
ADDENDUM B 

Final Remedial Action Plan 
DOE-EM/GJ1547 

October 2019 

Final Design Specifications 

Number Title 
31-00-00 R5 Earthwork 
31-00-20 R6 Placement and Compaction of Tailings and Interim Cover 
31-00-30 R8 Placement and Compaction of Final Cap Layers 
31-32-11 R2 Surface Water Management and Erosion Control 
32-11-23 R9 Aggregate and Riprap 





















































 

Jacobs 
125 Broadway Avenue 
Oak Ridge, Tennessee 37830 
865-220-4800  Fax: 865-220-6170 

 
MOAB UMTRA PROJECT 
MOAB, UTAH 
PROJECT NO: 35DJ2600 

DOCUMENT NO.:  
35DJ2600-056-SPEC-31-00-20 
SECTION NO.: 31-00-20 

PLACEMENT AND COMPACTION OF 
RRM AND INTERIM COVER 

This title sheet is the first page of the specification and a record of each issue or revision.  The pages 
revised and the description of the revision should be noted under remarks. 

 

1 

REV. DATE BY CKD APPROVED PAGES REMARKS 

0 12/17/07 WDB FMP W. Barton ALL ISSUED FOR 
CONSTRUCTION 

1 01/30/08 WDB FMP W. Barton ALL 

Page 5, Section 1.3.2:  Added Dozers  
Page 6, Section 3.2.1:  Revised Lift 

Thickness 
Page 7, Section 3.4.1:  Revised Test 

Frequencies 

2 02/27/08 WDB FMP W. Barton ALL Page 6, Section 2.2:   Removed 
requirement to screen material. 

3 04/14/08 WDB FMP W. Barton ALL 

Page 5, Section 1.4:  Add section 1.4 
NQA-1 Quality Level 

Page 6, Table 1, Revised gradation to 
limit fines. 

Page 6, Section 3.2.1:  Revised from 
10” loose lift thickness to 12” loose 
lift thickness. 

4 06/02/08 WDB FMP W. Barton ALL 

General, revised “Tailings” to “RRM” 
 
Page 6, Section 2.2:  Revised section 

on material requirements for Interim 
Cover. 

Page 6, Section 3.1.1:  Revised 
section to clarify test requirements 
for Interim Cover. 

Page 7, Section 3.2.2:  Revised 
moisture requirement to add 
“optimum plus or minus 5%.  

Page 7, Section 3.2.5:  Added 
demolition debris sizing. 

Page 8, Section 3.4.2:  Revised 
moisture requirement to add:  for 
RRM - “optimum plus or minus 3%”, 
and for Interim Cover - “optimum 
plus or minus 5%”. 

5 1/23/19 FMP WDB W. Barton ALL 

Section 1.2: Revised Construction 
Manager to Crescent Junction 
Operations/Site Manager 

Section 1.3.2: Revised compaction 
equipment requirements 

Section 2.1: Revised moisture 
requirements 

Section 3.1.1: Revised Energy 
Solutions to Crescent Junction 
Operations/Site Manager, revised 
proctor from 5 points to 4 points, 
added ASTM reference 
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Section 3.2.1: Revised Computer 

Aided Earthmoving System and 
CAES to Computer Based 
Compaction System, revised lift 
thickness 

Section 3.2.2: Revised moisture 
content requirement 

Section 3.2.4: Deleted requirement for 
final lift 

Section 3.2.5: Revised debris 
minimization requirements 

Section 3.4.1: Revised CAES to 
Computer Based Compaction 
System 

Section 3.4.2: Deleted section 
Section 3.4.3: Revised section number 

to 3.4.3, revised CAES to Computer 
Based Compaction System 

Section 3.5.1: added “for dust 
suppression” 

Section 3.5.2: added option to add a 
protective top layer over Interim 
Cover for erosion and root 
protection. 

Section 3.5.3: Removed “as directed 
from last sentence 

 

6 10/17/19 FMP WDB W. Barton ALL 

Revised to incorporate Design Change 
Notice 026. Section 1.3.1: Revised 
minimum lift thickness, Section 3.2.1: 
Revised minimum lift thickness, 
Section 3.4.1, 2: Added requirement 
to alternate compaction testing 
between the top half and the bottom 
half of each lift. 
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SECTION 31 00 20 
 

PLACEMENT AND COMPACTION OF RRM AND INTERIM COVER 

PART 1 GENERAL 

This specification covers placement, compaction and testing 
requirements for RRM material and interim clean cover layers at 
Crescent Junction. 

1.1 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to within the text by 
the basic designation only. 

ASTM INTERNATIONAL (ASTM) 

ASTM D 698 (2000ael) Laboratory Compaction Characteristics of Soil 
Using Standard Effort (12,400 ft-lbf/cu ft) 

ASTM D 1140 (2000) Amount of Material in Soils Finer than the No. 200 
(75-micrometer) Sieve 

ASTM D 1556 2000) Density and Unit Weight of Soil in Place by the 
Sand-Cone Method 

ASTM D 1557 (2002el) Standard Test Methods for Laboratory Compaction 
Characteristics of Soil Using Modified Effort (56,000 ft-
lbf/cu ft) 

ASTM D 1587 (2000) Thin-Walled Tube Sampling of Soils for 
Geotechnical Purposes 

ASTM D 2167 (1994; R 2001) Density and Unit Weight of Soil in Place 
by the Rubber Balloon Method 

ASTM D 2216 (2005) Laboratory Determination of Water (Moisture) 
Content of Soil and Rock by Mass 

ASTM D 2488 (2006) Description and Identification of Soils (Visual-
Manual Procedure) 

ASTM D 2922 (2005) Density of Soil and Soil-Aggregate in Place by 
Nuclear Methods (Shallow Depth) 

ASTM D 3017 (2005) Water Content of Soil and Rock in Place by Nuclear 
Methods (Shallow Depth) 

ASTM D 3740 (2004a) Minimum Requirements for Agencies Engaged in the 
Testing and/or Inspection of Soil and Rock as Used in 
Engineering Design and Construction 

ASTM D 422 (1963; R 2002el) Particle-Size Analysis of Soils 
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ASTM D 4318 (2005) Liquid Limit, Plastic Limit, and Plasticity Index 
of Soils 

ASTM D 4643 (2000) Determination of Water (Moisture) Content of Soil 
by the Microwave Oven Heating 

ASTM D 4944 (2004) Field Determination of Water (Moisture) Content of 
Soil by the Calcium Carbide Gas Pressure Tester 

ASTM D 4643 (2000) Determination of Water (Moisture) Content of Soil 
by Direct Heating 

ASTM D 6938 (2007b) In-Place Density and Water Content of Soil and 
Soil-Aggregate by Nuclear Methods (Shallow Depth) 

1.2 SUBMITTALS 

Approval is required for submittals with a "G" designation; submittals 
not having a "G" designation are for information only. All submittals 
shall be provided to the Crescent Junction Operations / Site Manager in 
accordance with Section 01 33 00 SUBMITTAL PROCEDURES: 

SD-03 Product Data  

Protection  

Equipment 

Materials Handling Plan describing the following: processing 
and placement of the soil; type, model number, weight and 
critical dimensions of equipment to be used for soil 
processing, compaction, scarification, and smooth rolling; 
method of protecting fill materials from changes in moisture 
content and freezing after placement. 

Testing Laboratory 

Name and qualifications of the proposed testing laboratory. 

SD-06 Test Reports 

RRM/Fill Material Testing Compaction Testing 

Within 24 hours of conclusion of physical tests, 3 copies of 
test results, including calibration curves and results of 
calibration tests. 

1.3 EQUIPMENT 

RRM and interim cover material shall be installed with equipment 
capable of scarifying and preparing the ground surface to receive fill, 
spreading fill material in uniform lifts, and compacting it to the 
density required by this specification. 
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1.3.1 Scarification Equipment 

Disks, tillers, or other approved means shall be provided to scarify 
the ground surface or the surface of each previous lift of fill prior 
to placement of the next lift. The scarification equipment shall be 
capable of uniformly disturbing the upper 1 inch of the underlying soil 
surface to provide good bonding between lifts. 

1.3.2 Compaction Equipment 

For 24” lifts the compaction equipment shall consist of footed rollers. 
Footed rollers shall have a minimum weight of 45,000 pounds and at 
least one tamping foot shall be provided for each 110 square inches of 
drum surface. The length of each tamping foot from the outside surface 
of the drum, shall be at least 6 inches. During compaction operations, 
the spaces between the tamping feet shall be maintained clear of 
materials which would impair the effectiveness of the tamping foot 
rollers. For 14” and 8” lifts a dozer with a minimum ground pressure of 
1650 pounds per square foot or a rubber-tired piece of equipment with 
similar ground pressure may be used. 

1.3.3 Steel Wheeled Rollers 

A smooth, non-vibratory steel-wheeled roller shall be used to produce a 
smooth compacted surface on the top of the completed interim cover 
layer, such that direct rainfall causes minimal erosion. Steel-wheeled 
rollers shall weigh a minimum of 20,000 pounds. 

1.3.4 Hand Operated Tampers 

Hand operated tampers shall consist of rammers or other impact type 
equipment. Vibratory type equipment will not be allowed. 

1.4 NQA-1 QUALITY LEVEL 

All construction and testing activities included in this specification: 
PLACEMENT AND COMPACTION OF RRM AND INTERIM COVER for the Disposal Cell 
at Crescent Junction, are designated as Quality Level 2. 

PART 2 PRODUCTS 

2.1 RRM MATERIAL 

RRM material will consist of uranium mill tailings from the Moab Pile, 
off-pile contaminated soils, and demolition debris and other waste 
materials stored in the Pile at Moab. Most of the material will be 
uranium mill tailings, consisting of contaminated sands, slimes, 
intermediate material, and cover soil. The RRM material will be 
excavated, mixed and blended, dried to moisture necessary to meet 
required compaction specifications, loaded in containers, and shipped 
to Crescent Junction for disposal. Off-pile contaminated soil material 
will be excavated and hauled to the tailings pile and eventually mixed 
with the tailings. Debris and other waste materials will be excavated, 
placed in containers, and shipped like the RRM material. In the waste 
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cell, non-soil materials will be placed in the contaminated RRM fill in 
a manner that will not result in voids in the waste mass. 

2.2 INTERIM COVER SOIL 

Interim Cover Soil will be soil from the excavation of the Crescent 
Junction waste cell. It will be material that has been produced on site 
by modifying the existing overburden soil and weathered Mancos Shale 
excavated on site. Overburden and weathered Mancos Shale shall be 
excavated, pulverized, wetted, and mixed to produce a uniform fine-
grained soil near optimum moisture content for compaction. Soil shall 
be free of roots, debris, organic or frozen material, and shall have a 
maximum clod size of 2 inch at the time of compaction, based on a 
visual inspection. 

PART 3 EXECUTION 

3.1 RRM AND FILL SOIL ASSESSMENT TESTS 

Assessment tests shall be performed on RRM and on Stockpiled soil for 
the Interim Cover Layer to assure compliance with specified 
requirements and to develop compaction requirements for placement. A 
minimum of three tests for maximum dry density (ASTM D 698) and 
moisture content (ASTM D 2216) shall be performed for each type of RRM 
soil observed. A minimum of three assessment tests shall be performed 
on stockpiled excavated material for use as Interim Cover Soil for each 
type of soil observed. During placement of RRM and Interim Cover soil, 
quick moisture content tests (ASTM D 4643, ASTM D 4944, or ASTM D 4959) 
shall be performed as required to maintain moisture control. 

3.1.1 Compaction Testing 

In-place density testing of RRM and Interim Cover material will be 
performed by the Remedial Action Contractor. The following sections 
describe the type and frequency of tests being performed. When test 
results indicate that compaction is not as specified, the material will 
be reworked, replaced and/or recompacted to meet specification 
requirements. 

The following type and number of tests are the minimum for each type 
operation: 

1) RRM Testing: A representative sample from each principal type or 
combination of blended RRM materials shall be tested to establish 
compaction curves using ASTM D 698. A minimum of one set of 
compaction curves shall be developed per 10,000 cubic yards of RRM 
material. A minimum of 4 points shall be used to develop each 
compaction curve as per ASTM D 698. 

2) Interim Cover Testing: A representative sample from each type or 
combination of stockpiled excavated soil for use as Interim Cover 
soil shall be tested to establish compaction curves using ASTM D 
698. 

3) In-place density testing of RRM and Interim Cover material shall be 
performed in accordance with Section 3.4 of this specification. 
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3.2 INSTALLATION 

3.2.1 RRM and Interim Cover Soil Placement 

RRM and Interim Cover soil shall be placed to the lines and grades 
shown on the drawings. A GPS guided Computer Based Compaction System 
can be used to direct fill placement such that RRM and Interim Cover 
Soil are placed in lifts of nearly uniform thickness which will not 
exceed an average uncompacted thickness of 14 inches for Interim Cover 
and 24 inches for RRM. In areas where hand operated tampers must be 
used, the loose lift thickness should not exceed 4 inches. 

3.2.2 Moisture Control 

RRM and Interim Cover shall be placed and compacted within the moisture 
content range needed to achieve 90% of the laboratory determined 
maximum dry density of each type of material. The range in moisture 
content shall be maintained uniform throughout each lift as necessary 
to achieve 90% compaction and dust control. The moisture content shall 
be maintained uniform throughout each lift. 

3.2.3 Compaction 

RRM and Interim Cover soil shall be compacted to meet the following 
density requirements: 

1) RRM – 90 percent of the laboratory determined maximum dry density 
as determined by ASTM D 698. 

2) Interim Cover Layer – 90 percent of the laboratory determined 
maximum dry density as determined by ASTM D 698. 

3.2.4 Scarification 

Scarification shall be performed on all areas of the upper surface of 
each lift prior to placement of the next lift. Scarification shall be 
accomplished with approved equipment. The final lift of Interim Cover 
soil shall not be scarified. 

3.2.5 Placement of Demolition Debris 

Demolition debris will be placed in the waste cell along with RRM 
material. 

Debris shall not contain free liquids. Debris shall be sized to 
minimize voids. Pipes and ducts that are 6 inches or greater in 
diameter shall be crushed or, if crushing is impractical, shall be cut 
in half longitudinally or filled. Rubber tires shall be cut and placed 
in order to minimize void space. Debris shall be spread and/or oriented 
in a manner that results in a minimum of voids. 

Debris may be placed as a sacrificial lift at the bottom of the 
disposal cell in a 2-foot lift. Debris in sacrificial lifts shall 
contain no free liquids, and oriented in a manner that minimizes voids 
and contained within the 2-foot lift profile. Sacrificial debris lifts 
are not subject to moisture and compaction criteria. 
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3.3 CONSTRUCTION TOLERANCES 

The top surface of the RRM and Interim Cover Layer shall be no greater 
than 2 inches above the lines and grades shown on the drawings. No 
minus tolerance will be permitted. 

3.4 CONSTRUCTION TESTS 

3.4.1 RRM and Interim Cover Layer Tests 

Compaction can be verified by the computer based compaction system. 
When compaction of a lift of RRM or Interim Cover soil is achieved, the 
computer based compaction system will produce a map of the location and 
thickness of the completed lift. Computer records for each layer of 
soil placed will constitute documentation of completed lifts and be 
compiled as construction records. 

Perform compaction Verification Tests, in-place density and moisture 
content tests on compacted fill material, in accordance with the 
following requirements: 

1) Verification tests of in-place density shall be performed on the 
initial layer of RRM, on the first 5,000 cubic yards of Interim 
Cover, and on any layers in which the Computer Based Compaction 
System indicates that problems occurred obtaining compaction. 

2) When verification in-place density and moisture content tests are 
performed on a soil layer, a minimum of two tests shall be 
performed per 5,000 cubic yards of fill material placed. Compaction 
testing should alternate between checking compaction in the top 
half of each lift and the bottom half of each lift. 

3) Compaction and moisture content tests shall be performed in 
accordance with the following methods: 

o ASTM D 1556 - Density and Unit Weight of Soil in Place by the 
Sand-Cone Method 

o ASTM D 2216 - Standard Test Methods for Laboratory Determination 
of Water (Moisture) Content of Soil and Rock by Mass (Oven 
Moisture) 

o ASTM D 6938 - In-Place Density and Water Content of Soil and 
Soil-Aggregate by Nuclear Methods (Shallow Depth) 

Note: Companion sand cone tests and oven moisture tests must be 
performed along with nuclear tests until a sufficient number have been 
performed to demonstrate a clear correlation. 

3.4.2 Test Results 

Where the computer based compaction system indicates acceptable 
compaction, the computer output for that lift (lift thickness, 
location, and compaction), shall be considered proof of satisfactory 
lift placement. If the computer based compaction system indicates that 
adequate compaction is not achieved, the lift shall be reworked until 
an acceptable result is achieved. Verification test results of ASTM D 
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6938, In-Place Density and Water Content of Soil and Soil-Aggregate by 
Nuclear Methods (Shallow Depth), shall be used to confirm the 
acceptability of the computer based compaction system results. 

3.5 PROTECTION 

3.5.1 Moisture Content 

After lift placement, moisture content shall be maintained for dust 
suppression until the next lift is placed. 

3.5.2 Erosion 

Erosion that occurs in the RRM or Interim Cover layers shall be 
repaired and grades re-established. If the Radon Barrier is not placed 
immediately after completion of the Interim Cover it is acceptable to 
use a Best Management Practice of placing a protective layer of 0.8’ 
(minimum) on the Interim Cover. The BMP will protect the Interim Cover 
from damaged caused by erosion and roots and self-sown vegetation. The 
vegetation does not have to be removed until the Radon Barrier 
placement. The protective layer can be cleared of vegetation and re-
used as a part of the Radon Barrier. 

3.5.3 Freezing and Desiccation 

Freezing and desiccation of the RRM and Interim Cover soil shall be 
prevented. If freezing or desiccation occurs, the affected soil shall 
be reconditioned. 

3.5.4 Retests 

Areas that have been repaired shall be retested as directed. Repairs to 
the RRM or Interim Cover layers shall be documented including location 
and volume of soil affected, corrective action taken, and results of 
retests. 

-- End of Section -- 
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