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1. INTRODUCTION 

1.1 Backmound and Pumose 

The Fernald Environmental Management Project (FEMP), located in Fernald, 
Ohio, is undergoing remediation pursuant to the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA). Remediation at the FEMP is 
being addressed as five interrelated sets of activities, with each set identified as an 
“operable unit” (OU). 

As described in the Final Record of Decision (ROD) for Remedial Actions at 
Operable Unit 2 (OU2) [DOE, 1995~1, the selected remedy for OU2 involves 
construction of an on-site disposal facility (OSDF) for permanent disposal of impacted 
material, including soil, flyash, lime sludge, and solid waste excavated as part of the 
OU2 remedial action. The conceptual design of the OSDF was developed as an 
alternative in the Final Feasibility Study (FS) Report for Operable Unit 2 [DOE, 1995bl 
and identified as the selected remedial alternative in the OU2 ROD. 

On-site disposal of impacted material is also the preferred alternative for Operable 
Unit 3 and Operable Unit 5 at the FEMP. The final Records of Decision for these 
operable units are anticipated in mid and early 1996, respectively. In addition, the 
material sent to the OSDF by OU3 may include contributions from OU1 and OU4. All 
material destined for OSDF disposal must meet the OSDF waste acceptance criteria 
(WAC). The OU2 ROD has established an initial WAC for the OSDF for 346 
picoCuries/gram (pCi/g) of uranium-238 (U-238) or 1030 parts per million (ppm) total 
uranium. 

DOE intends to build only one on-site disposal facility. Therefore, the OSDF will 
be designed to accommodate all or any portion of the total volume of impacted material 
meeting the WAC that results from remediation of the operable units. The total volume 
of material from all operable units is estimated to be 2.5 million bank/unbulked (i.e., 
in-place prior to excavation) cubic yards (1.9 million baddunbulked cubic meters). 
The engineered features of the OSDF will include a liner system and final cover system 
(Figure 1-1), both of which contain layers of compacted low-permeability clay. 

GE3900-04.1lF9530008.CD 1-1 96.04.17 
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The design approach for the OSDF, as well as the other components of the OU2 
selected remedy, is presented in the Drafr Remedial Design Work Plan for Remedial 
Actions at Operable Unit 2 [DOE, 1995dl. Based on this document, the design will be 
implemented in three phases: 

Phase I :  design of a haul road to transport impacted material from the south 
field and inactive and active flyash pile areas to the OSDF; 

Phase 2: design of the OSDF; and 

Phase 3: design of the excavation and restoration of the waste unit areas. 

The Phase 2 component of the design described in DOE [1995d] identifies a 
number of required activities associated with the design of the OSDF. One of these 
activities is to perform a test pad program to evaluate the suitability of the low 
permeability clay materials proposed for use in the OSDF liner and final cover systems. 
The test pad program is the subject of this work plan. 

1.2 Program Reauirements 

The OU2 ROD contains applicable or relevant and appropriate requirements 
(ARARs) that must be satisfied in the OU2 remedial designhemedial action (RD/RA). 
The ARARs for OU2 present detailed requirements for the test pad program. These 
detailed requirements are described in Section 2 of this Test Pad Work Plan (TPWP). 

In addition to the ARARs, the Fernald Environmental Restoration Management 
Corporation (FERMCO) has established procedural requirements for the test pad 
program. These procedural requirements are: 

submit draft TPWP for review by DOE, USEPA, and Ohio EPA; 

incorporate comments on the TPWP; 

2 6 5  
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issue the final TPWP prior to completion of the intermediate OSDF design 
package; 

perform field and laboratory testing prior to, and during construction, and 
evaluate the test pad results; and 

prepare and submit a Test Pad Program Final Report (TPPFR) prior to 
completion of the OSDF final design package. 

This TPWP has been prepared pursuant to the requirements identified above. The 
contents of the TPWP are intended to satisfy the relevant OU2 ARARS. The contents 
are also intended to satisfy guidelines set forth in the Design Criteria Package, On-Site 
Disposal Facility [GeoSyntec, 19951. 

1.3 Promam ScoDe 

The scope of the TPWP includes establishing: 

contractor responsibilities and qualifications requirements; 

procedures for test pad construction; 

field and laboratory quality control and quality assurance testing requirements; 

field and laboratory performance testing requirements; 

procedures for interpreting laboratory test results; 

requirements for documentation and reporting; and 

requirements for preparing construction specifications and drawings for test 
pad program implementation. 

1-3 . ' 96.04.17 
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1.4 Organization of TPWP 

The TFWP is organized as follows: 

an overview of the test pad program is presented in Section 2; 

information on the clay borrow soils that will be used in the test pad program 
is described in Section 3; 

the laboratory testing program to be conducted prior to test pad construction 
is described in' Section 4; 

the layout and civil design of the test pads is presented in Section 5; 

a summary of the test pad construction activities is presented in Section 6; 

construction quality assurance (CQA) field monitoring and testing 
requirements for test pad program are described in Section 7; 

procedures for field performance (Le., "in-situ permeability") testing of the 
test pads are presented in Section 8; 

test pad decommissioning procedures are summarized in Section 9; 

a description of how the results of the test pad program will be used to 
develop OSDF construction specifications and recommendations is presented 
in Section 10; 

reporting requirements related to construction, monitoring, and testing of the 
test pads are presented in Section 11 ; and 

the schedule for the test pad program is described in Section 12. 

1-4 96.04.17 
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2. 

2.1 

OVERVIEW OF TEST PAD PROGRAM 

Introduction 

The OSDF liner system and final cover system will each include a compacted clay 
component. The OU2 ARARS require that the compacted clay component of the liner 
system (i.e., the secondary clay liner in Figure 1-1 and hereafter referred to as the 
compacted clay liner) be at least 3 ft  (0.9 m) thick (when used in conjunction with a 
geosynthetic clay liner (GCL) as proposed for the OSDF) and have a hydraulic 
conductivity not more than 1 x lo'] c d s .  

The OU2 ARARs require that the compacted clay component of the final cover 
system (Le., compacted clay cap in Figure 1-1) be at least 18 in. (0.45 m) thick and 
have a hydraulic conductivity not more than 1 x lo6 c d s .  The proposed design 
thickness of the clay cap (24 in. (0.6 m)) is thicker than required by the OU2 ARARS; 
this greater thickness facilitates cap construction, improves cap reliability, and is 
consistent with USEPA guidance [USEPA, 19911. A hydraulic conductivity of not 
more than 1 x c d s  for the clay cap is specified for the OSDF in order to be 
consistent with the value used in the Final Feasibility Study Report for Operable Unit 2 
[DOE, 1995bI; this criterion is more stringent than the maximum permeability of 1 x 
lo4 c d s  specified by the OU2 ARARs. 

The currently proposed source of clay for the compacted clay liner and cap is a 
brown till that will be obtained from excavation for the base of the OSDF and from the 
on-site East Field borrow area (hereafter referred to only as the borrow area) shown 
in Figure 2-1. The brown till layer is the upper layer of the soil stratigraphy (excluding 
topsoil) beneath the FEMP. The thickness of the brown till ranges from approximately 
10 to 15 ft  (3 to 4.5 m). An analysis of available data on the engineering 
characteristics of the brown till is presented in Section 4 of the TPWP. The analysis 
indicates that the relevant geotechnical properties (i.e., particle size distribution, 
Atterberg limits, clay fraction, soil classification, and standard Proctor optimum 
moisture content) of the brown till are not highly dependent on the lateral location 
within the OSDF footprint and borrow area, but that the material does contain 
increasing amounts of sand with increasing depth. Since sand content may affect the 

- 
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relationship between compaction dry density, moisture content, and hydraulic 
conductivity [Othman and Luettich, 19941, a delineation is made in this TPWP between 
an upper horizon and a lower horizon brown till. Two test pads will be constructed, 
one using upper horizon brown clay and the other using lower horizon brown clay. 

As indicated in the preceding paragraph, the focus of this TPWP is on the brown 
till. A gray till layer underlies the brown till, and it, too, has properties that make it 
a candidate material for compacted clay liner and cap construction. It is anticipated that 
the clay used in OSDF construction will be brown till, not gray till. However, should 
the OSDF design at some point call for the use of gray till, a separate test pad program 
will be undertaken to evaluate this material. If a gray till test pad program is needed, 
it will be designed to satisfy the same criteria as used to develop the brown till test pad 
program. Gray till will only be used for OSDF construction if it is found that an 
inadequate supply of brown till exists on site. The need for gray till will be identified 
(through monitoring of the progress of brown till borrow area development) at least two 
years prior to exhausting the brown till borrow source, thereby providing adequate time 
to perform a test pad program using the gray till. 

2.2 Obiectives of the Test Pad Promam 

The purpose of the test pad program is to provide information regarding the 
hydraulic conductivity and compaction characteristics of the soils (upper horizon brown 
till and low horizon brown till) that will be used for construction of the OSDF 
compacted clay liner and cap. The information obtained during the test pad program 
will be used to qualify the upper horizon brown till and lower horizon brown till 
borrow sources (i.e., OSDF area and East Field borrow area) and establish procedures 
for construction using these materials. 

To demonstrate that the brown till can meet the criteria for compacted clay liner 
and cap materials, the test pad program will establish that: 

2-2 96.04.17 
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the till materials can be compacted using field construction procedures to a 
hydraulic conductivity of not more than 1 x c d s  for the compacted clay 
liner and compacted clay cap; and 

both the upper horizon brown till and lower horizon brown till meet the other 
criteria for compacted clay liner and cap materials prescribed in the Ohio 
Solid Waste Disposal Regulations, Ohio Administrative Code (OAC) 3745-27- 
08(C)(1), or alternatively, where criteria are not met, that the materials and 
techniques proposed for compacted clay liner and cap construction satisfy the 
alternative demonstration requirement of OAC 3745-27-08(C). 

Also, to meet the requirements of OAC 3745-27-08(C)(l)(m), the test pad will: 

be designed such that the proposed tests are appropriate and their results are 
valid; 

be constructed to establish procedures that will result in a satisfactory 
hydraulic conductivity; procedures will include: 

soil processing; 
lift thickness; 
range of moisture content necessary to achieve the desired compaction; 
type, weight, and number of passes of construction equipment; and 

be constructed prior to OSDF construction. 

2.3 Methodolow of Test Pad Proeram 

2.3.1 Introduction 

The test pad program will consist of the following phases of work: 

laboratory testing prior to test pad construction (hereafter referred to as the 
pre-construction laboratory testing program); 

- 
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test pad construction; 

field permeability testing; and 

development of construction specifications and CQA plan. 

Brief descriptions of the four phases of work are provided in the following 
subsections. First, however, roles and responsibilities of the project participants are 
described. 

2.3.2 Roles and Responsibilities 

An earthwork contractor (Le., the Test Pad Contractor) will be procured by 
FERMCO @e., the Construction Contracts Manager) to construct the test pads. The 
Test Pad Contractor's scope of work is presented in Section 6 of this TPWP. 

The architect/engineer (A/E) who designed this test pad program will serve as the 
CQA Engineer for implementation of the program. The CQA Engineer will provide 
laboratory testing and CQA services during construction of the test pads, conduct the 
field permeability tests, develop the construction specifications and CQA plan for 
compacted clay liner and cap construction, and prepare the test pad program final 
report. The CQA Engineer will also provide resident engineering services during test 
pad construction. The required qualifications of the CQA personnel and the scope of 
CQA activities are presented in Section 7 of the TPWP. The Construction Contracts 
Manager has prepared a health and safety plan (H&S plan) for implementation of the 
test pad program. A copy of the H&S plan will be provided by the Construction 
Contracts Manager to project participants. The Construction Contracts Manager will 
oversee implementation of the H&S plan during test pad program field activities. 
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2.3.3 Re-Construction Laboratory Testing 

Re-construction laboratory testing will be conducted on bulk samples of the upper 
horizon brown till and lower horizon brown till. The purpose of the pre-construction 
laboratory testing program is to establish acceptable permeability zones (APZs) for each 
till material. The APZs will define the compaction conditions required to produce a 
compacted clay cap and liner having a hydraulic conductivity not more than 1 x lo-' 
c d s .  The APZ concept is shown in Figure 2-2. It should be noted that the APZs for 
the upper horizon brown till and the lower horizon brown till will likely be somewhat 
different, due to the differing sand content in these two materials. The APZ for a 
particular soil is also dependent on construction equipment and methods. Details of the 
laboratory testing program are presented in Section 4 of this TPWP. 

2.3.4 Test Pad Construction 

Two test pads will be constructed in an area located within the proposed OSDF 
footprint. The proposed test pad location is shown in Figure 2-1. Each test pad will 
consist of six lifts and have a final thickness of 3 ft (0.9 m). A 3-ft (0.9-m) thick test 
pad is proposed (even though the ARAR allows a minimum thickness of 2 ft  (0.6 m)) 
because: (i) it is the same thickness as the OSDF compacted clay liner; and (ii) it may 
potentially provide more reliable results than a thinner test pad since it reduces the 
potential for interfering effects of the natural ground in the test results. Furthermore, 
USEPA guidance [USEPA, 19931 indicates the following: "The thickness of the testpad 
is usually not less than the thickness of the soil liner proposed for a facility but may be 
as little as 0.6 to 0.9 m (2 to 3 feet) i f  thicker liners are to be employed at f i l l  scale. " 

Each test pad will contain three lanes with target compaction conditions as 
summarized below. 

Lane 1 will have.target conditions selected to fall within the "lower" portion 
of the APZ established as indicated in Section 2.3.2 (i.e., using the results of 
the pre-construction laboratory testing program). 
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Lane 2 will have target compaction conditions selected to fall within the 
"midrange" portion of the A P Z .  

Lane 3 will have target compaction conditions selected to fall within a 
"upper" portion of the APZ. 

The three target compaction conditions described above are illustrated in 
Figure 2-3. Details of the test pad design and the proposed test pad construction 
procedures are presented in Sections 5 and 6, respectively, of this TPWP. 

2.3.5 Field Permeability Testing 

After construction of the test pads, field permeability tests will be performed on 
Lanes 1 and 2 of each test pad. The field tests will be performed using sealed double- 
ring Miltrometers (SDRIs). If the measured hydraulic conductivities of these first 
SDRI tests meet the requirements for the compacted clay liner and cap, field testing of 
Lane 3 will not be performed. If, however, unanticipated results are obtained for either 
Lanes 1 or 2, then SDRI testing of Lane 3 may be performed. This sequencing of the 
Lane 3 SDRI test is acceptable from a schedule standpoint because experience has 
shown that unanticipated SDRI test results become quickly evident after the start of the 
test. If unanticipated results were to be observed in the Lane 1 SDRI test, the SDRI 
could be quickly decommissioned and reinstalled in Lane 3. The project schedule 
presented in Section 12 of this TPWP is designed to accommodate this sequence of 
events. 

Details of the field permeability testing program are presented in Section 8 of this 
TPWP. The rationale for using the SDRI test, rather than other types of available field 
tests, in the test pad program is also discussed in Section 8. 
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2.3.6 Construction Recommendations and Reporting 

Based on the findings of the test pad program, construction recommendations and 
a CQA plan for construction of the compacted clay liner and cap components of the 
OSDF will be developed. The guidelines for developing these requirements are 
presented in Section 10 of the TPWP. 
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3. EXISTING INFORMATION ON THE BROWN TILL 

~ 3.1 Introduction 

The source of the compacted clay liner and cap material considered in this T P W  
is the on-site brown till located in the upper 10 to 15 ft (3.0 to 4.5  m) of the OSDF 
area and East Field borrow area. A geologic cross section through the OSDF area 
showing the relative location of the brown till in the soil stratigraphy is presented in 
Figure 3-1. Geotechnical investigations have previously been conducted on the brown 
till in the OSDF area and borrow area. The existing information is summarized in this 
section and an evaluation is presented to: (i) document that the brown till from the 
OSDF area and borrow area has properties satisfying the OU2 ARARs; and (ii) analyze 
the variability of the brown till with respect to sample depth and lateral location. 

The remainder of this section is organized as follows: 

a review of the clay material properties required by the ARAFb is presented 
in Section 3.2; 

a summary of previous geotechnical investigations providing test results for 
the brown till is presented in Section 3.3; 

a summary and analysis of currently available geotechnical laboratory test 
results on the brown till is presented in Section 3.4; and 

conclusions regarding the use of lhe brown till for the test pads is presented 
in Section 3.5.  
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3.2 Clav Material Criteria 

OU2 ARARs pertaining to the compacted clay liner and cap are from OAC 3745- 
27-08(C). These applicable requirements, obtained from the OU2 ROD [DOE, 1995~1, 
are summarized in Table 3-1. The requirements pertaining specifically to the clay 
material properties are: 

100 percent of the particles shall have a maximum dimension not greater than 
2 in. (50 mm); 

not more than 10 percent of the particles, by weight, shall have a dimension 
greater than 0.75 in. (19 mm); 

at least 50 percent of the particles, by weight, shall pass through a U.S. No. 
200 standard sieve; 

at least 25 percent of the particles, by weight, shall have a maximum 
dimension not greater than 0.002 mm; and 

the compacted material shall have a hydraulic conductivity of not more than 
1 x lo-' cm/s for the compacted clay liner system and compacted clay cap. 

3.3 Summarv of Previous Geotechnical Investigations 

A number of geotechnical investigations have been performed from 1991 to 1995 
for purposes of evaluating geotechnical subsurface conditions at the FEMP property 
(and particularly in the OSDF area and on-site borrow area), and to obtain samples of 
brown and gray clay for geotechnical laboratory testing. Information from the 
following reports is summarized and analyzed in this section. 

" On-Site Disposal Cell Pre-Design Activities Engineering Report" [Parsons, 
19941. This report contains stratigraphic information obtained from 10 
borings located within the on-site borrow area; the report also contains 
laboratory test results for soil samples obtained from the borings. 

- 
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TABLE 3-1 

Applicable or Relevant and Appropriate Requirements (ARARs) 
for Compacted Clay Liner and Cap Materials DOE, 1995~1 

FEMP On-Site Disposal Facility") 

CITATION 

Ohio Solid Waste Disposal 
Regulations OAC 3745-2748 
(C)(1) 

REQUIREMENT 

Recompacted Soil Liner 

The recompacted soil liner shall be: 
b constructed using loose lifts 8 in. thick with a maximum permeability of 1 x lo7  c d s .  

b constructed of a soil with a maximum clod sue of 3 in. or half the lift thickness, 
whichever is less. 

b constructed of soil with: 
- 
- 
- 
- 

lW% of the particles having a maximum dimension not greater than 2 in. 

not more than 10% of the particles, by weight, having a dimension greater than .75 u 
not less than 50% of the particles, by weight, passing through the 200-mesh sieve. 

not less than 25% of the particles, by weight. having a maximum dimension not 
greater than 0.002 millimeters. 

1 compacted to at least 95 % of the maximum standard Proftor dry density using ASTM D 
698 or at least 90% of the maximum modified Proctor dry density using ASTM D 1557. 

1 compacted at a moisture content at or wet of optimum. 

Utematives for the above requirements may be used if it is demonstrated to the satisfaction a 
he Director that the materials and techniques will result in each,lift having a maximum 
Krmeability of 1 x 10.' c d s .  

\dditionally, the recompacted soil liner shall: 
1 not be comprised of solid waste. 

1 be constructed using the same number of passes and lift thickness, and the same or simila 
type and weight of compaction equipment established through a test pad program. 

1 placed on the bottom and exterior sides of the landfill and have a minimum bottom slope 
of two percent and a maximum slope based on: 

- compaction equipment limitations; - slope stability; - maxunum fnction an le between any soil-geosynthetic interface and between any 
geosyntheac-geosy n#etic interface; and - resistance of geosynthetics and geosynthetic seams to tensile forces. 

t constructed on a prepared surface that shall: 
- 
- 

be free of debris, foreign material, and deleterious material; 

be able to bear the weight of the landfill and its construction operations without 
causing or allowing a failure of the liner to occur through settling; and 

not have any abrupt changes in grade that may result in damage to geosynthetics. - 
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TABLE 3-1 (continued) 

Applicable or Relevant and Appropriate Requirements (ARARs) 
for Compacted Clay Liner and Cap Materials DOE, 1995~1 

FEMP On-Site Disposal Facility'') 

CITATION I REOUIREMENT 

Ohio Solid Waste Disposal 
Regulations OAC 3745-2748 
(C)(15) 

Recompacted Soil Liner 

Cap System Recompacted Soil Barrier Layerm 

The recompacted soil barrier layer of the cap shall be: 
a minimum of 18 inches thick and constructed in accordance with the specifications 
outlined above for construction of the recompacted soil liner for a landfffl facility 
((C)(l)(a) to (C)(l)(g) and (C)(l)(m) to (C)(l)(o) of OAC 3745-2748) with the exception 
that the maximum permeability of the recompacted soil barrier shall be 1 x lo4 c d s ;  

be constructed of a soil with 100% of the particles having a maximum dimension not 
greater than 2 inches and with not more &an 10% of the particles, by weight, having a 
dimension greater than 0.75 inches. 

be compacted to at least 95% of the maximum "Standard Proctor Density" using ASTM D 
698 or at least 90% of the maximum "Modified Proctor Density" using ASTM D 1557. 

Notes: 1. In this TPWP. the following terminology is used: compacted clay liner = recompacted soil liner in Ohio 
Solid Waste Disposal Regulations; and compacted clay cap = cap system recompacted soil barrier layer of 
the Ohio regulations. 

2. More stringent criteria for clay cap thickness (24 inches) and maximum permeability (1 x lO-' c d s )  have 
been adopted in the actual OSDF design. 
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"Disposal Facility Pre-Design Geotechnical Investigation Soil Investigation 
Data Report Summary Document" [Parsons, 1995al. This report contains 
stratigraphic information obtained from 14 borings located within the OSDF 
area; this report also contains laboratory test results for soil samples obtained 
from the borings. 

" Geotechnical Investigation Report On-Site Disposal Facility" [Parsons, 
1995bl. This report contains stratigraphic information and obtained from 36 
borings located within the OSDF area; this report also contains laboratory test 
results for soil samples obtained from the borings. 

The reports listed above present findings from a total of 50 soil borings in the 
OSDF area and 10 soil borings in the borrow area. The information contained in the 
three reports listed above specifically related to the brown till is summarized in Table 
3-2 and includes: 

boring location in terms of northing coordinate; 

sample depth; 

natural moisture content test results (ASTM D 2216); 

index test results, including Atterberg limits (ASTM D 4318), particle size 
distribution (ASTM D 422), and soil classification (ASTM D 2487); 

results of standard Proctor compaction tests (ASTM D 698). 

It is also noted that a further geotechnical investigation of the borrow area is 
currently underway. The investigation being conducted is described in the Geotechnical 
Sampling and Testing Plan (GSTP) being implemented at the FEMP. When this current 
program is complete, the findings of the geotechnical investigation will be incorporated 
into this TPW. 

GE3900-04.1 IF9530008.CD 3-5 96.04.17 



i 265 

14 'I 

I I-ull 

v 1 m  
E00 

.. 
v1 
P s 



265 

2 

.. 



r 
a -  

b 

I H I  

1 

265 

000033 



r 

265 ! '  

I 

h 
K u 
-0 
E .- 
0 .- 
V 

m m 
.- e - n 

I' 9' 
E m 
-0 
E 
m 

n u 



2 6 5  

FEMP OSDF-TPWP-REV 0 

3.4 Analvsis of Existinp Geotechnical Data 

Examination of the data in Table 3-2 reveals that the brown till will meet material 
property criteria presented in Section 3.2, with two exceptions. The first exception is 
the requirement that at least 25 percent of the particles, by weight, must have a 
maximum dimension not greater than 0.002 mm. The second exception, which occurs 
in only a very few cases, is the requirement that at least 50 percent of the particles by 
weight, must pass through a U.S. No. 200 standard sieve. Alternative requirements 
will be proposed for these index properties in accordance with OAC 3745-27-08(C). 
As explained in the 13 December 1995 DOE document entitled “Alternative to OAC 
Prescriptive Specijications for Compacted Soil Liners” (presented in Appendix A of this 
document), an alternative is proposed for the first requirement wherein the average 
fraction of clay-size particles of the brown till need only exceed 15 percent. 
Verification of the suitability of the brown till, and hence, the proposed alternative 
requirement, will be provided by the results of the test pad program. A similar type 
of modification to the U.S. No. 200 standard sieve requirement will be proposed with 
the results of the test pad program. 

An analysis of the data summarized in Table 3-2 was performed to evaluate the 
trends of variability of material characteristics with respect to boring location and 
sample depth. Compaction and index characteristics that may affect hydraulic 
conductivity were investigated because a change in these characteristics would indicate 
the need to delineate separate clay sources for the test pad program and potentially for 
construction of the OSDF compacted clay liner and cap components. These 
characteristics include: 

percent of particles smaller than 0.005 mm (percent clay); 

percent of particles passing the U.S. No. 200 standard sieve; 

plasticity index (PI); and 

optimum moisture content (OMC) and maximum dry density from the 
standard Proctor compaction test (ASTM D 698). 
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The analysis of the data in Table 3-2 reveals that the percentage of particles 
smaller than 0.005 mm decreases with increasing depth; the percentage of particles 
passing the No. 200 sieve decreases with increasing depth; the plasticity index (PI) 
decreases with increasing depth; and the standard Proctor optimum moisture content 
decreases while the maximum dry density increases with increasing depth. Inspection 
of the grain size distribution curves for the brown till indicates that these variations in 
material properties correlate to the amount of sand in the till, which increases with 
increasing depth. The trend of increasing sand content is gradual and not indicative of 
a distinct stratigraphic unconformity in the brown till. However, this trend is expected 
to affect the compaction characteristics of the brown till and therefore will likely cause 
a shift in the APZ. This phenomenon is consistent with that described by Othman and 
Luettich [1994]. In an effort to evaluate whether a shift in APZ is significant, the 
brown till is delineated into two horizons, as follows: 

the upper horizon is defined as the brown till (excluding topsoil) extending 
from the ground surface to a depth of 5 ft  (1.5 m); and 

the lower horizon is defined as the brown till located below a depth of 5 ft  
(1.5 m). 

In order to evaluate whether the compaction and index properties of the brown till 
vary consistently with respect to lateral location, the data from Table 3-2 was grouped 
according to horizon and graphed with respect to the northing coordinate of the boring. 
The northing coordinate is used as the indicator of sample (lateral) location since the 
OSDF area and on-site borrow area are relatively long in the north-south direction but 
MITOW in the east-west direction (see Figure 2-1). The data was then plotted on the 
following graphs: 

Figure 3-2 shows the percentage of particles smaller than 0.005 mm as a 
function of northing coordinate; 

Figure 3-3 shows the percentage of particles passing the No. 200 sieve as a 
function of northing coordinate; 

Figure 3-4 shows the PI as a function of northing coordinate;- 
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Figure 3-5 shows the standard Proctor optimum moisture content as a function 
of northing coordinate; and 

Figure 3-6 shows the standard Proctor maximum dry density as a function of 
northing coordinate. 

Visual inspection of the data shown in Figures 3-2 through 3-6 reveals no apparent 
trends relative to the sample northing coordinate. Visual examination of these figures 
also reveals that the material properties of the brown till from the OSDF area are not 
significantly different than the material properties of the brown till from the borrow 
area. Figures 3-2 through 3-6 clearly demonstrate the differences in soil properties and 
characteristics between the two brown till horizons. For each property or characteristic 
of interest, the upper horizon clearly has a different average value than the lower 
horizon. The average value and standard deviation of each property or characteristic 
for each horizon is summarized in Table 3-3. In general, the upper horizon is more 
plastic, has a higher percentage of fines, has a higher standard Proctor OMC, and a 
lower standard Proctor maximum dry density than the lower horizon. 

3.5 Findings 

Based on the analyses presented in the section of this TPWP, it is found that: 

with the exception of percentage of clay-size particles, both horizons of the 
brown till meet the material property criteria of the OU2 ARARs; 

within each horizon, there are not significant differences in material properties 
between the OSDF area and the borrow area; and 

two test pads should be constructed (one using upper horizon brown till, and 
one using lower horizon brown till) to evaluate whether the trend of 
increasing sand content with increasing depth results in significantly different 
compaction requirements for the brown clay from the OSDF area and borrow 
area. 
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4. PRE-CONSTRUCTION LABORATORY TESTING PROGRAM 

4.1 Introduction 

The pre-construction laboratory testing program is intended to: (i) establish A P Z s  
for the upper and lower horizon till materials; and (ii) select the range of target 
compaction conditions that will be evaluated during the test pad program. Pre- 
construction testing is used to evaluate soil index properties, compaction characteristics, 
and hydraulic conductivity characteristics. The program was formulated following the 
general guidelines provided by Daniel [1990]. The program includes three phases of 
work: (i) sampling and laboratory testing; (ii) defrning the APZ; and (iii) selecting 
compaction conditions for the test pads. Data quality objectives (DQOs) for the pre- 
construction laboratory testing program are presented in Appendix F of this TPWP. 

4.2 SamDling and Laboratorv Testing 

As part of the program, two bulk samples of each brown till horizon will be 
obtained from the proposed test pad borrow excavation shown in Figure 4-1. Each 
sample will consist of approximately 75 lbs (34 kg) of soil taken from the mid-elevation 
of the horizon. Samples will be placed in 5-gal (19-1) plastic buckets which will be 
sealed with tape. In addition to the bulk samples, natural moisture content samples will 
be obtained at 1-fi (0.3-m) vertical intervals throughout each horizon. Each natural 
moisture content sample will consist of approximately 2 lbs (900 g) of soil placed in 
sealed air-tight glass sample jars. All samples will be carefully packaged and shipped 
via courier to GeoSyntec’s geotechnical laboratory in Atlanta, Georgia, for index, 
compaction, and permeability testing as summarized in Table 4-1 and described below. 

Index testing (i.e., particle-size distribution, Atterberg limits, soil classification, 
and moisture content tests) will be conducted on each bulk sample and on a composite 
sample formed by blending the two individual samples from each horizon. The purpose 
of the index tests is to verify that the source of upper horizon brown till and lower 
horizon brown till to be used in constructing the test pads meets the material-property 
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LE 4-1 

Summary of Pre-Construction Laboratory Tests 
for Test Pad Program 

FEMP On-Site Disposal Facility 

Content 
Soil 

Classification 
ASTM D 2487 

1 

1 

1 

1 

1 

1 

Note: Particle-size distribution test results will report fraction of panicles finer than 0.002 nun. 
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criteria set forth by the ARARs and to ensure general consistency of index properties 
with previous geotechnical test results on the brown till (Le., Figures 3-2 through 3-6). 

Standard Proctor compaction testing (Le., ASTM D 698) will be conducted on 
each bulk sample and on the composite bulk sample from each horizon. The purpose 
of the compaction tests is to establish the compaction characteristics of each soil as well 
as the consistency of the compaction characteristics between sample locations. One 
modified Proctor compaction test (Le., ASTM D 1557) will be performed on the 
composite bulk sample from each horizon to assist in defining the APZ. The purpose 
of the modified Proctor test is to establish the line of optimums for the upper and lower 
horizon brown tills. The reasons for establishing the line of optimum are two-fold: (i) 
to assist in establishing contours of degree of saturation and hydraulic conductivity 
because these contours are usually more or less parallel to the line of optimums; and 
(ii) the line of optimums is useful in establishing effective construction quality assurance 
(CQA) procedures for soil liners since research and experience has shown that the 
larger the faction of compaction points (i.e., combinations of compaction moisture 
content and dry density) of a clay liner or cap falling above the line of optimums, the 
better the overall quality of construction. (See page 51 of EPA/600/R-93/182 
"Technical Guidance Document - Quality Assurance and Quality Control for Waste 
Containment Facilities 'I.) 

Permeability testing will be conducted on specimens of remolded soil obtained 
from the composite bulk samples. The laboratory hydraulic conductivity tests will be 
performed in accordance with ASTM D 5084 "Standard Test Method for Measurement 
of Hydraulic 'Conductivity of Saturated Porous Materials Using a Flexible Wall 
Pemeameter" . This ASTM standard is presented in Appendix B of this TPWP. The 
geotechnical laboratory will form remolded specimens to target moisture/density points 
and conduct the permeability testing; it is anticipated that ten target moisture/density 
points will be used to establish an APZ for each till horizon. Each specimen will be 
tested at three effective confining stresses, 2 psi (13.8 kPa), 5 psi (34.5 kPa), and 10 
psi (68.9 P a ) .  The specimens will be tested at a hydraulic gradient not exceeding 30 
and using tap water as the permeant. 
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4.3 Laboratorv AcceDtable Permeability Zone 

Results of the hydraulic conductivity tests on the remolded samples from each 
horizon will be superimposed on a graph of dry density versus moisture content to 
establish contours of equal hydraulic conductivity and the limits of the APZ. The APZ 
concept was illustrated in Figure 2-2 of this TPWP. It is anticipated that boundaries 
of each APZ will be as follows: 

the left boundary will be the standard Proctor OMC; 

the right boundary will be the moisture content at a specified number of 
percentage points wet of the standard Proctor OMC based on clay shear 
strength and workability considerations; and 

the lower boundary will be defined by two requirements: 

a specified degree of saturation determined to correspond to the 
maximum allowable contour of hydraulic conductivity (1 x lo-’ c d s ) ;  
and 

the dry density at 95 percent of the standard Proctor maximum dry 
density. 

4.4 Selection of Tarpet ComDaction Conditions 

The APZs will be used to establish target compaction conditions for construction 
of each test pad. A target moisture content range will be established for each test pad 
and a target minimum dry density will be established for each lane. As previously 
described in Section 2.3.3 of the TPWP, each test pad will consist of three lanes with 
target compaction conditions as summarized below. 
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Lane 1 will have target conditions selected to fall within the "lower" portion 
of the APZ. 

Lane 2 will have target compaction conditions selected to fall within the 
"midrange" portion of the APZ. 

Lane 3 will have target compaction conditions selected to fall within "upper" 
portion of the APZ. 

The target compaction condition concept, as described above, was illustrated in 
Figure 2-3. 
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NOTES: 
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3. 

TOPOGRAPHIC BASE MAP TAKEN FROM FIGURE 2-1. 

EXCAVATED MAERIAL FROM RUNON' DIVERSION DITCH SHALL 
BE STOCKPILED ADJACENT TO THE DITCH. THE DITCH SHALL 
BE BACKFILLED WITH THIS MATERIAL AS PART OF THE TEST 
PAD DECOMMISSIONING PROGRAM. j, 

I TEST PAD 1 SHALL BE CONSTRUCTED OF UPPER HORIZON BROW 
TILL (i.e. THE UPPER 5 FT OF BROW TILL). 
2 SHALL BE CONSTRUCTED OF LOWER HORIZON BROW 
TILL (i.e. FROM 5 TO 11 FT DEPTH). 
HORIZON BROWN TILL REMOVED TO PROVIDE ACCESS TO 
LOWER HORIZON BROW TILL SHALL BE USED FOR THE 
ACCESS RAMPS TO THE TEST PADS OR STOCKPILED. 

TEST PAD 

EXCESS UPPER 

6 4. 

2 
CHAIN-LINK FENCE SHALL MEET THE REQUIREMENTS OF AASHTO 
DESIGNATION M?81. THE FENCE FABRIC SHALL BE TYPE I, WITH 
A 2 INCH MESH AND 0.120 INCH WIRE. THE FENCE FABRIC 
SHALL BE 84 INCHES HIGH. GRADE 1 STEEL SHALL BE USED 
FOR ALL POSTS AND GATES. 
NOT FURTHER THAN 10 FEET ON CENTER AND ENCASED FOR A 
DEPTH OF 32 INCHES I N  A CONCRETE FOOTING WHICH HAS A 
DEPTH NOT LESS THAN 36 INCHES BELOW THE GROUND SURFACE. 
THE FOOTINGS SHALL BE 9 INCHES I N  DIAMETER FOR TERMINAL, 
PULL OR CORNER POSTS. 

ALL POSTS SHALL BE SET PLUMB 

I 

BOTTOM OF rt \, \. UPPER HORIZON - B8RB--,, 
EXCAVATION .I 

/ 
// 

5. 4-FT HIGH SAFETY FENCE SHALL BE INSTALLED BETWEEN THE 
BORROW EXCAVATION AND THE PARKING AREA AND TEST PAD 
CONTRACTOR AND CQA TRAILER AREA. SAFETY FENCE SHALL 
BE SECURELY STAKED AND BE OF HIGHLY VISIBLE MATERIAL. 

6. 

7. 

MATERIAL REQUIREMENTS FOR SILT FENCE AND OTHER ITEMS ARE 
GIVEN I N  THE CONSTRUCTION SPECIFICATIONS. 

THE PARKING AREA AND CONTRACTOR AND CQA TRAILER AREA SHOW 
ON THIS FIGURE MAY BE RELOCATED AT THE DISCRETION OF THE 
CONSTRUCTION CONTRACTS MANAGER. 

8. THE TOP 6 INCHES OF TOPSOIL, I N  DISTURBED AREAS, SHALL BE 
REMOVED, MANAGED AS IMPACTED MATERIAL, AND STOCKPILED AT A 
LOCATION SPECIFIED BY THE CONSTRUCTION CONTRACTS MANAGER. 

CONTRACTOR SHALL BE RESPONSIBLE FOR PROTECTION OF TYPE I 
MONITORING WELL DURING ALL TEST PAD PROGRAM ACTIVITIES. 
COORDINATES OF WELL 11 480 ARE N482448.04. E1351297.95. 
CONTRACTOR SHALL REPAIR ANY DAMAGE TO WELL AT HIS OWN 
EXPENSE. 

i. .. 

(NOTE 9) 
BOLLARD POS7 
(NOTE 10) 

9. 

10. k$ FOUR BOUARD POSTS SHALL BE CONSTRUCTED RADIALLY 90' 
APART WITH A 3-FOOT RADIUS FROM MONITORING WELL NUMBER 
11480. BOLLARD POSTS SHALL BE CONSTRUCTED OF 8 INCH DIAMETER 
SCHEDULE 40 STEEL PIPE BACKFILLED WITH CONCRETE AND BE 
SET PLUMB AND ENCASED 36 INCHES INTO A 42 INCH DEEP 
CONCRETE FOUNDATION WITH A 24 INCH DIAMETER. 
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5. TEST PAD DESIGN 

5.1 Test Pad Lavout 

Test pad design criteria include OU2 ARARs for test pad layout and construction 
(Table 5-1). The layout of the test pads is influenced by the following requirements 
(OAC 3745-27-08(C)( l)(m)): 

the test pad shall have a minimum width three times the width of the 
compaction equipment and a minimum length two times the length of the 
compaction equipment; 

the test pad shall be comprised of at least four lifts; and 

the test pad shall be designed such that the proposed tests are appropriate and 
. their results valid. 

The test pad geometry is illustrated in Figures 4-1 and 5-1. This layout satisfies 
the requirements presented above. Each test pad is 42.9 ft  (13.1 m) wide to allow for 
construction of three separate lanes, all with similar moisture contents (although with 
slight moisture variations between lanes likely due to the limitations of construction), 
but each with a different compactive effort (as illustrated in Figure 2-3). The lane 
width is slightly larger than the "two pass" width of a Caterpillar 815 compactor, 
14.3 ft  (4.4 m). The total test pad width is four times the width of a Caterpillar 815 
compactor. The length of the top of each test pad is 50 ft  (15.2 m) which is twice the 
length of the compactor. The end slopes and side slopes of the test pad are designed 
to allow the equipment to achieve speeds comparable to those achieved during actual 
construction and to provide full coverage during compaction. The test pads will consist 
of six lifts with a total thickness of 3 ft  (0.9 m). 

Note that the test pads will contain six lifts rather than the minimum number of 
lifts allowed by the ARARs (Le., four lifts). The rationale for proposing six lifts is 
described in Section 2.3.3 of this TPWP. Each lift will be placed with'an 8 in. (200 
mm) loose lift thickness. This loose lift thickness will result in a compacted lift 
thickness of approximately 6 in. (150 mm). 

- 
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TABLE 5-1 

Applicable or Relevant and Appropriate Requirements (ARARs) 
for Test Pad Program POE, 1995~1 

FEMP On-Site Disposal Facility 

CITATION 

)hi0 Solid Waste Disposal 
!egulations OAC 3745-2748 
C)(l)(m) 

REQUIREMENT 

Test Pads 

Le recompacted soil liner and the recompacted soil barrier layer in the cap system shall be 
)deled by the construction of test pads. The test pads shall: 

be designed such that the proposed tests are appropriate and their results are valid. 

be constructed to establish the construction details which are necessary to obtain sufficient 
compaction to satisfy the permeability requirement. The construction details include: 

- lift thickness; 

- water content necessary to achieve the desired compaction; and 

- type, weight, and number of passes of construction equipment. 

be constructed prior to the construction of the sanitary landfdl component which the test 
pad will model. 

be constructed whenever there is a significant change in soil material properties. 

have a minimum width three times the width of the compaction equipment, and a 
minimum length two times the length of compaction equipment, including power 
equipment and any attachments. 

be comprised of at least four lifts. 

be tested for field permeability, following the completion of test pad construction. For 
each lift a minimum of 3 tests for moisture content and density shall be performed. 

be reconstructed as many times as necessary to meet the permeability requirement. Any 
amended construction details shall be noted. 

1 alternative to test pads may be used if it is demonsmted to the satisfaction of the Director 
at the alternative meets the requirements. 

Note: In this TF'W the following terminology is used: compacted clay liner = recompacted soil liner in Ohio Solid Waste 
Disposal Regulations; and compacted clay cap = cap system recompacted soil barrier layer of the Ohio regulations. 
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5.2 Erosion Control and Stormwater Management 

The layout of the test pad construction site is designed to accommodate the test pads, 
provide a borrow excavation with sufficient volume, optimize construction traffic, and 
provide erosion control and stormwater management. Erosion control and stormwater 
management design has been carried out in accordance with the Ohio Department of 
Natural Resources manual "Rainwater and Land Development", 2nd ed.) [1996]. The 
test pad construction area shown in Figure 4-1 is designed to control erosion and 
manage stormwater in accordance with the following criteria: 

the stormwater management system is designed to minimize erosion and off-site 
sedimentation; 

runon from undisturbed areas upslope of the test pad construction area will be 
diverted around the test pad construction site; 

runoff from within the disturbed area will be contained in the area until it 
infiltrates into the ground or is filtered through a check dam; and 

upon completion of the testing program, the test pad construction area will be 
regraded to approximately the pre-construction grades and revegetated using a 
seed/mulch cover to re-establish the natural drainage and erosion characteristics 
of the area. 

Key elements of the design include a runon diversion ditch, to divert upslope 
stormwater around the construction area, and silt fencehtraw bale filter check dams in 
the runon diversion ditch and down slope of the construction area, to minimize 
transportation of sediment to undisturbed areas. The runon diversion ditch will divert 
runoff from the grassed area upgradient of the test pads. Temporary culverts will be 
installed under the construction access road near its intersection with the North Entrance 
Road. The existing topography indicates that the resulting flow around the test pad 
construction site will be sheet flow or shallow concentrated flow, and that the flow 
depths and velocities will be small. Details of these erosion and sediment control 
features are shown in Figures 5-2 and 5-3. Details of the temporary culverts under the 
construction access road are shown in Figure 5-4. 
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5.3 Excavation Dewatering 

The Test Pad Contractor will be responsible for managing perched ground water that 
enters the borrow area excavation. The Test Pad Contractor will use a sump pump, or 
other appropriate means, to transferring pumped water (via tanker truck or other means) 
to the on-site detention facility for investigation derived waste (IDW), or other 
appropriate location specified by the Construction Contracts Manager. 
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6. TEST PAD CONSTRUCTION 

6: 1 Introduction 

The purpose of this section is to describe the general sequence of construction 
activities, and summarize the construction methods that will be used to construct the test 
pads. A Test Pad Contractor will be retained by the Construction Contracts Manager 
on a time and materials basis to construct the test pads. 

The Test Pad Contractor is responsible for performing the work in accordance with 
this TPWP and the Construction Specifications presented in Appendix C. The 
remainder of this section describes the test pad construction operations including: (i) 
pre-construction meeting; (ii) site preparation; (iii) borrow material preparation; (iv) 
placement and compaction of lifts; and (v) surveying. Where appropriate, references 
are made to sections of the Construction Specifications which are specifically relevant 
to these operations. A list of the Construction Specifications presented in Appendix C 
is provided below. 

Division 1: General 
Section 01000, General Requirements 
Section 01050, Surveying 
Section 01600, Materials and Equipment 

Division 2: Site Work 

Section 02200, General Earthwork 

Section 02950, Site Restoration 

Section 02110, Clearing, Grubbing, and Stripping 

Section 02220, Compacted Clay Test Pads 
Section 02270, Erosion and Sediment Control 

6.2 Re-construction Meeting 

A pre-construction meeting will be held at the site not more than two days prior 
to the start of test pad construction. At a minimum, the meeting will be attended by 
the Test Pad Contractor superintendent, CQA Engineer site manager, Construction 
Contracts Manager, and DOE representatives as appropriate. The agenda for this 
meeting will include: 
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overall project objectives and scope; 

any foreseen modifications to the TPWP; 

responsibilities of each party; 

lines of authority and communication; 

methods for documenting and reporting; 

methods for distributing documents and reports; 

Test Pad Contractor’s proposed list of equipment; 

field and laboratory testing protocols; 

protocols for handling deficiencies, repairs, and retesting of any component 
of the test pads; 

project H&S requirements; 

protocol for work area security and safety; and 

schedule for construction and testing operations. 

Minutes of the meeting will be recorded by the CQA Engineer. The minutes will 
be transmitted to all participants within two working days. 

6.3 Site hemration 

The first phase of test pad construction is site preparation which includes: (i) site 
layout and access; (ii) clearing, grubbing, and stripping; (iii) establishing erosion and 
sediment control; and (iv) establishing temporary facilities. Sections of the 
Construction Specifications which are specifically relevant to these activities include 
01550, 02110, 02200, and 02270. 

The general sequence of construction activities that the Test Pad Contractor will 
follow for site preparation are: 
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construct the construction access road and temporary culverts as shown on 
Figures 4-1, 5-2, and 5-4; 

install the silt fence and straw bale filter check dam as shown on Figures 4-1 
and 5-3; 

remove topsoil and vegetation from the test pad area and borrow excavation 
area, and construct the runon diversion ditch (see Figures 4-1 and 5-2); 

install securing fencing as shown on Figure 4-1; and 

mobilize temporary construction facilities (e. g . , trailers, sanitary facilities, 
etc.) to the test pad construction site. 

The surveyor, which will be from the Construction Contracts Manager, will 
establish and mark the construction access road and limits of the test pad construction 
site prior to the Test Pad Contractor’s mobilizing to the site. Following site preparation 
activities, the Surveyor will establish (survey and mark) the location of the borrow 
excavation and test pads. 

6.4 Borrow Material Premration 

The test pads will be constructed using the upper horizon brown till and lower 
horizon brown till obtained from the borrow excavation shown in Figure 4-1. The 
contractor will be required to process the borrow materials prior to placing them on the 
test pads. Processing consists of mechanical mixing and moisture conditioning to 
reduce clod size and distribute moisture evenly through the soil. Processing can be 
performed in the borrow excavation or at another location within the test pad 
construction site. Processing will also involve removal of oversized particles visually 
observed by a spotter. Visual spotting should be adequate for oversized particle 
removal because it is anticipated that the number of such particles is small. 

As an initial part of the test pad program, borrow material processing techniques 
will be evaluated. The preferred methods of soil processing will be discing or raking, 
as these have proven to be very cost effective on many previous projects. Discing 
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refers to making multiple passes over the soil with a heavy-duty construction disc 
(harrow) pulled by a bulldozer. Raking refers to making multiple passes over the soil 
with a rock rake (i.e., series of rigid hooked teeth spaced at 6 to 12 in. (0.15 to 
0.30 m) mounted on a transverse bar attached to a bulldozer). Several passes with 
either of these methods will be made over soil in the borrow excavation to evaluate the 
effectiveness in reducing clod size and distributing moisture evenly through the soil. 
The CQA Engineer will direct the number of passes, the application of water, and field 
testing to evaluate the effectiveness of the soil processing method. 

During the evaluation, of the two soil processing methods, a distinction between 
clods and remolded lumps of soil will be made. At the moisture conditions likely to 
be targeted during compacted clay layer construction, remolded lumps of flexible and 
properly moisture conditioned soil may form easily. These lumps are acceptable 
because they are homogeneous and are easily incorporated into the lift of compacted 
clay. Remolded lumps can be easily broken apart by hand. Clods, on the other hand, 
are defined as large particles of clay with a hard core of soil not homogeneous with 
respect to the overall material being processed. The core of a large clod may be drier 
than the target moisture content of the material being processed and may retain the in- 
situ structure of the till. Large clods are not acceptable for incorporation in the lift. 

If either or both of these methods (discing and/or raking) are found by the CQA 
Engineer to be inadequate, the Test Pad Contractor will be required to mobilize a 
transverse rotary mixer (e.g., Caterpillar SS-250, RayCo Gator, Bros LSPRM-8, or 
similar) to the site within 48 hours. The transverse rotary mixer, a technique that is 
more expensive than discing or raking, but which experience has shown to be more 
effective than discing or raking in reducing clod size and distributing moisture in most 
soils, will be used to mechanically pulverize the soil. 

After the preferred method of soil processing has been selected by the CQA 
Engineer, the Test Pad Contractor will be required to process material from each 
horizon of the brown till to uniformly distribute the moisture and reduce the clod size 
to no larger than 3 in. (75 mm), or half the lift thickness, whichever is less. The Test 
Pad Contractor will be responsible for processing the soil to achieve uniform moisture 
content within f 1 .O percentage point of the target moisture content in the compacted 
lift. 
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6.5 Placement and ComDaction of Lifts 

The general sequence of activities for placement and compaction of each lift of 
processed borrow material on the test pads is listed below (Section 02220 of the 
Construction Specifications (Appendix C) is specifically relevant to these activities): 

moisture condition and scarify the surface of the subgrade or previous clay 
lift prior to placing any subsequent material; note that for each test pad, a 
given lift will be constructed across all three lanes at the same time; 

spread the processed clay using a bulldozer to a loose lift thickness of 8 in. 
(200 mm); 

compact the lift using the specified number of passes of the compactor in each 
lane; and 

provide (e.g., backblade) smooth nuclear moisture/density test locations as 
directed by the CQA Engineer; as indicated in Section 7.3.3 of this TPWP, 
CQA personnel will evaluate moisture content and dry density using the 
nuclear gauge at not less than three locations per lane per lift. 

If the CQA Engineer indicates that the moisture content is not within the target 
range, the Test Pad Contractor will be instructed to further process the material in the 
entire lift (e.g., disc, rake, or pulverize to allow it to dry or blend additional water 
into the soil) until an acceptable uniform moisture content is obtained. Alternatively, 
the Test Pad Contractor may be directed by the CQA Engineer to remove the lift and 
replace it with suitable material. 

The number of passes (i.e., one-way trip across the test fill) of the Caterpillar 815 
will be specified by the CQA Engineer. It is anticipated that a minimum of 4 passes 
in Lane 1; 6 passes in Lane 2; and 10 passes in Lane 3 will be specified. The number 
of passes to accomplish the targeted range of dry density, however, may need to be 
modified. In all cases, the minimum number of passes will be four and the Test Pad 
Contractor will provide the number of passes specified by the CQA Engineer. 
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The final lift (Lift No. 6) will be backbladed with a bulldozer after compaction and 
lightly compacted with a smooth drum roller until smooth. To protect SDRI test 
locations, the Test Pad Contractor will cover a 16 ft  by 16 ft (5 m by 5 m) area 
selected by the CQA Engineer in each lane with flexible plastic sheeting (e.g., 
visqueen) that is at least 8 mils (0.2 mm) thick. The plastic sheeting in Lanes 1 and 
2 of each test pad will be continuously anchored at the edges using continuous rows of 
sandbags. The plastic sheeting in Lane 3 of each test pad will be continuously anchored 
at the edges in a 4 in. by 4 in. (0.1 m by 0.1 m) anchor trench, and the plastic sheeting 
will be covered completely with a 12-in. (0.3-m) thick layer of excess soil (Le., 
stockpiled topsoil or brown clay). 

6.6 Surveying 

A licensed or otherwise appropriately trained and qualified (as established by the 
Construction Contracts Manager) Surveyor will provide surveying equipment and 
personnel for construction layout and monitoring. The Surveyor will be a member of 
the Construction Contracts Manager’s organization. Section 01050 of the Construction 
Specifications (Appendix C) is specifically relevant to these activities. Surveying 
activities, prior to and during the test pad construction phase, will include: 

establishing at least three control points located at convenient locations in 
close proximity to the test pads and borrow area that are referenced to the site 
coordinate system and National Geodetic Vertical Datum (NGVD); 

staking the locations for the construction access road, security fence, silt 
fence, diversion berms, and borrow excavation; and 

staking toe and crest lines of the test pads as needed during construction to 
control the work. 

During test pad construction, the CQA Engineer will provide surveying assistance 
to the Surveyor for monitoring compacted lift thickness. For each lane, the elevation 
of the top of the compacted lift (measured at the bottom of compactor cleat marks) will 
be measured using a survey level or laser. The same locations will be surveyed for 
every lift so accurate thicknesses can be determined. 
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7. TEST PAD CQA PLAN 

7.1 Overview 

This CQA monitoring, testing, and documentation program will be implemented 
as part of the test pad program. The CQA program is designed to verify that 
construction materials, equipment, and procedures used in the test pad program are in 
conformance with this T P W .  This CQA plan addresses: 

CQA personnel requirements; 

CQA field, office, and laboratory activities; and 

CQA documentation. 

7.2 COA Personnel Reauirements 

During test pad construction, the CQA Engineer will provide a CQA Site Manager 
and CQA technician on-site on a full-time basis. The CQA Engineer will direct the 
activities of the CQA Technician@). These individuals will be responsible for 
providing specific direction to the Test Pad Contractor, performing field CQA 
activities, and installing the SDRIs. In addition, CQA personnel will be responsible for 
making every effort to anticipate problems before they occur and providing the Test Pad 
Contractor with direction or guidance, as appropriate, to prevent the problem. 

The qualification and experience requirements for the CQA Site Manager are as 
follows: 

Bachelor of Science degree in Civil Engineering; 

minimum two years of experience in landfill design and construction; 

experience in providing CQA for construction of at least 15 acres (7 ha) of 
compacted clay liner or cap for one or more solid waste disposal facilities; 

experience as a CQA site manager for at least two compacted clay liner or 
cap projects; 

- 
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certified to operate a nuclear moisture/density gauge; 

experience installing at least one SDRI test; and 

current Occupational Safety Health Administration (OSHA) 40 hour 
certification in health and safety training for hazardous waste site activities 
[29 CFR 1910.1201. 

The qualifications and experience requirements of the CQA Technician are as 
follows: 

at least one year of experience providing CQA Technician services for 
earthwork construction at solid waste disposal facilities; 

experience in providing CQA for the construction of at least 10 acres (4 ha) 
of compacted clay liner or cap for one or more solid waste disposal facilities; 

certified to operate a nuclear moisture/density gauge; and 

current Occupational Safety Health Administration (OSHA) 40 hour 
certification in health and safety training for hazardous waste site activities 
[29 CFR 1910. 1201. 

7.3 COA Activities 

7.3.1 Laboratory Testing Program 

The CQA Site Manager will monitor, conduct, and document the sampling 
activities for the pre-construction laboratory testing program previously described in 
Section 4 of this TPWP. The CQA Site Manager will mobilize to the site to monitor 
sampling activities and will perform the following activities: 

provide the Construction Contracts Manager with survey coordinates for test 
pit locations; the Surveyor will survey and stake locations prior to the start 
of test pit excavation activities; 

monitor test pit excavation and collect samples; 

7-2 96.04.17 



F E W  OSDF-TPWP-REV 0 

ship the samples to the CQA geotechnical testing laboratory; and 

document observations of soil composition and take photographs. 

7.3.2 Site and Subgrade Preparation 

During the site and subgrade preparation phase, CQA personnel will monitor and 
document the Test Pad Contractor’s activities to ensure that the requirements set forth 
in the Construction Specifications (Appendix C) are satisfied. The CQA personnel will 
monitor, verify, and document the following construction activities: 

site surveying and layout; 

installation of silt fence; 

clearing, grubbing, and topsoil removal; 

installation of runon control berms; and 

subgrade preparation and proofrolling . 

CQA personnel will c o n f i i  that the Test Pad Contractor establishes the erosion 
and sediment control system before surface vegetation and topsoil is removed. The 
CQA Site Manager will visually evaluate the suitability of the subgrade and borrow area 
surface before clay processing commences. 

7.3.3 Test Pad Construction 

During construction of the test pads, CQA personnel will monitor and document 
that the Test Pad Contractor’s activities satisfy the requirements set forth in the 
Construction Specifications (Appendix C) . Any identified deficiencies will be resolved 
with the Test Pad Contractor, and if necessary, the Construction Contracts Manager 
will be involved in this process. Prior to commencing test pad construction, the CQA 
personnel will calibrate the nuclear moisture/density gauge to sand cone density and 
oven moisture content tests conducted at three separate locations in the borrow 
excavation area. 
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CQA personnel will monitor processing and placement of the processed clay in the 
test pads. The following monitoring activities will be performed for each test pad: 

evaluating the adequacy of the discing, raking (or pulverizing) operations to 
blend the material and to reduce the maximum clod size to not more than 3 
in. (75 mm) in largest dimension or half the lift thickness, whichever is less; 

verifying that particles larger than 2 in. (50 mm) in largest dimension are 
removed; 

monitoring the final adjustment of moisture content to within f 1.0 
percentage point of the test pad target moisture content prior to compaction; 
to facilitate this process, CQA personnel will perform nuclear moisture tests 
(ASTM D 3017) in the processing area; 

verifying a maximum loose lift thickness of 8 in. (200 mm) f 1 in. (25 mm); 

verifying the total test pad thickness of 3 ft  (0.9 m) + 2 in. (50 mm); 

verifying the correct approximate speed of compaction equipment; 

verifying that each lift is scarified prior to placement of the next lift; 

verifying uniform coverage of each lift by the compactor; and 

monitoring the number of passes. 

After the specified number of passes of the compactor, the CQA personnel will 
perform the monitoring activities listed below for each lift of every test pad. 

CQA personnel will assist the Surveyor in surveying the elevation of the lift 
at the specified locations and document the compacted thickness of each lift. 

CQA personnel will evaluate the moisture content and the dry density of the 
compacted clay at three locations per lane per lift using the nuclear gauge 
(ASTM D 2922 and 3017). During compaction of the first lift, CQA 
personnel will determine the number of passes required in each lane to 
produce the desired range of dry densities. The minimum acceptable number 
of passes is four. CQA personnel will document that all other lifts are - 
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compacted using the same number of passes in each lane as used in the first 
lift (Le., each lane shall have the same compactive effort in each lift). 

CQA personnel will evaluate bonding between lifts by hand excavating a test 
hole approximately 1.5 ft (0.4 m) by 1 ft  (0.3 m) wide agd 0.8 ft  (0.2 m) 
deep at one location per lane. If poor bonding is detected, the CQA Site 
Manager may direct the Test Pad Contractor to reduce the loose lift thickness 
of subsequent lifts and/or provide deeper scarification of the previous lift 
prior to placement of the processed soil. The Test Pad Contractor will be 
required to repair test holes by filling the holes with moisture-conditioned 
borrow material and compacting the borrow material to a dry density similar 
to that determined for the lift. CQA personnel will select test hole locations 
so that they are outside the area that will subsequently be used for SDRI 
testing. The Test Pad Contractor will be prepared to make a soil-bentonite 
mixture for repair of holes if directed by the CQA Engineer. 

CQA personnel will obtain one 15-lb (7-kg) grab sample per lift from each 
test pad for standard Proctor compaction testing. It is anticipated that 
approximately two of the six resulting grab samples per test pad will actually 
be tested; selection of the specific samples for testing will be made by the 
CQA Engineer. If significant variation in standard Proctor compaction test 
results is observed, additional tests may be performed as directed by the CQA 
Site Manager. DQOs for these samples and tests are presented in Appendix F 
of this TPWP. 

CQA personnel will obtain one Shelby-tube sample per lane per lift for 
permeability testing. All 36 samples will be sent to the CQA geotechnical 
laboratory for permeability testing. The hydraulic conductivity of each 
specimen will be evaluated at effective confining stresses of 2 psi (13.8 P a ) ,  
5 psi (34.5 P a ) ,  and 10 psi (68.9 P a ) .  The Shelby tube sampling protocols 
are presented in Appendix D of this TPWP. DQO’s for these samples and 
tests are presented in Appendix F of this TPWP. 

CQA personnel will evaluate the moisture content and dry density of the 
compacted clay at least once per day using the sand cone test (ASTM D 1556) 
to provide frequent calibration of nuclear gauge test results. - 
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CQA personnel will verify that all perforations made in the test pad for sand 
cone testing, nuclear gauge testing, Shelby tube sampling, and test holes are 
repaired. The Test Pad Contractor will repair all perforations to the 
satisfaction of the CQA Engineer. 

CQA personnel will verify that the area of the test pads designated for SDRI 
testing are bladed level and lightly rolled with a smooth drum roller prior to 
testing. 

Any identified deficiencies with the Test Pad Contractor’s work will be 
documented by CQA personnel. These deficiencies will be addressed with the Test Pad 
Contractor for resolution. If necessary, the Construction Contracts Manager will be 
brought into the resolution process. Resolution activities will be fully documented. 

7.4 Documentation 

Documentation of the sampling, testing, construction, and maintenance operations 
during the test pad program is a primary responsibility of the CQA Engineer. The 
CQA Engineer will produce the following documentation: 

a file of the Test Pad Contractor’s submittals, laboratory test results, 
summaries of CQA observations and field test results, survey notes, and 

J communications; 

results of the pre-construction laboratory testing; 

pre-construction meeting minutes; and 

daily reports documenting construction and CQA for each day of construction, 
sampling, or field testing. 

. 

Documentation of sample collection, field test results, and CQA inspections will 
be made on the standard CQA forms presented in Appendix E of this TPWP. The use 
of standard forms will assure that the necessary information is documented for each 
sampling event, field test, or inspection. 
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CQA personnel will prepare a daily report on each day of sampling, field testing, 
or construction. The daily reports will be submitted to the Construction Contracts 
Manager within one day of the activity documented. At a minimum, the daily report 
will document: 

weather conditions; 

equipment and key personnel on site; 

hours of operation; 

summary of progress; 

equipment used; 

test pad number, lane, and lift under construction; 

description of construction procedures and the performance of the procedures; 

summary of field testing and CQA inspections including test frequencies and 
results; 

any deficiencies in the work; and 

for each deficiency noted, a description of the procedures used to resolve the 
deficiency. 

CQA documentation will be included in the test pad program final report described 
in Section 11 of this TPWP. 
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8. FIELD PERMEABILITY TESTING 

8.1 Introduction 

The purpose of this section of the TPWP is to describe the field testing techniques 
that will be used to evaluate the hydraulic conductivity of the test pads. Field 
permeability testing will be conducted by the CQA Engineer. The results of the field 
permeability testing program will be used to demonstrate that the field permeability of 
the test fill satisfies the OU2 ARARS. DQOs for the field permeability testing program 
are presented in Appendix F of this TPWP. 

Two SDRI tests will be used to measure the field hydraulic conductivity of two 
different lanes of each test pad. The SDRI tests will be conducted after construction 
of the final lift of each test pad is complete. The actual location and orientation of each 
SDRI will be established by the CQA Engineer after construction of the test pad. 

8.2 Sealed Double-RinP Infiltrometer Testing 

8.2.1 Overview 

The sealed double-ring infiltrometer (SDRI) is a testing device used for evaluating 
the field hydraulic conductivity of low-permeability soils. It consists of a 12 ft  by 12 
ft  (3.6 m by 3.6 m) outer ring which is 3 ft  (0.3 m) in height and a 5 ft  by 5 ft  (1.5 m 
by 1.5 m) inner ring which is 18 in. (0.45 m) in height. The outer ring is embedded 
in the soil to a depth of 14 to 18 in. (0.35 to 0.45 m) while the inner ring, which is 
centered within the outer ring, is embedded to a depth of 4 to 6 in. (0.1 to 0.15 m). 
The outer ring is open to the atmosphere and is filled with water to a depth of 
approximately 12 in. (0.3 m). The inner ring is shorter than the outer ring and has a 
top which seals the water within the inner ring from the atmosphere. A schematic 
illustration of the SDRI is presented in Figure 8-1. A copy of the ASTM standard for 
SDRI testing (ASTM D 5093) is presented in Appendix B of this TPWP. 

Measurement of infiltration in the SDRI test is accomplished by connecting a 
flexible bag filled with a known mass of water to a port on the sealed inner ring and 
submerging the bag in the annular space between the inner and outer ring. In the test, 

- 
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water percolates downward from both the inner and outer rings. As water leaves the 
inner ring and flows into the ground, it is replaced with an equal amount of water 
drawn from the flexible bag. At specific time intervals, the flexible bag is weighed. 
The loss in weight of the bag corresponds to the weight of water that has infiltrated the 
ground. From a knowledge of the weight of water that has entered the ground, the 
infiltration rate can be determined. The process of evaluating the weight loss during 
a specified interval of time is repeated and a relationship of infiltration rate versus time 
is developed. The test is continued until the infiltration rate becomes steady or until 
it becomes equal to or less than a specified value. The infiltration rate is used to 
calculate the test pad hydraulic conductivity. 

8.2.2 Selection of SDRI Test 

The two types of tests most often considered for field testing of compacted clay 
liners and caps are the sealed double-ring infiltrometer (SDRI) test and the two-stage 
borehole (TSB) test. The selection of one test versus another for use in a specific test 
pad program is based on a variety of project-specific factors. The SDRI was selected 
for evaluation of the FEMP OSDF test pad after careful consideration of these factors, 
which are discussed below. 

The five factors that were specifically considered in selecting the SDRI test over 
the TSB test for the OSDF project are: 

i) The SDRI test is better than the TSB test at simulating the actual behavioral 
mechanism of leakage through a compacted clay liner or cap, Le., vertical 
infiltration. The SDFU was specifically designed to simulate vertical 
infiltration, whereas the flow pattern in the TSB test is more complex. As 
stated by Trautwein and Boutwell [1994], "The advantages of the SPRI test 
are that large areas can be ponded, flow is one dimensional, and infiltration 
is a direct measure of leakage rate, except when swelling is present". 

ii) The SDFU test utilizes a much larger volume of soil than a TSB test. The 
area of the inner ring for a SDRI test is 25 ft2 (2.3 m2). The TSB test in the 
first stage configuration (which is the configuration that more closely 
simulates vertical infiltration) is about 0.2 ft2 (0.02 m2). Thus, the ratio of 
areas is 125:l. Clearly, the SDFU tests a much larger area than the TSB. 
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iii) 

iv) 

The advantages of performing large scale tests have been recognized by many 
researchers including Daniel [1989], Trautwein and Williams [1990], and 
Benson et al. [1994]. 

The scale difference between the SDRI test and TSB test may not be 
significant for a clay liner or cap compacted to a homogenous structure and 
low hydraulic conductivity [Benson, et al., 1994; Trautwein and Boutwell, 
19941. However, for test pads that contain secondary structures (e.g., small 
cracks or fissures, soil clods, preferential flow pathways), the SDRI test, with 
its larger scale, is better able to reveal the secondary structure and thus 
provide an indication that the compacted clay liner or cap is inadequately 
constructed. For this latter case, Benson et al. [1994] suggest that "field-scale 
hydraulic conductivity can be measured on specimens with a diameter of at 
least 0.30 m and a thickness of at least 0.15 m." The SDRI test meets this 
criterion, but the TSB test does not. This is a particularly important point for 
the brown till at the FEMP. This material classifies primarily as a lean clay 
(particularly the lower-horizon material), is relatively silty, and may require 
significant compaction effort (i.e., Lane 2 or 3 compaction effort) to achieve 
the required hydraulic conductivity. The SDRI is a better test than the TSB 
for revealing secondary structure that may exist in this material when 
compacted. 

A specific ASTM test method has been developed for the SDRI test (ASTM 
D 5093). No ASTM standard exists for the TSB. It is advantageous to use ' 

a test procedure for which an ASTM standard exists. Also, it is noteworthy 
to review the Significance and Use section of ASTM D 5093: 

"5.1 This test method provides a means to measure low infiltration rates 
associated with fine-grained, clayey soils, and are in the range of 1 x 
m / s  to 1 x 10-9 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. 
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5.3 The purpose of the sealed inner ring is to: (1) provide a means to 
measure the actual amount of flow rather than a drop of water elevation 
which is the flow measurement procedure used in Test Method D 3385 and 
(2) to eliminate evaporation losses. 

5.4 The purpose of the outer ring is to promote one-dimensional, vertical 
flow beneath the inner ring. The use of large diameter rings and large depths 
of embedment helps to ensure that flow is essentially one-dimensional. 

5.5 This test method provides a means to measure infiltration rate over a 
relatively large area of soil. Tests on large volumes of soil can be more 
representative than tests on small volumes of soil. " 

v) The SDRI test is the most common method for measuring the field hydraulic 
conductivity of test pads [USEPA, 19931. The experience base with test pads 
evaluated using SDRIs is much broader than the experience base with test 
pads evaluated using TSB tests. 

Potential advantages of TSB are as follows: 

i) The TSB test has the advantage over the SDRI test of being repeatable with 
depth in a borehole. This advantage is primarily applicable when it is 
necessary to evaluate the vertical distribution of hydraulic conductivity in a 
natural soil deposit, such as a clay aquiclude. The vertical distribution of 
hydraulic conductivity is typically not evaluated in clay liner test pad 
programs. 

ii) The TSB test has the advantage that it can be repeated at several different 
locations across the test pad, whereas the SDRI test is performed at a single 
location. Thus, the TSB is a potentially useful tool for evaluating the 
variability of the test pad hydraulic conductivity from location to location. 
The evaluation of this variability is not a stated objective of the test pad 
program. Furthermore, if the test pad is adequately constructed, the 
variability should be small. If it is inadequately constructed, the variability 
will be larger, but this variability may not be revealed by TSB testing due to 
the limited ability of the TSB test to detect secondary structures in the 
compacted clay. - 
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iii) The TSB test has the advantage that it is quicker to perform than the SDRI 
test. However, this is not a significant issue for the OSDF test pad program, 
as the test pad program schedule, including the contingency period required 
if failing test results are initially obtained (Lane 1 test pad) and an additional 
test is needed (Lane 3 test pad), can be accommodated within the overall 
project schedule. 

Based on a review of the relative advantages of the SDRI and TSB tests, the SDRI 
was selected for the F E W  OSDF test pad program. 

8.2.3 Installation of SDRI 

Installation of the SDRI apparatus on the test pads will be carried out by the CQA 
Engineer using the following general steps: 

prepare the test fill area by blading the surface and lightly rolling using a 
smooth-drum roller; 

excavate trenches to seat the inner and outer rings; 

install the rings and seal them in grout to prevent leakage under the rings; 

fill the rings slowly to check for leaks; 

install the required fittings and the flexible bag on the inner ring; and 

cover the rings with an insulated plywood deck to prevent large temperature 
fluctuations and water loss. 

Installation of the four SDRIs will be performed by the CQA Site Manager and up 
to six CQA Technicians (or a combination of CQA Technicians and Test Pad 
Contractor skilled laborers, if available). The final locations of the SDRIs on each test 
pad will be established by the CQA Engineer after completion of test pad construction. 

Tensiometers (which measure pore water suction) will be installed at depths of 
approximately 6, 10, and 14 in. (0.15, 0.25, and 0.35 m) at three locations in the 
annular space between the inner and outer rings. Monitoring of the tensiometer 
readings provides information regarding the location of the wetting front. This 
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information is useful in estimating the hydraulic gradient in the soil during the test. 
The hydraulic gradient is needed to calculate hydraulic conductivity. The tensiometers 
will be installed in intimate contact with the test fill soils. 

For installation of the SDFUs, the Test Pad Contractor will be required to provide: 

a trenching machine which is capable of excavating a trench.18 in. (0.45 m) 
deep and 4 to 6 in. (0.10 to 0.15 m) wide; 

a chain saw capable of cutting a trench 4.5 in. (110 mm) deep by 2 in. (50 
mm) wide; 

a large capacity grout mixer capable of mixing approximately 200 Ibs 
(0.9 kN) of grout in a single batch; 

a small Bobcat type loader; 

a 110 volt AC generator and a 100 fi (31 m) long extension cord; 

bentonite grout; Volclay Grout, WyoBen Enviroplug, or Bariod Aqua Gel are 
acceptable; approximately 20 bags, each bag weighing 50 lb (0.2 kN), are 
required for each SDRI (80 bags total); 

5-gal (19-1) plastic buckets (five required); 

cinder blocks (three required per SDRI); 

wheel barrows (two required); 

flat-bladed shovels (four required); 

5-gal (19-1) water bottle with potable water to fill the flexible bag; 

nails, 2 by 4s, plywood sheeting, and insulation to construct a cover for the 
outer ring of each SDRI; 

water supply and a method of transport for approximately 1,500 gal (5,700 1) 
of clean water per SDRI; 
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5 to 6 yd3 (4 to 5 m3) of loose fill soil per SDRI to build small berms around 
the outside of each outer ring; 

a 20 ft by 100 ft (6 m by 30 m) roll of plastic sheeting to prevent desiccation 
of the test fill surface; sand bags will be required to anchor the sheeting; and 

16 metal fence posts with thin (narrow gauge) wire to allow for measurement 
of inner-ring movement. 

8.2.4 Monitoring 

Monitoring of the SDRIs will be performed by CQA personnel in three stages, the 
duration of each stage of monitoring will be established by the CQA Site Manager as 
data from the tests become available. The monitoring frequency will be in accordance 
with the following schedule: 

twice a day for the first two days, and for longer if necessary; 

every day for the first two to three weeks; 

three times a week for the next two to three weeks; and 

twice a week for the final stage of the tests, if required. 

The monitoring data will include mass loss measurements of the flexible bag to 
evaluate flow, water temperature, water level measurements, and tensiometer readings. 
Sample field data forms are included in Appendix E of this TPWP. 

The flow measurement data will be used to construct a plot of infiltration rate 
versus time. The field hydraulic conductivity will be calculated from these data. The 
results of this evaluation will be compared to pre-construction laboratory test results and 
laboratory permeability test results obtained during construction. The SDRI tests will 
be conducted until one of the following criteria are satisfied: 

more than five consecutive values of calculated hydraulic conductivity are less 
than 1 x io-’ cm/s; or 
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a stabilized value of calculated hydraulic conductivity is obtained, as indicated 
by a consistently horizontal plot of calculated hydraulic conductivity versus 
permeation time. 

8.2.5 SDRI Decommissioning 

After the SDRI testing is complete, CQA personnel will decommission the SDRI 
test apparatus. The general sequence of decommissioning activities will be as follows: 

remove plugs, flexible tubing, and bags from the inner ring; 

remove inner-ring movement monitoring system; 

pump or siphon the water out of the outer ring; 

excavate at the comers of the outer ring to expose the bolts; 

remove the bolts from the comers of the outer ring and remove the panels of 
the outer ring; 

carefully lift the inner ring out of its seal (the seal may need to be removed 
with a trowel); 

obtain the Shelby tube samples required for the post-construction laboratory 
testing program (see Section 8.3); and 

clean, dry, and pack the equipment for storage. 

Post-Construction Laboratorv Testing 

Immediately after removal of the SDRI apparatus from the test pad, samples of the 
soil layer will be collected within the inner ring to evaluate the final location of the 
wetting front. Four 36-in. (0.9-m) long Shelby tube samples will be advanced into the 
test fill within the inner ring. The Shelby tubes will be advanced at each comer of a 
3 ft  by 3 f t  (0.9 m by 0.9 m) square area centered in the inner ring area. Each Shelby 
tube will be advanced to the full length of the tubes (36 in. (0.45 m)). Since the SDRI 
tests will be decommissioned immediately prior to site restoration activities by the Test 

- 
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Pad Contractor, it is anticipated that the Shelby tubes will be advanced with the 
assistance of bulldozer (or other large piece of equipment) provided by the Test Pad 
Contractor. 

Two of the Shelby tube samples will be used to evaluate the hydraulic conductivity 
of the test pads in the areas within the inner rings. Three specimens will be obtained 
from each tube for testing. These specimens will be tested in a laboratory flexible-wall 
permeameter in accordance with procedures given in ASTM D 5084. The two 
remaining Shelby tube samples will be used to evaluate the variation of moisture 
content, dry density, and degree of saturation of the soil as a function of depth. This 
evaluation will be made on a series of 4-in. (100-mm) long specimens that will be 
trimmed from each sample. DQOs for the post-construction laboratory testing program 
are presented in Appendix F of this TPWP. 

8.4 Evaluation 

A final evaluation of each SDFU test will be performed following completion of the 
post-construction laboratory testing program. Tensiometer readings will be augmented 
with the moisture content profile data from the laboratory and the hydraulic gradient 
used in the initial evaluation of the SDRI tests will be modified if required. Results of 
the SDRI tests will be tabulated and graphed as a function of permeation time, and the 
average steady-state hydraulic conductivity of each target compaction condition will be 
reported. Results of the field-scale (SDRI) test results will be compared to results of 
the laboratory permeability tests to provide an assessment of the correlation between 
the two test methods. 

The evaluation of the SDRI test results and the laboratory permeability test results 
will include an assessment of test result reliability and variability. Experience indicates 
that when appropriate clay liner materials are adequately compacted, hydraulic 
conductivity test results correlate well to the test compaction conditions; experience 
further indicates reasonably close correlation between SDRI and laboratory permeability 
test results when appropriate clay liner materials are adequately compacted [Benson et 
al., 19941. Conversely, SDRI and laboratory permeability test results will often differ 
significantly if the compacted clay construction materials are inadequate. Based on the 
foregoing discussion, the reliability and variability of test results will be assessed by: 

- 
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evaluating which pre-construction laboratory test results (these tests are 
described in Section 4 "Pre-Construction Laboratory Testing Program" of the 
TPWP) correlate with the expected trends in hydraulic conductivity versus 
compaction conditions (Le., combinations of compaction moisture content and 
dry density); those results that correlate and that produce an acceptably low 
hydraulic conductivity will be used to define the acceptable conditions for 
field compaction (these acceptable conditions are usually referred to as the 
acceptable permeability zone (APZ)); poor correlation will be used as one of 
the measures to define the limits of the APZ; 

evaluating the agreement between SDRI test results and laboratory hydraulic 
conductivity test results; the degree of agreement between SDRI and 
laboratory permeability test results will influence the selected limits of the 
APZ and the manner in which laboratory permeability tests can be used as a 
tool for construction quality control; and 

the post-construction laboratory testing program (these tests are described in 
Section 8.3 of the TPWP) will provide results for at least four sets of six 
hydraulic conductivity tests, with each set of tests performed on specimens 
compacted to the same target moisture content and dry density; these results 
will be evaluated for variability; mean and standard deviation values of 
hydraulic conductivity will be calculated for each set of results; the inherent 
variability of the test results observed in these post-construction tests will be 
used to further refine the final limits of the APZ. 

8-10 96.04.17 
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9. TEST PAD DECOMMISSIONING 

After completion of the in-situ permeability testing program, the Test Pad 
Contractor will be required to remobilize to the site to decommission the test pads. 
Section 02950 of the Construction Specifications (Appendix C) is specifically relevant 
to these activities. The Test Pad Contractor will perform the following operations: 

replace the lower horizon brown till from Test Pad 2 in the bottom of the 
borrow excavation; 

replace the upper horizon brown till from Test Pad 1 in the top 5 ft  (1.5 m) 
of the borrow excavation; 

backfill the runon diversion ditch and compact by tracking with a dozer; 

perform general regrading of the disturbed areas; 

revegetate the disturbed area by placing a grass seed/mulch layer over these 
areas; 

install, repair, or otherwise maintain silt fence along the downgradient sides 
(Le., the southwest and southeast sides) of the test pad construction site; and 

remove security fence, access road, and culvert. 

The silt fence will be left in place and only removed after cover vegetation has 
been adequately re-established throughout the entire test pad construction area. The 
Test Pad Contractor will be responsible for removing the silt fence once satisfactory 
revegetation has occurred. 

9- 1 96.04.17 



FEMP OSDF-TPWP-REV 0 

10. DEVELOPMENT OF CONSTRUCTION SPECIFICATIONS 

10.1 Introduction 

The results of the test pad program will be used to develop construction 
specifications for the compacted clay liner and cap components of the OSDF. To the 
extent necessary, separate specifications will be developed for the upper horizon brown 
clay and lower horizon brown till. The specifications will provide relevant 
requirements for each of the following: 

pre-construction laboratory qualification testing; 

borrow material preparation procedures; 

placement and compaction procedures; and 

CQA monitoring and testing requirements during construction of the OSDF. 

In each case, the specifications will be developed to satisfy all ARARS and all 
other requirements developed from the test pad program. These latter requirements will 
include a provision for the use of a Caterpillar 815 compactor for OSDF compacted 
clay liner and cap construction. The specifications will not allow the use of a different 
type of compactor. 

10.2 Pre-Construction Laboratorv Qualification Testing 

Based on review of the variability of the brown till and the results of the test pad 
program, a pre-construction laboratory qualification testing program will be developed 
to provide assurance that the specific clay material used in any phase of construction 
is similar to the material used in the test pad program. The specifications for this 
program will include minimum testing frequencies and acceptable range of results for 
the following tests: 

particle size distribution (e.g., percent passing U.S. No. 200 standard sieve 
and percent clay size particles) (ASTM D 422); 

Atterberg limits (ASTM D 4318); 
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USCS classification (ASTM D 2487); and 

standard Proctor compaction test (ASTM D 698). 

10.3 Borrow Material Preparation Procedures 

Based on observations during test pad construction, specifications for borrow 
material processing requirements will be established. The acceptable method of mixing 
and moisture conditioning will be specified. If appropriate, the type of equipment and 
minimum required number of passes will be specified. 

10.4 Placement and Compaction Procedures 

Based on the results of the test pad program, specifications for clay placement and 
compaction procedures will be developed for the upper horizon brown clay and for the 
lower horizon brown clay. At a minimum, the specifications will provide requirements 
for: 

acceptable moisture content range; 

required method of spreading the loose lift; 

required method of controlling lift thickness (i.e., maximum spacing between 
grade stakes); 

maximum loose lift thickness; 

minimum number of passes of Caterpillar 815 compactor; 

minimum degree of saturation; and 

minimum dry density. 
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10.5 COA Testing During Construction 

Based on the results of the test pad program, requirements for CQA testing during 
OSDF construction will be developed for the CQA plan. These requirements will 
specify test frequencies and acceptance results for the following tests: 

nuclear moisture/density test (ASTM D 2922 and 3017); 

sand cone for calibrating the nuclear gauge (ASTM D 1556); 

test excavations for layer bonding; and 

flexible-wall permeability testing (ASTM D 5084). 

In addition, CQA field monitoring requirements will be presented to ensure that 
adequate documentation of construction techniques is provided during construction of 
the OSDF compacted clay liner and cap. 
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11. REPORTING 

After completion of the SDRI tests, a test pad program field report (TPPFR) will 
be prepared by the CQA Engineer. The report will contain: (i) all relevant test data 
and CQA documentation; (ii) a recommendation regarding the suitability of the 
construction materials used in the test pad for use as compacted clay liner and cap 
material; and (iii) recommended construction procedures. The report will satisfy the 
requirements of the OSDF DCP [GeoSyntec, 19951. 

The TPPFR will contain: 

results of the pre-construction laboratory testing program and engineering 
characterization of the brown till material used in the test pad program; 

procedures for compacted clay material processing used during construction 
of the test pads; 

procedures for compacted clay material moisture conditioning used during 
construction of the test pads; 

CQA monitoring activities and results of CQA field testing during 
construction; 

results of laboratory permeability testing of Shelby-tube samples; 

results of standard Proctor compaction testing on bulk samples from each test 
pad; 

procedures, analysis, and results for post-construction SDRI and laboratory 
testing; 

analysis and interpretation of field and laboratory test results; and 

recommendations for compacted clay construction in the OSDF, including 
recommendations for the relevant sections of the OSDF specifications. 

With the respect to construction recommendations, the TPPFR will provide 
specification requirements from material types and processing, and construction - 
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equipment types and procedures, to produce a compacted clay liner and cap satisfying 
the performance criterion of OAC 3745-27-08(C)( 1). These requirements will address, 
at a minimum, clay material: 

index properties and characteristics; 

moisture conditioning; 

compaction moisture content and dry density; 

discing, raking, or transverse rotary mixing; and 

compaction equipment type and number of passes. 

With respect to construction recommendations, the TPPFR will provide 
specification requirements for material types and processing, and construction 
equipment types and procedures, to produce a compacted clay liner and cap satisfying 
the performance criterion of OAC 3745-27-08(C)( 1). These requirements will address, 
at a minimum, clay material: 

index properties and characteristics; 

moisture conditioning; 

compaction moisture content and dry density; 

discing, raking, or transverse rotary mixing; and 

compaction equipment type and number of passes. 

Documentation of CQA monitoring activities, results of field tests during 
construction, and results of CQA laboratory tests will be included in appendices to the 
final report. 

Data from the SDRI tests and an interpretation of the data including calculations 
of field hydraulic conductivity will also be presented in appendices to the final report. 
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12. SCHEDULE 

The test pad program must be conducted such that the results can be incorporated 
into the OSDF final design package prior to 19 September 1996. To accomplish this, 
the pre-construction laboratory testing will be initiated in February 1996. Construction 
of the test pads will be accomplished in early to mid May 1996, and SDRI monitoring 
will occur from mid-May to mid-July 1996. If the contingency SDRI tests (i.e., on 
Lane 3 of either test pad) are required, the SDRI monitoring phase will continue until 
mid- August 1996. Decommissioning the SDRI tests, final (post-construction) laboratory 
tests, and final reporting will require approximately 30 days after the SDRI tests are 
complete. The TPPFR will be submitted by the end of August 1996 regardless of 
whether the contingency SDRI testing is performed. 

A schedule of primary tasks for the test pad program is presented in Figure 12-1. 
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ID 
1 

I I I 

TaskName 
SAMPLING FOR PRECONSTRUCTION LAB TESTING 

2 PRECONSTRUCTION LAB TESTING PROGRAM 

3 

I I I I 

11 SDRI #2.1 INSTALLATION 2d Thu 5/16/96 Fri 5/17/96 

CONTRACTOR MOBILIZATION 2d Tue 4/30/96 Wed 5/1/96 

12 SDRI #2.2 INSTALLATION 1 2d 1 Fri 5/17/96 1 Sat 5/18/96 I 

4 

5 

6 

7 

8 

9 

10 

13 I SDRI MONITORING I 52d I Wed 5/15/96 I Sat 7/13/96 I 

B , 
PRECONSTRUCTION MEETING Id Thu 5/2/96 Thu 5/2/96 

SITE AND SUBGRADE PREPARATION 2d Thu 5/2/96 Fri 5/3/96 

EVALUATE SOIL PROCESSING METHODS 2d Fri 5/3/96 Sat 5/4/96 

TEST PAD # 1 CONSTRUCTION 5d Mon 5/6/96 Fri 5/10/96 

TEST PAD #2 CONSTRUCTION 3d Mon 511 3/96 Wed 511 5/96 

SDRI # l .  1 INSTALLATION 3d Mon 5/13/96 Wed 5/15/96 

SDRI # 1.2 INSTALLATION 2d Wed 5/15/96 Thu 5/16/96 

14 
I I 

15 I CONTINGENCY SDRI #2.3 INSTALLATION 3d I Wed 6/12/96 I Fri 6/14/96 

CONTINGENCY SDRI #i.3 INSTALLATION 3d Mon 6/10/96 Wed 6/12/96 

16 CONTINGENCY SDRI MONITORING 52d Thu 6/13/96 Mon 8/12/96 

17 

19 I SITE CLEANUP (NO CONTINGENCY SDRIs) 7d I Wed 711 7/96 I Wed 7/24/96 

SDRI DECOMMISSIONING AND TESTING (NO CONTINGENCY SDRIS) 1 Od Mon 711 5/96 

18 

21 I FINAL REPORT (WITH CONTINGENCY SDRIs) 21d I Mon 8/5/96 I Wed 8/28/96 

FINAL REPORT (NO CONTINGENCY SDRIs) 21d Mon 7/15/96 Wed 8/7/96 

20 

b. ~ -5 - L+ 

% 

L 1 DOCUMENT NO. I FILE NO. DF 

CONTINGENCY SDRI DECOMMISSIONING AND TESTING 10d Mon 8/5/96 Thu 811 5/96 

I 
I 
I <  

22 SITE CLEANUP (WITH CONTINGENCY SDRIs) 7d Wed 81 14/96 Wed 812 1 196 

I 
I "m ~ 

Project: FERNALD OSDF 
Date Mon 4/22/96 

GEOSYNTEC NORCROSS. CONSULTANTS GEORGIA 

I 

Task - Milestone + Rolled Up Task - Rolled Up Progress - 1 

I 
Progress - Summary 7 4  Rolled Up Milestone 0 I 
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ALTERNATIVE TO OAC PRESCRIPTIVE SPECIFICATIONS 
FOR COMPACTED SOIL LINERS 

BACKGROUND 
The on-site disposal facility (OSDF) at the Fernald Environmental Management Project (FEMP) 
will include compacted brown and gray clays in the liner and cap system. The source of the 
clays will be the OSDF excavatioq area and the East Field borrow area (DOE 1995th Figure 
1-2 [attached]). Preliminary labor$ory testing conducted on the soil from these two areas 
indicates that all of the prescriptive material specifications for compacted clay layers set forth 
in Ohio Administrative Code (OAC) 3745-27-08(C)(l), except one, will be met by the brown 
and gray clays. The one exception is the criterion cited in OAC 3745-27-08(C)(l)(c)(iv), 
which requires that the soil contain “not less than 25% of the particles, by weight, having a 
maximum dimension not greater than 0.002 mm8 ke., 2 microns). Based on the available 
laboratory test results (DOE 1995b, Figures 4-1 through 4-3 Iattachedl), the brown and gray 
clays do not consistently have more than 25 percent of i ts particles, by weight, smaller than 
0.002 mm. 

OAC 3745-27-08C) states that alternatives to the prescriptive requirements for soil liner 
materials may be used: “...if it is demonstrated to the satisfaction of the Director IOEPAI that 
the materials and techniques will result in each lift having a maximum permea&ility of 1 x 10’ 
cm/s.’ The available test data demonstrate that the remolded brown clay is capable of 
achieving a hydraulic conductivity less than 1 x 10’ cmls. Remolded hydraulic conductivities 
of the gray clays are being performed as part of the ongoing geotechnical investigation for the 
on-site clay borrow area (DOE 1995a). Additional permeability testing is also being performed 
on the brown clays in the borrow area as part of this investigation. 

SUPPORT FOR MEETING ALTERNATIVES TO PRESCRIPTIVE REQUIREMENTS 
-The primary considerations in addressing the.OAC prescriptive specification for the minimum 
acceptable percentage, by weight, of particles finer than 0.002 mm are given below: 

e The primary performance criterion for compacted soil liners in OAC 3745-27- 
08(C)(l)(a) requires that each lift of the liner have a maximum hydraulic 
conductivity of 1 x 10’  cmls. The hydraulic conductivity of a clayey soil is, in 
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part, a function of the percentage of clay-size particles. However, other factors 
such as soil plasticity, compaction moisture content, and dry density also 
strongly influence hydraulic conductivity. Benson et al. (1 994) performed 
detailed analyses of how each of these parameters correlates with hydraulic 
conductivity. The results of their study, which were based on data from 67 
landfills, indicate that an average (rather than a minimum) fraction of clay-sized 
particles exceeding 15 percent is an acceptable criterion for compacted soil 
liners. In addition, Benson et al (1994) provided data on a large number of 
compacted soil liners which do not meet the clay-size particle criterion set forth 
id OAC 3745-27-08(C)(l )(c)(iv), yet, when constructed using appropriate 

It is also noted that widely-accepted guidelines for clay liner materials (Daniel 
1993) do not contain criteria for the minimum acceptable percentage of clay- 
size particles. 

pr L edures, have measured hydraulic conductivities less than 1 x lo7 cm/s. 

a As part of the OSDF design, a test pad program will be conducted using soil 
obtained from the OSDF excavation area and East Field borrow area. Test pads 
will be constructed using equipment and techniques that will subsequently be 
used to construct the OSDF clay liner. Laboratory and field permeability testing 
will be performed during the test pad program to  define the compaction 
conditions that will yield a soil liner with a hydraulic conductivity not greater 
than 1 x 10’ cm/s. The test pad program will meet the requirements for test 
pads set forth in OAC 3745-27-08(C)(l )(m). 

e The results of the test pad program, including all laboratory and field hydraulic 
conductivity test results from the program, will be presented in a report that 
DOE will provide to OEPA and USEPA. This report will specify construction 
equipment types and construction procedures that result in a compacted clay 
liner satisfying the hydraulic conductivity performance criterion of OAC 3745- 
27-08(C)(l). 

e During construction of the OSDF liner system, a detailed construction quality 
assurance (CQA) program will be implemented. The CQA activities will include 
moisture/density testing of soil liner materials at the frequency required by OAC 
3745-27-08(C)(l No) to verify that the compaction conditions are consistent 
with those established during the test pad program. In so doing, a high level 0 ~ W X U % ~ R I S \ ~ . ~ 1 3 , 1 9 9 S  232pm 
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of assurance will be provided that the hydraulic conductivity of the soil liner 
material is not greater than 1 x 10' cm/s. The CQA program will also include 
confirmatory hydraulic conductivity testing. 

CONCLUSION 
The information that will be generated from the activities described above provides a sound 
basis for obtaining a compacted brown and gray clay liner that satisfies the performance 
criterion of OAC 3745-27-08(C)(l). DOE proposes to use this information as a basis for 

, 
i 

discussion with OEPA as to whether the proposed activities (including presentation of test pad 
test results and construction procedure requirements in the soil liner test pad report) form an 
acceptable basis for making the demonstration to the OEPA as allowed by OAC 3745-27- 
08(C). Also note that the OAC prescriptive specification for the minimum acceptable 
percentage of clay size particles applies to  the compacted clay component of the final cover 
system. Thus, the scope of the test pad demonstration described above will be made broad 
enough to  address the suitability of using the brown and gray clays in the final cover for clay 
cap construction. 
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APPENDIX B 

LIST OF ASTM STANDARDS 
CITED IN TPWP 

ASTM D 422 Method for Particle-Size Analysis of Soils 

ASTM D 698 Test Method for Laboratory Compaction Characteristics of Soil 
Using Standard Effort (12,400 jt-lbf/$ (600 kN-m/m3)) 

ASTM D 1556 Standard Test Method for Density and Unit Weight of Soil In-Place 
by the Sand-Cone Method 

ASTM D 1557 Test Method for Laboratory Compaction Characteristics of Soil 
Using Modfled Effort (56,000 Ft-lbf/$ (2,700 kN-m/m3)) 

ASTM D 2216 Test Method for Laboratory Determination of Water (Moisture) 
Content of Soil and Rock 

a ASTM D 2487 Test Method for Classification of Soils for Engineering Purposes 

ASTM D 2922 Test Methods for Density of Soil and Soil-Aggregate In Place by 
Nuclear Methods (Shallow Depth) 

ASTM D 3017 Test Method for Water Content of Soil and Rock In Place by 
Nuclear Methods (Shallow Depth) 

ASTM D 43 18 Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of 
Soils 

*ASTM D 5084 Test Method for Measurement of Hydraulic Conductivity of 
Saturated Porous Materials Using a Flexible Wall Penneameter 

*ASTM D 5093 Test Method for Field Measurement of Infiltration Rate Using a 
Double-Ring Infiltrometer With a Sealed Inner Ring 

*Note: Full standard included in this appendix. 
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Designation: 0 5084 - 90 4m Bsr- - 265 
Y. - 

Standard Test Method for 
Measurement of Hydraulic Conductivity of Saturated Porous 
Materials Using a Flexible Wall Permeameter' 

This standard is issued under the fixed designation D 5084 the number immediately following the d+gnation indicates the year of 
original adoption or. io the case of revision. the year of last revision. A n u m k  in parentheses indicates the year of last reapproval. A 
superscript cpnlon (e )  indicates an editorial change since rhc last revision or reapproval. 

1. scope 
1 .1  This test method covers laboratory measurement of 

the hydraulic conductivity (also referred to as coeficient of 
permeability) of water-saturated porous materials with a 
flexible wall permeameter. 

1.2 This test method may be utrlized with un-disturbed or 
compacted specimens that have a hydraulic conductivity less 
than or equal to 1 X IO-' m/s ( 1  x 

1.3 The hydraulic conductivity of materials with hy- 
draulic conductivities greater than I x IO-' m/s may be 
determined by Test Method D 2434. 

1.4 The values stated in SI units are to be regarded as the 
standard, unless other units are specifically given. By tradi- 
tion in U.S. practice, hydraulic conductivity is reported in 
centimetres per second, although the common SI units for 
hydraulic conductivity are metres per second. 

1.5 This standard does not purpon to address the safety 
problems associated with its use. It is the responsibility of the 
user of this standard to establish appropriate safety and 
health practices and determine the applicability of regulatory 
limitations prior to use. 

- 
cm/s). 

2. Refereoced Documents 
2.1 ASTM Standards: 
D 653 Terminology Relating to Soil, Rock, and Contained 

Fluids' 
D698 Test Methods for Moisture-Density Relations of 

Soils and Soil-Aggregate Mixtures Using 5.5-lb (2.49-kg) 
Rammer and 12-in. (305-mm) Drop' 

D 1557 Test Methods for Moisture-Density Relations of 
Soils and Soil-Aggregate Mixtures Using IO-lb (4.54-kg) 
Rammer and 18-in. (457-mm) Drop' 

D 1587 F'ractice of Thin-Walled Tube Sampling of Soil8 
D2113 Practice for Diamond Core Drilling for Site 

Investigation' 
D 22 16 Method for Laboratory Determination of Water 

(Moisture) Content in Soil, Rock, and Soil-Agg~egate 
Mixtures' 

D2434 Test Method for Permeability of Granular Soils 
(Constant Head? 

D4220 Practices for Reserving and Transporting Soil 
Samples2 

' This method is under the j d c t i o n  of ASThf Committee D l 8  on Soil 
and Rock and is the dirrct rrspondbdhy of Subcommittee D18.04 on Hydrologic 
koperties of kil and Rocks 

C m t  edition approved June 29.1990. Published October 1990. 
.-lnnUal Book of ASTM SI&&. Vol04.08. 

D4753 Specification for Evaluating, Selecting and Speci- 
fjmg Balances and Scales for Use in Soil and Rock 
Testing 

D 4767 Test Method for Consolidated-Undrained Triaxial 
Compression' 

E 145 Specification for Gravity-Convection and Forced- 
Ventilation ovens3 

3. Terminology 
3.1 Definitions: 
3.1. I hydraulic conductivity, k-the rate of discharge of 

water under laminar flow conditions through a unit cross- 
sectional area of a porous medium under a unit hydraulic 
gradient and standard temperature conditions (20'C). 

DlxvmoN--The term coejicient of pemeabifity is often used 
instead of hydraulic conductivity, but hydraulic conductivity is used 
exclusively in this test method. A more complete discdon of the 
terminology associated with Darcy's h w  is given in the literature.' 

3.1.2 pore volume offlow-the cumulative quantity of flow 
into a test specimen divided by the volume of voids in the 
specimen. 

3.1.3 For definitions of other terms used in this test method, 
see Terminology D 653. 

4. Significance and Use 
4.1 This test method applies to onedimensional, laminar 

flow of water within porous materials such as soil and rock. 
4.2 The hydraulic conductivity of porous materials gener- 

ally decreases with an increasing amount of air in the pores 
of the material. This test method applies to water-saturated 
porous materials containing virtually no air. 

4.3 This test method applies to permeation of porous 
materials with water. Permeation with other liquids, such as 
chemical wastes, can be accomplished Using procedures 
similar to those described in this test method. However, this 
test method is only intended to be used when water is the 
permeant liquid. 

4.4 It is assumed that Darcy's law is valid ,and that the 
hydraulic conductivity is essentially unaffected by hydraulic 
gradient. The validity of Darcy's law may be evaluated by 
measuring the hydraulic conductivity of the specimen at 
three hydraulic gradients; if all measured values are similar 
(within about 25 %), then Darcy's law may be taken as valid. 
However, when the hydrauKc gradient acting on a test 

' Annual Book of ASTM Sfan&rds, Vol04.02. 
' Olson. R. E., and Daniel. D. E., "Mcauucment of the HydRulic conductivity 

of FincGained SOL" Symposium on Pemabiluy ond Gmunhumcr Cott&ztni- 
MPU Trnnrpon. ASTMSTP 746. ASTM. 1981. pp. 18-64. 
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specimen is changed, the state of stress will ais0 change, and, 
if the specimen is compressible, the volume of the specimen 
will change. Thus, some change in hydraulic conductivity 
may occur when the hydraulic gm&ent is altered, even in 
cases where Darcy's law is valid. 

4.5 This test method provides a meam for determining 
hydraulic conductivity at a controlled level of effective stress. 
Hydraulic conductivity varies with varying void ratio, which 
in turn changes when the effective stress changes. If the void 
ratio is changed, the hydraulic conductivity of the test 
specimen will likely change. To determine the relationship 
between hydraulic conductivity and void ratio, the hydraulic 
conductivity test would have to be repeated at different 
effective stresses. 

4.6 The correlation between results obtained with this test 
method and the hydraulic conductivities of in-place field 
materials has not been fully investigated. Experience has 
sometimes shown that flow patterns in s m a  test specimens 
do not necessarily follow the same patterns on large field 
scales and that hydraulic conductivities measured on small 
test specimens are not necessarily the same as larger-scale 
values. Therefore, the results should be applied to field 
situations with caution and by qualified personnel. 

0 

- 

5. Apparatus 
5.1 Hydraulic System-Constant head (Method A), 

falling head (Methods B and C), or constant rate of flow 
(Method D) systems may be utilized provided they meet the 
criteria outlined as follows: 

5.1.1 Constanf Head-The system must be capable of 
maintaining constant hydraulic pressures to within k5 9% 
and shall include means to measure the hydraulic pressures 
to within the prescribed tolerance. In addition, the head loss 
across the test specimen must be held constant to within 
+5 % and shall be measured with the same accuracy or better. 
Pressures shall be measured by a pressure gage, electronic 
pressure transducer, or any other device of suitable accuracy. 

5.1.2 Falling Head-The system shall allow for measure- 
ment of the applied head loss, thus hydraulic gradient, to 
within 5 % or better at any time. In addition, the ratio of 
initial head loss divided by final head loss over an interval of 
time shall be measured such that this computed ratio is 
accurate to within i 5  %. The head loss shall be measured 
with a pressure gage, electronic pressure transducer, engi- 
neer's scale, graduated pipette, or any other device of suitable 
accuracy. Falling head tests may be performed with either a 
constant tailwater elevation (Method B) or a rising tailwater 
elevation (Method C). 

5. I .3 Constant Rate of Flow-The system must be ca- 
pable of maintaining a constant rate of flow through the 
specimen to within 5 % or better. Flow measurement shall 
be by calibrated syringe, graduated pipette, or other device of 
suitable accuracy. The head loss across the specimen shall be 
measuredtoanaccuracyof5%orbetterusinganelearonic 
pressure transducer or other device of suitable accuracy. 
More information on testing with a constant rate of flow is 
given in the literat~re.~ 

ab 

Olson, H. W., Mozia R H., and Nichols. R W., "Flow Pump Applications in 
Triaxial Tating" Svmpacium on AdvMccd Triaxial Tufing of Soil and Rodc 
ASTM STP 977. ASTM. 1988, pp. 68-81. 
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5.1.4 System De-airing--The hydraulic system 
designed to facilitate rapid and complete removal of & ai 
bubbles from flow lines. 

have the capability to apply back pressure to the specimen to 
facilitate saturation. The system shall be capable of maib 
taining the applied back pressure throughout the duration of 
hydraulic conductivity measurements. The back pressw 
system shall be capable of applying, controlling, and mea. 
suring the back pressure to 5 % or better of the applied 
pressure. The back pressure may be provided by a corn. 
pressed gas supply, a deadweight acting on a piston, Or 
other method capable of applying and cont row the 
pressure to the tolerance prescribed in this paragraph. 
NOTE I-Application of gas pressure directly to a fluid will wvc 

gas in the fluid. A variety of techniques arc available to &j& 
dissolution of gas in the back pressure f l d ,  including separation ofm 
and liquid phascs with a bladder and fresuent replacement of bsw 
with de-aired water. 

5.2 Flow Measurement System-Both inflow and outfloar 
volumes shall be measured unless the lack of 1- 
continuity of flow, and cessation of consolidation or swelling 
can be verified by other means. Flow volumes k 
measured by a graduated accumulator, graduated p i p q  
vertical standpipe in conjunction with an electronic pressure 
transducer, or other volume-measuring device of suiut& 
accuracy. 

5.2.1 Flow Accuraq-Required accuracy for the 
of flow m-eured over an interval of time is 5 96 or better. 

5.2.2 Deairing and Compliance of the System-The flow. 
measurement system shall contain a minimum of dead spaa 
and be capable of complete and rapid &airing. C o m p b  
of the system in response to changes in pressure shall k 
minimized by using a stit€ flow measurement system. R@ 
tubing, such as metallic or rigid thermoplastic tubing, shall 
be used. 

5.2.3 Head Losses-Head losses in the tubes, valva, . 
porous end pieas, and filter paper may lead to m. To 
guard against such errors, the permeameter shall be asem 
bled with no specimen *de and then the hydraulic system 
filled. If a constant or falling head test is to be used, tk 
hydraulic pressures or heads that wiU be uscd in testhgr 
specimen shall be applied, and the rate of flow measured 
with an accuracy of 5 95 or better. This rate of flow shankat 
least tea times greater than the rate of flow that is measured 
when a specimen is placed inside the pameameter and tk 
same hydraulic pressures or. heads axe Ifa constaat 
rate of flow test is to be used, the rate of flow to b e d i n  
testing a specimen shall be supplied to the p e r m m a a d  
the head loss m w  The head loss without a 
shall be less than 0.1 times the head loss when a Spccimcnu 
present 

5.3 Permeameter Cell Pressure ~ystem-Tb~ system fa 
pressurizing the permeameter cel)-:Sball be G@IC of* 
plying and controlling the cell pnssun to within 5 % of 
applied pressure. Howevei, the effective stnss on the 
specimen (which is the difference between the cell pressur0 
and the pore water presswe) shall be.maintained to 
desiredvaluewithanaaruracyof 1096orbe t t c r .The~ .  
for pressurizing the cell may consist ofa mervoir 
to the permeameter cell and partially Wed with de-aired 

5.1.5 Back Pressure Sysrem-The hydraulic system 



water, with the upper pan of the reservoir connected to a 
compressed gas supply or other source of pressure (see Note 
2). The gas pressure shall be controlled by a pressure 
regulator and measured by a pressure gage, electronic pres- 
sure transducer, or any other device capable of measuring to 
the prescribed tolerance. A hydraulic system pressurized by 
deadweight acting on a piston or any other pressure device 
capable of applying and controlling the permeameter cell 
pressure to the tolerance prescribed in this paragraph may be 
Used. 

0 

NOTE 2-Deairrd water is commonly used for the all fluid to 
minimize potential for diffusion of air through the membrane into the 
specimen. Other fluids, such as oils, which have low gas solubilities are 
also acceprable. provided they do not react with components of the 
permeameter. Also, use of a long (approximately 5 to 7 m) tube 
connecting the pmsuriz+d cell liquid to the cell helps to delay the 
appearance of air in the cell fluid and to reduce the flux of h l v e d  air 
into the cell. 

5.4 Penneameter Cell-An apparatus shall be provided in 
which the specimen and porous end pieces, enclosed by a 
membrane sealed to the cap and base, are subjected to 
controlled fluid pressures. A schematic diagram of a 'typical 
cell is shown in Fig. 1. 

5.4.1 The permeameter cell may allow for observation of 
changes in height of the specimen, either by observation 
through the cell wall using a cathetometer or other instru- 
ment, or by monitoring of either a loading piston or an 
extensometer extending through the top plate of the cell 
bearing on the top cap and attached to a dial indicator or 
other measuring device. The piston or extensometer should 
pass through a bushing and seal incorporated into the top 
plate and shall be loaded with sufficient force to compensate 
for the cell pressure acting over the cross-sectional area of the 
piston where it passes through the seal. If deformations are 
measured, the deformation indicator shall be a dial indicator 
or cathetometer graduated to 0.3 mm (0.01 in.) or better and 
having an adequate travel range. Any other measuring device 
meeting these requirements is acceptable. 

5.4.2 In order to facilitate gas removal, and thus satura- 
tion of the hydraulic system, four drainage lines leading to 
the specimen, two each to the base and top cap, are 
recommended. The drainage lines shall be controlled by 
no-volumechange valves, such as ball valves, and shall be 
designed to minimize dead space in the lines. 

5.5 Top Cap and Bast-An impermeable, rigid top cap 
and base shall be used to support the specimen and provide 
for t r a n s e o n  of permeant liquid to and from the spec- 
imen. The diameter or width of the top cap and base shall be 
equal to the diameteror width of the specimen * 5  %. The 
base shall prevent leakage, lateral motion, or tilting, and the 
top cap shall be designed to receive the piston or extensom- 
eter, if used, such that the piston-@top cap contact area is 
concentric with the cap. The surf= of the base and top cap 
that contacts the membrane to form a seal shall be smooth 
and free of scratches. 

5.6 Flexible Membranes-The flexible membrane used to 
encase the specimen shall provide reliable protection against 
leakage. The membrane shall be carefully inspected prior to 
use and if any flaws or pinholes are evident, the membrane 

To minimiz restrain to the specimen, the 
diameter or width of the unstretched membrane shall be 
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between 98 and 95 W of that of the specimen. The mem- 
brane shall be sealed to the specimen base and cap with 
rubber O-rings for which the unsvessed, inside diameter or 
width is less than 90 '% of the diameter or width of the base 
and cap, or by any other method that wiU produce an 
adequate seal. 
NOTE 3-Membrana may be tested for flaws by placing them 

around a form sealed at both ends with rubber Orings, subjecting them 
to a small air pmsurc on the inside. and then dipping them into water. 
If air bubbles come up from any point on the membrane, or if any 
visible flaws arc observed the membrane shall be discarded. 

5.7 Porous End Pieces-The porous end pieces shall be of 
silicon carbide, aluminum oxide, or other material that is not 
attacked by the specimen or permeant Liquid. The end pieces 
shall have plane and smooth surfaces and be fke of cracks, 
chips, and nonuniformities. They shall be checked regulariy 
to ensure that they are not clogged. 

5.7.1 The porous end pieces shall be the same diameter or 
width (k5 W )  as the specimen, and the thiches shall be 
sufficient to prevent breaking. 

5.7.2 The hydraulic conductivity of the porous end pieces 
shall be significantly greater than that of the specimen to be 
tested. The requirements outlined in 5.2.3 ensure this. 

5.8 Filter Paper-If necessary to p e n t  intrusion of 
material into the pores of the porous end pieces, one or more 
sheets of filter papa shall be placed between the top and 
bottom porous end piecesand the specimen. The paper shall 
have a nwgibly small hydraulic impedance. The require- 
ments outlined in 5.2.3 ensure that the impedance is small. 

5.9 Equipment for Compacting a SpecimPn--Equipment 
(including compactor and mold) suitable for the method of 
compaction specified by the requester shall be used 
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NOTE A e m i c a l  interactions between a permeant liquid and the 
porous m a d  may lead to variations in hydraulic conductivity. & 
tilled water can signrficantly lower the hydraulic conductivity of clayq 
soils (see the literature).' For this m u .  distilled water is not usually 
recommended as a permeant Liquid. A permeant Liquid used by some is 
0.005 N CaSO,, which can be obtained for example. by dissolving 6.8 
of nonhydratcd. reagent-grade -0, in 10 L of d m  distilled w a b ,  
This -0, solution is thought to neither inrreasc nor d- 
significantly the hydraulic conductivity of clayey soils. In areas .ulth 
extremely brackish tap water, the CaSO, solution is recommended 

6.1.3 Deaired Water-To aid in removing as much & 
from the test specimen as possible, deaired water shall be 
used. The water is usually deaired by boiling, by spraying a 
tine mist of water into an evacuated vessel attached to a 
vacuum source, or by forceful agitation of water in a 
container attached to a vacuum source. If boiling is used, 
care shall be taken not to evaporate an excessive amount of 
water, which can lead to a larger salt concentration in the 
permeant water than desired. To prevent dissolution of air 
back into the water, deaired water shall not be exposed to & 
for prolonged periods. 

7 .  Test Specimens 
7.1 Size-Specimens shall have a minimum diameter of 

25 mm (1.0 in.) and a minimum h e a t  of 25 mm. The 
height and diameter of the specimen shall be measured to the 
nearest 0.3 mm (0.01 in.) or better. The length and diameter 
shall vary by no more than &5 %. The surface of the test 
specimen may be uneven, but indentations must not be so 
deep that the length or diameter vary by more than +5 %. 
The diameter and height of the specimen shall each be at 
least 6 times greater than the largest particle Size within the 
specimen. If, after completion of a test, it is found based on 
visual observation that oversized particles are present, that 
information shall be indicated on the report. 
NOTE 5-Most hydraulic conductivity te& a performed on cyh 

drical test specimens. It is possible to utilize spcial equipment for 
testing prismatic test specimens, in which casc rdaence to "diamcta" 
in 7.1 applies to the least width of the prismatic test specimen. 

7.2 Undisturbed Specimens-Undhrbcd test Specimens 
shall be prepared from a representative poriion of un&- 
turbed samples secured in accordance with Practice D 1587 
or Practice D 21 13, and preserved and transported in aced- 
ance with requirements for Group C -.in Practice 
D 4220. Specimens obtained by tube sampling or coring may 
be tested without trimming except for cutting the cnd 
surfaces plane and perpendicular to the longitudinal axis of 
the specimen, provided soil charactenstl . 'csarcsuchthatno 
sigxu6cant disturbance results from.-sampling. Where the. 
sampling operation has caused dishhim CCofthesoiLthc 
disturbed material shall be uimmcd. whcn removal of 
pebbles or crumbling resulting from trhmhg causes voids 
on the surface of the specimen that cause the length 
diameter to vary by more than i5 I, the voids shall be filled 
with remolded material obtained from the trimmingn The 
ends of the test specimen shall be cut and not trowetcd 
(troweling can seal off craeks, slickensides, or other See- 
ondary features that m@t conduct water flow). S p e c h a  
shall be trimm& whenever possible, in an envir0nmCUt 

ACOn-' where changes in moisture content are mmmmcd. 
trolled high-humidity mom is usually used for this purpoSe. 
The mass and dimensions of the test Spccimea shall be 

-- 
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5.10 Sample Extruder-When the material being tested is 
a soil core!, the soil core shall usually be removed from the 
sampler with an extruder. The sample extruder shall be 
capable of extruding the soil core from the sampling tube in 
the same direcuon of navel in which the sample entered the 
tube and with minimum disturbance of the sample. If the 
soil core is not extruded vertically, care should be taken to 
avoid bending stresses on the core due to gravity. Conditions 
at the time of sample extrusion may dictate the direction of 
removal, but the principal concern is to keep the degree of 
lsturbance minimal. 

5.1 I Trimming Equipment-Specific equipment for trim- 
ming the specimen to the desired dimensions will vary 
depending on quality and characteristics of the sample; 
however, the following items listed may be used: lathe, wire 
saw with a wire about 0.3 mm (0.01 in.) in diameter, 
spatulas, knives, steel rasp for very hard clay specimens, 
cradle or split mold for trimming specimen ends, and steel 
straight edge for final trimming of specimen ends. 

5.12 Devices for Measuring the Dimensions of the Speci- 
men-Devices used to measure the dimensions of the 
specimen shall be capable of measuring to the nearest 0.3 
mm (0.01 in.) or better and shall be constructed such that 
their use will not disturb the specimen. 

5. I3 Balances-The balance shall be suitable for deter- 
mining the mass of the specimen and shall be selected as 
discussed in Specification D4753. The mass of specimens 
less than I00 g shall be determined to the nearest 0.0 1 g. The 
mass of specimens 100 g or larger shall be determined to the 
nearest 0.1 g. The mass of specimens >IO00 g shall be 
determined to the nearest 1.0 g. 

5.14 Equipment for Mounting the Specimen-Equipment 
for mounting the specimen in the permeameter cell shall 
include a membrane sttetcher or cylinder, and ring for 
expanding and placing O-rings on the base and top cap to 
seal the membrane. 

5.15 Vacuum Pump-To assist with de-airing of 
permeameter system and saturation of specimens. 

5.16 Temperature Maintaining Device-The temperature 
of the permeameter, test specimen, and reservoir of perme- 
ant liquid shall not vary more than +.YC (i5.7'0. Nor- 
mally, this is accomplished by performing the test in a room 
with a relatively constant temperature. If such a room is not 
available, the apparatus shall be placed in a water bath, 
insulated chamber, or other device that maintains a temper- 
ature within the tolerance specrfied in 5.16. The temperature 
shall be periodically measured and recorded. 

5.17 Warer Contenf Containers-The containers shall be 
in accordance with Method D 22 16. 

5. I8 Drying Oven-The oven shall be in accordance with 
Specltication E 145. ' 
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6. Reagents 
6.1 Penneanr Wafer: 
6.1.1 The permeant water is the liquid used to permeate 

the test specimen and is also the liquid used in backpressur- 
ing the specimen. 

6.1.2 The type of permeant water should be specified by 
the requestor. If no specrfication is made, tap water shall be 
used for the permeant liquid. The type of water utilized shall 
be indicated in the report. 
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determined to the tolerances given in 5. I2 and 5.13. The test 
specimen shall be mounted immediately in the permeam- 
eter. The water content of the trimmings shall be determined 
in accordance with Method D 22 16. 

7.3 LuboratorpCornpacted Specimens-Tbe material to 
be tested shall be prepared and compacted inside a mold in a 
manner specified by the requestor. If the specimen is placed 
and compacted io layers, the surface of each previously- 
compacted layer shall be lightly scarified (roughened) with a 
fork, ice pick, or other suitable object, unless the requester 
specifically states that scarification is not to be performed. 
Test Methods D 698 and D 1557 describe two methods of 
compaction, but any other method specified by the requestor 
may be used as long as the method is described in the repon 
Large clods of material should not be broken down prior to 
compaction unless it is known that they will be broken in 
field construction, as well, or the requestor specifically 
requests that the clod size be reduced. Neither hard clods nor 
individual particles of the material shall exceed '16 of either 
the height or diameter of the specimen. After compaction, 
the test specimen shall be removed from the mold, the ends 
scarified, and the dimensions and weight determined within 
the tolerances given in 5.12 and 5.13. AAer the dimensions 
and mass are determined, the test specimen shall be imme- 
diately mounted in the permeameter. The water content of 
the trimmings shall be determined in accordance with 
Method D 22 16. 

7.4 Other Preparation Merhoaj-Other methods of prep 
aration of a test specimen are permitted if specifically 
requested. The method of specimen preparation shall be 
identified in the report. 

7.5 A h  the height, diameter, mass, and water content of 
the test specimen have been determined, the dry unit weight 
shall be calculated. Also, the initial degree! of saturation shall 
be estimated (this information may be used later in the 
backpressure stage). 

@ 

- 

0 
8. Rocedpre 

8.1 Specimen Setup: 
8.1.1 Cut two filter paper sheets to approximately the 

same shape as the CIOSS section of the test specimen. !Soak the 
two porous end pieces and filter paper sheets, ifused, in a 
container of permeant water. 

8.1.2 Place the membrane on the membrane expander. 
Apply a thin coat of silicon high-vacuum grease to the sides 
of the end caps. Place one porous end piece on the base and 
place one filter paper sheet, ifused, on the porous end piece, 
followed by the test Specimen. Place the second filter paper 
sheet, if used, on top of the specimen followed by the second 
porous end piax and the top cap. Place the membrane 
around the specimen, and using the membrane expander or 
other suitable O-ring expander, place one or more O-rings to 
seal the membrane to the base and one or more additional 
O-rings to seal the membrane to the top cap. 

8.1.3 Attach flow tubing to the top cap, if not already 
attached, assemble the permeameter cell, and 6lJ it witb 
de-aired water or other cell fluid. Attach the cell pressure 
reservoir to the permeameta cell line and the hydraulic 
system to the influent and effluent lines. Ed the cell pressure 
reservoir with deaired water, or other suitable liquid, and the 
hydraulic system with deaired permeant water. Apply a small 
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Required Backpressure (psi) 

Back Prsuun to AtWn Varkur Dogrmes of Saurntbd 

confiningpressure of 7 to 35 kpa (1  to 5 psi) to the cell and 
apply a pressure less than the ~~nfininP pressure to both the 
influent and effluent systems, and flush permeat water 
through the flow system. AAcr all visible air has been 
removed from the flow lines, close the control valves. At no 
time during saturation of the system and specimen or 
hydraulic conductivity measurements shall the maximum 
applied ef€ective stress be allowed to exceed that to which the 
specimen is to be consolidated 

8.2 Specimen Soaking (Optional)-To aid in saturation, 
specimens may be soaked under partial vacuum applied to 
the top of the specimen. Atmospheric pressure shall be 
applied to the specimen base through the influent lines, and 
the magnitude of the vacuum set to generate a hydraulic 
gradient across the sample less than that which will be used 
during hydraulic conductivity measurements. 

NOTE &soalrine under vacuum is applicable when thm arc 
c~ntinuous air voids in the spaimen. S4akiog under vacuum is only 
mommended for test spaimcos with initial dcgeu of saturation Mow 
70%. The spccimco may swell when expad to warn, the effective 
stress will tcod to couotcract the swdiog However. for materials that 
tend to swell. unley the applied effective stress is greater than or equal to 
the swell prrssurr. the spcimen will SwdL 

8.3 Backpressure Saturation-To saturate the specimen, 
backpressuring is usually necessary. F- 2 provides guid- 
ance on back pressure required to attain saturation. 

deairrd aod that the only source for air todisdve into the water is air 
h m  thc test spaimcn. If air prasurr is used to coOtrol the back 
prrsure. prrssurized air will dissolve into the watrr, thus rdllciq the 
capacity of thc water used for back pressure todissolve air located in the 
porrsofthe test SpCdmaL The proMem is ulhimkd bywinealone- 
p 5  m) tube that is impamcable to air betwcco the air-wam iotafaa 
andtutspacimm,bY * the bsdr-prrssurrwatafmm the air by 
a material or auid t G E % e l y  impem- to air, by periodicauy 
rephang the back-pmsurc watcr with deairrd water, or by other means 

NUTE 7-Ftgun 2 BSSU~CS that thtwata used fOr back prr~nrrr is 

Lowc J.. and Johmos T.  C.. "Use of Beck Rasurr to Increase hgnz of 
saturodon of Trisrirl Tar  Spainmu" prwmdygr. . Asc&Resenn+ CW- 
on Shmr Strengrh of C h i v e  Soils, Boulder. CO. 1960. 
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8.3.1 Open the flow line valves and flush out of the system 
any free air bubbles using the procedure outlined in 8.1.3. If 
an electronic pressure transducer or other measuring device 
is to be used during the test to measure pore pressures or 
applied hydraulic gradient, it should be bled of any trapped 
air. Take and record an initial reading of specimen height, if 
being monitored. 

8.3.2 Adjust the applied confining pressure to the value to 
be used during saturation of the sample. Apply backpressure 
by simultaneously increasing the cell pressure and the 
influent and emuent pressures in increments. The maximum 
value of an increment in backpressure shall be sficiently 
low so that no point in the specimen is exposed to an 
effective stress in excess of that to which the specimen will be 
subsequently consolidated. At no time shall a head be 
applied so that the effective confining stress is <7 kpa ( 1  psi) 
because of the danger of separation of the membrane from 
the test specimen. Maintain each increment of pressure for a 
period of a few minutes to a few hours, d e p h h g  upon the 
characteristics of the specimen. To assist in removal of 
trapped air, a small hydraulic gradient may be applied across 
the specimen to induce flow. 

8.3.3 Saturation shall be verified with one of the three 
following techniques: 

8.3.3.1 Saturation may be verified by measuring the B 
coefficient as described in Test Method D 4767 (see Note 8). 
The test specimen shall be considered to be adequately 
saturated if (I) the B value is 20.95, or (2) for relatively 
incompressible materials, for example, rock, if the B value 
remains unchanged with application of larger values of back 
pressure. The B value may be measured prior to or after 
completion of the consolidation phase (see 8.4). Accurate 
B-value determination can only be made if no gradient is 
acting on the specimen and all pore pressure induced by 
consolidation has dissipated. 

NOTE 8-The B coefficient is defined for this type’of test as the 
change in pore water pressure in the porous material divided by the 
change in confining pressure. Compressible materials that are fully 
saturated with water will have a B value of 1.0. Relatively incompress- 
ible, saturated materials have B values which are somewhat less than 1.0. 

8.3.3.2 Saturation of the test specimen may be confirmed 
at the completion of the test by calculation of the final degree 
of saturation. The final degree of saturation shall be lo0 f 
5 %. However, measurement of the B coefficient as described 
in 8.3.3.1 or use of some other technique (8.3.3.3) is strongly 
recommended because it is much better to confirm satura- 
tion prior to permeation than to wait until after the test to 
determine if the test was valid. 

8.3.3.3 Other means for venfylng saturation, such as 
measurement of the volume change of the specimen when 
the pore water pressure has been changed, can be used for 
verifying saturation provided data are available for similar 
materials to establish that the procedure used confirms 
saturation as required in 8.3.3.1 or 8.3.3.2. 

8.4 Consolidation-The specimen shall be consolidated to 
the effective stress specified by the requestor. Consolidation 
may be accomplished in stages, if desired. 
NOTE 9-The test @men may be consolidated prior to application 

of backpressure. Also, the bacLpressure and consolidation phases may 
be completed concurrently if backprevurrs are applied sufliciently 
slowly to minimize potential for overconsolidation of the specimen. 

- 

a 

8.4.1 Record the specimen heighf if being monitonq 
prior to application of consolidation pressure and periodis 
cally during consolidation. 

8.4.2 Increase the cell pressure to the level necessary to 
develop the desired effective stress, and begn co‘wli&tioa. 
M n a g e  may be allowed from the base or top of the 
specimen, or simultaneously fiom both ends. 

8.4.3 (Optional) Record outflow volumes to confirm that 
primarv consolidation has been completed prior to 
of the hydraulic conductivity test. Alternatively, m w n .  
ments of the change in height of the test specimen can be 
used to confirm completion of consolidation. 
NOTE 10-The procedure in 8.4.3 is.optional because the nqh. 

menu of 8.5 ensure that the test specimen is adequately consoli&~ 
during permeation because i f  it is not. i d o w  and O U ~ ~ O W  voluma a 
pletion of consolidation should be confirmed ( ~ e e  8.3.3.1). It u 
recommended that outflow volumes or h e a t  changes be mrded a 
means for vmfylng the completion of consolidation prior to hi* 
tion of permeation. Also. mwuremenu in the change in height of the 
test specimen. coupled with knowledge of the initial hcight, provide a 
means for checking the final height of the specimen. 

Mer sigruficantly. However, for accurate B-value detcrmina tion. cob 

8.5 Permeation: 1 

8.5.1 Hydraulic. Gradient-When possible, the hydraulic 
gradient used for hydraulic conductivity measurement, 
should be Similar to that expected to OCCUT in the field. In 
general, hydraulic gradients fiom 4 to 5 cover most field 
conditions. However, the use of small hydraulic gradient, 
can lead to very long testing times for matexiak having low 
hydraulic conductivity (less than about 1 X lod an/$. 
Somewhat-larger hydraulic gradients are usually used in the 
laboratory to accelerate testin& but e x d v e  gradients must 
be avoided because high seepage presnves may consolidate 
the material, material may be washed h m  the specimen, or 
fine particles may be washed do- and plus the 
effluent end of the test specimen. These &&% could increase 
or decrease hydraulic conductivity. If no gradient is sped& 
by the requestor, the following guidelines may be followed: 

Hydraulic Conductivity, RarommmdsdMuimum 
c m / S  HydnuliCGdimt 

I x io-’ to I x io4 
1 x 10-4 to I x lo-’ 
I x lo-’ to 1 x 1 0 4  
I x lodto I x lo-’ 
laslhan 1 x lo-’ 

2 
5 

10 
20 
30 

NOTE I l - - s e e P a g e ~ ~ a s s o c i a v d W i t h l a g e h y d r a u l i C ~  
enu can consolidate soft, compressible spcimear and redw thm 
hydraulic conductivity. It may be neassary to use smaller bydrauhc 
&enu (<IO) for such Specimens. 

8.5.2 Inifiafizafion-Initiate pameation of the specimen 
by increasing the influent pressure (set 8.3.2). The effluent 
pressure shall not be decreased becaw airbubbl csthat were 
dissolved by the Specimen warn during hac- * may 
come out of solution if the pressure is dcucad. The back 
pressure shall be maintained throughout the permeation 
P b .  

8.5.3 Constant Head Test (Methd A)-Mcasure and 
record the required head less acms the test Specimen to the 
tolerances stated in 5.1.1 and 5.2.3. The head loss across the 
specimen shall be kept constant k5 96. Mcasun and record 
periodically the quantity of inflow as well as the quantity of 
outflow. Also measure and record any changes in height of 
the test specimen, if being monitored (sec Note 11). Con- 
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time permeation until at least four values of hydraulic 
conductivity are obtained over an interval of time in which 
(I) the ratio of outflow to inflow rate is between 0.75 and 
1.25, and (2) the hydraulic conductivity is steady. The 
hydraulic conductivity shall be considered steady if four or 
more consecutive hydraulic conductivity determinations fall 
within +25 !% of the mean value for k 2 1 x IO-'' m/s or 
withm +50 !% for k e 1 x IO-" m/s and a plot of the 
hydraulic conductivity versus time shows no sigxuficant 
upward or downward trend. 

8.5.4 Falling-Head Tests (Methods B and C)-Measure 
and record the required head loss across the test specimen to 
the tolerances stated in 5.1.2. For falling-head tests, at no 
time shall the applied head loss across the specimen be less 
than 75 !% of the initial (maximum) head loss during each 
individual hydraulic conductivity determination (see Note 
12). Periodically measure and record any changes in the 
height of the specimen, if being monitored: Continue perme- 
ation until at least four values of hydraulic conductivity are 
obtained over an interval of time in which (I ) the ratio of 
outflow to inflow rate is between 0.75 and 1.25, and (2) the 
hydraulic conductivity is steady (see 8.5.3). 

effluent pressures in a manner that does not generate 
significant volume change of the test specimen. Then care- 
fully disassemble the permeater cell and remove the spec- 
imen. Measure and record the 6nal h e a t ,  diameter, and 
total. mas  of the specimen. Then determine the final water 
content of the specimen by the procedure of Method D 22 16. 
Dimensions and mass of the test specimen shall be measured 
to the tolerances specrfied in 5.13 and 7.1. 
NOTE 13-The specimen may well afk mnoval of back prcsurt as 

a result of air coming out of solution. A c o d o n  may be made for this 
effect. provided that changes in the le@ of the specimen 
monitomi during the test. The strain caused by dismantling the ell is 
computed from the length of the specimen before and afk dismantling 
the cell. The same strain is assumed to have occumd in the diameter. 
The comctcd diameter and actual length before the back prr~surr was 
timoved arc used to compute the volume of the test spaimen prior to 
dismantling the cell. The volume prior to dismantling the cell is used to 
determine the final dry density and degnc of saturation. 

9. Calculation 
9.1 Constant Head and Constant Rate of Flow Tests 

(Methods A and D)-Calculate the hydraulic conductivity, k, 
as follows: 

NOTE 12-When the water p m m  in a test specimen changes and 
the applied total stress is constanf the effective StrCJs in the test 
specimen changes, which can caw volume change that can invalidate 
the test results. The requirement that the head loss not decrrase very 
much is intended to km the eff&ve stress from c w n g  too much. 
For extremely soft, compressible test specimens. even more restrictive 
criteria might be nceded Also, when the initial and final head losses 
a c m  the test specimen do not differ by much, gnat ac~uracy is needed 
to comply with the requimncnt of 5. I .2 that the ratio of initial to final 
head loss be dctemun . ed with an accuracy of *5  56 or w. m e n  the 
initial and final head loss over ao interval of time do not differ vcry 
much, it may be possible to comply with the requirements for a constant 
head test (8.5.3) in which the head loss must not differ by more than 
e5 5% and to treat the test as aconstant head test. 

8.5.4.1 Test with Constant Tailwater Level (Method B)- 
If the water pressure at the downstream (tailwater) end of the 
test specimen is kept constant, periodically measure and 
record either the quantity of inflow or the level of water in 
the influent standpipe; measure and record the quantity of 
outflow from the test specimen. 

8.5.4.2 Test with Increasing Tailwater Level (Method 
C)-If the water pressure at the downstream end of the test 
specimen rises during an interval of time, periodically mea- 
sure and record either the quantity or inflow and outflow or 
the changes in water levels in the influent and effluent 
standpipes. 

8.5.5 Constant Rate of Flow Tests (Method D)-Initiate 
permeation of the specimen by imposing a constant flow 
rate, Choose the flow rate so the hydraulic gradient does not 
exceed the value specified, or if none is spccilicd, the value 
recommended in 8.5.1. Periodically measure the rate of 
inflow, the rate of outflow, and head loss across the test 
specimen to the tolerances given in 5.1.3. Also, measure and 
record any changes in specimen height, if being monitored. 
Continue permeation until at least four values of hydraulic 
conductivity are obtained over an intend of time in which 
( 1 )  the ratio of inflow to outflow rates is between 0.75 and 
1.25, and (2) hydraulic conductivity is steady (see 8.5.3). 

8.6 Final Dimensions of the Specimen-Ath completion 
of permeation, reduce the applied confining, influent, and 

k = QL/Ath (I) 
where: 
k = hydraulic conductivity, m/s, 
Q = quantity of flow, taken as the average of inflow and: 

L I length of specimen along path of flow, 
A = cross-sectional area of specimen, m2, 
t = interval of time, s, over which the flow Q occu~s, and 
h = difference in hydraulic head across the specimen, m of 

outflow, m3, 

water. 
9.2 Falling-Head Tests: 
9.2.1 Constant Tailwater Pressure (Method B)-Calculate 

the hydraulic conductivity, k, as folIows: 

k = In (+) 
At 

where: 
u =cross-sectional area of the reservoir containing the 

L = length of the specimen, m, 
A = cross-sectional area of the Specimen, m2, 
t = elapsed time between determination of h, and h2, s, 
hl = head loss across the specimen at timet,, m, and 
h2 = head-loss acfoss the specimen at time t2, m. 

9.2.2 Increasing Tailwater Presswe (Methad C)-Calcu- 
late the hydraulic conductivity, k, as follows: 

influent liquid, m2, 

(3) 

where: 
4, = cross-sectional area of the m o i r  containing the 

%a = cross-sectional area of the reservoir containing the 

L = length of the specimen, m, 
A = cross-sectional area ofthe specimen, m2, 
t = elapsed time between dewmination of hl and h2, s, 
h, = head loss across the specimen at time 1, m, and 
h2 = head loss across the specimen at time t2, m. 

influent liquid, m2, 

effluent lisuid, m2, 

1205 
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N m  :&For the cay in which uout = n,, = u. the quation for 
calculating k for a fall@ head tcst with a rising tailwater level is 

(4) 

9.3 Correct the hydraulic conductivity to that for 20°C 
(6893, k,, by multiplying k by the ratio of the viscosity of 
water at test temperature to the viscosity of water at 20°C 
(68'F), Rh from Table 1, as follows: 

k20 = R 4  ( 5 )  

10. Report 
10.1 Report the following information: 
10.1.1 Sample identrfylng information, 
10.1.2 Any special selection and preparation process, such 

as removal of stones or other materials, or indication of their 
presence, if undisturbed specimen, 

10.1.3 Descriptive information on method of compac- 
tion, 

10.1.4 Initial dimensions of the specimen, 
10.1.5 Initial water content and dry unit weight of the 

10.1.6 Type of permeant liquid used, 
10.1.7 Magnitude of total back pressure, 
10.1.8 Maximum and minimum effective consolidation 

Stress, 
NOTE 15-The maximum effective strcss exists at the effluent end of 

the test spcclmen and the minimum stress at the in5uent end 
10.1.9 Height of specimen after completion of consolida- 

tion, if monitored, 
10.1.10 Range of hydraulic gradient use4 
10.1.11 Final length, diameter, water content, dry unit 

weight, and degree of saturation of the test specimen, 
10.1.12 Average hydraulic conductivity for the last four 

determinations of hydraulic conductivity (obtained as d e  
scribed in 8.5.3 to 8.5.5), reported with two signrficant 
figures, for example, 7.1 x IO-'' m/s, and reported in units 
of m/s (plus additional units, if requested or customary), 
10.1.13 Graph or table of hydraulic conductivity versus 

specimen, 

2 6 5  

T-. *C Rr Tempemtwo. ' C  Rr 
0 1.783 25 0.889 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

1.723 
1.664 
1.61 1 
1.560 
1.51 1 
1.465 
1.421 
1.379 
1.339 
1.301 
1.265 
1.230 
1.197 
1.165 
1.135 
1.106 
1 .on 
1 .os1 
1.025 
1 .Ooo 
0.976 
0.953 
0.931 
0.910 

26 0.869 
27 0.850 
28 0.832 
29 0.814 
30 0.797 
31 0.780 
32 0.761 
33 0.749 
34 0.733 
35 0.719 
38 0.705 
37 0.692 
38 0.670 
39 0.865 
40 0.853 
41 0.641 
42 0.629 
43 0.61 8 
44 0.607 
45 0.59a 
46 0.585 
47 0.575 
de 0.565 
49 0.558 

A RI - (-0.02452 T + 1.495) where Tis tha cab&. 

time or pore volumes of flow is recommended. 

11. Precision and Biss 

1 1 . 1  Precision-Data are being evaluated to determine 
the precision of this test method. In addition, Subcommittee 
D18.04 on Hydrologic Propertis of Soil and R o c 4  is 
seeking pertinent data !+om users of this test method. 

11.2 Bar-There is no accepted reference value for this 
test method, therefore, bias cannot be determined. 

12. Keywords 

draulic conductivity; liner, p e a m e t e r  
12.1 coefficient of permeability; hydraulic barriers; hy- 
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4m Designation: D 5093 - 90 

Standard Test Method for 
Field Measurement of Infiltration Rate Using a Double-Ring 
lnfiltrometer with a Sealed-Inner Ring' 
This standard is issued under the hed designation D 5093: the number immaliatdy foUowing the d&lgnation indicates the year of 
O n g i d  adoption or, in the coy of midon. the year of last misim. A number in pvcnthcocs indicares the y a r  of Loa repppronL A 
supcrrcnpt @on (e) indicates an cditoripl dmgc sina the Laa m i i o n  or rrapproval. 

I. scope 
1. I This test method describes a procedure for measuring 

the infiltration rate of water through in-place soils Using a 
double-ring infiltrometer with a sealed inner ring. 

1.2 This test method is useful for soils with inliltration 
rates in the range of I x IO-' m/s to I x lo-'' m/s. When 

- infiltration rates 21 x 10" m/s are to be measured Test 
Method D 3385 shall be used. 

1.3 This test method provides a direct measurement of 
infiltration rate, not hydraulic conductivity. Although the 
units of infiltration rate and hydraulic conductivity are 
similar, there is a distinct difference between these two 
quantities. They cannot be directly related unless the hy- 
draulic boundary conditions, such as hydraulic gradient and 
the extent of lateral flow of water are known or can be 
reliably estimated. 

1.4 This test method can be used for natural soil deposits, 
recompacted soil layers, and amended soils such as soil 
bentonite and soil lime mixtures. 

1.5 The values stated in SI units are to be regarded as 
standard. The values in parentheses are for information only. 

1.6 This standard does not purpon to address the safay 
problems associated with its use. It is the responsibility ofthe 
user of this standard to establish appropriate safay and 
health practices and determine the applicability of regulatory 
limitations prior to use. 

@ 

2. Referenced Documents 
2.1 ASTM S ' t h r h :  
D 653 Terminology Relating to Soil, Rock, and Contained 

D 3385 Test Method for Infiltration Rate of Soils in Field 
nuids2 

Using Double Ring Infiltrometed 

3. Terminology 
3.1 Definitions: 
3.1.1 infiltration4ownward envy of liquid into a porous 

MY. 
3.1.2 infiltration rate, I-quantity of liquid entering a 

porous material (m3) per unit area (m2) per unit time (s), 
e x p d  in units of m/s. 

3.1.3 infiiltrometer-a device used to pond liquid on a 
porous body and to allow for the measurement of the rate at 

This test mahad is &the jurisdiction of ASTM Committee D18 on Soil 
and Rock and is the dirat  rrrpons'bility of SubcoamiW DI8.W 011 Hydroloeic 
Roprtia of Soil and Rockr 

Cunrnt edition appmved June 29,1990. Pubbbcd AugU 1990. 
a Ann& Bmk of ASTM S l d .  VolW.08. 

which liquid enters the porous body. 

method, see Terminology D 653. 

4. Stmmmy of Test Method 
4.1 The infiltration rate of water through soil is measured 

Using a double-ring idiltrometer with a sealed or covered 
inner ring (Fa I). The inliltrometer consists of an open 
outer and a sealed inner ring. The rings an embedded and 
sealed in trenches excavated in the soil. Both rings an filled 
with water such that the inner ring is submerged. 

4.2 The rate of flow is measured by connecting a flexible 
bag fiued with a known weight of water to a port on the inner 
ring. As water in6ltratcs into the ground from the inner ring, 
an equal amount of water flows into the inner ring from the 
flexible bag. M e r  a known interval of time, the flexible bag 
is removed and weighed. The weight loss, converted to a 
volume, is equal to the amount of water that has infiltrated 
into the ground. An infiltration rate is then determined from 
this volume of water, the area of the inner ring, and the 
interval of time. This process is repeated and a plot of 
infiltration rate versus time is constructed. The test is 
continued until the inliltration rate becomes steady or until 
it becomes equal to or less than a specified value. 

3.1.4 For definitions of other terms used in this test 

5. Signihnce and Use 
5.1 This test method provides a means to measure low 

infiltration ratcs associated with fine-grained, clayey so& 
and are in the range of 1 x lo'' m/s to 1 x 

5.2 This test method is particulariy useful for measuring 
liquid flow through soil moisture M a s  such as compacted 
clay Liner or covers used at waste disposal f&ties, for canai 
and reservoir liners, for seepage bhnkets, and for amended 
soil liners such as those used for retention ponds or storage 
tanks. 

5.3 The purpose of the sealed inner ring is to: (I) provide 

m/s 

......_...... ~ _................. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .... . . . . . . . .. . . . . .. . . . . . . . .. . . . . . 
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a means to measure the actual amount of flow rather than a 
drop in water elevation which is the flow measurement 
procedure used in Test Method D 3385 and (2) to eliminate 
evaporation losses. 

5.4 The purpose of the outer ring is to promote one- 
dimensional, vertical flow beneath the inner ring. The use of 
large diameter rings and large depths of embedments helps to 
ensure that flow is essentially onedimensional. 

5.5 This test method provides a means to measure infil- 
tration rate over a relatively large area of soil. Tests on large 
volumes of soil can be more representative than tests on 
small volumes of soil. 

5.6 The data obtained from this test method are most 
useful when the soil layer being tested has a uniform 
distribution of pore space, and when the density and degree 
of saturation and the hydraulic conductivity of the material 
underlying the soil layer are known. 

5.7 Changes in water temperature can introduce signifi- 
cant error in the volume change measurements. Tempera- 
ture changes will cause water to flow in or out of the inner 
ring due to expansion or contraction of the inner ring and 
the water contained within the inner ring. 

5.8 The problem of temperature changes can be mini- 
mized by insulating the rings, by allowing enough flow to 
occur so that the amount of flow resulting from a tempera- 
ture change is not significant compared to that due to 
infiltration, or by connecting and disconnecting the bag from 
the inner ring when the water in the inner ring is at the same 
temperature. 

5.9 If the soil being tested will later be subjected to 
increased overburden stress, then the infiltration rate can be 
expected to decrease as the overburden stress increases. 
Laboratory hydraulic conductivity tests are recommended 
for studies of the influence of level of stress on the hydraulic 
properties of the soil. 

a 

- 

0 
6. Apparatus 

6.1 Injilttometer Rings-The rings shall be constructed of 
a stiff, corrosion-resistant material such as metal, plastic, or 
fiberglass. The shape of the rings can be circular or square. 
However, square rings are recommended because it is easier 
to excavate straight trenches in the soil. The rings can be of 
any size provided: (I) the minimum width or diameter of the 
inner ring is 610 mm (24 in.); and (2) a minimum distance of 
6 10 mm is maintained between the inner and outer ring. The 
following is a description of a set of rings that can be 
constructed from commonly available materials, incorpo- 
rates the requirements described above, and has worked well 
in the field. 

6.1.1 Ourer Ring-A square ring (Fs 2) comprised of 
four sheets of aluminum approximately 3.6 m by 9 10 mm by 
2 mm (12 A by 36 in. by 0.080 in.) The top edge of the 
aluminum sheet is bent 90' in order to provide rigidity. A 
hole is provided in the center of the top edge. One edge of 
each sheet is bent 90'. Holes are drilled along each side edge 
so that the shats can be bolted at the corners. A tlat rubber 
gasket provides a seal at each corner. A Wire cable approxi- 
mately 15 m long with a clamp may be needed to tie the top 
edges together. 

6.1.2 Inner Ring-A square ring (Fs 3), 1.52 m (5 A) on 
a side. marit- nf fih-lacc movided with two ports. The top is 

. 

a 

2 6 5  

boll holes 

FIG. 2 Panel For Outer Ring 

INNER RING 

1/4' FIBERGLASS 

4 - -  

A-A 

mJ 

E-8 

flQ. 3 InnuRhg 

shaped in such away as to vent air from the ring asit is hlld 
A port is provided at the highest point so that any air that 
accumulates in the ring during the test can be flushed out. 
One port must be located at the top of the ring The othcr 
port must be located beneath the top port. A 150 mm (6 in.) 
skirt, that is embedded into the soil, is provided along the 
edge of the ring. Barbed fi-jtings that acccpt flexible tubing 
are attached to the ports. Handles are provided at each 
comer of the inner ring. 

6.2 Flexible Bug-Two clear flexible ba@ with a capacity 
of 1000 to 3000 mL. Intravenous bags available from 
medical supply stores work well. A means for attaching a 
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aut-off valve to the bag shall be provided. The shut-off valve 
&dl be provided with a barbed fitting that will connect to 
fie inlet tube on the inner ring. 

6.3 Tubing-Clear, flexible tubing approximately 4.5 m 
(I5 ft) long with a minimum ID of 6 mm (114 in.) 

6.4 Scissors or KniJe. 
6.5 Excavation Tools. 
6.5.1 Mason 3 Hammer-Hammer with a blade approxi- 

mately 120 mm long and 40 mm wide. 
6.5.2 Trenching Machine-Capable of excavating a 

trench with a maximum width of 150 mm (6 in.) and a depth 
of 460 mm (18 in.) 

6.5.3 Chain Saw-(Optional--see Note I )  Equipped with 
a carbide-tipped chain and bar. 

6.5.4 Hand Shovel* garden type. 
6.6 Levels-A surveyor’s level and rod and a carpenter’s 

level. 
6.7 Buckets-Five buckets with a capadity of approxi- 

mately 20 L (5 gal.) 
6.8 Blocks-Cinder blocks to serve as a platform for the 

flexible bag. 
6.9 Cover-An opaque cover to place on top of the outer 

ring. The cover can be a tarp or plywood supported by 
wooden beams. 

6.10 Grour-A bentonite grout for filling the trenches and 
sealing the rings in place. 

6.11 Mixing Equipment-A large (four bag) grout mixer 
for mixing the bentonite grout. 

6.12 Trowel. 
6.13 Thermometer-Readable to 0.5’C with a range of 0 

6.14 SeaIdapaci ty  of 40oO g and an accuracy of 1 g. 
6.15 Watch-Readable to 1 s. 
6.16 Water Supply-Preferably water of the same quality 

as that involved in the problem being examined. Approxi- 
mately 5600 L (1400 gal) are needed for this test. 

6. I7 Splash Guard-Plywood, rubber sheet, or burlap 600 
by 600 mm(2 by 2 A). 

to 50’c. 

7. Test Site 
7.1 The test requires an area of approximately 7.3 by 7.3 

m (24 by 24 A). 
7.2 The slope to the test area should be no greater than 

approximately 3 %. 
7.3 The test may be set up in a pit if inliltration rates are 

desired at depth rather than at the surface. 
7.4 The test area shall be covered with a sheet of plastic to 

keep the surface from drying. 
7.5 Representative samples of the soil to be tested shall be 

taken before and aftcr the test to determine its moisture 
content, density, and specific gravity. The thickness of the 
layer being tested shall be determined as well as the approx- 
imate hydraulic conductivity of the layer beneath it. 

8. Rocedure 
8.1 Assembly of Ourer Ring-Wipe off gaskets and side 

edges of the outer ring Align gasket between the edges and 
bolt edges together. 

8.2 Excavation of Trenches: 
8.2. I Place both rings on the area to be tested. Center the 

inner ring within the outer ring Make sure that the outer 

ring is square by using the tape measure to check that the 
length of the diagonals are equal. 

8.2.2 If plastic is covering the test area, cut out thin strips 
along the edge of each ring so that the trenches can be 
excavated. Leave as much of the plastic on as possible in 
order to keep the soil from dryrng. 

8.2.3 Use the bottom edge of each ring to scribe a line on 
the ground to use as a guide for excavating the trenches. 

8.2.4 Note the orientation of the rings and set them aside. 
8.2.5 Use the surveyor’s level and check the ground 

elevation where the cornem of each ring will be. Note the 
high spots and excavate deeper in these areas so that the rings 
will be level. 

8.2.6 Use the trenching machine and excavate a trench for 
the outer ring. The trench should be about 146 mm (18 in.) 
deep. Excavate deeper at high spots. 

8.2.7 Use a small hand shovel to remove any loose 
material in the trenches. 

8.2.8 Place the outer ring in the trench and use the 
carpenter’s level to check that the top of the ring is 
reasonably level (i30 mm). Also check that the outer ring is 
square. Remove the ring and excavate any areas keeping the 
ring from being level and square. 

8.2.9 Set the outer ring aside and cover the trenches to 
prevent the soil from drylng. 

8.2.10 Use the mason’s hammer and excavate a trench 50 
by 110 mm (2 by 4.5 in.) for the inner ring. Excavate deeper 
in high spots so that the inner ring will sit level in the trench. 
Excavate the Wnch carefully so that the surrounding soil is 
disturbed as little as possible. When using the mason’s 
hammer, it is best to start by digging down several inches in 
one spot and then advancing the trench forward by chopping 
down on the soil. Do not pry the soil up as this tends to Lift 
up large wedges of soil, opens cracks, and causes the trench 
to be oversized. 

8.2.1 1 Place the inner ring in the trench to check the fit. 
Excavate any areas where the ring does not fit. Use a 
surveyor’s level to check the elevation of the comers of the 
ring. The inner ring needs to be level or shghtly tilted so that 
the back end is slightly lower than the front end. 

8.2.12 Set the ring aside and cover the trenches. 

NOTE I-A chain saw that is equipped with a carbide-tipped chain 
and a bar may be used to excavate the trenches Use of a chain saw will 
not oniy reduce the time needed to excavate the trench but will also 
greatly decrrase the amount of grout needed to fill the trencha If a 
chain saw is used, the trenches need only be 25 mm (1 in.) wide. A cham 
saw will not work well in some soils. A vial trench should be made to 
determine if it will work. 

8.3 Installation of Rings: 
8.3.1 Use the grout mixer to prepare enough grout to fill 

the trenches. The hydraulic conductivity of the grout should 
be less than approximatdy I x IO-* m/s. 

8.3.2 Fd the trenches to within 2.5 mm ( 1  in.) of the top 
of the trench. Rod or tamp the grout to remove any 
entrapped air. - 

8.3.3 Lift the inner ring and center it over the inner ring 
trench. Lower it into the trench and slowly push it down. 
Keep the ring level as it is pushed into place. 

8.3.4 Use a surveyor’s level to check that the ring is level. 
8.3.5 Use a trowel to press the grout against the outside 

wall of the ring in order to ensure a good seal. 
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8.3.6 Cover the grout with plastic to prevent desiccation. 
8.3.7 Lift the outer ring and center it over the outer ring 

8.3.8 Keep the ring level and push it into place. 
8.3.9 Use the carpenter’s level to make sure that the ring is 

8.3.10 Use a trowel to push the grout against both the 

8.3.1 1 Cover the grout with plastic to prevent desiccation. 
8.3.12 Flacc several cinder blocks between the inner and 

outer rings in the vicinity of the ports on the inner ring. 
These blocks will be used as a platform to stand on when 
connecting the fittings to the inner ring and also to support 
the flexible bags. The blocks should be no higher than 100 
mm (4 in.) 

8.3.13 Pile soil along the outside of the outer ring to a 
height of at least 30 cm (12 in.) This soil places an 
overburden pressure on the grout that will -prevent it from 
being pushed out of the trench when the rings are filled with 
water. 

8.4 Filling the Rings: 
8.4.1 Fiu two buckets with water and place one on each 

back comer of the inner Mg. The buckets are placed on the 
inner ring to counteract the upliA force that acts on the ring 
as it is being 6Ud Make sure that the buckets are placed on 
the edge of the ring, not in the center as this may overstress 
the ring and cause it to crack Do not to spiU any water 
around the inner ring as this will make it dimcult to check 
for leaks in the seal. 

8.4.2 Place an empty bucket upside down on the ground 
near the top port on the inner ring. Place a second bucket on 
the first bucket. Fiu the second bucket with water. Cut a 
length of the flexible tubing long enough to reach from the 
top bucket to the top port on the inner ring. Siphon the water 
from the bucket to the inner ring. Allow the siphoning to 
continue until the depth of the water in the inner ring is 
approximately 25 mm ( 1  in.). Avoid spilling any water 
around the inner ring during this filling process as this will 
make it diacult to check for leaks. Any other suitable 
method for adding the required volume of water to the inner 
r i n g m a y a l s o b e d  

8.4.3 Let the water stand in the inner ring for at least 30 
min. Check for lcalrs in the inner ring seal and repair any 
that an found. 

8.4.4 Start tilling the outer ring slowly so as not to scour 
the soil and muddy the water. Dim3 the water so that it hits 
a splashboard first Fd the outer ring until the water level is 
approximately 100 mm (4 in.) above the top of the inner 
Mg. While the rings arc being filled, use aboard or shovel 
handle to gently tap the inner ring to dislodge air bubbles 

until bubbles cease to emerge from the top port. 
8.4.6 Remove the buckets from the top of the inner ring. 
8.5 Installation of Fittings and Tubing: 
8.5.1 Wrap the threads of the two barbed fittings with 

m-fluorocarbon tape. 
8.5.2 Saturate the fittings and COM- them to the inner 

ring Screw one of the barbed fittings into the top port and 
the other barbed fitting into one of the lower ports. Use 
caution when screwing the fittings into the ports as the 
threads in fiberghss h e r  rings can be easily damaged. 

trench. 

level. 

inside and the outside of the ring to ensure a good seal. 

- 

0 

that an trapped inside. continue tapping on the inner ring 

0 

8.5.3 Cut two lengths of the clear flexible tubing, one 
9Wmm ( 3 4 )  piece and one 1800-mm (64) piece. 

8.5.4 Saturate the tulnng by placing it under water. & 
sure to remove all air bubbles. 

8.5.5 Connect one end of the 1.8-m (64) piece to the 
fitting in the top port and seal the other end with a pluB 
fitting. Do not let air into the tube during this process. & 
tube is the flush tube. 

8.5.6 Connect the end of the 900-mm ( 3 4  piece to the 
barbed fimng in the lower poR Prop the open end of 
tube on the cinder block platform. Water is being drawn in@ 
this tube so be sure not to allow the open end of the tube to 
float to the surface and draw in air or sink to the bottom ad 
draw in mud. This tube is the inlet tube. 

8.6 Covering the Rings: 
8.6.1 Cover the rings with either a tarp or plywood. ne 

purpose of the cover is to minimize evaporation, minimize 
temperature changes, and inhibit the growth of algae. 

8.6.2 h v i d e  a means in the cover that makes it convm. 
ient to access the front of the inner ring to connect and 
disconnect the measurement bag. 

8.7 Maintaining the Water Level: 
8.7.1 Place a mark indicating the water elevation on the 

inside wall of the outer ring near the cinder blocks 
8.7.2 O h e  the water level within the outer ring during 

the test and refill the ring to this mark before the water lev4 
drops more than 25 mm ( 1  in.) below the mark. Record the 
date, time, and the amount of water added. 

8.8 Purging the Inner Ring-- the test, air may 
accumulate beneath the inner ring. This air may intraduce 
error in flow measurements and consequently should bc 
purged on a regular basis as follows. 

8.8.1 Disconnect bag, if one is prescui from end of inla 
tube. 

8.8.2 Lift the plugged end of the flush tube out of outer 
ring and below the water level in the outer ring so that water 
can be siphoned out of inner ring. 

8.8.3 Remove plug h m  end of flush tube. Water and air 
if present will start to flow out of inner ring If air completely 
fills the tube, the syphon will be lost Ifthis happens, saturate 
the tube and restart the siphon. 

8.8.4 Allow water to flow h m  end of tube until air ceascs 
to emerge from inner ring. Replace plug in end of flush tube 
and place tube back into outer ring. Note the approximate 
volume of purged air. Volume can be dctermiaed by 
multiplying the flow area of the flush tube by the height of 
the air bubbles which flow out of the tubc. 

8.8.5 Wait at least 30 min before takhg any flow mea 
surements. 

8.8.6 Purge the inner ring on a weekly basis until no 
significant amount of air is found. 

8.9 Measurements: 
8.9.1 Attach the shut-off valve to the flexible bag and fill 

the bag with water. Remove all air bubbles from the bag. Us 
water that has been degassed or allow the bag to sit ovemight 
so that the water can degas. If left to sit ovcrnighs remove 
any air bubbles Do not overfill the bag so that the water 
inside is under pressurr. 

8.9.2 Dry the outside of the bag and mrd its weight to 
the nearest gram. 

8.9.3 With the shut-off valve closed, attach the bag to the 



end of the inlet tube connected to the inner ring. Be 
not to trap any air bubbles in the inlet tubing or in the 

,,&e when attaching the bag. Lay the bag down on the 
,inder block platform. 

8.9.4 Record the time, date, temperature of the water in 
be outer ring, and the depth of the water in the outer ring, 
a d  then Carefdy open the shut-off valve on the bag Check 
that the inlet tube is not pinched and that the bag is arranged 

. in such a manner that water can flow freely from it into the 
inner ring. 

8.9.5 Sometime before the bag empties, close the shut-off 
dve,  disconnect the bag from the inlet tube, and record the 
date, time, temperature of the water in the outer ring and the 
depth of the water in the outer ring. Be sure to prop the open 
end of the inlet hose as pointed out in 8.5.6. Do not leave the 
k g  on long enough to empty as this will create a suction in 
the inner ring and cause leaks in the grout seal. 

8.9.8 Dry the bag and record the weight of it to the nearest 
Tam. 

8.9.9 Rem the bag and repeat 8.9.2 through 8.9.8 until 
the infiltration rate (see Section 9) becomes steady or drops 
below a predetermined value. 

NOTE 2--The reading times am govtmed primarily by the length of 
time the bag can remain connected to the inner ring without emptying. 
This length of time can only be determined through experience. Initially, 
flow rates wdl be high and the bag may n#d to be disconnected after 
several houn. As the test progrrsses the flow rate will slow and the 
length of time it takes the bag to empty may increasc to several days or 
WfXkS. 

A second important factor that governs when readings 
should be made is the temperature of the water. In order to 
minimize the effects of temperature changes on the mea- 
sured flow rate, the bag should be disconnected from the 
inner ring when the water is at the same temperature (within 
k2'C) as when the bag was connected. More consistent 
readings are usually obtained if readings are made between 7 
am and 9 am. 

NOTE 3-It is not necessary to have the bag connected to the inner 
ring continuously. Flow only needs to be measured o v a  timed intervals 
so that a plot of infiltration rate versus time can be coIIsrmctcd. The 
infiltration rate is not influenced by whether or not the bag is connected 
to the inlet tube. If the flow rate is high, it is more convenient to connect 
the bag to the inner ring for several hours a day and leave the inlet tube 
open in the outer ring for the remainder of the time. 

NOTE &When connecting or disconnecting the bag from the inner 
ring, do not raise the bag above the level of the water in the outer ring 
with the s h u t 4  valve open. This would cause an uplift foru to act on 
the inner ring and could cause it to rise out of the trench. 

0 

8.10 Ending Test: 
8.10.1 Remove the fittings and tubing from the inner ring. 
8.10.2 Drain water from rings. 
8.10.3 Excavate the grout from around the rings and pull 

the rings out of the ground. 
8.10.4 Excavate a narrow trench in the area encompassed 

by the inner ring and take moisture content samples every 25 
mm (1 in.) to a depth of 150 mm (6 in.) below the observed 
wetting front. An alternative to this is to push a thin-walled 
sampling tube into the soil, extrude the soil, and slice it every 
25 mm (1 in.) for moisture content samples. 

- 9. Calculption 
@ 9.1 Calculate the infiltration rate for each timed interval 

as follows: 

where: 
Q = volume of flow, mL, 

W, = initial weight of bag, g, 
W, = final weight of bag, g, 
t 
r ,  
t ,  
A 

9.2' Calculate the amount of flow which resulted from any 
temperature fluctuations for each timed interval.(see Note 5) .  
If the flow due to temperature fluctuations is greater than 
20 !% of the total flow measured, then correct the flow used 
to calculate the infiltration rate by this amount. 

NOTE 5-Expansion and contraction of the inner ring due to 
temperature changes will cause water to flow into or out of the 
measurement bag. The inner ring should be calibrated to determine if 
the flow resulting from ternperaturn change is signiticant compared to 
flow due to infiltration. Calibration can be pcrfomed by sealing the 
inner ring to the bottom of a small plastic pool. Fd the pool and ring 
with water and allow the temperanur to Rach equilibrium. Connect a 
measurement bag to the inner ring and add ice to the pool water to lower 
the t e m p e r a m  several degrees. M o w  the ternperam to reach 
equilibrium and remove the bag. Determine the waght loss/gain and 
convert it to a volume of water. Divide this volume of water by the 
change in temperature to obtain a calibration factor for tempemure 
changes. 

9.3 Note the rdume of air expelled from the weekly 
purging of the inner ring. Compare this volume of air with 
the volume of infiltration that occurred during the time the 
air collected in the inner ring. If this volume is ugnificant, 
(that is, 20 96 of that used to determine infiltktion in 9.1,) 
then adjust the infiltration rates in 9.1 to account for it. 

= w, - w, 

= time of flow, s = t2 - t , ,  
= time shutsff valve on bag was opened, 
= time shut-off valve was closed. and 
= area of inner ring, m2. 

10. Report 
10.1 Report the following information: 
10.1.1 A data sheet such as the one shown in Fii 4, 
10.1.2 A semi-log plot of infiltration versus time such as 

10.2 Additional optional information that can be pre- 

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 termina- 

10.2.7 Estimate of the depth to the saturation front. 

that shown in Fig. 5, 

sented in the report includes the following, 

tion of test, 

11. Recision and Bipp 

1 1.1 Precision-Due to the nature of the soil or rock 
materials tested by this test method, it is either not feasible or 
too costly at this time to produce multiple specimens which 
have uniform physical propedes. Any variation observed in 
the data is just as likely to be due to specimen variation as to 
operator or laboratory testing variation. Subcommittee 
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D18.04 welcomes proposals that would allow for develop 
ment of a valid precision statement. 

1 1.2 Bias-There is no accepted teference value for this 

12. K e F d  

moisture infiltrometcr 
12.1 double ring infiltration; in-place infiltration; 
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SECTION 01000 

GENERAL REQUIREMENTS 

PART1 GENERAL 

1.01 

A. 

1.02 

A. 

1.03 

A. 

1.04 

A. 

1.05 

A. 

SECTION INCLUDES 

This Section of the Specifications describes the general requirements and establishes the 
qualifications of the Test Pad Contractor for test pad construction. 

RELATED SECTIONS 

All sections. 

PARTIES 

The parties directly involved with the test pad program are defined below. 
1. 
2. 
3. 

4. 

Construction Contracts Manager refers to FERMCO. 
CQA Engineer refers to GeoSyntec Consultants. 
The Test Pad Contractor refers to the earthwork contractor procured by FERMCO 
to do the Work. 
The Surveyor refers to a licensed or otherwise appropriately trained and qualified 
(as established by the Construction Contracts Manager) surveyor from the 
FERMCO organization designated to provide survey control and layout during the 
test pad construction. 

SCOPE OF WORK 

The scope of work for the test pad program is set forth in the Test Pad Work Plan 
(TPWP). The TPWP is an integral part of the contract for the Work. 

TEST PAD CONTRACTOR RESPONSIBILITIES 

The Test Pad Contractor shall be responsible for constructing the test pads in 
accordance with the TPWP. The Test Pad Contractor shall be responsible for the 
activities listed below and as described in all other sections of these Specifications and 
the TPWP. 
1. Familiarizing all Test Pad Contractor personnel with the applicable requirements 

of the TPWP. 
2. Familiarizing all Test Pad Contractor personnel with the Health and Safety Plan 

for the test pad program. 
3. Participating in a preconstmction meeting. 
4. Installing and maintaining all erosion and sediment (E&S) control measures. 

- 
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5 .  

6. 
7. 
8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 

Constructing the construction access road and installing temporary drainage 
culverts. 
Providing security fencing around the test pad construction site. 
Clearing, grubbing, and stripping topsoil from the test pad construction site. 
Stockpiling topsoil in areas designated by the CQA Engineer or Construction 
Contracts Manager. 
Providing equipment and labor for the construction of the test pads. 
Constructing the test pads. 
Providing equipment and labor to assist CQA personnel. 
Repairing all sample and test locations, as directed by CQA personnel. 
Protecting all completed work from damage and repairing all damaged Work. 
Decommissioning the test pads. 
Restoring the disturbed area through final grading, topsoil replacement, and 
reseeding. 
Removing temporary E&S controls after vegetation has been re-established. 
Providing all required record documentation. 
Performing all activities in accordance with FERMCO Health and Safety (H&S) 
requirements and other applicable site procedures. 

1.06 TEST PAD CONTRACTOR EXPERIENCE QUALIFICATIONS 

A. The Test Pad Contractor shall be a registered Test Pad Contractor in the State of Ohio 
and shall meet all other requirements including insurance and bonding in accordance 
with the general conditions of the contract documents. 

B. The superintendent in charge of construction for the Test Pad Contractor shall be on-site 
full time during construction of the test pads and shall have a minimum of three years 
experience in directing earthwork construction, preferably responsible charge for 
successful completion of compacted clay liner or cap for a solid waste disposal facility. 

1.07 HEALTH AND SAFETY 

A. It is the sole responsibility of the Test Pad Contractor to be completely familiar with 
and follow all procedures set forth in the FERMCO Health and Safety Plan. . 

PART2 PRODUCT 

This part not used. 
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PART3 EXECUTION 

This part not used. 

[END OF SECTION] 
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SECTION 01050 

PROJECT SURVEYING 

PART1 GENERAL 

1.01 SECTION INCLUDES 

A. The Work of this Section shall include, but not necessarily be limited to: establishing 
(layout and marking) construction control points, providing a pre-construction 
topographic survey of the test pad construction site, providing verification of grades 
prior to, during, and after test pad construction, providing documentation of lift 
thickness prior to and after compaction of clay lifts on the test pads, and providing 
topographic survey of the test pad construction site after grades have ben re-established. 

1.02 RELATED SECTIONS 

A. All Sections. 

PART2 EQUIPMENT 

2.01 The survey instruments used on this project shall be capable of reading to a precision 
of 0.01 feet and with a setting accuracy of 10 seconds. 0 

PART3 EXECUTION 

3.01 The Surveyor shall establish at least three temporary benchmarks (control points) in 
close proximity to the test pad construction site that are referenced laterally and 
vertically to the site coordinate system and National Geodetic Vertical Datum (NGVD). 

3.02 The Surveyor shall stake the location of each control point shown on the figures 
provided in the Test Pad Work Plan (TPWP). These include, but are not necessarily 
limited to, the four comers delineating the test pad construction site, the four comers 
delineating the locations of the test pads, and the boundaries of the borrow excavation. 

3.03 The Surveyor shall provide documentation clearly demonstrating that the test pad 
construction site is sloped at a downward grade of 2 percent (f0.5 percent) toward the 
silt-fence and straw-bale filter check dam located at the south end of the site. 

3.04 The Surveyor shall provide documentation for every lift of each test pad certifying that 
the loose lift thickness is 8 f 1 .O inches. 

- 

@ GE3900-04.llF9530125.CD 0 1050- 1 



c 265 
FEMP OSDF-SPEC-REV 0 

Section 01050: hoiect Surveying 

3.05 The Surveyor shall provide coordinates for no less than eight points delineating the final 
extent of the borrow excavation and elevations at the bottom of the borrow excavation. 

3.06 The Surveyor shall provide a plan sheet showing 1-foot topographic contours after the 
test pad program is complete and the area has been restored to the conditions which 
existed prior to the test pad program. The topographic plan shall extend at least 25 feet 
beyond the limits of the test pad construction site. 

[END OF SECTION] 
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SECTION 01600 

MATERIALS ANDEQUIPMENT 

PART1 GENERAL 

1.01 DELIVERY AND STORAGE 

A. The Test Pad Contractor shall coordinate all orders and deliveries with the progress of 
the work so as to cause no undue delays in any part of the work and shall receive all 
deliveries in good condition, suitable for installation. Generally, all materials stored at 
the site shall Ibe kept in good condition raised off the ground, protected from weather 
and vandalism, adequately ventilated, and so arranged as to prevent damage, distortion, 
deterioration, or other harm which would detract from their appearance or function. 

B. All materials delivered to the site shall bear manufacturer's trade names, labels, stamps, 
or other suitable identification clearly marked in a conspicuous place. 

1.02 MATERIALS AND EQUIPMENT 

A. Unless otherwise specified, all materials shall be new, and all equipment shall be of 
such quality as to be in good working condition and as required to satisfy the standards 
of the Contract Documents. The Test Pad Contractor shall, if required, furnish 
satisfactory evidence as to kind and quality of all materials and equipment. 

1.03 EQUIPMENT ACCESS 

A. The Test Pad Contractor shall arrange with the Construction Contracts Manager for site 
access for all construction equipment. 

PART2 EQUIPMENT 

2.01 LIST OF REQUIRED EQUIPMENT 

A. The Test Pad Contractor shall provide all equipment required to perform the work 
described in the Test Pad Work Plan (TPW)  and in these Specifications. The 
equipment shall include, but not be limited to, the equipment listed below during test 
pad construction. 
1. Caterpillar 815B soil compactor meeting the specification in Table 01600-1. 
2. Caterpillar D6 or D7 bulldozer or approved equivalent. 
3. Caterpillar 613C water tanker truck or approved equivalent. 
4. Caterpillar 6 13 elevating scraper or approved equivalent. 
5 .  Harrowing disc, consisting of two rows of twelve discs, each disc having a 

- 

diameter of 18 in. (450 mm). 
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B. 

C. 

D. 

E. 

F. 

6. 
7. Hand compactor. 
8. Walk-behind smooth drum roller. 
9. Rock rake for processing soil. 
10. Sump pump with 50 capacity of at least 250 gallons per minute (gpm). 

Caterpillar 140G motor grade or approved equivalent. 

The Test Pad Contractor shall be prepared to provide a Caterpillar SS250, soil stabilizer 
or approved equivalent to the project site, should the results of preliminary soil pre- 
processing evaluations performed by the Test Pad Contractor using a disc or rake not 
result in satisfactory breakdown of soil clods or uniform blending of moisture (see 
Section 02220 of these Specifications). 

The Construction Contracts Manager will-notify, in writing, the Test Pad Contractor 
of the need to provide a SS250 soil stabilizer, or equivalent, to the project. The Test 
Pad Contractor shall provide the soil stabilizer on-site within two working days of 
written notification of the need for such soil stabilizer. 

The Test Pad Contractor shall provide a field office for the CQA Engineer personnel 
which shall meet the following: 
1 .  Be of sufficient size to allow four (4) persons to work comfortably, shall be 

capable of supporting normal office operations, and shall be large enough to 
conduct basic soil index testing activities. The field office for the CQA Engineer 
shall have an automatic-feed copy machine. 
Be provided with adequate heating, air conditioning, and electric lighting for the 
full duration of the test pad program. The offices shall have continuous power not 
subject to voltage fluctuations which are capable of damaging electrical equipment. 
The Test Pad Contractor shall maintain the condition of all offices. 
Provide portable (cellular) telephone capabilities in the trailer. The Test Pad 
Contractor shall pay the cost for local calls of the CQA Engineer. Telephones 
shall be equipped with easily audible gongs and shall be kept in operation until the 
test pad program is entirely completed. Wall mounted pay phones will not be 
acceptable. 

2. 

3. 

The Test Pad Contractor shall provide and maintain in a neat and sanitary condition 
such sanitary conveniences and accommodations for the use of his employees, the CQA 
Engineer personnel, and others, as may be necessary. 

The Test Pad Contractor shall provide and maintain a temporary potable and water 
supply at the location of the field offices. The Test Pad Contractor shall obtain non- 
potable water for constructing the test pads (and other construction activities such as 
dust control) from an on-site source specified by the Construction Contracts Manager. 
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G. The Test Pad Contractor shall provide and maintain temporary electricity (i.e., 
generators) throughout the duration of the test pad program. The Test Pad Contractor 
shall provide and install all temporary wiring lamps, accessories and current required 
for completion of the Work. Temporary wiring shall be installed so as not to interfere 
with construction activities or ongoing on-site business activity of the CQA Engineer. 
The Test Pad Contractor shall provide all fuel and activities required to keep the 
generator@) continuously operational (overnight and weekends, etc.) throughout the 
duration of the test pad program. 

a GE3900-04.1 lF9530 127. CD 01600-3 96.04.11 
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Flywheel Power 
Operating Weight") 

'L . 

Specified Value 

216 hp 
44,175 lb 

TABLE 01600-1 

Engine Model 
Rated Engine RPM 

No. Cylinders 
Displacement 

Notes: 1 .  
2. 

3306 
2206 

6 
638 in3 

3. 
4. 

TAMPING FOOT WHEELS: 
Each Drum Width 
Diameters, over feet 

over drum 

Feet per Wheel 
Feet per Row 

Rows of Feet 
Foot Length 

End Area Per Foot 
Width of Two Pass Coverage 

GENERAL DIMENSIONS: 
Height (top of ROPS) 
Height (stripped 

Wheel Base 
Overall Length with Dozer 

Width over Drums 
Ground Clearance(4) 

CATERPILLAR 815B 
SOIL COMPACTOR SPECIFICATIONS'') 

3'2.5" 
4'8" 

3'4.5" 

60 
12 

5 
6.6" 

21 in2 
14'3" 

11'7" 
7'10" 

11'0" 
22'4" 

10'8" 
8" 

~ 

STRAIGHT BULLDOZER: 
Width 
Height 

~~ 

12' 
2'10" 

SPEEDS: 
.Forward 
Reverse 

4 
4 

40'3" I 122 U.S. gal. 
Turning Circle with Blade 
Fuel Tank Refill Capacity 

Obtained from Catelpillor performance Handbook, Edition 19, October 1988. 
Operating Weight includes coolant, lubricants, bulldozer, hydraulics, ROPS canopy, - full fuel tank and 
operator. 
Height (stripped top) - without ROPS. exhaust, seat back or other easily removed encumbrances. 
With Compactor feet at 100% penetration. 

[END OF SECTION] 
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SECTION 02110 

CLEARING, GRUBBING, AND STRIPPING 

PART1 GENERAL 

1.01 SECTION INCLUDES 

A. The Test Pad Contractor shall furnish all labor, materials, tools, supervision, 
transportation, installation equipment, and incidentals necessary to complete the work 
specified herein and described in the Test Pad Work Plan (TPWP). The work shall 
include, but not limited to: 
1. clearing and grubbing the test pad construction site and construction access road 

corridor of existing vegetation, brush, and surface debris; and 
2. stripping and transporting top soil to the location of the runon control berms or 

stockpiles at locations shown in the TPWP or as directed by the CQA Engineer. 

1.02 RELATED SECTIONS 

A. Section 01OOO - General Requirements 

B. Section 01025 - Measurement and Payment 

C. Section 01050 - Project Surveying 

D. Section 02270 - Erosion and Sediment Control 

1.03 REFERENCES 

A. Ohio Department of Natural Resources, Rainwater and Land Development, 2nd ed., 
1996. 

1.04 COMPLIANCE WITH REGULATIONS 

A. It is the sole responsibility of the Test Pad Contractor to be completely familiar with 
and to follow all local, state, and federal regulations pertaining to the work required in 
this section. 

1.05 EXISTING CONDITIONS 

A. The approximate locations of known underground and above ground utility lines and 
structures within the limit of test pad construction site are identified in the TPWP. The 
Test Pad Contractor shall comply with applicable regulations in locating and providing 
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clearance for all underground and above ground utilities prior to beginning construction 
activities. The Test Pad Contractor shall immediately notify the CQA Engineer if other 
utility lines or structures, not shown on the Drawings, are encountered. Repair of 
damage and all restitution for liabilities resulting from any damage to existing facilities 
due to activities by the Test Pad Contractor shall be at the Test Pad Contractor's 
expense. 

PART 2 PRODUCTS 

2.01 MATERIALS 

A. Materials to be cleared includes trees, shrubs, and any debris or other foreign matter 
that is not suitable for inclusion directly underneath the test pad or test pad construction 
site, as identified by the CQA Engineer. 

B. Existing top soil shall be the surfkial material occurring within the limits of the test pad 
construction site to a depth ranging from zero to approximately 12 inches (or deeper as 
identified by the CQA Engineer) beneath the ground surface. 

PART3 EXECUTION 

3.01 FAMILIARIZATION e 
A. Prior to implementing any of the work described in this Section, the Test Pad 

Contractor shall become thoroughly familiar with the site, the site conditions, and all 
portions of the work covered by this Section. 

B. Inspection: 
1 .  Prior to implementing any of the work in this Section, the Test Pad Contractor 

shall carefully inspect the installed work of all other Sections and verify that all. 
work is complete to the point where the work of this Section may properly 
commence without adverse impact. 
If the Test Pad Contractor has any concerns regarding the installed work of other 
Sections, he shall notify the CQA Engineer in writing prior to the commencement 
of operations. Failure to notify the CQA Engineer will be construed as Test Pad 
Contractor acceptance of the related work of all other Sections. 

2. 

3.02 EROSION AND SEDIMENT CONTROL 

A. Prior to implementing any of the work described in this Sect'on, the Test Pad 
Contractor shall install all erosion and sediment controls in the relevant area(s) of 
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B. 

3.03 

A. 

B. 

C. 

D. 

E. 

3.04 

A. 

construction, including all areas identified in the TPWP and all areas downgradient of 
any ground disturbance. 

Construction details and requirements representing the minimum erosion and sediment 
control standards that shall be met by the Test Pad Contractor are provided in the 
TPWP and in Section 02270 of these Specifications. However, regardless of any 
minimum standards, the Test Pad Contractor is solely responsible for selecting, 
implementing, and maintaining proper and fully adequate erosion and sediment controls 
at all times. 

CLEARING AND GRUBBING 

Clearing and grubbing shall only be performed in areas identified within the limits of 
the test pad construction site identified in the TPWP and approved by the CQA 
Engineer. All erosion and sedimentation controls shall be in place before the start of 
clearing. 

If weather conditions are unsuitable for clearing and grubbing, as determined by the 
CQA Engineer, the Test Pad Contractor shall cease operations until permission to 
resume operations is obtained from the CQA Engineer. 

The Test Pad Contractor shall clear all areas required for access to the site and 
execution of work. Clearing shall consist of removing trees, undergrowth, and 
deadwood. Clearing activities shall be performed in a manner so as to minimize 
disturbance to the existing top soil. Vegetation removed during clearing operations shall 
be shredded, chipped or otherwise reduced in size to a maximum dimension of 1 inch. 
Cleared material shall be transported to a location designated by the Construction 
Contracts Manager. 

Grubbing shall consist of the removal stumps, roots, and surficial debris from the limits 
of the test pad construction site identified in the TPWP. Grubbed material shall be 
transported to a location designated by the Construction Contracts Manager. 

If deemed necessary by the CQA Engineer, clearing and grubbing for the construction 
access road shall also be the responsibility of the Test Pad Contractor. 

STRIPPING 

Existing top soil shall be removed from areas within the limits of the test pads, the 
borrow excavation, and other areas of the test pad construction site required to facilitate 
equipment traffic. The top soil shall be transported by the Test Pad Contractor to a 
location designated by the Construction Contracts Manager. 
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B. Equipment and methods of operation shall be selected by the Test Pad Contractor with 
the intent of minimizing disturbance to underlying soils. 

C. If soil or weather conditions are unsuitable for top soil stripping, as determined by the 
CQA Engineer, the Test Pad Contractor shall cease stripping activities until permission 
to resume stripping activities is obtained from the CQA Engineer. 

3.05 SOIL STOCKPILING 

A. Stripped top soil shall be placed in stockpiles of neat configurations and having 
sideslopes no steeper than 1H:lV. The surface of each stockpile shall be shaped and 
tracked prior to the end of each working day during which soil is stockpiled. 

3.06 SURVEYING AND CONSTRUCTION TOLERANCES 

A. The Test Pad Contractor shall fully cooperate with the Surveyor who shall be 
responsible for providing survey control of the Test Pad Contractor’s work. All 
surveying shall be performed in accordance with Section 01050 of these Specifications. 

3.07 PROTECTION OF WORK 

A. The Test Pad Contractor shall use all means necessary to protect all prior work, 
including all materials and completed work of other Sections. 

B. In the event of damage, the Test Pad Contractor shall immediately make all repairs and 
replacements necessary, to the approval of the CQA Engineer, and at his own expense. 

[END OF SECTION] 
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SECTION 02200 

GENERAL EARTHWORK 

PART1 GENERAL 

1.01 SECTION INCLUDES 

A. 

B. 

C. 

1.02 

A. 

B 

C. 

D. 

E. 

F. 

1.03 

The Test Pad Contractor shall furnish all labor, materials, tools, supervision, 
transportation, installation, and equipment necessary to perform all general earthwork 
for drainage control and access roads as specified herein and as described in the Test 
Pad Work Plan (TPWP). 

The Test Pad Contractor shall be prepared to perform the earthwork in conjunction w&q 
other construction activities. 

The Work of this Section shall include, but not necessarily be limited to: excavating, 
hauling, backfilling, compacting, and grading soil materials. The Work of this Section 
may pertain in whole or in part to construction and maintenance of the following: runon 
control berms, construction access road, temporary drainage culverts, and overall 
grading of the test pad construction site to promote drainage from the north to the south 
end of the site. The Work of this Section also includes temporary erosion and sediment 
control and surface-water control as required, any dewatering required, and protection 
necessary to complete the Work. 

RELATED SECTIONS 

Section 01025 - Measurement and Payment 

Section 01050 - Project Surveying 

Section 02110 - Clearing, Grubbing, and Stripping 

Section 02220 - Compacted Clay Test Pads 

Section 02270 - Erosion and Sediment Control 

Section 02950 - Site Restoration 

REFERENCES 

A. Ohio Department of Transportation Construction and Material Specifications, dated 1 
January 1993. 

~- 
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B. 

1.04 

A. 

1.05 

A. 

B. 

C. 

D. 

1.06 

A. 

Ohio Department of Natural Resources, Rainwater and Land Development, 2nd ed., 
1996. 

COMPLIANCE WITH REGULATIONS 

It is the sole responsibility of the Test Pad Contractor to be completely familiar with 
and to follow all local, state, and federal regulations pertaining to the Work required 
in this Section. 

CONSTRUCTION QUALITY ASSURANCE 

The Test Pad Contractor shall be aware of the CQA activities set forth in the TPWP 
and shall account for these activities in the construction schedule. 

The Test Pad Contractor shall assist CQA personnel in every manner necessary for the 
proper performance of CQA activities. 

CQA testing or inspections in no manner relieves the Test Pad Contractor of the 
responsibility to construct all Work to conform to these Specifications. 

If quality control or quality assurance tests indicate Work does not meet specified 
requirements, the Test Pad Contractor shall remove Work, replace the Work, and 
retest. 

EXISTING CONDITIONS 

The approximate locations of known underground and above ground utility lines and 
structures within the limit of disturbance are shown in the TPWP. The Test Pad 
Contractor shall comply with applicable regulations in locating and providing clearance 
for all underground and above ground utilities prior to beginning construction activities. 
The Test Pad Contractor shall immediately notify the CQA Engineer if other utility 
lines or structures, not identified in the TPWP, are encountered. Repair of damage and 
all restitution for liabilities resulting from any damage to existing facilities due to 
activities by the Test Pad Contractor shall be at the Test Pad Contractor's expense. 

PART2 PRODUCT 

2.01 MATERIAL 

A. Top soil is defined as the existing soil layer within the limits of the test pad construction 
site to a depth of approximately 6 inches (or deeper if identified by the CQA Engineer). 
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B. The soil beneath the top soil to a depth of 5 ft  is defined as the upper horizon brown 
clay. 

C. The soil located between a depth of 5 ft  and 10 ft  is defined as the lower horizon brown 
clay. 

D. The geotextile separator for the construction access road shall be a polymeric textile 
meeting or exceeding the specified values in Table 02200-1. 

E. Crushed aggregate for the construction access road shall meet the specified requirements 
for ODOT Type A bank run, crusher run, or graded aggregate specified in Section 
410.02 of the Ohio DOT Construction and Material Specifications. 

F. Corrugated Metal Pipe (CMP) for the temporary drainage culverts shall have a 
corrugation depth of 112 inch or 1/4 inch and shall conform to AASHTO M 36. Helical 
corrugated pipe, 12-inch diameter and larger, shall have at least two annular 
corrugations at each end of each pipe length. The minimum wall thickness of the 
24-inch diameter steel pipe shall be 0.064 inch. Coupling bands shall have annular 
corrugations and shall not be more than two nominal sheet thickness thinner than the 
thickness of the pipe to be connected. 

PART3 EXECUTION 

3.01 FAMILIARIZATION 

A. Prior to implementing any of the Work described in this Section, the Test Pad 
Contractor shall become thoroughly familiar with the site, the site conditions, and all 
portions of the Work falling within this Section. 

B. Inspection: 
1. Prior to implementing any of the Work in this Section, the Test Pad Contractor 

shall carefully inspect the installed Work of all other Sections and verify that all 
Work is complete to the point where the Work of this Section may properly 
commence without adverse impact. 
If the Test Pad Contractor has any concerns regarding the installed Work of other 
Sections, he shall notify the CQA Engineer prior to the commencement of 
earthwork operations. Failure to notify the CQA Engineer will be construed as 
Test Pad Contractor acceptance of the related Work of all other Sections. 

2. 

- 
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3.02 EROSION AND SEDIMENT CONTROL 

A. Prior to implementing any of the Work described in this Section, the Test Pad 
Contractor shall install all erosion and sediment controls in the relevant area(s) of 
construction. 

B. Standard details and requirements representing the minimum erosion and sediment 
control standards that shall be met by the Test Pad Contractor during construction are 
provided in the TPWP and in Section 02270 of these Specifications. However, 
regardless of any minimum standards, the Test Pad Contractor is solely responsible for 
selecting, implementing, and maintaining proper and fully adequate erosion and 
sediment controls at all times. 

3.03 SITE' PREPARATION 

A. The Test Pad Contractor shall install silt fences and/or straw bales or whatever 
sediment-control provisions are necessary downslope of each area to be disturbed prior 
to the beginning of Work in that area as described in Section 02270 and as described 
in the TPWP. The Test Pad Contractor shall inspect erosion and sediment controls on 
a daily basis and shall maintain the erosion and sediment controls for the duration of 
construction and until the contained areas are successfully revegetated. Accumulated 
sediment behind the silt fences shall be disposed of on-site by the Test Pad Contractor 
in a manner approved by the CQA Engineer. 

B. Temporary stormwater diversion measures (including the runon control ditches shown 
in the TPWP) shall be constructed by the Test Pad Contractor as required to divert 
stormwater around or away from the test pad construction area and the borrow 
excavation. The construction of temporary measures not identified h the TPWP shall 
not be undertaken until approved by the CQA Engineer. 

3.04 STOCKPILING 

A. The top 6 inches of excavated top soil shall be treated as impacted material and 
stockpiled outside the limits of the test pad construction site at a location specified by 
the Construction Contracts Manager. 

B. Excavated materials shall be stockpiled in approved areas within the limit of the test pad 
construction site as delineated in the TPWP. 

C. Stockpiles shall be no steeper than 1H:lV (horizontal: vertical] unless otherwise 
approved by the CQA Engineer. Stockpiles shall be graded to drain, sealed by tracking 
parallel to the slope with a dozer or other means, and dressed daily during periods when 
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fill is taken from the stockpile. The Test Pad Contractor may cover soil stockpiles with 
plastic sheeting or other material in order to preserve the moisture content of the fill and 
to minimize erosion. 

3.05 CONSTRUCTION ACCESS ROAD 

A. The Test Pad Contractor shall construct the construction access road by placing the 
geotextile separator directly over the existing ground surface. No grubbing or stripping 
of topsoil will be required, unless directed by the CQA Engineer. ' 

B. The temporary drainage culverts shall be installed near the entrance of the construction 
access road off the North Entrance Road as shown in the TPWP. The culverts shall be 
covered with ODOT No. 1 and No. 57 stone as shown in the TPWP. Rockfill 
(Type D) shall be placed at the inlet and outlet of the culverts. 

C. Crushed aggregate (ODOT No. 57) shall be placed and spread over the geotextile 
separator to a minimum thickness of 12 inches. The Test Pad Contractor shall place 
and spread the crushed aggregate using equipment and methods that do not result in 
damage to the underlying geotextile separator. 

D. The Test Pad Contractor shall maintain trafficability along the construction access road 
for all construction equipment and personnel vehicles. In the event of excessive rutting 
or fouling by dirt or mud, the Test Pad Contractor shall place an additional thickness 
of aggregate on the construction access road to improve trafficability. 

3.06 SITE SUBGRADE PREPARATION 

A. After stripping of topsoil, the subgrade surface of the test pad construction site shall be 
graded by the Test Pad Contractor as necessary to drain from northeast to southwest. 
The stockpile area shall be graded to drain from north to south. 

B. After the Test Pad Contractor finishes grading the subgrade, the CQA Engineer will 
inspect the subgrade surface. The CQA Engineer may identify areas that require 
excavation of wet or soft materials. Such excavations shall be backfilled with brown 
till as directed by the CQA Engineer. 

C. The subgrade surface shall be seal-rolled to minimize moisture infiltration and promote 
stormwater runoff. 
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3.07 

A. 

B. 

C. 

D. 

E. 

3.08 

A. 

B. 

C. 

D. 

3.09 

A. 

RUNON DrVERSION DITCH 

The Test Pad Contractor shall strip the existing top soil within the limits of the test pad 
including the locations of the runon control ditches as specified in Section 02110. 

Stripped topsoil shall be transported by the Test Pad Contractor to the location outside 
the test pad construction site designated by the Construction Contracts Manager. 

Runon diversion ditches shall be constructed at the locations shown in the TPWP. 

Soil excavated to form the ditch shall be stockpiled downgradient of the ditch as shown 
in the TPWP. 

The Test Pad Contractor shall inspect the runon diversion ditches on a daily basis and 
shall repair any areas showing signs of erosion or otherwise needing maintenance. 

PUMPING AND DRAINAGE 

At all times during construction, the Test Pad Contractor shall provide and maintain 
proper equipment and facilities to remove all water entering the construction area so as 
to obtain satisfactory working conditions. Whenever necessary, the Test Pad Contractor 
shall provide pumping of storm or other water to protect any phase of the Work. 

The Test Pad Contractor shall be responsible for controlling stormwater runoff and 
runon in and around the test pad area and borrow excavation area. 

Surface water shall be pumped or drained from the active construction area in order to 
maintain the construction area free from standing water. As necessary, the Test Pad 
Contractor shall pump surface water from construction areas to the southwest end of the 
test pad construction site for temporary detention and filtering through the straw bale 
check dam. 

The Test Pad Contractor shall pump ground water and surface water entering the 
borrow excavation into temporary holding tanks or tanker trucks and, upon direction 
from the. Construction Contracts Manager, shall transport the collected ground water to 
the on-site detention facility for Investigation Derived Waste (IDW). 

DUST CONTROL 

Water and/or dust suppressants shall be applied as needed, or as diiected by the CQA 
Engineer, in order to control dust during construction. 

- 
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A. 

3.11 

A. 

B. 

SURVEYING 

The Test Pad 
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AND CONSTRUCTION TOLERANCES 

Contractor shall fully cooperate with the Surveyor who shall be 
responsible for providing survey control of the Test Pad Contractor’s Work. All 
surveying shall be performed in accordance with Section 01050 of these Specifications. 

PROTECTION OF WORK 

The Test Pad Contractor shall use all means necessary to protect all prior Work, 
including all materials and completed Work of other Sections. 

In the event of damage, the Test Pad Contractor shall immediately make all repairs and 
replacements necessary, to the approval of the CQA Engineer, and at his own expense. 
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TABLE 02200 - 1 

REQUIRED PROPERTIES OF 
GEOTEXTILE SEPARATOR 

SPECIFIED TEST 
PROPERTIES OUALIFIER(') UNITS VALUES METHOD 

Polymer composition(2) minimum % 95 - 
(by weight) 

Mass per unit area minimum oz/yd2 6 ASTM D 3776 

Separation Requirements 
Apparent opening size maximum mm 0.2 ASTM D 4751 

( 0 9 5 )  

Permittivity minimum sec-' 0.3 ASTM D 4491 

Mechanical Requirements 0 Burst strength minimum psi 170 ASTM D 3786 
Grab strength minimum lb 200 ASTM D 4632 
Tear strength minimum lb 80 ASTM D 4533 
Puncture resistance minimum lb 25 ASTM D 4833 
Ultraviolet resistance minimum % 70 ASTM D 4355 
Secant modulus minimum lb/in. 400 ASTM D 1682 

Notes: (1) All minimum values represent minimum average roll values (Le., any roll in a lot should 
meet or exceed the values in this table). 

(2) Polymer composition of geotextile separator shall be either polypropylene or polyester. 

[END OF SECTION] 
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SECTION 02220 

COMPACTED CLAY TEST PADS 

PART1 GENERAL 

1.01 SECTION INCLUDES 

A. The Test Pad Contractor shall furnish all labor, materials, tools, supervision, 
transportation, and installation equipment necessary for the construction of the test pads, 
as specified herein and as described in the Test Pad Work Plan (TPWP). 

B. The Work of this Section shall include, but not necessarily be limited to: test pad 
subgrade preparation, soil processing and moisture conditioning, soil excavation from 
the borrow excavation, and placement and compaction of soil on the test pads. 

1.02 RELATED SECTIONS 

A. Section 01025 - Measurement and Payment 

B. Section 01050 - Project Surveying 

C. Section 02200 - General Earthwork 

1.03 REFERENCES 
* 

A. Ohio Department of Transportation Construction and Material Specifications, dated 1 
January 1993. 

B. Ohio Department of Natural Resources, Rainwater and Land DeveIopment, 2nd ed., 
1996. 

1.04 COMPLIANCE WITH REGULATIONS 

A. It is the sole responsibility of the Test Pad Contractor to be completely familiar with 
and to follow all local, state, and federal regulations pertaining to the Work required 
in this Section. 

1.05 CONSTRUCTION QUALITY ASSURANCE 

A. The Test Pad Contractor shall be aware of the CQA activities set forth in the TPWP 
and shall account for these activities in the construction schedule. 

- 
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B. The Test Pad Contractor shall assist CQA personnel in every manner necessary for the 
proper performance of CQA activities. 

C. CQA testing or inspections in no manner relieves the Test Pad Contractor of the 
responsibility to construct all Work to conform to the TPWP and Specifications. 

D. If quality control or quality assurance tests indicate Work does not meet specified 
requirements, the Test Pad Contractor shall remove Work, replace and retest. 

PART 2 PRODUCTS 

2.01 MATERIAL FOR TEST PADS 

A. The soil obtained from the borrow excavation beneath the top soil to a depth of 5 ft  is 
defined as the upper horizon brown till. This material will be used to construct Test 
Pad No. 1. 

B. The soil obtained from the borrow excavation located between a depth of 5 ft and 
approximately 10 ft is defined as the lower horizon brown till. This material will be 
used to construct Test Pad No. 2. 

2.02 EQUIPMENT 

A. The Test Pad Contractor shall use the equipment listed in Section 01600 of these 
Specifications, or other equivalent equipment acceptable to the CQA Engineer, with the 
exception that the Test Pad Contractor must use a Caterpillar 815 compactor. 

PART3 EXECUTION 
, 

3.01 FAMILIARIZATION 

A. Prior to implementing any of the Work of this Section, the Test Pad Contractor shall 
become thoroughly familiar with the site, the site conditions, and all portions of the 
Work falling within this Section. 

B. Inspection: 
1 .  Prior to implementing any Work of this Section, the Test Pad Contractor shall 

carefully inspect the installed Work of all other Sections and verify that all such 
Work is complete to the point where the Work of this Section - may properly 
commence without adverse impact. 
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2. If the Test Pad Contractor has any concerns regarding the installed Work of other 
Sections or the site, he should notify the CQA Engineer in writing prior to starting 
construction of the test pads. Failure to notify the CQA Engineer prior to the start 
of construction of the test pads will be construed as Test Pad Contractor acceptance 
of the related Work of all other Sections. 

3.02 EROSION AND SEDIMENT CONTROL 

A. Prior to implementing any of the Work described in this Section, the Test Pad 
Contractor shall install all erosion and sediment controls in the relevant area(s) of 
construction. 

B. Standard details and requirements representing the minimum erosion and sediment 
control standards that shall be met by the Test Pad Contractor during construction are 
presented in the TPWP and described in Section 02270 of these Specifications. 
However, regardless of any minimum standards, the Test Pad Contractor is solely 
responsible for selecting, implementing, and maintaining proper and fully adequate 
erosion and sediment controls at all times. 

3.03 FIELD QUALITY ASSURANCE 

A. The CQA Engineer will perform field quality assurance testing of all lifts of clay for 
the test pads, as outlined below. Testing will be performed at the minimum frequencies 
given in the TPWP. The Test Pad Contractor shall take the minimum testing 
frequencies into account in planning his construction schedule. 
1 .  Sampling locations will be selected by the CQA Engineer. 
2. Undisturbed (Shelby-tube) samples of the compacted in-place clay will be obtained 

by the CQA Engineer with the assistance of the Test Pad Contractor for laboratory 
hydraulic conductivity testing. The undisturbed samples will be obtained by 
advancing a Shelby tubes vertically into the clay with smooth strokes from a 
hydraulic jack using stationary construction equipment (such as a backhoe bucket 
or bulldozer blade) as a reaction for the hydraulic jack. 
A special testing frequency will be used at the discretion of the Engineer when 
visual observations of the material, or construction performance indicate a potential 
problem. Additional testing will be considered when conditioning such as the 
following occur: 
a. 
b. 
c. 
d. 

3. 

the rollers slip during compaction activities; 
the lift thickness is greater than specified; 
the soil is at improper and/or variable moisture content; 
fewer than the specified number of compaction passes are made; 
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e. 
f. 
During construction, the frequency of testing may also be increased by the CQA 
Engineer in situations such as: 
a. adverse weather conditions; 
b. breakdown of equipment; 
c. 
d. 

dirt-clogged pad feet.are used to compact the material; or 
the degree of compaction is doubtful. 

4. 

at the start and frnish of grading; or 
if the material fails to meet specifications. 

B. Perforations: 
1.  Perforations in the clay test pad that must be filled include, but are not limited to: 

a. 
b. 
c. sand cone test locations. 
Perforations in the clay test pads will be backfilled by the CQA Engineer with the 
assistance of the Test Pad Contractor. At the discretion of the CQA Engineer, 
perforations in the compacted clay liner will be repaired with a soil-bentonite 
(powdered) mixture containing a minimum of 20 percent bentonite. The backfill 
will be hand-tamped to the satisfaction of the CQA Engineer. 

nuclear density test probe locations; 
undisturbed (Shelby-tube) sample locations; and 

2. 

C. Defective Areas: 
1. If a defective area is discovered, the CQA Engineer will determine the extent and 

nature of the defect. If the defect is indicated by an unsatisfactory test result, the 
CQA Engineer will determine the extent of the defective area by additional tests, 
observations, a review of records, or other means that the CQA Engineer deems 
appropriate. If the defect is related to adverse site conditions, such as overly wet 
soils or surface desiccation, the CQA Engineer will define the limits and nature of 
the defect. 
After the extent and nature of a defect have been determined, @e Test Pad 
Contractor shall correct the deficiency to the satisfaction of the CQA Engineer. 
Additional testing will be performed by the CQA Engineer to verify that the defect 
has been corrected. This additional testing will be performed before any additional 
Work is allowed in the area of deficiency. 

2. 

3. 

3.04 TEST PAD SUBGRA.DE PREPARATION 

A. After all top soil has been stripped from the footprint of the test pads, the Test Pad 
Contractor shall grade the footprint to the required elevation and proofroll the test pad 
subgrade in the presence of the CQA Engineer using a heavily loaded dump truck or 
scraper pan. Areas showing excessive deflection or pumping shdl be excavated as 
directed by the CQA Engineer. 
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B. Over-excavated areas shall be replaced by the Test Pad Contractor using upper-horizon 
brown till compacted to at least 95 percent of the standard Proctor maximum dry 
density. 

C. The test pad subgrade (Le., within the footprint of the test pads) shall be sloped to drain 
from northeast to southwest at a slope of 1 percent. 

D. Test pad subgrade conditions which deteriorate prior to placement of the first lift of clay 
shall be repaired by the Test Pad Contractor as directed by the CQA Engineer. 

3.05 SOIL PROCESSING 

A. The Test Pad Contractor shall process the borrow materials prior to transporting and 
placing them on the test pads. Processing consists of mechahcal mixing and moisture 
conditioning to reduce clod size and distribute moisture evenly through the soil. 
Processing may be performed in the borrow excavation or at another location within the 
test pad construction site. 

B. As an initial part of the test pad program and prior to initiating construction of the test 
pads, borrow material processing techniques will be evaluated. The preferred methods 
of soil processing will be discing or raking. Discing refers to making multiple passes 
over the soil with a heavy-duty construction disc (harrow) pulled by a bulldozer. 
Raking refers to making multiple passes over the soil with a rock rake (i.e., series of 
rigid hooked teeth spaced at 6 to 12 inch (0.15 to 0.30 m) mounted on a transverse bar 
attached to a bulldozer). The Test Pad Contractor shall make multiple passes with 
either of these methods over soil in the borrow excavation to evaluate the effectiveness 
in reducing clod size. The Test Pad Contractor shall add water to the brown clay as 
directed by the CQA Engineer and make multiple passes with either of the methods to 
allow the CQA Engineer to evaluate how uniformly moisture is blended into the soil. 
The CQA Engineer will direct the number of passes, the application of water, and field 
testing to evaluate the effectiveness of the soil processing method. 

C. If either or both of these methods (discing and/or raking) are found by the CQA 
Engineer to be inadequate, the Test Pad Contractor shall mobilize a transverse rotary 
mixer (e.g., Caterpillar SS-250, RayCo Gator, Bros LSPRM-8, or similar) to the site 
within two working days. Similar evaluations of soil processing using the transverse 
rotary mixer will then be made. 

D. Based on the evaluation, the Test Pad Contractor shall use whichever method is selected 
by the CQA Engineer for all subsequent soil processing and m&sture conditioning 
activities associated with the test program. 
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E. 

F. 

G. 

3.06 

A. 

The Test Pad Contractor shall process material from each horizon of the brown clay to 
uniformly distribute the moisture and reduce the clod size to no larger than 3 inches in 
largest dimension. CQA personnel will verify that sufficient mechanical processing has 
been completed to adequately reduce clod size and distribute moisture prior to placing 
the soil on the test pad. 

' 

The Test Pad Contractor shall remove any rocks or other particles (excluding clods) 
larger than 2 inches in maximum dimension. CQA personnel will verify that oversize 
particles have been removed and require that the Test Pad Contractor remove any such 
observed particles. 

The Test Pad Contractor shall be responsible for processing the soil to achieve uniform 
moisture content within f l . O  percentage point of the target moisture content in the 
compacted lift. Any lifts on the test pad not within the specified range shall be removed 
or reprocessed on the test pad until acceptable moisture content test results are achieved. 
In order to assure that the soil is properly moisture conditioned in the borrow area, the 
Test Pad Contractor may implement additional actions including those listed below. 
1. Water may be sprayed evenly over the entire processing area until target moisture 

conditions are achieved. 
2. The Test Pad Contractor should compare the look and feel of the soil during 

processing to previously acceptable lifts. 
3. The Test Pad'Contractor should review moisture content test results to verify the 

moisture content of the processed soil. CQA personnel will perform nuclear 
moisture testing in the processing area. The Test Pad Contractor shall prepare the 
test location using a portable smooth drum roller, vibrating plate compactor, or a 
smooth drum roller. 
Depending on weather conditions, the Test Pad Contractor should anticipate that 
the soil may undergo drying during placement and compaction. Compensation for 
such drying may therefore need to be made during the soil processing stage. 

4. 

CLAY PLACEMENT AND COMPACTION 

For placement and compaction of the processed borrow material on each test pad, the 
Test Pad Contractor shall use the procedures listed below. 
1. The Test Pad Contractor shall moisture condition and scarify the surface of the 

subgrade or previous clay lift prior to placing any subsequent material. The 
scarification depth shall be at least 2 inches, and the moisture content shall be 
within the target moisture content range of the lift to be placed. 
The Test Pad Contractor shall spread the processed clay using a Caterpillar D6 
bulldozer or equivalent to a loose lift thickness of 8 f 1 inch. f i e  thickness of the 
loose lift shall be adjusted to result in a 6-inch thick compacted lift. The final 

2. 
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thickness of the test pad shall be 36 + 2 inches. The Test Pad Contractor shall 
place at least two grade stakes per lane as a guide for grading the loose lifts. 
The Test Pad Contractor shall compact the lift using the specified number of passes 
of the Caterpillar 815 compactor, or acceptable equivalent equipment, in each lane. 
The speed of the compactor shall be similar to that expected for full scale 
construction. 

4. After compaction, the Test Pad Contractor shall scrape smooth nuclear 
moisture/density test locations as directed by the CQA personnel. The CQA 
personnel will inform the Test Pad Contractor of the results. 
If the moisture content is drier than the target moisture content, but within 2 
percentage points of the target moisture content range, the Test Pad Contractor 
shall sprinkle or spray the soil with water and blend the material in the entire lift 
to uniformly increase the moisture content. 
If the moisture content is more than 2 percentage points dry of the target moisture 
content, the Test Pad Contractor shall remove the material in the entire loose lift, 
return it to the processing area, and then moisture-condition it until the proper 
uniform moisture content is obtained, unless the CQA Engineer provides approval 
for reworking of the soil in place. 
If the moisture content is too high, the Test Pad Contractor will be instructed to 
scarify, disc, or pulverize the material in the entire lift to allow it to dry to an 
acceptable uniform moisture content. 

3. 

5 .  

6 .  

7. 

B. The Test Pad Contractor shall compact each lift of each test pad immediately following 
placement and final moisture conditioning so as to minimize changes in moisture 
content. It is noted that for all lifts, the Test Pad Contractor will be required to 
compact the material in three separate lanes. The Test Pad Contractor shall provide 
uniform compaction across the entire lane. The Test Pad Contractor will be required 
to perform all compaction operations using a Caterpillar 815 compactor operating at a 
ground speed approximately equal to the speed normally used during full-scale 
compaction. The number of passes (i.e., one-way trip across the test fill) of the 
Caterpillar 815 will be specified by the CQA Engineer. It is anticipated that a 
minimum of 4 passes in Lane 1,  6 passes in Lane 2, and 10 passes in Lane 3 will be 
required. The number of passes to accomplish the targeted range of dry density may 
need to be modified. In all cases, however, the minimum number of passes will be four 
and the Test Pad Contractor shall provide the number of passes specified by the CQA 
Engineer. 

C. The final lift (Lift No. 6 )  of each test pad shall be backbladed by the Test Pad 
Contractor with a bulldozer after compaction and lightly compacted with a smooth drum 
roller until smooth. To protect SDRI test locations, the Test Pad Contractor shall cover 
a 16 ft  by 16 ft area selected by the CQA Engineer in each lane with flexible plastic 
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sheeting (e.g., visqueen) that is at least 8 mils thick. The plastic sheeting in Lanes 1 
and 2 of each test pad shall be continuously anchored at the edges by the Test Pad 
Contractor using continuous rows of sandbags. The plastic sheeting in Lane 3 of each 
test paid shall be continuously anchored at the edges by the Test Pad Contractor in a 
4 inches by 4 inches anchor trench, and the plastic sheeting shall be carefully covered 
completely by the Test Pad Contractor with a 12-inches thick layer of excess top soil 
or brown clay. 

3.07 SOIL STOCKPILING 

A. Excavated brown till for use in the Test Pad program shall be stockpiled in the soil 
stockpile area identified in the TPWP or as directed by the CQA Engineer. Soil shall 
be placed in stockpiles of neat configurations and having sideslopes no steeper than 
1H: 1V. The surface of each stockpile shall be shaped and tracked prior to the end of 
each working day during which soil is stockpiled. 

3.08 SURVEYING AND CONSTRUCTION TOLERANCES 

A. The Test Pad Contractor shall fully cooperate with the Surveyor who shall be 
responsible for all surveying associated with the Test Pad Contractor's Work. All 
surveying shall be performed in accordance with Section 01050 of these Specifications. 

B. During test pad construction, the CQA Engineer will provide surveying assistance to 
the Surveyor for monitoring compacted lift thickness. For each lane, the elevation of 
the top of the compacted lift (measured at the bottom of compactor cleat marks) shall 
be measured by the Surveyor at three locations using a survey level or laser. The same 
locations shall be surveyed for every lift so accurate thicknesses can be determined. 
The Surveyor shall provide the CQA Engineer with a copy of the survey notes before 
the end of each work day. 

3.09 PROTECTION OF WORK 

A. The Test Pad Contractor shall use all means necessary to protect all prior Work, 
including all materials and completed Work of other Sections. 

B. In the event of damage to or deterioration of installed portions of the test pads, the Test 
Pad Contractor shall make all repairs and replacements necessary, to the approval of 
the CQA Engineer, and at his own expense. 
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EROSION AND SEDIMENT CONTROL 

PART1 GENERAL 

1.01 SECTION INCLUDES 

A. The Test Pad Contractor shall furnish all labor, materials, tools, supervision, 
transportation, installation equipment, and incidentals required to install and maintain 
all temporary erosion and sediment control measures and structures including, but not 
limited to silt fence, straw bales, and check dams throughout the duration of the project 
and removal of temporary measures and structures, when necessary. 

1.02 RELATED SECTIONS 

A. Section 01025 - Measurement and Payment 

B. Section 01050 - Project Surveying 

C. Section 02110 - Clearing, Grubbing, and Stripping 

D. Section 02200 - General Earthwork 

E. Section 02950 - Site Restoration 

1.03 REFERENCES 

A. Ohio Department of Natural Resources, Rainwater and Land Management, 2nd et., 
1996. 

B. Ohio Department of Transportation Construction and Material Specifications. 

1.04 COMPLIANCE WITH REGULATIONS 

A. It is the sole responsibility of the Test Pad Contractor to be completely familiar with 
and to follow all local, state, and federal regulations pertaining to the Work required 
in this Section. 

PART 2 PRODUCTS 

A. Silt fence and straw bales shall conform to material property criteria set forth by Ohio 
Department of Natural Resources, Rainwater and Land Management, 2nd et., 1996. 

GE3900-04.llF9530132.CD 02270-2 96.04.11 
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PART3 EXECUTION 

A. Prior to any ground disturbance, silt fence shall be installed at all locations shown in 
the TPWP and downslope of any other areas of ground disturbance. 

B. In conjunction with top soil stripping (as specified in Section 02110) and construction 
of the runon diversion ditches (as specified in Section 02200), the Test Pad Contractor 
shall install the silt-fence and straw-bale filter check dam at the south end of the test pad 
construction site and at the locations along the diversion ditches shown in the TPWP. 

C. The lateral extent and configuration of the check dams shall be as delineated in the 
TPWP. 

D. The exact location of the check dams may be adjusted by the CQA Engineer if 
necessary to promote better drainage out of and away from the test pad construction 
site. 

E. The CQA Engineer may specify additional temporary erosion and sediment controls 
(e.g., silt fence or straw bales) based on observed stormwater runoff and erosion during 
the test pad program. The Test Pad Contractor shall install additional measures as 
directed by the CQA Engineer. 

[END OF SECTION] 
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SECTION 02950 

SITE RESTORATION 

PART1 GENERAL 

1.01 SECTION INCLUDES 

A. The Test Pad Contractor shall furnish all labor, materials, tools, supervision, 
transportation, installation equipment, and incidentals required to restore the test pad 
construction site to the approximate pre-construction conditions, as described in the Test 
Pad Work Plan (TPWP) and the Specifications. 

B. The Work of this Section shall include, but not be limited to: replacing the clay from 
Ted Pad No. 2 into the lower portion of the borrow excavation; replacing the clay from 
Test Pad No. 1 into the upper portion of the borrow excavation; removing the security 
fencing; removing the check dam at the south end of the site and the check dams in the 
diversion ditches; regrading the soil from the runon diversion ditches and remaining 
stockpiles to the approximate pre-existing grades; removing the access road and culvert; 
generally regrading the test pad construction to pre-construction grades; and seeding and 
mulching the regraded area. 

0 1.02 RELATEDAREAS 

A. Section 01000 - General Requirements 

B. Section 01025 - Measurement and Payment 

C. Section 01050 - Project Surveying 

D. Section 01700 - Project Closeout 

E. Section 02270 - Temporary Erosion and Sediment Control 

1.03 REFERENCES 

A. Ohio Department of Natural Resources, Rainwater and Land Management 2nd ed., 
1996. 

1.04 COMPLIANCE WITH REGULATIONS 

A. It is the sole responsibility of the Test Pad Contractor to be completely familiar with 
and to follow all local, state, and federal regulations pertaining to the Work required 
in this Section. 
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PART 2 PRODUCTS 

A. Silt fence and straw or hay bales shall conform to material property criteria set forth 
by Ohio Department of Natural Resources, Rainwater and Land Management, 2dd ed., 
1996. 

B. Mulch and seed shall be of high quality and shall be applied in the quantities specified 
in Part 3 of this Specification. Mulch may consist, to some degree, of disassembled 
straw bales previously used for the check dam or other erosion and sediment control 
measures. 

PART3 EXECUTION 

3.01 

A. 

B. 

3.02 

A. 

B. 

3.03 

A. 

DECOMMISSIONING TEST PADS 

After completion of all field-permeability testing and sampling for post-construction 
laboratory testing, the Test Pad Contractor shall remobilize the necessary equipment to 
the site for the purpose of decommissioning the test pads. The Test Pad Contractor 
shall remove the soil from Test Pad No. 2 and place it in the lower portion of the 
borrow excavation. The Test Pad Contractor shall then remove the soil from Test Pad 
No. 1 and place it in the upper portion of the borrow excavation. 

Soil placed in the borrow excavation shall be placed in lifts not exceeding 1 ft  in 
thickness and shall be tracked in with a minimum of one full coverage pass using a 
Caterpillar D6 dozer or an equivalent or heavier piece of construction equipment. 

REMOVAL OF SECURITY FENCE 

The Test Pad Contractor shall remove all security fence in a manner that allows the 
fence fabric and posts to be salvaged and reused by the Construction Contracts 
Manager. 

The fence posts and fabric shall be rolled and stockpiled neatly outside of the test pad 
construction site next to the construction access road. 

EROSION AND SEDIMENT CONTROL 

Prior to regrading top soil or removal of runon control berms, the Test Pad Contractor 
shall install silt fence along the downgradient side of the check dam at the south end of 
the test pad construction site. 

- 
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B. 

3.04 

A. 

B. 

3.05, 

A. 

B. 

C. 

D. 

E. 

The Test Pad Contractor shall remove and dispose of all silt-fence materials previously 
used for the check dams at the south end of the test pad construction site at the location 
designated by the Construction Contracts Manager. 

SITE REGRADING 

After removing all temporary facilities (trailers, etc.), the Test Pad Contractor shall 
regrade the test pad construction site to f 1 .O feet of the preconstruction conditions. 
Positive drainage shall be established throughout the test pad construction site. 

The Test Pad Contractor shall survey the regraded area as specified in Section 01050 
in order to verify that the re-established grades are similar (* 1.0 feet) to the 
preconstruction condition. 

PERMANENT SEEDING AND MULCHING 

Permanent seeding shall be accomplished in accordance with the Ohio Department of 
Natural Resources, Rainwater and Land Development, 2nd ed., 1996. 

Prior to seeding, the test pad construction site shall be prepared by applying a minimum 
of 500 pounds per acre of 12-12-12 or 15-15-15 fertilizer. The fertilizer shall be 
worked into the soil in accordance with the requirements in Part 3.05A above. 

Permanent seeding shall consist of the following mixture: 30 pounds per acre tall 
fescue and 20 pounds per acre crownvetch plus. 

Mulching shall be performed in the seeding area to protect the seed and regraded top 
soil from erosion. 
1. Mulch shall consist of small grain straw (preferably wheat or rye) and shall be 

applied at the rate of two tons per acre or 100 pounds (two or three bales) per 
1000 square feet. 
Mulch shall be spread uniformly by hand or mechanically so that the area is 
covered without damaging underlying seed growth. 

2. 

The Test Pad Contractor shall inspect the test pad construction site once every two 
weeks for the two months immediately following seeding for the purpose of repairing 
areas and establishing adequate growth. 
1. If soil moisture is deficient, the Test Pad Contractor shall supply new seedings 

with adequate water for plant growth until the grass is f m l y  established. 
2. If the vegetative stand is inadequate or areas have been damaged, the Test Pad 

Contractor shall overseed and fertilize using at least half the rates of seed and 
fertilizer originally applied. 

02950-3 
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3.06 PROTECTION OF WORK 

A. The Test Pad Contractor shall use all means necessary to protect all prior Work, 
including all materials and completed Work of other Sections. 

B. In the event of damage, the Test Pad Contractor shall immediately make all repairs and 
replacements necessary, to the approval of the CQA Engineer, and at his own expense. 
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TECHNICAL NOTE 

PROCEDURES FOR OBTAINING UNDISTURBED 
COMPACTED CLAY LINER SAMPLES 

The purpose of this technical note is to provide written procedures for sampling, 
packaging, shipping, and laboratory testing of undisturbed samples of compacted clay 
liner. 

Sampling 

Shelby tubes (2.8-in. (7-cm) diameter by 6-in. (15-cm) length) will be pushed 
using a hand-operated hydraulic jack utilizing available construction equipment 
as necessary. 

Each tube will be assigned a field sample number by the CQA Engineer; a 
record of the field sample number and the sample location will be maintained 
by the CQA Engineer. 

The top and bottom of the sample will be capped with paraffin; each tube will 
then be capped with a plastic cap, sealed with tape and placed in vertical 
containers. Samples will remain vertical until the samples that are selected for 
testing are formally packaged. 

Packuging/Shipping 

All select samples will be packaged vertically in small barrels using air bubble 
and/or Styrofoam packing material. 

The barrels will be explicitly marked "This Side Up" and "Handle With Care" 
to help ensure proper handling. 

GE3900-04.1 IF9530008.TN D- 1 96.04.11 
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The barrels will be shipped to the CQA laboratory the same day as sampling via 
Federal Express or other next day delivery service. 

Laboratory Testing 

Upon arrival at the CQA laboratory the samples will be immediately extruded 
with the following tests performed: 

Moisture Content (ASTM D 2216) 
Dry Unit Weight (ASTM D 2937) 

, Hydraulic Conductivity (Permeability) (ASTM D 5084) 

The results of all permeability tests will be available approximately three to four 
days after sampling; results will be presented as the average of the final three 
to four values of hydraulic conductivity; the test will be terminated when the 
measured value of hydraulic conductivity has stabilized in accordance with 
guidelines presented in ASTM D 5084. 
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. . . . . . . . .  . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  

DENSITY 
COUNT 

. . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

- 
PASS/ 
FAIL 
1 

I 
I 

' ' 'I' ' ' 
. .  .I. . .  

I 
' ' 'I' ' ' 
' ' .I. ' ' 

. .  .I. . .  

I 
' ' 'I' ' ' 

. .  .I. . .  

. .  .I. . .  
I 

' ' 'I' ' ' 
. .  .I. . .  

I 
I 

' ' 'I, ' ' 
. .  .I. . .  

I 
' . 'I' ' ' 
. .  .I. . .  

. .  .I. . .  
I 

' . 'I' ' ' 
. .  .I. . .  

. .  .I. . .  
I 

. ' 'I' ' . 

. .  .I. . .  

I 
' ' 'I' . ' 
' . .I. ' ' 
I 

. . . . . .  

. . . . . .  

7 

OA ID 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

1 
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, . . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . . .  

LABORATORY DETERMINATION OF MOISTURE CONTENT OF SOIL 
PROJECT FERNALD ON-SITE DISPOSAL FACILITY 

PROJECT NO: TASK NO.: 

day- month - 1995 year DATE: - DESCRIpnON: TEST PAD PROGRAM 
SOURCE: MATERIAL TYPE: SAMPLE NO.: QA ID: 

Y 

OVEN METHOD (ASTM D 2216) 

RECOMMENDED MASS OF MOIST SAMPLE WEIGHT 

100% PASING THE NO. 10 (2-mm) SIEVE 
100% PASSING THE NO. 4 (4.75-mm) SIEVE 

100% PASSING THE NO. 3/8-in. (9.5-mm) SIEVE 

1OOX PASSING THE NO. 3/4-in. (19-mm) S E X  

. . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  
RY SOIL = C-A 

. . . . . . . . . . . .  

20 grams 
1 0 0  grams 
500 grams 
2.5 kilograms 

4 

MICROWAVE METHOD (ASTM D 4643) 

RECOMMENDED MASS OF MOIST SAMPLE WEIGHT 

90% PASSING ME NO. 10 (2-mm) SIEVE 

90% PASSING THE NO. 4 (4.75-mm) SIEVE 

90% PASSING M E  3/4-in. (19-mm) SIEVE 

100 TO 200 grams 
200 TO 500 grams 
500 TO 1000 grams 

INITIAL SETTING TO BE AT 3.0 MINUTES, CONTINUE DRYING SAMPLE AT 1.0 MINUTE SETTING 
UNTIL MOISTURE CONTENT VARIATION BETWEEN SETTINGS IS LESS THAN 0.1% 

A 

B 

C 

D 

E 

. . .  

. . .  

. . .  

. . .  

F 
c 

TARE NO. 
. . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
WT. OF DRY SOIL & TARE 

WT. OF WATER B-C 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . .  
MOISTURE CONTENT = ( D E )  X 100 

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  
- 

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

1 
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MOISTU?E4l€NSITY EIATIONWlP 
I 

PROJECT FERNALD ON-SITE DISPOSAL FACILITY 

PROJECT NO: TASK NO.: 

DATE: - day- month ___. 1995 year 

LOCATION: FERNALD, OHIO 

DESCRIPTION: TEST PAD PROGRAM 
SOURCE: MATERIAL TYPE:.-, SAMPLE NO.: QA ID: 

140 

SUMMARY OF TEST RESULTS 

(CIRCLE ONE) ASTM D 1557 A, 8, C 
TEST STANDARD ASTM D 698 A, B. C 

MAXIMUM DRY 
UNIT WEIGHT (pcf) 

OPllMUM MOISTURE 
CONTENT (2) 
SAMPLE CLASSIFICATION 

SAMPLE DESCRIPTION 

135 

130 

125 

120 

2 115 
u 
Q 
d 

110 

05 

00 
~ O F l o o X  u m n m  FOR 
sane CRAHTY 
EQUAL TO : 95 

90 

85 

8 0 " " " " " ' " " " ' ' ' " ' ' ' X N '  5 10 15 20 25 30 35 40 Q Q O I 7 8  
MOISTURE CONTENT (s,) 

d 

'GEOSYNTEC CONSULTANTS FILE NO. 2-12-MOR SHEET NO.-OF- 



PROJECT NO: TASK NO.: 

DATE: - day- month - 1995 year 

LOCATION: FERNALD, OHIO 

DESCRIPTION: TEST PAD PROGRAM 

- 
A 

. . . . .  

B 

C 

D 

E 

F 

G 

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . I . .  

L 

MATERIAL TYPE: FILL / SUBGRADE / SUBBASE / CLAY / OTHER: 

Z COMPACTION: MOISTURE CONTENT RANGE 

TEST LOCATION: TEST NO.: 

(auu  M) 

~~ 

BULK UNIT WT. OF SAND 
(SEE FORU 2-12-FLC) (PCf) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

INITIAL WT. OF SAND & JAR 

FINAL WT. OF SAND k JAR 

WT. OF SAND IN FUNNEL 
k HOLE = B-C 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(W 
(W 

(W 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

WT. OF SAND IN FUNNEL“) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

WT. OF SAND IN HOLE = 0-E (Ibs) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

VOLUME OF HOLE = F/A (ft’) 

0 WT. OF TARE NO. - (grams) R WT. OF WATER = P - 0  (grams) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

p WT. OF WET SOlL k TARE (grams) S WT. OF DRY SOIL = 0-0 (grams) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

LO 

H 
. . . . .  

I 
. . . . .  

J 

K 

M 

. . . . .  

. . . . .  

. . . . .  

N 
. . . . .  

WT. OF DRY SOIL k TARE (grams) T MOISTURE CONTENT = (R/S)XlOO (2) 1 

(W 

(W 

(Ibs) 

(PCf) 

WT. OF WET SOIL & 
TARE FROM HOLE 

WT. OF TARE NO.: - 
WT. OF WET SOIL FROM 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

HOLE = H-l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

WET UNIT WT. = J/G 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DRY UNIT WT. = K/[l+(T/lOO)] 

PERCENT COMPACTION = M/U 

(pcf)  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SAMPLE REFERENCE NO. u MAXIMUM DRY UNIT WT. (PCfl 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

L 

\TEST STANDARD USED v 

NOE: (1) THE mimi OF SAND IN FUNNEL (E) IS OB~UNED BY WGHNG THE SAND. A ylmuu OF THREE nws. IN THE APPARAIUS BEFORE 
AND THE APPARATUS HAS Bmu TURNED OW3 ON THE BISE RAE ALONG A FIAT SURfAQ WlTH THE UM BEING ESENDED. 

OPTIMUM MOISTURE CONTENT ( x )  

FIELD MOISTURE CONTENT - ASTM D 2216 \ 

TEST NO. MOISTURE CONTENT ( x )  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

WET UNIT WT. ( P 4  DRY UNIT WT. (PC9 

. . . . . . . . .  7 -- 

. . . . . . . . .  3 
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DATA QUALITY OBJECTIVES 



FEMP OSDF-TPWP-REV 0 

DATA QUALITY OaTECTIVE LOGIC FLOW 
TEST PAD FOR CLAY LINER AND CAP 

ON-SITE DISPOSAL FACILITY 

1. Problem Statement 

The preferred remedial alternative for Operable Units 2, 3, and 5 includes the on- 
site disposal of remediation material. The design and construction of a disposal facility 
is required as a part of the Operable Units 2, 3, and 5 remediation action plans and the 
Records of Decision. A critical part of the disposal facility design and construction is 
a low-permeability liner and cap consisting of clay layers constructed from on-site 
borrow sources. 

In support of the design and construction of the On-Site Disposal Facility (OSDF), 
a test pad simulating the construction of the low-permeability clay liner and cap is 
required to evaluate the equipment, techniques, and soil conditions to be used. The 
project specific plan (Test Pad Work Plan (TPWP)) provides the details of the conduct, 
evaluation, and reporting of the test pad program. 

2. Identification of a Decision that Addresses the Problem 

The information generated by the test pad for clay liner and cap is essential in 
establishing the requirements of OSDF technical specifications for equipment, 
techniques, and soil conditions required for construction of the low-permeability clay 
layers. The hydraulic conductivity of the low-permeability clay layers must be less than 
or equal to 1 x cdsec.  The data obtained through this test pad program will be 
used to verify suitability of on-site borrow sources in the construction of the compacted 
clay liner and cap components in the OSDF to the required hydraulic conductivity. If 
the test pad program, as set forth in the TPWP, does not verify the suitability of the 
on-site clay, then additional test pads may be constructed using the same material (but 
different construction techniques), or possibly a different borrow source. 

F- 1 96.04.17 



FEMP OSDF-TPWP-REV 0 

3. Identification of In~uts  that Affect the Decision 

The design and construction parameters needed to establish the requirements of the 
OSDF technical specifications will be measured through a combination of field and 
laboratory testing and observations. Field testing will include: 

Test DescriDtion Standard 

SDRI 
Density 
Moisture Content 
Particle Sue 
Atterberg Limits 
Compaction 

ASTM 5093 
ASTM 2922 and 1556 
ASTM 3017 and 2216 
ASTM 422 
ASTM 4318 
ASTM 698 

Geotechnical laboratory testing will include: 

Test DescriDtion Standard 

Hydraulic Conductivity 
Density 
Moisture Content 
Particle Size 
Atterberg Limits 
Compaction . 

ASTM 5084 
ASTM 2937 
ASTM 2216 
ASTM 422 
ASTM 4318 
ASTM 698 

Observations to be performed in the field include adequate and appropriate equipment 
and techniques for: 

spreading loose clay layers; 

moisture conditioning clay; 

compaction of clay to required range of dry density and moisture content; and 

GE3900-4.llGA9530008.APF F-2 96.04.17 
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FEMP OSDF-TPWP-REV 0 

preparation of clay surface for layer bonding. 

4. SDecification of the Domain of the Decision 

The test pad construction will occur within the footprint of the OSDF and will 
incorporate soils representative of materials to be used for the construction of the clay 
liner and cap components in the OSDF. 

5. DeveloDment of L o ~ c  Statement 

As a result of the test pad construction, appropriate equipment, techniques, and soil 
conditions can be incorporated into the OSDF technical specifications. If the test pad 
construction does not verify the suitability of on-site clay materials for use in 
construction of the OSDF clay liner and cap components, then additional soil testing 
and/or exploration will be required prior to design completion. The data generated 
through construction and testing of the test pad is a critical element in the verification 
of the OSDF design. 

6. Establish Constraints on Uncertainty 

The probability of making an incorrect decision based on the study findings is 
considered remote. The geotechnical science is relatively well developed and the 
general relationships between hydraulic conductivity, density, water content, Akerberg 
limits, and soil classification are well understood. Any substantial error in one test 
would cause that test result to be immediately suspect when examined in the context of 
other tkst results. The measurement of identical parameters in both the field and 
laboratory and by different testing methods also reduces the probability of incorrect 
decisions. The tests will be conducted in accordance with procedures set forth in 
ASTM standards, with the applicable ASTM precision and bias statements considered 
in interpreting the results. 

F-3 96.04.17 
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7. ODtimizing 

The test pad program will be performed in accordance with all applicable ASTM 
standards. Data will be checked by the OSDF design engineer prior to incorporation 
into the OSDF technical specifications. 

8. summarv 

The objective of the test pad program is to provide information on equipment, 
technology, and soil conditions to be used in the construction of the clay liner and cap 
component of the OSDF. The geotechnical tests will be conducted in accordance with 
applicable ASTM standards as described in the project specific plan. 

F-4 96.04.17 
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FJIMP TPWP 
DQO SUMMARY FORM 

2 6  5 

l.A. Task/Description: 
CRU #: 

l .B. Project Phase: (Place an "x" in the appropriate selection.) 

0 RI 0 FS 0 RD 0 RA 0 0 Other (specify): 

1.c. DQO No.: DQO Reference No.: 

2. Media Characterization: (Place an "x" in the appropriate selection.) I 
I 0 Air 0 Biological 0 Groundwater 0 Sediment 0 Soil 

Waste 0 Wastewater 0 Surface water 0 Other (specify): 

3. Data Use with Analytical Support Level (A-E): 
(Check the appropriate Analytical Support Level selection(s) beside each applicable Data Use.) 

Site Characterization Risk Assessment 
O A  O B  O C  O D  O E  O A  O B  O C  O D  D E  

Evaluation of Alternatives Engineering Design 
O A  O B  O C  O D  O E  O A  O B  O C  O D  U E  

Monitoring During Remediation Activities 
O A  O B  O C  O D  O E  O A  O B  O C  O D  O E  

Other (explain): 

4.A. 

4.B. 

Drivers: Draft Remedial Design Work Plan for Remedial Actions at Operable Unit 2 [DOE, 
1995dl; Design Criteria Package, On-Site Disposal Facility [GeoSyntec, 19951. 

Objective: The objective of the test pad program is to provide information regarding the 
hydraulic conductivity and compaction characteristics of the soils (upper horizon 
brown clay and low horizon brown clay) that will be used for construction of the 
OSDF compacted clay liner and cap. The information obtained during the test pad 
program will be used to qualify the upper horizon brown clay and lower horizon 
brown clay borrow sources (i.e., OSDF area and East Field borrow area by 
demonstrating that the brown clay can meet the criteria for compacted clay liner and 
cap materials, and establish procedures for construction using these materials. 

GE3900-04.llF9530008.DQO Rev. 1 1/95 
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FEMP TPWP 

DQO SUMMARY FORM 

DQO Number: .... 

5. Site Information (Description): 

The test pad construction site is a rectangular area with plan dimensions of 300 ft by 250 ft. This site 
is located approximately 150 ft east of the North Entrance Road. The test pad construction site has 
been designed to accommodate two test pads, a borrow excavation, trailers and vehicle parking, 
stockpiles, and equipment to divert storm water from running onto the test pad construction site and 
to control sediment from running off the test pad construction site. A temporary construction access 
road will provide access from the North Entrance Road and security fencing will be installed around 
the entire perimeter of the test pad construction site. 

6.A. 

6.B. 

Data Types with appropriate Analytical Support Level Equipment Selection and SCQ Reference: 
(Place an “x” inside the appropriate box or boxes to select the type of analysis or analyses required. 
Then select the type of equipment to perform the analysis, if appropriate. Please include a reference 
to the SCQ Section.) 

1. 0 pH 2. 0 Uranium 
0 Temperature 0 Full Radiologic 
0 Specific Conductance 0 Metals 
0 Dissolved Oxygen 0 Cyanide 

0 Silica 

4. 0 Cations 
0 TOC 
0 TCLP 
0 CEC 
0 COD 

5 .  0 VOA 
0 ABN 
0 Pesticides 
0 PCB 

Equipment Selection and SCQ Reference: 

Equipment Selection 

ASL A 

ASL B 
ASL C 

ASL D 

ASL E See TPWP 

3. 0 BTX 
0 TPH 
0 OilIGrease 

6. Other (specify) 

0 Geotechnical (see TPWP) 

Refer to SCQ Section 

SCQ Section: 

SCQ Section: 

SCQ Section: 

SCQ Section: 

SCQ Section: 5.3.3 

Rev. 11/95 
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FEMP TPWP 
DQO SUMMARY FORM 

0 DQONumber: 
r 

7.A. Sampling Methods: (Place an "x" in the appropriate selection box.) 

0 Biased 0 Composite 0 Environmental El Grab 0 Grid 
0 Intrusive 0 Non-Intrusive 0 Phased 0 Source 
Other (specify): El Undisturbed Intrusive 

7.B. Sample Work Plan Reference: (List the samples required. Reference the work plan or sampling plan 
. guiding the sampling activity, as appropriate.) 

The TPWP lists the samples required and describes the sampling activity. 

Background Samples: Samules have ureviouslv been collected from the area. 

Sample Collection Reference: (Please provide a specific reference to the SCQ Section and subsection 
guiding sampling collection procedures.) 

Background Samples: Auuendix K 

7.C. 

8.0 

8.A. Field Quality Control Samples: 

Quality Control Samples: (Place an "x" in the appropriate selection box.) 

0 Trip Blanks 0 Container Blanks 0 Field Blanks 
El Duplicate Samples 0 Equipment Rinsate Samples 0 Split Samples 
0 Preservation Blanks 0 Performance Evaluation Samples 0 Other (specify): 

8.B. Laboratory Quality Control Samples: 

0 Method Blank 0 Matrix/Duplicate/Replicate Matrix Spike 0 Surrogate Spikes 
Other (specify): 

9. Other: Please provide any other germane information that may impact the data quality or gathering 
of this particular objective, task, or data use. 

See TPWP. 

GE3900-04.llF9530008.DQO 



APPENDIX G 

HEALTH AND SAFETY PLAN 



Health and Safety Plan to be provided under separate cover. 
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