to determine the 
labor-a-tory !!:.a.'<i.'nl.!rr: dry densi -:.y as spec if .i.ed he~eina:te~. 

1.4 ERD~~ CESY.IT-EC-G 022:0-S 
Char:.c;;e ~o paragraph 3. lO unless somett.~r~g has 
par~g~aph to i.ncl~cie ~he fallo·..,.ing. 

GEO 
been le:::: out. 

3.10.1 
Re?ise the 

A suff.:.c~en':. qua."::ity of material shall be obt~ed f~o~ the sand cone tes~ 
loc=.t:inn ;n rl~'f-~"P""""?'n.;..,~ :hQ ,...,Avo\""',,~ l:.J-:..~r;..:e"='~_." d~t d.oc..oi.'t:-y- 1 g.1...-a~c.l-~vu, ~_:_~"'"'.;,.~ 

~ a~ / ( 

lim~~~ and pla~t~c limit. A g~adaticn tes~ shall be r~n on the s~~ple pr.:.or ~o vl 
de~c~.:.~in~ ehe m~ximimum laborator£ d-~ densi~y. A portion of the sampled ~ 
~~~erial shall be ~es~~d to ce~ermine ~h~ liquin l~~t and plastic l~t of ~he 
:naterial pa~sing the no. 40 sieve. A mimimum of o~e :abora~or:· density te$~, 
g~ada~.:.cn, li~~id l~it, and plas~ic l~t tas~ shall be ~n each placement day 
c:: fr:s.c::ion <:.he:.-ecf. Additicna:. tests shall be !:'~:1 for each :naterial cha.::.g~. 

'.::. E?.::;~r:2R. CESI::'-EC-G 0222~-2 G:::c 1. 3 
3ecd~g ~~d biob~~ier ma~e~ials should ~o~ be incl~ded in this sec~io~: 
.!:ma;:e:!:"7iot.:.s Soil Cap. Move ::o Section 2210 - GRA.D!NG 

GEO 1.3.1.3 

7..7 CES~T-EC-G 02224-2 GEO 
Delete the s~cond sen~ence. 

!S ERD~IT?. CESW:'-E:C-G 02224-2 5.J;l~ GE'O l. 3. 3 
s;.eci::y AST:.:: J 692 be used :'or ~he impe:.-<ious ~cap. r::- e:-.e bedding ;;.::~ 
~iob~r~ie~ ~2~e~~~~s are n~~ ~oved ~o GRr~ING Lhe de~ree a: cc~pa~ticn s~a~l b~ 
d~fine~ as soec~fied in co~~en~ Nc. 5. 

! 9 E?.!:l!!:E:!?. c:;:s-;.."1'-E:C-G 02224-2 GEO 1. 3 .1.1 
Add sw ~5 a saLisf~c~ory ma~erial. !f ~te.bedd~g laye~ is to be used as a gas 
collec~:io!! layer "Che~ a sa.r:d or g~a-..el :na"CI';!r.:.al with a soi:.. fi:.t:t,r will be 
!:"12·~-..:i::eC.. Othe~ C?~i.::;ns are a thick geo~ex-cile t,.:hi.c::. serves as bot:h drain .:;....:::.;::: 10 
=~lt:er or a geo~e~ drain wi~h a geo~ex~ile fil~e~. Re'lise as re~~~ed ~o 
s~~~s!y cap c~~t~~~a fo= ch~s projec~A ACC~ess bet~ O?~ions proposed fer t~is 
projec~. 

20 E?..!::!2R 
=~c~u=e ~ L~~9ing 

CES~~-2C-G 02:2~-3 
~~::er. T~8 ~amping ~oller 

GEO 
shall ::e29~ 

1.5 
the spec~fica"Cic~s 
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Pr~jec~ :nfo: Cannon A'~ For~e Base Landfill # 5 Cell # 3 Soil Cap 

Num Na.T.e Of~i.ce Page/Sheet Discipli!!e Rm/De~ai.:. 

a c~~e~pillar 815 or 825 rolla~ or e~~ivaler.~. If a ~amp~g roller is used, a 
ru..bbel::' t.i.red roller may be required o::. the firs~ an.d last lif~ of L'Tl::ervicus 
C~?· ~he adv~~~age of the ~~p~g ~cll:r is a be~~er bo::.d is provided be~~een 
layers of ~he ~ cap ma~:erial. 

t ~"'"'I 
22. ERDN'EP. C~s·,.,-r-:::c-G 02224-3 GEo 1. 5 \_ 
Spec~fy a disk be used ~o blend the ma~er~~ls ~~d be used ~o ass::.s~ in ~~ 
ac:1~ev~g ~he specified moist~~e corrten~. The disk should be ca~able of 
bl~;.dL~g ~he entire loose layer thic~ess. 

22 tRON'ER CES~~?-EC-G 0222~-2 GEO 1.3 • .!..2 
Add the :ollc·..;ing: sc mat.erial. shall corrt:.ain 30 per::er:<;; or more e:· ... 1..nes. 

23 ERDNER CES~""T-EC-G 02224-7 GEO 3.3.1 

A 

Sne::ifv a moist:ure ·;cnt.ent range aDd/or as .::-eqc:i.Led to meet: tl;e ~ompact;.o:-: 
!:equi~Q:r.en<;;s. Hec:~od of determ:...ni..=.g max.:....:nu..rn lat:orato~y dr.f .:iens.::..~y cieper:C:.;; :::: 
cne mat~~i~l g~acia~ion(percen~ fines). Refer ~c paragraph on degree of 
cct::?accicn. Specify 95 per.:::en~ compc.c:::..'..on ·...-hich ::::e::ers t;o be!:~ ~he AS~~l. :J .;sz 
~d rtS=M D 4253 procedures. 

24 ERI;~R CES~~-EC-G 02224-7 GEO 3.4.1 
Fe ;.:rth lint:<. !s "pad foot:w ro:.ler the s-ame as a tamping rol.:e=:-? 

ERDl\'EP. 
Th~s parag=aph is £or ~he imper•ious cap. 
material. Dele~e ~his paragraph? 

G~o 

Dele~e reference to 
3.4.2 

bedding 

'-t o-f {I 

25 ~R!:JNER CES~-7'!'-EC-C 02224-7 GEO 3. 6 .'\ 
Re7ise ::.his ?aragraph to dele:e mcis'=~=~ co~!:en: deter~icat.'..on by c~e n~c:~~~ y~ 
:ne:::.hoc. See comment No. 1.3. 

27 EP~NE:R CES~~-EC-G C222~-7 GEO 3.6 
c;..a!:i:y ·...-he~he.r all o: che tes~s specified {sampling, gr;;;..dat:.:..on, liquid __ .. __ , 
plascici:::.y index, and densit.y contrcl) ~~d the frequency of :::.es'::ing is 
ap9l:ca=le to ~he imner:ious ~~ bedding, and biobar~ier materials. 

. t -~01 L. 

28 ERDNER CE.so;.rr-~c-G 02224-::!..l GEO 3.6.5 
St:: L.::e. Delete ''for dete!:ni::::ing der.si~y~. Speci=y f.requenc;' of chec:K.i.:::;- -::.j_e ~ 
!ll.icror..;a.ve mois:::.ure concent ::J.et:hod a.s st.;:~ed i..z:l. -::~rr.::nent no. 2.3. I 
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File: D: V..R.V.S \ cAm:c~. C..."!T 
Printed: Friday May 15, 1992 

Pr~ject :~fo: can~on Ai~ Force Ba5e 

Cffice 
==--==---

Page: 5 

2:29:11 p.m. 

Landfill # 5 cell # 3 Soil ca.~ 

Page/Sheet Discipline Rm/l:letail --- ---
29 ERDNER CESWT-EC-G 02224-12 G~o 3.6.6 
Depe~dir.g on the perce~~ fines of ~he material, the ~axL~~ laboratory drj ~~ 
de~si~y of the ma~erial shal~ be de~errr.ined by ASTM D 698 or ASTM D 4253. 
~e~~se p~a~aph and refer to parag~aph on degree of ~ompac~icn. 

30 ERDNER 
~i~im~m size a: ete test 

CESWT-EC-G 02224-13 
fill shall be SO x 150 

CEO 
!eet. 

3.8.1 

3l :S:RDNER CES,..""'!'-EC-G 02224-13 GEO 3.8.2 

/ J:: 
' 

'j 

1st:. line. Delet:e the word "A.i..lw. Cle~lv state, the contractor shall 
purchase the necessa~~ sealed double ring device ~c be responsible for r~nning 
t~e tes~. St:ate a source where the SD~ device can be purchased. State; if t!:a 
t:~s~ is perfc~ed ~properly due to negligence of the con~rac~or the tes~ s~a~~ 
te ~e~~n a~ no cost to ~he 90\'e~~~en~. Fo~ biddi~g pu~oses ~he contrac~or 
shall run one test. 

32 E?.D~~~~ CES';o;':-EC-G .LJ\\G-CS GEO T:!? .X-SEC 
~...l..b•.:.q-..:erq-..:e o:.st:r-.:.ct · s !:'es~onse t:o the 30 perce~'C desi~ co:::uner.ts was a ve"e 
~ill be re~~'~ed i£ a geoccmp~site desigc i5 ut.:.li:ec. Shew the vent sys~~~ 
the ~ypical 5e~io~. 9eddi~g oa~erial m~s1- be ~er~icus e~ou~h to pe~~~ gas 
:::-ea:o•Jal. See commen:c no. lS. 

33 C:::S'iv"'T-EC-G m.;G-CS c;;o Tl.""P.X-SEC 

So-T ·1 

.r' 
lu 

.;J- ( .. 
\ 

'( 
/ 

I I f 

ry ' 

\' 
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jack 

Nu::1 Name Office Pc.ge/Shee::t .Discipline 
~========================================~============~==~=======~======== 

PAYNE S~-EC-DS 02050-1 CIV PAR 1.3 
T:.11c term .. salvaged i ten:s" appear in this paragraph; howe·,rer, t:C:is reviewer 
could not. find any items epecified to be salvaged. Coordinate. t- -

'7, I .J· 
,'-

2 PAr~ Swl-EC-DS 02050-2 CIV PA..~ 1.6.1 
1st a.."'ld 2nd line at top of page, dele'te "to be reused, or to 
p:·ope:r-ty of the Govern:;;e:!-u or ir:dicate where req-..:.ired. 

remain .._. 
l,r:e 

3 PAl'"NE 
.Delete "e.:;:cepting 
where required. 

Sw~-EC-DS 02050-2 CIV 
Gover-::..oerrt salvage and his't:orica.:;.. it;ezns" or 

Pfi?. 3.2 
ind:.c.=.-c.c;-

4 PAYNE Sw~-EC-DS 02050-2, -3 CIV ? 3.2.1.~ 
Del~~~ this paragya?n. 
at landfill site. 

':he hi3-co:t·i~al i -:e::::.s listed wo-..:.ld no-:. ~e :o"..:..:::i =.-:. 

5 PA1~~ Sw~-EC-0S 02050-3 CIV PAR ~ •i .--, 
'-! • .&::... • .,.;:._ 

C'.:::~ge t!-lis par_agaph to rE:=.d, "A2.l combustible ar.d no:l-~omt~.:stib2.e ~ ma~e~ials shall be Ci~posed of off Gov~~r~e~t co~~~olled l~~d a~ ~he 
Co~:~e.ctor·s res:;;::.onsioility." 

6 PAYNE Sw?-EC-DS 02110-1 pp_q_ 1.3.: 
Ch~ge t,he las"G twc lir;.e~ <)f. 't~:..s tjarc.g~at=:h to 
snags, brush, ~~d ~ubbish occurri~g within ~he 
capped.·· 

read .. includir:F.; de.~~-=. 

~e3. i!ldica.teC: -::o ~e 
~..:. ........ i.-.- ........ ...,. ___ t;:_ ' 

7 Sw"T-~C-DS 02110-1 
Cl:ang.; ~his paragraph to read "Grubbing ahe.2.l 
dis;-G,sal of stU!!lps, :r-cots lar~~r· -r;h2.!! 3 in~~es 
r6ut.9 from the al'E:S. ind.icc:ce:d to be. cappec. ·· 

8 PAYNE c·.,......, _,_ ~-
.._:n...!..- .::...~__,- :-·~ 02ll0-l. 

De2..ete this pc..ragr~ph. 

c~v 
consist 

CIV 

9 PAYNE Sw~-EC-DS 02110-2, -2 c=v 
C:'1~,Se -:.his paragraph ~o :=-ead "Tre:::s, st·;.:!!:.ps. r-oots, brush? 
vege~a:ion in the area t~ be c~ea~ed sha!: be cut off flush 

PAP. 2.1 
a....-r;.·d c~::e~· . .. .. -... ..;:.--:.n c:"" ::·E:~:,T.-; 

the original g!"'c!.:.nd s~fac.e. Cl52.r:.::g ehe.ll clso ir:~lud.e t::e re::-:;·~:~: z.::d. 
di~~osal of s~ruct~re5 ~hat ob~~~de, e~=~ca~~ ~~en, ~~ cthe~w~se ~~s=~~=~ 
t.he wor-k." 
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jack 

Num Na.rr:.e Office Page-/She~": Discipline P..rr./D~:..c..il 
==================~======================~=================:=======~====== 

10 
In 

Pl:.!rlE 
3rd lir;,e 

SW'T-EC-DS 
"surface" delete 

02110-2 C!V FAH 
afte~ c:::: the sente!:.ce. 

Sw?-EC-DS 02110-2 CIV 
Dele~e this p~agraph 
be req~;ired. 

or outs~de the ca~ ~~ea w~:~ 

12 PA!'NE 
De 1 e t e · · 3 • 4 . 1 

Sh"T-EC-DS 
M.~terie..ls .. 

02110-2 CIV PP...R 3.4.1 

13 FAT.~E Sw?-EC-DS 02210-2 c:v Pft~ 1.3.4 
Select c:he appropriate labora.te>ry de:nsiL:.y test to be perfor!!led. :':"lis s!'::;:..:lC. 
nc•t. be a decisi.CH'l to be mc.de in the field. Tne appropriate s:pe::.:...::.catio:: 
should be referenced and the other delec;ed. ( ~~e €.-& ... e.- ~. s) 

Sw~-EC-DS 02210-2 CIV PAR 1.4 
Dele-e;; '"SD-31 Records" 
off-si~e so~ces. 

;t:r;d the text. It c-_p~ears all borrow wL.l be fro:: 

15 PA .. tNE 
Delete lc.~t: 

16 

SWT-EC-DS 02210~3 
t:!~i.s par·agr·aph. 

SW"T-EC-JS 02210-3 

CIV 

CIV 
T~is pc-_~agya.ph is ur.biddable. If a borrow so~rce is 
Gove!'nwen "C. ;-rope!':''CY it mus": cor. tain the app:-c~:- i t.a te 
indicated on the dra~ings. :f a borrow so~rce is no~ 
Gover-!"'..1!:-=:nt prt~per-ty delete the refere:1.ces -:hereto ar..d 
be furniehe~ by the Contractor. 

, .... 
~f Sw1-EC-DS 02210-3 

PP..R 

-·- ,- ..... :'C~ L. ~ . .!. 

available on 
material a..--:~ 'be 

av·a.ilE.t·le c·:: 

If no ocrro;..; areas are s.vailc..ble on Gover:-.: .. :::.e:::; prc:;?e!"ty ..:::.e..:..e-c;e 
paragraph. 

18 Sw"T-EC-05 02210-3· CIV 
'i:r:'liE :;.arag-~aph s"'Ca~~s with the s"ta-:.e~e::t "Wr!ere indicated"; ~-:ewe~;·;!', !":CJ~:s 
of th~ drawir!ge. o:r specificatio!'!.~ indicate =-srip;.ing of t::>pscil :..s 
~eg,·..:i:-ed. Paragraph 1.. 3. 5. states all t'.Jpsc i.:.. el:all b~ obtained ::r:'~ 
off-~ite eo~ces. Coordinate. 
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19 PAYNE Sh?-EC-DS 02210-3. -4 CIV p;._:. 3. 2 

In the fi!:'st line delete "Afr:.e~ topsoil removc.l he:.s been co!:!plet.e:d, ··. In 
the last ser.tenc~ on page 4. delete "obtained from borrow ar-eas·· a::d 
substit-:1te "p~ovided. by the Contractor" 

20 SW~-EC-DS 02210-+ c:v 
Delete this parag~aph or indicate where required. 

Zl PA!"NE SW~-EC-DS 02210-4 CIV 
In the title inse~t .. (OTF. .. ~ T~~ IM':!~~VIOUS SOIL CP..E) .. 

22 PA!~!: 
Indicate percent 

Sw~-EC-DS 02210-5 
of co~paction ~equired. 

Cii.i 

SWT-EC-DS 02210-5 CIV 

pp.._-q 3. 3 

PA?. 3.5 

p11-· ':!. Q _ .. ~ ··-. .. ...... 23 PA~"NE 
The second se:!"ltence for freguency cf testing is not compre:J.enc..l.o~e .. 

24 PA!~E SW?-EC-DS 02215-1 
At the end of this p~ag!'e.ph aC.d. "T:tis section 
OPTION NO 2." 

CIV 
is applicable 

25 PAYNE Sw1-EC-DS 02224-1 CIV 
At the e~d of this pa~agraph acd 
OPTION NO. 1. 

"T'nis s-:?:..::t ion is applice.l:·le 

PAYNE Sw~-EC-DS 02224-2 CIV 

P.~-~ 1 

only f·:>!' 

::>e.Lect 1;he appro?:--~=..te ASTM s:?eci~ication to dete!'!:lin~ md.>::.:J:um. lc..:..:;!""~tc:r;.l 

de~eity. Tnie should be specified by the designe~ ~~d not left tc ~~e 
field. Paragraph 3.3.1 of thie 3ectio~ ~equirec ASTI1 D1557. Coordi~~~e. 

27 s~r-EC-DS 02224-3 c:v 
Delete .. SD-91 Record.e .. and the text. No borrow e.reae a!'e o::: Govc.!':--;Ze-:::; 

p:cope:cty. 

28 PA!"NE 
I::1. the :::.r-s~ line a::~e~ "Materials" 
Delete the last sentence.· 

02224-4 
dele":e the 

C":"ii ..... 
re~~inder of the 
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37 PAYNE SWT-EC-DS 02224-13 CIV PAR 

General comment on SECTION 0222~: Tnis section requires the Con~rac~o~ t~ 

select a borrow source that will produce material classified a~ 3C or CL. 
He mus~ ~hen deliver 200 pounds of the material ~o Sw~ Lcba~atory for 

testing, After SwD testing of the material the Con~ractor must constr~c~ ~ 

te5t fill section and extract in-p:ace material ar.cl ~ub~it it to the Sw~ 

Lab for tes~ing again. By this t~e ap;:roximately 150 tc 180 days have 

e:.:pired a...."1.d no construction has cornmenceC:. How can the Con:tractOl."' e.:-:;-ec-c 

pavn:ent fer all this preliminar)-· work? Double testing see!!ls exce::>sive. r= 
the fi.rst ro1..1.nd of test proves r.he L!:aterial accE:pt..~b2.e why co:1struct a test 

fill? 

38 PAi~E SWT-EC-DS 022~5-1 CIV PAP. 1.1 

A-c ~he end of thic pa:::-agre.ph add "T..t1is sec~ion applies to OPTION NC. 2 

on2.y. ·· 

39 PAlN~ SW~-EC-DS 02245-3 CIV 

C:.;an.se the re.ferer~ced section to "SECT::m; 02210 GRADING". 
nat applicable if this option is constructed. 

--~ - .. 
~1-'...1:':. u. _!_ 

Sectio:::1 0222~ is A 

40 PAYNE SWT-EC-DS 0224.5-3 CIV FA..;;: 

Ge!leral Ccmme~"C on Sec"cion 0224.5: T'.r~e drawing i:::di:::ate "cr:.e o"cr:e.r co::-;:c.•s:.. -:.1\.

mat:.eri.al wi t!:"l the ge()~eobra...."le i.s be::.t.o:::i t.e, but. the specificat:.on r.ev2:;r V"1 

reflect this re~ui~em=nt. 

41 PAYNE ~?-EC-DS 02935- CIV 

Section 02935 TOP~ needs to be edited to reflect ~ha~ 
drawings indicate "g!'a5s". T:11.e e;-ecificQ.tions inc~udc 
not applicable. 

42 PAYNE SWT-EC-DS 02830-
No fencing epecifica~ions we.re inc:uded i~ 
required. Provide a section on fencing . 

the 
CI\t 

eub:ni ttal, 

..;~ PAYNE S,.PI-~C-~S 0-EID s~:H CI\r PP.E. 

No bid schedule was :..~eluded in t.he si..:biL..:..ttal, ht.:t the speci::ica~::::.o!:!..=: ~~::i ~~ 

d!:·awin.gs indicate a need for o:;.e. T:.~e bid. schedule should i~dica"':-2 :::-~5 ~,.;-0 

o;-:. ion~ i.ndicated on the dro.wir.g.=: and etcu:.d di~ect the ~.:..d.der:-3 t:· 'c iii c:; 

t~e one of their choice. 

44 p.;Y)l~ 

. ~co~C.inc..-r~es C, 5 
SWT-EC-DS C-Z OF 5 

id.er:tify nr:~~r::-=.=.Ee':er ~ 1 .. 
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45 PAYNE s~~-EC-DS C-4 OF 5 CIV A 
"TY?ICAL CROSS SECTION'' and "JUNCTURE NE'"ro.' SOIL CAP TO -;;-XISTING SOIL CP...?" fr 
~ne dimensions for the different layers of mate~ials do not m~tc~. The le=t 
sid-e of the detail "JUNCTIJP.E NE""w . -.--SOIL CP...P·· should mac:ch "T.l:ICAL CRCSS 
SECTION .. _ Coordinate. 

"J(JNCTURE NEW SOIL CAP TO EXI-STING SOIL CP...P·· In the notation at 
Coo.,....:;...,=o;-e ... D 8 'n ge "m~--mb.,..,a;n" ~.o "mem"'r~"'e" ~ ~-.1.-~ v .J > c .. a!1 - .. ... '-' .... ....... ... 

"EX:STING LA.:."·IDFILL cAP·· 1':.'1e total dimension ehould be "33_5~ .. 

~6 PAYNE SWT-EC-DS C-5 OF 5 CIV 
.. EXISTING LANDFILL CP..P" The total dime~sion should be "33 .. 5 ..... 

"JUNCTJP.E NE"w SOIL c.o.? TO EX:ISTING SOIL CP...P" A dis-cance frorr. the e~:istir:~ Jl 
vent pipe to the top of cut should be i"'-dicated. Slopes for tbe :i.ndicatei f1 
excavation line should also be ir.dicated. 



CESWA-CO-Q (415) 

MEMORANDUM THRU 

Ch, Construction Branch 
Ch, Con-Opns Division 
DDE Project Management 
Ch, Engr & Plng Division 

TO CH, GEO-TECH BRANCH 

4 June 1992 

SUBJECT: B C 0 REVIEW 
Landfill #5, Cell #3, Soil Cap 
Cannon AFB, NM 

Enclosed herewith are the BCO comments on the 95% submittal for 
the subject project. Duplicate comments were hand delivered 
separately to Mark Wittrock on 4 June 92. 

Enclosure 

Copy Furnished: 
DDE Project Management 

DALE H. CARVER, P.E. 
BCO Manager . 
Construction Branch 
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BRUCE KING 
GOVERNOR 

July 1~, 1992 

Mr. J~ Richards 
27 CSG-DEV 

State of New· Mexico 

ENVIRONMENT DEPARTMENT 
Harold Runnels Building 

1190 St. Fran.cis Drive, P.O. Box 26110 
Santa Fe, New Mexico 87602 

(605) 827-2860 

Cannon Air Force Base 
Cannon Air Force Base, New Mexico 88103 

Dear Mr. Richards: 

JUDITH M. ESPINOSA 
8ECJ18f..U.Y 

RON CURRY 
D.,U1'Y ~CUTAIY 

It has come to our attention that a miscommunication may have 
occurred at the June 26 meeting with reference to the Baza~dous and 
Radioactive Materials Bureau • s (HRMB) position regarding design 
requirements for the cover of Cell 3, Landfill 5. Attached are 
HRMB • s requirements for the cap design based on our technical 
review, which is also our recollection of the principal points 
covered at the meeting. Recall that HRMB agreed in principle with 
the geocomposite design, which is reflected in only a portion of 
the meeting record. 

RCRA guidance documents are written to assist facilities in 
demonstrating compliance with design and operating or closure and 
post-closure requirements. It is HRMB's position that EPA guidance 
must be followed. However, a departure from guidance may be 
accepted if the facility can establish and adequately document that 
any change will provide at a minimum an equivalent level of 
performance/protection as can be obtained by the guidance design. 

Once satisfied that the cap design meets the fundamental technical 
requirements per EPA guidance, BRMB is prepared to issue a letter 
to CAFB stating such. This letter will not, however, constitute 
final approval of the cap design. Final approval is subject to 
public comment as an amendment to the approved closure plan per 40 

CFR 265.112 (d)(4). 

We look forward to meeting with you on July 21. In addition to our 
discussions, please have any justifications for changes to the cap 
design in writing for our review. With respect to the post closure 
care permit application, BRMB hopes at that time to clarify the 
regulatory procedures that need to be followed and any further 
requirements that need to be met prior to its approval. 

If you have any questions regarding this matter, please call 
Stephanie Stoddard ~t (505)827-4308 or 827-4313. 



II 

July 15, 1992 
CAFB Pg 2. 

Sineerely, 
.C) 

~~~r~. 
ram Manager 

xc: Mark Wittrock, P.E. 
Army Corps of Engineers 

Thomas Manning, AICP 
Air Force Center For Environmental Excellence 
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June 26, 1992 

CAFB Cap Design Landfill 5, Cell 3 

Design Requirements per BRMB Technical Review 

Because both design options are somewhat less rigorous than those 
re9uired by EPA in the Technical Enforcement Guidance Document 
"F~nal Covers on Hazardous Waste Landfills and Surface 
Impoundments" , HRMB recommended, but did not require, that CAFB 
consider combining both options (1 and 2) into a single composite 
cover system. 

Regyirements Concerning Both Options 

1. 

2. 

3. 

The 2:1 (B:V) side slopes are too steep. BRMB views the cap ,A 
as a stand-alone RCRA unit and required that the side slopes 1 ' 
be reduced to no greater than 4:1. 

A top slope of 1% is insufficient to prevent pending on and A 
to ensure adequate drainage off the top of the landfill. HRMB (I 
required that CAFB increase the top slope to meet !PA guidance 
requirements (3-5%). 

The Contractor Quality Control Plan must be approved by HRMB 
prior to construction of the landfill cap. 

( 

4. All quality control data must be to HRMB for its review and 
acceptance following construction of the cap. 

' \ ( ,\ 
tJ:7 

5. 

6. 

7. 

As-built drawings must 
certification of closure. 

be provided to BRMB prior to rJo\ J 
CAFB must provide HRMB with calculations/documentation to -~ 
support the assertion that drainage ditches or berms to divert r 
surface flow are not necessary. 

In consideration of potential pathways for landfill gas 
migration, BRMB was informed at the that no underqround 0 
utilities were located close to the landfill. BRMB recommends 
that CAFB test for landfill gas prior to finalizing either 
design option. 

Soil Cap Option 1. Impervious Layer 

a. 

9. 

The hydraulic conductivity for the impervious layer cannot 
exceed 1 X lOE-7. 

HRMB recommended the following material specificationR be 
incorporated for the impe~vious layer: 
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CAFB 
July 15, 1992 
Page 2 

Fines (passing the i200 screen) > 30' 
Coarse (retained on the t4 screen) < 10' 
Liquid Limit >35% 
Plasticity Index >15% 

10. The construction quality assurance plan must be revised to 
reflect any changes necessary to achieve acceptable hydraulic 
conductivity. Detailed information concerning construction 
methodolocnr should be provided in the plan. All quality \·fl 
control data resulting from tests conducted on the test pad ~ n 
must be provided to HRMB for review and approval prior to 
commencing construction of the actual soil cap. 

11. The method by which sampling points are selected must be "\\f.\ 
stated in the specifications. 1~ 

12. 

13. 

14. 

If a test result indicates a failure, the method by which the j\A ,, I ', 
extent of the deficient area is delineated must be clarified. 

Additional quality control testing must be done at the borrow '! 
source for the impervious layer. HRMB recommends that at a } r r . minimum the following addi tiona! tests be performed (see 
below). CAFB may adopt these changes to the specifications 
or propose an alternative. 

Grain Size 
Moisture Content 
PI and LL 

at least 1 test per 1000 CY 
at least 1 test per 1000 CY 
at least 1 test per 5000 CY 

At least one test per day of excavation and at least one test 
per visual or suspected changes in fill material should be 
performed for each or these test parameters. 

Additional quality control sampling must be performed on the 
constructed soil cap (impervious layer) . HRMB recommends that ~ /1\ 
the following additional tests be performed • CAFB may adopt 
these changes to the specifications or propose an alternative. 

Undisturbed Hydraulic Conductivity: at least 1 test 
per 1500 CY 

Moisture Density Curve: at least 1 test per 5000 
CY 

At least one test per day for density and moisture content, 
and at least one test per visual or suspected change in fill 
material should be performed on each day of soil oap 
construction. . 
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CAP'S 
July 15, 1992 
Page 3 

15. All voids or holes in the soil cap resulting from testing \\j \ f 
efforts or survey stakes must be carefully filled with 
suitable compacted material. 

Geocomposite Membrane Option f2 

1. 

2. 

The construction specifications should state that the 
geocomposite membrane cannot be placed during periods of 
significant rainfall. 

CAFB may wiah to add a biobarrier layer to the design. 

A 
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APPENDIX C 

SUMMARY OF FIELD ACTIVATES 
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SUMMARY OF FiELD ACTIVITIES 
CANNON AFB, CLOVIS, NEW MEXICO 

Prepared By: Jo Brady 
Geology Section 
Monday, January 27, 1992 

PURPOSE: To determine the areal extent of Cell 3 by excavating trenches in both 
east-west and north-south directions. The State of New Mexico and 
the EPA are requiring Cannon AFB to place an impermeable soil cover 
over Cell 3 as it was in operation when the "land ban" regulations 
went into effect and the cell has been documented to have received 
solvents for disposal. 

The site, Cell 3, is located in Sanitary landfill Number 5, which in tt}e 
southeastern corner of the base. 

Tuesday, January 14, 1992 

Arrived on base at 1400 local time (New Mexico is on mountain time). 
Located project geologist Jim Martell and operator Jerry Camp onsite. Jerry 
was operating a rented John Deere 6900-LC trac-hoe from Yellowhouse 
Machinery, Amarillo, Texas. Excavation of a north-so~:.~th trench had 
commenced from the south and was progressing upwind to the north. 
Excavated soil/trash was stockpiled adjacent to the uench so that it could 
be replaced upo_n completion of the trenching activities. 

On the previous day {Monday), Jim Mar1:ell had located, measured, and 
staked the line· for excavation a total length of 1 000 feet. The centerline of 
the trench was approximately 15 feet west of the fenced area (refer to 
enclosed figure). To determine the length of time the cell was in operation, 
old newspapers were collected from the excavated piies of soil/trash and 
stored individually in plastic ziploc bags. Typically the layers of trash were 1-
2 feet thick and separated by 6-12 inches of soil. Cover soil was placed over 
the trash 2-3 feet thick, however there was a veneer of trash spread over 
the cell which appeared erratically about 2 feet below the surface. Average 
depth of the excavation was 8-1 0 feet, although select areas were 
excavated to depth of 18 feet to locate the bottom of the cell. 

Approximately 150 feet of the trench was excavated by the end of Tuesday. ; . 

1 
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Jim Martell returned to Tulsa vVednesday morning and Jo Brady directed the 
work. 

Wednesday, January 15, 1992 

Temperature with wind chiii was -20 degrees F, winds from the north. 

Work commenced at 0730. Continued excavating the north-south trench, 
obtaining dated material (newspapers} when available. At random intervals, 
the trench was excavated to depths of 18 to 19 feet {as the trench would 
allow) to determine the depth of the cell; but the total depth of the cell couid 
not be determined. Historic reports indicate the depth could be as grear as 
25 feet, but no trac-hoe was available to dig to this depth. Native, 
undisturbed soil was encountered 650 feet north from the southwest corner 
of the fenced area. The soil/trash iayers were observed to be spread to the 
sloped interface of native, undisturbed soil - refer to figure 2. Following 
confirmation of the cell's north limit, activities commenced to fill in the 
trench. 

While soil/debris was being dozed into the trench, Mark Wittrock, Civil 
Engineer from the Albuquerque District, arrived to review the work. Mark is 
scheduled to design the soil cover for the cell. Jo Brady familiarized Mark 
with the scope of work and presented her observations of the cell. Each 
drove to the base Corps of Engineers office to inform Jim Richards, the base 
point-of-contact, that the work had been completed. Jim Richards was 
concerned that he did not have enough informa-rion available from the work 
just completed to define the areal extem of Cell 3. Jo Brady agreed to return 
Thursday to excavate more of the cell until its boundaries could be defined. 

Thursday, January 1_~, 1992 

Temperature with wind chill was -3 degrees F, winds from the north 
gradually changing in the afternoon to southerly winds and a high in the 
30's. 

Jo Brady met Mark vVittrock at the base COE office at 0730 to confirm the 
day's activities with Jim Richards. Jo Brady drove to the site a1 0800 and 
drove Jerry Camp to town for a transfer pump to switch fuel from the 
tractor-trailer to the trac-hoe. Trenching activities recommenced at 0900 
extending the north-south trench to define the southern boundary of the 
landfill. Jo Brady was joined by Mark Wittrock and Glenn Woodson {Jim 
Richa~9's representative) to observe the work. The southern boundary of the 
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trench was defined to be 150 feet south from the SW fencepost of the 
fenced area. Mark Wittrock and Jo Brady measured the vertical change in 
relation to the horizontal difference to calculate the slope of the trench. The 
slope was conservatively determined to be no steeper than 3H: 1 V (see 
figure 2} and the overall cell length was determined to be 800 feet. 

East-west trenches were excavated until undisturbed native soil was 
encountered both north and south of the fenced area to further define the 
cell boundaries. Cell 3 was measured to be 50 feet wide; 35 feet from the 
western fence line of the fenced area and 15 feet to the east of the western 
fence line. A second north-south trench was excavated between the 250 
and 300 foot mark as Jo Brady had observed an area of apparently clean fill 
and this was approximately one-half the length of the entire trench. Jim 
Martell had speculated that there may be two cells with a native soil barrier 
or berm between rather than one long cell. No barrier or berm was observed 
in the second north-south trench. Refer to figure 1 for location of various 
excavations. 

Typically the trash consisted of household refuse and office waste. Tires and 
c":~3r automa.!!'!~ !tems were occasionally observed ::~ was rriedi~;::l 'YV~.5te in 
the form of syringes and intravenous bags. A "solventn smell was noticed in 
two trenches (see figure 1 for locations). At one of these locations, Mark 
Wittrock observed free liquid draining into the soil from a container disturbed 
by the excavation activities. 

Jim Richards stopped by towards the end of the day to briefly observe the 
work and was pleased with the progress and results. Excavation ~as halted 
at 1700 due to impending darkness; excavation would continue Friday 
morning at 0800. 

Friday, January 16, 1992 

Weather was overcast and cold throughout the day, with winds from the 
north. 

Jo Brady stopped at the base COE office at 0730 to outline the day's 
activities with Jim Richards. Jim requested that the extent of the native soil 
barriers separating Cell 3 from surrounding cells be determined by extending 
the east-west trenches into the adjacent cell and obtaining dated material 
from them. Jo Brady expressed her concern of potential cross-contamination 
to Jim Richards when he visited the site after the eastern ce!l had been 

SUMMARY OF FIELD ACTIVITIES 
CANNON AFB. CLOVIS, NEVV MEXICO 
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encountered. Jim vvas aware of ..io Brady's concern; however he said the 
State had specifically requested the width of the soil barrier be determined. 
It was agreed that an attempt to reduce the potential for cross
contamination would be made by minimizing the amount of soil barrier 
excavated until the adjacent cell was encountered. An average of 10 feet 
separated Cell 3 from the adjacent cells on each side. The newspaper 
obtained from the cell to the east of Cell 3 yielded a date of 1978, whi!e the 
date from the cell to the west was 1979. Only Glenn Woodson observed the 
day's activities as Mark Wittrock was returning to Albuquerque. 

Excavation activities concluded approximately 1100. The trenches were 
filled in the afternoon. 

The site was inspected after all the trenches had been refilied and 
compacted by the equipment driving over it. Although the debris visible at 
the surface was unavoidable, further work may be necessary to cover the 
debris to prevent a safety hazard to the flightline of blowing trash. 

Jo Brady stopped by the base COE office to inform Jim Richards that the 
work h3d been completed and the trench'"'~ filled. Jo 8!"~dy indicated there 
was debris at the surface which may require further attention and informed 
Jim to expect a report of the field activities sometime next week. Jo Brady 
left the base at 1730; Jerry Camp drove the equipment to the hotel for an 
early departure Saturday morning. The rental company was contacted to 
pick up the trac-hoe. It was arranged to leave the trac-hoe at the site outside 
the locked gate where it would be picked up on Tuesday. 

SUMMARY OF tJB..D ACTlVITIES 
CANNON AFB, CLOVIS, NEW MEXICO 
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DEFINITIONS 

The acronyms used in this report and their corresponding definitions are: 

AFB Air Force Base 

EID Environmental Improvement Division of New Mexico 

Health and Environment Department 

ppb parts per billion 

ppm parts per million 

SCS Soil Conservation Service 

TOC Total Organic Carbon 
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USAF United States Air Force 

USCS Unified Soil Classification System 
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INTRODUCTION 

This closure plan is submitted in accordance with the requirements promul

gated by the Federal Government and the State of New Mexico. Any facility that 

stores hazardous wastes for 90 days or longer, treats hazardous wastes, or dis

poses of such wastes must plan for eventual closure. This closure plan identi

fies all the steps that will be necessary to completely close cell No. 3 at 

landfill No. 5 at Cannon Air Force Base (AFB). The owner or operator must com

plete closure activities in accordance with the submitted closure plan. 

The closure plan is designed to conform to the closure performance stand

ards (Section 206C, New Mexico Hazardous Waste Regulations). Specifically, the 

plan ensures that cell No. 3 will require minimum further maintenance and con

trols; minimizes threats to human health and the environment; and eliminates 

post closure escape of hazardous waste, hazardous waste constituents, or waste 

decomposition products to the ground, surface waters, or atmosphere. The com

pleted sanitary landfill site will be retained as grassland. All citations to 

the New Mexico Hazardous Waste Regulations are in reference to the New Mexico 

Hazardous Waste Management Regulation-4 (NMHWMR-4). 

INSTALLATION DESCRIPTION AND HISTORY 

Cannon AFB is located in Curry County, New Mexico, and is approximately 7 

miles west of the city of Clovis (Figure 1). The base is situated on approxi

mately 4,320 acres of land. Off-base facilities include the Melrose Bombing 

Range and the Conchas Lake Recreation Annex. 

The history of Cannon AFB dates back to 1929, when Portair Field was estab

lished on the site. Portair Field was a civilian passenger terminal for early 

commercial transcontinental flights. In 1942, the Army Air Corps took control 

of the civilian airfield and it became known as the Clovis Army Air Base. In 

early 1945, the base was renamed Clovis Army Air Field. The installation was 

deactivated in May 1947. In July 1951, the base was assigned to the Tactical 

Air Command. The first units arrived in October of that year, but the airfield 

was formally reactivated in November 1951 as Clovis Air Force Base. In June 

1957, the base became a permanent installation and was renamed Cannon Air Force 

-1-
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Base in honor of the late General John K. Cannon, a former conrnander of the 

<:: Tactical Air Command. 

c 

The primary mission of Cannon AFB has remained unchanged since 1965; that 

being to develop and maintain an F-111 tactical fighter wing capable of day, 

night, and all-weather combat operations and to provide replacement training of 

combat aircrews for tactical organizations worldwide. Aircraft stationed at 

Cannon AFB since 1965 include the F-100 "Super Sabre" fighter jet, the F-lllA, 

the F-1110, and the F-lllE. The total work force at Cannon AFB is approximate

ly 4,780, which includes 4,090 military, 425 civil service, and 265 nonappro

priated-fund employees. The major organizations at Cannon AFB are the 27th 

Combat Support Group, the 27th Tactical Fighter Wing, and the 27th Medical 

Group. 

SITE PHYSICAL DESCRIPTION 

Cannon AFB is located in the Southern High Plains section of the Great 

Plains physiographic region. The Southern High Plains includes parts of east

ern New Mexico and western Texas and covers approximately 32,000 square miles. 

The section is a plateau, bounded on the north and west by cliffs as much as 

300 feet above the surrounding area. The southern and eastern boundaries are 

less well-defined. 

Cannon AFB is situated near the center of this plateau and is typified by 

flat, featureless terrain with almost no relief. Elevations at the base range 

from 4,327 feet above sea level at the northwest corner to approximately 4,260 

feet above sea level at the southeast corner where landfill No. 5 is located 

(Figure 2). The base slopes very gently downward toward the southeast corner. 

The only features of relief occurring on the base are playas, sand dunes, and 

small stream valleys. 

METEOROLOGY 

The area around Cannon AFB is semiarid. (See Table 1 for meteorological 

data.) The annual precipitation. is approximately 14 inches; at Clovis, 7 miles 

east of the base, it is approximately 16 inches. The annual lake evaporation, 

-3-
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TABLE 1. Meteorological Data Summary for Cannon AFB, New Mexico 

Jan. Feb. Mar. ~ ~ June ~ ~ Sep. ~t. Nov. Dec. Annual 

0 
Temperature ( F> 

Record High 76 80 89 94 97 106 105 105 100 90 84 77 106 

Record Low -II 2 8 14 32 43 55 53 29 28 -4 -II -II 

Normal Maximum 51 55 61 71 80 89 90 89 82 72 60 51 71 

Normal Minimum 25 28 32 42 52 61 65 64 57 46 33 27 45 

Precipitation (inches) 

Record Max i mum (in 

24 hours) 0.9 0.6 0.7 1.6 2.0 2.5 3.7 2.5 2.9 2.8 0.5 0.6 3.7 

Normal Mean 0.5 0.4 0.4 0.6 1.3 2.0 2.8 1.9 1.4 1.5 0.4 0.5 13.7 

Mean Snowf a I I 3 3 Trace Trace 0 0 0 0 Trace 2 3 12 

Wind 

Mean Velocity (mph) 10 10 12 12 II II 9 8 8 8 9 10 10 

Prevailing Direction w w w w s s s s s w w w w 

Period: 1943-1967, extremes updated 12/75 

Source: Brotzman and Hughes, 1976 
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used to estimate the annual evapotranspiration rate, is about 69 inches per 

year. Therefore, the annual net precipitation, which is the annual precipita

tion minus annual evapotranspiration, is approximately minus 55 inches per 

year. The wettest months are during the summer, and virtually all of the pre

cipitation is due to thunderstorms. Winters in the Cannon AFB area are rela

tively dry, with about 12 inches of snow occurring. Due to the warm tempera

ture (average daily maximum of 51 °F), snow usually melts within a 24-hour 

period. 

During the summer, temperatures are cooler than in the lower elevations to 

the east, and the air is drier. The dryness is due to the 11 Marfa 11 or 11 dew

point•• front, which usually lies to the east. Whenever this front moves to the 

west of Cannon AFB, the relative humidity rises dramatically. Frontal passages 

throughout the year are normally dry and only contribute to gusty winds. The 

wind usually blows from the west during the winter and shifts to the south as 

the temperatures rise in the spring and summer. In the spring, the winds gust 

to approximately 25 knots. 

HYDROLOGY 

Due to the low precipitation, the high evapotranspiration, and low relief, 

the area around Cannon AFB has poorly developed surface drainage systems (Fig

ure 3). Cannon AFB lies at the headwaters of the Brazos River. Little, if 

any, water that falls as rain or snow at Cannon AFB ever reaches the river. 

Most of the rain or snow is lost to evapotranspiration and shallow infiltra

tion. Most of the surface drainage from Cannon AFB is directed through a se

ries of ditches to a large playa near the intersection of the primary NE-SW 

runway and the NW-SE runway. However, surface drainage in the vicinity of the 

landfill flows to the south during episodes of heavy rainfall. The Phase I IRP 

report states that a low potential for contaminant migration exists at Cannon 

AFB, due primarily to: (1) depth to groundwater, (2) low precipitation, (3) 

high evapotranspiration rate, and (4) the occurrence of a very low permeability 

caliche layer under most of the base. In other words, very little precipita

tion is available for infiltration, and what little does infiltrate is impeded 

first by the cap and then by the caliche before it begins a descent of over 200 

feet to the aquifer system. 
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Groundwater occurs under unconfined conditions at Cannon AFB. The base is 

underlaid by a portion of the High Plains Aquifer developed in the unconsoli-

dated sediments of the Ogallala Formation. The High Plains Aquifer is the ma

jor and in some places the only source of water. The Ogallala Formation con

sists of clay, silt, fine- to coarse-grained sand, gravel, and caliche (calcium 

carbonate crusted soil). Groundwater quality within the Ogallala is acceptable 

for most uses. Water is typically hard and high in silica and fluoride. The 

potential for contamination of the High Plains Aquifer at Cannon AFB is low, 

because of the low rainfall, depth to water table, and the occurrence of a 

caliche layer of low permeability. 

SOILS 

The following is a general description of soils at Cannon AFB. (See Figure 

4 for soils map.) The soils in question are Ab-Amarillo Fine Sandy Loam and 

Ag-Amarillo Loamy Fine Sand. The Amarillo loams resemble the Pullman loams 

with which they merge, but the structure of their B horizon is not so strongly 

developed, and their profile is sandier throughout. Except that they are less 

sandy and their surface layers are thinner, the Amarillo loamy fine sands are 

like the Brownfield fine sands with which they merge. The Amarillo loamy fine 

sands are less sandy and are better developed structurally than the Springer 

loamy fine sands. 

The Amarillo soils overlie a white chalky zone that begins at depths of 3 

to 6 or more feet (but generally about 4 feet). From 40 to 70 percent of this 

zone is lime. The amount of lime in the profile above the chalky zone varies. 

The Amarillo fine sandy loams and loamy fine sands are deeper over calcareous 

material than the Amarillo loams. In places, the Amarillo loamy fine sands are 

nonca 1 ca reo us to within 1 or 2 inches of the c ha 1 ky zone. Some a rea s of the 

Amarillo loams are calcareous at a depth of about lB inches. 

The color of the surface soil ranges from brown to reddish brown in the 

Amarillo loams, through yellowish red in the loamy fine sands. The color of 

the subsoil ranges from dark reddish brown in some areas of Amarillo loam to 

yellowish red in the loamy fine sands. 
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FIGURE 4 
Soils Map. 



Amarillo soils cover over 90 percent of Cannon AFB. Typical permeabilities 
-3 -4 

are moderate and range from 1 x 10 to 4 x 10 em/sec. 

Other soil associations occurring at Cannon AFB, primarily in the vicinity 

of playa "lakes," include Clovis soils, Mansker soils, and Potter soils. To

gether, these soil types account for less than 10 percent of the area at Cannon 

AFB. The Soil Conservation Service (SCS) describes these soils as follows. 

Clovis Soils. These soils generally occur in small areas within broader 

areas of Amarillo soils. They occupy the upper margins of many of the draws 

and playas. The Clovis soils are similar to the Amarillo, but the chalky zone 

occurs at shallower depths (16 to 36 inches). and in many places the profile 

is not so well-developed. In Curry County, the Clovis series is represented 

by three soil types; they are Clovis loam, Clovis fine sandy loam, and Clovis 

loamy fine sand. The Clovis loams resemble the thin solum phases of the Pull

man loams, except for weaker structural development in the B horizon. 

Mansker Soils. Mansker soils are strongly calcareous. They normally oc

cupy the slopes of draws and playas. However, small, nearly level to gently 

sloping areas occur within larger areas of Pullman, Amarillo, and Clovis soils. 

The Mansker soils are extensive throughout Curry County. They have formed 

where the upper part of some other soil has been lost through erosion, and the 

strongly calcareous substratum has been exposed. These soils show very little 

profile development. 

Potter Soils. The Potter soils are shallow and strongly calcareous. They 

overlie hard, consolidated caliche. The degree of cementation in the caliche 

varies. In some places, the caliche resembles limestone; in others, it con

sists of lime-cemented pebbles and nodules. The material from which these 

soils developed was mainly weathered caliche, but it was intermixed with wind

deposited materials. The Potter soils occur throughout the county, normally in 

areas of less than 100 acres. In many places, they are closely associated with 

the Mansker soils. 

Permeability of all three soil types is toward the lower end of the range 

typical for the Amarillo soils. 
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At Cannon AFB, the soil layer is underlaid by a fairly thick (approximately 

25 feet) caliche layer, which is part of the Ogallala Formation. This caliche 

varies in depth and thickness across the base. Geologic logs indicate that 

caliche occurs as shallow as 2 feet below the surface and is up to 54 feet in 

thickness. Observations made at the current landfill operation (not the cell 

addressed in this report) indicate that the top of the caliche layer is approx

imately 5 feet below the surface and becomes harder with depth. In fact, at a 

depth of approximately 15 feet, heavy-duty earth-moving equipment could not 

penetrate the caliche. 

Although there are no specific boring data for the landfill area, boring 

data do exist for much of the base, especially the northwest region of the 

base. Some inferences about boring data at the landfill are made by the De

partment of the Air Force Tactical Air Command, Cannon AFB, New Mexico, in 

their publication entitled, "Sanitary Landfill--Design, Construction and Oper

ation," 15 December 1976: 

"Site Soils. No soils tests have been made at the landfill 
site; however, the uniformity of soil conditions in the area 
and on the base allow for fairly accurate prediction of site 
soil conditions from other soil borings. Inspection of the 
existing 16-foot deep trench verifies the textural classifi
cation expected--loamy fine sand or fine sandy loam under
lain by sandy clay loam and light sandy clay loam with cali
che pockets. Under the Unified Soil Classification System 
(USCS), the predominate soils are SC, CL, or combinations of 
them with some areas of SM or ML and a few pockets of GP, 
GL, GC, and caliche." 

Of particular interest is the frequent occurrence of clay in the boring 

profiles (uses Type CL). Examination of the profiles reveals that approxi

mately 70 percent of the 191 borings taken show clay in the top 10 feet of the 

borings. The profile chart describes the clay as inorganic clay of low to me

dium plasticity. Table 2 shows that clays, especially colloidal clay, has the 

lowest permeability coefficient. 

In the case of this particular landfill, the underlying material is cali

che. While it is generally understood that caliche is very impermeable, a 

question arises as to the complete occlusive properties of large expanses of 

-11-



Table 2. Penneability Coefficients 

Typical Values of PenneabRity Coefftcients 

PARTICLE SIZE RANGE •EFFECTIVE• PElUIE.AlltLITY 
Inch .. M1lllmeten SIZE COEFFICIENT-k 

D..,.. D- D- D-. ~ill. ~omm. Ft./yr. Ft./mo. Cm./sec. 

1- Derrick STONE 120 36 - - 48 - 100x 1o' 100x 101 100 

z One-maD STONE l2 4 6 30 X 1o' 30 X 101 30 
r.;:t - - -
:;g Clean, flDe to coarse GB.A. VEL 3 t;. 80 10 14 - 10 X 1o' 10 X 101 10 

=r.. = Fille, UDiform GRAVEL s-' 1ft. 8 1.5 14 - 5x1o' 5 " 10' 5 
:;:) 
1- Very coarse, clean, UDiform SAND 14 ljS2 3 0.8 I ft. - 3 " 1o' 3 "101 3 

UDiform, coarse SAND 14 v .. 2 0.5 - 0.6 0.4 X 1o' 0.4" 101 0.4 
i 

UDiform, medi~~m SAND - - 0.5 0 • .25 - 0.3 0.1 X 1o' 0.1 " 10' 0.1 

Clean, well-cr&ded SAND " GRAVEL - - 10 0.05 - 0.1 0.01x 1o' 0.01 " 10' 0.01 

UDiform, fine SAND - - 0.25 0.05 - 0.06 4000 40(1 4() X 10-' 

= Well-czoaded, aUtySAND "GRAVEL 5 0.01 0.02 400 40 4 X 10-' 
~:!it - - -
!o Silty SAND - - 2 0.005 - 0.01 100 10 1o-' 
:E.J 
<lao UDiform SILT - - 0.05 0.005 - 0.006 50 5 O.Sx 10'"" 
.J 

Sa.Ddy CLAY - - 1.0 0.001 - 0.002 5 0.5 O.OSx 10~ 

Sllty CLAY - - 0.05 0.001 - 0.0015 1 0.1 o.o1" 1o-• 

CLAY (30 to 5~ clay atzes) - - 0.05 0.0005 - 0.0008 0.1 0.01 0.001x 10-' 

Colloidal CLAY (-211 s:SO~) - - 0.01 101 - 40.\ 0.001 1o-• 1o-• 
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f caliche. On the basis of available data and field experience, the caliche oc

curring at the landfill site is probably young in nature and not entirely ce

mented. This would lead to the belief that the caliche formations here would 

exhibit some permeability, albeit low. While caliche in and of itself can be 

very impermeable, one would expect that a large expanse of the material would 

exhibit many fractures due to its relative hardness and brittle characteristics 

if mature, and incomplete cementation if young. Hence, while the material it

self is very impermeable, these fractures would afford avenues for some perco

lation to occur. 

The following is a description of caliche that is characteristic of the 

Central High Plains region of New Mexico where Cannon AFB is located, which 

supports these conclusions (New Mexico State Highway Department, "Geology and 

Aggregate Resources, District 11," 1972). 

"Many geologists believe that the Central High Plains and 
the Llano Estacado are universally underlaid by caliche de
posits, but anyone who has had an occasion to explore this 
hypothesis on the working end of a jack-halliTier will dis
agree, at least about the top 25 to 50 feet. Nevertheless, 
exposures a 1 ong the escarpment indicate that some form of 
caliche does exist below a large part of these surfaces. 
The stages of development of these caliche profiles will 
vary from very youthful to late in maturity. As previously 
mentioned, some of the profiles may be over one million 
years old. Some of the older profiles have undergone at
tacks from solution and weathering and, therefore, can be 
expected to be extremely discontinuous across the plain. 
Although these surfaces have remained quite stable for hun
dreds of thousands of years, aggradation and degradation 
have continued at a slow, steady pace. The result, consid
ering the climatic fluctuations of the past one million 
years, has been degradation and recementation of the pro
files on the windward and uphill side of the plains and 

aggradation on the lee side of the plains, the rock-house 

type structure being more colliTion in older profiles, and 
lamination more colliTion in younger profiles. Perhaps this 
helps explain the variations in soundness, loss, and Los 
Angeles abrasion test values from different locations 
across the plains or even within a local pit area.• 
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I WASTE DISPOSAL AND MIGRATION 

MAXIMUM INVENTORY OF WASTE 

Landfill No. 5 began operation in 1968 and is in current use. The site is 

located in the southeast corner of the base and covers approximately 30 acres. 

Cell No. 3, the specific cell for which this closure plan is applicable, was 

closed in 1981. The cell covers an area of approximate dimensions 330 feet 

long by 39 feet wide. 

Materials received at this landfill in 1981 are similar to those received 

at the former base landfills and include waste oils and solvents, paints, paint 

removers and thinners, pesticide containers, empty cans, and general construc

tion debris. Materials from drums were generally deposited on absorbent mate

rials placed in the cell. The drums were then reclaimed for reuse. 

From 1968 to about 1972, wastes were burned and then buried in cells. 

Since 1972, the standard procedure has been direct burial of the wastes in 

cells. There are ll covered cells at the site. No volatile organics were 

found in cell No. 3. The estimated maximum inventory of hazardous waste in 

cell No. 3 is shown in Table 3. 

u -~/ '7 
t) r ¥\( 'j 

v -w ~:J 

\)- w VJ 
u-W ~ 

D-w 
o·vJ 

Table 3. Hazardous Waste Inventory 

Methyl ethyl ketone 
Toluene 
Methyl isobutyl ketone 
Cyclohexanone 
Xylene 
Ethylene glycol monobutyl ether 
Lead 
Chromate C, , ' 

r 
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Percent 

39.6 
43.4 
10.4 

2.4 
1.6 
1. 6 
0.6 
0.4 

Amount in Pounds 

3,564 
3,906 

936 
216 
144 
144 

54 
36 



CORE SAMPLE RESULTS 

Two 9-inch diameter cores of 40-foot depth were removed from the landfill 

cell on January 22, 1985. Six samples from each core (depths of 10, 15, 20, 25 

30, and 40 feet) were analyzed for chromium, lead, arsenic, tin, mercury, and 

volatile organics. The metals analyses were accomplished by nitric acid diges

tion/atomic adsorption spectroscopy and the volatile organics were analyzed us

ing gas chromatograph mass spectrometry. Table 4 summarizes the composite re

sults of these analyses. 

Constituent 

Chromium 
Lead 
Arsenic 
Tin 
Mercury 
Volatile Organics 

TABLE 4. Core Analyses 

Concentration (ppm) 

14 - 36 
0.2 - 10.5 
3.70- 9.61 
0.5 - 2.0 
0.04 - 0.68 

< 0.01 

Detection Limit (ppm) 

0.005 
0.001 
0.002 
0.002 
0.002 
0.01 

The metal levels appear to be high in these analytical results, but this is 

not significant because the lowest level of the value ranges are reached at the 

40-foot depth. Very little would be availabl~ to groundwater which is 200 feet 

deeper s t i 11 . 

GROUNDWATER MONITORING RESULTS 

Four groundwater monitoring wells were installed near the landfill cell 

during December 1984 and January 1985. Monitoring of the wells began with 

first-quarter samples taken on January 25, 1985. For indicator parameters (pH, 

specific conductance, TOC, and TOX), heavy metals, pesticides, endrin, lindane, 

methoxychlor, toxaphene, 2, 4-0 and 2, 4, 5-TP-Silvex, radioactivity, coliform 

bacteria, chloride, iron, manganese, phenols, sodium, and sulfate the sample 
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{ analyses show that there are no significant increases over background levels of 

groundwater constituents evidenced in the three downgradient wells compared to 

the upgradient well. Preliminary examination of data from analyses of second 

quarter groundwater samples received by the laboratory on April 30, 1985, indi

cates that there continues to be no significant increase over background levels 

of groundwater constituents in the vicinity of landfill cell No. 3. (See post 

closure groundwater monitoring section for details about monitoring well loca

tions.) 

FINAL CLOSURE 

Final closure of the landfill cell will involve covering it with a combina

tion polymeric membrane liner and soil protective cover. The combination cover 

will keep liquids from reaching the cell contents, thus minimizing leachate 

generation and also will prevent any wastes present in the cell from coming in 

contact with the above-ground environment. A post closure maintenance inspec

tion program will guarantee the integrity of the protective cover. 

A discussion of the general design of the final protective cover follows. 

Figure 5 illustrates the proposed components of the cover structure for cell 

No. 3 in a cross-sectional view. The cross-section ranges from the centerline 

of cell No. 3, to the centerline between the adjacent cell and cell No. 3, a 

distance of 35 feet, 6 inches. 

GENERAL DESIGN OF THE FINAL COVER 

The final cover was chosen with the following considerations: 

(1) Long-term minimization of liquid migration through the closed land
fi 11; 

(2) Minimum maintenance requirements; 

(3) Promotion of drainage and minimization of cover erosion; 

(4) Accommodation of settling and subsidence; and 

(5) Obtaining a cover that will act as seal against passage of fluids. 
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The following components will constitute the cover system planned for land

fill cell No. 3: 

o Buffer layer 

o Mounding layer 

o Geotextile filter 

o Filter sand layer 

o Polymeric membrane liner 

o Moderately compacted protective layer with vegetative cover 

o Horizontal vent pipe 

o Vertical vent pipes 

o Perimeter anchor trench 

o Gutter drain and tail-end ditch 

o Dike 

o Barbed wire fence 

A general description of each of the aforementioned components and the 

function of each component is presented here. Specific design plans and de

tailed specifications are presented in the document, 11 Cannon Air Force Base 

Closure of Cell No. 3 of Landfill Area 5- Designs and Specifications, 1987." 

Presently, a buffer layer (existing 2-feet-thick cap) exists immediately 

above the actual waste and serves to protect the mounding layer (to be instal

led above the buffer layer) from penetration by protruding objects in the land

fill by minimizing the effects of settling on the mounding layer. In addition, 

the buffer layer is usually more porous, so that gases can migrate through it 

and so that siltation from the mounding layer will be contained in the upper 

part of the buffer. In the case of this landfill, where the climate is semi

arid and the net precipitation is quite low (minus 55 in/yr) and a polymeric 

membrane liner will be present, no appreciable siltation from the mounding lay

er is anticipated to occur. 

The construction of the buffer has been completed for about 6 years. The 

document by the Department of the Air Force, Tactical Air Command, Cannon AFB, 

New Mexico, entitled 11 Sanitary_ Landfill -- Design, Construction, and Opera

tion, .. 15 December 1976, indicates that this buffer layer is constructed of 
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soils from the cell excavation. The document specifies a minimum thickness of 

2 feet for this layer and calls for it to be compacted in four 6-inch lifts. 

During a site visit in March 1985, it was observed that the site was "criss

crossed" with bulldozer tracks, implying that this cover was "tracked in" for 

compaction, as per the regulation. 

Settling and subsidence typically occur inmediately following the final 

cover of a landfill. The rate of this settling is fastest in the first few 

years following final cover and slows to a minimal rate after 5 years or so. 

Total settling might amount from 5 to 50 percent of a landfill's height. de

pending on such factors as the depth of the fill, composition of the waste. and 

the climate and groundwater characteristics. At this site, the depth of the 

fill is estimated at 15 feet. The waste consists of construction/demolition 

debris and hazardous wastes consisting mainly of paints and solvents {noncon

tainerized). The semiarid climate and very deep aquifer system would suggest 

that decomposition of organics would occur rather slowly after the first sev

eral years. 

The relatively small volume of compacted waste in the landfill, placed in a 

shallow configuration of maximum depth of 20 feet, would also suggest a low to

tal settling of the fill. In support of this contention is the fact that no 

cracks. craters, or depressions were observed during the site visit. There

fore. it is anticipated that little additional settling will occur in the fu

ture and that the existing buffer layer is adequate. 

The planned final cover will consist of the following components to be in

stalled above the buffer layer: 

o A compacted inorganic clay mounding layer of low to medium plasticity on 
top of and in direct cont"act with the smooth finished surface of the 
cell No. 3 buffer layer. The compacted clayey soil mounding layer will 
extend a distance of 3 feet. 6 inches from the edge of the cell in all 
directions to a perimeter anchor trench. The depth of mounding layer 
will be 24 inches at the cell centerline, with a 4.55% slope toward the 
anchor trench as depicted in Figure 5. The minimum thickness of the 
clay cover at the inside edge of the anchor trench will be 12 inches. 
The maximum permeability of the clay layer will be lQ-6 em per sec. 

-19-



o A 60 mil thick geotextile filter fabric to cover the compacted inorganic 
clay mounding layer to prevent mixing with a layer of filter sand above 
the clay mounding layer. The geotextile filter has the capacity to vent 
any gases that may be generated in ce 11 No. 3. The filter fabric wi 11 
have 5% slack for any subsidence and wi 11 be anchored in the anchor 
trench. Documentation in the form of a manufacturer's warranty on the 
geotextile filter fabric, indicating that it has 30 years of excellent 
aging and weathering characteristics will be provided to the Contracting 
Officer by the Contractor. 

o A layer of filter sand on top of the geotextile filter and in contact 
with the overlying 36 mil polymeric membrane liner. The filter sand 
serves to drain any liquids away from underneath the membrane liner and 
serves to allow gases to properly vent. The filter sand will be of 12 
inches depth at the cell No. 3 centerline and slope 6.97% toward the 
perimeter anchor trench reinforced cross-sectionally as shown in 
Figure 5. The minimum thickness of the sand layer at the inside edge 
of the anchor trench will be 6 inches. The minimum saturated hydraulic 
conductivity of the emplaced sand layer will be 10-2 em per sec. 

o A 36 mil reinforced polymeric membrane liner (either CPE/CSPE/GX-4) of 
low permeability (l0-12 em/sec) installed on top of the filter sand 
layer, and extending a distance of approximately 8 feet, 6 inches from 
the edge of the cell in a 11 directions, extending beyond the perimeter 
anchor trench, underlying perimeter precast concrete gutter drain, and 
terminating at the foot of an earth dike. Any percolation that reaches 
the membrane liner surface from above will be shed to beyond the peri
meter of the cell. 

Documentation in the form of a manufacturing warranty on the polymeric 
membrane liner, indicating that it has 30 years of excellent aging and 
weathering characteristic will be provided to the Contracting Officer by 
the Contractor. 

The Installation Contractor will certify that the final cover system was 
constructed according to the designs and specifications and industrial 
standards, and is free of any damages, leaks, and other defects to pro
vide a leak proof cover system and the quality of construction and work
manship is guaranteed. 

o A moderately compacted protective cover of common borrow, installed on 
top of the membrane liner, and extending a distance of 8 feet from the 
edge of the cell in all directions, and terminating at the perimeter 
precast concrete gutter drain. The protective cover will be of 24 
inches depth at cell No. 3 centerline and slope 9.09% (crosssectional
ly) to the perimeter concrete gutter drain. The slope of the compacted 
protective cover surface is of a suitable gradient to allow diversion 
of rainwater and surface runoff away from cell No. 3 in a reasonable 
manner toward the perimeter concrete gutter drain. The designed 
shallow slopes to the cover system also will reduce the surface area 
exposed to high winds. The minimum thickness of the protective cover 
at the inside edge of the perimeter gutter drain will be 12 inches. 
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The protective cover material will be screened through a two-inch or 
smaller screen to remove foreign objects and large rocks which may 
puncture or abrade the membrane liner. A visual check of the screening 
and emplacement will be made to assure effective removal. The upper 12 
inches of the protective cover will be a silty clay loam capable of 
supporting vegetation. 

The protective cover will preserve the integrity of the membrane liner 
by preventing direct exposure of the liner to ultraviolet solar radia
tion and will deter liner wear due to weather and direct physical con
tact. The protective cover will be graded so that a constant 1 eve 1 is 
maintained along the north-south axis of the cell. The protective cover 
will extend 8 feet beyond the edges of cell No. 3. 

To avoid damage to the geotextile filter fabric and to the polymeric 
liner, the common borrow soil used on the final cover will be hand com
pacted using a vibrating plate. 

A supply of common borrow, identical in characteristics to the common 
borrow installed on top of the membrane liner, will be kept in reserve 
in the event of future cover repair activities. The common borrow sup
ply should be maintained in a protected pile, in a convenient location 
outside of the cell No. 3 perimeter fence. 

o A 4-inch diameter perforated PVC horizontal vent pipe installed at the 
bottom of the filter sand layer and residing upon the geotextile filter, 
approximately 20 inches above the surface of cell No. 3. The PVC vent 
pipe will be wrapped with geotextile fabric and will be oriented along 
the 1 ength of the centerline of cell No. 3. The hori zonta 1 vent pipe 
will collect any gases permeating through the layer of filter sand from 
beneath the geotextile filter. 

o Three 4-inch diameter PVC vertical vent pipes (with vent caps) 100 feet 
apart from each other, will extend up from the horizontal vent pipe 
through the filter sand, penetrating the membrane liner and through the 
protective cover, finally venting to the ambient atmosphere at a height 
of 12 inches above cover crown. A leakproof seal boot between the vent 
pipes and the membrane liner will ensure continuity in liner protection 
integrity. 

o Two anchor leg supports will be provided to the horizontal vent pipe at 
300 feet apart to prevent any rotation of the vent pipe system. 

o A 12 inch by 18 inch deep perimeter anchor trench to anchor the geotex
tile filter and membrane liner under a protective common borrow cover. 
The inside edge of the anchor trench will be a mininum of 3 feet from 
the edge of the cell. 

o A 15 inch concrete rectangular gutter drain along the perimeter of the 
moderately compacted protective cover of cell No. 3. The gutter drain 
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is designed to accommodate the volume of rain and peak surface runoff 

from the protective cover of cell No. 3 which could result from a 

100-year storm event (6.67 inches/hour). The total drop in elevation 

from the northwest corner to the southeast corner of the gutter drain 

will be 3 inches. Runoff from the cover will experience a 1/2 inch 

drop when draining from west to east (a 0.07% gradient), and a 2 1/2 

inch drop when draining from north to south (a 0.06% gradient). The 

south end of the gutter drain will be connected to an existing swale by 

a 60 foot tail-end ditch. The beginning of the tail-end ditch will be 

provided with a rip rap protection. 

o A 15 inch earth dike along the outside perimeter of the concrete 

.rectangular gutter drain. The dike will serve to prevent rain and 

surface runoff from the protective cover of cell No. 3 from overshooting 

the gutter drain and possibly draining to the adjacent landfill cells. 

The dike will also serve to prevent surface run-on from the neighboring 

landfill cells from infringing upon cell No. 3. 

o A 5-strand barbed wire fence with a metal panel gate will protect the 

perimeter of cell No. 3 from nearby activities on adjacent cells. The 

fence will be located 11 feet, 6 inches from the edge of cell No. 3. 

The fence will withstand the stress of high winds, tumbleweeds, and 

blowing sand, and will require no maintenance. 

o A temporary barricade will be established 2 feet and 6 inches away from 

the centerline of space between cell No. 3 and adjoining cells No. 2 and 

No. 4. The temporary barricade will prevent damage to adjoining cells 

by delineating a work zone for equipment used in capping cell No. 3. 

The temporary barricade will be removed once the 5-strand barbed wire is 

constructed. 

o To prevent any impact on the adjacent cells, all designs have been kept 

within 2 feet of the mid-point of the distance between cell No. 3 and 

the adjacent cells. 

Figure 6 shows a plan view of the proposed landfill closure final cover and 

associated structures. 

GAS VENTING 

Cell No. 3 has received solvents, paints, paint removers, and thinners 

which, after closure, could volatilize and release gases. Core analyses 

(Table 4) detected <0.01 ppm of volatile organics and no organic solvents in 

cell No. 3 core samples. Complete volatilization may have occurred in the 6 

years since 1981; however, the general design of the final protective cover 

allows for venting of any potential gases. 
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SURFACE DRAINAGE CONTROL 

Drainage of surface rainwater runoff shall be accomplished so that infil

tration is minimized between cell Nos. 3 and 2 and between cell Nos. 3 and 4. 

To effect positive drainage in these areas without causing soil erosion and 

subsequent undermining/fa i 1 ure of the sea 1 created by the protective soi 1 

cover, a 15 inch precast concrete rectangular gutter drain will drop a total 

of 3 inches toward an existing drainage swale to the south, with rip rap 

protection at the beginning of the tail-end ditch to accommodate surface run

off. An earth dike will follow the perimeter of the gutter drain to prevent 

excessive runoff from cell No. 3 and run-on from adjoining cells. 

SECURITY OF THE CLOSED CELL 

Security for the closed cell will follow the rules governing security for 

the working portion of the landfill. Access to the site shall be controlled by 

a lockable entry gate attached to a permanently anchored 5-strand barbed wire 

fence surrounding the perimeter of the landfill cell, a distance of 11 feet, 6 

inches from the edge of cell No. 3. A placard that identifies the landfill 

cell shall be permanently attached to the fence. The gate shall be closed and 

locked when an operator is not on duty. The following access categories shall 

be utilized: 

1. Unlimited Entry--unlimited entry to the landfill site shall be author
ized for landfill operators. 

2. Limited Entry--personnel with authorized limited entry shall make their 
presence known to the landfill operator before conducting business on 
the site. 

3. Restricted Entry--personnel with authorized restricted entry shall make 
their presence known to and be accompanied by the landfill operator 
while on the site. 

4. Unauthorized Entry--access to the site by persons other than those 
listed above is not authorized and shall be prohibited. 

The fence, gate, and placard shall be durable enough to last the duration 

of the post closure period and shall remain in place throughout this time. No 
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future use is planned or allowed. The base master plan will restrict subject 

to Civil Engineering and Base Commander approval. 

The placard with the 1 egend, "Danger-Unauthorized Personne 1 Keep Out" wi 11 

be posted at each entrance to the facility. These warning signs will also be 

posted at intervals no greater than 50 feet apart on the fence around the 

closed unit. The legend will be written in English and Spanish and will be 

legible from a distance of at least 25 feet. 

ESTIMATED CONSTRUCTION SCHEDULE 

Table 5 presents an estimated construction schedule for the closure of cell 

No. 3 of landfill area 5. A detailed description of each of the activities 

listed in Table 5 is presented in the document, "Cannon Air Force Base Closure 

of Cell No. 3 of Landfill Area 5- Designs and Specifications." 

TEST CAP 

A test cap will be constructed on the site near the final cover using the 

same methods, equipment and materials as those used to construct the final 

cover. The test cap will be constructed so that, as each construction step on 

the final cover proceeds, the same step will be performed on the test cap. 

The test cap can then be cored and tested for uniformity and effective 

permeability. See QUALITY ASSURANCE/QUALITY CONTROL Section. 

COMPLETION REPORT 

Upon completion of the closure, the Commander will submit, in support of 

the Certification of Closure, the following information: 

1. An annotated map showing the location of the test cap. 

2. A copy of the QA/QC report. 
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TABLE 5. Estimated Construction Schedule 

Cannon Air Force Base 

Closure of 

Cell No. 3 of Landfill Area 5 

Activity Completion Date (Weeks) 

o Contract Award 

o Preconstruction Conference 

o Submit QA/QC Plan to EID 

o Review and Approve Contractor•s Submittals 

o Onsite Operations Begin 

o Complete Mobilization and Construct:on of 
Contractor•s Facilities 

o Subgrade Preparation 

o Mounding 

o Review and Approve Layout Pattern for Liner and 
Fabric and the Materials for Final Cover System 

o Filter Fabric, Sand Filter, and Venting System 

o Polymeric Membrane and Protective Layer 

o Drainage System and Dike 

o Fence and Caution Sign 

o Demobilization and Project Closeout 

NOTE: A= date of plan approval, October 3, 1988 
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A + 4 

A + 6 

A + 8 

A + 10 

A + 12 

A + 15 

A + 22 

A + 23 

A + 24 

A + 25 



I QUALITY ASSURANCE/QUALITY CONTOL 

The Conrnander will appoint an individual to oversee the quality control 

effort and report directly to the Conrnander upon closure completion. 

Before actual construction conrnences, a test cap wi 11 be constructed to 

eva 1 uate actua 1 construction procedures. This test cap will be constructed 

according to the procedures outlined in EPA/530-SW-86-031, the Technical 

Guidance Document: Construction Qua 1 ity Assurance for Hazardous Waste Land 

Disposal Facilities. This document will verify the adequacy of materials, 

design, equipment, and construction procedures. This will minimize the 

potential dangers and expense of constructing an unacceptable cover. 

The primary function of the test cap will be to verify that the specified 

soil density/moisture content/permeability values are achieved consistently 

with the actual construction equipment and procedures. 

During construction of the test cap, the inspection procedures listed in 

Table 6 will be conducted to document the acceptability of installation 

procedures. Field tests are usually more accurate rate predictors of the 

water that will drain through a soil layer than laboratory tests. When used 

in conjunction with these field tests and the QA/QC construction plan outlined 

in Table 7, the test cap section will allow the performance of the final cover 

to be predicted. 

In order to ensure that the final cover is constructed per design 

specifications, the same methodologies and equipment will be used in all 

phases of final construction. During construction, the following parameters 

will be closely observed and followed: 

o Construction of the final cover will use the same soil material, 

design specifications, equipment, and procedures used in constructing 
the test cap. 

o All applicable parts of the QA/QC test requirements will be followed 

precisely to monitor and document cap construction and testing. 
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Table 6. Earth Work Construction Inspection Methods 

Factor 
To Be Inspected 

Coverage 

Thickness 

Clod size 

Tying together of lifts 

Slope 

Installation of protect
tive cover 

Soil type (index proper
ties) 

Moisture-density 
relation 

Inspection Methods 

Observation 

Surveying: Measurement 

Observation 

Observation 

Surveying 

Observation 

Particle size analysis 
Atterberg 1 imits 

Modified proctor 
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Test Method Reference 

NA 

NA 

NA 

NA 

NA 

ASTM 0422-63 
ASTM 04318-84 

ASTM 01557-78 
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TABLE 7. Quality Assurance/Quality Control Testing Procedures 

Mass Earthworks 
(embankments, dikes) 

Earth Linings 

Hand-tamped Backfill 

Minimum per Shift 
(mass earthwork) 

Doubtful Areas 
(inspector's discretion) 
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1 per 1,000 yd3 

1 per 500 yd3 

1 per 100 to 200 yd3 

1 
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Inspection personnel will monitor and thoroughly document construction of 

the cap. Test cap documentation will be extremely important because it will 

verify all data involved in facility construction and provide a complete 

description of the construction equipment and procedures used during the 

construction of the final cover. 

As construction of the final cover proceeds, all procedures used in 

constructing the test cap will be closely adhered to and documented in a 

dedicated construction/inspection record book. This will ensure that the 

final cover meets or exceeds the design criteria, including the use of the 

optimal materials, equipment and construction methodologies. During 

construction of the final cover, the following inspection procedures will be 

used to ensure that it is constructed according to specifications: 

o Removal of roots, rocks, rubbish, or off-spec soil from the cover 
materials 

o Identification of changes in soil characteristics necessitating a 
change in construction specifications 

o Adequate spreading of materials to obtain complete coverage and the 
specified loose lift thickness 

o Adequate clod size reduction of cover material 

o Adequate spreading and incorporation of any certified amendments to 
obtain the specified amount uniformly in the amended cover material 

o Adequate spreading and incorporation of water to obtain full 
penetration through clods and uniform distribution of the specified 
water content 

o Procedures to be followed to adjust the soil moisture content in the 
event of a significant prolonged rain during construction 

o Prevention of significant water loss before and after compaction 

o Use of compaction equipment of the same type, configuration, and weight 

o Use of the same equipment speed and number of equipment passes for 
compaction 

o Uniformity of coverage by compaction equipment, especially at fill 
edges, in equipment turn-around areas, and at the tops and bottoms of 
slopes 
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o Consistent achievement of the specified soil density/water 
content/compactive effort throughout each completed lift 

o Use of methods sufficient to tie the soil lifts together 

o Achievement of sufficient soil strength to maintain stable sidewalls 
and to supply a stable base for supporting overlying materials 

o Application of water to prevent desiccation of soil material between 
the installation of lifts or after completion of the cover (where 
necessary) 

o Prevention of accidental damage of installed portions of the cover by 
equipment traffic 

Climatic conditions will also be monitored to be sure that they do not 

adversely affect the compaction process and cause variabilities in the 

permeation rate of the final cover. 

As detailed in this section, a rigorous construction QA/QC program will be 

conducted to ensure that the following non-specification conditions are 

prevented or, if they should inadvertently occur, are detected and corrected: 

o Regions of higher-than-specified permeability caused by the use of 
unspecified materials, inadequate moisture control, insufficient 
compactive effort, failure to fill test holes properly or construction 
during periods of freezing temperature 

o less-than-specified thickness or coverage from fai 1 ure to observe, 
monitor, and control soil placement and compaction operations 

o Partings between lifts from failure to scarify and control moisture in 
adjacent lifts 

o Leaks around designed cover penetrations resulting from improper 
sealing and compaction 

o Erosion or desiccation from failure to provide protective cover when 
construction is interrupted or after cap completion 

The low permeability layer will be inspected for cracks, holes, defects, 

or any other features that may increase its field permeability. All defective 

areas will be removed and repaired. If the underlying foundation is defective 

(soft or wet), then this material will also be removed and recompacted. 

Excavated areasd will be repaired by the method verified during test cap 

construction. Special attention will be paid to the final inspections of the 
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sidewall and bottom slopes, cap coverage, and cap thickness. The completed 

cap will be protected from desiccation, erosion, and freezing illlllediately 

following completion of the uppermost lift. 

All seams made in the synthetic liner will be constructed in accordance 

with the manufacturer's specifications. Similar seams will be made in the 

test cap and subject to testing to determine adequacy of the seal. 

Upon completion of the closure, a written report will be prepared and 

submitted to the Colllllander and the EID. This report will sulllllarize the QA/QC 

plan and report fully all observations and accumulated data. 

SOIL COVER STABILIZATION 

The final phase of closure consists of placing a soil blanket over the 

compacted surface of the cap and seeding the blanket with a native grass seed 

mixture (see Table 8). The soil mantle will average 12 inches in thickness to 

allow for some erosional loss during the establishment of the vegetation. The 

mantle's composition will be that of the local loam described in the soil 

characterization. 

The soil mantle will be applied uniformly with minimal compaction and will 

be graded to approximately 9% (See Appendix I) from the site's central axis to 

all sides. A drag harrow will be used to pulverize the clods and smooth the 

surface to a moderately fluffed composition. 

Soil pH, nitrogen, organic matter, phosphorus and potassium will be tested 

to determine the type and quantity of fertilizer necessary for the soil to 

sustain the vegetative cover. 

The vegetation shall consist of a mixture of perennial grasses that 

readily thrive in this climate and need little maintenance. 

If closure colllllences within the first six months of 1989, then seeding can 

occur during the proper season. The seeds will be planted by drilling them at 

the proper density to ensure a thick vegetative cover from the first growth. 
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TABLE 8. Seed Mix 

Lbs. Pure Live 
Seed/acre 

BLUE GRAMA, Bouteloua gracilis •Lovington• or •Hachita• 2 

SIDEOATS GRAMA, Bouteloua curtipendula 1 El Reno• 4 

BUFFALOGRASS, Buchloe dactyloides •Texoka• 4 

BERMUDAGRASS, Cynodon dactylon 1 

ALKALI SACATON, Sporbolus airoides ~ 

TOTAL 11.5 
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A straw mulch will be evenly applied at the rate of 2.5 tons per acre to 

help retain moisture, prevent erosion, and protect the vegetation until it 

matures. 

Establishment of the vegetative cover will be monitored to ensure adequate 

cover to prevent erosion and stabilize the soil. If inadequate rainfall 

occurs to establish adequate cover, a temporary watering system will be 

i nsta 11 ed. 

EQUIPMENT DECONTAMINATION 

The construction of the final cover over the landfill has been planned 

such that there may be some limited contact between construction equipment and 

the waste mass. The following steps will be taken to decontaminate equipment: 

1. As much as possible of the waste and/or contaminated soil clinging to 

the equipment after contact will be removed and redeposited within the 

landfill, such that it can be covered by the cap. 

2. Tools and/or equipment contacting the waste or contaminated soil will 

be taken to an onbase area where they will be steam cleaned on an 

impervious catchment apron with the wash waters collected, tested, and 

properly disposed of. 

CERTIFICATION OF CLOSURE 

According to Part II, Section 206.C.2.f of the New Mexico Hazardous Waste 

Management Regulations, which addresses certification of closure at disposal 

facilities with interim status, the Combat Support Group Commander will submit 

a certificate of closure to the director. Such certificate will be made by 

both himself and an independent registered professional engineer that the fa

cility has been closed in accordance with the specifications in the approved 

closure plan. 
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Closure is not complete until the closure performance standard 1s met (Part 

II, Section 206.C.2.b). This standard requires that the facility is closed so 

that further maintenance is minimized and that human health and the environment 

are protected from post closure escape of hazardous wastes. 

The appropriate time to submit the Certification of Closure for cell No. 3 

at landfill No. 5 will be at the time that the protective cover and all ancil

lary structures have been constructed. 

DEED RECORDING 

The exact location of the closed landfill cell as well as a general de

scription of the waste that it contains will be annotated in the Air Force Base 

Master Plan with a statement that this information is to be transferred to any 

new documents should the parcel of land be sold. The landfill boundaries and 

description will also be recorded in the facility folder and by facility number 

at the base. 

The Combat Support Group Commander will ensure proper recording in accord

ance with New Mexico law, of a notation on the deed to the facility property or 

on some other instrument which is normally examined during title source - that 

will, in perpetuity, notify any potential purchaser of the property that the 

land has been used to manage hazardous wastes, and its use is restricted under 

the New Mexico Hazardous Waste Management Regulations, specifically Section 

206.C.2.g(3). 

SURVEY PLAT 

Within 90 days after closure .is completed, notice to local land authorities 

and to the Director will be submitted in the form of a survey plat in accord

ance with HWMR-4, Section 206.C.2.i. 

POST CLOSURE MONITORING PLAN 

The post closure monitoring program includes three concurrent activities. 

The first is a groundwater monitoring program designed to detect containment 
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migration from the landfill through the existing aquifer system. The second 

is an inspection and maintenance program designed to ensure the integrity of 

the cap. The third is a vent monitoring program designed to detect releases 

of volatile organic gases to the atmosphere. 

POST CLOSURE GROUNDWATER MONITORING 

The post closure groundwater monitoring program will utilize the four ex

isting wells installed in December 1984 and January 1985 and identified as 

wells A, 8, c. and Din the base records (see Figure 7). These four wells, one 

upgradient and three downgradient, as determined by the actual well water ele

vations measured after installation, are appropriate to monitor for contaminant 

migration from the landfill, since no contamination was detected from the first 

analytical samples taken in January 1985. They are screened into the uppermost 

aquifer (a depth of approximately 300 feet) and installed as shown in Figure 8. 

The sampling and analysis of each well will occur on the schedule discussed 

below. Parameter selection includes those analyses identified by Cannon AFB 

personnel in the base groundwater monitoring plan, those reco11111ended by New 

Mexico State officials, and those suggested by a review of the wastes known to 

be present in the landfill (i.e., chromium, lead, toluene, xylene, cyclohex

anone, MEK, and MIBK). 

The procedures and techniques for sample collection, preservation, and 

shipment, as well as specified analytical procedures and chain of custody, are 

described in the Cannon AFB Groundwater Sampling and Analysis Plan. The plan 

appears as Appendix II of this report. In addition to obtaining samples for 

the laboratory analyses, the elevation, pH, and conductivity of the water in 

the wells will be measured and recorded. 

Samples were collected and analyzed quarterly for the first year of moni

toring. The sampling and analysis did cover all parameters required by NMHWMR-

4. Sampling and analysis will be performed annually for chloride, iron, manga

nese, phenols, sodium and sulfate. Sampling and analysis will be performed 

semiannually for pH, conductivity, total organic carbon (TOC) and total organic 

-36-



FIGURE 7 

MONITORING WELL LOCATIONS FOR LANDFILL No. ~ 
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Hasp and Lock 

drain Hole in Steel casing Pipe 

Ground Surface 

t------- Cement Grout 

=•~----- 8" q, Hole Sealed With 
Bentonite 

:+------ Fine Sand \if gravel used 1 

~-----------Sandor 
Gravel Backfill 

FIGURE 8 
Typical Monitoring Well Installation. 
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halogen (TOX). Groundwater elevations will be measured before the collection 

of any sample and the locations of the monitoring wells and well performance 

will be evaluated. Additional wells will be installed if problems develop. 

The analytical data obtained during the first year's quarterly monitoring 

will be used to establish initial background concentrations against which 

subsequent results will be assessed. Arithmetic means and variances based on 

four replicate measurements on each sample will be calculated for each of the 

indicator parameters, pH, conductivity, TOC, and TOX over the four quarters of 

the first year's sampling. Subsequently, each well's sample analysis for an 

indicator parameter will be compared to the initial background concentrations 

by calculating the arithmetic mean and variance for the parameter based on 

four replicate measurements and using the Student's t-test at the 0.01 level 

of significance to determine statistically significant increases (or 

decreases) over the initial background concentration. The GC/MS scans for 

priority pollutants will be evaluated on a present/nonpresent basis at the 

limit of detectability in all cases. 

If the comparisons of the indicator parameters in the upgradient well show 

a significant deviation from initial background concentrations after a sampling 

effort, or if the GC/MS scan in the upgradient well shows positive results, the 

Director of the Environmental Improvement Division of the State of New Mexico 

will be notified no later than March 1 following each calendar year (New Mexico 

Hazardous Waste Regulations - 206.C.l.e.(l).(b).(ii)). If the comparisons of 

the indicator parameters in any of the downgradient wells show a significant 

deviation from initial background concentrations after a sampling effort, or if 

the GC/MS scan shows positive, the well or wells will be immediately resampled 

and the samples split in two and reanalyzed. If neither of the split samples 

confirms the deviation, it will be attributed to laboratory error, documented, 

and reported as such on the regular reporting schedule described below. If 

either of the reanalyses confirms the significant deviation from the initial 

background concentrations, the Director will be notified within 7 days 

[ 206. c. 1 . d. ( 5)]. 
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Within 15 days of that confirmation of significant deviation, a specific 

plan for a groundwater quality assessment program will be developed and sub

mitted to the Director [206.C.l.d.(6)]. The outline of the groundwater qual

ity assessment program is shown in Exhibit 1. It will provide mechanisms to 

confirm or refute the presence of contaminants in the groundwater, determine 

the concentration of confirmed contaminants in the groundwater, and determine 

the rate and extent of migration of confirmed contaminants through the ground

water system. The first determination of the groundwater quality assessment 

program will be made as soon as it is technically feasible, and a written re

port of the determination will be submitted to the Director within 15 days 

[206.C.l.d.(8)]. If the results of the determination indicate that no land

fi 11 contamination has entered the groundwater, the groundwater monitoring 

program described herein will be reinstated and the Director so notified 

[206.C.l.d.(9)]. If the results indicate that contaminants have entered the 

groundwater, the Director will be so notified, and planning will be undertaken 

to develop remediation measures [206.C.l .d(lO)]. 

The groundwater elevations in all wells (those already installed for the 

groundwater monitoring program and any that may have been installed as part of 

a groundwater qua 1 ity assessment program) wi 11 be measured during every sam

P 1 i ng effort. There wi 11 be an annua 1 review to ensure that monitoring we 11 s 

are placed correctly with respect to groundwater flow directions. 
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Exhibit 1 

GROUNDWATER QUALITY ASSESSMENT PROGRAM OUTLINE 

NOTE: The initiation of this program is triggered by the confirmation of a 

significant deviation from quality standards as discussed. It is not triggered 

by a deviation from quality standards in a normal monitoring sample but by the 

confirmation of that deviation in a subsequent split sample reanalysis. 

I. Quantification 

A. A predictive model will be developed to project the extent of the con

taminant plume based on the existing well data. 

B. Additional monitoring wells will be installed at the locations and 

depths suggested by the predictive model. 

C. Samples from all wells will be quantitatively analyzed for the stand

ard semiannual analyses, for use in the predictive model to calculate 

the extent of the contaminant plume and the rate of migration. 

D. Samples from all wells will be analyzed to quantify those parameters 

appearing in Appendix VIII of 40 CFR Part 261. The list of those para

meters and the appropriate test methods (as per SW-846, Test Methods 

for Evaluating Solid Waste) are as follows: 

Parameter 

Chromium 
Lead 
Arsenic 
Mercury 
Total organic halogens 
Methyl ethyl ketone 
Methyl isobutyl ketone 
Toluene 
Xylene 
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Method(s) 

7190,7191 
7420,7421 
7060,7061 
7470,7471 
9020 
8015,8240 
8015,8240 
8020,8024 
8020,8024 



Exhibit 1 (Continued) 

E. A determination will be made whether the landfill is affecting the 

water qua 1 ity. 

II. Remediation 

A. A decision will be made whether emergency remedial action is necessary 

and technically possible (i.e., pumping the existing wells to minimize 

migration). 

B. A feasibility study will be undertaken to provide a permanent solution 

to the contamination problem and the cleanup of affected areas. Pos

sible remedial alternatives include groundwater pumping and/or removal 

of landfill contents. 

C. Upon approval, the design specifications for the selected remedial al

ternative will be prepared and the work performed. 

-42-



Records of all analytical and water elevation data will be kept at the base 

throughout the post closure care period of 15 years (through 2000). Addition

ally, the following reports will be made to the Director (206.C.l.e): 

o The results of the quarterly sampling and analysis efforts during the 

first year of monitoring will be submitted with 15 days after receipt of 
such information by the base. In this report, any well exhibiting a 

parameter or parameters that exceed the maximum contaminant level listed 

in Appendix II of the New Mexico State regulations (reproduced as Table 

9 in this report) will be separately identified. 

o Annually, no later than March 1 following each calendar year, the re

sults of the semiannual and annual monitoring will be submitted, includ

ing deviations from the background concentrations in the upgradient 

well, as previously discussed. 

o If a groundwater quality assessment program is initiated, reports con

taining calculated concentrations and migration rates will be submitted 

annually, no later than March 1, following each calendar year. 

POST CLOSURE COVER MAINTENANCE 

The second activity of the post closure monitoring plan is 

and maintenance program to ensure the integrity of the cover. 

basis and after a heavy precipitation, a prolonged drought, 

the inspection 

On a quarterly 

and/or a high 

wind, the cover will be inspected. Any rill erosion, damage to the vegetative 

cover or minor settling wi 11 be corrected with co111Tlon borrow patching or 

seeding of the problem area. Weeding will be conducted at every inspection to 

control undesirable weeds which may take root. If rills are deeper than 10 

inches, then it will be necessary to regrade the problem area in accordance 

with the specifications of this report. 

Equipment to be used during post closure maintenance is essentially the 

same as that used to construct the final cover system. If inadequate rainfall 

occurs to establish adequate cover, a temporary watering system will be 

installed. If regrading and/or removal becomes necessary, then a backhoe will 

secure necessary co111Tlon borrow for the cover from an existing pile outside of 

the fence. Heavy machinery will not be allowed to travel on the cover. All 

repair work on the cover will be done by hand compaction, using a vibrating 

plate. 
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TABLE 9. EPA Interim Primary Drinking Water Standards 

PARAMETER 

Arsenic 

Barium 

Cadmium 

Chromium 

Fluoride 

Lead 
Mercury 

Nitrate 

Selenium 

Silver 

Endri n 

(as 

Lindane 

Methoxychlor 

Toxaphene 

2,4-0 

N) 

2,4,5-TP Silvex 

Radium 

Gross alpha 

Gross beta 

Turbidity* 

Coliform bacteria 

MAXIMUM LEVEL (mg/1) 

0.05 

1.0 

0.01 
0.05 
1.4-2.4 

0.05 
0.002 

10 

0.01 

0.05 

0.0002 

0.004 

0.1 

0.005 
0.1 

0.01 
5 pCi/1 

15 pCi/1 

4 mi1lirem/yr 

1 /TU 

1/100 m1 

*Turbidity is applicable only to surface water supplies. 
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VENT MONITORING 

On a periodic basis, the three vents along the centerline of cell No. 3 

will be monitored for evidence of gaseous emission to the ambient atmosphere. 

Monitoring results will be maintained at Cannon AFB. 

INSPECTION SCHEDULE 

These inspections and maintenance activities will be maintained for 15 

years following the receipt of certification of final closure for landfill cell 

No. 3. 

Should any difficulties arise during the post closure period, the base en

vironmental coordinator should be contacted. The office is located at Cannon 

AFB, New Mexico, and the phone number is (505) 784-4639. 
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EVALUATION OF EROSION POTENTIAL 

The USDA universal soil loss equation (USLE): 

A = R • K • LS • C • P 

Where A = average annua 1 soil loss, tons/acres 
R = rainfall and runoff erosivity index 
K = soil erodibility factor, tons/acre 
LS = combination of slope-length factor 

and slope-steepness factor 
c = cover/management factor 
p = practice factor 

For a 9.09% Grade: 

for Eastern NM, 

for 4% organic matter 
and silty clay loam, 

for 9.09% slope and 
27.5-foot slope length, 

for moderately productive 
grass, 

for spring-seeded grain, 

R = 100 

K = 0.26 

LS = 0.62 

c = 0.01 

p = 0.60 

(See Figure 1.1) 

(See Table 1.1) 

(See Table 1.2) 

(See Table 1.3) 

(See Table 1.4) 

Thus, A= 100 (0.26 tons/acre) (0.62) (0.01) (0.60) 
= 0.10 tons/acre 
= 200 lbs/acre 

Assume density of topsoil 
Surface area of final cover 

Total erosion per year 

Similarly, for a 3% Grade: 

R = 100 
K = 0.26 tons/acre 
LS = 0.19 
c = 0.01 
p = 0.50 

= 90 lbs/cu. ft. 
= 55 x 346 acres 

43,650 

= 200 X 0.44 CU. ft. 
90 

= 0.98 cu. ft. 

Thus, A= 100 (0.26 tons/acre) (0.19) (0.01) (0.50) 
= 0.02 tons/acre 
= 40 lbs/acre 
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Total erosion per year = 40 X 0.44 
90 

= 0.20 cu. ft. 

The calculations for a 9.09% grade versus the state recommended 3% grade 
show only a slight difference in the total erosion per year. However, a 
3% grade requires a retaining wall of approximately 6 feet high, whereas 
a 9.09% grade only requires a 2 1/2-foot-high wall at the toe-end of the 

cover. Due to the existence of surrounding cells, the construction space 

for the final cover is limited; therefore, a 9.09% gradient for the soil 

mantle is chosen. 
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Figure 1.1. Average annual values of rainfall-erosivity factor R.* 

*See Ref. 7, p. 46. 



TABLE 1.1 Approximate Values of Factor K for USDA Textural Classes* 

Organic matter content 
Texture Class <0.5% 2% 4% 

K K K 

Sand 0.05 0.03 0.02 

Fine sand .16 .14 .10 

Very fine sand .42 .36 .28 

Loamy sand .12 .10 .08 

Loamy fine sand .24 .20 . 16 

Loamy very fine sand .44 .38 .30 

Sandy loam .27 .24 . 19 

Fine sand loam .35 .30 .24 

Very fine sandy loam .47 .41 .33 

Loam .38 .34 .29 

Silt loam .48 .42 .33 

Silt .60 .52 .42 

Sandy clay loam .27 .25 .21 

Clay loam .28 .25 .21 

Silty clay loam .37 .32 .26 

Sandy clay .14 .13 . 12 

Silty clay .25 .23 .19 

Clay 0.13-0.29 

The values shown are estimated averages of broad ranges of specific-soil 

values. When a texture is near the borderline of two texture classes, use the 

average of the two K values. 

*See Ref. 7, p. 46. 
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TABLE 1.2 Values of the Factor LS for Specific Combinations 
of Slope Length and Steepness* 

Slope length (feet) 

~ Slope 25 50 75 100 150 200 300 400 500 600 BOO 1000 

0.5 0.07 0.08 0.09 0.10 0.11 0.12 0.14 0.15 0.16 0.17 0.19 0.20 

I 0.09 0.10 0.12 0.13 0.15 0.16 0.18 0.20 0.21 0.22 0.24 0.26 

2 0.13 0.16 0.19 0.20 0.23 0.25 0.28 0.31 0.33 0.34 0.38 0.40 

3 0.19 0.23 0.26 0.29 0.33 0.35 0.40 0.44 0.47 0.49 0.54 0.57 

4 0.23 0.30 0.36 0.40 0.47 0.53 0.62 0.70 0.76 0.82 0.92 1.0 

5 0.27 0.38 0.46 0.54 0.66 0.76 0.93 1.1 1.2 1.3 1.5 1.7 

6 0.34 0.48 0.58 0.67 0.82 0.95 1.2 1.4 1.5 1.7 1.9 2.1 

8 0.50 0.70 0.86 0.99 1.2 1.4 1.7 2.0 2.2 2.4 2.8 3.1 

10 0.69 0.97 1.2 1.4 1.7 1.9 2.4 2.7 3.1 3.4 3.9 4.3 

12 0.90 1.3 1.6 1.8 2.2 2.6 3.1 3.6 4.0 4.4 5.1 5.7 

14 1.2 1.6 2.0 2.3 2.8 3.3 4.0 4.6 5.1 5.6 6.5 7.3 

16 1.4 2.0 2.5 2.8 3.5 4.0 4.9 5.7 6.4 7.0 8.0 9.0 

18 1.7 2.4 3.0 3.4 4.2 4.9 6.0 6.9 7.7 8.4 9.7 11.0 

20 2.0 2.9 3.5 4.1 5.0 5.8 7.1 8.2 9.1 10.0 12.0 13.0 

25 3.0 4.2 5.1 5.9 7.2 8.3 10.0 12.0 13.0 14.0 17.0 19.0 

30 4.0 5.6 6.9 8.0 9.7 II .0 14.0 16.0 18.0 20.0 23.0 25.0 

40 6.3 9.0 11.0 13.0 16.0 18.0 22.0 25.0 28.0 31.0 

50 8.9 13.0 15.0 18.0 22.0 25.0 31.0 

60 12.0 16.0 20.0 23.0 28.0 

Values given for slopes longer than 300 feet or steeper than 18% are 
extrapolations beyond the range of the research data and, therefore, less 
certain than the others. 

*See Ref. 7, p. 46. 
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TABLE 1.3 Generalized Values of Factor C for 
States East of the Rocky Mountains* 

Productivity level 
Crop, rotation, and management High Mod. 

Base value: continuous fallow, tilled up 
and down slope 

CORN 
C, RdR, fall TP, conv 
C, RdR, spring TP, conv 
C, RdL, fall TP, conv 
C, RdR, we seeding, spring TP, conv 
C, RdL, standing, spring TP, conv 

C-W-M-M, RdL, TP for C, disk for W 
C-W-M-M-M, RdL, TP for C, disk for W 
C, no-till pl in c-k sod, 95-80% rc 

COTTON 

MEADOW 

Cot, conv (Western Plains) 
Cot, conv (South) 

Grass & Legume mix 
Alfalfa, lespedeza or Sericia 
Sweet clover 

Abbreviations defined: 
8 - soybeans 
C - corn 
c-k - chemically killed 
conv - conventional 
cot - cotton 

F 
M 
pl 
w 
we 

- fallow 
- grass & 
- plant 
- wheat 
- winter 

C value 

1.00 1.00 

0.54 0.62 
.50 .59 
.42 .52 
.40 .49 
.38 .48 

.039 .074 

.032 .061 

.017 .053 

0.42 0.49 
.34 .40 

0.004 0.01 
.020 
.025 

legume hay 

cover 

1 bs rc pounds of crop residue per acre remaining on surface after new 
crop seeding 

% rc 

70-50% rc 
RdR 
RdL 
TP 

- percentage of soi 1 surface covered by residue mulch after new 
crop seeding 

- 70% cover for C values in first column; 50% for second column 
- residues (corn stover, straw, etc.) removed or burned 
- all residues left on field (on surface or incorporated) 
- turn plowed (upper 5 or more inches of soil inverted, covering 

residues) 

*See Ref. 7, p. 46. 
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TABLE 1.3 Generalized Values of Factor C for 
States East of the Rocky Mountains* 
(continued) 

Productivity level 
Crop, rotation, and management 

Base value: continuous fallow, tilled up 
and down slope 

SORGHUM, GRAIN (Western Plains) 
Rdl, spring TP, conv 

SOYBEANS 

No-till pl in shredded 70-50% rc 

B, Rdl, spring TP, conv 
C-B, TP annually, conv 
B, no-till pl 
C-B, no-till pl, fall shred C stalks 

WHEAT 
W-F, fall TP after W 
W-F, stubble mulch, 500 lbs rc 
W-F, stubble mulch, 1000 lbs rc 

Abbreviations defined: 
B - soybeans 
C - corn 
c-k - chemically killed 
conv - conventional 
cot - cotton 

F 
M 
pl 
w 
we 

High Mod. 
C value 

1.00 1.00 

0.43 0.53 
.11 . 18 

0.48 0.54 
.43 . 51 
.22 .28 
.18 .22 

0.38 
.32 
. 21 

- fallow 
- grass & legume hay 
- plant 
- wheat 
- winter cover 

1 bs rc pounds of crop residue per acre remaining on surface after new 
crop seeding 

% rc 

70-50% rc 
RdR 
Rdl 
TP 

- percentage of soil surface covered by residue mulch after new 
crop seeding 
70% cover for C values in first column; 50% for second column 
residues (corn stover, straw, etc.) removed or burned 

- all residues left on field (on surface or incorporated) 
- turn plowed (upper 5 or more inches of soil inverted, covering 

residues) 

*See Ref. 7, p. 46. 
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TABLE 1.4 Values of Factor P* 

Land slope (percent) 

Practice 1.1-2 2.1-7 7.1-12 12.1-18 18.1-24 
(factor P> 

Contouring <Pc> 0.60 0.50 0.60 0.80 0.90 

Contour strip cropping <Psc> 
R-R-M-MI 0.30 0.25 0.30 0.40 0.45 

R-W-M-M 0.30 0.25 0.30 0.40 0.45 

R-R-W-M 0.45 0.38 0.45 0.60 0.68 

R-W 0.52 0.44 0.52 0.70 0.90 

R-0 0.60 0.50 0.60 0.80 0.90 

Contour listing or ridge 

planting <Pel> 0.30 0.25 0.30 0.40 0.45 

Contour terracing <Pt>2 3o.6/n112 0.5/nl/2 0.6/nl/2 0.8/nl/2 0.9/nl/2 

No support practice 1.0 1.0 1.0 1.0 1.0 

lR = rowcrop, W = fall-seeded grain, 0 = spring-seeded grain, M = 
meadow. The crops are grown in rotation and so arranged on the field that 

rowcrop strips are always separated by a meadow or winter-grain strip. 
2These Pt values estimate the amount of soi 1 eroded to the terrace 

channels and are used for conservation planning. For prediction of off-field 
sediment, the Pt values are multiplied by 0.2. 

3n = number of approximately equal-length intervals into which the 

field slope is divided by the terraces. Tillage operations must be parallel 

to the terraces. 

*See Ref. 7, p. 46. 
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GROUNDWATER SAMPLING AND ANALYSIS PLAN 

A. SAMPLE COLLECTION 

1. Determine the static water elevation to the nearest 0.01 inch using 
an electronic well probe. 

2. Calculate the wetted well volume. 

3. Pump out 5 wetted well volumes or until pH, conductivity and 
temperature stabilize (whichever is greater). 

4. For total organic carbon (TOC) and total organic halogen (TOX), fill 
the sample container until overfilled, place the cap on it, and tighten. Turn 
the container upside down and check for air bubbles. If any air is present 
retake the sample (see Table 2.3, Note E). 

5. For all other samples, fill the sample container full enough to 
ensure a sufficient volume for the analytical test to be performed. 

B. SAMPLE PRESERVATION AND SHIPMENT 

1. Sampling Parameters Used to Indicate Suitability of the Groundwater 
as a Drinking Water Supply (see Table 2.1). 

2. Sampling Parameters Used to Establish Groundwater Quality (see Table 
2.2). 

3. Sampling Parameters Used as Indicators of Groundwater Contamination 
(see Table 2.3). 

C. CHAIN OF CUSTODY. Samples will be sent to USAF OEHL in a sealed shipping 
container. A Chain-Of-Custody record (see Figure C-4) will be filled out, 
signed and placed in a plastic bag along with the usual sample submission form 
(see Figure C-5) and sealed in the shipping container. A duplicate will be 
kept by SGPB with the duplicates of the sample submission forms. OEHL 
personnel will acknowledge receipt of the samples in good condition by signing 
the Chain-Of-Custody form and returning it to Cannon AFB. If the container is 
damaged in any way or not sealed when the lab receives the package, the 
technician will so annotate on the form. 
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TABLE 2.2 

PRESERVATIVE PRESERVATIVE/ 

ANALYSIS GROUP STORET# WORK CENTER NOTES REF 

ARSENIC F 01002 F1XX-10510 B E206 

BARIUM F 01007 F1XX-10510 B E208 

CADMIUM F 01027 F1XX-10510 B E213 

CHROMIUM F 01034 F1XX-10510 B E218 

FLUORIDE G 00951 G1XX-10630 c E340 

LEAD F 01051 F1XX-10510 B E239 

MERCURY F 71900 F1XX-10510 B E245 

NITRATE A 00620 A1XX-10110 B,X E353 

SELENIUM F 01147 F1XX-10510 B E270 

SILVER F 01077 F1XX-10510 B E272 

ENDRIN H 39390 H1XX-10700 D E608 

LINDANE H 39782 H1XX-10700 D E608 

METHOXYCHLOR H 39480 H1XX-10700 D E608 

TOXAPHENE H 39400 H1XX-10700 D E608 

2,4-D H 39730 H1XX-10700 D A509 

2,4,5-TP-SILVEX H 39760 H1XX-10700 D A509 

RADIUM R1 E600 

GROSS ALPHA R1 E600 

GROSS BETA R1 E600 

COLI FORM BACT. G 31501 G1XX-10000 G A908A 
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TABLE 2.2 

PRESERVATIVE PRESERVATIVE/ 

ANALYSIS GROUP STORET# WORK CENTER NOTES REF 

CHLORIDE G 00940 G1XX-10630 B E325 

IRON F 01045 F1XX-10510 B E236 

MANGANESE F 01055 F1XX-10510 B E243 

PHENOLS E 32730 E1XX-10400 B E420 

SODIUM F 00929 F1XX-10510 B E273 

SULFATE G 00945 G1XX-10630 B E375 

. TABLE 2.3 

PRESERVATIVE PRESERVATIVE/ 

ANALYSIS GROUP STORET# WORK CENTER NOTES REF 

SPECIFIC COND. G 00095 G1XX-10620 B E120 

ORGANIC CARBON A 00680 A1XX-10130 B E415 

TOT ORG HALOGENS T E E9020 

PH G 00400 G1XX-10000 F A423 
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NOTES 

NOTE A. STORET# is a number assigned by EPA to a specific environmental 
parameter such as a physical characteristic or a chemical. 

REF is the source for the analytical method. 
E = EPA Manual for Chemical Analysis of Water and Wastes, EPA Manual 

of Methods, Pesticide Residues in Human and Environmental Samples, or 
Prescribed Procedures for Measurement of Radioactivity in Drinking Water 

A = APHA Standard Methods for the Examination of Water and Waste 
Water. 

NOTE B. Sample containers for environmental samples may be either polyethy
lene (plastic) or glass except where a specific container and/or special 
sampling techniques are called for in the notes. 

NOTE C. Samples must be submitted in polyethylene (plastic) containers for 
this analysis. 

NOTE D. Samples must be submitted in glass containers for this test. 

NOTE E. Volatile Halocarbon Compounds; Sample Collection and Handling. 

1. Sample containers are 40 ml glass screw cap bottles with TFE 
fluorocarbon faced silicon septa liners. These containers will be supplied by 
the USAF OEHL. 

2. Sample Collection 

a. Collect samples from each sampling site in triplicate. Mark 
the bottles A, B, and c. 

b. Fill the sample bottles in such a manner that no air bubbles 
pass through the sample as the bottle is filled to overflowing. 

c. Place bottle on a level surface and position the TFE side of 
the septum liner upon the convex meniscus of the sample. Seal the bottle by 
screwing the cap on tightly. 

NOTE: If the septum liner is inverted (i.e., the silicon side against the 
sample), then significant losses of volatile compounds will occur in shipment 
and storage. 

d. Invert the sample bottle and slightly tap the cap on a solid 
surface. The absence of entrapped air (bubble) indicates a successful seal. 
If bubbles are present, open the bottle, pour out the sample, and collect a 
fresh sample again. 

NOTE F. In the field we will calibrate a digital pH meter using two 
standardized pH solutions. The solutions will be made using deionized water 
and two standard pH capsules. The pH sample will be collected in a 50 ml 
plastic beaker and analyzed before any further sampling is accomplished. 
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NOTE G. A sample for total coliform bacteria will be collected from each of 
the monitor wells in a 120 ml thio-bag or an autoclaved, sodium thiosulfate 
treated 100 ml glass jar. After collection, the sample will be taken to the 
Clovis Branch of the Scientific Laboratory Division of the State of New Mexico 
Environmental Improvement Division where they will run a total coliform 
analysis using the Most Probable Number (MPN) method. 

NOTE X. Holding time for the chemical/compound is 7 days. tonsult the 
chemist at USAF OEHL/SA or the Water Quality Function at USAF OEHL/ECQ and 
alert them that we are sending nitrates to be analyzed. This way we can be 
assured that the recommended maximum holding time will not be exceeded. 

PRESERVATION 

A1XX. Cool to 4 degrees C. Add sulfuric acid to pH <2. Submit 1 liter in 
a polyethylene or glass container. 

E1XX. Cool to 4 degrees C. Add sulfuric acid to pH <2. Submit 1 1 iter in 
a polyethylene or glass container. 

F1XX. Add nitric acid to pH <2. Submit 1 liter in a polyethylene or glass 
container. 

G1XX. Cool to 4 degrees C. Add no other preservative. Submit 1 liter in a 
glass or polyethylene container. 

HlXX. Cool to 4 degrees C. Submit 1 liter in glass container with Teflon 
(R) lined cap for the OCL screen. Submit 1 liter in glass container with 
Teflon (R) lined cap for 2,4-D and 2,4,5-TP-Silvex. 

R1. Add Nitric acid to pH <2. Submit 1 liter in a polyethylene container. 

TlXX. Submit only in special containers obtained from USAF OEHL/SAN 
[AUTOVON 240-3626 or (512) 536-3626/Mr. Rodriguez]. 
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D. SAMPLING FREQUENCY 

1. Sampling for all parameters will be performed on a quarterly basis 
for the first year in order to establish initial concentrations for all 
groundwater parameters. 

2. For the first year, samples collected for the parameters used as 
indicators of groundwater contamination (pH, specific conductance, TOC, and 
TOX) from the upgradient well (well A) must be taken in replicates of four. 
The initial background arithmetic mean and variance must be determined by 
pooling the replicate measurements for the respective parameter concentrations 
or values. 

3. After the first year, samples collected to establish groundwater 
quality, i.e., chloride, iron, manganese, phenols, sodium, and sulfate, will 
be collected annually. Whereas, samples collected to indicate groundwater 
contamination, i.e., pH, specific conductance, TOC, and TOX, will be collected 
semi-annually and will be collected from each well in replicates of four. The 
arithmetic mean and variance will be calculated based on the four replicate 
samples and the results from each will be compared to its respective initial 
background arithmetic mean. 

4. The comparison will consider each of the wells in the monitoring 
system individually and will use the student's t-test (see 206.C -Appendix III 
of the New Mexico Hazardous Waste Management Regulation [NMHWMR]) at the 0.01 
level of significance to determine statistically significant increases (and 
decreases, in the case of pH) over initial background. 

5. If the comparison for the upgradient well shows a significant 
increase (or pH decrease), in accordance with the NMHWMR section 206.C.l.d. 
(3) the owner or operator will submit this information to the director of the 
State of New Mexico Environmental Improvement Division (NMEID) no later than 
March 1 following the calendar year in which the reportable incident occurred. 

6. If the comparisons for the downgradient wells show a significant 
increase (or pH decrease), the owner or operator will immediately obtain 
additional groundwater samples from those . downgradient wells where a 
significant difference was detected. These samples will be split in two, and 
analyses obtained for all additional samples to determine whether the 
significant difference was a result of laboratory error. If the analyses 
performed confirm the significant increase (or pH decrease), the owner or 
operator will provide written notice to the director of the State of New 
Mexico Environmental Improvement Division (NMEID) within seven calendar days 
of the date of such confirmation that the facility may be affecting 
groundwater quality. 

7. Within fifteen days after the notification, the owner or operator 
will develop and submit to the director of the State NMEID a specific plan, 
based on the groundwater assessment outline and certified by a qualified 
geologist or geotechnical engineer, for a groundwater quality assessment 
program. 
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E. RECORDKEEPING AND REPORTING 

1. In accordance with the NMHWMR section 206.C.l.e(l)(a) records of the 
required analyses will be maintained in both the Bioenvironmental Engineering 

Section and the Environmental Coordinator's office at Cannon AFB, NM 
throughout the post-closure care period. 

2. The following groundwater monitoring information wi 11 be reported to 

the director of the State NMEID in Santa Fe. 

a. During the first year when initial background concentrations are 

being established, concentrations or values of the parameters characterizing 

the suitability of the groundwater as a drinking water supply for each 

groundwater monitoring well must be received within fifteen days after 

comp 1 eti ng each quarterly analysis. The owner or operator must separately 

identify for each monitoring well any parameter whose concentration or value 

has been found to exceed EPA's maximum contaminant levels. 

b. Annually: Concentrations or values of the parameters used as 

indicators of groundwater contamination for each groundwater monitoring well 
along with the required evaluations for these parameters in accordance with 

NMHWMR section 206.C.l .d. (2). 

c. Not later than March 1 following each calendar year, results of 

the evaluation of groundwater surface elevations and a description of the 

response to that evaluation, if applicable, will be reported to the director 

of the NMEID. 

3. There .is no requirement after the first year for periodic sampling 

for parameters indicating suitability as potable water (EPA Interim Primary 

Drinking Water Standards). 

F. POST-CLOSURE SAMPLING. Sampling of the groundwater monitoring wells for 

the required parameters will continue for 30 years after the date of 

completing closure in accordance with the NMHWMR section 206.C.2.g. (1) unless 
the director of the NMEID reduces this requirement due to a lack of 
significant findings. 
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7. 1 INTRODUCTION 

Chapter 7 

CLAY LINERS 

by David E. Daniel 

Low-hydraulic-conductivity soil liners are given various names, including soil liner 

and clay liner. In this chapter, the term clay liner is used even though other minerals in the 

liner material (e.g., sand) may be present in larger quantities than clay. The term clay is 

emphasized because clay is largely responsible for the low hydraulic conductivity of earthen 

liners. Attention in this chapter is focused on three types of clay liners: ( 1 ) naturally

occurring clay liners; (2) compacted clay liners; and (3) geosynthetic clay liners. 

A clay liner serves as a hydraulic barrier to flow of fluids. Clay liners are used to 

minimize infiltration of water into buried waste (cover systems) or to control release of 

leachate from the waste (liner systems). To meet these objectives, clay liners must have low 

hydraulic conductivity over long periods of time. Further, one must be able to verify that the 

hydraulic conductivity will be suitably low, which is often the most difficult problem to be 

resolved. In addition, clay liners are expected to attenuate the movement of leachate, to prolong 

release of chemicals in leachate, and to serve other site-specific functions. 

7.Z NATURAL CLAY LINERS 

Natural clay liners are naturally-occurring formations of low-hydraulic-conductivity, 

clay-rich soil. Waste can be buried above or within a natural liner. Natural liners normally 

contain significant amounts of clay minerals and have hydraulic conductivities less than or equal 

to 1 x 1 o-6 to 1 x 1 0~1 cm/s. Natural liners more typically serve as a back-up to engineered 

liners, but occasionally (for old landfills or, where regulations allow, for new landfills), a 

natural liner may represent the only liner at a waste disposal facility. 



The continuity and hydraulic conductivity of natural liner materials are critical issues. 

To function effectively, the natural liner must be continuous and be free from major hydraulic 

imperfections such as_ fractures, joints, and holes. 

An evaluation of a liner's continuity begins with a geologic evaluation and includes a 

careful study of local and regional hydrogeology (see Chapter 4). Exploratory borings are an 

essential investigatory tool; surface and borehold geophysics often provide a wealth of valuable 

information. Analysis of radioisotopic concentrations of certain constituents in ground water 

can lead to the determination of the age of ground water, knowledge of the age of ground water can 

help to establish that a soil liner hydrogeologically isolates one aquifer from another. Another 

useful way to investigate the ability of a natural liner to isolate one stratum from another is to 

pump from a well in an underlying aquifer and to observe changes in water levels in wells 

installed in an overlying aquifer, or vice versa. 

Hydraulic conductivity of a natural liner should be studied with a combination of 

laboratory and in situ hydraulic conductivity tests. Laboratory test are usually performed with 

flexible-wall cells used to permeate samples obtained by pushing a thin-walled tube into soil 

that underlies a borehole (Daniel et al., 1984). The results of such tests should be viewed with 

suspicion because if the liner contains hydraulic defects (e.g., cracks, fissures, slickensides, or 

root holes), the defects will probably be missed and the measured hydraulic conductivity will be 

too low (Olson and Daniel, 1981; and Daniel, Trautwein, and McMurtry, 1985; Keller, van der 

Kamp, and Cherry, 1986; and Bradbury and Muldoon, 1 990). 

In situ hydraulic conductivity tests are an essential part of a credible effort to 

characterize the hydraulic conductivity of natural soil liners. The normal type of test involves 

a single cased borehole and either a constant or a falling head. Several equations may be used to 

compute hydraulic conductivity (see Olson and Daniel, 1981, and Chapuis, 1989, for details). 

The number of tests that are needed to characterize the hydraulic conductivity of a natural 

deposit of soil or rock varies from site to site and depends upon hydrogeologic complexity, the 

required accuracy to which the hydraulic conductivity needs to be determined, available 
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funding, and other factors. Typically, of the order of 10-20 in situ hydraulic conductivity tests 

are appropriate. Great care must be taken to seal the boreholes so that the hydraulic integrity 

of the liner is not compromised. Sealing techniques are discussed in Part IV of this book. 

It is extremely difficult and expensive to prove that a naturally-occurring stratum of 

soil or rock uniformly possesses low hydraulic conductivity. For this reason, use of a natural 

soil liner as the sole means for protecting ground water from contamination is not normally 

recommended. An exception might be the case of an extraordinarily uniform, massive, and 

well-characterized stratum of material, but such strata are rare. Another exception might be 

site remediation cases in which ground water flow and contamination patterns are monitored and 

contingencies are made in case strata are more permeable than expected. 

The interested reader is encouraged to consult Keller, van der Kamp, and Cherry (1986) 

and Bradbury and Muldoon ( 1 990) for examples of well-conceived evaluations of natural soil 

liners. 

7.3 COMPACTED CLAY LINERS 

7. 3. 1 Introduction 

Compacted clay liners are constructed primarily from natural soil materials, although 

the liner may contain processed materials such a bentonite or even synthetic materials such as 

polymers. Clay liners are constructed in layers called lifts. On side slopes, the lifts can be 

horizontal or parallel to the slope, although parallel lifts are not recommended for side slopes 

steeper than 2.5 to 3 on I (horizontal to vertical). As suggested by Fig. 7.1, lifts parallel to the 

side slopes are preferred because the effect of a zone of poor material, or imperfect bonding of 

lifts, is Jess with parallel lifts. If horizontal lifts are used, it may help to place a slight inward 

inclination on the lift interfaces (Fig. 7.1) to minimize the tendency for leachate to flow along 

lift interfaces. 
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7.3.2 Compaction Requirements 

The objective of compaction is to remold chunks ("clods") of soil into a homogeneous 

mass that is free of _large, continuous interclod voids. If this objective is accomplished with 

suitable soil materials, low hydraulic conductivity (.:S 1 x1 o-7 cm/s) will result. 

Experience has shown that the water content of the soil, method of compaction, and 

compactive effort have a major influence on the hydraulic conductivity of compacted soil liners. 

Laboratory studies have demonstrated that low hydraulic conductivity is easiest to achieve when 

the soil is compacted wet of optimum water content with a high level of kneading-type 

compactive energy (Mitchell, Hooper, and Campanella, 1965). Figure 7.2 illustrates the 

influence of molding water content and compactive energy upon hydraulic conductivity. The soil 

must be sufficiently wet so that, upon compaction, clods of clayey soil will mold together, 

eliminating large inter-clod pores. Kneading the soil during compaction with a high level of 

compactive energy helps to remold clods and to eliminate large pore spaces. 

Studies have also demonstrated lifts of soil must be bonded together to eliminate, to the 

extent possible, highly permeable zones at lift interfaces. The idea is illustrated in Fig. 7.3; if 

permeable inter-lift zones are eliminated, hydraulic connection between "defects" in each lift is 

destroyed and a low overall hydraulic conductivity is achieved. 

7.3.4 Materials 

The minimum requirements recommended to achieve a hydraulic conductivity ~1 x1 o-7 

cm/s for most soil liners materials are as follows: 

Percentage Fines: ~20to 30% 

Plasticity Index: ~7to10% 

Percentage Gravel: ~30% 

Maximum Particle Size: 25 to 50 mm 
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Percentage fines is defined as the percent by dry weight passing the U.S. No. 200 sieve, 

which has openings of 7 5 !!ll'l· Plasticity index may be determined by ASTM 04318. Percentage 

gravel is defined as the percent by dry weight retained on a No. 4 sieve ( 4. 7 6 mm openings). 

Local experience may dictate more stringent requirements, and, for some soils, more 

restrictive criteria may be appropriate. However, if the criteria tabulated above are not met, 

it is unlikely that a natural soil liner material will be suitable without additives such as 

bentonite. 

Recent work conducted to evaluate gravel content bears mentioning. Shelley ( 199 1) 

mixed kaolinite and mine spoil with varying percentages of gravel (maximum particle size == 20 

mm), moistened the soil to a few percent wet of optimum, compacted the soil/gravel mixtures 

using standard Proctor compaction procedures (ASTM 0698), and then permeated the compacted 

specimens. Results are summarized in Fig. 7 .4. Shelley found that the soil could contain up to 

50% to 60% gravel without a detrimental impact upon hydraulic conductivity. Shelley 

reported that at gravel percentages s 50% to 60%, clay particles plugged the voids between the 

gravel particles. Shakoor and Cook ( 1 990) report similar results. However, in both 

investigations, the soil and gravel were carefully and uniformly mixed in the laboratory; in the 

field, the mixing will be less perfect. The main issue is not necessarily how much gravel is 

present (assuming the gravel content is s 50% to 60%) but, rather, with the liklihood that 

pockets of gravel (segregation of gravel) can occur during construction. The potential for 

gravel segregation to occur depends on the soil material and construction procedures. The 

author recommends that the gravel content not exceed about 30%, but notes that this value 

should be increased or decreased as appropriate for a given material and construction process. 

If suitable materials are unavailable locally, local soils can be blended with commercial 

clays, e.g., bentonite, to achieve low hydraulic conductivity. A relatively small amount of 

bentonite can lower hydraulic conductivity as much as several orders of magnitude (Fig. 7. 5). 
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One should be cautious about using highly plastic soils (soils with plasticity indices> 30 

to 40%) because these materials form hard clods when the soil is dry and are very sticky when 

the soil is wet. Highly plastic soils, for these reasons, are difficult to work with in the field. 

7.3.5 Construction 

7.3.5.1 Processing. Some liner materials need to be processed to break down clods of 

soil (Benson and Daniel, 1990; and Shackelford and Javed, 1991 ), to sieve out stones and 

rocks, to moisten the soil, or to incorporate additives. Clods of soil can be broken down with 

tilling equipment. Stones can be sieved out of the soil with large vibratory sieves or mechanized 

"rock pickers" passed over a loose lift of soil. Road reclaimers can process soil in a loose lift 

and crush stones or large clods. 

If the soil must be wetted or dried more than 2-3 percentage points in water content, the 

soil should be processed by spreading it in a loose lift about 300 mm thick. Water can be added 

and mixed into the soil with a tiller, or the soil can be disced or tilled to allow it to dry 

uniformly. It is essential that time be allowed for the soil to wet or dry uniformly. At least 1-

3 days is usually needed for adequate hydration or dehydration. Frozen soil should never be used 

to construct a soil liner. 

Additives such as bentonite can be introduced in two ways. One technique is to mix soil 

and additive in a pugmill. Water can also be added in a pugmilleither concurrently with 

bentonite or in a separate processing step. Alternatively, the soil can be spread in a loose lift 

200-300 mm thick, the additive spread over the surface, and rototillers used to mix the 

materials. Several passes of the tiller over a given spot are usually needed. Water can be added 

in the tiller during mixing or later, after mixing is complete. The pugmill is more reliable in 

providing thorough, controlled mixing, but, done carefully, the other method can provide 

adequate mixing. For more information on bentonite and soil/bentonite testing, the reader is 

referred to Alther ( 1983), Alther ( 1987), Chapuis ( 1990). 
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7.3.5.2 Surface Preparation. It is crucial that each lift of a soil liner be effectively 

bonded to the overlying and underlying lifts (Fig. 7.3). The surface of a previously-compacted 

lift must be rough rather than smooth. If the surface has been smoothed, e.g., with a smooth 

steel-drummed roller, the surface should be excavated to a depth of 20-30mm with a disc or 

other suitable device. 

7.3.5.3 Soil Placement. Soil is placed in a loose lift that is no thicker than about 230 

mm (9 inches). If grade stakes are used to gauge thickness, the stakes must be removed and the 

hole left by the stakes sealed. Other techniques, e.g., use of lasers, are preferable for control of 

elevations. After the soil is placed, a small amount of water may be added to offset evaporative 

losses, and the soil may be tilled one last time prior to compaction. 

7.3.5.4 Compaction. Heavy, footed compactors with large feet that fully penetrate a 

loose lift of soil (Fig. 7.6) are ideal. Recommended specifications include: minimum weight: 

18,000 kg ( 40,000 pounds); minimum foot length: 180 to 200 mm; and minimum number of 

passes: 5. (More passes may sometimes be needed. A "pass" is defined as one pass of the 

compactor, not just an axle, over a given area, and the recommended minimum of 5 passes is for 

a vechncle with front and rear drums). In the U.S., the Caterpillar 8158 and 825C are 

examples of equipment in widespread use that have led to satisfactory results in most cases. 

Statically operated compactors are preferred over vibratory compactors for soil liners. 

The weight of the compactor must be compatible with the soil: relatively dry soils with firm 

clods require a very heavy compactor whereas relatively wet soils with soft clods require a 

roller that is not so heavy that it becomes bogged down in the soil. 

7.3.5.5 Protection. After compaction of a lift, the soil must be protected from 

desiccation and freezing. Desiccation can cause cracking of the clay (Boynton and Daniel, 1985, 

and Kleppe and Olson, 1985). Freeze-thaw changes the structure and fabric of compacted clay 

in as way that increases hydraulic conductivity (Fig. 7.7) (Chamberlain and Gow, 1979; 

Zimmie and LaPlante, 1990), and Kim and Daniel ( 1992). Desiccation can be minimized in 

several ways: the lift can be temporarily covered with a sheet of plastic (but one must be 
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careful that the plastic does not heat excessively and itself dry the clay), the surface can be 

smooth-rolled to form a relatively impermeable layer at the surface, or the soil can be 

periodically moistenec:f. The compacted lift can be protected from damage by frost by avoiding 

construction in freezing weather or by temporarily covering the lift with an insulating layer of 

material. The protective measures discussed in this section apply to each lift as well as to the 

completed liner or cover barrier. 

7.3.5.6 Quality Control Tests. A critical component in construction quality assurance 

are quality control (QC) tests. For soil liners, the tests fall into two categories: ( 1) tests to 

verify that the materials of construction are adequate, and (2) tests and observation to verify 

that the compaction process is adequate. Recommended tests and minimum testing frequencies 

are summarized by Daniel ( 1990). 

7.3.6 Water Content and Drv Unit Weight. 

A critical step in design of a compacted soil liner is determination of the range of 

acceptable water content and dry unit weight of the soil. If the soil is too dry at the time of 

compaction, suitably low hydraulic conductivity may be unachievable. If the soil is too wet, a 

variety of problems may ensue, e.g., problems with construction equipment operating on soft, 

weak soils and potential slope instability caused by low strength of the soil. 

Once an acceptable water content range has been selected, the soil must be compacted 

with adequate compactive energy to compress large voids and to remold clods of soil into a 

homogeneous, relatively impermeable mass. The dry unit weight of the soil can be a useful 

indicator of the effectiveness of compaction. 

One problem confronting the designer is that both the water content of the soil and the 

compactive energy delivered to soil during construction of a soil liner vary. Further, precise 

duplication of field compaction in the laboratory is impossible. Accordingly, the recommended 

approach (Daniel and Benson, 1990) for establishing water content and dry unit weight 

requirements during the design stage is to utilize a range in water content that more than spans 
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the range anticipated in the field and to compact the soil with three compactive energies that 

represent estimates of the lowest compactive energy anticipated, average energy, and highest 

compactive energy. The author recommends standard and modified Proctor (ASTM 0698 and 

01 557) for the average and high compactive energies, respectively, and "reduced Proctor" for 

the lowest energy. "Reduced Proctor" is the same as standard Proctor but with only 15 drops of 

the compactive ram per lift rather than the usual 2 5 drops. 

The recommended procedure is illustrated in Fig. 7.8. One compacts 5-6 samples of soil 

with 3 different compactive efforts and plots 3 compaction curves (Fig. 7.8a). Next, the 

compacted soils are permeated and hydraulic conductivity is measured (Fig. 7 .8b). The 

compaction points are replotted (Fig. 7.8c) with solid symbols used for test specimens that had 

adequately low hydraulic conductivity and open symbols used for test specimens that were too 

permeable. An "Acceptable Zone" is drawn (usually with some judgement applied) that 

encompasses the solid points. Finally, the Acceptable Zone is modified to account for any other 

relevant factors, e.g., shear strength considerations or local construction practices (Fig. 7.8d). 

Figure 7.9 illustrates how an Acceptable Zone can be defined from hydraulic conductivity, shear 

strength, and desiccation shrinkage criteria. 

7.3.7 Test Pads 

The construction of a test pad prior to building a full-sized liner has many advantages. 

By constructing a test pad, one can experiment with compaction water content, construction 

equipment, number of passes of the equipment, lift thickness, etc. Most importantly, though, 

one can conduct extensive testing, including quality control testing and in-situ hydraulic 

conductivity testing, on the test pad. 

It is usually recommended that the test pad have a width of at least 3 construction 

vehicles{> 1Om), and an equal or greater length. The pad should ideally be the same thickness 

as the full-sized liner, but the trial pad may be thinner than the full-sized liner. (The full:

thickness liner should perform at least as well as, and probably better than, a thinner test 

section because defects in any one lift become less important as the number of lifts increases). 
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The in-situ hydraulic conductivity may be determined in many ways. The large sealed double

ring infiltrometer is usually the best large-scale test (Daniel, 1989; and Sai and Anderson, 

1990), although the Boutwell test (Daniel, 1989, and references therein) is enjoying 

increased popularity due to its ease of operation and relatively short testing times. 

One problem with in situ tests on test pads is that the test ped is subjected to essentially 

zero overburden stress. Hydraulic conductivity decreases with increasing compressive stress. 

The author recommends that the hydraulic conductivity measured on a test pad with in situ 

methods be corrected for the effects of overburden stress based on results of laboratory 

hydraulic conductivity tests performed over a range in compressive stress (Fig. 7.1 0). 

7 .3.8 Chemical Attack by Waste 

Waste liquids may attack and effectively destroy earthen liners. It is convenient to 

consider acids and bases, neutral inorganic liquids, neutral organic liquids, and leachates 

separately. Testing protocols have been described by Sowders et al. ( 1986). 

7.3.8.1 Acids and Bases. Strong acids and bases can dissolve solid material in the soil, 

form channels, and increase hydraulic conductivity. Some acids, e.g., hydroflouric and 

phosphoric acid, are particularly aggressive and dissolve soil readily. Concentration of acid, 

duration of reaction, liquid-solid ratio, type of clay, and temperature are also important 

variables (Grim, 19S3). Leachates with pH< 3 or> 11 are usually of the most concern. 

When concentrated acid is passed through clayey soil, hydraulic conductivity often 

declines initially but later increases. Soils have a high capacity to buffer acid; many pore 

volumes of flow are usually needed before the full effect of the acid is observed. Examples 

include Nasiatka et al. ( 1981 ), Peterson and Gee ( 1986), and Sowders and Daniel ( 1987). 

Soils that are composed primarily of sand, with a small amount of bentonite, are particularly 

susceptible to attack by acids because the small mass of bentonite is readily dissolved ( Nasiatka 

et al. ( 1 9 81 ) . 

7.3.8.2 Neutral. Inorganic Liquids. The effects of neutral, inorganic liquids may be 

evaluated with the Gouy-Chapman theory (Mitchell, 1976), which states that the thickness (T) 
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of the diffuse double layer varies with the dielectric constant of the pore fluid (D), the 

electrolyte concentration (n0 ), and the cation valence (v) as follows: 

T a [ D/(no v2)] 1/2 7.1 

For solutions containing mainly water, the dielectric constant of the liquid is relatively 

constant, and thus the main parameters are no and v. As the diffuse double layer of adsorbed 

water and cations expands, hydraulic conductivity decreases because flow channels become 

constricted. Attempts to validate quantitatively the effect of D, n0 , and von conductivity have 

generally failed. Qualitatively, however, the Gouy-Chapman theory explains the observed 

patterns. Aqueous solutions with few electrolytes, e.g., distilled water, tend to expand the 

double layer and to produce low hydraulic conductivity. Solutions with monovalent cations, e.g., 

Na+, Ca++. A strong (high n0 ) solution containing polyvalent cations tends to produce the 

largest conductivity. Further details and supporting data are reported by Fireman (1944) 

andMcNeal and Coleman (1966). 

7.3.8.3 Neutral. Organic Liquids. Most organic chemicals have lower dielectric 

constants than water. Low D tends to cause low T (Eq. 7. 1 ) and thus high hydraulic conductivity. 

In addition, low-dielectric-constant liquids cause clay particles to flocculate and cause the soil 

to shrink and to crack (Anderson, 1983; and Quigley and Fernandez, 1985 and 1988). This 

phenomenon is called "syneresis" and the cracks "syneresis cracks". Numerous studies have 

shown that organic chemicals can cause large increases in hydraulic conductivity (Anderson, 

1982; Acar et al., 1985; Fernandez and Quigley, 1985; Foreman and Daniel, 1986; and 

others). 

High compressive stress causes the soil to compact when an organic solvent passes 

through the soil rather than to crack (Broderick and Daniel, 1990; and Fernandez and Quigley, 

1991 ). Thus, soil liners perform much better at high compressive stress than low stress when 

they are permeated with organic liquids. 

Dilute organic liquids do not tend to alter hydraulic conductivity significantly (Sowders 

and Daniel, 1987, and references therein). If a small amount of low-dielectric-constant 
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liquid, e.g., trichlorethylene (0=3), is mixed with water, the dielectric constant of the mixture 

is only slightly less than that of water (80). Tests have indicated that the dielectric constant 

must be less than 3q to 50 for hydraulic conductivity to increase. Experience indicates that 

soil liners are not attacked by an organic liquid if ( 1 ) the solution consists of at least 50% 

water, and (2) there is no separation of phases, i.e., all of the organic liquid is dissolved in the 

water and none exists as a separate phase. A recent, comprehensive review is provided by 

Budhu et al. ( 1991). 

7 .3.9 Reliability of Compacted Clay Liners 

Many examples can be cited of soil liners that failed to function effectively as hydraulic 

barriers. Soil liners are not the problem; inadequate investigations (natural soil liners) or 

inadequate construction or quality control (compacted soil liners) are the main causes of 

problems. Gordon et al. (1989), Cartwright and Krapac (1990), Johnson et al. (1990), and 

Reades et at. ( 1 9 90) provide examples of well-built, full-scale compacted soil liners that have 

in situ hydraulic conductivities s. 1 X 1 o-7 m/s. Good-quality soil liners that will perform 

effectively can beconstructed. 

7.4 GEOSYNTHETIC CLAY LINERS 

A relatively new type of manufactured clay liner is receiving widespread attention as a 

potential hydraulic barrier in liner and cover systems at waste disposal facilities. The liner 

consists of a thin layer of clay sandwiched between two geotextiles or glued to a geomembrane. 

Four companies currently manufacture these types of materials, and new products of a similar 

design are expected to appear on the market in the next year or two. 

Various terms have been used to describe these materials, e.g., clay mat, bentonite 

matting, bentonitic clay liner, prefabricated clay blanket, prefabricated clay liner, etc. · 

Recently, the term geosynthetic clay liner (GCL) has received widespread use for these 

materials and is used in the remainder of this chapter. 
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7 .4. 1 Types of Geosynthetic Clay Liners 

Four GCL's are currently manufactured: Bentofix®, Bentomat®, Claymax®, and 

Gundseal. The confi~urations, summarized in Fig. 7. 11 , fall into 2 categories: ( 1 ) bentonite 

sandwiched between two geotextiles (Bentofix®, Bentomat®, and Claymax®), and (2) bentonite 

mixed with an adhesive and glued to a geomembrane (Gundseal). All the GCL's contain 

approximately 5 kgfm2 ( 1 lbfft2) of bentonite. The materials are manufactured in panels with 

widths of approximately 4 to 5 m and lengths of 2 5 to 60 m. 

The panels are placed on rolls at the factory, stored, shipped to the construction site, and 

unrolled in their final location. All four GCL's are said to be self sealing at overlaps between 

panels (see Fig. 7.12): when water hydrates the clay in the GCL, the clay swells and 

automatically seals the overlap. Because no mechanical seaming of joints between panels is 

needed, GCL's can be installed very rapidly. 

After the GCL is placed, it must be covered immediately. If the GCL becomes wet, e.g., 

from a rainstorm, the clay swells in an uneven manner and the material does not properly self

seam. Thus, the GCL cannot be installed when precipitation is threatening, and the GCL cannot be 

left exposed. 

Bentofix® is manufactured in Germany by Naue-Fasertechnik. Sodium-activated 

bentonite is placed between two thick, nonwoven, high density polyethylene (HOPE) geotextiles 

and then the geotextiles are needlepunched together. The lower and upper geotextiles weigh 800 

gfm2 and 400 g/m2, respectively. The purpose of needlepuhching the geotextiles together is 

twofold: ( 1) to hold the GCL together during handling and deployment, and (2) to provide 

increased in-plane shear strength after deployment. 

In the field, the Bentofix® sheets are unrolled and overlapped. Additional granular 

bentonite is placed between overlapped panels to make the material self-sealing at overlaps. 

Further information is available from Scheu et at. ( 1990). 

Bentomat® is manufactured by American Colloid Company in Villa Rica, Georgia. Several 

geotextiles and grades of bentonite can be used in making Bentomat®. The usual configuration 
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consists of regular or contaminant-resistant sodium bentonite sandwiched between two 

geotextiles (each 170 gfm2) that are needlepunched together. Conceptually, the product is 

similar to Bentofix®, but Bentomat® is made with thinner geotextiles and a natural, sodium 

bentonite. 

At overlapped sections of Bentomat®, 0.4 kg/m of additional bentonite is placed between 

the GCL panels to assist in self sealing upon hydration. 

Claymax® is manufactured by the James Clem Corporation in Fairmont, Georgia. With 

this GCL. bentonite is mixed with a water-soluble adhesive and sandwiched between two 

geotextiles. The upper geotextile usually consists of a 119 gfm2 woven polypropylene 

needlepunched with a 17 gfm2 nylon fabric to form a 136 gfm2 ( 4 oz/yd2) primary geotextile 

for the GCL The other geotextile is a 25 g!m2 open-weave, spun-lace polyester backing. The 

adhesive mixed with the bentonite serves to hold the GCL together during manufacture and 

installation. After Claymax® has been installed, the adhesive no longer serves a purpose; hence, 

the solubility of the adhesive is insignificant in terms of long-term performance. 

Claymax® panels are overlapped in the field, but no extra bentonite is required; the 

bentonite is said to ooze through the openings in the geotextiles (especially the open-weave 

polyester backing)to self-seal the overlapped panels when the bentonite is hydrated. 

Further information about Claymax® may be obtained from Schubert ( 1987), Shan 

( 1990), and Shan and Daniel ( 1991 ). 

Gundseal is manufactured by Gundle Lining Systems in Spearfish, South Dakota. The 

material consists of sodium bentonite that is mixed with an adhesive and attached to a high 

density polyethylene (HOPE) geomembrane through a calendaring process. The geomembrane is 

usually a 0.5 mm smooth HOPE sheet, but textured geomembranes and very low density 

polyethylene (VLDPE) geomembranes can be used. 

Gundseal is unrolled in the field with the HOPE facing either up or down. Overlapped. 

areas are said to be self sealing at the bentonite/polyethylene contact; no mechanical seaming is 

necessary, although the polyethylene sheets could be welded together, if desired. 
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It' the bentonite is facing downward, Gundseal serves as a composite geomembrane/clay 

liner with the geomembrane on the top. If one wished to place a conventional geomembrane on 

top of Gundseal to form a composite liner, the bentonite in the Gundseal would face upward as 

shown in Fig. 1 ; the composite liner would consist of a separate geomembrane underlain by the 

bentonite component of Gundseal underlain by the polyethylene geomembrane component of 

Gundseal. 

7.4.2 Engineering Properties 

7.4.2.1 Hydraulic Conductivity 

Various organizations have measured the hydraulic conductivity of GCL's. The tests have 

been performed with flexible-wall permeameters over a range in effective stress. The tests on 

Gundseal were performed by punching holes in the geomembrane (otherwise the geomembrane 

would restrict cross-plane flow). Figure 7.13 summarizes the available hydraulic 

conductivity data. Information about the tests and sources of data may be found in Daniel and 

Estomell (1990), Scheu et al. (1990), and Estornell (1991). 

The hydraulic conductivity to water varies between approximately 1 x 1 o-1 0 and 1 x 

1 o-8 cm/s, depending on compressive stress. There are some differences in hydraulic 

conductivity between the various GCL's, but those differences are difficult to sort out given the 

very limited data base for some of the materials and differences in testing procedures employed 

to measure hydraulic conductivity. The engineer who compares the hydraulic conductivity of 

one GCL to that of another GCL should be careful to compare hydraulic conductivities determined 

at the same compressive stress and similar test conditions. 

Estomell ( 1991) built several tanks to evaluate the hydraulic integrity of overlapped 

seams. The tanks measured 1.2 m in width by 2.4 m in length. Samples of three GCL's 

(Bentomat®, Claymax®, and Gundseal) were placed on a drainage layer on the bottom of the tank 

and then covered with 300 to 600 mm of gravel. The GCL's were flooded with water to a depth 

of 300 to 600 mm, and the flow rate in the drainage layer located beneath the GCL was 

monitored. Tests were performed with control samples containing no overlapped seam and with 
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overlapped samples. Estornell found that the fluxes through the control samples and the 

overlapped samples wer~ consistently low and were about the same. The overlapped sections did 

in fact self-seal unde~ in these large-scale, controlled tests. 

Shan and Daniel ( 1991) describe tests in which one geosynthetic clay liner was 

permeated with a variety of chemicals. Shan and Daniel found that the liner maintained low 

hydraulic conductivity to a broad range of chemicals when the bentonite was fully hydrated with 

fresh water prior to introduction of the chemical. However, when the dry GCL was permeated 

directly with an organic chemical, the bentonite did not hydrate, did not swell, and did not attain 

a low hydraulic conductivity. The designer should be careful to utilize the results of hydraulic 

conductivity tests performed under the most critical conditions of hydration that can be expected 

in the field. 

Shan and Daniel ( 1991) also describe tests aimed at documenting the ability of one GCL 

to self heal when damaged by puncture, desiccation, or freeze/thaw. Shan and Daniel found that 

if the dry material is punctured, the bentonite will swell when hydrated and fill small 

punctures. If the GCL is hydrated and dried, severe desiccation cracks can form. However, 

Shan and Daniel found that when the GCL was rewetted, the bentonite swelled, and the hydraulic 

conductivity returned to the original, low value for the undamaged material. Several cycles of 

wet/dry did not cause a permanent change in the hydraulic conductivity of the hydrated material 

under controlled laboratory test conditions. Similarly, freeze/thaw cycles did not cause an 

increase in hydraulic conductivity of one GCL investigated. The very high swelling capacity of 

bentonite was presumably responsible for the self healing capability that was observed. 

One topic of interest concerning geosynthetic clay liners is the behavior of composite 

geomembrane/ geosynthetic clay liner. The question is the following: if a geomembrane is placed 

on a geosynthetic clay liner with a geotextile separating the geomembrane from the bentonite 
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(see upper half of Fig. 7.14), will the highly transmissive geotextile transmit water laterally· \ 
t 

(in which case the composite action is less than ideal), or will bentonite seal the geotextile 

(lower half of Fig. 7.14) such that lateral flow is minimal? Estornell ( 1991) used the large 



tanks mentioned earlier to study this issue for two GCL's that had geotextiles on both the upper 

and lower surface and one GCL that had no geotextile on one surface. Estornell placed a 

geomembrane that contained several punctures directly on the GCL's and found that lateral 

wicking of water through the geotextile in two of the GCL's was significant. For the GCL that did 

not contain a geotextile on one surface of the material, no lateral flow at the 

geomembrane/bentonite interface was noted (in fact, the bentonite was only wetted to a distance 

of SO to 75 mm from the puncture in the geomembrane after about 3 months of wetting). These 

tests illustrate that composite action with a geomembrane may be affected by a geotextile that 

separates the geomembrane from the clay. Further study of this phenomenon is in progress, and 

at least one manufacturer is attempting to added agents to the geotextile in contact with a 

geomembrane that will reduce the in-plane transmissivity of the geotextile. Also, the reader 

should realize the the effectiveness of the composite action between a geomembrane and a GCL 

depends on overburden stress; the higher the overburden stress, the less the lateral flow along 

the interface. 

7.4.2.2 Shear Strength 

Fully-drained direct shear tests have been performed on Bentomat®, Claymax®, and 

Gundseal. The tests we-re performed on 60-mm-diameter samples that were subjected to a 

normal stress, hydrated, and then sheared very slowly. Separate consolidation tests were 

performed to obtain the parameters needed to determine the time to failure required to ensure 

fully drained conditions. Times to failure were typically 4 to 8 days, although the tests were 

continued to residual conditions over a shearing period of about 4 weeks. 

Results of the tests are plotted in Fig. 7.1 5. The straight lines shown in the figure were 

determined from linear regression; regression coefficients are as follows: 



Effective Effective 

Cohesion Angle of Internal Friction 

Geosynthetic Clay Liner (kPal (decrees) 

Bentomat® 30 26 

Claymax® 4 9 

Gundseal 8 8 

7.4.3 Current Applications 

To date, there have been two primary applications of GCL's for waste containment 

applications: ( 1 ) as the clay component of a primary composite liner for double liner systems, 

and (2) as the clay component of a composite liner in final cover systems for landfills or site 

remediation projects. Geosynthetic clay liners have also been used by themselves as a barrier 

layer in _liners and covers, although to a lesser extent. Secondary containment structures have 

also been lined with GCL' s (Bruton, 1 9 91 ) . 

7.4.4 Advantages and Disadvantages of GCL's 

Geosynthetic clay liners are usually viewed as an alternative to a compacted clay liner 

(Grube, 1991; and Grube and Daniel, 1991 ). Hence, the following discussion is addressed at 

the relative advantages of GCL's compared to CCL's. 

Table 7. 1 contrasts the differences between geosynthetic clay liners and compacted clay 

liners. The main advantages of GCL's are that GCL's can be installed much more quickly, 

lightweight construction equipment can be used (which is especially important when the clay 

liner is placed on top of other components of a liner system that might be punctured or damaged 

by heavy equipment), GCL's are installed dry and are therefore not as vulnerable to damage 

from desiccation during construction, and dry GCL's do not produce water upon loading (wet, 

I I 
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( 
compacted clay liners consolidate when loaded and the consolidation water can be misinterpreted 

as leakage if the liner is placed on top of a leak detection layer). The main disadvantages of 

GCL's are a general lack of experience, the vulnerability of a thin GCL to puncture, questionable 

composite behavior of some GCL's with an adjacent geomembrane, less leachate attenuation 

capacity than a thick liner, and questions about stability of hydrated bentonite. 

GCL's and CCL's both enjoy advantages and disadvantages. The engineer should weigh the 

pluses and minuses for each project and make a decision about which type of clay liner is most 

appropriate based on such an evaluation. 
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Table 1 . Comparison of Geosynthetic Clay Liners with Conventional Compacted Clay Liners 

Compacted Clay Liner (CCLl 

Thick ( 0.6 - 1.5 m) 

Field Constructed 

Hard to Build Correctly 

Impossible to Puncture 

Constructed with Heavy Equipment 

Often Requires Test Pad at Each Site 

Site-Specific Data on Soils Needed 

Large Leachate-Attenuation Capacity 

Relatively Long Containment Time 

Large Thickness Takes Up Space 

Cost Is Highly Variable 

Soil Has Low Tensile Strength 

Can Desiccate and Crack 

Difficult to Repair 

Vulnerable to Freeze/Thaw Damage 

Performance Is Highly Dependent 

Upon Quality of Construction 

Slow Construction 

Geosvnthetic Clay Liner CGCU 

Thin (~ 10 mm) 

Manufactured 

Easy to Build (Unroll & Place) 

Possible to Damage and Puncture 

Light Construction Equipment Can Be Used 

Repeated Field Testing Not Needed 

Manufactured Product; Data Available 

Small Leachate-Attenuation Capacity 

Shorter Containment Time 

Little Space Is Taken 

More Predictable Cost 

Higher Tensile Strength 

Can't Crack Until Wetted 

Not Difficult to Repair 

Less Vulnerable to Freeze/Thaw Damage 

Hydraulic Properties Are Less Sensitive to 

Construction Variabilities 

Much Faster Construction 

I I 
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HYDRAUUC CONDUCTIVITY OF THREE GEOSYNTHETIC CLAY LINERS 

by Paula EstorneJ11 and David E. Daniell 

ABSTRACT 

The hydraulic conductivity of three 2.9 m2 (32 tt2) geosynthetic clay liners (GCL's) 

was measured. Tests were performed on individual sheets of the GCL's, on overlapped pieces of 

GCL's, and on composite liners consisting of a punctured geomembrane overlying a GCL 

Hydraulic conductivities of two of the GCL's were in the range of 1 Q-1 0 to 1 o-8 cmls. No flow 

was measured through the third GCL. but the conductivity was obviously very low ( << 1 o-7 

cm/s). The hydraulic conductivities of overlapped GCL's were about the same as those of the 

control samples with no overlap; an effective hydraulic seal developed along the overlaps in all 

of the materials tested. Performance of the punctured geomembrane/GCL composites varied -

performance was best when the punctured geomembrane was placed directly against bentonite 

and no geotextile separated the punctured geomembrane from the bentonite. For those GCL's 

with geotextiles on both sides, problems with migration of bentonite into the underlying 

drainage layer were encountered when inadequate filtration was provided. However, with a 

suitable filtration layer separating the drainage layer from the GCL. problems with migration 

of bentonite were eliminated. 

INTRODUCTION 

A layer of low-hydraulic-conductivity, compacted soil is a required component of most 

liner and cover systems at waste containment facilities. In the past few years, several thin, 

prefabricated, clay blankets called geosynthetic clay liners (GCL's) have been developed and 

proposed as an alternative to compacted clay in liner and cover systems. Geosynthetic clay 

1 Geotechnical Engineer, Hart-Crowser Associates, 1910 Fairview Avenue East, Seattle, WA 
98102 

2 Professor of Civil Engineering, University of Texas, Austin, TX 78712 



· liners may supplement required components in waste containment units or, as proposed by 

some, replace part or all of the low-hydraulic-conductivity, compacted soil liner (Daniel and 

Koerner, 1991}. Daniel and Estornell {1990), Eith et al. {1990), Grube (1991), and Grube 

and Daniel (1991) review advantages and disadvantages of GCL's for various waste-containment 

applications. 

The research described in this article was performed to develop technical information on 

the engineering properties of GCL's. Work described in this paper was specifically performed 

to determine the hydraulic properties of GCL's and their overlapped seams, and to evaluate the 

composite behavior of geomembrane/GCL composite liners. 

GEOSYNTHETIC ClAY UNERS 

Three geosynthetic clay liners (GCL's) were investigated: Bentomat®, Claymax®, and 

Paraseai/Gundseal. A fourth GCL, Bentofix® (Scheu et al., 1990), is manufactured in Germany 

but was not included in this study. The three GCL's investigated are sketched in Fig. 1. 

Bentomat® is manufactured by the Colloid Environmental Technologies Co. (CETCO) at 

its factory in Villa Rica, Georgia (see Appendix I for suppliers of GCL manufacturers). The 

material that was tested consisted of 4.9 kg/m2 ( 1 lbfft2) of untreated, Volclay® sodium 

bentonite ("CS" grade) sandwiched between woven and nonwoven geotextiles that are 

needlepunched together (Fig. 1 ) to contain the bentonite and to enhance in-plane shear strength. 

Claymax® is manufactured by the James Clem Corporation (see Appendix I) in 

Fairmont, Georgia. The material that was tested consisted of 4.9 kglm2 {1 lbfft2) of sodium 

bentonite sandwiched between two woven geotextiles (Fig. 1 ). The lower geotextile is a 

lightweight, open weave, spun-lace polyester with large openings. A water-soluble glue is 

mixed with the bentonite to hold the components together until the GCL has been installed. 

Paraseai/Gundseal is manufactured by Gundle Lining Systems, Inc., and Paramount . 

Technical Products, Inc. (see Appendix I) in Spearfish, South Dakota. The material that was 

tested consisted of 4.9 kg/m2 (1 lbfft2) of sodium bentonite mixed with an adhesive and 
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,-r attached to a 0.5 mm (20 mil) thick high density polyethylene (HOPE) geomembrane (Fig. 1). 

Material tested in this study was Paraseal, but Paraseal and Gundseal are functionally identical. 

Geosynthetic clay liners are manufactured in panels with widths of 4 to 5 m ( 1 3 to 1 7 

ft) and lengths of 25 to 60 m (80 to 200 tt). The panels are placed on rolls at the factory and 

are unrolled at the time of installation. The panels are overlapped 75 to 225 mm (3 to 9 in.) 

during installation and are said to be "self sealing" at the overlap. A sketch of-the overlap zones 

is shown in Fig. 2. In the case of Bentomat®, additional sodium bentonite is placed along the 

overlap at a rate of 0.4 kg/m (0.25 lb/ft). The bentonite penetrates the pores of the geotextiles 

and is said by the manufacturer to cause the material to self seam when the bentonite hydrat~s. 

Claymax® panels are normally placed with the open-weave, polyester backing facing 

downward (Fig. 2). When the bentonite hydrates, the manufacturer states that the bentonite 

oozes out through the openings in the geotextiles and causes the material to self seal. 

With Gundseal, the GCL can be placed with the bentonite facing upward or, as shown in 

Fig. 2, downward. The material is said to be self sealing at the overlap. Although no mechanical 

joining of overlapped seams is necessary for any of the GCL's, the HOPE sheets in Gundseal can 

be welded together along the overlaps, if desired, but a thicker HOPE sheet than the usual 0.5 

mm ( 20 mil) sheet would be required. Gundseal would be placed with the bentonite facing 

upward if a separate, conventional geomembrane lining is to be placed on top of the GCL 

More information about GCL's is available from the manufacturers and from Schubert 

( 1 987), Daniel and Estornell ( 1990), Shan ( 1990), Eith et al. ( 1 990), Bruton ( 1991), 

Estornell ( 1991 ), Grube ( 1991 ), Grube and Daniel ( 1991 ), Shan and Daniel ( 1991 ), and 

Trauger ( 1991 ). 

EXPERIMENTAL METHODS 

Steel tanks, shown schematically in Fig. 3, were fabricated for bench-scale hydraulic 

conductivity tests. The tanks measured 2.4 m (8 tt) in length, 1.2 m (4 tt) in width, and 0.9 

m {3 tt) in height. A 13 mm (0.5 in.) diameter drainage hole was drilled in the center of the 
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base (Fig. 3) of each tank. The inside walls of the tanks were coated with epoxy. The tanks were 

raised about 1 SO mm (6 in.) off the floor with wooden supports. 

Acrylic fittings with PVC elbows and flexible plastic tubes were attached to the drainage 

holes at the bottom of each tank as shown in Fig. 4. This outlet system provided a closed channel 

for effluent drainage. In addition, 6.4 mm by 6:4 mm (1/4 in. by 1/4 in.) acrylic strips were 

glued to the bottoms of the tanks in a rectangular pattern as shown in Fig. 3. The acrylic strips 

provided a 75 mm (3 in.) wide space around the edges of the tanks to retain bentonite that was 

placed to seal the GCL's against the edges of the tanks. 

To conduct a test, a 2:3 m (7.5 ft) long by 1.1 m (3.5 ft) wide sheet of 

geotextile/geonet/geotextile composite (Gundnet) was centered and placed on the bottom surface 

of the tank. The Gundnet was cut smaller than the area of the tank to create a 75 mm (3 in.) 

wide space between the drainage material and edge of the tank to accommodate a bentonite seal 

4 

(Fig. 4). The geotextile that separated the geonet from the GCL's was a 200 glcm2 (6 oz/yd2), ) 

nonwoven geotextile with an apparent opening size of 0.15 to 0.25 mm. 

Next, dry bentonite was placed in the space between the drainage material and the walls 

of the tank. A photograph of the seal and the drainage material is shown in Fig. 5. The GCL being 

tested was then placed over the drainage composite and bentonite edge seal, with the edges of the 

GCL either going to the edges of the steel tank (first test set) or within 25 mm (1 in.) of the 

edge of the tank {subsequent test sets). The space between the edges of the GCL's and the walls of 

the tank was filled with dry bentonite. 

Next, a 300 or 600 mm ( 1 or 2 ft) thick layer of gravel was placed over the GCL with a 

front-end loader. The gravel had dry and saturated unit weights of 15.4 and 19.3 kN/m3 (98 

and 123 pcf), respectively, and a hydraulic conductivity of 5 cm/s (Estomell, 1991 ). The 

tank was then slowly filled with water over a period of several days. The depth of water was 

then kept constant. The first set of tests was performed with a 300 mm ( 1 ft) thick gravel 

layer and 600 mm (2ft) of water ponded on the GCL's. These conditions produced a calculated ~) 
vertical effective stress of 3 kPa (0.4 psi) at the top of the GCL and 9 kPa (1.3 psi) at the 
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bottom. The vertical effective stress was increased in the second and subsequent series of tests 

by increasing the thickness of gravel to 600 mm (2 ft) and decreasing the water depth to 300 

mm ( 1 ft); the calculated effective stress acting on the top and bottom surface of the GCL's was 8 

kPa (1.1 psi) and 10 kPa (1.5 psi), respectively. 

Effluent water passing through the drainage hole was collected and weighed to determine 

the flux of water. Corrections were made to account for evaporation of water from collection 

pans. Tests were continued until the flux was steady. Except for Gundseal, steady flow was 

achieved after 1 to 2.5 months, at which point outflow readings varied by no more than ±1 0%. 

For Gundseal, no outflow from any of the tanks occurred over 5+ months of testing. 

Hydraulic conductivity was calculated from Darcy's law for those GCL's that produced 

flow. It was assumed that the head loss was constant and that the pressure head was zero on the 

base of the GCL The hydrated thicknesses of the GCL's (9.4 mm for Bentomat® and 16-18 mm 

for Claymax®), which were used to calculate hydraulic conductivity, were determined from 

laboratory swelling tests. Hydraulic gradient was typically in the range of 30 to 60. 

Three types of tests were performed (Fig. 6). One type of test was a control test on 

individual sheets of GCL material that had no overtap. The second type of test was on overlapped 

sheets of GCL material. For Bentomat®, sodium bentonite was placed along the overlap at the 

manufacturers' recommended rate as shown in Fig. 7. Placement of Claymax® overlaps is 

shown in Fig. 8. Placement of a Gundseal overlap is shown in Fig. 9 for the test with the HOPE 

facing upward. 

At least one test was performed using the minimum overlap width recommended by the 

manufacturer ( 150 mm (6 in.) for Bentomat® and Claymax® and 75 mm (3 in.) for 

Paraseai/Gundseal), and at least one test was conducted using one half the minimum 

recommended overlap width. 

The third type of test (Fig. 6) involved a composite with the GCL overlain by a 1.5 mm 

~4 ( 60 mil) HOPE geomembrane. Punctures that were made in the geomembrane included two 7 5 
i, 
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mm (3 in.) diameter holes, three 25 mm ( 1 in.) diameter holes, and three 600 mm (2 ft) long 

slits that were about 1 mm wide (Fig. 6). 

Small-scale hydraulic conductivity tests were conducted on 100 mm ( 4 in.) diameter 

specimens. Flexible-wall permeameters were used, and procedures outlined in ASTM Method 

05084 were generally followed. Only Bentomat® was tested during this study. Tests on 

Claymax® were performed by Shan ( 1990) and were not repeated. Hydraulic conductivity data 

for all the materials were obtained from sources cited in the next section. 

RESULTS OF LABORATORY HYDRAUUC CONDUCTIVITY TESTS 

The results of flexible-wall hydraulic conductivity tests on the three geosynthetic clay 

liners are shown in Table 1 and Fig. 10. Hydraulic conductivities of all three GCL's were in the 

range of 3 x 1 o-1 0 to 6 x 1 o-9 cm/s. Hydraulic conductivity has a tendency to decrease with 

increasing effective stress. Individuals who compare hydraulic conductivities of different 

materials should be careful to compare values measured at the same maximum effective stress. 

RESULTS OF BENCH-SCALE TESTS 

Bentomat® and Claymax®: Tests on Control and Overlapped Samples 

Two control tests (no overlapped seam) were performed on 1.2 m by 2.4 m ( 4 ft by 8 

ft) samples. Hydraulic conductivities are summarized in Table 2. The hydraulic conductivity of 

Claymax® measured in the bench-scale tanks compared reasonably well with results of 

flexible-wall hydraulic conductivity tests performed on small test specimens at similar 

effective stress. However, with Bentomat~, the hydraulic conductivity in the bench-scale 

tanks was about 1 0 times lower than values measured in flexible-wall permeameters. 
' 

Possible sources of error in the tests on Bentoma~ were considered. In flexible-wall 

permea.bility tests, problems were initially encountered with Joss of bentonite near the edges 

during preparation of test specimens, which led to high flow rates near edges. The problem was 

minimized by hydrating an oversized test specimen, trimming the moist specimen, and 
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~- . smearing the edge of the test specimen with additional bentonite paste. Despite these 

procedures, the edge seal may still have been imperfect. 

In the tank tests on Bentomat®, migration of bentonite out of the GCL and into the 

underlying materials may have reduced the flux of water through the GCL When the first set of 

tests was dismantled, grey bentonite was visible in the geotextile/geonetlgeotextile composite 

drainage material beneath both the Bentomat® and the Claymax® specimens. In the final series 

of tests, a thick, nonwoven geotextile was placed between the Bentomat® and Claymax® and the 

underlying Gundnet drainage composite. The geotextile was a Trevira® 1135 fabric with a 

weight of 356 g/~ (10.5 oz/yct2) and an apparent opening size of0.13 to 0.21 mm. The thick 

geotextile filter stopped downward movement of bentonite from Bentomat® and Claymax® 

during the 3-month testing period: bentonite could be seen on the upper surface of the geotextile 

filter but not in the bulk of the geotextile nor in the underlying drainage layer. However, with 

respect to the hydraulic conductivity anomalies, problems with bentonite migration were about 

the same for Bentomat® and Claymax®, and yet the comparison of results from tank tests and 

flexible-wall-permeameter tests was much different (Table 2). The authors were unable to 

isolate the cause for the discrepancy in hydraulic conductivity of Bentomat® measured in 

flexible-wall permeameters and bench-scale tanks. Further investigation is recommended. 

The results of tests on overlapped sheets of Bentomat® and Claymax® are Stmmarized in 

Table 3. When the manufacturers' recommended minimum overlap width of 1 SO mm (6 in.) 

was maintained, the overall hydraulic conductivity of the overlapped panels was about the same 

as the hydraulic conductivity of non-overlapped, control panels. The GCL's self-sealed along the 

overlaps in these bench-scale tests. 

When the overlap width for Claymax® panels was reduced to one half the minimum 

recommended value, the overall hydraulic conductivity of the overlapped panels was 1.2 to 9 

times higher than the hydraulic conductivity of the control specimens, depending on the vertical 

( stress applied to the specimens. For tests with effective stress greater than 7 kPa (1 psi), the 

performance of a narrow overlay of Claymax® was better than for tests in which a lower 
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effective stress was used. The differences between control and overlapped specimens may 

simply have been due to variations in the materials themselves; multiple tests for statistical 

purposes were infeasible due to the great time, effort, and expense associated with each one of 

the tank tests. Intuitively, though, one would expect that the hydraulic integrity of the overlap 

might be more sensitive to the width of the overlap when the vertical stress is small. 

Overburden _stress is probably needed for the Claymax® seams to work because it appears that 

with little or no overburden, the bentonite simply expands unevenly when wetted and does not 

ooze through the openings of the geotextile and form a seal. 

When the overlap width of Bentomat® was reduced to one-half the minimum 

recommended value of 150 mm (6 in.), the hydraulic conductivity was 2.5 times greater than 

the value measured on the control sample with no overlap or the value measured on panels with 

the minimum 150 mm (6 in.) overlap (Table 3). Again, the difference may simply be the 

result of material variability. No tests were performed on Bentomat® at the lower range of 

effective stress used for the first test series on Claymax®. 

Gundseal: Tests on Control and Overlapped Samples 

Five tests were performed on Gundseal. In the first series, the HOPE geomembrane faced 

upward, the calculated effective stress was between 3 and 9 kPa ·(0.4 and 1.3 psi), and the 

overlap widths were 75 mm (3 in.) and 38 mm (1.5 in.). A test on a control sample with no 

overlap was also performed. After 5 months of testing, no outflow was observed from any of the 

tanks. The tanks were dismantled, and it was found that the bentonite was wetted approximately 

100 to 125 mm ( 4 to 5 in.) around the edges and 50 to 75 mm (2 to 3 in.) along the overlap 

(Fig. 11 ). Otherwise, the bentonite was not wetted. The tests on overlapped seams indicate that 

the minimum recommended overlap width contains a factor of safety under these test conditions. 

In the second series, two tests were performed with the bentonite facing upward. The 

8 

) 

calculated effective stress was between 8 and 10 kPa ( 1.1 and 1.5 psi) and the overlap width J 
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was 0 (control test) or 75 mm (3 in.). After 5 months, no outflow was detected. There was 

still some unhydrated bentonite in the overlapped areas at the end of the tests. 

Composite GCUPunctured Geomembrane 

The puncture pattern in the geomembranes that were placed on top of the GCL's is shown 

in Fig. 2. Vertical effective stress varied from 8 to 10 kPa (1.1 to 1.4 psi), and a pressure 

head of 300 mm ( 1 ft) of water was maintained on the materials tested. 

With Gundseal, water penetrated the bentonite at the defects, but water migrated < 7 5 

mm (3 in.) from the defects over the 5-month testing period (Fig. 12). Effective composite 

action was obvious: the bentonite sealed off defects in the geomembrane and the GCL prevented 

outflow of water from the punctured geomembrane/GCL composite. 

With tests involving Bentomat® and Claymax®, outfJow did occur. An apparent 

hydraulic cond;Jctivity was calculated assuming one-dimensional flow through the entire cross 

sectional area of the GCL; results are shown in Table 4. Hydraulic conductivities of the 

punctured geomembrane/GeL composites were about the same as those of the GCL's alone. When 

the tests were dismantled after about 3 months of permeation, it was found that the bentonite 

was fully hydrated over the entire area of the Bentomat® and Claymax® sheets. It is assumed 

that water flowed through the punctures in the geomembranes, spread laterally through the 

geotextile that separated the bentonite from the geomembrane, and soaked the GCL Once the 

bentonite was wetted, the high in-plane transmissivity of the geotextile that separated the 

punctured geomembrane from the bentonite provided an avenue for water to spread laterally 

from the punctures and permeate the GCL's. However, in-plane transmissivity of geotextiles 

tends to decrease with increasing vertical stress; the vertical stress used in these tests was low. 

CONCLUSIONS 

Bench-scale hydraulic conductivity tests were performed on three geosynthetic clay 

liners (GCL's). The purpose of the tests was to determine ( 1) whether overlapped seams self 
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seal when the bentonite in the GCL is hydrated, and (2) whether the bentonite forms a seal 

against an overlying, punctured geomembrane. Conclusions drawn from this study are as 

follows: 

1. The GCL's that were placed in large tanks self sealed at overlaps when the bentonite 

was hydrated. Except for the case where low ( < 7 kPa or 1 psi) vertical effective 

stress was employed, the hydraulic conductivities of overlapped materials were 

almost identical to values measured on control samples with no overlap. 

2. For tests in which the minimum vertical effective stress was greater than 7 kPa ( 1 

psi), the overlap width could be reduced up to 50% below the minimum values 

recommended by the manufacturers without significantly increasing the overall 

hydraulic conductivity of overlapped panels. For the carefully controlled test 

conditions employed in this investigation, there was a factor of safety built into the 
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manufacturer's minimum recommended overlap widths. ) 

3. Bentonite was found to migrate vertically out of the two GCL's that contained bentonite 

between two geotextiles and into the underlying drainage layer when adequate 

filtration was not provided. Bentonite consistently migrated through a 200 g/m2 (6 

oz/yd2), nonwoven, needlepunched geotextile with an apparent opening size of 0.15 to 

0.25 mm and into an underlying geonet. However, bentonite migration was stopped 

during the 3-month testing period by a 356 g/m2 (10.5 oz/yd2) nonwoven, 

needlepunched geotextile with an apparent opening size of 0. 13 to 0.21 mm. 

4. The effectiveness of composite a~ion between a punctured geomembrane and the 

bentonite in the GCL's depended on whether a geotextile separated the punctured 

geomembrane from the bentonite. Good composite behavior was observed when the 

bentonite was in direct contact with the punctured geomembrane; liquid migrated 

laterally no more than about 75 mm (3 in.) from the punctures. Less effective 

composite action was observed when a geotextile separated the bentonite from the 

geomembrane. 
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Table 1. Results of Laboratory Hydraulic Conductivity Tests 

Maximum 

Effective Hydraulic 

Confining Stress Conductivity 

Material Source of Information kPa (psi) cm/s 
(1) (2) (3) (4) 

Bentomat® GeoSyntec (1991a) 35 (5) 1 x 1 o-9 

J&L Testing Co. {1990) 56 (8.2) 6 x 1 o-9 

73 (10.6) 1 x 1 o-9 

91 (13.2) 1 x 1 o-9 

This Study 14 (2) 3 x 1 o-9 

34 (5) 3 x 1o·9 

69 ( 1 0) 1 x 1 o-9 

Claymax® Chen-Northern {1988) 24 (3.5) 2 x 1 o-9 

Geoservices ( 1988) 200 (29) 4 X 10·10 

Geoservices ( 1989) 207 (30) 8x1o-10 

207 (30) 3 x 1 o-1o 

207 (30) 7 X 10·10 

Geoservices ( 1990) 207 (30) 3 X 10·10 

GeoSyntec (1990) 6.9 (1) 2 X 10·9 

GeoSyntec (1990) 10.3 ( 1.5) 4 X 1 Q-9 

Shan (1990) 14 (2) 2 x 1 o-9 

34 (5) 1 x 1 o-9 

69 ( 1 0) 6 X 10•10 

138 (20) 3x.1o-10 

GeoSyntec ( 1991 b) 14 (2) 2 X 1Q·9 

Shan and Daniel ( 1991 ) 14 (2) 2 x 10·9 

Gundseal GeoSyntec ( 1991 c) 34 (5) 1 x 1 o-9 
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Table 2. Comparison of Hydraulic Conductivities Measured on Unseamed Pieces of Bentomat® 

and Claymax®. 

Results from Bench-Scale Tank Tests Hydraulic Conductivity 

Average Effective Hydraulic Measured with Flexible-Wall 

Confining Stress Conductivity Permeameters (Fig. 1 0) 

Material kPa (psi) (cm/s) (cm/s) 

(1) (2) (3) (4) 

Bentomat® 6 (0.9) 4 x 1 o-1 o 4 x 1 o-9 

Bentomat® 9 ( 1.3) 4 x 1 o-1o 4 x 1 o-9 

Claymax® 6 (0.9) 1 x 1 o-s 3 x 1 o-9 

Claymax® 6 (0.9) ax 1 o-s 3 x , o-9 
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Table 4. Results of Tests on Punctured Geomembrane/GCL Composites. 

Material 

( 1 l 

Bentomat® 

Claymax® 

Hydraulic Conductivity (cm/s) 

Control 

(No Geomembrane) 

''l 

4 x 1 o-1 o 

7 x 1 o-9 

Composite 

(with Punctured 

Geomembrane) 

(3} 

6 x 1 o-1 o 

7 x 1 o-9 

Conductivity 

Ratio: 

Column 3 

Divided by 

Column 2 

(4} 

1.5 

1.0 
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40 WORD SUM:MARY 

Bench-scale tests demonstrated that overlapped sheets of geosynthetic clay liner self sealed 

when hydrated with water. The effectiveness of composite action with a punctured geomembrane 

was best when the geomembrane was in direct contact with the bentonite the geosynthetic clay 

liner. 



Figure Captions 

Figure 1 Schematic Diagrams of Geosynthetic Clay Liners. 

Figure 2 Configuration of Overlapped Seams with Manufacturers' Minimum Recommended 

Overlap Width. 

Figure 3 

Figure 4 

Figure 5 

Figure 6 

·Figure 7 

Figure 8 

Figure 9 

Orthogonal View of Tank Used for Bench-Scale Hydraulic Conductivity Tests. 

Cross-Sectional View of Configuration of Materials in Tanks. 

Photograph of Drainage Material (Geotextile/Geonet Composite) and 75 mm (3 in.) 

Wide Bentonitic Edge Seal. 

Schematic Diagram of Types of Tests Performed in Tanks. 

Photograph of Placement of Bentomat® with Overfapped Seam {Note Spreading of 

Granular Bentonite Along Overlapped Zone) 

Photograph of Placement of Claymax® with Overfapped Seam 

Photograph of Placement of Gundseal with Overfapped Seam 

Figure 10 Results of Flexible-Wall Hydraulic Conductivity Tests. 

Figure 1 1 Pattern of Wetting of Bentonite in Overlapped Gundseal When HOPE Faced Upward. 

Figure 1 2 Photograph of Pattern of Wetting of Bentonite in Gundseal after Overlying Gravel 

and Punctured GeOmembrane had Been Removed from Tanks. 
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Control Test 

Geosynthetic Clay Liner (GCL) 

Seam Test 
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Punctured Geomembrane/GCL Composite Test 

Punctured HOPE 
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c L A v M A 

CLAYMAX® IS THE STATE-OF-THE-ART GEOCOMPOSITE LINER FOR 

THE WATER AND WASTE CONTAINMENT INDUSTRY. CLAYMAX® ••• 

THE IMPERMEABLE BARRIER OF BENTONITE CLAY IN CARPET FORM. 
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CORPORATION 

con tad 

James Clem Corporation 
444 North Michigan Avenue, Suite 1610 

Chicago, IL 60611 USA 

Phone: 312-321-6255 
FAX: 312-321-6258 
Telex: 543408 

CLAYMAX Liner Inventory 

CAUTIONARY INSTRUC
TIONS: CLAYMAX liner may be 
damaged by exposure to water tur· 
bulence or hazardous or toxic sub· 

stances, hazardous or solid wastes, 
salt or other contaminants in water 

and should not be used for contain
ment of these constituents without 

prior evaluation. CLAYMAX liner 

must be inspected lor damage if 
exposed to any of those substances 
or conditions and, if damaged, 
must be repaired or replaced im· 
mediately. CLAY MAX liner must be 
installed in accordance with plan 

and specification requirements, 
prepared by a professional en· 
gineer. 

All drawings ore intended solely as 
a guide and for general information 

only. 

All test performance data were pro
duced under laboratory conditions 
and are not intended as a substitute 

Decorative Pond 

Leachate Collection Pond 
(Secondary Liner) 

for tests of the specific liquid or 

leachate that may come in contact 

with CLAYMAX liner. All test perlor
monce data ore subject to James 

Clem Corporation's limitation of 

warranties. James Clem Corpora· 

tion recommends that the purchaser 

perform site-specific tests of 
CLAYMAX liner. 

LIMITAnON OF WARRAN
TIES: James Clem Corporation 
warrants that CLAYMAX liner 
meets James Clem Corporation's 

specifications. James Clem Corpo

ration disclaims any other warran

ties, express or implied, as to 

CLAYMAX liner, including all war
ranties of merchontibility and fit

ness for any particular purpose. 

James Clem Corporation is not li

able for any incidental or conse

quential damages of any kind. 
James Clem Corporation assumes 

no liability lor CLAYMAX liner's per-

See James Clem Corporation's 
below-grade bentonite waterproofing catalog 

in Sweet's sedion 07100/CLE 
· BuyLine 3527. 

CLAYMAX® LIQUID CONTAINMENT LINER 

ADVANTAGES 
· Economical and easy to install 

Minimal labor required 

, All seams are simple overlap seams 

• liner can be cut and trimmed with a utility knife 

GENERAL CHARACTERISTICS 
Self-hea I i ng/Self-sea I i ng 

Natural sealant actuated by water 

Porous protection layers allowing quicker hydration 

· Water-soluble adhesive 

Factory-uniform continuous bentonite layer 

Minimum 1 lb. bentonite per sq. ft. 
Totally flexible 

Compatible for use with plastic liners and other multiple 
liner systems 

Rolled goods for convenient storage 

Standard sheet sizes: 13W x 82' and 
custom lengths available 

Relatively resistant to environmental and biological 
attack 

INSTALLATION ADVANTAGES 
Uncomplicated installation requiring: 

No seam welding or sewing 

No special equipment or cutting tools 

No geotextile or other special protection 

May be staked or nailed 

Simple overlap seams 

Accommodates complex configurations 

No bentonite loss when cut or trimmed 

Virtually no waste material 

formance or for injuries resulting 

from the use of CLAYMAX liner, in
cluding any liability resulting from 

the purchaser's engineering, de

sign, construction and installation. 

GENERAL INSTALLAnON 
INFORMATION: CLAYMAX 
liner should never be installed in 

standing water. 

Exposure to turbulent water may 

also cause damage. 

If exposed to any of these sub

stances or conditions, CLAYMAX 

liner must be inspected and, where 

necessary, immediately repaired 

or replaced. 

If rainfall commences during instal

lation or while under construction, 

cover with plastic sheeting to pro

vide interim protection. 

To insure its integrity, CLAYMAX 

liner must be protected by and re

main buried under a minimum of 

6" to 8" of backfill or aggregate. 
Backfill must be compacted with 
rubber·tired or conventional roll

ing equipment to on 85% Modified 

Proctor. 

All illustrations ore intended solely 
as a guide and ore for general 

information only. Contact James 

Clem Corporation for: 

A Containment installation instructions 

on slopes greater than 3 to 1. 
.a. Installations where CLAYMAX liner 

must resist extreme hydrostatic pres

sure that may require a double 

Ioyer of CLAY MAX liner. 
a Temporary containment applica

tions. 
A Suitability for secondary contain

ment applications. 

Any unusual CLAYMAX liner appli
cation procedures not covered in 

this brochure must be approved in 

writing by James Clem Corpora

tion prior to the installation. 

The information contained in this brochure supercedes 

all information printed prior to 7/89. 

<t> Copyright 1989 James Clem Corporation, Chicago, Illinois, 60611 

Printed in the USA 8-89 
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CLAYMAX® liner is the 

optimum impermeable liner 

for the 

water and waste 

containment industry. 

CLAYMAX• PRODUCT SPECIFICATION 

Sodium Bentonite 1.0 lbs. per square foot 
Content 

Thickness 'I• inch 

liner Dimensions 13.5 feet x 82 feet 

Effective Area Covered 1059.5 square feet (assume 6" 
overlap along one side and one end) 

Roll Weight/Unit 1130 lbs. (minimum) 

Permeability Coefficient 2 x 1 o·' 0 em per second @ 35' 
head pressure. 

LABORATORY TEST DATA 

Procedure- Six inches of silica sand covering CLAYM/1\X 

liner in a triaxial cell under thirty-five feet of water head 

pressure. 

GROUP PIRMEANT PERMEABILITY 

Water De-Aired Water 2x 1 o·10 cm/sec. 

Salt Seawater 2x 1 0'10 cm/sec. 

Actd Acetic Acid 2x10'10 cm/sec. 
Phosphoric Acid 2 X 1 0'9 em/sec. 

Calcium Calcium Chloride 2 X 1 0'9 em/sec. 

Alcohol Ethyl Alcohol 2 X 1 0'9 em/seC. 

Organics Methylene Chloride 3 X 1 0'10 em/sec. 

leachate Sewage BOD•38,000 8 X 1 o-lO em/SeC. 
Paper Pulp Sludge 2x10'10 cm/sec. 

Hydrocarbons Jet Fuel 8 X 1 0'10 em/seC. 
Diesel Fuel 8 X 1 0'10 em/sec. 
Unleaded Gasoline 2x 10'10 cm/sec. 

Pressure 150 foot Water Head 1 X 1 0'9 em/sec. 

Additional tests are available upon request. 

The above lest performance data were produced under 

laboratory conditions. The actual performance character

istics may vary. No performance warranty is express or 

implied. 

PACKAGING AND SHIPPING 

Roll Content 

Roll Weight 

Roll Size 

1107.0 square feet 

11351bs. (approx.) wrapped 

14.5 feet long (PVC wrapped) x 18" 
diameter (approx.) 

APPLICATIONS: Fresh water ponds, waste lagoons, munici

pal landfills/cops, tonk form containments, irrigation canals and 

earthen dams. 

CLAYMAX® liner Is a flexible polypropylene bentonite 

sandwich providing a uniform layer of clay in carpet 
form creating a cost-eHectlve solution for any liquid 

containment sealing problem. 

E.P.A. regulations for waste containment specify that lagoon/ 

landfill liners be composed of a heavy plastic membrane Ioyer 

(HOPE) on top of a thick Ioyer of compaded clay (3 feet 
minimum). Because a single sheet of CLAYMAX liner ex
ceeds this requirement, it has been specified and installed 

as "the cloy Ioyer" in several landfills in the United States and 

Europe. 

CLAY MAX® liner Is the state-of-the-art geocomposlte 
liner that Ingeniously combines the durability of 
woven polypropylene fabric with the Impermeability 

of a pound-per-square-foot of an Inert mineral, 

sodium bentonite (montmorillonite). 

Sodium bentonite, the mineral component in CLAYMAX liner, 

is a high-swelling cloy that swells to form a monolithic seal when 

hydrated with fresh water. The CLAYMAX liner has self-sealing 

seams and on overall self-healing ability if ripped or 

punctured. In its hydrated (swollen) state, the cloy will swell up to 

15 times its dry volume providing tremendous impermeability and 

a great resistance to all chemicals. In a typical installation, the 

%-inch CLAYMAX liner sheet will swell 1h-to-1 inch resulting in the 

equivalent permeability of 30 feet of compaded clay. 

EQUIPMENT REQUIRED: The CLAYMAX liner must be 

installed with the stenciled polypropylene side up (facing 
the operator). The polypropylene protects and supports the 

system on installation. The liner con either be pulled from a roll 

suspended at the top of a slope, or the free end may first be 

secured in a locking trench and the suspended roll con be 

backed down the slope and across the excavation by the support

ing vehicle. 

Suspending and unrolling CLAYMAX liner is facilitated by insert

ing a heavy-duty 3-inch diameter steel pipe through the 31h-inch 

roll core on which CLAYMAX liner is shipped. This pipe should 

be 16-18 feet long to accommodate the hoisting chains from the 

lifting vehicle (any type of vehicle with a fork or front-end bucket). 

A spreader bar is required to ensure roll clearance and to prevent 

damage to roll edges. 

"' Quality control of CLAYMAX liner seams requires an on-site 

inspection of a uniform 6-inch overlap and supervision of backfill

ing to prevent aggregate from opening seams. 



SITE PREPARATION: The pond, lagoon, tank farm enclosure 

or canal excavation depth should be de

termined to allow for a final addition of 

a minimum 6-8 inches of soil or aggre

gate cover material. The excavation 

should be well contoured with slopes that 

are at a maximum of three-to-one. Pro

trusions and rocks larger than 2 inches in diameter should be 

removed and the entire excavation should be compacted suffi

ciently to prevent ruts from installation vehicles. Compaction can 

be accomplished using either conventional rolling equipment or 

wheeled vehicles. Use of sheepsfoot rolling equipment is not 

recommended. A liner locking trench (min. 181nches deep) 

must be provided at the top of all slopes. 

ORIENTATION: When installing CLAYMAX liner, all seams 

1 = t I on slopes must be perpendicular 

to smooth out creases. 

to the excavation bottom. This 

method prevents seam displacement dur

ing the backfill procedure. It is also im

portant that the first CLAYMAX liner roll 

and all succeeding rolls be pulled tight 

ANCHORING: All CLAYMAX liner sheets should be an

chored to pressure-treated wooden 2 x 4's 

(or equivalent) and locked into trenches 

at the top of all slopes, covered with fill 

and compacted to prevent slippage dur

ing installation. This trench should be at 

least 12 inches above the final contained 

liquid level and should be approximately 18 Inches deep and 

18 Inches back from the finished waterline. 

SEAMING: CLAYMAX liner seams are non-critical and self

seaming. CLAYMAX liner seams require 

a simple 6-lnch overlap with long 

pins or nails every yard to allow for move

ment of CLAYMAX liner during ground 

subsidence. No adhesive or thermal weld

ing is required. The hydrated bentonite will 

push through the woven polypropylene forming a monolithic seal with 

a permeability of no greater than 1 x 10-9 em/sec. 

REPAIRING: Irregular shapes, cuts or tears are easily re

paired by covering the area with CLAYMAX liner to provide a 

6-inch overlap on all sides. These repair pieces should be stapled 

or nailed in position until cover material has been placed. 

COVERING: Cover material (minimum 6-8 inches of aggregate 

or backfill) should be applied as 

CLAYMAX liner sheets ore placed to af

ford maximum protection. Correctly 

Installed, CLAYMAX liner Is cap

able of supporting Installation 

personnel and equipment. Be

cause it is not recommended for vehicles to operate directly on 

CLAYMAX liner without the support of a backfill, cover mate

rial should always be pushed forward. Cover material 

(other than aggregate) should be compacted after placement. 

CLAYMAX.® liner, the 

state-of-the-art geocomposlte, 

can be used 

as a primary or 

secondary liner. 

MATERIAL SPECIFICATIONS 

Primary Backing (Typical Properties) - Polypropylene 

is nonbiodegradable and inert to most chemicals, acids 

and alkalis. 

Color 

Filler Fiber 

Substrate 

Weight 

Noturol white 

Nylon 

24 x 10 Delustered woven 
polypropylene, non-toxic, 
water permeable 

4 oz. per square yard 

Tensile Strength 781bs. per inch (minimum) 

Grab Strength 
(ASTM D-1682) . Warp 951bs., Fill70 lbs. 

Mullen Burst Strength 
(ASTM D774) 250.251bs. per square inch 

Puncture Strength 
( 5116"' mandril ASTM 
D3787 MOD.) 2491bs. 

Melting Point 329• F 

Elongation 
(ASTM D-1682) Warp 15%, Fill18% 

Shrinkoge-HotWoter Nil 

Shrinkage-Dry 
(20min.@270•f) 2% 

Cover Fabric 100% spunlace polyester; open 
weave allows for expansion 
of bentonite 

Weight 1 oz. per square yard 

Grab Strength Warp 30 lbs., Fill13.61bs. 

Burst Strength 351bs. per square inch 

Bentonite Sizing 
(Sodium Montmorillonite) 

Mineralogical 
Composition 

Adhesive 

Storoge 

Specially graded, 6 mesh and 30 
mesh granules 

90% Montmorillonite (min.) 

Water soluble, non-toxic 

On dry ground, under roof or 
other protective covering 

The manufacturer reserves the right ta change product specifications 

and instructions/limitations without notice. Information contained 

herein supersedes previously printed material prior to 7/89. 

~ 
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Golder Associates Ltd. 
CONSULTING ENGINEERS 

January 13, 1989 

Armtec 
15 Campbell Road 
P.O. Box 3000 
Guelph, Ontario 
NlH 6P2 

ATTENTION: Mr. C. Mills, P.Eng. 
Manager. Geosyntb~tJcs P~oducts 

RE: LABORATORY HYDRAULIC COliDUCTIVITY 
TESTING ON CLAYMAX MATERIAL 

Dear Sirs: 

881-1405 

This letter reports the results o~ two laboratory tests . 
carried out by Golder Associates Ltd. to determine the ··.: 
hydraulic conductivity of samples of CLAYMAX material ~~ing 
de-aired tap water as the permeant. The purpose of this 
laboratory test program was to confirm the results of 

·:. hydraulic conductivity tests performed previously on 
CLAYMAX material by STS Con~ultants Ltd., Consulting 
Engineers from Northbrook, Illinois, as reported in the 
manufacturer's literature. 

Authorization to carry out the laboratory test program was 
given by your Mr. c. Mills, P.Eng. in Armtec•s letter dated 
August 22, 1988. A stock roll of CLAYHAX aaterial was 
subsequently provided by Armtec and delivered to our 
geotechnical laboratory in Mississauga, Ontario. 

GOlDE~ ASS~IATEI LTD. •1110 a.t!ADOWVALIILYD~ UISSIIIAUGA, ONTAIIIO, CANADA UH IIJ • TILIPHOHII4tllllf~U4 • TfLIX 01-ltlltl• PACIIMILI fUIIIIJ-tSat 
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7est 7\pparatus 

The test methodology used for the laboratory test program 
essentially followed ·the procedures used by.STS Consultants 
Ltd., but with the CLAYMAX specimen located at about mid
height of the 100 mm diameter by 200 am high composite 
cylindrical triaxial sample. Fine ottawa sand·w~s placed 
on both sides of the CLAYMAX specimen and de-aired tap 
water was used as the permeant. The procedure ·Used by STS 
involved the placement of the CLAYHAX pn sand followed · 
directly by the top loading platen. 

A triaxial co~pression chamber with a welt-compensating 
mercury-pot pressure control system was used to carry out 
the constant-head hydraulic conductivity testa. This type 
of equipment lends itself well to the determination of . 
hydraulic conductivity on low permeability material. The 
advantages of this equipment includes 

o The capability of reliably maintaining a constant 
head differential across the test specimen for 
long periods of time. 

o The prevention of permeant evaporation during 
long testing periods as the apparatus forms a 
closed system. 

o The enhancement of the aeal around the test 
specimen by the use of a flexible rubber membrane 
which tightly conforms to the specimen aides. 
The use of cell pressure acting on the·membrane 

Golder Aaaoclalea 
... 

! 
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also minimizes seepage at the membrane-specimen 
side interface. Vacuum grease was also ·applied 
at the specimen-membrane interface • 

. . 
o The enhancement of specimen saturation through 

the use of. back pressure into tha specimen. 

o The reliable measurement of permeant volumes both 
into and exiting the specimen to ensure that a 
steady-state flow condition is being achieved. 

Satisfying the above conditions is essential to the 
accurate, proper determination of hydraulic conductivity 
(k), since the governing flow equation used to calculate k, 
under constant-head conditions, is based on steady-state 
flow being achieved in a fully saturated soil/material. 

Jpecimen Preparation 
... 
. 

The following steps were followed for specimen preparation 
op~rations: 

1. A flat circular specimen approximately 100 am in 
diameter and 5 mm high was carefully trimmed from the 
stock supply of CLAYHAX material, measured for 
dimensions and weighed. 

2. The triaxial chamber base pedestal was flushed with 
de-aired tap water and a previously saturated porous 
stone placed on top of the base pedestal •. A flexible 
rubber membrane was then secured to the pedestal using 
three tightly fitted o-rings • 

Golder Aaaoclatea 
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3. 

.·· 

Wet fine Ottawa sand .was placed under water on the · 
saturated porous stone and within the membrane former. 
to form a column of sand approximately 100 mm in 
diameter and 100 mm high. The· sand was then ~lushed 
with upward flow of de-aired water. . . 

The circular CLAYMAX specimen was placed on top.of the 
sand followed by 100 mm of wet fine Ottawa sand, the 
upper saturated porous stone and the top loading 
platen. Three tightly fitted o-r~ngs were used to 
secure the membrane to the top platen. The CLAYHAX 
was positioned so that the geotextile side faced 
downwards. 

5. A partial vacuum was applied to the composite sample 
to allow the membrane former to be removed and the· 
outer triaxial chamber to be placed and filled witti 

. water to allow for cell pressur.e application. 
.. .. 

6. De-aired tap water was flushed into the sample from 
the top loadinq platen and base pedestal, completely 
inundating the CLAYMAX specimen. This was followed. by 
the application of a vacuum to remove any entrapped 
air bubbles from the sand. 

7. The specimen of CLAYMAX was allowed to hydrate for a 
48 hour period. 

·e. Following hydration, the cell·and back pressures were 
simultaneously and incrementally increased to 

·facilitate saturation of the specimen by pressure 
dissolving any free air into solution. Incrementa of 
69 kPa (10 psi) were used until a differential 

Golder Ataoclalll 
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pressure of 7 kPa (1 psi) vas obtained under a maximum 
cell pressure of 414 kPa (60 psi) and 407 kPa (59 psi) 
back pressure. &kempton's pore pressure B parameter 
vas checked .for each stage and saturation was 
considered complete when a value of 0.9S or greater 
was attained. (The B value is the ratio of the 
measured increase in sample pore water pressure under 
a simultaneous increase in cell pressure) •. 

9. Following specimen saturation, fl~v of de-aired tap 
water was initiated through the top loading platen 
under a pressure of 407 kPa (59 psi) and allowed to 
exit through the lower sand and.the base pedestal 
under a pressure of 392 kPa (56.9 pal), thereby 
inducing a head differential of 15 kPa (2.1 psi). 
The cell pressure was maintained at 414 kPa (60 psi) 
during this time to provide positive confinement 
against the membrane and the sample. 

10. The flow of water entering and exiting the triaxial 
chamber were recorded by calibrated burettes to 
ascertain that steady-state flow conditions had be~n 
attained. The steady-state condition was then 
maintained for a period of 4.5 days for the first teat 
and 10.5 days for the second test. The calculation 
for k was baaed on measurements taken during these 
periods of time of steady-state conditions • 

. 11. Following completion of testing, the triaxial chamber 
and sample were dismantled. The dimensions of the 
CLAYMAX specimen were re-measured and the specimen 
weighed. 

Golder AIIOCIIIII 
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Laboratory Testing Reaulta 

The results of the two laboratory hydraulic conductivity 
tests are summarized in Table 1 and Figure 1. From .the 
vo_lume-time relationships shown on Figure 1, it is ·_apparent 
that steady-state conditions had been reached and 
maintained since the rate of flow into the triaxial 

.chamber, and hence through the CLAYHAX material, equalled 
the flow exiting the system. 

The results from the two tests are very similar thereby 
demonstrating repeatability and consistency of the test 
data. During hydration andttesting, ·the CLAYMAX·m~t:i:tt~l~i-
swelled to about double its original height. The 
computation for k, therefore, used the final height and 
area of the specimen and the flow rate indicated on Figure 
1. 

For a saturated soil under steady-state conditions, the·: 
following equation (Darcy•a La\1) applies: 

; 

where: 

Q • klA 

Q • steady-state flow rate (cm1/s) 
k • hydraulic conductivity (em/&) 
1 • hydraulic gradient 
A • cross-sectjonal area through which 

occurs (em) 
flow 

Further, for constant-head conditions 

where: 

i • h/L 

h • head causing flow (em) 
L • length of specimen through which the 

head causing flow is dissipated (em) 

Golder Alloclalet 
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Tho above parameters are summarized on Table 1 and Figure 

1, Baaed on these measurements, the calculated k for the 

cLAYMAX material is about 8 x 10·10 cmJa. 

· ThO results from the two teats are almost identical and 

indicate that the hydraulic conductivity for CLAYMAX 

material for de-aired tap water as the permeant is very 

loW, being about 8 x 10.10 cm/s. The ••nufacturer•a 

specifications indicate a k of 2 x 10.10 Cll/s for de-aired 

water as the permeant as reported by STS Consultant Ltd. 

The results of the above laboratory test programs carried 

out on CLAYMAX material are, therefore, reasonably 

consistent and indicate that CLAYMAX material is quite 

impermeable. Generally, materials possessing a hydraulic· 

conductivity of 10·7 cmJs or lo\ter are considered to be. 

practically impermeable. 

Notwithstanding the above agreement in reported vaiues for 

hyaraulic conductivity, it should be appreciated that the 

determination of such low k values probably conatituteathe 

limit of the laboratory system capabilit.y in providing 

reliable measurements of hydraulic conductivity. It is 

considered that the value of hydraulic conductivity for 

cLAYMAX material, as determined in the laboratory, is of 

the order of 10·9 em/a, possibly approaching 10·10 cm/s. 

QQmP•ote4 clay Liner IJ'blakntll.._lffilbrnnaY of CJ,f.YHlX 

uattrlal 

The thickness equivalency of CLAYMAX material ·in terms of 

compacted clay can be assessed using Darcy's Law and the 

Golder Alloclalea 
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·. ·. 

principle ot continuity ot flow (viz. the tlow rate through 
the CLAYMAX must equal the rate ot flow through the clay), 
For a given unit area, this can be expressed mathematically 
as follows: 

(k (h + L) I L) 1 • (k (h + · L) I L)a ·. 

where: 

h • retained fluid heiqht 

(and the subscripts 1 and 2 denote the clay liner 
and CLAYMAX material respectively placed on free 
draining material (i.e. a sub-collector.drainage 
system) 

For the same retained fluid head, (h), the ratio of the 
thickness ot clay to CLAYMAX is directly proportional to 
the ratio of their respective hydraulic conductivities, 
k,/kz. 

.. .. · 
For clay liners with a k1 • 10·7 cm/s and a CLAYMAX matei'ial 
with a k2 • 10·9 cmfs, and fer the same retained height of 
ponded fluid, a unit thickness of CLAYMAX material would be 
equivalent to about 100 unit thicknesses of compacted clay . 
liner (viz. 1 em of CLAYMAX would be equivalent to .1.0 ~-of 
compacted clay). 

It should also be appreciated that while the above is baaed 
on an equal rate ot flow through the respective liners, the 
actual corresponding hydraulic gradient across the CLAYHAX_ 
.material would be about 100 times that across the clay 
liner, for respective hydraulic conductivity values of 10·7 

cmjs and 10·9 . cm/s. 

summary and conoluaiona 

.. 
The results of the hydr~ulic conductivity tests carried out 
on specimens of CLAYMAX material in the laboratory, under 

Golder AIIOCialtl 
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controlled conditions and de-aired tap water as permeant, 
is of the order of 10·9 em/a to .10·10 cmJa. However,. whether 
similar values. will be· operational in the field will be 
dependent upon the actual field installation and 
construction procedures. ~bus, the laboratory. determined 
value of hydraulic conductivity may not be ·appropriate tor 
direct design use. The operational. overall field value 
could be somewhat leas depending on factors such as scale 
(size) 'effects, efficiency of the joints/seams and proper 
careful installation procedures. 

Yours truly, 

GOLDER ASSOCIATES LTD:--.::;;;··.._, ....... ·. 
I r-"·.,.•··.• ~ • ... 

0.rlJ p ~;· _;; ··-.··-~:.~·~~· ~~\ 
-.l)::t)b..A~ :~ . . I! ' . • ... a, . ii' r:. '· 

Dennis E. Becker, P.~ Eng ..... v ·~ ..$, ! 

DEBJga 

Attz 

. ,·· ... .... . _...,·· .t.• • 
·.. • ••• •;.,, tt-· ......... ··· ~~ ... 

i" •• ,., ... ~-

~able 1 - Summary of Laboratory Hydraulic 
Conductivity Tests on Specimens of CLAYMAX 
Material 

Figure 1 - Volume of Flow vs. ~ime Relationships . 
Constant Head Jlydraulic Conductivity Tests 
CLAYMAX Material 

Oolder A11oclate1. 



SUMMARY OF LABORATORY UYDRAULIC COliDUCTIVITY TESTS 
ON SPECIMENS OF CU.YHAX IIATERU.L · · 

" IIU!ber 

ten Ditta 

lpeclllln DIIIIIUr (CII) 

lpecleen Helehc (ca) 

lpecl~~tn Area (cal) 

lpecl~~en VolUIII (eel) 

lpeclean Weleht fa) 

lpeciNn Dtnalty (e/cml) 

lpeclllln Water Contant (I) 

Specl~~en Void Ratio 

Specimen Saturation (X) (1) 

lpaciNn I Value 

Steady•Statt flow late (eel/a) (2) 

Duration of Sttady·Statt 
Condltlona (daya) Cl) 

Constant Head (Uattr) Cc•) 

Hydraulic Gradient 

Iefort teat 
(Dry Condl tlon) 

Oct. '· 19U 
Utart) 

10.15 

o.u 

80.91 

38.14 

31.82 

0.87 

o.o 

2.16 

o.o 

f'•• 

Hydraulic Conductivity (k) (~I) (') 

1 

Durlne/Afttr taat 
(!itt Condition) 

Oct·. 10, 1981 
(End) 

10.40 

1.00 

14.91 

14.91 

-· 1.00 • 10 

4.5 

147.6 

147.6 

•II 1.0 • 10 

• 0 0 

1 .0 :" ... 

Iefort teat Durlne/Aftar teat 
(Dry Condition) 

0 

•• (Utt Condition) 

lov. I, 1981 Dtc. 1,' 1981 
Cltert) Clnd) 

10.20 10.45 

0.51 1.12 

11 ·'' 15.77 

''·" 96.06 

''·20 116.15 

0.12 1.21 

o.o 239.6 0 

2.15 6.n 

o.o o.9a 

... 0.96 

. -· 1.14 • 10 
... 

10.5 

147.6 

111.1 

-10 7.1. 10 

Nottl& (1) fro. fundamenttl Phaat lelatlonehlpa for lolta (tf. la•aG; ttc.) Attu.ed 1•2.75 

(2) Durlne period of oburved ttetcty·atatt conditione. ltfer to flpt 1. 

(1) Aa dete~lntd by coaprlne Inflow and outflow btu In lpeciNft. 

(43 Dt·alred tap water used •• pel'llltnt. 

.larwry 1919 
Golder Auoclalaa 

. : . 0. 

o' 

111·1405 
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INDEPENDENT LABORATORY TEST DATA ON CLAVMAX• 

1. PERUEABIUTY TESTS ON CLA VUAxe 

Procedure: Six Inches of sUJca sand covering CL.A YMAX•IIner In a triaxial eel under thirty-live feet of water preaaure. 

BwlR 
Water 
Salt 
Leachate a 

Cyanide 
Pressure 

BwlR 
Acid 

AlkaU 
Calcium 

Alcohol 
Organics 
Hydrocarbons 

Property 
Puncture Strength 

(ASTM D S781) 

Shear Strength 

Wide Width I ensUe 
Strength 

TEST wmt CLAYIIAr HYDRATED BY PERIIEANT 

Permt~nt Permt~bl!lty WJidb• 
De-Aired Water 2 x 1o-1o an/a STS 
Seawater 2 x tO·IO an/a GS 
Sewage BOO > 38,000 8 X 1()-10 c:m/1 STS 
Paper Pulp Sludge 2 X tO 10 C111/a STS 
Pond Sludge 2x to-• em/a STS 
Ash 1 X 1()-10 an/& STS 
Cyanide Heap Leachate 2 x 1o-1o em/a KL 
150 ftWater 1 X 1()-1 Cln/a ·STS 

TEST wmt CLAYIIAX• PREifYDRATED BY DE·AIRED WATER 

Permeant bJ:moabl!lty WWI&x• 
1% Acetic Acid (pH t) 2 x tQ-IO cm/a STS 
Phosphoric Acid 1 x to-• an/a after 8 days STS 
20% Hydrated Lime (pH 14) 6 x 10'10 an/a STS 
Calcium Chloride 2 x to-• c:m/a STS 
Calcium Ugnosulfanate 2 x toe cm/a after21 daya STS 
Ethyl Alcohol10% 2 X 1Q-I em/& STS 
Methylene Chloride .. x 1o-1o anls STS 
No. 1 Diesel Fuel 9 X 10 IOanJa STS 
Jet Fuel 9 x 1()-IO anls STS 
Unleaded Gasoline 2 X tQ-IOanJ& STS 
Gasahol 2 X 10·10 an/& STS 
MTBE 7 X 1Q10cm/a STS 

2. MECHANICAL PROPERTIES TESTING 

Jut Dttal!a 
Punctured with 8mm diameter 
solid steel rod at a strain rete 
of 121nlmin 

Silo Plane Interface 

Between geotexlile of CL.AVMAX 
and dry PVC membrane 

Within bentonite layer of hydrated 
CL.AYMAX 

Between slty sand and geotexlile 
ofCLAYMAX 

Between geotexlile of CLAYMAX 
and dry, smooth HOPE 

Creep Strength 
Maximum TenaHa Load 

.8uul1l 
39kg, 861bs 

Ttaltd BY" 
STS 

GS 

Fdc!lon Angle Ia) Qohes!oo IC) 

• ·15.0' 
C·.239KSC 

.. 20 lbslft 
1440 lbslft 

• ·11.6" 
C•.500KSC 

• ·17' 
C·-273KSC 

•·1T c •. 300KSC 

GS 

lllll 
8/25J83 
11129/88 
6/1 tl89 
8103188 
1/03/85 
.. 124/89 
12/11190 
1 t/t9/86 -

lllll 
11128183 
1 t/16/87 
10105/Bt 
4127/83 
10f16/87 
8125/83 
2/12188 
7/07189 
7/07/89 
7/07/89 
7/07/89 
7/17/90 

lllll 
6/26187 

3110189 

.. 119/88 

• GS. GaoSetvlcea Inc.. Adanta. GA: STS • STS ConatAianla Ltd •• DMtllld. L: KL • Klohn Laonotr Inc.. Kirkland. WA 
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3. PHYSICAL PROPERTIES TESTING 

----- PERUEABIUTV EFFECTS FOR VARIOUS CONDmONS -----
IvP• of lui 

Freeze· Thaw Elfacta 

Puncture Effacla 

Seam Overlap 

Strain Effecta 

l11t Detal!t 

Samplaa ware hydratad 
loUowlng exposure to 0, 
t,S,t0and201reaza
lhaw cycles. 

Punctured with 112" 
diameter rod: 
Prior 1o aaturatlon: 

After saturation: 

2" overlap 0 canter 
of 4' diameter aampla 

CUVMAX atratchad 15% 
of original length 

flrmt~bl!llv Ittttsl By• 

2 X tO· tO em/a GS 

STS 

2 x 10.. em/a (lnldal) 
4 x to·• em/a (aher Q days) 
8 X 10·7 emil (lnfdaJ) 
8 x 10·tO cmla (aher ti days) 

7 x 10·10 em/a STS 

4 x 10·10cmJs STS 

PHYSICAL CHARACTERISTICS FOR VARIOUS CONDmONS 

Properly lilt Details BIIUIII :ru~· SweU Potential Percent of aweU of original 9% o 1.500 KSC load STS height of ClAVMAX 132% 0 .004 KSC load 

Unsupported Slope length · 
GS 

Assumlnf aoiVfabrlc frlcllon Sklsla Mulall~ll angle o 15"; 8·11" cover 4:1 45 II material at a density of 130 3:1 2711 P .C.F .; factor of safety • 1.5; 2.5:1 2011 40 lbsAn creep strength. 2:1 15 h 

Transmlsslvily of Net (results for a gradent of 1.0) GS Under CUVMAX o 1,000 PSF confining streas 4.7gpm 
0 20,000 PSF confining slreu 2.1 gpm 

Moisture Retendon 
GS 

cu VMAX placed In a tam· Time (dan) Yat1111 ~DIIIDI 0 (aeturated) 130G-I. perature and humidity con- Using zero 4 690"1. lloUad chamber to alroolate 
conDnlng atress 21 15"1. exposure to long term arid 

47 &-I. envlronmenta. Different 
80 1•1. overburden pr8IIUI'es were 

applied to each of lhe three 8 Inches of oved:lutden 0 (aeluralad) 260"1. uJl1)1es to slll'l.llale various soli placed on cu. vw.x 25 280% soU cover conclllons. 
110 260•1. 

154 180"1. 
235 20"1. 
294 1% 

181nches of overburden o (aaturaled) 300% soli placed on a.A vw.x 25 265% 
80 248% 

154 203% 
235 116% 
294 37% 

12188 

3120186 

7/16784 

4/18188 

11111 
7/15187 

4/19188 

4119188 

7114189 

Tha pr~cudlng 1111 ptrlormanca data doll not llpllllftt product aptclllcatlona. Tha taata Wlfl ptrlormad undar labor~tory condtllona by certllled lndapandanltlltlng laba. The actual parlormance cl\aractarllllca lilY vary. No ptrlormanca warranty up11111d or lmplllld. 
• GS • GeoS&MCIIInc •• Atlanta, GA: STS • STS Cona.-anll Ltd .• Oelrlleld,l. 
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C LA V MAX® 
PRELIMINARY CASE STUDY 

-

NAME OF PROJECT: 

LOCAnON: 

lYPE OF PROJECT: 

SIZE OF PROJECT: 

START DATE: 

COMPLEnON DATE: 

CLIENT: 

CONTRACTOR: 

YAWORSKI SUPERFUND CAP 

Yaworski Superfund Site 

Plainfield, Connecticut 

Superfund Cap 

21 0,000 square feat 

August 1990 

Confidential 

Resicon Containment 
Sunapee, New Hampshire 

ENGINEERING FIRM: GZA 
Vernon, Connecticut 

APPROVING AGENCY: United States EPA Region I 
Boston, Massachusetts 

LINER CONCEPT: 

Connecticut Dept. Environmental Conservation 
Hartford, Connecticut 

40 mil HOPE over CLAYMAX 
Most slopes are 4'- 6'; steepest is T. 
Gabion walls around outer perimeter for drainage • 

.JAMES CLEM CORPORATION 
444 North Michigan, Suite 1610, Chicago,IL 60611 USA 

Phone: 312.321 6255 Fax: 312.321-6258 



C L AV MAX® 
PRELIMINARY CASE STUDY 

NAME OF PROJECT: 

LOCATION: 

TYPE OF PROJECT: 

SIZE OF PROJECT: 

START DATE': 

COMPLETION DATE: 

CLIENT: 

CONTRACTOR: 

-- RCRA CAP 

Shehan County Landfill Cap 

Hartford, Connecticut 

RCRACap 

45,000 square feet 

July 1988 

July 1988 

Connecticut Resource Recovery Authority 

Sealand Environmental 
Bridgeport, Connecticut 

ENGINEERING FIRM: Fuss & O'Neil 
Manchester, Connecticut 

APPROVING AGENCY: Connecticut Dept. of Environmental Protection 
Hartford, Connecticut 

LINER CONCEPT: 

U.S. EPA, Region I 
Boston, Massachusettes 

Metal hydroxide contaminated soils were overlain with: 
six inch layer of 1 x 10-e cm/s clay; CLAYMAX liner; 30 mil 
PVC; one foot sand drainage layer; fiher fabric; 30 inches 
cover soil to protect against freeze/thaw effects; grass cover 
for erosion protection . 

.JAMES CLEM CORPORATION 
444 North Michigan, Suite 1610, Chicago, IL 60611 USA 

Phone: 312.321-6255 Fax: 312.321-6258 



CLAVMAX® 
PRELIMINARY CASE STUDY 

-- GE SUPERFUND CAP 

NAUE OF PROJECT: General Electric Cap 

LOCATION: Fort Edward, New York 

TYPE OF PROJECT: Superfund Cap 

SIZE OF PROJECT: 55 Acres 

START DATE: September 1990 

COMPLETION DATE: December 1990 

CLIENT: General Electric 

CONTRACTOR: Canonie Environmental 
King of Prussia, Pennsylvania 

ENGINEERING FIRU: J & L Engineering 
Canonsburg, Pennsylvania 

APPROVING AGENCY: New York EPA 

BACKROUND: CLAYMAX replaced 2 feet of clay in a cap designed to seal off 
PCB contaminated soils in five areas along the Hudson River. 
CLAYMAX was custom made for the project with a 10 oz., non
woven material on the underside that would allow gases 
generated in the underlying soils to transmit laterally toward 
collection wells. The roles were manufactured twice their 
standard length to maximize installation efficiency. 

JAMES CLEM CORPORATION 
444 North Michigan, Suite 1610, Chicago, IL 60611 USA 

Phone: 312.321-6255 Fax: 312.321-6258 
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C LA V MAX® 
Liquid Containment Reference List 

LANDFILLS & LANDFILL CAPS 

PROJECT OWNER CONTRACTOR ENGINEER 

Landfills 

Adams Center Hazardous Chemical Waste National Seal Corporation Donahue & Associates, Inc. 
Waste landliU Management of Aurora, Illinois 

Fort Wayne, Indiana Indiana, Inc. 

Vickery Hazardous Waste Chemical Waste Geo-Con, Inc. Golder Engineering 
landfill Management Pittsburgh, Pennsylvania Atlanta, Georgia 

Vickery, Ohio Vickery, Ohio Mr. Matthew Hart Mr. John Hull 
480,000 square feet Mr. Rudy Mays 412-244-8200 404-496-1893 
June 1988 

C.I.D. Environmental Complex Chemical Waste National Seal Corporation Chemical Waste Management 
Calumet City, Illinois Management Aurora, Illinois Palos Heights, Illinois 
130,680 square feet Palos Heights, Illinois 
September '85 - March '86 

Waste Mgt. of South Carolina Waste Management National Seal Corporation Waste Management of North 
Palmetto landfill & of North America Southeast Regional Office America 
Recycfing Center Spartanburg, SC Oak Brook, Illinois 

Spartanburg, South Carolina 708-572-8800 
524,577 square feel 
April1991 

B.J. San~ary landfill Waste Management National Seal Corporation Waste Management of North 
Norcross, Georgia of North America Aurora, Illinois; America 
700,000 square feet Atlanta, Georgia I.E.l. Atlanta, Georgia 
March 1990 Baton Rouge, louisiana 

Turnkey San~ary landfill Waste Management National Seal Corporation Waste Management of North 
Rochester, New Hampshire of North America Aurora, Illinois America 
1989: 1 ,200,000 square feet Manchester, MA Oak Brook, Illinois 

G.R.O.W.S. San~ary landfill Waste Management National Seal Corporation Waste Management of North 
Morrisville, Pennsylvania of North America Aurora, Illinois America 
1989: 1,840,000 square feet Oak Brook, Illinois Oak Brook, Illinois; 

Golder & Associates 
Mount laurel, New Jersey 



CLAYMAX• LC landfill& 

PROJECT OWNER CONTRACTOR ENGINEER 

Landfills cont 

Tullytown Sannary Landfill Waste Management Gundle Lining Systems Waste Management 
Tullytown, Pennsylvania of North America Houston, Texas of North America 
1988: 2,000,000 square feet Oak Brook, Illinois Oak Brook, Illinois; 
1989: 1,130,000 square feet Golder Engineering 

Mount Laurel, New Jersey 

Pottstown Sannary Landfill Waste Management Gundle Lining Systems Waste Management 
Pottstown, Pennsylvania of North America Houston, Texas of North America 
1988:675,000 square feet Oak Brook, Illinois Oak Brook, Illinois; 
1989:520,000 square feet Fred C. Hart Engineers 

Pltsburgh, Pennsylvania 

Clean FiU LandliU Zanghi Construction Zanghi I Zanghi Wehran Engineering 
Hauppauge, New York 
48,600 square feet 
October 1991 

General Motors Corp. Central General Motors Corp. Tim Cor, Inc. RMT, Inc. 
Foundry Landfill Central Foundry Defiance, Ohio Madison, Wisconsin 

Defiance, Ohio Defiance, Ohio 
1 acre 
May - June 1991 

LaCrosse County Landfill LaCrosse County Terra Engineering & Terra Engineering & Construction 
LaCrosee, WISconsin LaCrosse, Wisconsin Construction Corp. Corporation 
Size Madison, Wisconsin Madison, Wisconsin 
November 1990 Mr. John Karsten Mr. John Karsten 

608-221-3501 608-221-3501 

R & A Bender Sannary Landfill R & A Bender Inc NSC Martin & Martin Inc. 
Chambers, Pennsylvania Chambers, PA Galesburg, IUinois Chambers, Pennsylvania 
8 acres Mr. Nelson Benedict 
November 1990 717-264-6759 

Cape May LandfiU Cape May Landfill J.H. Water Systems Fred C. Hart Engineers 
Milmay, New Jersey Milmay, New Jersey Irwin, Pennsylvania Pfttsburgh, Pennsylvania 
80,000 square feet 
September, 1990 

Cecil County LandfiU Cecil County, Maryland Guardian Construction Gannett Fleming 
Northeast Maryland Bear, Delaware Baltimore, Maryland 
90,000 square feet 
August 1990 

RooseveR Regional Landfill Rabanco Regional Landfill Rabanco Regional Landfill Parametrix, Inc. 
RooseveR, Washington Company Company & Nilex Corp. 
750,000 square feet 
July 1990 
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PROJECT 

Landfills cont. 

Peabody Ash Landfill 
Peabody, Massachusetts 
170,000 square feet 
June 1990 

Deer Island Southern Landfill 
Deer Island, Massachusetts 
194,000 square feet 
June 1990 

Anchorage Regional Landfill 
Munidpal Solid Waste Fadlity 

Anchorage, Alaska 
800,000 square feet 
May 1990 

Livingston Landfill 
Livingston, Louisiana 
5,000 square feet 
December 1989 

Cecil County Sanftary Landfill 
Cecil County, Maryland 
71 ,000 square feet 
September 1988 

Broward County Ash Landfill 
Broward County, Florida 
870,000 square feet 
October '88 -January '89 

Haverhill Solid Waste Landfill 
Haverhill, Massachusetts 
213,000 square feet 
June- December 1988 

Landfill Caps 

Dow Chemical South 
Landfill Closure 

Dalton , Georgia 
200,000 square feet 
August 1991 

Bossman Division RCRA 
Closure 

Bristol, Connecticut 
53,000 square feet 
April- July 1991 

OWNER 

North East Solid Waste 
Committee 

Peabody, Massachusetts 

Massachusetts Water 
Resource Authority 

Boston, Massachusetts 

Solid Waste Services 
Munidpality of 
Anchorage, Alaska 

BFI 
Linthicum, MD 
301-850-7444 

Cecil County, Maryland 

Broward County 
Resource Recovery 

Broward County, Florida 

Ogden Martin Systems 
Haverhill, Massachusetts 
Mr. Ashvin Patel 

Dow Chemical 

Bossman Division/Copper lnds. 
Bristol, Connecticut 

CONTRACTOR 

Westrack Inc. 
Framingham, Massachusetts; 
New England Liner Systems 
Southington, Connecticut 

J.M. Cashman 
Quincy, Massachusetts 
Cayer Corporation (Installer) 
Harvard, Massachusetts 

MB Contrading 
Anchorage, Alaska 

BFI 
Linthicum, MD 
301-850-7 444 

T.C. Simons 
Fallstown, Maryland 
Mr. Bob Cooper 
301-879-3055 

Landfill Technology 
Fort Lauderdale, Florida 
Mr. Mickey Donofrio 

Gundle Lining Systems 
Houston, Texas 

Reece Trucking & Construction 

New England Liner Systems 
Southington, Connecticut 

CLAYMAX~ LC Landfills/Caps 3 

ENGINEER 

SAIC Engineering 
Lakeville, Massachusetts 

Haley & Aldrich 
Boston Massachusetts; 
COM 
Boston, Massachusetts 

Harding Lawson Assoc. 
Seattle, Washington 
Mr. Gerald Friesen 
206-622-o812 

BFI 
Linthicum, MD 
301-850-7444 

Department of Public Works 
Elkton, Maryland 
Mr. Tom Delorimer 
301-389-0200 

Whellabrator Services 
Danvers, Massachusetts; 
Wehran Engineering 
Wexford, Pennsylvania 

Camp Dresser & McKee, Inc. 
Boston, Massachusetts 
Mr. Mike Magher 
617-742-5151 

Dow Chemical 
Eastern Division 

YWCinc. 
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CLA YMAX• LC Caps 

PROJECT OWNER CONTRACTOR ENGINEER 

Landfill Caps cont. 

Robert Shaw Control Robert Shaw Control New England liner Systems 
RCRACap Company Southington, Connecticut 

MiHord, Connecticut MiHord, Connecticut 
33,000 square feet 
November 1990 

General Electric Cap General Electric Canonie Environmental J & l Engineering 
Fort Edward, New York Fort Edward, New York King of Prussia, Pennsylvania Canonsburg, Pennsylvania 
42acres 
September- December 1990 

Contract Plating Company Contract Plating Co. Sealand Environmental Fuss&O'Neil 
Stratford, Connecticut Stratford, Connecticut Derby, Connecticut Hartford, Connecticut 
31,000 square feet 
September 1990 

Yaworski Superfund Sne Confidential Resicon Containment GZA 
Plainfield, Connecticut Sunapee, New Hampshire Vernon, Connecticut 
210,000 square feet 
August 1990 

Department of Energy Department of Energy Nielsens, Inc. MK-Ferguson Company 
UMTRACap Cortez, Colorado Abuquerque, New Mexico 

715,000 square feet 
August 1990 

Atlantic Ave Demolition Cny of New York Cross Bay Construction Envirodyne 
Brooklyn, New York New York, New York Brooklyn, New York lyndhurst, New Jersey 
35,000 square feet 
July 1990 

Pratt & Whnney Pratt & Whnney New England liner Systems loraine Engineering 
Middleton, Connecticut Middleton, Conn Southington, Connecticut Plainville, Connecticut 
36,000 square feel Mr. Jim Magnolia Mr. Jeff Lareina 
November 1989 203-628-4423 203-747-6181 

Tech Systems V.F.l. Technologies Fuss&O'Neil 
12,000 square feet Manchester, Connecticut 
Fall1989 203-646-2469 

Whyco Chromium Whyco Chromium New England liner Systems Fuss&O'Neil 
Thomaston, Connecticut Thomaston, Conn. Southington, Connecticut Manchester, Connecticut 
41 ,000 square feet Mr. Jim Magnolia Mr. Stan Alexander 
July 1989 203-628-4423 203-646-2469 

American Cyanamid American Cyanamid Rem cor Malcolm Pirnie 
Wallingford, Connecticut Welfingford, Conn. P~sburgh, Penn. Rocky Hill, Connecticut 
160,000 square feel Mr. Neil lope Mr. Mark Barmasse 
July 1989 412-963-1106 203-257-3471 



Cl.AYMAX• LC Caps 5 

PROJECT OWNER CONTRACTOR ENGINEER 

Landfill Caps cont. 

Texaco Chemicals Landfill Texaco Chemical Austin Industrial In house- Texaco Staff 
Cap Project Corporation Austin, Texas 

Port Neches, Texas Port Neches, Texas 
1.6 acres Mr. Chris Haigler 
May-June 1989 409-724-4505 

Shekon County Cap Connecticut Resource Sealand Environmental Fuss & O'Neil 
Shekon, Connecticut Recovery Authority Bridgeport, Connecticut Manchester, Connecticut 
45,000 square feet Hartford, Connecticut Mr. Ron Reis 
July 1988 203-646-2469 



CLAVMAX® 
PRELIMINARY CASE STUDY 

--
NAME OF PROJEC~ 

LOCATION: 

TYPE OF PROJE~ 

SIZE OF PROJE~ 

START DATE: 

COMPLETION DATE: 

CLIENT: 

CONTRACTOR: 

ENGINEERING FIRM: 

APPROVING AGENCY: 

LINER CONCE~ 

BACKROUND: 

UMTRA CAP 

Uranium Mill Tailings Remedial Action (UMTRA) Clean-Up 

Durango, Colorado 

Encapsulation of Uranium Tailings 

16 acres 

July 30, 1990 

1990 

United States Department of Energy 

Nielsons, Inc. 
Cortez, Colorado 

MK-Ferguson Company 
Albuquerque, New Mexico 

Department of Energy 

Two feet of clay was installed on top of the tailings piles to act 
as a radon barrier. CLAVMAX was placed directly above the 
clay to act as the sole infiltration barrier. Above CLAVMAX was 
a six inch drain and filter layer of sand and gravel, 1.5 feet of 
bio-intrusion riprap, 2.5 feet of rooting medium/frost protection 
followed by a 6 inch rock-soil matrix. 

The UMTRA program involves the encapsulation of some 52 
million tons of uranium tailings left at abandoned processing 
mills and those used as fill material at construction sites. The 
encapsulation of the tailings piles reduces exposure to gamma 
radiation and prevents contamination of ground water. The 
design is expected to last a thousand years. 

JAMES CLEM CORPORATION 
444 North Michigan, Suite 1610, Chicago,IL 60611 USA 

Phone: 312.321-6255 Fax: 312.32Hi258 



C L AV MAX® 
PRELIMINARY CASE STUDY 

---

NAME OF PROJECT: 

LOCATION: 

TYPE OF PROJECT: 

SIZE OF PROJECT: 

START DATE: 

COMPLETION DATE: 

CLIEtre 

CONTRACTOR: 

ENGINEERING FIRM: 

APPROVING AGENCY: 

LINER CONCEPT: 

RCRA CAP 

Contract Plating Company 

Stratford, Connecticut 

RCRACap 

31,000 square feet 

September 1990 

Contract Plating Company 
Stratford, Connecticut 

Sealand Environmental 
Derby, Connecticut 

Fuss & O'Neil 
Hartford, Connecticut 

Connecticut Dept. Environmental Conservation 
Hartford, Connecticut 

60 mil HOPE over CLAYMAX 

JAMES CLEM CORPORATION 
444 North Michigan, Suite 1610, Chicago,IL 60611 USA 

Phone: 312.321-6255 Fax: 312.321-6258 



CLAVMAX® 
PRELIMINARY CASE STUDY 

--

NAME OF PROJEC"r. 

LOCATION: 

TYPE OF PROJEC"r. 

SIZE OF PROJEC"r. 

START DATE: 

COMPLETION DATE: 

CLIEN-r. 

CONTRACTOR: 

RCRA CAP 

Pratt & Whitney Cap 

Middletown, Connecticut 

RCRACap 

36,000 square feat 

November 1989 

November 1989 

Pratt & Whitney 

New England Uner Company 
Southington, Connecticut 

ENGINEERING FIRM: Louriero Engineering 
Plainville, Connecticut 

APPROVING AGENCY: Connecticut Dept. of Environmental Protection 
Hartford, Connecticut 

LINER CONCEP"r. 

U.S. EPA, Region I 
Boston, Massachusettes 

Metal hydroxide sludge was removed from the site and taken 
to a hazardous waste landfill. Because of the possibility of 
heavy metals In the soil, the landfill needed to be capped to 
prevent soil contamination. 

Cross section design: subgrade; CLAYMAX liner; 60 mil HOPE; 
12 inches sand; 24 inches soil; 6 inches loam . 

.JAMES CLEM CORPORATION 
444 North Michigan, Suite 1610, Chlcago,IL 60611 USA 

Phone: 312.321-6255 Fax: 312.321-6258 
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C L AV MAX® 

PRELIMINARY CASE STUDY 

--
NAME OF PROJEC"r. 

LOCATION: 

TYPE OF PROJEC"r. 

SIZE OF PROJEC"r. 

START DATE: 

COMPLETION DATE: 

CLJEN-r. 

CONTRACTOR: 

RCRA CAP 

Whyco Chromium Company 

Thomaston, Connecticut 

RCRACap 

41,000 square feet 

July 1989 

July 1989 

Whyco Chromium Company 

New England Uner Systems 
Southington, Connecticut 

ENGINEERING FIRM: Fuss & O'Neil 
Manchester, Connecticut 

APPROVING AGENCY: Connecticut Dept. of Environmental Protection 
Hartford, Connecticut 

LINER CONCEP"r. 

U.S. EPA, Region I 
Boston, Massachusettes 

CLAYMAX was used to replace 24 inches of 1 x 1 o·7 em/sec 
soil layer. The slopes' ratio was 3:1 and the slope lengths 
were 75 feet. Geogrids were utilized to reinforce soil veneer. 

Cross section design: Metal OH; non-select fill; CLAYMAX liner; 
PVC; geogrid; 12" sand; 24" backfill!; 6"1oam . 

.JAMES CLEM CORPORATION 
444 North Michigan, Suite 1610, Chlcago,IL 60611 USA 

Phone: 312.321-0255 Fax: 312.321-0258 



Gundle Lining Construction Corp 

19103 Gundle Road 
Houston, Texas 77073-3598 
U.SA 

July 7, 1992 

Phone: (713) 443-8564 
Toll Free: (800) 435-2008 
Telex: 166657 GUNDLE HOU 
FAX: (713) 875-6010 

Mr. Mark Wittrock 
CESWA-ED-GS 
U. S. Army Co~s of Engineers 
Albuquerque District 
517 Gold Avenue SW 
Albuquerque, NM 87103-1580 

Subject: Gundseal Information 

Dear Mr. Wittrock: 

As you reguested in our telephone conversation of July 7, 1992, I am forwarding to you the 
following Information: 

1. 
2. 
3. 
4. 
5. 

GeoSyntec Consultants Report on Gundseal 
Geosynthetic Research Institute Report on Gundseal Shear Behavior 
Gundseal Project Reference List 
Textured HDPE Versus Bentonite Friction Resistance 
EPA Geosynthetic Clay Liner Workshop Information 

If, after reviewing this information, you have any questions regarding the product, please 
do not hesitate to give me a call. 

Sincerely, 

z~An~~o~ 
Product Manager - Gundseal 

JDA:ams 

enclosure 

cc: Mark Harris 
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TEST NO. 8 GUNDLE 40 mil HOT vs. GUNDSEAL 

800~--------~------~--------~------~ 

C t:: 95 psf 

0~--------~-------+--------+-------~ 
0 200 400 600 800 

ern, NORMAL STRESS,(psf) 

S U P E R S T R A TUM - PLATES 
U P PER SPEC I MEN - GUNDSEAL (BENTONITE SIDE) 

L 0 WE R SPEC I MEN - GUNDLE 40 mil HOT GEOMEMBRANE 

S U B STRATUM - PLATES 

Note: Test performed under dry condition. 

GEOS YNTHETJCS LABORATORY 
DIRECT SHEAR/FRICTION TEST 

GUNDLE LINING SYSTEMS, INC. 

4\ Westinghouse Environmental 
V and Geotechnical Services. "-

~-NO. • l·H-90-580 FIG. NO._ 



Pr2dm Aoplication 

20 mil Gundseal WWTP Liner 
l, 785,000 sq.ft. 
Installed 1991 

20 mil Gundseal Landfill Liner 
900,000 sq.ft. 
Installed 1991 

80 mil Gundseal Sedimentation 
37,000 sq. ft. Pond Liner 
Installed 1991 

20 mil Gundseal Drainage Channel 
95,000 sq.ft. Liner 
Installed 1991 

20 mil Gundseal Tank Liner 
145,000 sq.ft. 
Installed 1991 

20 mil Gundseal Landfill Liner 
77,280 sq.ft. 
Installed 1991 

GUNDSEAL PROJECT REFERENCES 

Location Owner 

Grayling, MI City of Grayling 
Jerry Morford 
(517) 348-2131 

Model City, NY Modern Landfill, Inc. 
John Sesera 
(716) 754-8226 

Deadwood, SD Wharf Resources 
Vicki Franzen 
(605) 584-1441 
Ext. 146 

Fairfax County, VA I-95 Landfill 

Joliet, IL Mobil Chemical 

Goshen, NY AI Turi Landfill 

Engineer 

Richards & Assoc. Inc. 
Carl M. Lehto, P.E. 
(616) 946-4350 

Wehran Envirotech 
Jim Daigler 
(716) 773-1801 

Wharf Resources 

Mobil Chemical 

Wehran Envirotech 
Joe Dennis 
(914) 343-0660 

Contractor 

DeVere Construction Co., Inc. 
Thomas R. Bennett 
(517) 356-4411 

Nilex Corporation 
James Cramer 
(800) 537-4241 

Gundle Lining Construction 
Larry Glowacky 
(800) 435-2008, Ext. 723 

Hercules Construction Co. 
Ms. Gunn Ulelick 
(703) 471-6658 

Road Fabrics, Inc. 
Ed Fee 
(708) 447-0088 

Wehran Construction 
Pete Haponenko 
(914) 294-5630 

~ 
<S 
~ 
@: 

~ ® 



Product Aoolication Location Owner En~ineer Contractor 

20 mil Gundseal Landfill Liner Newburg, NY · Central Hudson Wehran Envirotech Geo-Con, Inc. ~ 35,000 sq.ft. Gas & Electric Mark Swyka (914) 564-0405 

Installed 1991 (914) 343-0660 <S 
20 mil Gundseal Hazardous Waste Deer Island, MA MWRA HMM Associates Laidlaw ~ 
70,000 sq.ft. Storage Facility Ken Chen Cosmo Gallinaro David Hutten @:: 
Installed 1991 Liner ( 617) 242-6000 (508) 371-4000 (508) 238-0175 

I! 

60 mil Gundseal Landfill Liner Broad Acre Landfill Mid-American In House In House ®® 
350,000 sq.ft. Pueblo, CO Waste System, Inc. 
200,000 sq.ft. Torn Flippo 
Installed 1991 (719) 545-3321 

20 mil Gundseal Landfill Liner Christiansburg, VA Mid-County Landfill Draper Aden Associates Alleghany Construction Co. 

24,500 sq.ft. Dean Downs (703) 345-0817 

Installed 1991 Becky Clark 
(703) 552-0444 

20 mil Gundseal WWTP Liner Mclain State Park State of Michigan Roberts Bartow & Assoc. EPI 

31,500 sq.ft. Hancock, MI Parks Department Gary Bartow Steve Shoemaker 

Installed 1992 (517) 684-8850 (812) 422-5334 

20 mil Gundseal Drainage Ditch Kitsap County Kitsap County In House In House 

17,600 sq.ft. Liner Landfill Dick Arnold 

Installed 1991 Port Orchard, W A 

20 mil Gundseal Leachate Collection Vancouver, WA Liechner Brothers Sweet-Edwards/ Serrot Corp. 

35,000 sq.ft. Pond Liner Landfill Emcon Inc. Jerry Emerson 

A warded 1991 Mike Stewart (800) 624-2437 
(206) 485-5000 

20 mil Gundseal WWTP Liner Beaverton, MI City of Beaverton Wade-Trim/Edmands DeVere Construction Co., Inc. 

378,000 sq.ft. Terry Bartels Tom Bennett 

Installed 1991-92 (517) 686-3100 (517) 356-44ll 



Product Aoolication Location Owner Engineer Contractor 

40 mil Gundseal WWTP Liner Leland, MI City of Leland, MI Williams & Works C-Land Excavating ~ Textured Engineering & Science Pat Frusti 
98,000 sq.ft. William Danly (616) 943-4141 <S Awarded (616) 942-9600 

~ 
20 mil Gundseal Landfill Liner Somerset, P A Mid American Paul Rizzo Associates In-House @: 
749,000 sq.ft. Waste Systems, Inc. Ed Zullo 
Awarded Brian Gracey (412) 856-9700 (! 

(814) 754-4587 {@® 
20 mil Gundseal WWTP Liner Wilderness State Park State of Michigan Roberts Bartow & Assoc. EPI 

73,500 ~q.ft. Silver City, MI Parks Department Gary Bartow Fred Roe 

Award~ (517) 684-8850 (616) 587-9108 

-

20 mit Gundseal Landfill Liner Wangford Suffolk County Golder -Associates Taggart Contracts 

120,000 sq.ft. Suffolk County, England 
Installed 1992 England 

Rev. 6-92 



T-052 

SWELLING BEHAVIOR AND SHEAR STRENGTH 

BEHAVIOR OF GUNDSEAL 



1,1 

Swelling Behavior of PBC Liners in Distilled Water 

A set of five experimental test devices were constructed to evaluate the swelling 

behavior of the different products under different normal pressures. Three devices are 

dead weight systems which are capable of imposing pressures up to 1.0 lb/in2. The 

other two devices are air activated consolidometers capable of normal pressures of up 

to 100 lbs/in2. For these latter devices we used either 2.5 and 5.0 lb/in2, or 5.0 and 

1 0.0 lb!in2, depending on the trends that were being developed by the different 

products. Note that in all cases the sample sizes are 6.0 in. by 6.0 in. Thus scale 

effects are hopefully minimized. 

The hydrating liquid used in the first series of tests was distilled water. The test 

results for Gundseal follow. The trends developed are seen to be reasonably well 

behaved with the higher pressures allowing for less swelling than the lower pressures. 



0.4 

0.3 -(/) 
w 

I / LEGEND J: 
0 z -
z o.2 I I lc 10.0 PSI 
0 I I ~ I • 5.0 PSI i= 
~ 

I I ./ Ia 1.0 PSI :! 
a: 
0 I I / a • a .. -

I o 0.5 PSI u. 
w 

0.1 I J. / __,.-- I• 0.12 PSI c 

0.0~--~--.---~--,---~--,---~--.---~--.---~--.---~--, 

0 50 100 150 200 250 300 350 

TIME (HOURS) 

Fig. - Deformation Vs. Time 
for Gundseal® Hydrated In Distilled Water 



Swelling Behavior of PBC Liners in Leachate #1 

The same set of five experimental test devices were used as in the testing with 

distilled water but now for the first leachate. 

The hydrating liquid used in this series of tests was leachate that was obtained 

from a nearby waste landfill. The approximate leachate characteristics are as shown 

below. 

lili 
8.0 

COD (mg/L) 

10,500 

IS (mg/L) 

5000 

BOD5 (mg/L) 

3000 

The hydration test results for Gundseal follow. The trends developed are seen to be 

reasonably well behaved with the higher pressures allowing for less deformation than 

the lower pressures. The hydration behavior of future leachates will be added to this 

data. 
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1,1 

Direct Shear Behavior of PBC Liners 

Saturated bentonite clay, as a geotechnical engineering material, is notoriously 

low in its shear strength. In an unconsolidated, undrained state .using shear testing, 

the angle of shear resistance (~) can approach zero, while the cohesion (c) is only 

nominal. Thus a shear study of these products under saturated conditions is certainly 

of importance. 

Our test set up for shear strength determinations utilized a 4.0 in. by 4.0 in. split 

sample box in a Wykeham Farrance direct shear device. It is loaded normally from a 

harness attached to a 1 0 to 1 mechanical advantage dead weight arrangement. The 

shear stress is mobilized by a geared drive which was set at 0.035 in/min for all tests. 

The device is set up so that the shear plane is always in the direct center of the clay 

component. It should be emphasized that these results do not investigate the shear 

strength behavior of the upper and/or lower surface of the various products to any 

other surface. There is a large, and growing data base for these determinations. This 

study assumes that the site-specific design has covered the various interfaces and 

now is concerned about the stability of the center of the PBC product. 

In the direct shear test to following (and for subsequent shear tests as well), 

three separate conditions will be evaluated. 

1. Testing in the as-received, or "dry" state. Note, however, that bentonite clay 

absorbs some moisture from the atmosphere. Table 1 shows that such a 

moisture content of the as-received product can be as high as 18%. 

2. Testing in the normally loaded, hydrated conditions, or "constrained swell" 

state. 



3. Testing in the hydrated condition under no normal stress, or "free-swell" state. 

Testing in the as-received state (or dry state) has been conducted on Gundseal for 

reference purposes. Gundseal was tested dry at six normal pressures, along with the 

resulting Mohr Coulomb failure envelope shown in the following two figures. 
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Shear Strength Behavior of PBC Liners in Distilled Water 

Testing in the first part of this series of shear strength tests was in the normally 

loaded and hydrated (i.e., "constrained swell") condition. Thus the test samples were 

hydrated under their desired normal pressure, and then sheared at the same normal 

pressure. Testing for Gundseal hydrated by distilled water has been completed, see 

the following two figures. 

Testing in the second part of this series of shear strength tests was in the 

hydrated and unconsolidated (i.e., "free swell") conditions. In these tests the samples 

were hydrated under zero normal load, then placed in the direct shear device, loaded 

normally and sheared. Testing for Gundseal follows in the subsequent two figures. 

The shear stress versus strain test results and resulting Mohr-Coulomb failure 

envelopes are given. There are a limited number of data points for this condition 

because at higher normal pressures the clay laterally extrudes out of the stressed 

zone. 



8 

C\1 6 
< z -...._ 
(/) 

m 1 i -. LEGEND 
-' -
(/) 
(/) 
w 
a: 
f
(/) 

a: 
~ w 
J: 
(/) 

4 

2 ~························· .......... ••••••••••••••••••••••• 
~eeee~eeeeeeeeeeeeeeoeoeeeeoeooeeoooooeoeeoooooooooooooo~ 

••o•••o 
0+-----~------~----~------~----~------~----~----~ 

0 4 8 1 2 1 6 

STRAIN % 

Fig. -Shear Stress Vs. Strain for Gundseal® 
Hydrated In Distilled Water Under "Constrained Swell" Conditions 

~ 10.0 PSI 

t 5.0 PSI 

o 1.0 PSI 

o 0.12 PSI 



-N 
< 
z --t.n 
m _. -
t.n 
t.n 
w 
a: ... 
t.n 

3 

2 

a: 1 
<( 
w 
J: 
t.n 

eJ = 19° 
C = 0.6 PSI 

1:1 

r:J 

0+---~----~---~--~----~--~----~--~--~----~--~--~ 

0 1 2 3 4 5 6 

NORMAL STRESS (LBSIIN"2) 

Fig. - Direct Shear Test Results for Gundseal@ 
Hydrated In Distilled Water Under "Constrained Swell" Conditions 



1.0 

0.8 -C\1 
< z 
-...... 
en 
m 
....I 0.61 - LEGEND 
en 
en 
w 
a: 0 2.0 PSI 
..... 
en • 1.0 PSI 

a: a 0.5 PSI 
<( 
w 
J: 
en 

0.2 

0.0 ::----.------.----...----r--..;...__,.---,---.,---~ 
0 4 8 1 2 1 6 

STRAIN % 

Fig. - Shear Stress Vs. Strain for Gundseal® 
Hydrated In Distilled Water Under "Free Swell" Conditions 



4 

-N 3 < z 
:::::::: 

~ 0 = 0° en 
m C = 0.4 PSI ..J ....... 
en 
en 2 w 
a: 
t-
en 

a: 
<( 
w 
:r: 1 
en 

1!J 

0+---~--~-----~--~--~--~.---~---.--~----r---~--~ 

0 1 2 3 4 5 6 

NORMAL STRESS (LBS/IN"2) 

Fig. - Direct Shear Test Results for Gundseal@ 
Hydrated in Distilled Water Under "Free Swell" Conditions 



Shear Strength Behavior of PBC Liners in Leachate #1 

The same testing equipment was used in this phase of the study as in the testing 

with distilled water, but the testing was performed with the leachate. The shear device 

was again set up so that the shear plane was always in the direct center of the clay 

component. The leachate used in this portion of the study was obtained from a nearby 

domestic waste landfill. (Note it is the same leachate as was used in the swelling tests 

described earlier.) The approximate leachate characteristics are as shown below: 

W:! 
8.0 

QQ!2 (mg/U 

10,500 
IS. Cmg/L) 

5000 

.e.QQ5 l mg!U 
3000 

Testing in the first part of this series of shear strength tests was in the normally 

loaded and hydrated (i.e., "constrained swell") condition. Thus the test samples were 

hydrated under their desired normal pressure, and then sheared at the same normal 

pressure. Testing on Gundseal hydrated by domestic leachate have been completed, 

see the following two figures. 

Testing in the second part of this series of shear strength test was in the 

hydrated and unconsolidated (i.e., "free swell") condition. In these tests the samples 

were hydrated under zero normal load, then placed in the direct shear device, loaded 

normally and sheared. Testing on Gundseal with domestic leachate as the hydration 

liquid has been completed. The shear stress versus strain test results and resulting 

Mohr-Coulomb failure envelopes follow in the subsequent two figures. There are a 

limited number of data points for this condition because at higher normal pressures the 

clay laterally extrudes out of the stressed zone. 



-N 
< z 
::::: 
(/) 
Q) 
..J -
(/) 
(/) 
w 
a: .._ 
(/) 

a: 
<( 
w 
:r: 
(/) 

4 

3 

2 

1 

~ 
i:JIIl 

OJ'! Bel 

[!Jig 

""l!!t!l 
~ 
~ ~ 

,eeeea~eee8sseeeaeaoeeeee~ 
~"""""""eeeeceeeeeeeeceeneeeeee 

0~----~-----.,-----~-----.------~----.-----~----~ 

0 4 8 1 2 1 6 

STRAIN% 

Fig. • Shear Stress Vs. strain for Gundseal® 
Hydrated In Leachate Under "Constrained Swell" Conditions 

LEGEND 

o 10.0 PSI 

• 5.0 PSI 

ll 1.0 PSI 

o 0.5 PSI 

A 0.12 PSI 



4 

I "= 18° 
C = 0.7 PSI 

I -N 
< 3 
z -(/) 
m _, -
(/) 
en 2 
w 
a: 
t-
en 
a: 
< I a 
w 
J: 1 
en 

"" 
D 

0+---~--~---~---r--~----.---~---.--~---,----~--. 

0 2 4 6 8 1 0 1 2 

NORMAL STRESS (LBS/IN"2) 

Fig. - Direct Shear Test Results for Gundseal® 
Hydrated in Leachate Under "Constrained Swell" Conditions 



... . 

5 

4 

-N 
< z --(/) 
m 3 ..J 

~eeeeeeo-~9"~ee9! 
LEGEND 

.._.. 
1!1 ::>0.0 PSI 

(/) 
(/) • 10.0 PSI 
UJ 
a: o 5.0 PSI 
1-
(/) 2 o 2.0 PSI 

a: & 1.0 PSI 
< w • 0.5 PSI 
J: 
en 

1 
_. ......................................... . o•o•••••••o.•••••••• .. •••••o••••~ 

0+-------------.-------~-----.------~-----.------~----~ 

0 4 8 1 2 1 6 

STRAIN % 

Fig. - Shear Stress Vs. Strain for Gundseal® 
Hydrated in Leachate Under "Free Swell" Conditions 



. ... . 

5 
EJ 

4 -N 
< 
z -en I I] 

en 
..J 3 - . I 

0 = 13° 
en ~ / C = 0.6 PSI en 
w 
a: I a 
1- 2 en 
a: 
< w 
J: 
en 

1 v 
I] 

I] 

I 
0 

0 1 0 20 30 

NORMAL STRESS (LBS/IN "2) 

Fig. - Direct Shear Test Results for Gundseal® 
Hydrated in Leachate Under "Free Swell" Conditions 



• 

Summary 

The hydration and shear strength studies are currently focused on tap water 

hydration which will be finished in about two months. Of special interest is the 

selection of the next hydration leachate in order that sufficient amount can be obtained 

prior to completion of tap water studies to prevent any delay in the testing program. 
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LABORATORY TESTING OF GUNDSEAL 
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Gundle Lining Systems Inc. 
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Prepared by 
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GeoSyntec Consultants 

1. INTRODUCTION 

1.1 Terms of Reference 

This report was prepared by Mr. Stephen J. Zarlinski, E.I.T. and was 
reviewed by Mr. Scott M. Luettich, P.E. and Dr. Robert C. Bachus, of 
GeoSyntec Consultants. The bentonite mat testing program was initiated 
at the request of Mr. Eric D. Chiado of Almes & Associates, Inc. 
Consulting Engineers (Almes) and Mr. Scott Ortolon of Gundle Lining 
Systems Inc. (Gundle) on behalf of the Chambers Development Company, Inc. 
(Chambers), Pittsburgh, Pennsylvania. The work was conducted at 
GeoSyntec Consultants Geomechanics and Environmental Laboratory located 
in Norcross, Georgia. 

1.2 Overview 

GeoSyntec Consultants was requested to perform laboratory tests to 
evaluate the chemical compatibility and the performance of the bentonite 
component of the Gundseal product. The testing program was developed by 
Chambers and Almes to simulate potential worst-case field conditions. 
In order to test only the bentonite portion of the composite section, 
holes were deliberately introduced into the HOPE membrane portion of 
Gundseal composite. 

The following seven distinct tasks made up the testing program: 

• Task 1: EPA 9100 Compatibility Testing 
• Task 2: Freeze-Thaw Testing 
• Task 3: Desiccation Effects Testing 
• Task 4: Composite Action Testing 
• Task 5: Swell Potential Testing 
• Task 6: Healing Action Testing 

• Task 7: Seam Testing 

GL1614/GEL91067 1 91.06.15 



GeoSyntec Consultants 

1.3 Test Samples 

The Gundseal product was provided directly to GeoSyntec Consultants 
by Gundle. In order to effectively test the bentonite component of the 
Gundseal product, Gundle provided the Gundseal test samples with 0.12-in. 
(0.3-cm) diameter holes drilled through the geomembrane backing. The 
holes were drilled on 0.3-in. (0.75-cm) centers. These holes were 
drilled only through the geomembrane backing and did not puncture the 
bentonite layer of the Gundseal. The holes were introduced for testing 
purposes only and are not normally_found in the Gundseal product. 

Clean sand was used to in many of the test conditions. In Tasks 1, 
2, and 3, a 0.5-in. (13-mm) thick layer of sand was used in each of the 
test configurations involving flexible-wall triaxial permeameters. This 
layer is identified as the sand layer. 

The 16-oz (454-g) nonwoven geotextile used in many of the tasks was 
provided to GeoSyntec Consultants by the Amoco Fabrics and Fibers Company 
(Amoco) and identified as Amoco 4516. 

The leachate used in Task 1 was provided to GeoSyntec Consultants 
from Chambers Southern Alleghenies Landfill, located in Somerset County, 
Pennsylvania. 

1.4 Report Organization 

The remaining sections of this report are organized as follows: 

• Section 2, Testing Procedures, provides the methods and 
conditions used to conduct Tasks 1 through 7. Photographs of the 
test equipment are provided. 
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• Section 3, Testing Results, provides appropriate tables and 
figures of the compiled test data and photographs of the test 
specimens. 
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2. TEST PROCEDURES 

2.1 Task 1: EPA 9100 Compatibility Testing 

Compatibility testing on Gundseal was performed to measure the effect 
of leachate on the hydraulic conductivity of the mat product over a 
prescribed period of time. 

Testing was performed in accordance with the United States 
Environmental Protection Agency (USEPA) Method 9100 SW-846, Revision 1, 
1987. The test conditions for Task 1 were as follows: 

• Testing was conducted using flexible-wall triaxial permeameters, 
as shown in Photograph 2.1-1. 

• Three replicate samples of the "drilled" Gundseal were tested. 

• Each sample was trimmed to a diameter of 2.8 in. (70 mm) and 
assembled in the following test configuration (from bottom to 
top): porous stone/filter paper/sand layer/Amoco 4516 
geotextile/Gundseal/Amoco 4516 geotextile/sand layer/filter 
paper/porous stone. The geotextile maintained the integrity of 
the bentonite component of the Gundseal by preventing migration 
of the sand into the bentonite during saturation and hydration. 

• Hydration and saturation of the samples using de-aired tap water 
was conducted at an effective stress of 2.0 psi (14 kPa) for a 
time period of approximately 48 hours. Saturation was defined 
as a minimum Skempton's 8-parameter of 0.95. 

• Consolidation of the saturated test samples was performed at an 
effective stress of 5.0 psi (35 kPa). Pore-water displacement 
was monitored until primary consolidation was complete. 
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• To determine the baseline hydraulic conductivity, the samples 
were permeated using de-aired tap water. The average hydraulic 
gradient used for baseline permeation was approximately 50. For 
this testing program, initial hydration and saturation was 
conducted using de-aired tap water. Hydration with leachate may 
or may not yield different results. 

• After establishing the baseline hydraulic conductivity, the 
permeant was switched to the 1 eachate. Because of the s 1 ow 
permeation rates and the objective to increase the vo 1 ume of 
1 each ate in contact with the Gundsea 1 , the sand 1 ayer was 
replaced on all samples by an Amoco. 4516 geotextile after 
approximately one week of testing. Permeation of the samples 
with the 1 each ate continued for an addition a 1 30 days. The 
hydraulic conductivity of the samples was monitored and reported 
daily during this period. 

• Permeation of the test specimens was initially conducted at an 
average hydraulic gradient of approximately 50. In order to 
increase flow through the Gundseal during the prescribed time 
period, the average hydraulic gradients were increased to 
approximately 230. 

• Because the final hydrated thickness of the Gundseal is unknown 
until the completion of testing and for comparison of the test 
data, the hydraulic conductivity was calculated using 0.30 in. 
( 0. 75 em) for the Gundsea 1. These va 1 ues were used in a 11 
calculations of hydraulic conductivity in Tasks 1 through 7. 

2.2 Task 2: Freeze-Thaw Testing 

The purpose of Task 2 was to determine the hydraulic conductivity of 
Gundseal after each of four freeze-thaw cycles. Testing was performed 
in accordance with the guidelines set forth in the United States Army 
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Corps of Engineers (USCOE) EM-1110-2-1906, Appendix VII, and the American 
Society for Testing and Materials (ASTM) D 560, Standard Methods for 
Freezing-and-Thawing Tests of Compacted Soil-Cement Mixture. The test 
conditions for Task 2 were as follows: 

• Testing was conducted using flexible-wall triaxial permeameters, 
as shown in Photograph 2.1-1. 

• One sample of the "drilled" Gundseal was tested. 

• The sample was trimmed to a diameter of 2.8 in. (70 nun) and 
assembled in the following test configuration (from bottom to 
top): porous stone/filter paper/sand 1 ayer/Amoco 4516 
geotextile/Gundseal/Amoco 4516 geotextile/sand layer/filter 
paper/porous stone. The geotextile maintained the integrity of 
the bentonite component of the Gundseal by preventing migration 
of the sand into the bentonite during saturation and hydration. 

• Hydration and saturation of the sample using de-aired tap water 
was conducted at an effective stress of 2.0 psi (14 kPa) for a 
time period of approximately 48 hours. Saturation was defined 
as a minimum Skempton's 8-parameter of 0.95. 

• Consolidation of the saturated test sample was performed at an 
effective stress of 5.0 psi (34 kPa). Pore-water displacement 
was monitored until primary consolidation was complete. 

• To determine the hydraulic conductivity, de-aired tap water was 
permeated at an average hydraulic gradient of approximately 235. 
Permeation of the specimen continued until three consistent 
values of hydraulic conductivity were obtained over a 24-hour 
time period and the inflow and outflow rates were approximately 
equivalent. 
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• The backpressure and confining pressure were then simultaneously 
decreased to maintain the effective stress difference across the 
sample. When the backpressure was reduced to zero, the confining 
pressure was released and the sample was removed from the 
triaxial cell. The membrane was removed and the sample was 
wrapped in parafilm to maintain the water content. The wrapped 
sample was placed on a platform and subjected to a small 
confining pressure of 0.4 psi (3 kPa). 

• The specimen was placed in a freezer for 24 hours, after which 
time the sample was removed and allowed to thaw at room 
temperature for 24 hours. The sample was confined during the 
entire freezing and thawing process. 

• After thawing, the parafilm was removed and the sample was placed 
in the flexible-wall triaxial permeameter and tested following 
the techniques used for the in it i a 1 unhydrated samp 1 e ( i . e. , 
saturation, evaluation of Skempton's 8-parameter, consolidation, 
and permeation). The process of freezing, thawing, and 
permeability testing constituted one complete freeze-thaw cycle. 

• In order to expedite testing and to minimize potential mixing of 
the sand and bentonite, the sand layer was removed from the test 
configuration. 

• The testing was terminated after four freeze-thaw cycles. 

• It is recognized that in-situ freezing and thawing of the 
Gundseal will likely occur in one-dimension, from the ground 
surface downward. In order to simulate a worst-case condition, 
laboratory freezing occurred three-dimensionally. 
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2.3 Tas~ 3: Desiccation Testing 

The purpose of Task 3 was to determine the hydraulic conductivity of 
Gundseal after each of four desiccation cycles. Testing was performed 
in general accordance with guidelines set forth in the USCOE EM-1110-2-
1906, Appendix VII, and in ASTM D 559, Standard Methods for Wetting-and
Drying Tests of Compacted Soil-Cement Mixture. The test conditions for 
Task 3 were as follows: 

• Testing was conducted using flexible-wall triaxial permeameters, 
as shown in Photograph 2.1~1. 

• One sample of "drilled" Gundseal was tested. 

• The sample was trinuned to a diameter of 2.8 in. (70 nun) and 
assembled in the following test configuration for triaxial 
permeability testing: porous stone/filter paper/sand layer/Amoco 
4516 geotextile/Gundseal/Amoco 4516 geotextile/sand layer/filter 
paper/porous stone. The geotextile maintained the integrity of 
the bentonite component of the Gundseal by preventing migration 
of the sand into the bentonite during saturation and hydration. 

• Hydration and saturation of the sample using de-aired tap water 
was conducted at an effective stress of 2.0 psi (14 kPa) for a 
time period of approximately 48 hours. Saturation was defined 
as a minimum Skempton's 8-parameter of 0.95. 

• Consolidation of the saturated test sample was performed at an 
effective stress of 5.0 psi (34 kPa). Pore-water displacement 
was monitored until primary consolidation was complete. 

• To determine the hydraulic conductivity, de-aired tap water was 
permeated at an average hydraulic gradient of approximately 215. 
Permeation of the specimen continued until three consistent 
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values of hydraulic conductivity were obtained over a 24 hour 
time period and the inflow and outflow rates were approximately 
equivalent. 

• The backpressure and confining pressure were then simultaneously 
decreased to maintain the effective stress difference across the 
sample. When the backpressure was reduced to zero, the confining 
pressure was released and the sample was removed from the 
triaxial cell. The sample was placed on a platform and subjected 
to a small confining stress of 0.4 psi (3 kPa). The sample was 
placed in an oven for two weeks at a temperature of 4o•c (104.F). 

• After the two week drying period, the sample was placed in the 
flexible-wall triaxial permeameter and tested following the 
techniques used for the initial unhydrated sample (i.e., 
hydration and saturation, evaluation of Skempton's 8-parameter, 
consolidation, and permeation). The process of desiccating, 
hydrating, and permeability testing constituted one complete 
desiccation test cycle. 

• Because of the potential for mixing of the desiccated bentonite 
and the sand, the sand 1 ayer was removed from the testing 
configuration. 

• A total of four desiccation cycles are being conducted. 

• It is recognized that in-situ desiccation of the Gundseal will 
likely occur in one-dimension, from the ground surface downward. 
In order to simulate a worst-case condition, laboratory 
desiccating occurred three-dimensionally. The sample was 
desiccated in an oven at 4o•c (104.F). This temperature was 
selected as a maximum average atmospheric temperature for field 
conditions. 
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2.4 Task 4: Composite Action Testing 

The purpose of Task 4 was to measure the hydration characteristics 
of unhydrated Gundseal and the lateral spreading of the wetting front 
when water was introduced through a small hole in an overlying 
geomembrane. The testing was performed in genera 1 accordance with 
guidelines set forth in ASTM D 2434, Standard Test Method for 
Permeability of Granular Soils. The test conditions for Task 4 were as 
follows: 

• A 4-in. (100-mm} diameter rigid-wall compaction permeameter was 
used. 

• A 4-in. (100-mm) thick layer of clean sand was initially placed 
in the compaction mold. The sand was percolated with de-aired 
tap water from the bottom of the sample to the top in order to 
saturate the sand. A 60-mil thick smooth geomembrane with a 
0.04-in. (1-mm} diameter hole cut in the center, as shown in 
Photograph 2. 4-1, was p 1 aced over the saturated sand. The 
unhydrated Gundseal was placed over the geomembrane. The Amoco 
4516 geotextile was placed over the Gundseal. 

• The permeameter was inverted and flow with de-aired tap water was 
initiated down through the sand under approximately 12 in. (305 
mm} of hydraulic head. The influent hydraulic head was reset 
periodically if necessary. Photograph 2.4-2 shows the equipment 
set-up. 

• The apparent hydraulic conductivity of the composite specimen was 
monitored via the drop in the influent water with time using 
falling-head techniques. The apparent hydraulic conductivity was 
evaluated numerically using the entire cross-sectional area of 
the Gundseal specimen. 
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• The test was terminated after a period of 51 hours. 

After termination of the test, the sample was disassembled and the 
specimen was removed. To determine the water content as a function of 
the lateral distance from the center hole in the geomembrane, three 
pieces were trimmed from the specimen at radii of 0 to 0.3r, 0.3r to 
0.7r, and 0.7r to r, where r is the full radius of the specimen. 

2.5 Task 5: Swell Potential 

The purpose of Task. 5 was to determine the swell potential of 
unhydrated Gundseal upon initial hydration. Testing was performed in 
accordance with ASTM D 4546, Standard Test Methods for One-Dimensional 
Swe77 or Settlement Potential of Cohesive Soils. The test conditions for 
Task. 5 were as follows: 

• Testing was performed using one-dimensional (floating-ring) 
consolidometers as shown in Photograph 2.5-1. 

• Four samples of the "drilled" Gundseal were tested at varying 
confining stresses. 

• Confining pressures of 2, 20, 60, and 110 psi (14, 138, 413, and 
758 k.Pa, respectively) were applied to four unhydrated samples 
of Gundsea 1 . The samp 1 es were hydrated and the vert i ca 1 
deformation was monitored as a function of elapsed time. 
Readings were taken until primary swelling or consolidation was 
complete. 

2.6 Task 6: Healing Action 

The purpose of Task. 6 was to determine the ability of the Gundseal 
to he a 1 defects or damage to the bentonite mat. The testing was 
performed in general accordance with guidelines set forth in ASTM D 2434, 
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Standard Test Method for Permeabi7ity of Granular Soi7s. The test 
conditions for Task 6 were as follows: 

• Testing was performed using a 6-in. (150-mm) diameter rigid-wall 
permeameter as shown in Photograph 2.6-1. The constant-head 
permeameter was used to accommodate the potentia 1 range of flows. 

• Each test specimen was assembled using unhydrated "drilled" 
Gundseal in the following composite configuration (from bottom 
to top): 2 in. (50 mm) clean sand/Amoco 4516 geotextile/ 
unhydrated Gundseal/Amoco 4516 geotextile/12 in. (300 mm) clean 
sand. 

• One sample was tested for baseline permeability without any 
defects; 

• One sample was tested with a l-in. (25-mm) diameter hole cut 
in the center; 

• One sample was tested with a 2-in. (50-mm) diameter hole cut 
in the center; and 
One sample was tested. with a 3-in. (76-mm) long slit. The 
slit was cut to a width of 0.2 in. (5 mm) to approximate a 
natural tear in the material. 

• The defects outlined above were created through the bentonite and 
geomembrane backing. It is recognized that an actual field tear 
may or may not puncture the entire geocomposite. The laboratory 
testing was a worst-case simulation. 

• Flow was initiated down through the sand and the unhydrated 
Gundseal under approximately 12 in. (300 mm) of hydraulic head, 
which was maintained throughout the test. 

• The hydraulic conductivity of the mat was monitored by measuring 
the quantity of effluent with time. The hydraulic conductivity 
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was determined using the entire cross-sectional area of the 
Gundseal specimen. 

• Each test was terminated after a period of two days. 

After termination of the tests, the samples were disassembled and the 
physical appearance of the samples was photographically documented. 

2.7 Task 7: Seam Testing 

The purpose of Task 7 was to evaluate the effectiveness of overlap 
seaming of the Gundsea 1 product. Testing was performed in genera 1 
accordance with guidelines set forth in ASTM D 2434, Standard Test 
Methods for Permeability of Granular Soils. The test conditions for Task 
7 were as follows: 

• Testing was performed using a 6 in. (152 mm) diameter rigid-wall 
permeameter as shown in Photograph 2.6-1. 

• One sample of "drilled" Gundseal was tested using the following 
composite configuration (from bottom to top): 2 in. (50 mm) 
clean sand/unhydrated Gundseal/12 in. (300 mm) clean sand. The 
seam overlap of the bentonite mat was 3 in. (75 mm) wide. The 
sample was formed by overlapping two pieces of the Gundseal. 

• Flow was initiated down through the sand and the unhydrated 
Gundseal under approximately 12 in. (300 mm) of hydraulic head, 
which was maintained throughout the test. 

• The hydraulic conductivity of the mat was monitored by measuring 
the quantity of effluent with time. The hydraulic conductivity 
was determined using the entire cross-sectional area of the 
Gundseal specimen, and a hydrated single-layer thickness, as 
outlined in Task 1. 
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• The test was terminated after a period of five days. 

After termination of the test, the sample was disassembled and the 
physical appearance of the sample was photographically documented. 
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3 • TEST RESULTS 

This section provides tables and figures of the compiled test data, 
photographs of the test specimens, and any visual observations that might 
be pertinent to the interpretation of the test results. Graphical 
presentations were generated from all acquired data points. Straight
line interpolation is shown between all acquired data, however for 
clarity, not all data points are labeled. 

3.1 TasK 1: EPA 9100 Compatibility Testing 

3.1.1 Test Results 

The physical conditions of the three Gundseal specimens, measured 
before and after the tests, are summarized in Table 3.1-1. Graphical 
presentations of the hydraulic conductivity as a function of elapsed time 
are presented in Figures 3.1-1, 2, and 3. Graphical presentations of the 
hydraulic conductivity as a function of the volume of liquid passed 
through the specimens (i.e., pore volumes} are presented in Figures 3.1-
4, 5, and 6. 

3.1.2 Observations 

Because of the low hydraulic conductivities for Gundseal, and in 
order to maximize the volume of leachate, the sand layer in each test was 
removed during that test. This generally occurred shortly before the 
permeant was switched from water to leachate. In many cases the data 
indicated erratic behavior for a short time after the switch, but the 
hydraulic conductivities did eventually become consistent. 

All sample specimens were initially permeated at a hydraulic gradient 
of 50. The resulting hydraulic conductivity measurements were somewhat 
variable. The hydraulic gradient was subsequently increased to 230 after 
approximately five days of testing. The test results tended to stabilize 
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after the gradient increase. The average hydraulic gradients that were 
used for the remainder of each test after the initial gradient increase 
is indicated on each figure. 

In all cases, the data presented in the tables show that each sample 
swelled in thickness, and that each sample experienced an apparent loss 
of mass. The effluent water, however, was not visibly cloudy in any of 
the tests. 

In each figure, a transition from water to leachate is indicated. 
The variability in the test results near this transition is likely the 
result of disturbance due to leachate injection and removal of the sand 
layer. Within a short period of time the test results stabilized. 

3.2 Tas~ 2: Freeze-Thaw Testing 

3.2.1 Test Results 

Physical conditions of the Gundseal test specimen, measured before 
the testing and upon completion of the fourth freeze-thaw cycle, are 
presented in Table 3.2-1. A graphical presentation of the hydraulic 
conductivity values at the end of each cycle is provided in Figure 3.2-1. 
Photographic documentation of the appearance of the test specimen before 
testing and upon completion of the fourth cycle. is provided in 
Photographs 3.2-1, 2, and 3. 

3.2.2 Observations 

No visual observations of degradation of the Gundseal was observed 
during each of the freeze-thaw cycles. The sample appeared to be intact 
and no cloudiness of the effluent water during permeation was observed. 
There was, however, a recorded difference in dry mass between the 
initiation and the completion of the testing program. 
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3.3 Tas~ 3: Desiccation Testing 

3.3.1 Test Results 

Physical conditions of the Gundseal test specimen, measured before 
the testing and upon completion of the fourth desiccation cycle, are 
presented in Table 3.3-1. A graphical presentation of the hydraulic 
conductivity values at the end of each cycle is provided in Figure 3.3-1. 
Photographic documentation of the appearance of the test specimen before 
testing and upon completion of the fourth cycle is provided in 
Photographs 3.3-1, 2, 3, 4, 5, and 6. 

3.3.2 Observation 

The Gundseal was confined by a vertical confining stress during 
desiccation in order to prevent excessive sample shrinkage. The 
bentonite flocculated upon drying even with the confining stress. 
Although the bentonite component of the Gundseal is attached to the 
geomembrane using an adhesive, a cracking pattern due to flocculation of 
the bentonite particles was observed. This observation is shown in 
Photograph 3.3-3. In all cases, the materials re-hydrated and regained 
their physical integrity and low hydraulic conductivity. The hydration 
of the desiccated samples occurred over a longer period of time than 
undesiccated samples, as would be expected. 

3.4 Tas~ 4: Composite Action Testing 

3.4.1 Test Results 

Results of the composite action test performed using Gundseal are 
presented in terms of the following two figures: 

• Figure 3.4-1 shows the "apparent" hydraulic conductivity values 
plotted as a function of elapsed time. The apparent hydraulic 
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conductivity was calculated using the full specimen diameter of 
4 in. (10 em). 

• Figure 3.4-2 shows a schematic diagram of the Gundseal composite 
action specimen. This figure shows the initial (unhydrated) 
water content and the water contents at the camp 1 et ion of 
testing, measured at radii of 0 to 0.3r, 0.3r to 0.7r, and at the 
completion of testing, 0.7r to r, where r is the full radius of 
the specimen. 

Photographic documentation of the physical appearance of the test 
specimen after testing is shown in Photographs 3.4-1, 2, and 3. 

3.4.2 Observations 

The flow of influent water was monitored for the 51 hour time period. 
No effluent water was observed, indicating that all flow was absorbed by 
the Gundsea 1 . Upon remova 1 of the samp 1 e from the permeameter, no 
apparent wetting front was observed. 

3.5 Task 5: Swell Potential Testing 

3.5.1 Test Results 

The physical conditions of the four Gundseal test specimens, measured 
before and after each test, are summarized in Table 3.5-1. Graphical 
presentation of the axial strain as a function of elapsed time for each 
of the four confining pressures is provided in Figure 3.5-1. In these 
figures, positive strain indicates swelling, negative strain indicates 
consolidation. Graphical presentation of the axial strain as a function 
of confining stress is provided in Figure 3.5-2. 
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3.5.2 Observations 

Because the consolidometer uses a rigid wall floating ring, no change 
in the sample diameter is allowed to occur. No significant changes in 
mass occurred for the swell testing. The axial strains reported were 
calculated using the measured shrinkage or swell relative to the initial 
height of the geocomposite 

3.6 Task 6: Healing Action Testing 

3.6.1 Test Results 

The physical conditions of the four Gundseal test specimens, measured 
before and after each flow test, are presented in Table 3.6-1. Graphical 
presentation of the hydraulic conductivity values, for the four Gundseal 
test specimens, as a function of elapsed time is provided in Figure 3.6-
1. Photographic documentation of the appearance of the test specimens 
before and after testing is provided in Photographs 3.6-1, 2, 3, 4, 5, 
6, 7, and 8. 

3.6.2 Observations 

In all cases, the effluent flow had a cloudy color indicating 
bentonite loss from each of the samples. The data show a mass loss from 
the initiation to the comp 1 et ion of testing. The Gundsea 1 specimen 
tested with no defects apparently hydrated to a point that flow was below 
the detection limits of the permeameter. 
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3.7 Tas~ 7: Seam Testing 

3.7.1 Test Results 

The physical conditions of the Gundseal seam test specimen are 
presented in Table 3.7-1. Graphical presentation of the hydraulic 
conductivity as a function of elapsed time is provided in Figure 3.7-1. 
Photographic documentation of the appearance of the seam test specimen 
before and after testing is provided in Photographs 3.7-1, 2, and 3. 

3.7.2 Observations 

The Gundseal seam sample initially had a high hydraulic conductivity. 
However, hydration of the bentonite did occur, as is indicated by the 
decreasing hydraulic conductivity values in Figure 3.7-1. The Gundseal 
seam sample hydrated to a point where the flow rate was below the 
detection limits of the equipment. This occurred after approximately 
four days of testing. The data show a mass loss for the Gundseal. 
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4. CLOSURE 

These materials were supplied by the manufacturer and are assumed to 
be representative of the products which are commercially available. The 
laboratory test results in this report apply only to the materials 
tested. The testing was performed in accordance with the genera 1 
engineering standards and conditions reported. This report is submitted 
for exclusive use by Chambers Development Company, Inc. and any appointed 
representatives; Almes & Associates, Inc., Consulting Engineers; and 
Gundle Lining Systems Inc .. 
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Parameters 

Thickness, in. 

Diameter, in. 
1Dry Mass, g 

2Mass/Area, 1 b/ft2 

Water Content, % 

TABLE 3.1-1 

EPA 9100 COMPATIBILITY TESTING 
GUNDSEAL SPECIMEN CONDITIONS 

Gundle Lining Systems Inc. 

Specimen No. 1 Specimen No. 2 

Initial Final Initial Final 

0.17 0.23 0.17 0.23 

3.09 3.09 3.14 3.08 

17.2 15.9 19.4 17.3 

0.73 0.68 0.80 0.74 

12.3 119.5 10.3 118.5 

GeoSyntec Consultants 

GeoSyntec Consultants 

- --
Specimen No. 3 

. 
Initial Final 

0.17 0.25 

3.12 3.06 

19.4 17.9 

0.81 0.76 

12.6 125.1 

Notes: The dry mass includes the dry weight of the bentonite and the 
geomembrane backing. 

2 The mass/area is determined using the dry mass of the material 
normalized with respect to the cross-sectional area of the test 
specimen before drying. 

.•· 
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Parameters 

TABLE 3.2-1 

FREEZE-THAW TESTING 
GUNDSEAL SPECIMEN CONDITIONS 

Gundle Lining Systems Inc. 

Initial 

GeoSyntec Consultants 

Fina1 1 

Thickness, in. 0.18 0.28 

Diameter, in. 3.00 3.03 

2Dry Mass, g 419.00 15.60 

3Mass/Area, lb/ft2 0.85 0.70 

Water Content, % 9.8 131.5 

Notes: Final conditions measured upon completion of fourth test cycle. 

2 The dry mass includes the dry weight of the bentonite and the 
geomembrane backing. 

3 The mass/area is determined using the dry mass of the material 
normalized with respect to the cross-sectional area of the test 
specimen before drying. 

4 Data was unavailable for the test sample. A value representative of 
the Gundseal specimens used in other phases of the testing program 
was used for the freeze-thaw testing. 
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AFTER FIRST CYCLE PERMEABILITY TEST 
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SAMPLE AT COMPLETION OF TESTING 
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Parameters 

Thickness, in. 

Diameter, in. 
2Dry Mass, g 

3Mass/Area, lb/ft2 

Water Content, % 

TABLE 3.3-1 

DESICCATION TESTING 
GUNDSEAL SPECIMEN CONDITIONS 

Gundle Lining Systems Inc. 

Initial 

0.30 

2.99 

19.03 

0.86 

10.0 

GeoSyntec Consultants 

Fina1 1 

0.30 

2.98 

15.53 

0.71 

158.2 

Note: Final conditions measured upon completion of fourth test cycle. 

2 

3 

The dry mass includes the dry weight of the bentonite and the 

geomembrane backing. 

The mass/area is determined using the dry mass of the material 

normalized with respect to the cross-sectional area of the test 

specimen before drying. 
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COMPOSITE ACTION TESTING 
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Confining Stress 

Parameter 

Thickness, in. 

Diameter, in. 

1Dry Mass, g 

2Mass/Area, lb/ft2 

Water Content, % 

TABLE 3.5-1 

SWELL POTENTIAL TESTING 
GUNDSEAL SPECIMEN CONDITIONS 

Gundle Lining Systems Inc. 

2 psi 20 psi 60 psi 

Initial Final Initial Final Initial 

0.18 0.28 0.17 0.18 0.17 

2.5 2.5 2.5 2.5 2.5 

11.8 11.9 12.1 11.9 12.7 

0.77 0. 76 0.81 0. 78 0.70 

10.3 134.9 9.8 65.9 9.2 

GeoSyntec Consultants 

110 psi 

Final Initial Final 

0.16 0.17 0.12 

2.5 2.5 2.5 

12.0 11.0 11.2 

0.79 0.72 0.71 

54.2 7.0 44.3 

Notes: 1 The dry mass includes the dry weight of the bentonite and the geomembrane backing. 

2 The mass/area is determined using the dry mass of the material normalized with respect to the cross

sectional area of the test specimen before drying. 
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Specillll!n 

Parameter 

Thickness, in. 

Diameter. in. 

1Dry Mass. g 

2Mass/Area, lb/ft2 

Water Content, % 

TABLE 3.6-1 

HEALING ACTION TESTING 
GUNDSEAL SPECIMEN CONDITIONS 

Gundle Lining Systems Inc. 

Control l-in. hole 2-in. 

Initial Final Initial Final Initial 

0.30 0.30 0.20 0.41 0.15 

6.00 6.00 6.00 6.00 6.00 

68.6 " 69.8 63.6 * 

0.77 * 0.81 0.73 * 

9.0 
., 9.3 195.2 10.2 

GeoSyntec Consultants 

hole 3-in. slit 

Final Initial Final 

0.33 0.30 0.33 

6.00 6.00 6.00 

60.1 66.3 69.5 

0.76 0.76 0.80 

151.5 9.0 115.5 

Notes: 1 The dry mass includes the dry weight of the bentonite and the geomembrane backing. 

2 The mass/area is determined using the dry mass of the material normalized with respect to the cross

sectional area of the test specimen before drying. 

* Data unavailable. 
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Parameters 

1Thickness, in. 

Diameter, in. 
2Dry Mass, g 
3Mass/Area, lb/ft2 

Water Content, % 

TABLE 3.7-1 

SEAM TESTING 
GUNDSEAL SPECIMEN CONDITIONS 

Gundle Lining Systems Inc. 

Initial 

0.16 

6.00 

108.1 

0.74 

9.4 

GeoSyntec Consultants 

Final 

0.30 

6.00 

103.0 

0.71 

132.5 

Notes: Single layer thickness of bentonite and geomembrane. 

2 The dry mass includes the dry weight of the bentonite and the 
geomembrane backing. 

3 The mass/area is determined using the dry mass of the 
material normalized with respect to the cross-sectional area 
of both sections of the test specimen before drying. 
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CHAMBERS DEVELOPMENT COMPANY, INC. 
SEAM TEST 
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PURPOSE 

This repon describes the results of a research project that was conducted to study the 

effects of partial wetting of GUDdseal on: (1) the shear strengdl of che bentonite contained in 

Gundsc:a.l, and (2) the permeability of the bemonite in Oundsealto hydrocarbons. The objecti\'e of 

the research program was to develop iDdepeDdent test data to determine bow Oundse3l will 

respond to partial wetting when the material is placed apinst .On. UDder such circumstances. the 

bentonite will likely draw moisture out r:i dle adjacent soil and equilibrate at a water content that is 

. sreater than the dry (as-manufactured) material but less dwl fuUy-SilUrated material. 

Tests were performed to determine: 

1. 

2. 

3. 

4. 

The equilibrium water content of dle bentonite when Gamdseal is placed against 

soil. 

The approximate rate of wetting of the bentonite when Oundseal is placed against 

soil. 

The shear strength (sl_lon-term and long-term) of Gundseal over the full zange of 

possible water contenL 

The permeability of the bentonite in Gundsealto hydrocarbons when the bentonite 

is wetted to various water contents prior to inaoduction of the hydrocarbons. 



APPROACH 

Equilibrium Water Content 
If Gundseal is placed against soil, the bentonite will either absorb water &om the soil or 

yield water to the soil, depending on the reladve enerJY of water in the soil aDd in the bentonite. 

Water always flows down a p-adient in energy, i.e., from hiJher to lower energy. For saturated 

materials, hydraulic heads provide 1 convenient means to determine which way wuer will flow. 

Wa= always flows from high hydraulic head to low hydraulic bead. 

Unsaturated soils are a little more complicated. The hydraulic heads in unsaturated soils are 

negative relative to atmospheric pressure and are not called "head" but instead are given names 

such as "soil water potential," "capillary pressure," "suction," and others. The term "suction" is 

used in this repon as a maner of practical convenience. Suction is defmed as the negative of the 

soil water potential expressed in units of pressure rather than length. Thus, for example, water in 

an unsaturated soil with a soil water potential of -33 ft ·has a suction of 1 bar ( 1 bar is 

approximately equal to 1 atmosphere of pressure-the bar is a commonly-used unit for reporting 

soil suction). 
... 

A perfectly saturated soil located at the water table has a suction of zero, i.e., ~ soil water 

is at atmospheric pressure. If an initially satmated soil is dried. a relationship can be found to exist 

between water content, w, and suction, s. The form of the relationship is shown in Figure 1. As 

water content is reduced. suction rises. 

Water will always flow from zones of low suction to zones of high suction (i.e., from 

zones of high soil water potential to zones of low potential). For 1 homogeneous soil, this is 

analogous to stating that water will always flow &om the wet areas to the dry areas. When two 

dissimilar soils (like sand and bentonite, for insmnCe) are brought into contact with one another, 

water will flow from the soil with the lower suction to the soil with the hi&her suction. Water 

content differences do not necessarily indicate which way water flows. For instance, if bentonite 

at 17% water content is placed IJainst sand at 2CJ, water content, one cannot tell from this 

information alone whether the bentonite willlelld to suet water out of the sand or the sand will 

tend to suck water out of the bentonite. However, knowledge of the suction of the bentonite at 

17% water content and the suction of the sand at 2'11 water content will provide the answer 

concerning which way water will move. For the example of the sand and bentonite brought intO 
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Water Content 

Figure 1. Water Content Versus Suction. 
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contact with one another, equilibrium is established when the suctions in the two materials teach 

the same values. 

The relationship between water content and suction in the bentonite component of Gundseal 

was measured in this study. Once the water content- suction relalionship is defined for the 

bentonite, it is a simple matter to estimate the equilibrium water content of Gundseal placed in 

contact with a soil having a known suction. Suppose a damp sand has a suction of 0.1 bar, and 

the water content of the bentonite in Gundseal at 0.1 bar is~- The water coment of Gundseal as 

manufactUred is approximately 17%. If the bentonite side of Oundseaf were placed against this 

sand. the bentonite would draw water out of the sand. The mass of sand is so much larger than 

that of the bentonite that the water content and sucnon of the sand will probably not be significantly 

affected by the small loss of water to the bentonite. The bentonite in Gundseal would wet to a 

water content of SO%, at which point equilibrium between the sand and bentonite would be 

established; both would have a suction of O.J bar. 

Later in this tepon. data are given for the relationship between water content and suction, 

for the bentonite in Oundseal. Typical suction values for various soils are presented. and probable 

equilibrium water contents for Oundseal used in various applications are reported. Also, the rate 

of wetting was studied, and this information is reponed later, as ~ell. 

Shear Strength 

The shear strenp of dry bentonite can be much higher than that of wet bentonite. A major 

objective of this study was to determine how the shear strength of the bentonite in Oundseal varies 

as a function of water content. 

To make this detennination, test specimens were wetted to several water contents, allowed 

to equilibrate, and then set up in direct shear boxes (figure 2). Two rates of shear were used:· fast 

(0.26 mm/min) and slow (0.0003 mm/min). The slowest speed was selected to allow time for 

dissipation of all excess water pressure durina shear, which usually corresponds to the most 

aitical condition for moist or wet clay. 1be intent was to span the full range of possible water 

content (from "dry" bentonite to fully saturated bentonite) and a representative range in rate of 

shear. 
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Later in this repon. the shear strength parameters (cohesion and angle of internal friction) 

are reponed and related to water content and rate of shear . 

Permeability to Hydrocarbons 
The permeability of clays (panicularly expandable clays such as smectite, which form 

bentonite) is known to be sensitive to me chemical properties of me permeating liquid. One of the 

several facuns that can influence the pcrmcability of clay is me diclccuic constant of the fluid in the 

pores of the clay material. Water is a polar fluid with a high dielccuic constant (81 at room 

tempemure). Hydrocarbons tend to be non-polar and to have very lovi diclccuic constants (often 

in the range of 1 to 10). When water is replaced by hydrocarbons in dle pores of the clay, the 

electtical double layer surrounding the clay may collapse, causina an increase in permeability. If a 

dry clay is wetted with water, the clay minerals are said to .. hydrate" and to swell. Dry clays may 

not hydrate and swell when exposed to hydrocarbons. The permeability of hydrated. swollen clay 

tends to be far lower than that of nonhydrated clay. 

It is expected that water-saturated Gundscal will resist anack by hydrocarbons far better 

than dry Gundseal. . However, no data were available prior to this study to confum this 

hypothesis. Also, no c!Ata were available to indicate how wet tJte bentonite must be to have a low 
. . 

permeability to hydrocarbons. The objective of this study was to wet specimens of Gundseal 

without the HOPE sheet (just bentonite) to various water contents and then penneate the specimens 

with a variety of representative hydrocarbons to determine me effect of partial wetting. 
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MATERIALS AND METHODS 

Gundseal Tested 

A fresh piece of Gundseal was shipped from the factory to our laboratories at the beginning 
of the project. Standard material with a O.S mm (20 mil} thick high density polyethylene (HOPE) 
sheet was tested. 

Test specimens were cut from random locations within the laJJe piece of Oundseal. The 

bentonite in the material appeared to be uniform; thickness varied about :t O.S mm. AU tests except 
permeability tests were performed on the HDPE/bentonite composite. Permeability tests were 
perfonned on the bentonite alone; the bentonite layer was ~fully separated from the HOPE sheet 

with a knife for the permeability tests. 

Water Content Measurements 
All water content measurements were perfonned by drying specimens overnight at 110·c 

in accordance with procedures outlined in ASTM D-2216. All water contents reponed herein are 

gravimetric values, i.e., mass of water lost upon drying divided by the oven-dry mass of solids 

and expressed as a percentage. 
.... 

Soil Suction Measurements 
Soil suctions were measured with two techniques. The fU'St technique involved slowly 

wetting a piece of Gundseal that measured about 175 by 25 mm (7 by 1 inch), insening the 

Gundseal in a large test tube, inserting a thermocouple psychrometer in the center of the test tube, 

and sealing the test tube with a rubber stopper (Figure 3). The psychrometers were supplied by 

Wescor, Inc., and were read with a Keithley microvolttneter. The test tubes were stored in a 

heavily insulated container and were read about 2 weeks later, at which poim equilibrium had been 

reached. The Gundseal specimen was then removed and oven dried to determine wa=r content. 

The second method of measurement involved insening small pieces (about 2S mm, or 1 

inch, square) of Gundseal in sealed containers that contained salt liOlutions with known vapor 

pressures. Test specimens were periodically removed and oven dried to determine water content. 

Equilibrium was not reached for many weeks. The salt solutions that were used and the 

corresponding equilibrium suction values were as follows: 
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Gundseal (Bentonite 
Facing Inward) 

Test Tube 

Thermocouple · 
Psychrometer 

Figure 3. Suction Measurement with Thermocouple Psychrometer. 
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Salt Solution 

0.02 I 8 M NaCl 
O.llOM NaCl 
0.357 M NaCl 
1.13 M NaCl 

Equilibrium Suction 
Chars) 

1 
5 

16 
52 

The water contents reponed herein were measured on specimens that had been exposed to the 
controlled vapor pressures for 66 days. 

To evaluate rate of weuinJ, 6 pieces of Gundseal, each measurin&100 by 2S mm ( 4 by 1 
inch), were placed directly in contact with sand in 20-L (5 pl) buckets. The sand in each bucket 

was wetted to a different water con1ent. The Oundseal specimens were buried below about 15 mm 
(3 inches) of sand. and every several days, a specimen was removed 10 determine the water content 

of both the bentonite and the sand beneath the bentonite. The last (sixth) sample was removed 42 
to 44 days after each test had begun. 

A grain-size distribution curve for the sand. developed with procedures described in ASTM 
0422, is shown in Figure 4. 

· Direct Shear Tests 
Direct shear tests were performed in general accord with procedures outline in ASTM D-

3080. Sixty millimeter (2.4-inch) diameter test specimens were cut from the large piece of 
Gundseal. The samples that were sheared in a dry condition were placed in the shear box, 

subjected to a nonnalload, and then sheared. Saturated samples had been sheared several months 

ago by the authors, and these tests were not repeated. To shear saturated samples, d%y samples of 

Gundseal were fust placed in the direct shear box, subjected to the desired normal load. and then 

wened. Approximately two weeks were required before swellin& =tsed. 

Partially wetted samples of Gundseal were moistened to water contents of approximately 

SO% or 100% outside of the shear box. The partially wetted specimens were then placed in a 

shear box, consolidated to the desired wess, and she&Rd at a rate of either 0.26 mm /min (16 

mm/hr) or 0.0003 mm/min (0.02 mm/hr). The slow rate was selected 10 ensure full dissipation of 

excess pore water pressure generated durin& shear. Failure was forced through the bentonite as 

close to the center of the bentonite as possible. Afrtr shear, the specimens were removed and the 

water content was determined. 
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Permeability 
Tests were performed to determine the permeability of the bentonite within Oundseal to 

various organic liquids. Tests were performed on 100-mm (4-inch) diameter specimens of 
Oundseal without the HDPE sheet. The tests were performed without back pressure in flexible
wall permeameters using a falling headwater and rising tail water. 

After the HDPE was removed from the Oundseal, specimens were slowly wetted to a 
nominal water content of SO%, 1()()% or 125%. Tests on dry and water·saturaled materials were 
also performed. The specimens were carefully placed in flexible-wall penneame=s equipped with 
Stainless steel and Teflon® components. Teflon® sheeting separated the test specimens from the 
surrounding latex membranes. After the cells were assembled, the chambers were filled with water 
and the specimens were consolidated to a stress of 14 kPa (2 psi). Then the organic liquid of 
interest was introduced. However, for tests on water-saturated samples, the bentonite was first 
penneated with tap water and then with the organic liquid. The head of liquid was approximately 
300 to 600 mm ( 1 to 2 ft), and the resulting hydraulic gradient was 80 to 120. The thicknesses of 
the specimens used for calculating permeability were 3.5, 4.0, 5.5, 6.0, and 6.5 mm for initial 
water contents of 17, SO, 100, 125, and 145%, respectively. 

The organic liquids used in the investigation were benzene, gasoline, methanol, ten
burylethylether (MTBE), and trichloroethylene. Methanol was selected because it is a water-

: soluble, polar alcohol of intermediate dielectric constant. The other liquids are non-polar, non
water-miscible hydrocarbons. Benzene is lighter than water and TCE is heavier than water. 
Gasoline was selected because its storage in W1ks is common. Regular Wlleaded gasoline obtained 
from a local service station was used. Some of the properties of the liquids used in this study 

-(obtained from the literature) are summa.rizcd in Table 1. 
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Table 1. Typical Properties of Pc:nneant Liquids 

Dielectric Density VISCOSity 
Liquid Consxant C&[c;cl Ccpl 

Benzene 2.284 0.816S 0.6S2 
Oasoline 0.68 0.43 
Methanol 32.63 0.7914 O.S91 
MmE 
TCE 3.4 1.4996 o.ss 
Wau:r 81 1 1.002 

Note: Blank indicates infonnation could not be located. 

RESULTS 

Water Content • Sucti.on Relationship 
Table 2 summarizes the water content and suction data that were obtained with the 

thermocouple psychrometer and vapor equilibrium methods. The relationship between water 
content and suction is graphed in FigureS. The measured water contents ranged from 17% (dry 
Gundscal) to 145% (Gundscal soaked in water at a compressive stress of 14 kPa or 2 psi). The 
suctions ranged from 0 to about SO bars. 

Many engineers are unaccustomed to dealing with suction values. One or two points of 
reference may be helpful to some readm. One useful reference is lS bars of suction, which is 
approximately equal to the wilting point of many plants. Plants can suck water out of unsaturated 
soils that have suctions between 0 and lS bars. Plants will wilt and die if the soil suction exceeds 
about IS bars. Most people have an intuitive sense for how dry a soil is when it will no longer 
suppon plant growth without watering the soil. II dle bentonite in Oundseal is placed against soil 
at the wilting point (lS bars of suction in the soil), the water content of the bentonite would rise to 
about SO%. In all but very arid climates. it is safe to assume that the water content of Gundseal 
will be at least SO% if the bentonite is placed against the soil 
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Table 2. Water Content- Suction Results 

Water Content Suction 
(%) .!bml Method of Measmmc;nt 

17 >75• TheallA"ICOUple Psychromcler 
17 43 Thermocouple Psychrometer 
18 44 Thennocouple Psychrometer 
24 49 Thermocouple Psychrometer 
28 43 Thermocouple Psychrometer 
29 52 Vapor Equilibrium 
31 2S Thermocouple Psychrometer 
46 14 Thermocouple Psychrometer 
54 16 Vapor Equilibrium 
56 8 Thermocouple Psychrometer 
66 7 Thermocouple Psychrometer 
79 6 Thermocouple Psychrometer 
89 5 .Vapor Equilibrium 
96 4 Thermocouple Psychrometer 

101 1 Vapor Equilibrium 
145 0 Direct Soaking with 14 kPa (2 psi) 

Compressive Stress 

• Suction of as-received Gundseal was too large to be measured with thermocouple psychrometers 
but was > 7 5 bars, which is the limit of measurement of the thermocouple psychrometers that 
were used. 

13 



I I 

o~~~~~~~~~~~~~~~~ 

0 25 50 75 100 125 150 

Water Content (0/o) 

Figure 5. Relationship between Water Content and Suction for Bentonite in Oundseal. 
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Moist soils that support lush vegetation have suctions of 0 to 1 bar. The equilibrium water 

content of the bentonite in Gundseal placed upon such soils would be at least 100% and perhaps 

closer to 140%. The water content can actUally approach 200% if the bentonite is placed on wet 

, ' soil with practically no overburden stress. 

As the reader examines the remainder of this report, he may wish to keep in mind several 

practical ranges of water content: , 

Soil Conditions 

Extremely Dry Soil that Will 

Not Suppon Plant Growth 

Damp Soil that Will Suppon 

Sparse Growth of Plants 

Moist Soil that Will Suppon 

Growth of Lush Vegetation 

Wet (Practically Saturated) Soil 

Rate of Water Content Change 

Approximate Wat~:r Content (%) 

of Bentonite in Oundseal 
Plaecd on Soil 

<SO% 

SO% ·100% 

100%-140% 

>140% 

Small samples of Gundseal were placed on the surface of sand in 20-L (5 pl.) buckets and 

were covered with 7 S mm (3 in.) of sand In one bucket, the sand was soaked and water was 

allowed to drain from the soil by gravity, u which point the sand was at its field capacity and the 

water content was approximately 17%. In other buckets, the sand was wetted to wazer contents of 

10, S, 3, 2 and 1%. Gundseal samples were removed every several days unUI the last sample was 

removed from each bucket 42 to 44 days after the tests were initiated 

The water content of the Oundseal samples is plotted versus time in Figure 6. The 

equilibrium water contents ranged from 50% for the driest sand to 190% far the wettest sand. 
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Figure 6. Water Content Versus Tune for Samples ofOundseal Placed in ContaCt with 

Sand at Various Water Contents. 
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It was not clear that full equilibrium was reached even for the samples left in the buckets for 45 

days. Most of the change in water content occurred in less than 1 week for the wenest sand and 

less than 2 to 3 weeks for the driest sand. 

Shear Strength 
The results of the direct shear tests are summarized in Table 3 and are ploued in Figure 7. 

Plots of shearing stress versus horizontal displacement are presented in Appendix A. The linear 

failure envelopes shown were computed by regression analysis. The corresponding values of 

cohesion and friction angle were as follows (Table 4): 

The rate of shear had an imponant impact on the test ~esults, even for "dry'' Gundseal. 

Failure envelopes for nominal water contents of 17%, 50%, and 100% are shown in Figures 8, 9, 

and 10, respectively, with separate envelopes shown for fast and slow shear. 

Permeability 
Results of the permeability tests are surnmariud in Table 5. Complete results are presented 

in Appendix B. The penneability of the bentonite component of Gundseal to hydrocarbons was 

relatively high (on the order of lQ-S cm/s) when the initial water content (w0 ) was 17% or SO%. 

However, when the water content was increased to 100% or greater, !he permeability was low (on 

the order of lQ-9 cm/s or less). 

Plots of penneability versus pore volumes of flow are presented in Figures 11 through 16. 

One pore volume of flow is defmed as a quantity of inflow equal to the volume of the pore space in 

the test specimen. No graph is shown in Figures 11 through 16 for cases in which no flow was 

measured. 
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Table 3. Results of Direct Shear TestS. 

CQcdigac~ 11 Elilm -
W1tct Cactcol (~l Shearing Nannal Shearing 

NcnniDal Afic;r flU we Rat; Stre~$ fkPal Sg:ss Ocbl 

17 17 Fast 26.8 30.9 
11 17 Fast 37.3 31.1 
11 17 Fast 70.1 70.2 
11 17 Fast lOS 92.8 
17 11 Fast 139 112 
11 11 Slow 26.8 19.1 
11 11 Slow 31.3 26.5 
11 11 Slow 70.1 36.3 
11 11 Slow 105 52.9 
50 58 Fast 26.8 27.0 
50 51 Fast 31.3 33.8 
50 58 Fast 10.1 56.2 
50 51 Fast 105 66.3 
50 56 Fast 139 81.4 
50 38 Slow 26.8 16.8 
50 46 Slow 31.3 17.0 
50 51 Slow 10.1 24.5 
so 46 Slow 10S 41.8 
so 81.1 Slow 139 23.9 

100 82 Fast 26.8 2S.9 
100 111 Fast 31.3 23.2 
100 92 Fast 70.1 35.0 
100 94 Fast 105 42.4 
100 79 Fast 139 47.2 
100 128 Slow 26.8 8.4 
100 101 Slow 31.3 14.1 
100 96 Slow 10.1 11.0 
100 66 Slow 105 20.9 
100 83.01 Slow 139 23.6 
14S Slow 26.8 1.4 
14S Slow 44.1 13.0 
14S Slow 61.5 15.5 
14S Slow 105 23.2 
145 Slow 139 25.2 

Notes: 
1. Samples were wetted to the approximate desired water content, placed in direct shear box, 

consolidated under specified normal load, and then sheared. 
2. Shearing speeds were 0.26 mm/min (fast shear) and 0.0003 amVmin (slow shear). 
3. 1 psi • 6.89 kPa. 
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Table 4. Results of Least Square Regression Analysis. 

Nominal Water Shearing Cohesion Friction Angle 
Content C%l Spesd <kPa> Cdczrces> 

17 Fast 13 36 
17 Slow 10 22 
so Fast 15 27 
so Slow 15 7 

100 Fast 19 12 
100 Slow 8 7 
145 Slow s 9 

CONCLUSIONS 

The following conclusions are drawn from the tests described in this repon. 

1 . A relationship exists between the equilibriwn water content of the .bentonite in Gundseal and 
the soil water potential (soil suction) of the soil in contact with the bentonite. "Dry" (as
manufactured) Gundseal contains bentonite at a water content of approximately 17% and a 
soil suction of > 7 S bars. If the .bentonite side of Gundseal is placed against a soil that has a 
suction of 15 bars (the wilting point of typical plants), the bentonite would absorb moisture 
from the soil and equilibrate at a water content of approximately 50%. In extremely arid areas 
(where the soil is so dry that vegetation has great difficulty establishing itself), Gundseal's 
water content would likely be no pat~ than SO% if the bentonite were placed against the 
soil. When the bentonite side of Gundseal is placed against damp soU that will support some 
growth of vegetation, the water content is likely to rise to SO% to 100%. If the bentonite side 
of Gundseal is placed against moist soil that will readily suppon growth of thick vegetation 

23 



Table 5. Summary of l~csuhs of Permeubilily Tcsls. 

Pem1eability (cm/sl 

Penneant Liquid wo= 17CJJ wo=50% wo= 100% wo= 125CJJ wo = 145CJJ 
-------------------- ------------ ------------ ------------- ------------- -------------Benzene 3 X 16-' 2 X 10-' 5 Jt 10-9 NoAow · No Flow 
Oasoline 4 X 16-' 4 Jt 10-' 4 Jt 10-9 NoAow NoAow 
Methanol 3 x ao-s 3 X 10-5 3x UJ-9 NoAow Nol-1ow 
MTDE 2 X 16-S 3 X 10-6 <I X 10-9 NoAow No Flow 
TCE 4 X 10-5 4 X 10-5 3 X I() I NoAow No a:low 

~ Wala' 2 X 10-9 

J-
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(i.e., soils with suctions less than 1 bar), the water content of the bentonite is likely to rise to 

100% or more. If the bentonite in Gunds=l is placed against wet (practically s:tturated} soil. 

the water content will likely rise to more than 140%. The time required for the bentonite in 

Gundseal to ab)orb water and reach the equilibrium water content is expected to be on the 

order of a few days to several weeks, based on the tests described herein. If there is any 

doubt about soil suction in the field the suaion can be readily measured with 1 tensiometer, 

which is an inexpensive ( < S 1 00) device that yields 1 suction readinl in less than 1 few hours. 

2. The shear strenp of the bentonite component of Ciundseal was f~und to be sensitive to the 

water content of the bentonite and the me of shear. For rapid sheat on dry material, friction 

angles as high as 36 depes were measure4. for slow shear on samra.ted materials. friction 

angles on the order of 10 decrees were measured. When the bentonite was wetted to a 

nominal water content of 5~. the friction an&le for slow shear was about the same as the 

friction angle for saturated bentonite. Thus. only a relatively small amount of wetting of the 

bentonite caused a sianificant reduction in shear strength. 

3. The permeability of the bentonite component of Oundseal to hydrocarbons was found to be 

very sensitive to the water content of the bentonite at the time that the hydrocarbon was 

introduced into the test specimens. For dry bentonite and bentonite moistened w a water 

content of SO%, the permeability to hydrocarbons was relatively hi&h (on the order of 10·5 

cm/s). \Vhen the bentonite was at a water content of 100% or pater, the permeability 

remained low (on the order.of lQ-9 c:m/s or less) for the duration of the tests, which was 

approximately 2 months. 
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••• ··~· t '!' 
Results of Hydraulic Conductivity Tests ot.Gundseal 

~ /"'" Faflingtrising head hydraulic conductivity tests 

Diameter of GundSeaJ ~ecimtna • 4.0 ln. 
Area of Gundseal speCimens • 11.073 sq.cm 
ThiCkness cf Gundsear ~ecimena (avera;e): 
17%: 0.35 em 10%: o.• em 100%: 0.55 em 
125%: 0.6 em · 1•5%: 0.15 em 
Confining (Cell) Pressure • 1 Z.O psi 
Hydraulic gradient • 10 • 120 
k: Hydraulic conductivity (em/lee) 
K: Intrinsic permeability (sq.cm) 
• K of MTB E wu net computed becauH value of viscosity II not available 

Water Content 
Chemical 17% 17% 50'4 50'.4 

k (emtsee) K (emA2) k <cmtseel K <cmA2) 
Bezene 2.5E·05 1.5E·1 0 2.•E·05 1.1E·1 0 
Gaseline 3.7E·05 1.5E·10 3.1E·05 1.1E·10 
Methane I 3.•E·05 2.6E·10 3.1 E·05 z.•E·10 
MT'BE 1.7E·05 3.1&·06 
iCE 4.1 E·05 1.5E·1 0 3.BE·05 1 .•E·10 
• $pee1mens cf 17% and 50% was permeated with more than 1.0 PV of Chemicals 

Water Content 
Chemical , 00'/, , oo•;. 125'1• , 25°/e 

k <emtseel K 1cmA2) PV k <em/sec) K (CmA2) 

Bezene 4.6E·05 3.5E·14 0.42. No Outflow . 
Gaseline 3.BE·09 1.1E·1• 7.20 No Outflow • 

Methane I 2.7E·08 2.1E·14 o.za· No Outflow • 

MT'BE No Outflow- • . No Outflow . 
iCE 3.0E·OB 1.1E·13 1.19• No Outflow • 
• All k fer 1 00'4 water content art tnt last measurable values. 
- Hydraulic gradients wert maintained at least 2 months on aJispeclmtna Indicated as 
No Outflew 

Water Content 1Saturated·145'/,) 
Chemical Ta:> Water Chemical 

k (em/seel K (emA2) k ccm/sec} K ccmA2) 

Stzent 1.8E·09 1.•&·1· No Outflow • 
Guclint 1.1&·09 1.2E·1• No Outflow • 
Methane! 1.•&·10 7.1E·15 N_o Outflow • 
MT'BE .• 1.3E·08 No Outflow • 

iCE 2.0E·09 1 .!E·14 No Outflow • . . 
( _ • Chem1ca1s were introduced after k to water reached IQullibraum and~ 2.0 PV of water • 
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N 

tHrdr•ullc ConcluctiYIIY Test ol •=50% Gundseal. to Benze~e 

At _(sec) Oln_(ccl Oout Voul PVout 
- ... ·--

80 20.8 17.6 17.6 ---~-~1 
50 18.5 19. t 38.7 1.8 
50 17.4 . '!~~ 54.9 2.7 
80 11.3 20.3 75.2 _3.!1. 
80 11.3 20.2 95.4 4.69 ---······· 
85 20.9 22.t 117.5 --~~~~ ------
80 11.4 20.6 138.1 8.79 ·----·---. 

- ·---· 
-------- -·· ----------- ---- ---

Ooui/Qin 
0.85 
1.03 
1.05 
1.05 
t.05 -· t.08 
1.08 ... 

----

k (cmlsec) 
2.37E·05 
2.53E·05 
2.47E·05 
2.40E-05 
_2.37E·05 
2.37E·05 
2.32E·05 

2.37E-05 

I 

K (cm"2l 
1.80E·tO 
t.92E·IO 
t.BBE·tO 
t.B2E·t0 
1.80E·IO 
1.80E·t0 
t.76E·t0 

1 .BOE-10 

l 
;I-



~revile ConduciiYI~ Tesl of ~-G~~~s~~llo_Be~ze ~----···- --·-·-- --···--·- ... ·- ..... . ... --··· 
---· --- ---·---· ----····--.. -- ... -. • ••• 0 

·-- -- ----- -- f-- -- ·--·----·-
--- .. - --·-· 

- ·- -· 
--- ---···- -- ·---·-- ------------· ... -· -·· ···-·· 

~~ _(secl Oln lccl Ooul ·- Voul PVoul OouiiOin k (~[!~1-.. fUcmA21 ·-- . . .. ·-· -.... 
50 2t.l 0 0 0 0 2.28E·05 1.72E·10 . - ·-·-· -----·- ... 

a 
70 24 14 14 0.89 0.58 2.37E-05 t.80E·10 

14.8 1.4 2.45E·05 
-; .... -···-

50 . 14.4 28.4 0.97 ___ !.:·~~:'~ -······· -----·--
80 18.7 17.4 45.8 2.25 t.04 ~.~4_!E·~~ 1.13E·10 --····· ..... ··•···· 
80 18.5 17.2 63 3.1 1.04 2.42E·05 1.13E·10 ·--··-·-·· --·-·····-
80 16 18.7 79.7 3.92 ___ ___!:~~ -~~~~~:~~ _!~7~1::,9 
80 17.8 t7.2 96.9 4.77 0.98 ~.54~~~!! 1.93E·10 -·---· ---·- ...... 

. 80 17 17.2 tt4.1 5.81 1.01 _2.~?E·~~ 1.88E·10 
·--·-~ -·······- -···· 

80 18.5 t7.2 131.3 8.48 1.04 2.42E·05 · 1.84E·10 

80 17.8 t7.2 148.5 7.3 0.97 2.53E·05 1.92E·10 -· --·······-· 
- -··-- -- -----··-- ··-· ....... ·-.... 

2.49E·05 t.89E·10 
---



Hydreullo Conductivity T"t of watOO% Ounda .. l to Benrene .. - ----··----
. ----- ··---. -- -- --·-----· 

··--- ·-------··-··· 
-----

.. ..... __ .. 
tl~l .. -· -·-··- ... -·-· OeteiTime AI .taecl Oln.(cct Ooul Vout ~v~~-- Ooui/Oin K J~.'!'~~~ ...... . 

t 120 21.7 0 0 0 0 1.34£-08 --~=~;t~:U -----1200 tt.l 0 0 0 0 -~:41~·0? -~=~~~:,2 ·--··-- ··-·· --·--410 3.5 3.3 3.3 0.18 0.14 4.24E-07 - -· ~-2?~--'2 --·--·--·· ·- --·---. -----·-··-·· 720 3.1 3 8.3 0.31 0.17 ~.:.?~E_:~? ____ ?.O?E-12 ----- ·----· -·--··· 
ttl4111 11:32 1520 1.7 1.7 I 0.39 __ ! _!:~~E-0~ -~-~.~~--~ 3! ·------·--
1 114191 12:30 3410 0.8 0.4 1.4 0.41 0.87 _.,t~~~-08 7.92E·14 ------ ·---'-- ... -- ---- -···-·· t 114191 14:18 1410 0.8 0.1 8.5 0.42 0.17 · 4.58E·09 3.48E-14 - .. --·--···- ------------· ···-··----·--·--

-··----- ·----· -----·- --------- ...... _ ... __ ... __ 
, ••••• COitttnued untl 115192 

.t..-





~raullc Conductivity Test of Dry Gundseal to Gasoll .. -· - ··-···--· 
. 4··----- ·----···· 

-· -- ··----- -···-¥·----···· 
. -·· . ---··--· .. -···· 

AI (sec) 
····- -···· .... -····--·-

"-,c~~~L-~ 
·---···---· 

Qln (CX:) Qout Voul PVoul Oout/Qin K .. . --·· ·-· 
50 20.4 20.4 20.4 1 1 3.54E·05 1.80E·tO 

l 
·------ ---· ··-· 

50 20.9 22.3 42.7 2.1 1.07 3.93E·05 2.00E·10 
r-- -----·· -·-··-· .... 

50 20.9 22.4 65.1 3.2 1.07 3.85E·05 __ .J.~?~~~-10 --- ·- -· ----·-··-·--
50 21.8 23.2 88.3 4.34 1.06 3.99E·05 -~~~~~:!0 ---·--- ... -·- ------···--
50 21 22.4 110.7 5.44 1.07 3.87E-05 1.98E·10 ··-- -- -----·--··· ----- ·····-·· 
50 21 22.2 132.9 6.54 _:_ __ _.J ~~~ 3.77E·05 1.93E·10 . 

~3~~E-ti~ 
--·-··· --· 

50 20.2 21.6 154.5 7.6 1.07 __ 1.86_~.:' 0 

50 20 21.4 175.9 8.65 1.07 3.64E-05 1 .86E·10 ---·- ----- ----·· 

- -------- --····--·· 
3.73E·05 1 .90E-10 

-- ----~-- ~---~-
--~----



' .""' 

.. ...... 

,~draullc Conductivity Test ol •=50% Gu~dse~~ to Gasoline ·------

·-
-

At (sac) Oln (cc) Oout - Vout PVout Qout/Oin -
45 24.5 5 5 0.25 0.2 ···-----
50 24.8 20.1 25.1 1.23 0.81 
50 25.7 25.3 50.4 2.48 0.98 -·------- ·-
40 20.1 20.2 70.6 3.47 1 
40 20.1 20.6 91.2 4.48 1.02 
40 20.2 20.4 111.6 5.49 t .01 ·------
40 19.9 20.4 132 6.49 1.03 
40 19.3 19.4 151.4 7.45 t.q~ ----- -

- ·---------
--

,. 
_I 

------··· 
---

. 
··-·-· 

·---·----

k (cm/s~L 
.. 

K ---····· 
2.76E-05 1.41 E-to --------- --···-- ·····-·· 

r-~.53E·O~ 1.80E·10 -·- ·-·- ..... 
3.94E·05 2.01E·10 ---- .......... 
3.75E·05 1.91E·10 --·· ....... 

~.74E·05 1.91E·10 
3.61E·05 1 .84E-10 ------- --···- -······ 
3.60E·05 t .84E-10 -·-·-·-···-
3.6tE-05 t .84E·10 ----- ·-·-·····-

-----· .... ·--·-··· ... 
3.64E·05 1.86E·10 



~rdraullc Conductivity Teal ot wa100% Gundseal to Gaso lne 
. ---·-·----- -····-·· ..... -- ---------- ·-·-·····-· .. -- .. - . 

... ------- - ---·-- ·---- ------- ·-· ···--·-·--· -..... -- .... 

- -- - --. ------·- - -------···- .. -· .... -. 

---------- -------· -----· ···--···--· -·-· .............. -· 
···--- ·-·--·-·-- . --·-··- ... -

AI (aeC) Oln (c:c) 
···------- ----- ..... - ------- --·----------· --·-----·-- - - ·-····· . 
Oout Voul ~Vout _______ QoutiOin ~_j~~~ec) .. K 

. -----· - ---··· ... 

-1 1~!91 14:14 540 8 1.7 1.7 0.08 0.21 _8.2!E-07 3.11E-12 
-------··· 1---. . --·· 

1115/91 14:27 780 0.4 0 1.7 0.08 0 2.10E-08 1.07E·13 
----------- ----- --- .. ·---······ 

11/8/11 1:58 88540 0 1.7 ----~·~~ - ---· ---· ........ 

11n111 1:35 11740 21.3 f---~0.~ 12 1------_!:~~ 0.38 _!~~~~~~ 8.38E-14 - ·-·· ----·. . 

~ 
1 1n111 18:40 25500 23 22.8 34.8 ____ 1.7~ 0.99 8.38E-08 3.24E-13 

. --- -~----···- ·--·-.. . .... 

___J 1/8111 1:18 59580 30 30 84.8 ___ _. ___ ~.!~ -~ __ 4:37~:~~ 2.23E-13 ··--· ........ 
1118/11 11:09 8880 8.7 8.5 71.3 3.51 0.17 8.80E-08 3.37E-13 

-·-· ------ -------. ------- -----·-···· ··---· .... --- .. - ... 

1 118/11 17:08 21420 11.2 ____ !!.~.! 82.4 4.05 0.99 4.26E-08 ·-- ~:~?~·.13 ------- ----. ··- - . --- --··-··---
11113191 10:42 14080 15.3 12.8 95.2 4.88 0.14 1.37E-08 7.01E-14 

------ -------····-- 1-------· -----····· ·-········· ..... 

11114/11 1:58 13840 19.5 18.1 113.3 ----~=~! 0.13 1.47E·08 7.50E-14 
--·------·· ---····· ------

11115/91 1:55 12740 113.3 ---~:~!. ---· ·-··· --· -·-··· ... 

::~::~:: =~:: 
81100 10.7 9.8 122.9 8.04 0.9 7.44E-09 3.80E·14 

-···--·· -·-- ··---· -- .... 

181180 1.7 7 129.9 8.39 0.8 3.76E-09 1.92E·14 

·---·- ----···-··-- -----·-· ·-----···- ---· ·- 0 -

11119191 10:05 90720 2.8 _______ ,:~ 131.3 8.46 0.54 --~·-'.?~:~9 1.11E-14 
··-·-·--·-· -·- - -· --·· .. ---·· -- . 

11121111 1:31 171240 8.8 1.9 133.2 8.55 0.28 ----~·~~~=~? 1.53E-14 

- ----·-- -·- .. -. 

11125111 10:45 341560 18 ,_ ___ 13.~ 146.4 7.2 0.73 3.76E-09 1.92E·14 
-------- --·--·- --·-----· ·-·-· ·--·-·--

------· -···-··-···-···- . -- ··------····---·-· ---·---····-· -.... ·······- ...... 

Test was continued untl J/11192 



f!y_!lraullc Conductivity Test of Drr_~~~~~~~~J~ ~~~~ ~ol ---------· ----·--·-· --· ---·--·- .... 
·-

• __ 4 ______ .,. ___ ,. ___ - ...... ·- ______ .. - ·--- -- ··-··········-········· 
--·- - ------ ·-·--

.......... --r--·---·-·-·- - ---------

~ 

... ··---- ·------· ····----···-·--· -----·-· . .. - -···-At ~(sec) Oln (cc) Oout Vout PVout · Oout/Oin uc_'!!ii~L- ~~~~g) ... -----· 45 20.8 1.4 1.4 0.07 0.07 2.37E-05 t .83E-10 _.._ 
. ---- 1------··-···· 50 18.9 17.1 18.5 0.91 0.9 2.99E-05 2.30E-10 -- - r-;.. ___ ----- ··-· 40 17.9 17.5 36 1.77 0.98 3.22E-05 2.47E-to . ·--·----- ·-·-----··--- ··-···--·----- ---·----··-··· --······ .. -- ...... 41 15.9 15.3 51.3 2.52 0.96 ~-~~~-0~ 2.41E·t0 ·-· --------- ----···-··· 41 17.5 17.7 69 3.39 1.01 3.39E-05 2.61E·10 '--·· ----·--· .. ·-·- ---------······ ---· ... --··4 41 17 16.9 85.9 4.22 0.99 ~.3_~ _E·_!J~ 2.55E-10 ---------. --·----- ---------41 17.1 17.1 103 5.07 t 3.37E-05 2.59E·10 ----------
------· --------. 0 --- ··---. ··-·--···--· ... 41 17.1 17.1 120.1 5.91 t 3.38E~os 2.60E-10 -·-·----·· ------- ---------···· 41 17.5 17.5 137.6 6.77 1 3.49E-05 2.68E-10 - -------
1-···-·---·- --···. ·-. -- ··- .. --·-·--·-···-· i 

' 3.39E-05 2.61 E-10 



~_rdraullc Conductivity Test ol w:so•t. .9.!-'~!!~~~~J~. ~!~~~nol_ ..... ... . . 
I 

-----·-· -·- --· I ... - ......... •··-------··1 ----······-·· •-·- •• 

---------t-----------1 ••• I--···--- ·•--·1···--·······--•·•-1· •··. -· •• • I ·-·•··--···-···-· •·-•••••••• ··• ••· .. •• 

---------·1-- --I -·- ·- .. ···---- 1------· ··•••••·•• I • •· • .. •·· ··•·· I ·•-•••··-···----·•••••·•·•• - -·· •••••••• 

Ai (sec) aan feet aout ... ~~Iii·---==~-~ ~voiit --~=:·:: g~~~g~ri~----~----: k.j~~!~~;-~~ K ·-(C~A?j ~~-~ 
50 24.9 0.~ --~~~ ___ J~~-~? -·--· _____ .9:~? _____ ?.1~~:9~ -~:~.~~·JO 

~ 50 18.2 ~~~g ---~6 .. ~ -~-8~ ·-·-----~~~? -~:.!~~::9~ 2._~?~--~0 
50 18.9 18.9 -----~~.5 ______ 1:!.~ _________ J.:.'g ·--~-1~~.:g~ __ _?:~~E:~O 
50 18.1 !? ---~~:~ _ 2:~~ ·-···---·-·h05 ---~~!~E·O~ ··---~.-3~~·10 

. 50 11.1 __ 18. !~.5 -----~-~57 ___ .. __ 1:.~~ ----~:~?E:~~ --~:36~~1o 
- 50 17.2 18~~ ---·- '~---~ ----~:.~? .... ·-····-··---!!0~ ---~:-~~t;~-~~ ----~:~9~~~0 

50 17.1 18 108.8 5.35 1.05 3.11E·05 2.39E·10 '..;.. --- --- ···- ---- ·----·- -·· ___ , _______ .. ----·-······· ... -. -·----··· - ... 
50 ~7.2 18. ~ !;!~.9 ___ ~-~~ ....... __ l:~~ -----~:~~~:-~~ ---~~~~E:10 
50 17.6 18.6 145.5 7.15 1.06 3.14E·05 2.41E·10 ---- -------- ------ -·- .•.. -----·····-·-· --·---------- -·:--·-- ---· ... 

1 1 ------1'---·- ··------·-----·- .. ___ .. __ • ·· -- ·· .... ----·-·-·i:1oe-o.sl- · ·-·-2.39e-•o 



~dr8UIIc Conducllvlr Test ot w.1~ G~~d!~!~ .!! ~·~·~---·- -··- ··----· _____ -·· -·---· . ·--·. _ ....... ···-
.. ·-· --··-·--·----··---·- -----··---· ------· -·---··· •... - ..... . ·- . --·-- ------·-·------- ---·-·- .. ·-- -·· ..... ··-. -·· =~~~-~~=· =---·---.. ·=-=--=-~--~ ·.=:···--- :-.:~:.: . .-::.-~·.· --~·-~~~- .. -. i 
1-----------------t-----·---------~------- • 

I 

"' - oatenlme AI lsecl ~ Cccl ..• ~u'··--- voul ·---·· PV~~==-~ Q!UiiCiin= ~j_~ic).~_-·_ ~.JCf!I~2J ·· 300 11.:1 0 0 0 0 2.14E-08 2.11E·tt -·-10-13-119---1 -,-7-:t_2...,_ ____ 2,_;4;...;;7~0a------..;..;;;t :s -----5:& s".i --0.28 ---·3:73 --.~44E-·08 ·-· ·-I.SOE-13 .=.:..=~~...;._...;..;....:..;..;:::1--~~+------··- ---·---- .... - --·-····-- . --·-· .. ---·-·---·· .. ·······- ..... ""19' 1:20 so8eo 2.1 ______ !:2 ~~ .. --..!~~9 _____ !.0! --~-n~~~ _ .. ~.o9E-t4 Ultl9t tS:U 21280 2 0 5.8 0.29 0 3.59E·09 2.78E-t4 ·--,,,219t 1:15 et44o ·i':a - · ··o 5.8 ------.:21 --. ·-·is2e:og ---· t.·t7E-u .11i419t 7:t9 t89440 ----4·.7 ·----··-- o 5.8 ··--··-·o:29 ----o .......... ~soi:~og t.t&E-t4 - ------ --------- ··-·--.. ·-- --· -----·-· ··-·· .. -. ···- ' jnfwiis continued untl t/5192-. __ .. --·-·-- ---- ·-·-·--.. -·- _ .. ______ -··--·-· ...... - ....... . 



~aullc Conductivity Test, ol D~~und~eallo MT~~o~-----··o . l·o-.... --------~0 -··-0 ··-···o-· 
--------1-- 1-----o-·• .. oo• 1-----o-----1-·••-o•· ... ••·•• I • ••• """ ---·-I ·---••o• oo 

-·---1 ... -·------·--·----------··---.. ··----·· ·----·-·- •..... 
------t------1-------1--------1 ·------1···--·---.. ·--lo••--·· ___ .. _, ·-·· ... .. ... 

]4 - - --- ___ 0___ -o-- ---- ·- . oOoo·--··· ··- -- .. ·00-··-·· . ··-·-·-· 0• ••-o•o Oo. 
IAI (sec) Oln cc) Ooul ·o·-- Voul 0 ~Voul .. ... goul/01!!_ __ 0 ~{~I!!!C?L ... K c~~~l ·o 0 

10 19.6 18.7 18.7 0.92 0.95 2.46E·05 9.22E·11 -· .. --- ··-. ···- ---- . ·-·· --·-·- - ... ·-··· 
8o 11.2 r~.7 ____ 3~.4 · 1.?~ 00- o.97 ~.3!1;~~5 __ JI.~~~=~ 1 
80 17.9 18.8 55.2 2.71 1.05 2.32E·05 8.72E·11 

~ ~ 10 11.1 -~~;·? _____ 1~!0~ -·-----
0

~;&4 =~--t~o6 ----~:~~~~~~ ~-=--'=.i)~e-~11 
70 19.7 20.5 94.6 4.85 1.04 2.20E·05 1.27E·11 r-·--- .o __ --·---·o·•o-·1-------0o ••o·-·----· 0--·o··- -o-o••· 0 --oo .. 0 " . 
8o 18.8 '~~~ ___ .!!1.4 -~~~~ o···---··· ... ! ----~~~31;-o~ ____ r~~~e.:~' 
80 18.1 17.2 128.6 8.32 t.07 2.02E-05 7.57E-tt ·-·- ·- --··0----- -0--- -" ···--------- --- OoOOo•••·--- -··-·-· 0.. .. ... 
10 15 18.8 145.4 7.15 1.12 1.93E·05 7.23E·tt I ---·- ----··0- ---- ..... -----··0·--0 --0 ... oo•.. ··--· - .. 
10 15.3 I 6 t6t.4 7.94 1.05 t.80E-05 6.76E·11 
10 14.1 --,..-:& ---,1·1.2 ----i.&& -·--·--~:os ----i:1se~-~5 -·os.sse~,, - -·- -----· - ··- ------- ---- .. . .... -- ..... ··------- ... . ..... -- . ---- .. . . ... . 
10 11.9 0_12!.~ ___ _!88.~ ____ ?.~~7 -----o··· t.O~ _.J!39~:~~ 0-·0 0 ~~2~~-·!1 

- 1-----· -0- ·I ------· ·------ ... •o••o·-·-·---· I Oo .. -· .. -- ... I ·••o•-t .72E-05 

~ 



u. w 

~ydraullc Conductivity Test ~--~~~~~_9u~~~··~ to M! ~~---··-· 
- -·- ·-··--·-· 
.. ---·- .... ...... ~ .... --··· 

·--
. __ ..,. _____ 

----- -·-·-
·-· ·····-· 

-- ·-- ··------- ·-·--··--·-·· 
At (sac) Oln (cc) Oout Vout PVout - ----·· ---

120 28 13 13 0.64 -- -··-------·- ·- -----·- ··--· .. 
120 15.3 16 29 1.43 
240 16.9 18.6 47.6 2.34 ----. ---·---- ----
240 13.2 12.7 60.3 2.97 ·------ ----··- -·· 
360 14.2 13.5 73.8 3.63 ------·--
360 12.8 11.1 84.9 4.17 -------··-- ------·- . 
570 14 14 98.9 4.86 --··------ -·--··-·- ··-· 

420 12.3 12.7 111.6 5.49 -------- ·- --·--. __ .. ___ - -· 

-- ·-· --·--· ······-· 
----

.~< 

-------·· ·-· . ···-

------ ------·-
-----· ---·-· 
-------- -·----
---· 
--·-·-··-·---· ··---··-·--· 
Oout/Oin ~Ucf!!!~~L. ·---·--

0.46 1.60E-05 ·-----·--·. ·---· .. ····--·· ... 
1.05 1.09E-05 ------···· ---··---- --· 

1.1 6.51E-06 ·------ ... ·-----····· --··. 
0.96 4.86E-06 

. -----··---···· --· ·-- ·--· 
0.95 3.58E-06 ·--·------·· ----·-·· 
0.87 3.32E-06 -----·-- ··-----.- .. 

1 2.47E-06 ··--·-·-----. . ...... --- --. .. 
1.03 2.86E-06 --· .... -·----·-·- ·····- .. ·-··· ··-· .. 

·-·--··---~--
............... I 

3.06E-06 



I I 

Hydraulic Conductivity- Test of w:125•4 Gundseal to MTBE 
I I I 

Test was started on 11/4191 and continued until 112192 i 

No outflow was detected I 



.... , 

VII 
Ull 

,,, 

H_y~raullc C~ucti!~Tes! or Dry_ G~~~!~~J~ !~1;-·---------- -· ·-· -· -·--···-·-··-·· ··-···--·-··------·-·· ·····- ____ . 
·- ·---·-·1···-·--·· •• •··--1--·--··---···••• I ·•··--· ••••·- • • --··-· •·•·-·••• -·• •• -- •• ·•. •· ·•• 

I -·1------·- -·--1 --.. •·· ····-- --····-- · ... ·-··- ... ··- --- -• -- -- -·· ...... 

·--------1- I I .. --··--. -----1 - I· ·------···-·-----· ·--···----·--- ··-- --··- •.•.•..••. 

&i (sec) a1n ,a:, oou•_==- ~~~f=-=~ --·-· ------~=-~ g~ili!aiii·~-~~-- · ~~l~~J~~L-~ ~-~t~~A2) ... 
40 21.8 10 0.49 0.46 3.36E-05 t .26E-10 - ---- -·. - .. ·····--·-. ....... --·-···. - ---- -----··. .. . . .. 
40 20.2 20.6 ____ .J~~. _________ !:~.2 ----~-~~~-~:9~ ___ J:55E·10 
40 21.5 22 ··---~:.~9 . _______ 1.~~ ---~·~.!~:~5 ---!:58~·10 
40 21.5 2 3.:.~~ ····--··--·--! ·---~:1~~~«!~ ___ J.56~·10 
40 20.7 21 4.68 t.Ot 4.20E-05 t.57E-to - 4·o 21.4 22 ·------117.2 ----5:76 ·······---·-i.o3 -4j5i:--o5 -----1:s&e-1o ------1--- ·-- ... ---------- ---·-·-. . ·····-··--·-···. -----· ........... . ......... . 
40 ~~:.8 ~t:~ _____ !~-~-=-~ ----~!8.~ ···---·-··--_t~~~ ---~:.O!.sO~ ·-···-· _1.53E~_10 
40 20.3 t9.8 158.3 7.78 0.98 4.03E·05 t.51E-10 --··- -----··---- --------- -------·---· -------·--··· ·---···----- ...... 

-·-- •· --·---- ·-4"."ife-:o·sr--..54e-1o 



~draullc Conductivity Tes~ ol w:SO% J~~~dse~~ ~~-tel-- ___ 1 .. o •• 
0 
_______ 1 

··-- •. __ -·· . . ·--· 

--------1 ·-1·--·- ·--··-·1 ------ •.. ·····--o-----··0-----. oooooo-•ooO . -·-O• ·O -

-------·---- ··-1·-·-···--o-------1·· • 00 - 0 ·--o•·•oo••o·--·-----0-·--- ... 00 --··o-•ooo ·- . 

• _..___ ... 0 ------I 0-·-•o•··---0--1-----·--·-- •·•·o•o ••· -

At tsect 01n ta:) aoue __ voui -- ~-v.,-.;.----~ g~~~g~"o-= k-~~~~I.~L .. ~-~~~"2) 

~ 
40 27.2 0 0 0 0 3.84E-05 1.44E-10 

·-·---- --------- ------0-- o-o--0--0 ···- o-o·••o··-O·ooo• O•• ---·-·. oo 

50 22.8 J~~~ ··-·---~1!.4 ---~·~ ·-----~-~' 0--·- ~~~~E-~5 ·--'-~~7~~10 

50 21 _ 2.!~~ o·-- ___ 39:~ 1.9~ _o ________ J:.~~ --· ;t!.-80~~-..9~ -·-o-·' ~4~E~~o 

50 20.3 2~ ~~ 6! __ ;I _____ J.~9~ ---~-~!.0~~:!'~ ___ J .;t9E·10 

40 19 20 81 3.98 1.05 3.83E·05 t.44E·10 
~----·-- i-------·-- 0- o•- ___ 0 ___ oo·---- ----·----0 -- 0 --- . 0 

50 20.4 -~~.!~ ______ !!)g!~ -- 0---~=~:, __ oOo···o ___ J!o~4 0-- ~!~1-~--~~ o-~·43E:10 

50 19.8 20.7 123 6.05 1.05 3.75E·05 t .41E-10 
. r-o--o-····o- •··-·-·--··-··· -- -----·0-. ---0--·o••·••·o ••o••·----O-·oOooo. --- ...... 0 .. 

50 20 __ 0_0 ____ 20=!. _____ j~3.! 0 ____ _?.!0~ -·-·--··--J:~~ ooo_,_3.6~~--~~ ·- o1.!~~~d9 

-------1--------~--------
0. ·-00-- -·- o··--···- -----o-•·o •. -···· ooooo• --

3.77E-05 1.4tE-tO 



,... 
~ "-~ 

~'~~~~~~ Co~uctlv~r_!~st ~!_!f=1~~~~d~!~~ ~~--'!~E. ______ _ 
----------t ·I ---· 1-- ···--···-·- ····-·1···----------~------·········---·1·-·· ----------·-··•··---·····- ··-·· ------t- I ---1 ------··----I -----------·-····•-·····- -- ----· •··· ·····--····--·-··-·----------- •···· ········ ······ 

f--------···1····--·••·- ·•··- 1-- I •••···-· • ·•·· •··-·1 ·•· •··--·· ·-·-•··•--·-•••·•·• •-·-••·· 1···-••·••••• •• •. 

-------1-----------il . ----··--- .... ---·· ------· --- ..... ··--·· ·- ·- ---·· ··------------ ------··- -----· ··-----···-- ---------+----------1 -·--·------·····----•···--------·-····-·- ------· ... -·------·· ·--·----···--·-· •·- .. 
Date/Time AI ]sec)-~-- Oln tcef-- aoui ___ -----~~- Vout _______ ~y~~L~---.:~=~ ~uUOt~----~--- ti"(c~~~f~-~ K--~~~2)_~~--

80 26 __ ?~J .?- ~ ----------~=-~~ _____ !:~~ __ 2.!3~--~~ _____ 1_-~?E-~0 
~ ---- 38~ 1~ ____ !:.~ J.~:~ -··· _ ~.:.~;J ----····---~:.!.~ --~:~!.~~!)6 ______ 7.~~E-12 _ -~~!~~! 12:~~ 8!~ -~-! ----· ----~=~ ------~~:? ---- .. ~ .. ~~. ----- ~:~~ ____ !.:~1~·~7 _ ··- 2.82E·12 J~14!!JL_!2:27 126~ J!.-.?. _____ !.:? ----~~-=~ ··-- ... )~~ -----~:.!.! ____ 5.~~~~07 ..... ~-t~E-12 

__ 1!!.~~1 13:tt 25!!«] !~~ ----~=--2 -----~~:.~ ------------'-=-!.? ---·--·---~=-~ -~-~~~:~7 •..... !!-89E_-t3 j_!!41~3:57 2580 8.? 2_:~ ~?:~ _______ !.:.~? ___ !:!~ 1.:.~.!~-~! __ 5.~2E-13 
1!14191 15:29 552~ 5.~ ---·--·--···! 4C!~ _________ t?.7 -----~-:!? . ~:~!!~:-~8 -----~--~~~_-13 1t/4191 19:27 14220 tO . 0.3 40.4 1.99 0.03 2.95E-08 1.11E·13 •.... -------- --- ------ ·•· ------------ . . .. ----· ----- -·-·-- .. ----- ---·· ·----. •····· ..... - .. 1115191 9:57 52200 17.8 0 40.4 1.99 0 1.88E-08 8.31E-14 • o ••••·----- ----- -- •-• ·-·-·--•••• ---•a·-•• --·----- --• ·--- ••·---·- •• --·•• • -•• oo • • 1115191 14:13 15360 3.5 0 40.4 1.99 0 1.3tE·08 4.91E·14 . -----··-- ·- --- ·-----··--· -·--···-·-·-·· -· ·--·· ----·--· •··- ...... .. 

Test ttnued H 
. ___ .... _____ --···--·-- • was con unt 115192 ---- ------· ··-·-- .. ·--····----------·-------- ·· 



APPENDIX F 

SOILS AND FIELD TEST RESULTS 



----------------------------------------------------------------------. 
SOUTHWESTERN DIVISION LABORATORY, CORPS OF ENGINEERS 

4815 Cass Street 
Dallas, Texas 75235 

·----------------------------------------------------------------------· . . 
:----------------------------------------------------------------------: 

SUBMITTAL OF SWDED-GL REPORT 15520 ( 18 pages) 

:----------------------------------------------------------------------: 
PROJECT: CANNON AFB : Contract No. 
Feature: LANDFILL NO. 5, CELL-3 

SITE-1, CAP 
:----------------------------------------------------------------------: 

TEST REQUEST NO.: E85920036 
Dated: 27 FEB 1992 
Received: 04 MARCH 1992 

From: CHIEF 
ENGRG/PLNG DIVISION 
ALBUQUERQUE DISTRICT 

:----------------------------------------------------------------------: 
MATERIAL: UNDISTURBED AND DISTURBED SOIL SAMPLES 

No. and type of samples: ONE BAG SAMPLE AND TWO PUSH TUBES 
Source or other identification: BORINGS: 3-1 AND 3-2 

Date received: 2 MARCH 1992 

·----------------------------------------------------------------------· . . 
REMARKS: 

PERMEABILITY TEST RESULTS 
GRADATION CURVES 
COMPACTION TESTS 
PERMEABILITY TESTS 
DRYING TEST PHOTO 

PAGE 2 
PLATES 1-3 
PLATES 4 AND 5 
PLATES 6-14 
PLATES 15 AND 16 

:-----------------~----------------------------------------------------: 
: Report sent to: : Copy furnished: 

ALBUQUERQUE DISTRICT 

·----------------------------------------------------------------------· . . 
·----------------------------------------------------------------------· . . 

Date: 

APR 2 8 1992 

Name and title: 
: WILLIAM R. TANNER 
: Director 
: SWD Laboratory 

Signature 

~~~~ . 
·----------------------------------------------------------------------· . . 



Permeability Test Results 

SWDED-GL Report No. : 15520 

District: Albuquerque 
Project: Cannon AFB 
Feature: Landfill No. 5, Cell-3, Site-1, CAP 
Sample No. 92/844 (bag samples) 

Molded Water 
Content, % 

+/- Optimum Molded Dry 
Water Content Density, pcf 

% of Std Max Permeability 

25-Blows 

19.9 
23.9 
26.2 
28.4 

15-Blows 

23.8 
28.1 
30.0 
31.7 

-3.2 
+0.8 
+3.1 
+5.3 

+0.7 
+5.0 
+6.9 
+8.6 

Sample No. 92/842 (Undisturbed) 

92.5 
96.2 
94.2 
92.4 

90.3 
91.6 
89.3 
87.2 

Page 2 

Dry Density CM/SEC 

96 
100 

98 
96 

93 
95 
92 
90 

2.5 X 10-6 
2.3 X 10-8 
7.0 X 10-9 
1.0 X 10-8 

2.9 X 10-6 
2.6 X 10-9 
3.7 X 10-9 
3.5 X 10-9 

5.7 X 10-5 



u.s. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 

c: - c: c: c: 
·C\1 .......... 

c: c: c ...... c 0 0 

"" "" ·"- ·" 'I" C\1 <XI 0 0 0 0 'I" 0 
I ...... ...... ...... 'I" - C\1 'I" UJ - N 

100 UJ <'1 C\1- - <'1 - <'1 .. .. .. .. .. .. .. 

0 
(\J 
lD 
lD .... 
_j 
C!) 
I 

0 
w 
0 
3: 0 
(f) z 

..., 
0 0 u 
z z ro 

(_ ..., 
0 cr c 

Q) 0 
3: a: u 

I I I 
r""'' i\ 

1\ 
90 

\ 
80 

' f-
I 
C!) 70 
H 
w 
3: 

>- 60 ~, 
CD 

a: .. 
w 50 ..... ~ z ~ H 

LL. ~----1- 40 '" z \ w 
u 
a: 30 '-w 
Q. 

20 

10 

0 

>-
a: lD 
0 (I') 

200 100 50 10.0 5 1.0 0.5 0. 1 0.05 0. 01 0. 005 0.001 

GRAIN SIZE IN MILLIMETERS 
f- (\J 
<t 10 
a: I' 
0 

% COBBLES % GRAVEL % SAND % SILT OR CLAY 

CD 
< X • 0.0 0.0 3B.O 62.0 
_j f-

z 
u) 0 

H < 
(f) _j 
H ...J 
> < 
H 0 
0 

Sample No. Elev or Depth Nat W% LL PL PI Cc Cu 

z ~ • 92/842 UNKNOWN 10. 1 40 12 28 

a: w 
w w 
1- a: 
(f) f-
w (f) 
3: 
I (f) CLASSIFICATION 
1- (f) 
::J <t 
0 u e SANOY LEAN CLAY (CL) 
(f) 

lD 

~ 
.... 
CD 

~ '<T 
a: 
< (f). 

w a: 
I w 
f- w 

z 
lL H 

Remarks: ProJeCt CANNON AFB - LANDFILL NO. 5 I 
0 C!) 

z 
f- w 

CELL-3. SITE-1. UNDISTURBED i 

Lab No. SWOED-GL REPORT 15520 
z 
w LL. Area 
~ 0 
f-
a: (f) 
<t Q. 

Boring No. 3-1 Date 11 MARCH 1992 
Q. a: 
w 0 
0 u 

GRAOA TION CURVES Plate-1 



u.s. STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 

c: - c: c: c 
·C\1 . - ·~ ·~ 

c: c: c: ..... c: 0 0 

·~ . ~ .~ ..... .~ .,. C\1 CD ::! 0 0 0 .,. 0 
I ..... .......... .,. C\1 .,. IC ..... C\1 

100 IC C'1 C\1 ..... - C'1 -<'1 .. .. .. .. .. .. 
I I I " 

I 

i\. 
90 

0 
(\J 
lD 
lD 
...... 

_j 
(.!) 
I 

0 
w 
0 
~ a 
(fJ z 

~ 

a a u 
z z co 

'-

80 
\ 
\ 1-

I 
(.!) 70 ' H 

w 
3: 

>- 60 
(lJ 

~---a: ..... 
w 50 -...... z 
H 

~ 

0 cr c LL ~ 
CIJ a 

3: a: u 
1- 40 1\ z 
w ~ u 
a: 30 

' w 
I]_ 

20 

10 

0 

>-
a: lf1 

200 100 50 10.0 5 1.0 0.5 0. 1 0.05 0. 01 0. 005 0.001 

0 (T') GRAIN SIZE IN MILLIMETERS 
1- (\J 

<t lf1 
a: r--
0 

% COBBLES % GRAVEL % SAND % SILT OR CLAY 

m 
<t X • 0.0 0.0 43.0 57.0 

_j 1-

z 
uj 0 

H <t 
(fJ _j 
H _j 

> <t 
H 0 
0 

Sample No. Elev or Depth Nat W% LL PL PI Cc Cu 

z r.: • 92/843 UNKNOWN 14.8 32 16 16 

a: w 
w w 
1- a: 
(fJ 1-
w (fJ 

3: 
I (fJ CLASSIFICATION 
1- (fJ 

~ <t 
0 u e SANDY LEAN CLAY (CL) 

(fJ 
lD 
...... ,: m 

::::E '<!" 
a: 
<t 

uj 
w a: 
I w 
1- w 

z 
lL H 

0 (.!) 

z 
1- w 

Remarks: ProJeCt CANNON AFB - LANDFILL NO. 5 
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·I 

PERMEABILITY TEST RESULTS SWDED-GL 15520 

Type of Spec~men: UNDISTURBED Before Test: After Test: 

Diam (in) : 6.09 IHt(in): 3.71 Water Content, wo: 10.1 wf: 19.8 

Conf~n~ng Pressure(ps~): 90.0 Vo~d Rat~o, eo 0.522 ef: 0.522 

Backpressure to saturate: 85.0 Saturat~on, So: 51.9 Sf: 101.7 

D~fferent~al Head(ps~): 1.0 Dry Dens~ty, lbjft3: 109.6 109.6 

Class.: SANDY LEAN CLAY (CL) HYDRAULIC GRADIENT: 8 

LL 40 

I 

Gs 2.68 ProJect: CANNON AFB AFB - LANDFILL NO. 5 

PL 12 D10 CELL-3, SITE1, UNDISTURBED 

Permeant L~qu~d: WATER Area: 

Remarks: Bor~ng No. 3-1 Smpl #92/842 

Depth: UNKNOWN Date: 4 MAR 92 

Coefficient of 
Permeability at 20 deg c. 

Run 1 5.5E-05 CM/SEC 
Run 2 6.0E-05 CM/SEC 
Run 3 5.2E-05 CM/SEC 
Run 4 6.3E-05 CM/SEC 
Run 5 6.4E-05 CM/SEC 
Run 6 5.2E-05 CM/SEC 
Run 7 5.3E-05 CM/SEC 
Run 8 5.3E-05 CM/SEC 

Average 5.7E-05 CM/SEC 
RUN 1 THUR 8 

init. final 
HEIGHT CHANGE, CONSOL, em 0.00 
WEIGHT OF WET SOIL, g 3434.0 
WEIGHT OF DRY SOIL, g 3119.0 
AREA, cmA2 187.93 
VOLUME, cmA3 1775.0 1775.00 
REDUCED HEIGHT OF SOIL,cm 2.438 

Plate 6 



PERMEABILITY TEST RESULTS SWDED-GL 15520 

Type of Spec1men: REMOLDED Before Test: After Test: 

Diam(in}: 4.00 I Ht (in} : 4.57 Water Content, wo: 19.9 wf: 31.9 

Conf1n1ng Pressure(ps1}: 70.0 Vo1d Rat1o, eo 0.821 ef: 0.821 

Backpressure to saturate: 65.0 Saturat1on, So: 65.5 Sf: 104.9 

D1fferent1al Head(ps1): 3.0 Dry Dens1ty, lb/ft3: 92.5 92.5 

·Class.: FAT CLAY WITH SAND (CH} HYDRAULIC GRADIENT: 18 

LL 61 

I 

Gs 2.70 ProJect: CANNON AFB - LANDFILL NO. 5 

PL 20 D10 CELL-3, SITE-1, 

Permeant L1qu1d: WATER Area: 

Remarks: OPTIMUM MINUS 3.2 % AT Bor1ng No.: 

96 % MAX STD DENSITY Depth: 0.0'-3.0' 

Run 1 
Run 2 
Run 3 
Run 4 
Run 5 
Run 6 
Run 7 
Run 8 
Run 9 
Run 10 
Run 11 

Average 

Coefficient of 
Permeability at 20 deg c. 

1. 3E-05 
1.4E-05 
1. 3E-05 
1.1E-05 
1.0E-05 
5.7E-06 
3.6E-06 
2.8E-06 
2.6E-06 
2.2E-06 
2.4E-06 

2.5E-06 

CM/SEC 
CM/SEC 
CM/SEC 
CM/SEC 
CM/SEC 
CM/SEC 
CM/SEC 
CM/SEC 
CM/SEC 
CM/SEC 
CM/SEC 

CM/SEC 
RUN 8,9,10,11 

HEIGHT CHANGE, CONSOL, em 
WEIGHT OF WET SOIL, g 
WEIGHT OF DRY SOIL, g 
AREA, cmA2 
VOLUME, em A 3 
REDUCED HEIGHT OF SOIL,cm 

INITAL 
o.oo 

1674.2 
1396.3' 

81.07 
941.6 
2.511 

FINAL 

941.60 

CAP 

Smpl #92/844 

Date: 6 MAR 92 

Plate 7 



PERMEABILITY TEST RESULTS SWDED-GL 15520 

Type of Spec1men: REMOLDED Before Test: After Test: 

Diam(in): 4.00 jHt(in): 4.57 Water Content, wo: 23.9 wf: 28.4 

Conf1n1ng Pressure(ps1): 70.0 Vo1d Rat1o, eo 0.752 ef: 0.752 

Backpressure to saturate: 65.0 Saturat1on, So: 85.8 Sf: 102.0 

D1fferent1a1 Head(ps1): 3.0 Dry Dens1ty, 1b/ft3: 96.2 96.2 

Class.: FAT CLAY WITH SAND (CH) HYDRAULIC GRADIENT: 18 

LL 61 

I 

Gs 2.70 ProJect: CANNON AFB - LANDFILL NO. 5 

PL 20 D10 CELL-3, SITE-1, 

Permeant L1qu1d: WATER Area: 

Remarks: OPTIMUM PLUS 0.8 % AT Bor1ng No.: 

STD MAX DENSITY Depth: 0.0'-3.0' 

Coefficient of 
Permeability at 20 deg c. 

Run 1 
Run 2 
Run 3 
Run 4 
Run 5 
Run 6 

Average 
RUN 3,4,5,6 

HEIGHT CHANGE, CONSOL, em 
WEIGHT OF WET SOIL, g 
WEIGHT OF DRY SOIL, g 
AREA, cmA2 
VOLUME, cmA3 
REDUCED HEIGHT OF SOIL,cm 

IN I TAL 
o.oo 

1798.2 
1451.3 

81.07 
941.6 
2.610 

5.3E-08 CM/SEC 
3.8E-08 CM/SEC 
2.8E-08 CMjSEC 
2.4E-08 CM/SEC 
1.9E-08 CM/SEC 
2.2E-08 CM/SEC 

2.3E-08 CM/SEC 

FINAL 

941. 60 

CAP 

Smpl #92/844 

Date: 6 MAR 92 

Plate 8 



PERMEABILITY TEST RESULTS SWDED-GL 15520 

Type of Spec1men: REMOLDED Before Test: After Test: 

Diam (in) : 4.00 IHt(in): 4.57 Water Content, wo: 26.2 wf: 27.7 

Conf1n1ng Pressure(ps1): 70.0 Vo1d Rat1o, eo 0.788 ef: 0.788 

Backpressure to saturate: 65.0 Saturat1on, So: 89.7 Sf: 94.9 

D1fferent1al Head(ps1): 3.0 Dry Dens1ty, 1bjft3: 94.2 94.2 

Class.: FAT CLAY WITH SAND (CH) HYDRAULIC GRADIENT: 18 

LL 61 

I 

Gs 2.70 ProJect: CANNON AFB - LANDFILL NO. 5 

PL 20 D10 CELL-3, SITE-1, 

Permeant L1qu1d: WATER Area: 

Remarks: OPTIMUM PLUS 3.1 % AT Bor1ng No.: 

98 % MAX STD DENSITY Depth: 0.0'-3.0 1 

Run 1 
Run 2 
Run 3 
Run 4 
Run 5 
Run 6 

Average 

Coefficient of 
Permeability at 20 deg c. 

2.8E-08 CM/SEC 
1.2E-08 CM/SEC 
8.2E-09 CM/SEC 
7.7E-09 CM/SEC 
6.0E-09 CM/SEC 
7.2E-09 CMJSEC 

RUN 4,5,6 
INITAL 

7.0E-09 CM/SEC 

FINAL 

HEIGHT CHANGE, CONSOL, em 
WEIGHT OF WET SOIL, g 
WEIGHT OF DRY SOIL, g 
AREA, cmA2 
VOLUME, cmA3 
REDUCED HEIGHT OF SOIL,cm 

0.00 
1794.1 
1421.6 

81.07 
941.6 
2.557 

941.60 

CAP 

Smpl #92/844 

Date: 6 MAR 92 

Plate 9 



PERMEABILITY TEST RESULTS SWDED-GL 15520 

Type of Spec1men: REMOLDED Before Test: After Test: 

Diam (in) : 4 • o 0 I Ht ( in) : 4.57 Water Content, wo: 28.4 wf: 28.9 

Conf1n1ng Pressure(ps1): 70.0 Vo1d Rat1o, eo 0.824 ef: 0.824 

Backpressure to saturate: 65.0 Saturat1on, So: 93.1 Sf: 94.7 

D1fferent1al Head(ps1): 3.0 Dry Dens1ty, lbjft3: 92.4 92.4 

Class.: FAT CLAY WITH SAND (CH) HYDRAULIC GRADIENT: 18 

LL 61 

I 

Gs 2.70 ProJect: CANNON AFB - LANDFILL NO. 5 

PL 20 D10 CELL-3 I SITE-1, 

Permeant L1qu1d: WATER Area: 

Remarks: OPTIMUM PLUS 5.3 % AT Bor1ng No.: 

97 ~ 0 MAX STD DENSITY Depth: 0.0'-3.0' 

Coefficient of 
Permeability at 20 deg c. 

Run 1 
Run 2 
Run 3 
Run 4 
Run 5 
Run 6 

Average 
RUN 3,4,5,6 

HEIGHT CHANGE, CONSOL, em 
WEIGHT OF WET SOIL, g 
WEIGHT OF DRY SOIL, g 
AREA, cm~2 

VOLUME, em~ 3 
REDUCED HEIGHT OF SOIL,cm 

IN I TAL 
0.00 

1789.9 
1394.0 

81.07 
941.6 
2.507 

1.2E-08 CM/SEC 
6.3E-09 CM/SEC 
1. OE-08 CM/SEC 
1.2E-08 CM/SEC 
9.4E-09 CM/SEC 
9.0E-09 CM/SEC 

1.0E-08 CM/SEC 

FINAL 

941.60 

CAP 

Smpl #92/844 

Date: 6 MAR 92 

Plate 10 



PERMEABILITY TEST RESULTS SWDED-GL 15520 

Type of Spec1men: REMOLDED Before Test: After Test: 

Diam (in) : 4 . 0 o I Ht ( in) : 4.57 Water Content, wo: 23.8 wf: 31.5 

Conf1n1ng Pressure(ps1): 80.0 Vo1d Rat1o, eo 0.866 ef: 0.866 

Backpressure to saturate: 75.0 Saturat1on, So: 74.2 Sf: 98.2 

D1fferent1al Head(ps1): 3.0 Dry Dens1ty, lb/ft3: 90.3 90.3 

·class.: FAT CLAY WITH SAND (CH) HYDRAULIC GRADIENT: 18 

LL 61 

I 

Gs 2.70 ProJect: CANNON AFB - LANDFILL NO. 5 

PL 20 D10 CELL-3, SITE-1, 

Permeant L1qu1d: WATER Area: 

Remarks: OPTIMUM PLUS 0.7 % AT Bor1ng No.: 

93 % MAX STD DENSITY Depth: 0.0'-3.0' 

RUN-1 1.5E-05 CM/SEC 
RUN-2 1. 3E-05 CM/SEC 
RUN-3 1. 3E-05 CM/SEC 
RUN-4 1. 3E-05 CM/SEC 
RUN-5 1.1E-05 CM/SEC 
RUN-6 9.8E-06 CM/SEC 
RUN-7 9.2E-06 CM/SEC 
RUN-8 9.1E-06 CM/SEC 
RUN-9 9.8E-06 CM/SEC 
RUN-10 9.0E-06 CM/SEC 

Average 

Coefficient of 
Permeability at 20 deg c. 

RUN-11 5.0E-06 
RUN-12 4.9E-06 
RUN-13 4.7E-06 
RUN-14 7.0E-06 
RUN-15 9.3E-06 
RUN-16 6.2E-06 
RUN-17 3.5E-06 
RUN-18 3.2E-06 
RUN-19 2.6E-06 
RUN-20 2.3E-06 

2.9E-06 CM/SEC 
RUN 17,18,19,20 

INITAL FINAL 
HEIGHT CHANGE, CONSOL, em 0.00 
WEIGHT OF WET SOIL, g 1686.8 
WEIGHT OF DRY SOIL, g 1362.5 
AREA, cmA2 81.07 
VOLUME, cmA3 941.6 941.60 
REDUCED HEIGHT OF SOIL,cm 2.451 

CM/SEC 
CM/SEC 
CM/SEC 
CM/SEC 
CM/SEC 
CM/SEC 
CM/SEC 
CM/SEC 
CM/SEC 
CM/SEC 

CAP 

Smpl #92/844 

Date: 6 MAR 92 

Plate ll 



II 

PERMEABILITY TEST RESULTS SWDED-GL 15520 

Type of Spec~men: REMOLDED Before Test: After Test: 

oiam (in) : 4. 00 I Ht (in) : 4.57 Water Content, wo: 28.1 wf: 29.8 

Conf~n~ng Pressure(ps~): 70.0 Vo~d Rat~o, eo 0.839 ef: 0.839 

Backpressure to saturate: 65.0 Saturat~on, so: 90.4 Sf: 95.9 

D~fferent~al Head(ps~): 3.0 Dry Dens~ty, lb/ft3: 91.6 91.6 

Class.: FAT CLAY WITH SAND (CH) HYDRAULIC GRADIENT: 18 

LL 61 

I 
Gs 2.70 ProJect: CANNON AFB - LANDFILL NO. 5 

PL 20 D10 CELL-3, SITE-1, 

Permeant L~qu~d: WATER Area: 

Remarks: OPTIMUM PLUS 5.0 % AT Bor~ng No.: 

95 % MAX STD DENSITY Depth: 0.0'-3.0' 

Coefficient of 
Permeability at 20 deg C. 

Run 9 
Run 10 
Run 11 
Run 12 
Run 13 

Average 
RUN 11,12,13 

HEIGHT CHANGE, CONSOL, em 
WEIGHT OF WET SOIL, g 
WEIGHT OF DRY SOIL, g 
AREA, cmA2 
VOLUME, cmA3 
REDUCED HEIGHT OF SOIL,cm 

IN I TAL 
o.oo 

1770.9 
1382.4 

81.07 
941.6 
2.486 

3.3E-09 CM/SEC 
4.2E-09 CM/SEC 
2.7E-09 CM/SEC 
2.2E-09 CM/SEC 
2.8E-09 CM/SEC 

2.6E-09 CM/SEC 

FINAL 

941.60 

CAP 

Smpl #92/844 

Date: 6 MAR 92 

Plate 12 



PERMEABILITY TEST RESULTS SWDED-GL 15520 

Type of Spec1men: REMOLDED Before Test: After Test: 

Diam(in): 4.00 jHt(in): 4.57 Water Content, wo: 30.0 wf: 30.9 

conf1n1ng Pressure(ps1): 70.0 Vo1d Rat1o, eo 0.887 ef: 0.887 

Backpressure to saturate: 65.0 Saturat1on, So: 91.3 Sf: 94.0 

D1fferent1al Head(ps1): 3.0 Dry Dens1ty, lb/ft3: 89.3 89.3 

Class.: FAT CLAY WITH SAND (CH) HYDRAULIC GRADIENT: 18 

LL 61 

I 
Gs 2.70 ProJect: CANNON AFB - LANDFILL NO. 5 

PL 20 D10 CELL-3, SITE-1, 

Permeant L1qu1d: WATER Area: 

Remarks: OPTIMUM PLUS 6.9 % AT Bor1ng No.: 

92 % MAX STD DENSITY Depth: 0.0'-3.0 1 

Coefficient of 
Permeability at 20 deg c. 

Run 1 4.7E-09 CM/SEC 
Run 2 1.0E-08 CM/SEC 
Run 3 7.8E-09 CM/SEC 
Run 4 5.7E-09 CM/SEC 
Run 5 -1.6E-08 CM/SEC 
Run 6 2.0E-08 CM/SEC 
Run 7 1.6E-09 CM/SEC 
Run 8 4.6E-09 CM/SEC 

Average 
RUN 13,14,15,16 

HEIGHT CHANGE, CONSOL, em 
WEIGHT OF WET SOIL, g 
WEIGHT OF DRY SOIL, g 
AREA, cmA2 
VOLUME, cmA3 
REDUCED HEIGHT OF SOIL,cm 

INITAL 

0.00 
1751.4 
1347.2 

81.07 
941.6 
2.423 

Run 9 4.4E-09 CM/SEC 
Run 10 3.2E-09 CM/SEC 
Run 11 3.3E-09 CM/SEC 
Run 12 2.1E-09 CM/SEC 
Run 13 4.0E-09 CM/SEC 
Run 14 3.8E-09 CM/SEC 
Run 15 3.6E-09 CM/SEC 
Run 16 3.4E-09 CM/SEC 

3.70E-09 CMJSEC 

FINAL 

941.60 

CAP 

Smpl #92/844 

Date: 6 MAR 92 

Plate 13 



II 

PERMEABILITY TEST RESULTS SWDED-GL 15520 

Type of Spec1men: REMOLDED Before Test: After Test: 

Diam(in): 4.00 jHt(in): 4.57 Water Content, wo: 31.7 wf: 32.5 

Conf1n1ng Pressure(ps1): 80.0 Vo1d Rat1o, eo 0.933 ef: 0.933 

Backpressure to saturate: 75.0 Saturat1on, So: 91.7 Sf: 94.0 

D1fferent1a1 Head(ps1): 3.0 Dry Dens1ty, 1b/ft3: 87.2 87.2 

Class.: FAT CLAY WITH SAND (CH) HYDRAULIC GRADIENT: 18 

LL 61 

I 

Gs 2.70 ProJect: CANNON AFB - LANDFILL NO. 5 

PL 20 D10 CELL-3, SITE-1, 

Permeant L1qu1d: WATER Area: 

Remarks: OPTIMUM PLUS 8.6 % AT Bor1ng No.: 

90 ~ 0 MAX STD DENSITY Depth: 0.0'-3.0 1 

Run-1 
Run-2 
Run-3 
Run-4 
Run-s 
Run-6 
Run 7 
Run 8 
Run 9 
Run 10 
Run-11 

Average 

Coefficient of 
Permeability at 20 deg c. 

-6.0E-09 CM/SEC 
3.9E-09 CM/SEC 
2.8E-09 CM/SEC 
3.9E-09 CM/SEC 
5.7E-09 CM/SEC 
1. OE-08 CM/SEC 
1. 2E-08 CM/SEC 
3.4E-09 CM/SEC 
3.8E-09 CM/SEC 
3.1E-09 CM/SEC 
3.6E-09 CM/SEC 

RUN 8,9,10,11 3.5E-09 CM/SEC 

FINAL 
HEIGHT CHANGE, CONSOL, em 
WEIGHT OF WET SOIL, g 
WEIGHT OF DRY SOIL, g 
AREA, cm·2 
VOLUME, cm·3 
REDUCED HEIGHT OF SOIL,cm 

INITAL 
0.00 

1732.0 
1315.1 

81.07 
941.6 
2.365 

941.60 

CAP 

Smpl #92/844 

Date: 6 MAR 92 

Plate 14 



Sample 92/844 - Optimum 
+ 0.8 % at Std Max Density 
After permeability test and 
24 hours air drying 

Sample 92/844 - Optimum 
+ 3.1 % at 98 % Std Max Density 
After permeability test and 
24 hours air drying 

Plate 1"5 



sample 92/844 - optimum 
+ 5.3 % at 97 % Std MaX DensitY 
After permeabilitY test and 24 hours air drying 



DATE 

3/5/92 

d (em)= 1.5 
D (em>= 10.16 
Z (em)= 596.9 

Ra (em)= 31.1 

HOLE #1 - EAST SIDE 
LANDFILL#3, CELL#3 
PERMEABILITY TEST 

CANNON AFB, NM 

L (em)= 0 
dV= (dho) 

H (em)= 628 CZ+Ra) 
a = 0 

b2 (em)= infinite b1 = 
G1 = 2.901689 

TIME Reading dT Rt H1 

NlJilber sec. em em 

14:00 1 13.66 67.5 

2 12.84 65.5 

3 12.66 64.9 

4 12.34 64 
5 12.46 63.5 

6 12.23 62.7 

7 12.15 62 

8 11.9 61.5 

9 12.3 61 

10 11.73 60.2 

16:46 1 18.28 91.2 

2 18.15 90.4 

3 17.11 86.1 

4 17.9 89.3 

5 17.9 89.7 

6 17.8 89.3 

7 18.04 88.4 

8 17.65 88.2 

9 17.81 88.4 

10 17.99 90 

H2 
em 

K1 
em/sec 

0 2.17E-02 
0 2.24E·02 
0 2.25E·02 
0 2.28E-02 
0 2.24E-02 
0 2.26E-02 
0 2.25E·02 
0 2.28E·02 
0 2.19E·02 
0 2.26E·02 

AVG= 2.24E·02 
sdv= 3.50E-04 

0 2.15E·02 
0 2.15E-02 
0 2.18E-02 
0 2.16E-02 
02.16E-02 
0 2.17E-02 
0 2.12E-02 
0 2.16E-02 
0 2.15E-02 
0 2 .16E·02 

AVG= 2.16E-02 
sdv= 1.53E-04 

c 
em 

H1' K1' Vise K2' CLnn 

em em/sec Factor em/sec Hrs Remarks 

0.296235 2.17E·02 REFILLED 

0.287879 2.20E·02 REFILLED 

0.285368 2.22E·02 REFILLED 

0.281596 2.24E-02 REFILLED 

0.279499 2.24E-02 REFILLED 

0.276140 2.24E-02 REFILLED 

0.273198 2.24E-02 REFILLED 

0.271094 2.25E·02 REFILLED 

0.268989 2.24E-02 REFILLED 

0.265618 2.24E·02 REFILLED 

0.393467 2.15E·02 REFILLED 

0.390237 2.15E-02 REFILLED 

0.372817 2.16E-02 REFILLED 

0.385791 2. 16E-02 REFILLED 

0.387408 2.16E-02 REFILLED 

0.385791 2.16E-02 REFILLED 

0.382148 2.16E-02 REFILLED 

0.381337 2.16E-02 REFILLED 

0.382148 2. 15E-02 REFILLED 

0.388621 2.16E-02 REFILLED 



DATE TIME Reading dT Rt H1 H2 K1 c H1' K1' Vise K2' Cllll 

Nll!ber sec. em em em em/sec em em em/sec Factor em/sec Hrs Remarks 

------------------------------------------------------------------------------------------------------------------------------------------------
3/5/92 22:30 1 17.47 1 89 0 2.20E-02 0.384577 2.20E·02 REFILLED 

2 16.53 1 82 0 2.15E -02 0.356109 2.18E-02 REFILLED 

3 17.34 1 86.5 0 2.16E-02 0.374442 2.17E-02 REFILLED 

4 17.41 1 87.8 0 2.18E-02 0.379716 2.17E-02 REFILLED 

5 17.75 1 89.3 0 2.17E-02 0.385791 2.17E-02 REFILLED 

6 17.84 1 88.5 0 2.14E·02 0.382553 2.17E-02 REFILLED 

7 17.46 1 87.5 0 2.17E-02 0.378500 2.17E-02 REFILLED 

8 18.17 1 90.8 0 2.16E-02 0.391852 2.17E-02 REFILLED 

9 17.92 1 89.3 0 2.15E-02 0.385791 2.17E-02 REFILLED 

10 17.59 1 88 0 2.16E·02 0.380527 2.17E-02 REFILLED 

AVG= 2.17E-02 
sdv= 1.56E-04 

3/6/92 08:30 1 13.21 1 58.2 0 1.95E-02 0.257173 1.95E-02 REFILLED 

2 13.24 1 57.8 0 1.93E-02 0.255481 1.94E-02 REFILLED 

3 13.09 1 57.6 0 1.95E-02 0.254635 1.94E-02 REFILLED 

4 13.06 1 57.6 0 1.95E-02 0.254635 1.94E-02 REFILLED 

5 13.93 1 57.4 0 1.82E-02 0.253788 1.92E-02 REFILLED 

6 13 1 57.3 0 1.95E-02 0.253365 1.92E-02 REFILLED 

7 12.97 1 57.2 0 1.95E-02 0.252941 1.93E-02 REFILLED 

8 12.97 1 57 0 1.94E-02 0.252094 1.93E-02 REFILLED 

9 12.84 1 56.9 0 1.96E-02 0.251671 1.93E-02 REFILLED 

10 13.03 1 56.8 0 1.93E-02 0.251247 1.93E·02 REFILLED 

AVG= 1.93E-02 
sdv= 3.79E-04 



DATE TIME Reading dT Rt H1 H2 K1 c H1' K1' Vise K2' Cl.ln 

Nl.lnber sec. em em em em/sec em em em/sec Factor em/sec Hrs Remarks 

----------·-------------------------------------------------------------------------------------------------------------------------------------
3·24·92 13:45 1 70.9 1 87.3 0 5.33E·03 0.377689 5.33E·03 REFILLED 

2 70.53 1 87.2 0 5.35E·03 0.377283 5.34E·03 REFILLED 

3 70.35 1 87.1 0 5.36E·03 0.376877 5.34E·03 REFILLED 

4 70.47 1 87 0 5.34E·03 0.376472 5.34E·03 REFILLED 

5 70.53 1 86.8 0 5.33E·03 0.375660 5.34E·03 REFILLED 

6 70.1 1 86.6 0 5.35E·03 0.374848 5.34E·03 REFILLED 

7 69.96 1 86.5 0 5.35E·03 0.374442 5.34E·03 REFILLED 

8 69.93 1 86.4 0 5.35E·03 0.374036 5.34E·03 REFILLED 

9 70.1 1 86.3 0 5.33E·03 0.373629 5.34E·03 REFILLED 

10 69.91 1 86.1 0 5.33E·03 0.372817 5.34E·03 REFILLED 

AVG= 5.34E·03 
sdv= 1.08E·05 

3/25/92 11:00 1 72.86 1 85.6 0 5.09E·03 0.370784 5.09E·03 REFILLED 

2 72.79 1 84.5 0 5.03E·03 0.366308 5.06E·03 REFILLED 

3 72.72 1 84.4 0 5.03E·03 0.365901 5.05E·03 REFILLED 

4 72.68 1 84.3 0 5.03E·03 0.365493 5.05E·03 REFILLED 

5 72.58 1 84.2 0 5.03E·03 0.365086 5.04E·03 REFILLED 

6 72.43 1 84.1 0 5.03E·03 0.364679 5.04E·03 REFILLED 

7 72.52 1 84 0 5.02E·03 0.364271 5.04E·03 REFILLED 

8 72.37 1 83.9 0 5.03E·03 0.363863 5.04E·03 REFILLED 

9 72.15 1 83.8 0 5.04E·03 0.363456 5.04E·03 REFILLED 

10 72.28 1 83.7 0 5.02E·03 0.363048 5.04E·03 REFILLED 

AVG= 5.04E·03 
sdv= 1.83E·05 



HOLE #2 - SOUTH SIDE 
LANDFILL#3, CELL#3 
PERMEABILITY TEST 

CANNON AFB, NM 

d (em)= 1.5 L (em>= 0 

D (em)= 10-16 d:.l= (dho) 

Z (em>= 596.9 H (em)= 630 (Z+Ra) 

Ra (em)= 33.1 a = 0 
b2 (em)= infinite b1 

G1 = 2.901689 

DATE TIME Reading dT Rt H1 
Nunber sec. em em 

3/5/92 16:30 1 29.69 64.2 

2 28.8 63.8 

3 28.9 63.3 

4 28.28 63 

5 28.71 62.8 

6 28.12 62.1 

7 27.75 61.7 

8 27.62 61.4 

9 28.23 61.1 

10 27.28 60.8 

3/5/92 22:15 1 27.8 54 

2 27.38 53.9 

3 27.22 53.8 

4 27.03 53.7 

5 26.91 53.6 

6 26.84 53.5 

7 26.29 53.4 

8 26.71 53.3 

9 26.68 53.2 

10 26.82 53.2 

H2 
em 

K1 
em/sec 

0 9.48E-03 
0 9.72E-03 
0 9.61E-03 
0 9.78E-03 
0 9.60E-03 
0 9.70E-03 
o 9.nE-03 
o 9.nE-03 
0 9.51E-03 
0 9.80E-03 

AVG= 9.68E-03 
sdv= 1.09E-04 

0 8.58E-03 
0 8.70E-03 
0 8.74E-03 
0 8.78E-03 
0 8.80E-03 
0 8.81E-03 
0 8.98E-03 
0 8.82E-03 
0 8.82E-03 
0 8.77E-03 

AVG= 8.78E-03 
sdv= 9. 58E -05 

c 
em 

K1' Vise K2 1 H1' 
em em/sec Factor em/sec 

0.281580 9.48E-03 
0.279908 9.60E-03 
0.277816 9.60E-03 
0.276560 9.65E-03 
0.275722 9.64E-03 
0.272789 9.65E-03 
0.271112 9.67E-03 
0.269853 9.68E-03 
0.268594 9.66E-03 
0.267334 9.67E-03 

0.238629 8.58E-03 
0.238205 8.64E-03 
0.237780 8.67E-03 
0.237356 8.70E-03 
0.236932 8.72E-03 
0.236507 8.74E-03 
0.236082 8.77E-03 
0.235658 8.78E-03 
0.235233 8.78E-03 
0.235233 8.78E-03 

Clln 

Hrs Remarks 

REFILLED 
REFILLED 
REFILLED 
REFILLED 
REFILLED 
REFILLED 
REFILLED 
REFILLED 
REFILLED 
REFILLED 

REFILLED 
REFILLED 
REFILLED 
REFILLED 
REFILLED 
REFILLED 
REFILLED 
REFILLED 
REFILLED 
REFILLED 



DATE TIME Reading dT Rt H1 H2 K1 c H1' K1 1 Vise K2' CLm 

NlJTi:>er sec. em em em em/sec em em em/sec Factor em/sec Hrs Remarks 

------------------------------------------------------------------------------------------------------------------------------------------------
3/6/92 06:30 1 39.91 1 72.9 0 7.96E-03 0.317719 7.96E-03 REFILLED 

2 39.65 1 72.8 0 8.00E-03 0.317307 7.98E-03 REFILLED 

3 39.91 1 72.7 0 7.94E-03 0.316894 7.97E-03 REFILLED 

4 39.9 1 72.7 0 7.94E-03 0.316894 7.96E-03 REFILLED 

5 39.81 1 72.5 0 7.94E-03 0.316068 7.96E-03 REFILLED 

6 39.48 1 72.5 0 8.01E-03 0.316068 7.97E-03 REFILLED 

7 39.35 1 72.4 0 8.02E-03 0.315655 7.97E-03 REFILLED 

8 39.42 1 72.3 0 8.00E-03 D.315241 7.98E-03 REFILLED 

9 39.3 1 72.2 0 8.01E-03 0.314828 7.98E-03 REFILLED 

10 39.49 1 72.1 0 7.96E-03 0.314415 7.98E-03 REFILLED 

AVG= 7.98E-03 
sdv= 3.08E-05 

3/6/92 08:45 1 35.3 1 58.2 0 7.26E-03 0.256392 7.26E-03 REFILLED 

2 34.8 1 57.8 0 7.32E-03 0.254705 7.29E-03 REFILLED 

3 34.71 1 57.6 0 7.31E-03 0.253861 7.30E-03 REFILLED 

4 34.84 1 57.6 0 7.29E-03 0.253861 7.30E-03 REFILLED 

5 34.91 1 57.4 0 7.25E-03 0.253017 7.29E-03 REFILLED 

6 34.94 1 57.3 0 7.23E-03 0.252595 7.28E-03 REFILLED 

7 34.75 1 57.2 0 7.26E-03 0.252172 7.27E-03 REFILLED 

8 34.8 1 57 0 7.22E-03 0.251328 7.27E-03 REFILLED 

9 34.78 1 56.9 0 7.21E-03 D.250905 7.26E-03 REFILLED 

10 34.52 1 56.8 0 7.26E-03 0.250483 7.26E-03 REFILLED 

AVG= 7.26E-03 
sdv= 3.43E-05 



#' 

DATE TIME 

3/24/92 13:00 

3/25/92 10:00 

Reading dT 
Number sec. 

1 
2 
3 
4 
5 

1 

2 
3 

4 

5 

286.35 
285.28 
284.49 
279.96 
280.65 

303.41 
302.96 
303.17 
302.56 
302.53 

Rt 
em 

H1 
em 

71.8 
71.6 
71.6 
70.5 
70.6 

74.5 
74.4 
74.4 
74.3 
74.2 

H2 
em 

K1 
em/sec 

0 1.09E·03 
0 1.09E-03 
0 1.10E-03 
0 1.10E-03 
0 1.10E-03 

AVG= 1.10E-03 
sdv= 2.17E-06 

0 1.07E-03 
0 1.07E-03 
0 1.07E-03 
0 1.07E-03 
0 1.07E-03 

AVG= 1.07E-03 
sdv= 4.80E-07 

c 
em 

H1 1 K1 1 Vise K2 1 

em em/sec Factor em/sec 

0.313175 1.09E-03 
0.312348 1.09E-03 
0.312348 1.10E-03 
0.307795 1.10E-03 
0.308209 1.10E-03 

0.324317 1.07E-03 
0.323905 1.07E-03 
0.323905 1.07E-03 
0.323493 1.07E-03 
0.323081 1.07E-03 

cun 
Hrs Remarks 



Standard Test Method for 

'Ib.i5 document is pan ol the ASTM standanls process 
and is for ASTM use only. It shall not be n:produced 
or circulated or quoted, in whole or in pan, outside 
ol ASTM c:ommittee activities eJIL'qlt with the apprtMJ 
of the chainnan of the committee having jurisdiction 
or the President of the Society. 

Field Measurement of Hydraulic Conductivity of Porous Materials 
Using the Two-Stage Borehole Procedure1 

This standard il issued under the fixed designation D _; the number immediately following the designation 
indicates the year of original adoption or, in the case of revision, the year of last revisioll. A number in pan:ntheses 
indicates the year of last reapproval. A superscript epsilon (f) indicates an editorial change since the last revision 
or reapproYal. 

1. Scope 

1.1 This test method covers field 
measurement of apparent vertical and 
horizontal hydraulic conductivities (also 
referred to as coefficients of penneability) 
of porous materials using the two-stage, 
cased borehole technique. These 
apparent hydraulic conductivity values are 
the maximum for the vertical direction, 
and minimum for the horizontal direction. 
Determination of actual hydraulic 
conductivity values requires further 
analysis by a qualified engineer. 

12 This test method may be 
utilized for compacted fills or natural 
deposits, above or below the water table, 
that have a mean hydraulic conductivi~ 
less than or equal to lx10"5 m/s (lxlO 
em/sec). 

1.3 Hydraulic conductivity greater 
than lx10-s m/s may be determined by 
o~dinary borehole tests, e.g., U.S. Bureau 
of Reclamation E-18. However, the 
resulting value is an apparent conductivity. 

1.4 For this field test method a 
distinction must be made between 
"saturated" (KJ and "field-saturated" (K,.) 

lrbw method il under the jurisdic:tioa of ASI'M 
Committee D-18 on Soil and R.ock and il the direct 
n:sponsibilityofSubcommittee D18.04 on Hydrologic Properties 
of Soil and Rocks. 

Current edition appn:Md June 29, 1990. Published 
October 19J.IQ. 
· ""Ibe boldface numbers in parentheses n:fer to a lilt 
or referen':r. at the end of the text. 

:AnnUQ/ Book of ASTM Standards, Vol. 04.!a 

oo 

hydraulic conductivity. True saturated 
conditions seldom occur in the vadose 
zone except where impermeable layers 
result in the presence of perched water 
tables. During infiltration events or in the 
event of a leak from a lined pond, a 
"field-saturated" condition develops. True 
saturation does not occur due to 
entrapped air (1).2 The entrapped air 
prevents water from moving in air-filled 
pores that, in tum, may reduce the 
hydraulic conductivity measured in the 
field by as much as a factor of two 
compared to conditions when trapped air 
is not present (2).2 This field test method 
simulates the "field-saturated" condition. 

1.5 Experience with this method has 
been predominately in materials having a 
degree of saturation of 70% or more, and 
where the stratification or plane of 
compaction is relatively horizontal. Its 
use in other situations should be 
considered experimental. 

1.6 As in the case of all tests for 
hydraulic conductivity, the results of this 
test pertain only to the volume of soil 
permeated Extending the results to the 
surrounding area requires both multiple 
tests and the judgement of qualified 
personneL The number of tests required 
depends on among other things: the size 
of the area, the uniformity of the material 
in that area, and the variation in data 
from multiple tests. 

1.7 The values stated in SI units are 
to be regarded as the standard, unless 
other units are specifically given. By 
tradition in U.S. practice, hydraulic 
conductivity is reported in centimeters per 

03/f 



second, although the common SI units for 
hydraulic conductivity are meters per 
second. 

1.8 This standard does not purport to 
address the safety or environmental 
protection problems associated with its us7 
It is the responsibility of the user of thzs 
standard to establish appropriate safety and 
health practices and determine the 
applicability of regulatory limitations prior 
to use. 

2. Referenced Documents 

2.1 ASTM Standards 
D653 Terminology Relating to Soil, 

Rock, and Contained Fluids3 

D5084 Measurement of Hydraulic 
Conductivity of Saturated Porous 
Materials Using a Flexible Wall 
Permeameter 

D5092 Design and Installation of 
Ground Water Monitoring Wells in 
Aquifers3 

D5126 Comparison of Field 
Methods for Determining Hldraulic 
Conductivity in the Vadose Zone 

2.2 USBR Standards 
E18 Field Permeability Tests in 

Boreholes (3)2 

3. Terminology 

3.1 Description of Terms Specific to 
This Standard 

3.1.1 hydraulic conductivity, k-the 
rate of discharge of water under ]aminar 
flow conditions through a unit cross
sectional area of a porous medium under 
a unit hydraulic gradient and standard 
temperature conditions (200C). 

DISCUSSION-The term coefficient of 
· permeability is often Uled inltead of hydraulic 

conductivity, but hydraulic conductivity is used ezrlusively 
ill this test method. A more complete discussion of tbe 
tetminoloe;y UIOCiated with Darcy'1 law is liven in tbe 
literature (4). It mould be noted that ~;~natural IOiJI and 

2 

rccompac:ted soils are usually not isotropic: wit~ respect to 
hydraulic: conductivity. Except for unusual matenals, kh > lc., 

3.1.2 vertical conductivity, kv - The 
hydraulic conductivity in ( approxunately) 
the vertical direction. 

3.1.3 horizontal conductivity, kh- The 
hydraulic conductivity in (approximately) 
the horizontal direction. 

3.1.4 apparent vertical conductivity, 
K1 - The hydraulic conductivity as 
determined in Stage 1 of this test 
procedure assuming the tested medium to 
be isotropic. For ordinary soils, both 
compacted and natural, this is the 
maximum possible value for kyo 

3.1.5. apparent horizontal conductrity, 
K2 - The hydraulic conductivity :as 
determined in Stage 2 of this ~..!st 
procedure assuming the tested medium to 
be isotropic. For ordinary soils, both 
compacted and natural, this is the 
minimum possible value for k,. 

3.1.6 test diameter - The inside 
diameter (ID) of the casing. 

3.2 Other Terms. For definitions of 
other terms used in this test method, see 
Terminology D653. 

4. Summary or Test Method 

4.1 The rate of flow of water into 
soil through the bottom of a sealed, cased 
borehole is measured in each of two 
stages, normally with a standpipe in ~e 
famng-head procedure. The standp1pe 
can be refilled as necessary. 

4.2 In Stage 1, the bottom of the 
borehole is flush with the bottom of the 
casing for maximum effect of kyo The test 
is continued until the flow rate becomes 
quasi-steady. 

4.3 For Stage 2, the borehole is 
extended below the bottom of the casing 
for maximum effect of Ic,. This stage of 
the test is also continued until the flow 
rate becomes quasi-steady. 

4.4 The direct results of the test are 
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the apparent hydraulic conductivities Kl 
and K2. The actual hydraulic 
conductivities ky and k., can be calculated 
from these values. 

S. Significance and Use 

5.1 This test method provides a 
means to measure both the vertical and 
horizontal hydraulic conductivities, 
especially in the low ranges associated 
with fine-grained clayey soils, lx10"7 m/s 
to lx10"11 m/s. 

5.2 This test method is particularly 
useful for measuring liquid flow through 
soil moisture barriers such as compacted 
clay liners or covers used at waste disposal 
facilities, for canal and reservoir liners, for 
seepage blankets, and for amended soil 
liners such as those used for retention 
ponds or storage tanks. However, the 
thickness of the unit tested must be at 
least 6 times the test· diameter. This 
requirement must be increased to 8 test 
diameters if the barrier is not underlain 
by a drainage blanket or by a material far 
less permeable than the barrier being 
tested. 

5.3 The soil layer being tested must 
have sufficient cohesion to stand open 
during excavation of the borehole. 

5.4 This test method provides a 
means to measure infiltration rate into a 
moderately large volume of soil. Tests on . 
large volumes of soil can be more 
representative than tests on small volumes 
of soil. Multiple installations properly 
spaced provide a greater volume and an 
indication of spatial variability. 

5.5 The data obtained from this 
method are most useful when the soil 
layer being tested has a uniform 
distribution of hydraulic conductivity and 

· of pore space, and when the upper and 
lower boundary conditions of the soil layer 
are well-defined. · 

5.6 Changes in water temperature 

3 

can introduce significant errors in the flow 
measurements. Temperature changes 
cause fluctuations in the standpipe levels 
which are. not related to . flow. This 
problem is most pronounced when a small 
diameter standpipe is used in soils of very 
low hydraulic conductivity. 

5. 7 The effects of temperature 
changes are taken into account by the use 
of a dummy installation, the temperature 
effect gauge (TEG). The base of the 
TEO must be sealed to prevent flow. The 
fluctuations of the TEO are due solely to 
ambient changes, and are used to correct 
the readings at the flowing tests. 

5.8 H the soil being tested will later 
be subjected to increased overburden 
stress, then the hydraulic conductivities 
can be expected to decrease as the 
overburden stress increases. Laboratory 
hydraulic conductivity tests or these tests 
under varying surface load are 
recommended for studies of the influence 
of level of stress on the hydraulic 
properties of the soil. 

6. Apparatus 

6.1 Boring/Reaming Tools 
6.1.1 Drilling Equipment - Equipment 

must be available to advance the borehole 
to the desired test level This borehole 
diameter must be at least 5 em (2 inches) 
larger than the outside diameter of the 
casing. The auger or bit used to advance 
the borehole below the casing for Stage 2 
shall have a diameter about 1 em (1/2 
inch) less than the inside diameter of the 
casing. For tests in compacted materials 
above the water table, and wherever else 
possible, the borehole shall be advanced 
by dry augering. Either hand or 
mechanical augers are acceptable. 

6.1.2 Flat Auger - The flat auger 
(Fig. 1) is used to prepare the borehole 
for casing installation. It shall be capable 
of reaming the bottom of the borehole to 
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a level plane perpendicular to the 
borehole axis. The flat auger shall have a 
diameter about 5 em (2 inches) larger 
than the outside diameter of the casing. 

6.1.3 Reamer - The reamer (Fig. 1) 
is used to complete the Stage 2 cavity. 
The base of the reamer shall be capable 
of reaming the bottom of the advanced 
borehole to a level plane, perpendicular 
to the borehole axis, and having the inside 
diameter of the casing. The barrel of the 
reamer shall have a diameter about 1 em 
(05 inch) less than the inside diameter of 
the borehole. The vertical side of the 
cutting plate shall be serrated. 

6.1.4 Scarifier - A bent fork, wire 
brush, or similar roughener small enough 
to fit easily within the casing and having a 
handle long enough to reach the bottom 
of Stage 2, is used to roughen the walls of 
the Stage 2 ·cavity. 

6.2 Borehole Casing 
6.2.1 Casing -The casing shall be 

watertight, but may be of any material or 
diameter. Its minimum ID shall be 10 em 
( 4 inches) unless the clearance provisions 
of Section 7. 7 cannot be met In such 
cases only, the ID may be reduced to 7 5 
em (3 inches). The wall thickness shall be 
adequate to prevent collapse under the 
lateral pressure of the overburden and 
swelling bentonite. Standard 10 em 
(4. inch) ID Schedule 40 PVC threaded 
pipe is satisfactory. The bottom of the 
casing shall be cut off smooth and square. 
The casing shall have flush threads; 
external couplers interfere with sealing the 
annulus and internal couplers with 
advancing the borehole for Stage 2. 
Neither shall be used. The top of the 
casing shall be provided with a means of 
attaching the top assembly. Typical 
modifications include threading the top or 
attaching a flange. When threads are 
used, they must be flush. When a flange 
is used, the diameter shall. be minimal so 
as not to interfere with sealing the 
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annulus. The joint between top assembly 
and casing shall be provided with an 0-
Ring or other device to ensure 
watertightness. . 

6.2.2 Top Assembly - This consists of 
a cap attached (normally by gluing) to a 
short piece of threaded casing, as 
illustrated on Figure 2 The cap shall be 
domed or slanted upwards to minimize air 
entrapment It shall be fabricated so as to 
receive the flow control system with a 
watertight joint Provisions for bleeding 
any entrapped air shall be made. For the 
lEG (only), the top assembly may also be 
provided with a watertight fitting for the 
thermometer or thermocouple leads. 

6.23 Annular Sealant - Bentonite is 
normally used to seal the annulus between 
the wall of the borehole and the wall of 
the casing. All sealants should be 
compatible with ambient geologic and 
geohydrologic conditions. Do not 
introduce any sealants into the casing. 

6.23.1 Directly Placed Sealant - The 
annular sealant is best placed in the 
borehole dry and tamped for shallow 
installations. Bentonite should be 
granular or pelletized, sodium 
montmorillonite furnished in sacks or 
buckets from a commercial source and 
free of impurities which adversely impact 
the sealing process. Pellets consists of 
roughly spherical or disk shaped units of 
compressed bentonite powder. Granules 
consist of coarse particles of unaltered 
bentonite, typically smaller than 0.2 in. 
(50 mm). The diameter of pellets or 
granules selected should be less than one 
fifth the width of the annular space into 
which they are placed to reduce the 
potential for bridging. The directly placed 
sealant shall extend to the ground surface 
or to a minimum of 1 meter (3 feet) 
above the bottom of the casing, whichever 
is lesser. Either the placed sealant or the 
grouted sealant shall extend to the ground 
surface. 

f' .... ,., ~ 
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62.3.2 Grouted Sealant. The 
annular space may be grouted above the 
placed sealant Any of the grouting 
methods of ASTM D5092 may be used. 

62.3.3 Sock - The sock protects the 
soil at the bottom of the casing from 
disturbance when water is introduced and 
prevents collapse of the Stage 2 cavity. It 
is a cylinder composed of a semi-rigid, 
porous sidewall and bottom (such as a 
geogrid), lined with a geotextile, and filled 
with pea gravel or other highly pervious 
material. The hydraulic conductivity of all 
sock materials shall be at least 10 times 
the anticipated hydraulic conductivity of 
the tested stratum in the horizontal 
direction. The outer diameter is 0.6 em 
(1/4 inch} less than the inner diameter of 
the casing. The length is approximately 8 
em (3 inches) longer than will be the 
borehole eXtension for Stage 2. Wires or 
other suitable means for retrieving the 
sock should be provided. 

6.3 Pressure/Flow System 
6.3.1 Flow Control System - The 

plumbing for the flow control system is 
illustrated on Figure 2. It can be 
composed of metal or plastic components. 
The system shall have sufficient flow area 
so that the unrestricted flow is at least 10 
times the anticipated flow rate during the 
test Nominal! em (0.5 inch) components 
have been satisfactory for 10 em (4 inch) 
diameter tests. 

6.3.2 Standpipe - The standpipe, 
also shown on Figure 2, should be only as 
tall as needed to apply a maximum head 
(measured at the bottom of the casing) 
equal to or less than the head allowable 
by hydraulic fracturing considerations; the 
hydraulic head at the bottom of the casing 
should not exceed 1.5 times the total 

. overburden pressure at that leveL The 
standpipe must be transparent and strong 
enough to withstand wind forces. Qear 
Schedule 40 PVC has been found . 
satisfactory. Inside diameters of 1 to 2 em 
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(0.5 to 0.75 inches) have been satisfactory 
for 10 em (4 inch) diameter tests. 
Provisions shall be made to prevent 
precipitation from entering the standpipe 
and to minimize evaporation from it, 
while allowing equalization of air 
pressure. One satisfactory method is to 
set a 900 elbow on the top of the 
standpipe, cover the elbow's outlet with 
aluminum or similar foil, and prick a 
small (1mm +) hole in the foil for air 
pressure equalization. 

6.3.3 Scale - The standpipe should 
be graduated or a scale affixed; either 
must have a resolution of 1 mm (1/16 
inch). H a scale is used, its base should 
be on a known reference point of the flow 
control system which can be readily 
reestablished. 

6.3.4 Watch • Readable to Is. 
6.3.5 Miscellaneous Hand Tools -

Adjustable and pipe wrenches, knife, strap 
wrenches (2) to fit casing, silicone grease 
such as automotive fan belt lubricant, 
P'IFE (polytetra fluoroethylene) tape, 
refill hose, funnel to fit refill hose, 100 m1 
plastic cylinder flask. 

6.4 Temperature System - A 
thermometer or thermocouple, readable 
to 0.5°C with a range of 0 to SOOC, long 
enough to extend to the bottom of the 
TEG. 

6.5 Tensiometer (Optional) -Air-entry 
tensiometer capable of measuring soil 
suction to within 1 centibar. 

6.6 Survey Equipment - Surveyor's 
level and rod, and a 15 - 30 meter (50-
100 foot) tape. 

6.7 Miscellaneous 
6.7.1 Plastic Sheeting- Qear or white 

plastic sheeting, nominal thickness at least 
0.1 mm (5 mils). Provide one 3x3 m 
(lOxlO foot) sheet per test, including the 
TEG. 

6.7 .2 Water Supply - Preferably water 
of the same quality as that involved in the 
problem being examined, but having a 
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Turbidity of 5 N1U or less. Only potable 
water should be used if there is a 
possibility that the introduced water could 
enter the groundwater regime. All water 
to be introduced into the test apparatus 
shall be allowed to stand open at least 12 
hours prior to use for deairing. See also 
Section 8.3.3 for temperature 
requirements. 

6.7.3 Antifreeze - Where freezing 
conditions are anticipated, an antifreeze 
solution may be used as the permeating 
fluid in lieu of water. The temperature
kinematic viscosity relation of the solution 
must be determined and used in the 
appropriate equationS of Section 9 - · 
Calculations. Ethanol (ethyl alcohol) in 
potable form has been used as follows: 

Table t - Ethanol Proportions 
Minimum Temperature Proportion 

rc) Water/Ethanol 
~ 5 : 1 
-10 3 1 
-15 2.3 1 
-20 1.8 1 
-25 1.5 1 

However, it is the responsibility. of the 
user to obtain any necessary regulatory 
approval for the solution used, since 
groundwater pollution may result from 
antifreeze compounds. 

6. 7.4 Vacuum Cleaner 
(Optional) - An industrial-type vacuum 
cleaner can be used to clear cuttings, etc., 
from the bottoms of Stages 1 and 2. 

6. 7 .S Aluminum Foil - 1 roll. 
6.1.61Wbber Bands-
6.7.7 ~h~ht -

7. Test Site 

7.1 On a compacted fill, each 
individual test requires an area 
approximately 4x4 m (13x13 feet). Tests · 
shall not be located closer than 40 test 
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diameters center-to-center. A group of at 
least 5 tests is suggested for evaluation of 
a typical test pad (up to 20x25m) for 
waste.;retention structures. .. Larger areas 
may require more tests and the program 
should be designed on a sound statistical 
basis. 

7.2 The layer being tested must 
maintain its full thickness at least 30 test 
diameters horizontally in all directions 
from the center of the test. 

7.3 Stratification or the plane of 
compaction should be essentially 
horizontal. 
· 7.4 If a compacted fill is being 
tested, the test area shall be covered with 
clear or white plastic immediately after 
the final lift is placed. 

7 .S Compacted fills are typically 
underlain by either a permeable layer 
(such as a drainage blanket or an 
impermeable layer (such as a 
geomembrane). Such conditions shall be 
recorded, together with the potentiometric 
level (if any) within the fill. Where no 
such bottom condition exists, the nature of 
the underlying soil and depth to the 
groundwater potentiometric level shall be 
furnished. The thickness of the tested 
material near each test location shall be 
determined to the nearest 2cm (1 inch) by 
before-and-after survey or post-test 
borings. 

7.6 In natural deposits, the 
stratigraphic sequence to at least 10 test 
diameters below the test level shall be 
determined by borings and the position of 
the potentiometric level in the tested 
stratum also determined. Borings shall 
not be made within 3.6 m (12 feet) of the 
test location before the test; any borings 
within 10m (30 feet) of the test location 
shall be grouted prior to testing. 

7.7 The minimum allowable 
thickness for the layer being tested 
depends on the boundary conditions. 
Minimum allowable test geometries are 
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given below for typical cases. Here, 
"relatively pervious" means having a 
vertical permeability at least 10 times that 
of the layer being tested, and "relatively 
impervious" means having a permeability 
less than 1/10 that of the layer being 
tested. 

7.7 .1 Where the layer being tested 
extends to the ground surface and is 
underlain by either a relatively pervious or 
relatively impervious layer, the thickness 
of the layer being tested shall not be less 
than 1/6 the test diameter. The casing 
shall extend at least 2.5 test diameters 
below the top of the ground surface and 
the bottom of Stage 2 shall be at least 2.0 
test diameters above. the bottom of the 
stratum being tested, leaving room for a 
Stage 2 extension of 1.5 test diameters. If 
the underlying material does not meet the 
criteria of Section 7.7, the bottom of Stage 
2 shall be at least 4.0 test diameters above 
the bottom of the stratum being tested. 
The casing embedment remains the same, 
so that the required thickness of the layer 
being tested becomes 8.0 test diameters. 

7.7 .2 Where the layer being tested 
does not extend to the ground surface but 
is overlain by a relatively pervious 
material, the clearances of Section 7.7.1 
shall apply except that the casing shall 
extend at least 2.5 test diameters below 
the top of the stratum being tested. If the 
overlying stratum is relatively impervious, 
the casing shall extend at least 5.0 
diameters below the top of the stratuin 
being tested. 

8. Procedures 

8.1 Set and Seal Casing - This is the 
single most important step in the entire 
procedure and must be done with care. 

8.1.1 Drill Borehole - Drill the 
borehole in a direction perpendicular to 
the stratification or plane of compaction, 
which may or may not be perpendicular to 
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the ground surface. The angle of 
inclination, if any, shall be measured and 
reported. The hole must be at least 5 em 
(2 inches) larger in diameter than the 
outside diameter of the casing. Stop the 
borehole when its maximum depth 
(usually the point of the auger or bit) is at 
least 2.5 em (1 inch) above the desired 
bottom-of-casing level. 

8.1.2 Ream Borehole - Using the flat 
auger, ream the borehole to depth and to 
a diameter about 5 em (2 inches) larger 
than the outside diameter of the casing. 
The bottom shall be smooth, flat, and free 
from cuttings and/or particles exceeding 
1/4 the test diameter. An industrial-type 
vacuum cleaner can be used for this 
cleaning. 

8.1.3 Insert Casing - Set the casing 
within and parallel to the axis of the 
borehole, centered as much as possible, 
with a minimum 1 em (0.5 inch) annular 
space between the wall of the borehole 
and the outside of the casing. The top of 
the casing should be as close to ground 
surface as possible, but not less than 2 em 
(1 inch) for internally threaded casing or 
2 em (1 inch) plus the length of the 
threaded section for an externally
threaded casing. Seat the casing firmly by 
band. Measure the depth from top-of
casing to bottom-of-bole to ensure proper 
depth and seating. 

8.1.4 Seal Casing (Dry Holes) - For 
dry holes, first crush bentonite to ·form a 
well-graded mixture ranging from powder 
to about 0.2 em {1/16 inch) in a sufficient 
quantity to fill about 1 em (0.5 inch) of 
the annulus. Pour this mixture into the 
annulus with a uniform distnoution. 
Then, add sufficient dry crushed or 
pelletized bentonite to fill the annulus 
another 1 em (0.5 inch). Tamp this layer 
lightly with a wooden dowel or equivalent, 
smaller than the minimum annulus. 
Introduce water until it is just visible at 
the top of the bentonite. Note and record 
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whether or not water has entered the 
interior of the casing. Add 2.5 em 
(1 inch) of dry crushed or pelletized 
bentonite, tamp as before, and add water 
as before. Continue in these 2.5 em 
( 1 inch) increments to the ground surface, 
or a minimum of 1 meter (3 feet) above 
the bottom of the casing for deep 
installations. Sealing above that level 
shall extend to the ground surface, and 
may be with the same procedure or by 
grouting following Standard Practice 
05092. Upon completion of sealing, note 
and record whether water has entered the 
interior of the casing, and remeasure the 
depth from top-of-casing to bottom-of
hole to ensure that the casing has not 
moved. Set the sock. 

8.1.5 Seal Casing (Wet Holes) -The 
following procedure shall be used where 
the borehole cannot be advanced to test 
level in the dry. Th~ casing shall be 
pushed (not driven) approximately 2 an 
(1 inch) into the soil at the bottom of the 
borehole. Sufficient bentonite pellets to 
fill approximately 8 em (3 inches) of the 
annular space shall be placed and tamped. 
This procedure shall be followed until the 
bentonite seal reaches at least 1 m~ter (3 
feet) above the bottom-of-casing level. 
Hydration water shall be added if the top 
of the seal rises above the water level in 
the annulus. Sealing above the 1 meter (3 
foot) level may be by the same procedure 
or by grouting following Standard Practice 
05092 After the seal has hydrated a 
minimum of 12 hours, empty the casing, 
and use the reamer to advance the 
borehole to exactly the bottom-of-casing 
level. H the tested stratum is pervious, 
empty the casing only to groundwater 
level to avoid disturbance of the tested 
stratum from water flow into the casing. 
Set the sock, then introduce and remove 
water as necessary to remove suspended 
solids. 
Note 1 - Sealing in wet holes cannot be 
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controlled as well as in dry boles and the 
results may be somewhat less 
representative. 

8.1.6 Surface Protection.- For tests in 
compacted fills, replace the clear or white 
plastic square around the casing. Use 
sand, gravel, sandbags, or other weights to 
keep the plastic in-place during high 
winds. Place a cap over the casing top to 
prevent desiccation or rainfall entry during 
the hydration period. 

8.1.7 Ten.riometen - (Optional) 
Determine the soil's suction value at test 
level (unsaturated soils only). Make a 
minimum of three such determinations. 

8.1.8 Hydration -Allow the bentonite 
(and grout, if any) to hydrate a minimum 
of 12 hours before applying head to the 
test. 

8.1.9 Temperature Effect Gauge- This 
unit is to be set in the same manner as 
described above, except that the borehole 
is slightly deeper to accommodate the 
bottom cap, it is not necessary to ream 
the hole bottom flat, and crushing 
bentonite for the bottom 1 em (0.5 inch) 
of the seal can be omitted. 

8.2 Assemble Flow Control System 
and Standpipe - The cap, flow control 
system and standpipe should be assembled 
as illustrated on Figure 2 YIFE tape and 
silicone grease should be used to 
waterproof all joints. Check the assembly 
for leaks by attaching it to a spare TEG 
casing and filling with water. No leakage 
can be tolerated. 

8.3 Conduct Stage 1 
8.3.1 Check Embedment - Recheck 

the casing to ensure the correct 
embedment has been maintained. Also, 
note and record the presence or absence 
of water inside the casing; if present, 
record the depth. 

8.3.2 Insert Sock- Place the sock to 
the bottom of the casing. Tying the 
retrieval wires to a cork float aids in their 
recovery. 



8.3.3 Fill Casing - Fill the casing 
slowly with water, but no higher than 2 em 
( 1 inch) below the base of any internal 
threads. Introduce the water in such a 
manner that it does not erode the exposed 
soil at the bottom of the casing. The 
water should be warmer than the soil in 
the tested zone, or groundwater if present 
above bottom-of-casing, to prevent air 
bubbles from coming out of solution. 

8.3.4 Add Flow Control System and 
Standpipe - Screw the top assembly with 
these items onto the casing, sealing the 
joint with the 0-Ring, PIFE tape, and 
silicone grease. Prevent casing rotation 
with a strap wrench while tightening the 
top assembly. Attach the scale to the 
standpipe with clear wrapping tape or 
equivalent means, with the zero down. 
Measure and record the distance from the 
bottom of the casing to the zero point on 
the scale. 

8.35 Fill and Check Test System -
Open valve "A" (Fig. 2) and fill the 
remainder of the casing, flow control 
system, and standpipe with water. The 
maximum water level should not exceed 
that which produces the theoretical 
hydraulic fracturing pressure at the 
bottom of the casing. All filling shoUld be 
via the refill hose, not down the 
standpipe, so as to avoid having water 
droplets above the water level in the 
standpipe. Oose valve "A... Check the 
casing/ cap joint and all other joints 
carefully for water leaks by wiping the 
joints dry and watching for the formation 
of water drops at the joints. No leakage 
can be tolerated. 

8.3.6 Begin Stage 1 of the Test -
Record the date and time (to ls), plus the 
scale reading corresponding to the bottom 
of the meniscus of the water in the 
standpipe. Take additional such readings 
at least according to the schedule in 
Table 2, using whichever method produces 
the greater number of readings: 
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Table 2 - Reading Intervals 
Elapsed Total Change in 
Time Scale Reading 

(hours) .(gn} .full 
0.5 2 1 
1.0 5 2 
2.0 10 4 
4.0 20 8 
8.0 40 16 

Thereafter, the frequency of readings will 
depend on the behavior of the test. In 
soils of low hydraulic conductivity, daily or 
twice-daily readings may be adequate after 
2 to 3 days. At each reading of the test, 
record the scale reading and bottom water 
temperature of the TEG. A typical form 
for recording test data is given as Figure 
3. 

8.3. 7 Refills - One standpipe full of 
water may not be adequate for a full 
Stage. When the water level in the 
standpipe becomes low, refill in the same 
manner as the initial filling of the 
standpipe. Record the new water level 
and its associated time, TEG reading, and 
TEG temperature and note as "Refill". 
When the person conducting the test will 
be away for some length of time, such as 
overnight, check the drop rate against the 
expected time to determine whether or 
not refilling is necessary. 

8.3.8 Criteria for Tennination - Each 
stage may be terminated when a plot of 
log (apparent conductivity) .n log (time) 
fluctuates about a stable value of apparent 
conductivity. This is achieved when 
arithmetic time-weighted averages (see 
Equations 10 and 11) neither fluctuate by 
more than 20% nor show an upward or 
downward trend with time. These 
averages must maintain the above 
behavior for at least the time spans listed 
in Table 3. 
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Table 3 - Minimum Stable Time Spans 
Apparent 

Conductivity 
K1 or K2 
(m/sec) 

> 10:a 
10-8 - 10-9 
10·9 - 10-10 

1o-1o - to_,, 

Stable 
Time Span 

(hrs.) 
12 
24 
48 
72 

8.4 Conduct Stage 2 
Note 2 - H the test is solely to 

verify that the actual vertical hydraulic 
conductivity ley is less than some specified. 
value and the apparent vertical 
conductivity Kl is less than that value, 
Stage 2 may be omitted. 

8.4.1 Empty the Casing- Remove 
the sock and the top assembly with its 
attached .equipment. Siphon, vacuum, 
and/ or bail all water from within the 
casing for tests where ~e casing was set 
in a dry hole. Otherwise, 
siphon/vacuum/bail to the groundwater 
level of the stratum being tested. 

8.4.2Advance the Borehole- Extend 
an open borehole having the same 
diameter as the inside of the casing to a 
depth below bottom-of-casing not less 
than 1.0 test diameters nor more than 2.5 
test diameters. The soil being tested shall 
continue for at least the clearances listed 
in Section 7.7. It is desirable to secure an 
undisturbed sample of the tested zone 
with a thinwall sampler (Dl587 or 
02922), but this is not recommended for 
soils containing gravel-sized particles. The 
thinwall sampler or auger /bit shall have a 
diameter 1 em (0.5 inch) or more smaller 
than the casing ID, and sampling or 
drilling shall be terminated with the 
deepest point being at least 2 em (1 inch) 
above the proposed bottom of the 
borehole. 

8.4.3 Ream the Borehole - Ream 
the borehole to the desired depth and 
diameter using the reamer to minimize 
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sidewall smear. Roughen the inside walls 
using a method which will ensure that the 
sides of the borehole are not smeared. 
The bottom should be . prepared as 
outlined in Section 8.1.2. 

8.4.4 Replace the Sock - Place the 
sock to the bottom of the borehole. 
Alternatively, but only where an inclusion 
of high-conductivity material in the tested 
stratum is of no consequence, the hole 
may be filled to 8 em (3 inches) above the 
casing bottom with pea graveL 

8.4.5 Reassemble the System - Refill 
the casing with water as descnbed in 
Section 8.3.3, reattach and seal the top 
assembly with its equipment, and refill the 
standpipe through the refill hose. 
Concurrently, empty and refill the TEG 
with water having the same temperature 
(within 1°C) as that used in the test. 

8.4.6 Perform Stage 2 - Conduct this 
portion of test as outlined previously for 
Stage 1. The termination criteria are the 
same. See Figure 3 for a typical form for 
recording the data. 

8.5 Demobilization - Remove and 
store the top assembly with its attached 
systems. For tests in compacted fills, 
empty the casing, remove sock and casing, 
then backfill the resulting hole with layers 
of tamped and wetted bentonite pellets or 
as directed. Casings for tests in natural 
deposits can be left as piezometers or 

. plugged and abandoned like monitoring 
wells, as directed. 

9. Calculation 

9.1 Equations - The data from the 
tests shall be calculated using the 
following equations: 

9.1.1 Stage 1 

Kl = ~ G1 Ln(Hl/H2')/(~·t1 ) (1) 

where 
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G1 = (1rd2/11D1)[1+a(D1/4b1)] (2) 

~ = ratio of kinematic viscosity of 
permeant at temperature of test permeant 
during time increment t1 to ~ to that of 
reference fluid and temperature. For 
most tests, this means water at 20°C 
( 68op) - See Table 1 of Test Method 
05084 for water as the permeant 

d = Inside diameter (ID) of 
standpipe (em) 

D1 = effective diameter of Stag~ 1 
(em), equals inside diameter of casmg 
under dry hole conditions when. no inw~d 
seepage was noted when setting casmg, 
otherwise equals outside diameter of 
casing 

a = + 1 for impermeable base at b1 
= 0 for infinite ( + 2001) depth 

of tested material. 
= -1 for permeable base at b1 

b1 = thickness of tested layer 
between bottom of casing and top of 
underlying stratum (em). 

H1 = effective head at beginning 
of time increment (em), equal to distance 
from top of water in standpipe to top of 
underlying stratum or groundwater, 
whichever is shallower. For calculation 
purposes, H1 shall not exceed the· height 
of the water column above the bottom of 
the casing plus 20 test diameters 

H2' = corrected effective head 
· (em) at end of time increment, calculated 
in the same manner as H1, = H2 • c 

c = change in TEG scale reading 
between times t1 and t:z (em). An increase 
in the height of water in the TEG 
standpipe is positive 

t1 = time at beginning of 
increment (s) 

t:z = time at end of increment ( s) 
9.1.2 Stage 2 

K2 "" R. G2 Ln(Hl/H2')/(~-t1) (3) 
G2 "" (d2j16FL)G3 (4) 

g~ : ~~~1:(L~~~/2 . ~~ 
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~ IPW'LIPJ+[1+(4b IP+L~!p21 1 /2 
GS = [4b!JD-L/D)+[1+(4b}D-LJD)fl2 (7) 

F = 1 - 0.5623 Exp(-1.566 L/D) (8) 

where: 
L = length of Stage 2 extension 

below bottom of casing (em) 
D = inside diameter of Stage 2 

extension (em). It shall be at least equal 
to the casing ID. 

b = distance from center of 
Stage ~ extension to top of underlying 
stratum or groundwater (em). 

The other terms are as previously 
defined. 

9.2 Calculate K1 for each time 
increment of Stage 1 using Equation (1). 

9.3 Calculate cumulative infiltration 
volume (V1) through the end of each 
Stage 1 time increment using Equation 
(9). 

v • c1rrr /4) I: (Hl-H2') (9) 

9.4 Calculate the time-weighted 
average Kl' of the K1 values of Stage 1 
for its quasi-steady period only using 
Equation (10). 

(10) 

where: 
i denotes a specific time increment 
95 Calculate K2 for each time 

increment of Stage 2 using Equation (3). 
9.6 Calculate cumulative infiltration 

volume (V2) through the end of each 
Stage 2 time increment using Equation 
(9). 

9.7 Calculate the time-weighted 
average K2' of the K1 values of Stage 1 
for its quasi-steady period only using 
Equation (11). 

K2' = I: 10,(~-t,)i/I:(~-t,)i (11) 
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10. Report 

10.1 Report the following 
information: 

10.1.1 A data sheet such as the one 
shown in Figure 3 for each Stage, 

10.1.2 A log-log plot of apparent 
conductivity versus time such as that 
shown in Figure 4, 

10.1.3 The time-weighted average 
values, Kl' and K2', 

10.1.4 Air-entry soil suction value 
(Optional). 

10.2 Additional optional 
information that can be presented in the 
report includes the following: 

10.2.1 Thickness of layer tested, 
10.2.2 A description of material 

beneath the layer tested, 
10.2.3 Total and dry density of the 

layer tested, 
10.2.4 Initial moisture content of 

the layer tested, 
10.2.5 Initial degree of saturation, 
10.2.6 Moisture contents of samples 

taken after termination of test, with 
locations and depths referenced to the 
test, 

10.2.7 Qassification data on the 
layer tested, 

10.2.8 Laboratory tests for 
hydraulic conductivity on the layer tested 

li. Precision and Bias 

11.1 Precision -Due to the nature 
of the soil or rock materials tested by this 
test method, it is either not feastble or too 
costly at this time to produce multiple 
specimens which have uniform physical 
properties. Any variation observed in the 
data is just as likely to be due to specimen 
variation as to operator or other testing 
variations. Subcommittee D18.04 
welcomes proposals that would allow for 
development of a valid precision 
statement. 

12 

11.2 Bias - There is no accepted 
reference value for this test method, 
therefore, bias cannot be determined. 

u. Keywords 

12.1 In-place hydraulic conductivity, 
vertical hydraulic conductivity, horizontal 
hydraulic conductivity. 
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